ALDEHYDE CONJUGATED FLAVONO D PREPARATI ONS CROSS- REFERENCE TO
RELATED APPLI CATI ON [0001] This application clains benefit and
priority fromU. S. provisional patent application No. 60/682, 801,
filed on May 20, 2005, the contents of which are incorporated herein
by ref er encALDEHYDE CONJUNATEINHIOAVODNOED PREFPARATRONSN

rel ates generally to preparations of flavonoids, and particularly to
del i very agent-conjugated fl|avonoi ds and/or_delivery agent-conjugated

ol i goner LBOBH FHRENGECKERBIRDAFED-A RRLECA 003]

Fl avonoi ds are one of the nost nunmerous and best-studied groups of
pl ant  pdP9Rhenolkis applécation wtaims denefgrmidsirioity dronafh® provisjenalf patent

| ow nol ecul ar _.wei.ght eppl.ic bst.an ngturally occurring in
fruits ar%‘BP@%a%Mg eg()@g#‘igi?grg% n°" isfﬁ?}é a&%ﬁé’r ﬁleof’mftﬁﬁs fﬂcfrr’ﬁ whi %F .
Dried gregsbrpRated BaeBSuERfer&Rt @i N as much as 30% flavonoids by

wei ght, including a high percentage of flavonoids known as catechins
(flavan-3-o0l derivatives or catechin-based flavonoids), including
(-) - epi cdtlHehD'OR THEINNYENTIENchi n, (+) - cat echi n, (-) - epi cat echi n
gallate and (-)-epigallocatechin gallate. [0004] In recent years,

t hese gr d8002Jca Tlat pehém snieatien atlites geretaliyumhprapdretidrisarf flavensids entihey

have been recpgni zed.to have bi ol ogical an r ol ogi cal

b oper 1 QaHC R A TS AT OTBiER B MUpiir Rebiol Aepeery deet-conjugated
anti -t hr QrBekkG of Yap@didsat ory, antioxidant, anti- nutagenic,
‘anti-carcinogenic, hyperchol esterolemc, antiviral and

anti-infl anmmat or roperties, which have been denonstrated in

nuner ous BAGIRG: QIEND Hd THENVENdI@Nes (Jankun J., et al.

Nat ure 387, 561 (1997); Bodoni A. et al. J. Nutr. Biochem 13,
103-111 (Q002); Nakagidsear&onebdf fle.mdst nAgeiotis akd bestChelind #@dups3Fplard973
(1999)). These biql.ogical apd pharmgcol ogi cal propertie re .

pot ent | a|PP§>’P§%ﬂ?é%i c ﬂ?—YPn%fge%}ﬂ%t yilagsswoum il oropelerilag wght
stabi | i t yoRfphbdificOsBSERees Mitrally JdaGriignl mitélande&ég%g‘b& Obnf atEGh! NS
are thought'"to be Iinked to the  anti oxi'dant actions 0 tﬁe cat echins
(Ter ao Jintegml pdrt oAthe hunBinaditte Wri®] gishy tca 18085 i o8k {s1BGeh) Is 308%pNng

t he catechins.. -).-epigal.l ocatechin gal | ate.((EGCG), which is_ a najor
 conponenthspis by bRl SRndiRsih bedBuagt o Aol iPhic GrEpiS
possi bl y (HakentPolt fiivhfivdyyst @xochB-bdstd fRVchdidg, ﬂl@lddﬁiée(-)i?i@z{teéﬂ?ﬂ,e{t)\l at
the C3 posjition (Isemura M, et at. Biofactors 13, 81-85 (2000);
| keda | . eprigellegatechin, Rutqatechivg(-)-episatecion gyllate pnd (-Eepigaliocgtechipmridate.
Letters 546, 265-270 (2003); Sakanaka S. and Ckada Y. J. Agric. Food

Cnem 52104648~ 16924t Q2s; these green tea catechins have attracted much attention

because they have been recognized to have biological and pharmacological properties,

including antibacterial, antineoplastic, anti-thrombotic, vasodilatory, antioxidant, anti-
mutagenic, anti-carcinogenic, hypercholesterolemic, antiviral and anti-inflammatory
properties, which have been demonstrated in numerous human, animal and in vitro
studies (Jankun J., et al. Nature 387, 561 (1997); Bodoni A. et al. J. Nutr. Biochem.
13, 103-111 (2002); Nakagawa K. et al. J. Agric. Food Chem. 47, 3967-3973 (1999)).
These biological and pharmacological properties are potentially beneficial in
preventing diseases -and protecting the stability of the genome. Many of the beneficial
effects of catechins are thought to be linked to the antioxidant actions of the catechins
(Terao I.; et al. Arch. Biochem. Biophys. 308, 278-284 (1994)). Among the catechins, _
(-)-epigallocatechin gallate (EGCG), which is a major component of green tea, is

thought to have the highest activity, possibly due to the trihydroxy B ring and the



Yokozawa T., et al., J. Agric. Food Chem 48, 5068-5073 (2000)).
[0005] In general, the activity half-life of flavonoids is limted to
a few hours inside the body; netabolism of these conpounds has not
yet been established. spi,te t.he favor xi dat i

ot - candBii SeEmBs ahe PaslibE diel W ér Eliblnfdesds. §f Bbooy

i mpract i qRédat B, &c4 GVRuA. HEVI%BG(QDOSD ey e., Qtf alt WE%SCME%US% I29%5-270e
body by di rectly ingesting a | arge amount of green tea, due to the

i nher ent (@0mSakaneka S anAtOkatBaY. Vsdgiin BeerdChew. 58t ApS-4692 (2004);
t her apeut f i ds through diet
al one, i t&!y(\)%ﬁg?wgg e?sgg’?‘fl 9%2'63%&8 §0%§‘r?19f7%?¥&);6ﬂf ood and

beverage that is | arger than is practical to consune. Mboreover,
pro- oxi d40008kt i I pynerdlpthebetivity epdilife coff fRuvosieiderialinfitedviono ifehd hours

including E maki ng ingesting crude green tea directly a |ess
ef fecti vénsar&%%e Spdyemielabplisg (Egetb@si YERPEINgs, hasgpoyet peen &gﬁbleshedcood

(1587) RS T el EORARN enfapfnef oSt of e 687

45, 4267-ina4ﬁcﬁﬁg EQGXR,OlﬁS]S ﬁlpradtﬂeabtofmﬂndvaradhelapmﬂﬂcdbvak @lf yhis compound in
hi gh- rml ction of ext acted pla oly
(p?ocyan fﬁ%‘gy ]?a}’n Ty dpgsplings %g%@m@@ﬁggg?gg t‘?%g EQ(%E HhSresh HOLPRE n

have beenohfRiit ethat &, §xbidet to FARNS GdrHeySE 6 ﬁmlﬁ@bo19%@ﬂec§ehbﬂ5ﬁ§1ﬁch
as antioxi dant and anti-carci nogeni ¢ activity conpare

| ow nol ecﬂ;lWamom.éthQWghfdlq\ﬁdmm dngI(IQF@a@eceBsaryém ingest a@aamwmbgéﬁwsh and
1999, 20,  1737-1745:. A ,
3495, 26051 EGn AT B lafdet Yhnfis ARCAAT R Mhe Hhorfonel) Goaxidal R

(2004); Hds leén/\@eﬂMhed dbr Qéveﬁll drReheia® intulies EGCGB&QkIh%Qﬁ dsBRO Zhide
Hager man. A . Agric. Food Chem 46, 1887

d
wi t hout p&r%s%notfeii dlgﬁﬁﬂséﬁf@ét@fec‘(%g@aﬁ%ﬁf feliyering HGGE (Y enge é) o
Chem 46, 04§%§§87?ﬁé 2298 4k 3k ?1%7 ‘?ar%ma*?ca NAY &ICFEEE%&CQSI“:Z%%M

6362 (20 wever, neit ur a curring ynt’hési zed
hi gh nol Q&H?&;R«mﬁgﬁbnmmmm di@rcmneMeHoe*cﬂgdc Ub;ob’e(l‘la;lasdﬂb@,dﬁanﬁm-
transport(éﬁ to other tissues after ingestion, since these conpounds
are typlc %/ | arge, formstrong conplexes with proteins and are

resistant to degradation (Zhao J., et at. Carcinogenesis, 1999, 20,

1737- 17430006]000@311 th@oﬁh%ﬁﬁﬁnd)fa &IaﬁV@lﬁ}%gﬁnﬁ%}wﬁﬁcﬁb@oPEﬂ’rackéaitlﬂkiﬁ of
foods and bever ages, e flavonoi ds nmay play a role as

anti oxi dasbphenplp r(bltoéﬁitm@lhé amcbésuﬂwfecaﬂm@hgommﬁd doj-dafeehie admagia
' the drage prarepb Pt BURRELE P o R EuHBSGHECri o Riaadt™ Y
activiti ead ahg-cafinogenic activity compared to low-molecular weight flavonoids, (Zhao
., et al. Carcinogenesis, 1999, 20, 1737-1745; Ariga T. and Hamano M. Agric, Biol.
Chem. 54, 2499-2504 (1990); Chung J. E., et al. Biomacromolecules 5, 113-118
(2004); Kurisawa M., et al. Biomacromolecules 4, 1394-1399 (2003); Hagerman A.
E., et al. J. Agric. Food Chem. 46, 1887 (1998)) and without pro-oxidant effects
(Hagerman A. E., et al. J. Agric. Food Chem. 46, 1887 (1998); Li C. and Xie B. J.

Agric. Food Chem. 48, 6362 (2000)). However, neither naturally occurting nor

synthesized high molecular weight flavonoids are expected to be absorbed and
transported to other tissues after ingestion, since these compounds are typically large,
form strong complexes with proteins and are resistant to degradation (Zhao J., ef al.

Carcinogenesis, 1999, 20, 1737-1745).

[0007] In cases of flavonoids consumed via oral intake of foods and beverages,
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likely to be utilized to other tissues. Mreover, their strong

hydr ophobicity as well as their tendency to formconplexes with
proteins makes parenteral delivery of these conpounds difficult.
[0008] G.ven the. benefi ci al ture of these conpounds, it is

desi r abl dh§ gla’f‘i’qf? S ey %Péao‘io? & Anffyfo R)Eﬂrﬁ? }2? RSy et fap
quant i ti @3idaQve 8hens Wik dIQEstl‘GHmHl)wd%P\ﬂaQGH(;l@g catnhl?e B§Rc@l to remain
cat echi n-based flavonoids in contexts in which they are not normally
found, pengnin tiel digeativeitdichgnd ﬁmseth@edbeneﬁtsalmitysmbmﬂ/amvmcqommoé to

the catechjn-has oi ds re Creasi otentl a to
Focei ve. GREY Bt izt ByriBel Tisre Merein Rt S TataRie oY

THE | WE"tsH’élQ\énHélQ@% fo&n%;ﬁédé@&;hth bfb%ﬁs kB parbaled] Ackeun %&ﬁ&e Of
a delivery agent containing a free aldehyde and a flavonoid, having
t he del i wempowrgsslifficelij ugated at the C6 and/or the C8 position of
the Aring of the flavonoid. [0010] In another aspect, there is

provi ded liv vahi i a

heroi n. [0 ' 1 Slikent Y FeoBnGRTRALY Rl cofiBRS s RIS gpa
conj ugat inmgh@dsdeldeliedry thagedild hidow If@r larder gearttitide iy be c@rsaumd; ¢r wined
presence of CI d to a fl avonoi conprisipng reacting elivery
agent wi tPFP‘tl far) %96%.0& caigchipba ﬁde%‘f%lgldafmaﬁ?n%ﬁdmc\a@awg?y are[lmslz]
In yet a

1 avonor 40 g R R R R PR e
conj ugat eatschinfhesede| ﬂ'M@IﬂyldS,V etherebe deseasinge dhbepefential] 101 3tceiXehethe
aspects a d feafpure ﬁf resent invention wll becone apparent to
t hose of POPEIEE §l°§ e CRPPOUYSn review of the fol | owi ng
description of specific enbodlnents of the invention in conjunction
wi th the GENAVRERY OF THE ERVIERTFONRESCR PTI ON OF THE DRAW NGS
[0014] In the fi gures wnich illustrate, by way of exanple onl y

enbodi meng a%%[]
schemat i rc[ ?ﬁ%ggu ction ?fﬁéﬁ%ﬁ%ﬂ% l\rér%?%ekzig{?ooi&g?es% {ag}e&%ﬁg aocat ecﬁl n
gal | at e (aEGE@E]dchydyarel aflatdngalybaviog (he)debiperyalgtataoajugated at thallcedne/or
(OCECCG) ; [0Q16] .Figu B.is hematj ¢ depiction of the conjugation
of pol y( é&%@%@%‘%&c"g?{;%%m%g:@%?e gﬁ@“@&:e to yield the
PEG epi gal | aocat echin gal | ate conjugate (PEG '

[0010] In another aspect, there is provided a delivery vehicle comprising the

conjugate described herein.

[0011] In a further aspect, there is provided a method of conjugating a delivery
agenf having a free aldehyde group in the presence of acid to a flavonoid, comprising

reacting the delivery agent with the flavonoid in the presence of an acid catalyst.

[0012] In yet a further aspect, a method of delivering a catechin-based flavonoid
to a subject comprising administering to the subject the conjugafe or the delivery

vehicle described herein.

[0013]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the figures, which illustrate, by way of example only, embodiments of
3



EGCG; [0017] Figure 1Cis a schematic depiction of the conjugation
of PEG and OEGCG to yield poly(ethylene glycol)-oligoneric
epi gal | aocat echin gallate conjugate (PEG OEGCG); [0018] Figure 2Ais
a schematic depiction of a mcellar nanoconpl ex system conprising
the sel f {BHEIH! BYSHHMCE prot ei n conpl ex surrounded by PEG EGCG
[ 0019] Fi gure 2B is a schematic depiction of a mcellar nanoconpl ex
of a PE aﬁee'm GONPlsEhemdi0d@icidn B he difgo ¥ét§n38?cg( g of
EGCG, CE PEG and PEG I n an aqueou SOPUtI on; [0021]
Fi gure 4ep$aﬁa®8®:h1h@aﬂﬂat¢l dgian)y ﬁ@m&MgoﬂE@@Cﬂ) SEGIBECCB:chin gallate
PEG CEGC@ %@PEG [0022] Figure 5 is plot of c-poteintial of PEG
E ); CEGCG, and PEG OEGCG in PBS; [0023] Figure 6 is

UV- VIS spectra of DPPH solutions treated with EGCG OEGCG PEG EGCG
and PEG (B03&3 Eﬁw ¢ & a@&&nﬁuﬁc dpRABh JFitHs En Jﬁ%atﬁmao%gqiﬁethylene
deplctlng XO'inhibition activity GCG OEGCCG

- PEG CEGC@lycah dP1A) awlECRS tomelg)the E’E@z&p}gaﬁa@ﬂ@t@h@ gadlate egnimshte (PEG-
depictin d&éé?l nhibition activity of EGCG CEGCG PEG EGCG and
PEGOE (n [0026] Figure 9 is a graph showi ng the effect of
OEGCG and protein 4 concentration on the size of the mcellar
nanoconpl@617][ OOBighrd-il§Liie al6cliematic gdepjtion hofwilreg codjegaiochect P(EIG} ahde

of the m upon. PEG EGCG addj tion, K at yary
concent r 8 ‘%4% t%wegﬁleg%@@ty%f a%rcgur lgfineglﬁa‘wai wa@claatg@mtﬁapmasa’f? he

vari ous '@mm@@ in PBS; [0029] Figure 12 is a graph indicating the
size of the mcellar nanoconplex formed in the presence or absence
of CEGCCG ! BSA, b: BSA+PEG c: BSA+PEG EGCCG d:

( BSA+PEGI ) +Hdgures 2APEG Edrmatic: depRtioEGiGH Bitellag namm@muEacsystem

RN s R i S et T

m cel l ar nanoconpl ex;
'[0019]  Figure 2B is a schematic depiction of a micellar nanocomplex of a PEG-

OEGCG/protein complex;

[0020] Figure 3 is UV-VIS spectra of EGCG, OEGCG, PEG-EGCG, and PEG-

OEGCG in an aqueous solution;

[0021] TFigure 4 is a DSC thermodiagram for EGCG, OEGCG, PEG-EGCG,
' PEG-OEGCG, and PEG;

[0022] Figure 5 is plot of {-poteintial of PEG, EGCG, PEG-EGCG, OEGCG, and
PEG-OEGCG in PBS;

[0023] TFigure 6 is UV-VIS spectra of DPPH solutions treated with EGCG,
OEGCG, PEG-EGCG, and PEG-OEGCG, measured at 519 nm;

[0024] Figure 7 is a graph depicting XO inhibition activity df EGCG, OEGCQG,
PEG-EGCG, PEG-OEGCG, and Allopurinol (n=8);

[0025] Figure 8 is a graph depicting uPA inhibition activity of EGCG, OEGCG,
PEG-EGCG, and PEG-OEGCG (n=8);

[0026] Figure 9 is a graph showing the effect of OEGCG and protein
4



[ 0031] Figure 13B indicates the size distribution of the

OEGCH protein, PEG EGCG m cel |l ar nanoconpl ex as neasured by |ight
scattering; [0032] Figure 14 is a graph indicating the size of the
conpl ex fornmed wthlﬁgA [g: OEGCG + DNA; 1 EGCG + DNA]; [0033]
Fi gure 159RSNEalemhing o Hrerpigeliar AaneOmPE; conpl ex formed in the
-various sanples [a: (BSA+OEGCG +PEG EGCG b: CEGCG+PEG ECCG c:

(OEGCG’ngﬁ?;ﬁﬁ]?CG)F igafe i W%o@m (@EG@%BE@P | of [ﬂ%o%ﬁ]:enar

Figure 1 s "a graph show ng the size of the co ormed in
vari ous ganqﬂoawle{xamOIS’E;G -BGUSBAddE®D, @m@mgmon@naﬁmms of PEG;
ul trasonication; d: BSA+CEGCG e: (BSA+OEGCG) +PEG OEGCG, f: e after

eSO AIeT) b P E b B B R pBE ot

the size of the corrpl ex forrred in the various sanples [a: PEG CEGCG

in distilrhgzbvat ourd 12 H %SgP fr #{dakingd e 6iz8 LJfl the AnikBl AT harcompl
CEGCG+PE£} ClCGlﬁr% distill %ater BSeA+ PEG CEGCCG i n réa; s'f?rln g}é

wat er ; efor(rBQAnEmpaan@ox:E@@@qqffaEGCﬂ ﬂaeBSwabeBSAﬁPEG c: BSA+PEG-

I(DggiMOE ur e E{:BEE&C?%?A;}% 3\,@%?%(3%9 (gf ﬁféﬁ?%éﬁghg irgrgpﬁod

~of hyal uUBGGE apums&m noqesmww@leﬂyﬂm@mml ace((BSAeoﬁﬂmmeEG-
[0038] Fi ure 20 |s a representation of the synthesis nethod of
hyal ur oni MHece conjugate; [0039] Figure 21 is a schematic
depi ction of synt hesis of an hyaluronic acid- tyram ne- EGCG

(HA- Tyr - i Bsgaﬂ@m ESOQ%EM Th@Pd' & tR2OEGE @ ﬂﬁé}{?@ﬁ?y MG it 1Balar

anount o rel eased from “various HA-T r-
[ 0041] Finglumen@kl% is a graph showi ng the amount of FITC BSA rel eased
from various HA-Tyr-catechin hydrogels; [0042] Figure 23A is a graph

show ng up .oxi d cay.engi acti v r al.uro
i d- Eocld Tl BORRCTAR GRUPRE: BRoB% bR s i G RHa BB ng
t he xant Em:eeﬁmalasﬁaﬂoaamplekla@meagirea/byMgmfscammgous HA- EGCG
conjugates; and [0044] Figure 24 is a graph show ng the urokinase
|nh|b|t|61at|V|ty of an HA-

? c,;l Figure 14 is a graph indicating the size of the complex formed with DNA

[0: OEGCG + DNA; m: EGCG + DNAJ;

[0033] Figure 15 is a graph showing the size of the complex formed in the
various samples [a: (BSA+OEGCG)+PEG-EGCG; b: OEGCG+PEG-EGCG; c:
(OEGCG+PEG-EGCG)+BSA; d: OEGCGHPEG; e: (OEGCG+PEG)+BSA];

[0034] Figure 16 is a graph showing the size of the complex formed in the
various samples [a: BSA; b: BSA+PEG-OEGCG; c: b after ultrasonication; d:
BSA+OEGCG; e: (BSA+HOEGCGHHPEG-OEGCG; f: e after ultrasonication];

[0035] Figure 17 is a graph showing the effect of pH on PEG-OEGCG

complexation,;

[0036] ° Figure 18 is a graph showing the size of the complex formed in the
various sampleé [a: PEG-OEGCG in distilled water; b: EGCG+PEG-OEGCG in
distilled water; c: OEGCG+PEG-OEGCG in distilled water;' d: BSA+PEG~OEGCG in
distilled water; e (BSA+EGCG)+PEG-OEGCG in distilled water; f

(BSA+OEGCG)+PEG-OEGCG in distilled water; g: f after replaced in PBS];
5



EGCG conj ugate. DETAI LED DESCRI PTION [0045] It is generally desirable
to find ways to readily increase the concentration of flavonoids in
the body and to inprove effective delivery of such flavonoids to

vari ous tw& es in the body. [0046] In order to increase the .
avai | abi | %S,ﬁof Kignes 12 isp Teoresepiaton o hiepynihess meathod ofdvpeirenis apidye

found that,: i } L 0 various delivery agents

t hr ough %gn@ggygﬁgg%d(g&él&%g%ao%%hﬂﬁg{eﬂeI ivery agent to the A ring of
the flavonoid allows for nodification of the physical properties of
the flav@®@3d] wiKigore 20isa oprésagtatibre of thel sypthesie imeshaduatt hyabiradic tabid-
fIavonoiggkﬁgile a%gnenting t he bi ol ogi cal and pharmacol ogi cal
properti “HBEFPavonoi d. [0047] That is, the al dehyde-nedi ated
conjugation of a delivery agent to the 6 flavonoid results in

att achmeoo3g] t heigded 2Yds % ﬁﬂ@tﬂhﬁi@ﬁeﬁib@orp@f@?ﬂhéﬁs 6B ah Os/atur&ic Qtid- t he
flavonoid Arin and does not disrupt or affect the B and C rings of

the fl avéranme-BECEHEA-AyT-BGS Dynewepl; groups on the flavonoi d.
[0048] Conjugation of a delivery agent to a flavonoid can provide a
conposi ti t hag: i A tabl 0 | 0 ' é j
incorporg?ﬁﬁ) t?%g?ﬁ%%%%g?gE?ﬂ%bggﬁﬂgggkféﬁﬁgtQ@éﬁ?gﬁﬁﬁgggﬁéﬁda%¥%
t he del i vergusdfye+ityr-BOEG hadrogblspw for adm nistration of higher
concentrations of flavonoids than can be obtained through diet. The

del i very nt can i.de stabilit o the co ition, resylting
' o conbo o el 2R S R afadormonite P Gl abd NoroA releRy
whi ch t hygridBYIAavYe-catebigR898roBakf -1 i fe in the body than the

unconj ugat ed fl avonoi d al one. "For exanple, the delivery agent nay be

of such a nature that the flavonoid is incorporated into a |
conposi t (] hatFignrmA3Asis & Beaphathomias [t swnersxids seayenging \astivity of

whi ch cag?ﬁaéﬁgiehgalﬂp&n%g? )tﬁh(%d‘tg Iﬂéggé(i}e&b gg@ﬁg&t&el ial system and

subseque rance neys, ing in a longer half-life
in the body. Conjugation of other delivery agents may protect the
f 1 avonoi 0043 m dfigyre23R ir agaph chowin@Ad®kanthine pxidagr mhibstiqar asieity loy

provi ded a. ne;_lg@%ﬁgé cor}jau%atj ng a delivery agent to a flavonoid
conpri si KPS Ry e8Py agent with the flavonoid in the
presence of an acid catalyst, the delivery agent having a free

al dehyde[@n4aIP, Kgurfe 240504 Brabh 3howgahé ArdktnaR€ it eN hathityoftarnf HAE
al dehyde group in the presence of acid. [0050] The flavonoid may be

any fl avERéiGceniesnta-he general class of nol ecul es

DETAILED DESCRIPTION

[0045] It is gencrally desira‘ble to find ways to readﬂy increase the concentration
of flavonoids in the body and to improve effective delivery of such flavonoids to

various tissues in the body.

[0046] In order to increase the availability of beneficial flavonoid compounds, the
inventors have found that conjugation of flavonoids to various delivery agents through
a free aldehyde group on the delivery agent to the A ring of the flavonoid allows for
medification of the physical prdperties of the flavonoid without disrupting the
polyphenol structure of the flavonoid, while augmenting the biological and

pharmacological properties of the flavonoid.
[0047] That is, the aldehyde-mediated conjugation of a delivery agent to the
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derived froma core phenyl benzyl pyrone structure, and incl udes

fl avones, isoflavones, flavonols, flavanones, flavan-3-ols,

cat echins, anthocyanidins and chalcones. In a particular enbodi ment
t he fIavon0| d |s a catechin or a catechin-based flavonoid. A

cat echi nflaypnoid gesplés i aftachment of ta@éﬁlareay agenéﬁy the G 3RHPHCS PasitiBaIofngs

Lo, 0, ShERSABSL YIRS GRUGRLERURS, 68 IR HRoflh fvonoi

i ncl udi ngr drivadbechydioxyd graps bndaattmvbnmd. cat echin, epicatechin
gall ate and epigallocatechin gallate, and including all possible

stereoi s of .cate n catechi n-based f| avonoids. In .
ot our 084, o G hen W el B e B B R ine 2 compesifige i
or (-)-epfad Laedierh dAnBRbhaHod tola dubj é%?'bg%&&?é’ﬁaﬁﬁé"tﬁé 88 ohatdeintEFCO)
is thought to have the highest act|V| y aimong cat echi n- based

f | avonoi gstticplas setitly feimeed: with He detivénydigenty aml ednnajloanthr gdinfrasteation todr

ngent i < iy embeRidions BE i aloiaen ST REpSrinke PRI T CIREGHERY o,

Or groupagéit canfpioeide aalilitgr ©UMet ddatposition P estRitgeint £ EomPodtidn et is
al dehyde@&%roup in the presence of acid, for exanple an acetal tgroup
e in

The del i gboaaféh@r qegraded gaose sloydly padrwhicl s manhay e leagenhalipli
hi cl t
{+ avono; Ry Bt Bed oot o BROUARGRL KOP oBlmpi8 (OMIHARL Bt may

bi ol ogi cak of suchphaitura ¢ledt dgi ﬁaadonmﬂapﬁfcbtpesateﬁ mtche ctnhpmum ttlat ehbaneek| |
the delivery ent. shoul d_be 0Cco , and nay be bi od gra abI e
in sone é‘?ﬁ)oﬁia%fs lgblﬁﬁbo?a%] then h?V(S’II"P 51 sEais sPYHd r &P % tg‘
enbodi et chibeiitithdlial @?stéﬁ*@éﬁﬁnﬁibgequ'eﬁt BcHBECH) D /RRLy, |r@§{ﬂ’tﬂf§ fh and
in which the delivery agent is a polyner. However, it wll

under st obehgehbhalfdife 1rath¢eItWe Comdgaimat ofowthcleé@itweqn agemtsv@an pawtect the

al dehydey ont(ajg_nl ne%ache roup and a flavonoid is applicable to
conj ugat DYOMF Ay dnt having a free al dehyde group,
including follow ng acid treat ment of the delivery agent, to any

f1 avonoi 0048 deBis ek @@ﬁasenﬂ)[ 151@51%(1 Ihul}t&hod &F engugatthedid bfent

met hod i nvol ves conj ugation of oly cont ai nj ng a free al dehyde
group or caagtlw@%%s?mp%maaréaqt@gb@edtﬁWam é%F‘nLt ovigh fihe dlavenaid iy dée
group in r[ﬁ-sag]n I 0 ]
The cat egfﬁgﬁw%ase ?‘f"%\%tﬁg@%%n%?e e? |ng g ?ggrr?"éra?%ﬁ n| grogh gﬁg

cat echi nglrapeabhtfid zhletvobacomvernted ntvmyfretmealcmhydd: pgapen thefpresesceost actlk e
cat echin- based fl avonoi ds. An oI i goner of the catechin-based

fIavon0| ave evel. he bi ol ogi ca
phar macolttlar oG Er BaL db s laivd oen ic oy bag of motecules
'denved from a core phenylbenzyl pyrone structure, and includes flavones,
isoflavones, flavonols, flavanones, flavan-3-ols, catechins, .anthocyanidins and
chalcones. In a particular embodiment the flavonoid is a catechin or a catechin-based
_ﬂavonoid. A catechin, or a catechin-based flavonoid is any flavonoid that belongs to
the class generally known as catechins (or flavan-3-ol derivatives), and includes
catechin and catechin derivatives, including epicatechin, epigallocatechin, catechin,
epicatechin gallate and -epigallocatechin gallate, and including all possible
stereoisomers of catechins or catechin-based flavonoids. In particular embodiments,
~ the catechin-based flavonoid is (+)-catechin or (-)-epigallocatechin gallate. (-)-
Epigallocatéchin gallate (EGCG) is thought to have the highest activity among the
catechin-based ﬂavonoida, possibly due to the trihydroxy B ring and gallate ester
moiety at the C3 position of this flavonoid.
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fl avonoi ds, and may even have reduced pro-oxidant effects that are
sonetinmes associated wi th nononeric catechin-based fl avonoi ds.

[ 0055] A igoners of catechin-based flavonoids are known, incl uding
ol i goners repared through enzyne-catal yzed oxi dative coupling and
t hr ough a[pgngJydeThfﬁéﬁi‘@ﬂéég@f ity ame chemicalogroupar Aoietkiyiba- eoathing & dee

ol i goneri L I S i n C | 9O t S
et Pnod (hAEE oP ERED S BOEHoPal BrouR U RN P Ter Bn0ED
C6 or C8 gpasi in the meschéeofadii Nfhr ekample aDaemkrgréw. t Mae @6livgry agéht is
position on_ the A ripng of the next nmonomer, includi ngtai n either

possi bl e c2R30L Raing fogurdintoa deliyray veluplp) thengliaving§r ths mieprnaration ¢fir e
| A depic ' i RN oT T ' I &qu@ %H&ed
from an gﬁgg#ﬁ%%g%%%ﬁtogﬁ% [ zagﬁ%ﬁﬂﬁg@héggfp?%l ch i sbg)(ﬁ) egt ed
t hr ough @6 plx8niacolkggelsproperfies) of tBe 8pvgmid. osatvetd hiha dghvdratigemuharidbs .

[ 0056] The oligonmer aof the .catechjn-hased flavanoid may be of 2 or
more  nofSIRFP “@Eﬁ“@lﬁiﬂyﬂr& 0 %"’é{aH]@rm SptRe Egs?cgfrﬁ’n@nbodi nents, the
catechi n-based flavonoid oligomer has from2 to 100 fl avonoid

mononmer yp052] f TRITolBwiny di9fssibh @8fersZotad Btbodihi@mid Which BE.flakbia 2
to 50, from10 to 50, from2 to 30, from10 to 30, from 20 to 100,

from 30 o2 s@echsr-based Haonaid andm whieh tisr dedivenyi agent i 0@SmeTh doysvgmrer
TRy be Yy APhY Tha.ANA itk fud 196 ALIBAAIE A CHRAR] Qlk &, of AHHHRL T ON
with the catechin-based , Of having a groupt‘fv At s

avonol

conver t edotainirgn chérpliehly deugr snd ai flakdreidiesppliablel toacbtiugitivn eXxanpl e
an acetal, group. Furthernore it will be understood that the polyner

shoul d bdetsm bisat Baving b srplichileceranes intndias fodlovies g semancet oieal
use. The dgm&gg%eﬂ{r,% aﬁ%ggﬁ}ﬁy& 2Ohhelvdesivabl e properties, for

exanpl e, the yner ave | ow I mmunogenicity, and it may be
bi odegradabl e or non-bi odegradabl e dependi ng on the desired
bi ol ogi c&00%Hpl i Tlausi omonrf embedimenithegntthoh invobres eraiugateon ¢foa polymer

controll ed rel ease of t echi n-based f| ayonoi r .ot her i oact.ive
agent s abouRBE T B p O Mrlathafpton 58 i & b ket Hhed
chosen bakeHyd¥erblsinBE bicSetlcabf aHAKRE takHEh beedaNdondi8. ability to
formcertain types of delivery vehicles. For exanple, the polynmer my

be an ai@oeh de-term nated po{l\ll)(g1 (ethyl ene_glycol), or it may be
hyal ur on i d TRfercpigehin-pawdnilayongif anade iy ol st pnongmeaicqpit aft 2 ve

of such pg hhSsed 1B hhRAt VR r i
phenoxynet Il%y masfehal%yé r az%rng)rxadyerq(&j Eﬁn@%%%@%%ﬁnﬁr&%a%%ﬁhg based
cycl ot ri phoapidz eke otigrreePiviitheo catedhiimbhsed pfioonbidc tends BMUalve Bhiplified
_ levels of the biological and pharmacological properties associated with catechin-based
flavonoids, and may even have reduced pro-oxidant effects that are sometimes

associated with monomeric catechin-based flavonoids.

[0055] Oligomers of catechin-based flavonoids are known, including oligomers
prepared through enzyme-catalyzed oxidative coupling and through aldehyde-
mediated oligomerization. An aldehyde-mediated oligomerization process results in
an unbranched oligomer that has defined linkages, for example through CH-CHg
bridges linked from the C6 or C8 position on the A ring of one monomer to the C6 or
C8 position on the A ring of the next monomer, including in either possible
stefeoconﬁgulfation, where applicable.‘ For example, Figure 1A depicts oligomeric (-
)-epigallocatechin gallate (OEGCG) produced from an aldehyde-mediated
oligomerization method, which is connected through C6-C8 linkages of (—)—‘
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pol ymer may al so be any biol ogical polynmer, nodified to contain a
free al dehyde group or a group that is convertible to an al dehyde in
the presence of acid, for exanple an al dehyde-nodified protein,
peptide or nucleic acid. In one particular enbodinent the polyner is
an al dehypigaliesptechiateaatsargpomsthy| ene gl ycol ) (PEG CHO . In anot her
particul ar enbodi nent, the polyner is al dehyde-derivatized

hval . id _ . . . Ay . | q
i ot by al0 TV BLRAE b 36 CaERRLRRLE Rabichy S BENR Yo e
pol yner s nohaoinert i man linkdd togednrr.neln ded@mOlenibbédinianee tht delgotim-gasedip

on the paolyner_ allows for. the conjugation of the  po in
Cont r ol | avSRRHh e gt Hem £ Fpe?@aﬁ%}fron?mnwr%ﬁnﬁgﬁpyﬁ bt éO(_i ffqmhg,
o Dot Ng 19%0!éin10a¥ 800 Ghot ot Hb: 1 350, BOEYE B S61%rctl 6 P30, Gfbref

the flavonoid structure, 9 particularly the B and Crings o
f 1 avonoi @0 tah@D, fileus 3 proeidrorifrogn 5o W¥mebénamneric urhisol ogi cal and
phar macol ogi cal properties of the flavonoid. [0060] The polyner is

conj ugat t catechi n-based flavonoid.via.a r tion of th

o dehy e 98710 o CRUTES Pttty P RHEE S R e RS Broufmrigh T
the A ri pgnhjugdiioh hetiC Bletattchinasernioavid) o Havids a gRUM that'is Ebakbred 18
and Figure 1C (%:0061] _The conjugate is synthesized using acid

cat al ysi 8n aldehydegagnhishe presercetoh acidafon ergraple gnggpiabgronm e Fythemere,
with the.ca i N V, ' [ d Ch . e .
Funct i ond s na Bt i it 08 e bbb B itabe
‘condensafirgthanfiacoldpdcah nske hTHe polymep maiytdisd hevecstheralesiratiba pegherties, for

fl avonoi d. 06 To conjugate the pol ymer .and the catechjn-hased

f1 avonoi affar{lr_ﬁ% tﬁ%mﬂa@}ﬂ n%afglam@“egwgwﬁaﬁnﬁgge@dﬂr 578 6%604?_%’“15 cor
separ at ehyn 4icagghy e | Befenditct 3R &hsOli¥&Rld bididgicRP! ¥FBtatiint Nofl Ne
free al dehyde IS added, for exanple by dropw se addition, to the

sol ut i onceopesition, fiyy exhmpleafechnimelbuiseltasd efvabashih-based flinnpids e wtter of

an acid. The. reaction_i || owed to.go to conpletion. Follow ng the
conj ugat P& Ct}v&?@?‘i‘%ﬁ?& 8@(‘—@8@? Slﬁ’r’i?é‘i’co,flgd pol ymer or catechi n-based
flavonoi d can be renoved fromthe conjugated conposition, for

exanpl e [o058]al yRieSpdymeymapbechbh tab@vom s phROB} cHdrctérditicd and its
catechi n-based flavonoid to pol yner nay_be varied, so that there is
only one2¥8iiieeiormgrdtiyp tpesiifelvery vehilesatkns vramples B molgneisay be

PocL o, AHASERb Rt Skt DL SR RS

or so t hdtritaheed aithciniaiddbgde drofubavion dertv atioe toif sucthpe ymemo Altdryatbrely,

porti ons at f gefied, one at ol ther pfy Lhe 28,800, 98 RASHL! OBRmeln, ! e
example, cyclotriphosphazene core PMMH or thiophosphoryl core PMMH. The
polymer may also be any biological polymer, modified to contain a free aldehyde
group or a group that is convertible to an aldehyde in the presence of acid, for
example an aldehyde-modified protein, peptide or nucleic acid. In one particular
embodiment the polymer is an aldehyde-terminated poly (ethylene glycol) (PEG-
CHO). In another particular embodiment, the polymer is aldehyde-derivatized
hyaluronic acid, hyaluronic acid conjugated with aminoacetylaldehyde diethylacetal,

or either of the aforementioned hyaluronic acid polymers derivatized with tyramine.

[0059] The free aldehyde group on the polymer allows for the conjugation of the
polymer in a controlled manner to either the C6 or the C8 position of the A ring, or

both, of the flavonoid structure, thus preventing disruption of the flavonoid structure,
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[ 0064] The ratio of polyner to catechin-based flavonoid in the final
conposition can be controlled through the ratio of starting
reagents. For exanple, when the nolar ratio of polynmer noiety to
cat echi n-based flavonoid noiety is about 1, a single polyner noiety

wi || be gerisekidy the Baard fgriagcaf denilavopaide dnd (thusopresaivingitee Yeredicieher
nononeri ¢. Q.1 ' . be . ver..at higher

concent rg)%o:% gﬁﬁ@g@%@%@éﬁmﬂéﬁ#ﬁ@% 891 nolar ratio of

pol ymer to catechin-based flavonoid, a conposition having a

tri - bl ock0880]Juct Tiicepalimpoisysvajughtedvtonin catEadlin:bayed fyobed vidh aégedon 10

0065] A j t f | t ai ni f | dehyd d
(005s] A can gt oL e conie o o ves chochude pa s
and/ or t eH{B. R0 fvohBR, A sHoladn BleurB 8 B RGPS ¢S al so

ed. Vﬂt ﬂe %o al g@l adf

cont enpl at 0066] Conjugation o ymer ows for the
incorporation of catechin- based flavonoids into various conpositions
or vehi cl[@R@61]By Bl eswfuigate iefsynthesipearusingdcad catplybiy wfa condenatitinngf the

free al de e, grou ed on the sical. properties.of the ol ymer,
1O Do SlERTIR R B35 Bofithet Al BéSi-fihiniRE thgiudl risbing BRIy
vehi cl e chyResa fudklicha Bub®n thd folflel ¥L4 Fre®hldoh @ 5266 BéidRhA0S 0Of
flavonoids in different contexts to various targeted areas of the

body. [ ot®Aldehyde groupeavitythe execlinhpiegdlasoradul ting fromthe
above-descri bed nethod nmay be forned into a delivery vehicle,

d di th t ' cOnj The
ol 1 ver y ORI, TS Bl G tnd Sy REL M noRRicehAthastl ShWhoRs dhe Bityfier 1
to a bodynd ithectatelhimgbased dlaowaid anayt be sepiaeadels idisolvied dn owhytabld eplent. ng

on the ture of the deliver ehi : tionally, a.bioactive ent
may be i NEFBOSEET e frgg by Iiécfﬁ@ BT YRR P HiPIRYiE Adgion, tO_tﬁg

si mul t angQuBby cofhintey 8¢ dafechBibaibd FabSndidlCinP@dYoresehbd! ST ah MRIE The

provided a delivery vehicle conprising a conposition that conprises
conpri si mgctior &t dhied-th goctd domplesivni dFadlomjing) theemnjugation edaytie, exéasough

afree ald e group aon t.he.polymer., the deliver ehicle .

oot | onal EURIN ReBnit bp ettt lonett Bn JE oS o KER, ftpgniugeted
bi oact i veodgesifiod)iyt x8mpleybyedisigsis bPBY mdkuRr Bleinggi cal ,

phar macol ogi cal or therapeutic effect in a body, and includes a
protein, &qao cleic acid,., a small molecule or a drug. A bioactive

agent th a Preotedp pTiaipchie-tesph fevaneld inpolymer piaybe ¥arisdr MR an
Enzyme, ¢ f%%{i"y RE Phnofet§ ¥RltleA & kR bALED BLER0id poBbn b 2
nucl ei ¢ ac?lgéd ma Ee Ig(lg gee s'?trgafmge(%1 oroct}%u%ll‘e stl?aandeg (%IIQ}A %r RnNB\, a
short the polymer, or so that there is a catechin-based flavonoid portion attached at more
than one position on the polymer, or so that the catechin-based flavonoid portion has
two polymer portions attached, one at cither of the C6 and C8 positions of the

catechin-based flavonoid.

[0064] The ratio of polymer to catechin-based flavonoid in the final composition
| can be controlled through the ratio of starting reagents. For example, when the molar
ratio of polymer moiety to catechin-based flavonoid moiety is about 1, a single
polymer moiety will be attached to a single catechin-based flavonoid moiety (either
monomeric or oligomeric may be used). However, at higher concentrations of
polymer, for example at a 10:1 molar ratio of polymer to catechin-based flavonoid, a
composition having a ftri-block structure of .polymer—ﬂavonoid—polym-er may be

" obtained.
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hai rpin RNA, an si RNA, or nmay conprise a gene encoding a therapeutic
product. Also included in the scope of bioactive agent are
anti biotics, chenotherapeutic agents and antihypertensive agents.

[0069] In one particul ar enbodi nent, the deli vergy&/ehi cleis a

ni cel | ar [0¢&Hoc ofvspringatasel &polyanes sontaisiing & fiee plickyrecand)a epdgchinebapedf
catechin f j 0Pt L.y~ Dbi ' U

o e ooy TR GO Gy Ao BBILIAOCP LRGSR, LPu o
properti emghbhdic fvbaridiid aliocagsestied. W t h t he cat echi n- based
flavonoid 11 portion of the conposition, protecting the flavonoid

f th ti i, t. |f i.t abl l t o i
an oh ¢ ATy e oBRPB P Ghe olimensadiods £8 Bemsamoratiacl G ieiie
sol ubl e {han fensial ﬁma}iota@%sﬁﬁééfiaa&r@%hicféae A {?Hﬂé}{ S’f%ﬂbk;hgtﬁﬁfai‘

assenbl e, excluding the solutio romthe flavo core, t
al | owi ngpblymcasentabliyg adkeenildeiydargrognphsdesn tHeOfABical propeps tdfché ar

oToos! T e 5 FoEsi 6, BAREATLSH L S Y VB RS R ™

pol ymer gip@gl Midkang 88 tie BERIERGPIIREH ¢Bhcentigi @i SMtlavablisPRS ERH@S
good hydrophilic, non-toxic, non-inmunogeni c and bi oconpatibility
char act e€Priexte & virtons targaiediresteafitheibesiv i ty. [0071] By conj ugati ng

PEG CHO to a catechi n-based flavonoid, a conjugate is fornmed that

conj ugat SPFY & RS B by WP S a3 OO AT Yepeg Bl B
PEG- f | avangibd fornfddantbed delieeyy wehlule dependirfearontael ntogadthies poliyinbr portion
o con ggteg cateenigtenee, ol ds and ptlong T 8, el v
concent r ghi o & a Body, ANQ0GhE ARFHNE RELRANAL if Q%ohﬁ%%ﬂ&ing"oﬁghg s

nanoconpl ex conprises the conjugated PEG nononeric noi d,
assenbl edature of thewlcBvarp vehicke e@ptionally,aa paattiudgent map ddiingndgd inHtbe

cen_tral re is olig\g iC %ﬁagﬁﬂ%@e e t%‘{l.nal %ore i .rr%ge up of
conj ugat S8 REGY dtle WHISH P U S SapRdRrRE Vet 165 Nehedt o
is well gHid, ellert Gs @RIVIdLAra BIBRE} Lilicle aBfipSingS BGBpdsifonChbesdhpiseased

flavonoids have a rigid, nulti-ring core structure, these nolecules
associ at EORIiNg % Kalseiiabesede layumeld conivgatgd tor atralymmerafiyongle |2e free

e

bi oact i veicagéertagedihus, an ol igomeric catechin-based flavonoid can be
used to associate with the bioactive agent prior to

[0068] The biocactive agent may be any agent that has a biological,
pharmacological or therapeutic effect in a body, and includes a protein, a nucleic acid,
a small molecule or a drug. A bioactive agent that is alprotein may be a peptide, an
antibody, a hormone, an enzyme, a growth factor, or a cytokine. A bioactive agent
that is a nucleic acid may be single stranded or double stranded DNA or RNA, a short
hairpin RNA, an siRNA, or may comprise a gene encoding a therapeutic product.
Also included in the scope of bioactive agent are antibiotics, chemothérapeutic agents

and antihypertensive agents.

[0069] In one particular embodiment, the delivery vehicle is a micellar
nanocomplex, which is suitable for parenteral delivery of catechin-based flavonoids,
and optionally bioactive agents to a particular site within a body. The polymer is

chosen to have properties that allow it to assemble with the catechin-based flavonoid
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assenbly in the mcellar nanoconpl ex, as shown in Figure 2A. [0073]
The concentration of the bioactive agent is chosen depending on the
total anobunt of bioactive agent that is to be delivered to a
particular site in a body, and on _the ampunt of bioactive agent that
can be i wertifaed thmcqwsm%epqoéﬁct%ﬂ@cf@mfésl frogy the sokutio sparnment. nlé

the m cely ls?ﬁta ErsHIQ/%H{ ? ché)éénqu&ﬁél‘pth%%g%“ or (%rhb’ip hEQ:oiiﬁtg fte U sdi

40% ww o e mcellar conplex na |oa ve agen .12
[0074] | randnstfnen'e eoibbielluhmntthe REchhm— Lﬂgabmﬂdtmeamnjnhgam)mﬂl eif-
cat echi n- d fla onoj d. . Thi s.enbodi,ment , of th ive agent. has
strong sétﬁ%e §1 oilptgieon e Haypngid eupstt a%gl hg for, ggsequbly

single stoggnéglfapg(ﬁﬁ lefs Wth the the two- step assenbly mcellar
nanoconpl ex above, }’ghe singl e-step assenbling mcellar nanoconpl ex

may optionally include a bioactive agent. Figure 2B describes a

nanocorrpl[@QTQ:]onplm sspargmllia@r@m@meatrmf the priegllar nanc{ogmp!'ﬁ]x defizeryighisle,

I S e S

about  4QQ0mivn Widely an®ideras @r phiraficaldgidhl Zﬁ%ﬂémehp aRo Uposdddesn obﬂ
di ameter. The size of _the nicellar nanoconplexes can be varie

varyi ng tierophikigs RORFOXIh enQsH-imBwASE RIS cRnd chip eerAPHIDIHE cdharacievistisi Hit t he
I engt h ofyf f'o @J ﬁﬁ{ty and the concentration of unconjugated

ol i gorrerl ze n=based fl avonoid. The size of the micellar
nanoconpl ex ma be pH dependent, depending on the pol yner used. For
exanpl e, [0@171]m cBY lcanjupatingc BEGHENHOstoi a1 cathéhdh-baded Gaovopnoiga b ednimghtentsr

is PEG the di er of the tendst decrease _ w th

| ot casi RGPS, CHib @%b CeRh P LTARSPep e CoiCaN Foar THatido GRBTAEL: PR o
sel f aSS%Bﬁjhgat@@% aHSnorhdrtdfl £ ca¥eHinesded ﬂa’iroh@ﬁu'td €4m FPEJQ- H@vdn\lmi
step process, the conponents that are to form he core are di ssol ved

in a sui (Thsl delissry evehicle ois éwaqui gogathed mtﬂledlommmugated neatechirobasednd
are allowed to agse

o oroonent ol dad BRE AN el Rt UVEMen! Prhes fieteBiial cBre o fith GRS

may be \highaddnbﬁnracibné 6 foaflinotd ztdalethaaﬂeﬂial sieblinafube hesligffarothaplsk se
be isolated qr extracted. _As indicated above, the core conponents

may be f69%&%11%C@Jﬁgaé%?wén@zwﬁmaﬂﬂoamdea%asrﬁsmg%al 3 PERr8I§BI d,
for exampl&c.an @l %ggﬂﬁﬁﬁ ALRHHAR - tﬁé‘%%%aﬁ'c% ORoL gg EGCG and the

pol ymer - ¢at echi n- avonol d conj ugat e t ormthe outer
shel | i s ckfeanrl caddadadoup bfEcompigated PEGRGGhe m ceI | ar conplex is
allowed to form [0077] For the one step self-assenbly process, the

pol yner - ‘f&ﬁf‘fjhi nl*htis{f1 tseegodnnent of the delivery vehicle is well suited to deliver bioactive
agents. Since the catechin-based flavonoids have a rigid, multi-ring core. structure,
these molecules associate well with bioactive agents such as proteins and nucleic
acids, as well as other molecules containing ring structures, Iikely by stacking of the
catechin rings with the ring or rings on the bioactive agent. Thus, an oligomeric
catechin-based flavonoid can be used to associate with the bioactive agent prior to

assembly in the micellar nanocomplex, as shown in Figure 2A,

[0073] The concentration of the bioactive agent is chosen depending on the total
amount of bioactive agent that is to be delivered to a particﬁlar site in a body, and on
the amount of bioactive agent that can be included in the micellar nanocomplex
without destabilizing the micellar structure. In certain embddiments, up to 50%, or up

to 40%, w/w of the micellar complex may comprise the bioactive agent.
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fl avonoi d conjugate, optionally with a bioactive agent, is dissolved
in a suitable buffer as described for the two-step process and the
m cel |l ar nanoconplex is allowed to assenble. [0078] This mcellar

nanoconpl ex_system provides the ability to achieve controlled

bi odi st ri[B&f4lon Tor arathe combpdiyagrd PEGaio sonidgateh e protligagestc catechin-
circul ati hal f- 13 kife ] d . tg .t outLer I,
as wel | gg&gn%%ﬂ{ T Pltjadd lpl)ﬂiz‘isheo H(g)éilgjggl}q O%atgl??f\ﬁlg#gsagg?t ]Fﬁeﬁggge%ﬁ%ﬁ%%&d

f 1 avonoi grepenpsund, cambt velfheseathdallinog Bidkiet stégpiocssC s eaimbithdswoay
be acconpani ed by therapeutic effect of an additional bioactive_agent
| oaded | ﬁteph%SSFrﬁﬁ’éfr miesllar gpnegeanniere sbre: e etirgle-flep prssermblinge magdl¥ | s
a sensiti ; i o] 1 C of fer
2 conventameofBIECHS GUERARE IRIRICh e U0 OSRR Tl bl
sel f - ass eatdopmpithodisalg S8 OB@EGiand alpyeeinhe  nmechani cal , t her nal
and chem cal stresses that can be associated wth conventi onal

encapsul ati techni.ques .currently used, whi.ch conventi onal

Cechni quitdfal, ' T ERkeety® Suidhllat Erhachmntate ol R ptnoRt et mimry
such as peafdh ABeut[1I0AAID dbBuRIEIONem R Atdnteidrabr BOROSHOIEND nnt RLabout
delivery vehicle is a hydrogel, which can be used as a wound or burn

dr essi ng A00® amsiggtizmeiend or Epwaabeutial nindpyabet 40 o dmdiaingteradbasizea a

support ' r t] r f thrlti or. for
oot i ¢ (e R ey e 5 SRLIRE slondh b fepnliioe g
chosen t oathehir-bgedd flav@ioidbibkei leyigthhaf ahié efdlphen Sandnehet ondearstion of

appropriate groups avail abl e for cross-lLinking of the polyner .
noi et i es MNgdRgatrdy 8ligeraeried xsatechibaied cB#eapidp| elheasige; of ﬁw@lcellar

he.yar aesjeoRphE PO PgHcPey, HOndoing e RATKGFIGA FECRARUIER, ©

or a der miatliav samfcomplexes mnwlticla dhedconiigiated pohynadrus BEGe theadiaineter of the

am noacet yl g] dehyd i ethyl acetal conjugate, or a tyram ne derivative
of al dehgﬁgeﬁHeaiqn%@g}$§Q§S%V§ﬁg}%§ﬁsgg ‘d or hyaluronic acid

am noacet yl al dehyde di et hyl acetal conjugate. [0082] Conjugates

conpri si pENEGINY atiete@dllys tRE hilciRt @RdRdNASRE unlideNRifdassanblyeand’ @agi | y
cross-linked to forma hydrogel, w thout disruption of the biol ogical
or phar Hiflotyaticsials reavised: t Farshe fwe Biep Prepessn lccconmonpth it atgelp Jomay

al so opti Y arnC I S€:.a .0 i e CL.i Y/ for
rel ease Ig%n'?{zuljg %ﬁeoglwi’/e? ggéin%&%t%iét %@Vé&gi ?{)ar \%ﬁ%n?@étﬁegﬁ%g?oge OI 89
appl i ed. n{e@33], ahtardyliddwdoni ssanbld- fTiavohandiscosplugdtia wisich the core

synt hesi zed by reacting. the
y compoﬁlents are soh%)le, and which may be miscible in water, or which may be

volatile, or from which the assembled micelles can otherwise be isolated or extracted.
As indicated above, the core components may be for example a bicactive agent and a
catechin-based flavonoid, for example an oligomeric catechin-based flavonoid. The
polymer-catechin-based flavonoid conjugate that is to form the outer shell is then

added to the solution and the micellar complex is allowed to form.

[0077] For the one step self-assembly process, the polymer-catechin-based
flavonoid conjugate, optionally with a bioactive agent, is dissolved in a suitable buffer
- as described for the two-step process and the micellar nanocomplex is allowed to

assemble.

[0078] This micellar nanocomplex system provides the ability to achieve

controlled biodistribution of catechin-based flavonoids and prolonged circulation half-
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hyal uronic acid with the catechin-based flavonoid under acidic
conditions, for exanple at pH of about 1. The conjugated
polynmer-flavonoid is then purified, for exanple by dialysis, and
then m xed with bioactive agent and a cross-linking agent, such as
hydr ogen life b Rlogdstreant due do [thenREQGgowtax srslls tasiwelhdel@mplified pesharggical 14

h di.sh. - _ _ . .
' to a Ao PR thERRE iR MO BB Wi Rl el UL
react i oncompewi hedyed.acbanpaaity theraphiaic dffedy ogel adamipnildibntinedgdnot o

a slab suitable for application as_a wound dressing. [0Q84] The
conponent@ded i ke HPgY o181 ofnthy micsle. pVheip dhe dipaghive pgedtied BSHEE m

the hydr %‘i’écuiensu\fﬁ Ff) a p;&éinefﬁ@ (?SCQ¥ njligélf'eg to'ffég a %Qn‘}éﬂf;ehf)&éﬂvjeﬁk%cle
y- Wth a th a

conj ugate, optiona I oactive agent, together w
cr oss- | i mithntheagbmahtags wdha @snthey delfgesenidy axettled thatddaes cicsiavolvakheg

catal yst, for exanple, hgrseradjsh peroxidase. Such hydr ogel .is

usef ul f Bl dBPmL ad chergital deepeschal ¢ fnaoRaEg, Mt Coentionl e
engl neer bﬁtgt?s&&ﬁﬁﬁﬂecﬁidi&% dWVrRhttY REHAC wAEdhCedhdent Dbt cBhrfqidstRsy Ihato May
react with the flavonoid during the conjugation reaction, By varying

t he concéenatupiignoisknsitiee tigadivhiagetinswl aspreteionoi d in the starting
reaction, it is possible to vary the degree of conjugation between

t he hyal i1C i | yer d . chin d. f.l-ayonoi

excarmp! o DRI, 3f; ooy BRGe 07 ohBGRBHE S} M RBT uin G0, Byl
resul ti ngzhtbngandad seblas o woihdbobiirn drdesing, dhostistalRUorefeadchdel Sictyest on
the polyner conjugated with the flavonoid, Alternatively, additjonal

hyal ur onP¥agEieREERR S RAEPPYE TR BgPRgaiQn ferafcasachicfethiiys, emer
m xture Qéélﬁicta?%l%a%ﬁs' #Cﬂlﬁgggac%ﬂﬁdgg hydrogel so that some of the
nol ecu

pol ymer s in the hydrogel w1l not be conjugated to the
flavonoi d. [0086] The above descri bed conpositions and delivery
vehi cl es[M&@]wel Thespolymer if chosewro hevé @dodsdetlariot durabtdristies pndito

1 avonol BeVCARRSBr AR AgU e B s tie s Bl mofifies o 52°

t hr ombot hén-tokas oMl HisddaipatibR) bk sdiiRtemidainhenidHod@d degradable.
anti-carcinogenic, hypercholesterolemc, antiviral and
anti-inflammtory activity at the targeted site. Thus, the above
conj ugat 8983 g da| 7 wartipulas nimebasigmenteol, disr bydrpgel, dhe, apiverey 1pfaldehyde

h ¢ _ . L ons. oL A . _
ot ude. Seri 3B SRR acld okl i of B BRRl AT sk B ir Bl
usef ul i amirdvecdtylekichwiat diethylcetaldeonjegate wfa tytammeddtrivative of sidakwtke-

For exanpl e, ..i nor equl at or eptides and proteins . jnclydin

oyt oki nelcriatizes BT Aeids o vaumns 9ol abiprcrplehih distduen
drugs fednjhdige.treatment of cancer, nyel odepresssion and infectious
di sease.

[0082] Conjugates comprising a hyaluronic acid-catechin-based flavonoid can be
readily cross-linked to form a hydrogel, without disruption of the biological or
pharmacological properties of the flavonoid. Such hydrogels may also optionally
comprise a bioactive agent as described above, for release of the bioactive agent at the

site where the hydrogel is applied.

[0083] " The hyaluronic acid-flavonoid conjugate is synthesized by reacting the
hyaluronic acid with the catechin-based flavonoid under acidic ;:onditioﬁs, for
example at pH of about 1. The conjugated polymer-flavonoid is then purified, for
example by dialysis, and then mixed with bioactive agent and a cross-linking agent,

such as hydrogen peroxide. A cross-linking catalyst is added, for example
14



[0087] Thus, there is presently provided a nethod of delivering a

cat echi n-based flavonoid to a subject conprising adm nistering a
conjugate of a polyner containing a free al dehyde and a

cat echi n-based flavonoid, having the polyner conjugated at the 15 C6
and/ or t hersegdpsbgieraxadpsafantd Hee ydrpgr) nedy thpebé Huieblyatagrgdsingp ganold to
cont enpl %r?rg & fdgﬁredgﬁgpcerﬂe?oerg él?%) grggs'-liﬁk%\léﬁera&ﬁ)'n% %%ﬁ%&er&a FoRexd Dr'ﬁe, the
conjugaté’is rormed into a delivery i cle,"such as a mceltar
nanoconpihgdrogel Mayyefopged int@s skdbseitdbdefbr apsicatiod O8&buddéressiy. ect i s
any animal, including a human, in need of catechin-based flavonoids,

and may in further need of an additional bjoactive agent. [0089]
The conj 3@%#‘@ malheomanwents of tee By e gravalsmbs sy srtrdlsand farcisd @ifpym

depend o m of ot j e 5 S r :
part i our S DRl B fvol BE £aRMIR! ookl e hitrofs il ErodhBalt] GRS
si mul t aneothsd yioactivehges atvgether withvia tehpss-hiaking mggntgateh . as hfydtogen paojidgat e

is fornmul ated as.a . solution, or in.the formof m.cellar .
nanopar t ol ST AER B ANRdon BYE dBrieTaNb P oE e P § BYSREFL ng
i nt r aveneusthyfor dhipldeB0MS 8 h @pdctic Qe iRY bBLY,QF tfor s8C LA RMkeiRg O a
targeted tissue or organ. If the conjugate is fornulated as a
hydrogel , the conjugate may be applied topically or by surgical

i nserti of0®85]a weinerihyalyrenic|agablyds mrpléiplectites gt eayerpads avithdike dlagenniéd

i n conbi Ny .11 ] Ve rLi I e e

cons ugat SE e bdriuulh 08RYbA SR I8DAns mEhLEHAA ¥t WICESechiiEbased

[ 0091] Wiavoraddriimitsd etagtthgt @adtigpatit &npossible i omjyliBatdepte afitonjugtion ed
in an apount effec}ive_ and at the dosages and for_ sufficient tipe

period t Betfehn dhrglyenr el poharey and theratechimpassd fapendid nForgae@pifay

be adm nigt ﬁfi@%firéhc%&%hs\%\kgé%ﬁﬁaﬁgg%g%ﬂﬂ%ﬁe fﬁﬁﬁﬁ%ﬁ?fg{‘f‘ﬁéﬁeﬁg I e Eb it

cat echi n-based flavonoi d unction to , I nprove,

m ti gat e 1 Yanel dbonhtl®% of abe | ditee, omptley @alyntdnecayrgatd wfith theoflaamodke! ay
the progressi.on of.or cure.an infectian, djsease or disorder r to
i brc Gy addHinntt e nts e et s oL S cenRles Pu R BERde e
A di seasend iR pABZ YoTRrdsS:1MRINENEY MR hidboptlves thad RniEbAlR pelyRier

bi ochem cal pat hway, which when the pathway is interrupted, or when
r egul at ofplecsies i thedrydragel willkgatbesonjpaetpdythe flayeroid.r upt ed or
inhibited, the activity of the enzynme is involved in the onset or

- progressyqfady amndiRRRasRsQibe! @AStiont 009 LVHE RLLRE I S AmBMay Of
conjugate to~be admnistered to a subject can vary dependi ng on nmany
factors garcdonasliedhend apeted ddiivapiod dateopiartasas fladoriolds ©opyriigddresites

=

within the body. The flavonoids can provide antibacterial, antineoplastic, anti-
| thrombotic,  vasodilatory, antioxidant,  anti-mutagenic,  anti-carcinogenic,
hypercholesterolemic, antiviral and anti-inflammatory acﬁvity at the targeted site.
Thus, the above conjugates and delivery vehicles are useful for a variety of treatment
applications. In addition, the delivery vehicles can include an additional bioactive
agent, making the delivery vehicles useful in the treatment of a wide range of
disorders or diseases. For example, immunoregulatory peptides and proteins
‘including cytokines and growth factors have emerged as an important class of drugs

for the treatment of cancer, myelodepresssion and infectious disease.

[0087]  Thus, there is presently provided a method of delivering a catechin-based
flavonoid to a subject comprising administering a conjugate of a polymer containing a

free aldehyde and a catechin-based flavonoid, having the polymer conjugated at the

15



i ncluding the polyner noiety and the catechi n-based fl avonoid noiety,
the node of adm nistration, the age, health and weight of the

subj ect, the nature and extent of the 16 disorder or disease state,
t he frequency of the treatnent and the type of concurrent treatnent,

if any, &ifdandier dorcnosition of tind fing of dic fieonoishisugsn eontbdOBBY, @ne

above. | adiroE 1hEve. Rl st S ik IhrEBhede ARG T R "

sui t abl e valielduch hgth mibelar Behcreing k@l adgdfopal b &dcribi@n®odé.ng on the
clinical response of the subject. The effective amount of conjugate

can be dE @ ned enpirically and depends on the, maximal anmpunt of
the conj @@ t hEte BRiFché animmal dndediag peyman iwaced of eaeehinabaseht

01 o “OnL LB GhARTLA 5P S h SRR AL ROl Bloa BBy hal pr oduces

the desire Invention 1s ustrated by
the foll ow non-limting exanples. EXAMPLES [0095]
(-) - Epi gzﬁﬂm&ﬂ%at ellivi mlg'agdtammy(miniaewdiusiﬂgw@ncsm amdthalks, ghednwilka,

hi bi t | and | effect th
Foll ow ngCBsaim: e o 0hE G anBattsl Mot S bngiranb PErytch Pt IEGES or
ol i goner bfoaamgéﬁm@@emfgea@nm‘ﬁs\fé}w%ﬁhal%ea&gmgn ahélahyd erorRivath afle

condensation by an acid catalyst. The synthesized conpounds were
char act ecprvgpt th W‘E’ﬂﬁa@r isvierngtleted NsR: stpistm,a)r inghefoni of anedllasi s,

W-VIS s S r 009

Con ugat P PRRIESS: Jist o BRE B b8 orRE o, 1rtilhe BATRA G at o
or with Qittagﬁﬂﬁﬂaﬂ:y (mbyemegahjee@@i @6 nargabd fifs@e [::1961%31]1 [fthe hmsjugetteldy
We synt hesi.zed, conj ugat es of pol y(ethylene glycol) (PEG wth
(-)-epi g8 foejr@alaéqsih%a gafrogele ﬂzeEma;}ga& ms; Rfoarilied depieateey brsargjcal

PEG  EGC{kioRER Fodbs#oni ugation using al dehyde-term nated PEG
( PEG CHO) > V\lﬁ(i)s carried Igéat by Baeyer acid-catal yzed condensati on

bet ween an al dehyde noiety at the end of PEG chain and a
nucl eoph{00¥]phIGroghivgateahay bneinihistdred BGOBbimtionywith( Fb@actwe]@gent

[ 0098] WMat r| aI i gal | gcat echi | | at

From . KURTRUEH vhcsd S50 CORped T dtimailaith o ot Splbrrecrottne gl
(PEG CHOshovas purchased from NOF Co., Japan. Acetic acid,

acet al dehyde, PURPALDTI\/I Fol i n- G ocal t eau phenol reagent, sodium

car bonatgq ﬁnl i n and di net hyl sul f oxi de-d6 were _purchased from
Si gma- Al 9. 'Wihen ddmyinisigesdole depatieat: pilie coniduggter isoadmaRgered in an

amount effective and at the dosages and for sufficient time period to achieve a desired
result. For example, the conjugate may be administered in quantities and dosages
necessary to deliver a catechin-based flavonoid which may function to alleviate,
improve, mitigate, ameliorate, stabilize, prevent the spread of, slow or delay the
progression of or cure an infection, disease or disorder, or to inhibit, reduce or impair
the activity of a disease-related enzyme. A disease-related enzyme is an enzyme
involved in a metabolic or biochemical pathway, which when the pathway is
interrupted, or when regﬁlatory control of the enzyme or pathway is interrupted or
inhibited, theractivity of the enzyme is involved in the onset or progression of a

disease or disorder.

[0092]  The effective amount of conjugate to be administered to a subject can vary
depending on many factors such as the pharmacodynamic properties of the conjugate,
including the polymer moiety and the catechin-based flavonoid moiety, the mode of

administration, the age, health and weight of the subject, the nature and extent of the
16



17 Pure Chemi cal Industries, Japan. O her reagents and solvents are
commercially available and used as received. [0099] Synthesis of
PEC- epi gal | ocat echin gall ate conjugate: PEG CHO and EGCG were
separatel y dissolved in a mxture of acetic acid/water/ethanol or
acetic doodlenar disctwstite,Tthe fraguencyraft the tehtnEBCE@nddke Yapeioddonenreent ess

G ddi f PEG CHO
Sol ut i on "sHPeReri B nuk RRrST5eRid 94 AEBR iR i  Togen

at nrosphere for varied reaction tine. The resul ting products were

di al yzed[@§088]ec ubmy ofekilh it tieUdroédn delermine He3pprgeinfRsdmoiadBasell ioiEsEe t he
vol une of net hanol at roomterrper ature for twy days. The dialysate

was r epPeRvsdastarsy; e qonpgatianay be pdminisiered grbalinin ¢ aptble arpusbihati o

was | yop i i

() - ot ool ecfhitsfed @ ikt oG E R Hlinld Bt of srbist la%> :
S 2.6-3. @ff(:dﬁ-vé afioudt roif rtg))l_]ugBteZGa&. e (&eBtinad empiiO?2ddoflegerdy on the
4.9-5.0 (HH2 qf Crin (1‘1) 5.5.éH- oan%,.S.S-G.%(I—I— and 8. of
A ring), i anqut o1 the, gopusgle thal) g3 e adnitgsred gately . dlawever, g
6" of B binBae of &ogmggaa oM GOMBOBe ity Sucnfhul plgbiddhe
47.8-49 (CH2CHO of 9 (CH3O of PEGQ, 70.7-7

PEG, 106¢edred@&ult. (C- 2 and 6 of Bri ng), 109.5 (C— " and 6" of
gal l oyl noiety), 146.2-146.4 (C—3 and 5 of Bring and G3" and 5"
of gallo i et 1 rrerlc epi_gal | ocat echi n
gal P o ToogH oty AR AR 5 oo B IR b BB Brfitne FaRieiSino
or acetic acid/water/ethanol. The reaction was started by addition
of acet apdAMPIaNY perfornmed at 20C (pH 2.3) wunder air or a

ni trogen atnosphere for varied reaction tine. The resulting products

vere di afooss] (@Lﬁﬁgélﬁfca%hﬁhéal&% EGCAY, )él%ln liRgi@d A8l VE¥en tea,

descri bed above. 'The  renaini ng sol utlon was |yophilized to give
ol i gomer exhibitd gahéroesbieloigioal gl pharmacal GEGLEfTects.OD 1B folloMing\xamples,

R 1 oharifgatesTar oy pheh? buofh Hih PGl i o lgew%@c%@gﬁc@ dirs:

and 6" of t]gs%izie@yhm{@l eld¥dydetm&difte® Cdhdénsatiotd 6y Bc:lﬂl @ﬁﬂil_;'si[ 0@3184]
13C NVR (DVBO-d6) - 6 15, 6-19 (CHCHB), 10-24 (CHOM3), C 4

of C ri ngpnthasized eoggupds wepy cloragteraged whanqhzcuim( @egh@f NMR | snggtra

106. 2-10 @%anﬁ?sé%[b\?"%ﬁgge% ?Sb'tﬂgflnog%aorg a?xd poten ? 2" and 6" of

gal | oyl
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[0096] Example 1: Conjugation of polyethylene glycol with (-)-

epigallocatechin galiate or with oligomeric (-)-epigallocatechin gallate

[0097] In this study, we synthesized conjugates of poly(ethylene glycol) (PEG)

with (-)-epigallocatechin gallate (EGCG) or oligomerized EGCG (OEGCG). PEG-

EGCG or PEG-OEGCG conjugation using aldehyde-terminated PEG (PEG-CHO)

was carried out by Baeyer acid-catalyzed condensation between an aldehyde moiety at

the end of PEG chain and a nucleophilic phloroglucinol ring of the EGCG moiety
(Figure 1).

[0098] Materials: (-)-Epigallocatechin gallate (EGCG) was purchased from
KURITA LTD,, Japan. Aldehyde-terminated polyethylene glycol (PEG-CHO) was
purchased from NOF Co., Japan. Aéetic acid, acetaldehyde, PURPALDTM, Folin-
7 Ciocalteau phenol reagent, sodium carbonate, vanillin and dimethylsulfoxide-ds were

purt:hasec_l from Sigma-Aldrich. 1N sodium -hydroxide was pufchased from Wako
17 '



of galloyl noiety), 129.3-129.5 (C4c of Aring), 133.1-133.2 (C |
of Bring), 139.4 (C4" of Bring and C4" of galloyl noiety),
146. 2-146.5 (CG-3 and 5 of Bring and C-3" and 5" of gall oyl
noi ety), 150 158 (C-5, 7. and 8b of Aring), 166 (C a of gall oyl
noi ety) . PrsoSbepical, 4 lﬁdiiémeg, &papEGO&@rgéthca@brS@amt@@a@ eepmreially

gal | ate: % Eﬁ@du‘é@cﬁas%@é?@é qved in a mxture of acetic
ano

aci d/ wat er or acetic acid/ water/DMSO. COEGCG was di ssolved in
a same solvent with various nolar ratios (0.1-1) to those of
PEG- CHO. [0029]s ol Syithesisobf PEG-Epigallosatenhiie Gatlntepringegatad PEGeCHERend on

car out at 20-50C H, 2. 3-3. der.air._or rogen ;
N s eFGt e, Snafinely disoREh T Arraixien & AEgin 49918 21sh BBAS I S s
vere di abyaehtdmmeel! ahe Wed1ghtatis WrokGeG @Q@%édnmae;&%ggetow@m-cxio
descri bed above. After centrifugation (rpm : 04) t

preci pi t dhe reggtion viak started barddopvash eddibgn df EEG‘r(EH@ mtem emd performed
triplica |1 ophi Li zati ive the conuateo PEG
and” ol | gBneice @320, e 0B st Shondel (et o0e05e

NVR ( DMSEstffthe producls were &1ngﬂ3£m01%cﬁa13w&fgﬁ{+cﬁltoﬁf 36 i'l@g)) aga?hsg‘m@) 7
(CH30 and CH2CH20O of PEQG ring),

6.4-6.5 tifues e mmme Dfmetlg?albl aynoomeew)atura fer ®09d 4B+ Zheahady@"ce whs B

Tong) L Gl 30 Rl vaYS Gitles g By Tedfnne iR g Opﬁ%?d ©

109 5- 108ive tieohjugansd o@PE@fanﬂqlgLe% VdalloBabdity gallale? Or QEGZQGQG( C1" of
gal | oyl noi et y) 129 3-129 c of Aring), 133.1- 133.2 (C1' of

Bring), 139.4 (C4' of Brln%and C-4" of gall oyl m)letg)
146. 2- 140100] ¢ 3 'BANMB: ([VISE-¢6)nd 20 CH Oéﬁ‘dnsg),&ﬁé (Y40 and

noi et

m): et % C%‘@@E’]@%fﬁg@u‘%é @{%ﬁﬁm Iarsraglvg 8€§%ng5 ?br{gﬁé 81?%%/0& ze
excl usi oA ringhy @Bt DEI-aphyd ¢SHQDalloYheiety) 269%. BALL pPEG' of Bhirg).- 2410
detector, polystyrene standard) with Waters St yr agel HR4E/ HRSE

col ums ysi THE as, an eluant at a  flowrate /mn_at 40C
ot or actidat o, PO R AR e Sate Rbauieaish 415 P URBRCHSb Kz

nucl ear i ) de

ot ety of Ll eal e BEe o S i aarr AR pEppohy BB an G 4RdK

4- am no- 8f Bythigazli08cd G- nndhft of dalylmioidtgz o @2 (1RURRAL DT Situif chng s

exceedi ngl ecifi,c_.a ensi tive to al dehydes and which yields
hd G ann - Geediud et [ ,

purpl e-t catriazol o-[4, 3-b]-s-tetrazi nes3l, 32
100 | of a sanple solution

[00102] Synthesis of oligomeric epigallocatechin gallate: EGCG was
dissolved in a mixture of acetic acid/water/DMSO or acetic acid/water/ethaﬂol. The
reaction ‘was started by addition of acetaldehyde and performed at 20°C (pH 2.3)
-under air or a nitrogen: atmosphere for varied reaction time. The resulting products
were dfalyzed (molecular weight cutoff: 1 x10%) in a same way described above. The

remaining solution was lyophilized to give oligomeric epigallocatechin gallate

(OEGCQ).

[00103] '"H NMR (DMSO-dg): & 1.1-1.9 (CHCH3), 2.6-3.1 (H-4 of C ring), 3.0-
3.5(H-3 0fCr1ng),49 5.1 (H-2 of C ring), 5.1-5.4 (CHCHj3), 6.4-6.5 (H- 2”and6”of
galloyl moiety), 6.8-6.9 (H-2' and 6' of B ring).

[00104] Be NMR_ (DMSO-dg): & 15.6-19 (CHCHs), 19-24 (CHCHa), 26.6-27.4
(C-4 of C ring), 68.5-68.6 (C-3 of C-ring), 77.3-77.4 (C-2 of C ring), 106.2-106.3 (C-
18 ‘



was dropped into 3m of the PURPALDTM solution (7.5 ng/m | N NaCH).
After aeration at roomtenperature, the absorption maxi ma of the
solutions were recorded at 545 nm using W-VIS spectroneter (JASCO
V-510 W/ VI S/NIR spectroneter, a@i Since the PURPALDTMis .
sensi tive awl 6veirB singhd0p.SaHRmeC anO aend galloyp mesdnk 120.04i20,1 Gl

resultin ) I r t ] tr LN, aj S
reasur e i REBIRER, 32 an s G AF R (R A Rl Bt 0.4
det er m n¢d-4’ u$ Bn@nQDEﬁCh@ c&tgatﬂdgalrxdorew) VE46.3046.5 §6\8’taBd GF of B Sng and
PURPALDTM assay_wer e of NVR nmeasurenent . [00110L
Phenol i ¢ Ccomment’ @%a%%ﬂjmfga%sl 5ﬁd§8 &@é@g s8d 8Byt Poting). 90Cap pEealiat ay

and vani L] ég Cl assay. Folin-Giocalteu assay has been used for total
phenol i cs term nation by many researchers (Jul kunen-tiitto R J.
Agric. Food Chem 33, 21- 217 (1985)). 15 | of sanple was added to
300 | of [GRK0S] . 15Sylkthesfls Fedi| PEG@il@meﬁguepngmmtechaageﬂatev@ﬁ@d‘m

and t he sol S Vi.gor ou shak di.at el 75 o
S0 um o3 distRed BT almBRROAE adeiRm ey HauH g aedtic, A matrs 00
1.5 m wgdwla»ta@mssél%d AN §nSEMEn &/itRG9AtBus Ablagrat?R (mm)tt@ﬁmse of
absorptivity of the mxture was read at 720 nmusing a UV-V

spect r onBEErCHQarfihe| sofptiqalohBEGedRawabedded deppwrisecoande ﬁlf:el@mtm ‘a’nii

d d t. h t B. dJ
Soi - Footeipy out b0k, 0 S B TRAGER o birteerl AmosghEE oparged ™
sanpl e Wasctigiigae. T r%sﬂﬁnéé’f)péh& uUs'vG‘erb QidRedeh H@lecﬁﬁgw%@t BhesEur e

was shaken vi gorousl concentrated HCl was added then

and the WG&)unea mse mmm@yabgﬁakéﬁer egydtifvgativre (s or h mvil@y thas

. Thel SRERe b SRR At SR SR e WA ol

assays \A@s)pmatzatdﬂ tte@lmﬂfbgc&@ﬁgatstoamﬂmda@wg@na@@qqr aiulacatdstemsarre
manners. Each _nmeasurenment was run in triplicate. [00111] The nelting
t enper at &le @EG-O5GGfbduct s were measured with DSOQLOO0 TA

I nstrunents. The neasurenents were calibrated using indium and

carried 108§ te I [ é@#&[ fx N rge_at
a scanni hg ra?e w%&ﬁﬁééz%ﬂotﬁéﬁggl( zw{“ : Q)PF aﬁggg%gg
det er m n&d (By;Qeind RALE 176t of PEGY, dd-5.8(HAhaf szg) (BROQIIRNE), 6.4-6.5
| NSTRU . " 5C Each yre was .run in triplicate.
[00112] wi ﬁ%é ﬂé%ﬂ%é?ﬁ'{eﬂo@mj ézﬂ?ﬁ%a @%ﬁ@%%@et hyl ene gl ycol and
(- )-epigallocatechin gallate or oligonerized (-)-epigallocatechin
gal late: [dgofi S '3C NMR (DMSO-dg): & 70.7-72.2 (CH,CH,O of PEG), 77.3-77.4 (C-
2 of C ring), 106.2-106.4 (C-2’ and 6” of B ring), 109.5-109.6 (C-2” and 6” of galloyl
moiety), 120.0-120.1 (C-1” of galloyl moiety), 129.3-129.5 (C-4c of A ring), 133.1-
133.2 (C-1" of B ring), 139.4 (C-4’ of B ring and C-4” of galloyl moiety), 146.2-146.5
(C-3’ and 5’ of B ring and C-3” and 5” of galloyl moiety), 150-158 (C-5, 7 and 8b of
A ring), 166 (C-a of galloyl moiety).

[00108] . Measurements: Molecular weight was estimated by size exclusion
chromatography (SEC) (Waters 2690 equipped with RI-2410 detector, polystyrene
standard) with Waters Styragel HR4E/HRSE columns using THF as an eluant at a
flow rate of 1 ml/min at 40°C, after acetylation. 'H and "*C NMR were recorded on a

Bruker 400-MHz nuclear magnetic resonance (NMR) spectrometer.
[00109] The aldehyde moiety of unreacted PEG-CHO was quantitatively
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study, conjugation of polyethylene glycol (PEG wth EGCG or
oligomeric EGCG (OEGCG was carried out using an al dehyde-nedi at ed
condensation by an acid catalyst. Synthesis of CEGCG is sunmari zed
in Table 1. The reaction was carried out with an excess of

acet al deldssgesed g 4ramined-hpdrazinend-mensaptoi lohé-iriagol g BAMBFE which
b d
oy i oy &7 S BecRE e R KRsIRE UL REIEL iy, BHICH (B bpRLe"

af ter aceidgkmthicolred Bﬁﬁrcdtﬂm[cﬁﬁi mpshaiemm“ﬂh qeomTwa Mﬂﬁﬂwbluqa@ups
present on the EGCG units and t SEC colum results in a | ower

esti mat i ovischopasddate dml @k ihght URBALP ™Mojoktiond)- Smggnlt 1Né\j%%1§1) elAdtst
t t
wer e not ,af&¢ Ett r%g%%ﬁﬁlﬁgr%% d{ﬁﬁ %brr%grptt) 8? ¥ SEthY S?.alP 1SS v(?rere a4 Slgnt s

and realftion 4 ecular ~wei and”y S Were
hi gher i 34§ hen whinge UWNVISI dpeuti igettDRIBGI C@ny- 318t BN/VISﬁ’NEIRespE&&ﬁnétEt?
et hanol and mater m xture, although an increase in the amunt of

wat er i nJ#RE)-seinge fie ﬂ%&%@%& gensiiye tRopenld amallegrppunt aﬂfdalgﬁheyﬁﬁd
h
The reachaéégm' ah2 2 %Egﬁll i é;%r&&&gé‘ﬁ%glo!?'r&*aﬁﬁ% ’E}%Jlgﬁﬁw ntHP IO w%?

yi el ds, ue’to i'r termnatin gonmer1 zation
EGCG Reméasured) aoll i spbtratal \ﬁerre th:d sdusol Ulhireacted BBGdCIH0! wendstefmined

EGCG such as N, N-d orma cet nol

met hanol PSIP&‘?%W%&%%T I&? I tﬁeo%gﬂéﬁﬁgéﬁwﬁo?ﬁs@kd’éeﬁ?
for wat erc@mgﬂgdma§ NMRelnbﬁuféﬁlléﬁ[of orm and hexane in which neither
was EGCG [00113] 1H and 13C NWR anal ysis of the product reveal ed

that condensation of EGCG in the presence of acetal dehyde gave EGCG
ol i goner §0011led t Rhennlis canterf ot}qaulngal‘c%g\é%a«'tssqsa@i mFah@Cwag@s AYSEWBN

o ana e or ARINFRET sl ) EauCiGeh bl e beeng B L o BERARCIAF, o7

ol i gorrer détaﬁnmatuorah;d nm\jxlrmbajchexdt(ﬁulkmldnhﬁttﬁﬂ W Ugaodromt Ghes. §8,3lons
of th dge appeared at 3 1H 1.48 and 5.08 (3 13C 21.2 and
16. 2) r 8%&9(85))&1%1 af sample wirs added topEROE] W Patehr IS8 wé & olind-ipealteu

| ower in 4] of
2 | OB AL 08 es AR AL hRlE) 0
respect i yeb§20%fsoeiunPEeh Sk taiynigad & a@j&d\éﬁﬁ tieAmiiiteed vedstmadellyy @acs ed
EGCG was rempved by dialysis (MAMCO=3.5x 10). In order to conpletely

21 consuf "PEGN@EI@ following shaking againt ABer 2Cnm esabserptivity of theanixture
reactor. HE@G‘? |n a usflrggtd Wi R/ %%c%bﬂ{gt%r B-ﬁ@f et oA hebin @

t hat of m)s here roduct was™s ovvn to con a| n
no unr eaunteddfoPEfeCiiny aﬁkc@fiﬁhsezletdlmm determmatlon (Broadhurst R. B. and Jones
W. T. J. Sci. Food Afric. 29, 788-794 (1978)). For this assay, 100 ul of a sample was

added to 1 ml of 4% vanillin in methanol and the mixture was shaken vigorously. 0.5

ml of concentrated HCl was added then, and the mixture was immediately shaken
again. The absorptivity was read at 500 nm after keeping the mixture at room
temperature for 20 min. The phenolic content of synthesized compounds using these
two assays was determined using EGCG standard curves measured in the same

manners. Each measurement was run in triplicate.

[00111] The melting temperatures (7,,) of products were measured with
DSCQI100 TA Instruments. The measurements were calibrated using indium and
carried out at temperatures from —40 to 200°C under nitrogen purge at a scanning rate
of 20°C/min. (-potential of sample solutions was determined by ZetaPALS Zeta
Potential Analyzer (BROOKHAVEN INSTRUMENTS Co.} at 25°C. Each
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by NMR (3 9.65 (s, CHO) and spectrophotonetric assay using PURPALD .
[ 00115] The nol ecul ar wei ght of conjugates showed that only one chain
of PEG CHO was conjugated to the EGCG even though EGCG has two
available link positions for aldehyde at C6 and C8 (Table 2). This
may be dieagwenentryas ral iorighede. f ol | owi ng the conjugation of a single
PEG chain at either of the C6 and C8 positions of A ring. However,

con ugat S TR A IE A A A HEA Beftlcon Ty it B8 and (.
ten timeg-epip@locdtedhid @mathort dlpdnidrixed of)-efighMadaicabie gallateBylf @g¢li ng

with sane nolar ratio of OEGCG and PEG CHO, the conj 9ati on produced
bi - bl ock stigH; erydugation od pelysivirmgt elyeal (BEGE rido BOG&are olipgoaies FGflte

reaction 4 - N2_at r i i ields, i n
he tage QPCRBAVE Fadichod HRRPNE SalSatloifudd) Dol 6 apiia
conj ugat estalyger ymindsisvelt OEGE ubhienthatieddh bk t.oMeugadtnokvad criged

chain PEG with M1=1000Q, while all of PEG EGCG conjugates were water
sol ubl e. OPEE %99 agsiplfehvde undsy vagrd Feactiopmeomstifions. QHeperg e
aqueous HoR:af d 1 : | a S
agai nst ﬁg{aﬁfggo %tﬂNsthe/gérgﬁgflﬁglﬁ%&r Iélvea edm?ﬁgltltr tg ﬁgygﬁﬁggaﬁg?aﬂr)\}r%é S§S
unr eact e (MPECOEHDAN dhe Inveo! goudes ivpdi ghd tver s wasis BEGOOEBC fixo ety laties sincéd

and 13C.NMWR spectra of PEG E cqnjugate exhibite intrinsjc
peaks  belTBGEIA, 65 BENS HECRAToSADRE Bsoet /8 BF R apeand b6
showed bigpadengsh ReakSInfAbwetEstidatibA 6t HdlddlalWeltddt. ot gRfecatr Welght as
for PEG (Figure 1). [00117] Phenolic determ nation of conjugates: The

EGCG noi end, yiehlstvesie not affeetd IBaractondtipE Guorers sy Affaged by selaents and
assessed I: L4 Lin d |Lin- . G ocal a s.wWhigh,are
oo UBP AR BT b S SR B LB o e
Fol i n- G dawdtheaulfoxs&afDMSOA apd ot femmidaiuer thibi dlid othariod tand dvateethiftore,
detecting  tyrosine, tryptophan and cysteine residue of proteins

(Fol i n OAlthgvighcamhdngreasg” i, thy ampng) of ®ypish inzthe golvemjomyixtare7iscreappd g

assay 1S I%‘?%éi%ﬁt fRd ﬁgﬂ]ﬁgo'&rr@ ot Rl S8nod t?o‘éﬂu&&i Hidr

chitosan and guanifie to eep ue conpounds.” Vanillin-
concent r atcdgtuldCiweagld apd (il dsa diaybs tludto B, imaid tornesing/thd oligomé&satiotrood

Afric. 29 -794 (1978 is frequent]y .used,tq detec echj ns
2nd pr oo BRAEC Eepaahaehetters Fere Ahryoital Besrd i BT Ghth SS

pr epar ed Dags OOV ARty fortBi®l aRdsHedsthhst 8EthaRold RihyBSHRaNS aghayed
a linear relationship between absorptivity and standard concentration
varyi ng iplaling agvgeus sobrdon2scantifor watetvand got sadnble 2n shiprofermpand hexance

FOl'in- i which neither was EGCG.

[00113] 'H and *C NMR analysis of the product revealed that condensation of
* EGCG i1n the presence of acetaldehyde gave EGCG oligomers linked through a CH-
CHj; bridge at the C6 and C8 position of the phloroglucinol ring (A ring) (Figure 1).
Singlet peaks due to H6 and HS of A ring observed at § 'H 5.83 and 5.93 disappeared
after oligomerization, and new peaks due to the methyl and methine protons of the
CH-CHj bridge appeared at 6 'H 1.48 and 5.08 (6 *C 21.2 and 16.2), respectively. All
peaks for OEGCG were broadened and have lower intensity compared with those for

EGCG.

[00114] Conjugation of PEG with EGCG and OEGCG was summarized in

Table 2 and Table 3, respectively. After PEG-EGCG conjugation was carried out,

unreacted EGCG was removed by dialysis (MWCO=3.5x 10%). In order to completely
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Ciocalteau and vanillin assay, respectively. The vanillin assay for
PEG EGCG and PEG OEGCG sol utions was quite reproduci ble and gave
nearly sane anount as the concentrations that were cal cul at ed based
on their nol ecular weight. However, the Folin-C ocalteau assay

yi el ded 48038 EE@&@]HO;LZB 684@826%1011 ErEQOGcwar Fealt inbmshe tdagior.t Wen

PG i Ra SpEded Va2 BR%Eay %%o%‘ﬁiaa‘éﬁm'aﬁrtptﬁ’%e it e B CH0 e
the UV- Vla&l@s@ﬁ@ﬁer aleqa‘roﬁ% sh&¥aGtdBhmiand PréactdaGiG-Oies s apmpegnds

were characterized in a manner sinilar to that of the precrHrsors
EGCG shokédMR. (@80 (Bt ClaR)madispestiophotRasiringssay ysinacBRRG Lbhat  t he

ori gi nal flavanlc skeleton is retained. In addition, we found that

| . . . . alwst
Choved | L0018 " COTEE oo O kiRt oY SoRRBURLY DbwiE! (i SHEY AR, oyt o
tZEO nmh @ngglmwgs ovrjhgatat mdthstBG@Gb Hewen tidnigheEGEL- lﬁmlttemmvlaﬂagﬂdmﬁﬁhsed
rough a we on. maxi mum.only at m.
Ther e]g or @ostfipgs {Ae&r %tc£ én‘gp%t &@Lﬁp# eérg%g?mﬁ F‘é@e dange
PEG- CEGCR)|YWR¥iflg GifY '&Jnﬂ%aﬁ&in bpy tsfﬁ%e lﬁﬂ'rﬁ%ﬁﬁ’iﬁ%t Efther dritkd C6%h&‘é§%twsﬁio'ﬁ§'0"‘“

by NMR as descrl bed above. [001 ermal property: Thermal property
of OEGCGoef RE(RgEGDGEveed PHEE@CEEG@Glm@teEWareaMamdzad)ohibeSﬁﬂ tri-block

neasur enent. Eﬁ lil, % CBE eé ndat t h 2
mel ting POTHEYE %IH Wi 8has
C, respeg t‘{lﬁbé’laggﬁﬁ@@r %@Wﬂ%&l Efa@@ﬂ@'ﬁ%ﬁ?d' STM@B) sBfit@thd ﬁlth'SQM@r

tenperature conpared to EGCG reflecting a decrease in crystallinity.
The DsCmdkErae el PEEFC REGPECECHN dhPEon GGG piedichd hibtilekck seajkgate

correspogﬁl_‘gg/1 8u tﬁq)lg&{icoﬁﬁ,}aor OEGCG. Tns originating from PEG were

al so shi ure and the heat capacity of PEG in
melting (AHTM becarre smaller, with a 26% and 73% decr ease when
conj ugat geb146&]h EGTEe madﬁéEtKDMSO espedhiawabgpherthresdted dh highndeldgtae

that th t t bed
[00120] 8 orcask oLE OB e aionsr ortaBes RGP B RO R A Aga R eRer o
measur edyjefe E&Syéta Riiife %clucf’ﬁga%ﬁpéﬁi@%ﬁzsﬁge%ﬁﬁﬁ ﬁsélwlgmnséloo

negative surface charge having simlar values, and the GCG
conj ugat whelp aliend Hﬁﬁ@ﬂﬁ@p@ncgatwwe@hmtgesot\dﬂ@a%@aﬁﬁ@@@@s S@amﬂaé

UGN ST EN N AT TG TR
removed by dialysis against methanol. NMR analysis revealed that the supernatant
was unreacted PEG-CHO and the precipitate was PEG-OEGCG conjugates. 'H and
BC NMR spectra of PEG-EGCG conjugate exhibited all intrinsic peaks belonged to
PEG and EGCG, and the spectra of PEG-OEGCG also showed broadened peaks for
OEGCG including CHCHj; bridges as well as for PEG (Figure 1).

[00117] Phenolic determination of conjugates: The EGCG moiety content of
PEG-EGCG and PEG-OEGCG conjugates was assessed using vanillin and Folin-
Ciocalteau assays which are commonly used for phenolic quantification in plant
material. Folin-Ciocalteau assay is a protein determination method used for detecting
tyrosine, tryptophan and cysteine residue of proteins (Folin O. and Ciocalteu U. J.
Biol. Chem. 73, 62-650 (1927)). This assay is nonspecific for phenol groups and also
reacts with urea, chitosan and guanine to yield deep blue compounds. Vanillin-
concentrated HCI assay (Broadhurst R. B. and Jones W. T. J. Sci. Food Afric. 29,
788-794 (1978)) is frequently used to detect catechins and procyanidins (condensed
22



apparently stronger negative charge than both PEG EGCG and CEGCG
[00121] Exanple 2: Augnentation of physiological activity of (-)-

epi gal | ocatechin gallate by oligonerization and conjugation wth PEG
[00122] Materials: (-)-Epigallocatechin gallate (EGCG was purchased
from Kumm)LStlandar apeas watcghyated uengiEAt@dAlD thoystaridgpids n@tgi Wchwith
(PEG CHO ur.chased from . Ace

Scetal deﬁ%‘gs s pRet it ees AR st er errRioy
(DPPH) 1Y B rﬁ?@t ﬁblﬁemx g4 () and ibi08). quMttstzrn@mfdrmm-
(NBT) , 2 am no- 2- hydr oxynet hy -1, 3-propanedi ol (Tris)
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or PEG CEGCCG digoneric EGCG (OEGCG and pol y& t hyl ene gl ycol)

conj ugat &sliGioraiteanmsrE@iadsda)s. bl 8. Ve@ad 126Ee Glegasicentrations

synt hesi ged @ JSSEEERGH ABONSeq FICRORGISUILOSS Sh - PRECHIRS, agg

di ssol ve na mxture of “acet e Caoi I"on

started PEGOBGU®reHbciedt.al dehyde and perfor med at 20C (pH 2.3)
under a nitrogen atnosphere for 24 hr. The resulting products were

vor ure of0WEETanol ApiTa)wpp ey Bl SSists g S SPaER BN he

remai ni HQE@EGCG%MEGJ @E@@d ' irﬁs%etéb OYlﬁds (FeldGardcri£Q T 'Agﬁ&ﬁé_
synthesis, PEG CHOs and EGCG or separately dissolved in a

m xt ur e simikec¢e that aﬁﬂx&/meDNBG)CGT ﬁmweéamntabsmpm maginan @ti2&y nm,

d di.t PEG ol. ut and erf r-ne t 20C

ndor 5 AREPBbE s ShkrL tei e eltof e e g Rapont b B Bl

di al yzed Leay! t@bired 3. 5
X 103). & R‘ZI%E’@%W““%Fﬁ?ﬁlfﬁ?l%a?ﬁ%d@%@ﬁ. 1128t on of

di al yzedan@he ﬁbsﬁ@t@m wekigr atrRé8 pPEG inCREmT ¢hjthag att gm, glvmg a

(ol coul SRl Shtcher SPALR R, dotachscs hrodh 4 Fria el 4R,
wei ght wmm@lsdhsm@tleﬁl nimmﬁumeme_sxe:dmlﬁﬂ Ahe et ohie APV IS \bpécrasofaho 0
equi pped with Rl - 2410 det ect 05'5) Pf % ene standard) with Waters

St yr agel PREEREAISEC cOFdrifaCGam Fereppngidgisduher gvidenss fokt e
of 1 m/ yelt &L t@[g&zho%tlﬁ/Nﬁfﬁé‘stdéE&{Heﬁ%o‘Jé" and 13C NMR were recorded

on a Bruker 400-WVHz nucl’ear magnetic resonance (NVR) spectroneter.

[00119] Thermal property: Thermal property of OEGCG, PEG-EGCG and
PEGC-OEGCG was characterized by DSC measurement (Figure 4). Endotherm
peaks which correspond to the melting point (73,) of PEG and EGCG were observed
at 62.0 and 150.5 °C, respectively. OEGCG showed a broadened 7m peak shifted to
lower temperature compared to EGCG, reflecting a decrease in crystallinity. The
DSC thermograms of ‘PEG-EGCG and PEG-OEGCG had bimodal peaks
corresponding to PEG and EGCG or OEGCG. Tys originating from PEG were also
shifted to lower temperature and the heat capacity of PEG in melting (AHzm) became
smaller, with a 26% and 73% decrease when conjugated with EGCG and OEGCG,
respectively. These data indicate that the conjugation and oligomerization occurred as
described.

[00120] C-potential: C-potential of the oligomers and conjugates were

measured in PBS (Figure 5). PEG and EGCG exhibited a sligﬁtly negative surface
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[00124] Di phenyl -picryl-hydrazyl scavenging activity: D fferent

anounts of a sanple were mxed with the chemcally stable free

radi cal 1, 1-di phenyl-2-picryl- hydrazyl (DPPH) solution and

absorbance at 519 nm was conti nuouslé recorded for 30 mn at 25 C
.(

usi ng a Charge ba\sn&sig}j@éwl@ph@n@ﬂﬁ%ﬁ Ef (@ oonjugate shapred mp fifference in
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and the results were averaged. Superoxide scavenging activity was
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sampl e were mxed W PA in a buffer solution, and incubated for
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reader. [00128] Results: Oigonerized (-)-epigallocatechin gallate
(CEGCG) eftitr reagnite ged sdvafis o kgihetensiblisnerag e ehd usedtas r&@836d( PEG- EGCG)
or the oligoner (PEG CEGCG were synthesized by the

| dehyd it ed .
3/ei Sh%/se[e@?r?it gd gﬁg‘?%é%gx ﬁg;?%ﬁﬁ%%ona oé’%‘a%%&z?&é;@l Wg?‘f’ on,
wer e Mv-BGQQG ((D/EG(SZ@%& polWetiPet: glVublVosrdiugitesanilh MGOGQ 1PEG-BGCHEhad : 1
25 for and PEG CEGCG, _respectively. [00129] -

Di pheny! © %@/I %ﬁ d@%nﬂ@ﬂ{?m&@@lﬁﬁl descaihed sigueoxities OBRCSH
?E)I%\Iéﬁl?gl i}glg%fs' BE06 wid@sshiveadh RHERe 8 BBl ¥hiava&ABMsd. ak t@letion

was started by addition of acetaldehyde and performed at 20°C (pH 2.3) under a
nitrogen atmosphere for 24 hr. The resulting products were dialyzed (molecular
weight cutoff: 1 x10°) against 1000 times the volume of methanol at room
temperature for two days, and then the remaining solution was lyophilized to give -
OEGCG. For conjugates synthesis, PEG-CHOs and EGCG or 'OEGCG were
separately dissolved in a mixture of acetic acid/water/DMSQ. The reaction was
started by dropwise addition of PEG-CHO solution and performed at 20°C (pH 2.9)
under a nitrogen atmosphere for 24 hr. The resulting products were dialyzed in a same
- way described above (molecular weight cutoff: 3.5 x 10%). The PEG-EGCG and
conjugate was obtained by lyophilization of dialyzed remaining solution. The PEG-
3.5 x 10%) before
dialysis (molecular weight cutoff: 5000) and then lyophilized. The molecular weight

I

OEGCG conjugate was precipitated by centrifugation (rpm

was estimated by size exclusion chromatography (Waters 2690 equipped with RI-

2410 detectof, polystyrene standard) with Waters Styragel HR4E/HRSE columns
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whi ch neasures hydrogen atom donating activity, provides an

eval uation of antioxidant activity due to free radical scavengi ng.
DPPH, a purple-coloured stable free radical, is reduced into the

yel | ow col our ed di phenyl pi cry hydrazine, as the radical is spavenged

by ant i oxsigariits aharoelybntcis patdvoratedf hyalimoigest 407G ecafteo apiotytadionc dpand e
f DPPH i h d d b t 519
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sol uti ongp&hemeersi gnificantly decreased absorbance maxima at 519 nm
in all cases of OEGCG PEG EGCG and PEG CEGCG (Figure 6). The DPPH
scavenging activity of sanples was expressed by |C50 (the
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S neec . . e
s T e e R

obser vedhfdmzyl (DEPH) sElBficn ahlebsorbarice \at 5l @ simvene cadtBmonaly hedordgdefor
than t ho of ¢ rci al ioxidants, . vitamn C and

di but y!| h§§rnb‘$3ﬁ g?ﬁ‘@nuselmr : -[J@@i@smecw?h%ra?tér GASEEh Y WU XAYISRIR
generate [ nj j Al t '
ONBT) s o TR Pk D ina Yk blere AEH RS B RoNIBIW AR RYdrkfRa.

absorbance at 560 m. Conpounds capabl e of scavengi ng superoxi de
ani on, s{RM28 sup&npsiogisiediapinm scavengmm) actimity:bi tSuNBPXided asiohomwas W

found anplified.concentrati.on-gdependent like activity th t hat
obser vedrpisyatpd isEE Rk Yo R ERERATRS (XD d BB bt RS
t 0 scavengRzsiupe ggﬁql@emti@m mihod0 A st bdnplBevasaaRe@fin BRfaffeEe8iution
PEG OEGCG and_ CE i ndi cati ngﬂ%hat t hese conpounds are nore potent

scavengef®H Z@arerpingigpanthincrnd B bat Thdn Meryemang begapeit thepddidon
conpound l: } i . NBT
Feduct i gt “SadpEicion M WEIGRD SRR 1HEHRR BBy BBt 1L BE sc0
processeam fr 1@ aihraol5 éKpaingnedl -visibadpecirdphatonidia. Almahlsesticremrot
directly.redLice NBT iF‘ the range of can entrations tested. .

Eval uat i 8h "#1€eadRh gl geslisi Witey2uegrachs SUpPPKidantfaveaigie: 8354 4 on
provi dedcgbuigel a8r8RR SR foll ek FGi8fipdi cal scavenging potential of
t hose conpounds. The results of The DPPH and superoxi de ani on assays
i ndi cated that. . the anti oxi dant act PRsof8anggswampbiofhiagecsene an EGCG
uni t - bas PEPHOXidnecayengeERiiviN(Y9T -andror PEG conjugatton &fl0RGCG
These results inply that a single constitu@pOPPEE@OG unit within
any of t[® | igoners and conj ugat es (CEGCG, PEG EGCG or. PEG. OEGCG
has a no 1%&hent g‘é‘&%ﬂ@i aset Infkitory acfivifyse e gRAVI ¥ pvas
al one i N QP ebiEhotth &tically by monitoring the formation of uric acid at 295 nm

for 30 min using a UV-visible spectrometer. The assay was carried out under the same

-

conditions as the superoxide anion assay, and the percentage activity was calculated.

[00127] uPA inhibitory activity: Various amounts of a sample were mixed
with uPA in a buffer solution, and incubated for 15 min at 37 °C. The mixture solution
was added with SPECTROZYME™ and absorbance at 405 nm was recorded for 10

min using a microplate reader.

[00128] Results: Oligomerized (-)-epigallocatechin gallate (OEGCG) and
conjugates of poly(ethylene glycol) with EGCG (PEG-EGCG) or the oligomer (PEG-
OEGCQG) were synthesized by the aldehyde—mediated condensation described above.
The molecular weights estimated by size exclusion chromatography after acetylation,

were Mw=4000, Mw/Mn=1.2; Mw=7900, Mw/Mn=1.2; and Mw=10100, MwiMn=1:1
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[ 00131] Xant hi ne oxidase inhibitory activity: XOis not only an

i nportant biological source of reactive oxygen species but also the
enzyme responsible for the formation of uric acid associated with
gout leading to painful inflammation in the joints (MCord J. M and

Fri dovi c#PrIC C)CGBPEG E@REntnd BigE,0BUEG, m@tw@m ang H C, Lo Y. J.
and Lu F. J. J. Enzyme Inhibition 1994, 8, 61). Figure 7 shows XO

inhibito ivit f j . FOM
Xa Al L‘?"% DARASEARI VN AN Yepllolly SR o e RPoxidE

i nhi bi ti amoamt:awﬁgi@adtivtm Thé &l -difphealyl-DpictylFiidrazgl fademh(@ﬂﬂ}m assagrl
commercial .inhibitor for gout treatnent (Feher M,  D. ?

Rher mat oQf{r Aacasussy ) ato, ‘gonéB%earﬁW’él’u @vaa%eaeﬁaeﬁ‘fa wakiRePt | n

cont r ast aniEXAans RONRE LRS! fréd PdRial 5OReRAGhE VIDPYH Q?ﬂ?lé’ c&eﬁ%dt k@%

about 5% inhibition over the range of . concentrail t est
i nhi bi ti éme aedicalj ti$ egdugehsuipetie yedliowecol@iréd diphsaylpices hydraging0as tB9. 3,

30.7, 22, nd 1.2 %for PEG | P d

| opur  FOHee B aioga b aeiqae toual Ao o ATEeR, B 5 Pgnd
i nhi bi ti Bghalie sTIPTH SehvERShE ENEVYdRtda6&t alshi®aiéd dt 510 Yint 8 SCRAYRAGS
superoxide_ radicals, the inhibitory activity mght partly

cont ri bupEfreeradiral peaxenaing agtizitEdAddition apsample selbtipnsethowed élgvc(ﬁcantly

i nhi b| to

et vi 1y O1esREEY ShlokoafS L IRE of 300 1Y RERP LIS SINECE, RPHERE B8y .,
i nhi b| t [ BEGecDEGGG cﬁlgﬁECmGTaed)RHIQseave@gmggaﬁiﬁ@ @ﬁsahﬁﬁeﬁﬂ@é@%ts@ﬁi
ani on sc k& appears to result predom nantly om super oxi de

radi cal Crfgnreafrrbeon pepdRd £e savenas DI @wtﬁ%ﬁ) amh%n idahle 4.
demonstr @B@ cBH@éntrtah&l- Qe BRI dFca régaXPeﬁgng g&%ﬂ&@tﬁsog@;%ﬁ SPEG-

hi gher potential for both superoxide anion”sCavengi hg an
i nhi bi ti BeCGQend FlaOEGCAH trhere amplifiéd, edmpaxed. to [tHO 1G:3] obséiAed ity ibtacbr y

activity cancers need rot eo i C en nes.to i nvade.cells and
For m e BOCRE atheSERETRs BRisa bR the R e i FRinRBE Ron
of UPA CQifarfiaar @ab@bhiyBdroxyZRud (BB cause conplete rem SSI on of
cancers in mce. The known uPA i nh| bitors are unlikely to be used in

anti cancer_ therapy because of their weak inhibitory activity or high

toxi ci t y[004@8E wasAdewest phrarthing #1dndQ genaipes supesexiiagmiqus virckand
S Lo BRI i (09 0PSO ISt Sy o
interfer mcmasds Iﬁﬁeabaﬂbhﬁdeyat(ﬂﬁolxm Compewnigrtapable bf scaveigihg atiesoxddel
O SO TE T LAY GESDS Sheud v Lagpuea Lani o0
OEGCG, Pﬁﬁpﬁﬁ@c&%n@ﬁ%n%%em SOD-like activity than that observed for intact
EGCG with lower ICs; (the concentration needed to scavenge superoxide anion by 50
%) in the case of PEG-EGCG, PEG-bEGCG and OEGCQG, indicating that these
compounds are more potent scavengers against superoxide anion than unmodified
EGCG. Since compounds capable of scavenging superoxide anion can also affect
NBT reduction, samples were in\}estigated for their effects on these processes. A
control experiment revealed that the samples did not directly reduce NBT in the range
of concentrations tested. Evaluation of scavenging activity against DPPH and
superoxide anion provided direct evidence of the free radical scavenging potential of
those compounds. The results of the DPPH and superoxide anion assays indicated that
the antioxidant activity was amplified on an EGCG unit-basis by the oligomerization

and/or PEG conjugation of EGCG. These results imply that a single constituent-

26



showed hi gher inhibition activities in an EGCG unit
concentration-dependent manner. [00133] Exanple 3: Mcellar
nanoconpl ex of OEGCG and PEG EGCG [00134] Materi al s:

(-)-Epigal locatechin gallate (EGCG was purchased from KURITA LTD.,
Japan. ABaehGdeit withimaneal the glesomare ged goyissttey FREGEHO)PEEEGCG or

pur Chaseq’éd-@ﬁ% %’s ? n‘?@r@ ten'tb‘%@&v'eﬁ%iﬁg'agtiw %a?il tﬂgth gid gnel E@@(g‘ Snit

serum al bum n A), fluorescein1so ocyarrat'e- bovi ne"al bum n

( FI TC- BA)alonRuRRéh-Bioli fisddforneani | 1 i n were purchased from Si gnma- Al dri ch.

Q her reatg @%’ﬁ] and solvents are_ comercially available_and used as
Fpils

recei ved. 5] Syanthing axidpse dplibitorpresiyitin K PoEmt@nhopn joneriay
EGCG : I I i t i
(PEG. 2600 hie R VR ofcElcivt S8 et HEQY pEAMIIR vt elpbbte forhe

di ssol vedoinmtian nafxuarier ?cidfasswliagetdi with qdoat \Iﬂ'dmyf MBI full breflanenationoin thas
d by. addj ti 0C.(pH 2.

nder ‘o AVRPIBIC RS HoldoRas ERuEEAh Bt B B 140 57 GBS A e

di al yzed 1oyl gcyh@rrovei ghty ewbodd mrtpikdPIpoadsl B HeQfct ¥ NBSwE eO

vol ume of nethanol at roomtenperature for two days, and then the
r emai ni ngnhibiddryt dctimitweassdsyash hy | avalvdting ugicvaciOEGO@tioRofromoXQugatle of

of "acert QEEYG FECERGBhisant PSRRI R B G Hidhet SRMEGn aPsfaR it ©
addi ti on tigdt JPEGofITD0s 04 ﬁ’eg@%ﬂ?ﬁﬁe@eﬁmm ialiibiteOfor (ot ZeddhentNHeliera

nitrogen_atnosphere for 2 r. The resulting products were dialyzed
in a samMuwRy eHals &fenyadolagndd 2Hd2eeNN.dn apengentraion gependgntgnsnnepIn.,
The PEG_EG{z a j . j ne ygBE' ijzat i 0

di al yzed % enm’n?gié'@?gpg'?‘??ﬁ%?’ﬁgﬁhﬁogcg?tg%ﬁyl\’/\el g Hvlvésg {ehs igrfjxaotué /buy
Si ze exclinlgbitinn oheotia rageaflvyncehitati@sste26D 0The) inhiligch adtivitidelmediled
detector, polystyrene standar d] wWth Waters Styragel HR4E/ HRSE

col umms USRBGIOTHM alssamples werr 188 89-%130W: @ 98 12 vp Aol REGrOEGEE,

ft t i Mach X x1 X M=
85@?325 g(r:\gﬁl%%éEE%g_é res p%@? [ a\yg%lj)}ﬁh’[ 3@1@5%%%‘%2@%1%%@ © é?llglgéﬁrr{grs ic
(-) - epi gahpabiatfichibitingaX O @ alsb bbsivay effect the adiNy td Scavbinfe sORE6Ede

stock sol uf.i ons, i .or nmethanol with. variqus final .
concent r &% 1‘3&% ey 1 aptivisr Bl dartlor gorsribyte &¢ I&E?SWS‘:%?I thevesa ipn

PBS wi t h 28R ¥afb@EverC ORC KT hlibiats dcbvitd QvaB{dW el - thisP S Bs8de QhaildCCG
and proteins were forned imediately after m xing by spontaneous
sel f - asséedyepging hastigity einof rapgerpifesested wencaptaationed Therefdre, thedigoemterd

times f Orinhzibigng csafflélalorfl%ﬁ?é(t}lagld il %(l)l%'lzlge{tes on the superoxide anion scavenging

appears to result predominantly from superoxide radical scavenging rather than from

XO inhibition. These results demonstrate that the EGCG oligomers and PEG

conjugates possess a higher potential for both superoxide anion scavenging and XO

inhibition, as compared with unmodified EGCG.

[00132] uPA inhibitory activity: Human cancers need proteolytic enzymes to
invade cells and form metastases. One of these enzyme is urokinase (uPA). Inhibition
of uPA can decrease tumor size or even cause complete remission of cancers in mice.
The known uPA inhibitors are unlikely to be used in anticancer therapy because of
-fheir weak inhibitory activity or high toxicity. BEGCG was demonstrated to bind to
uPA, blocking His 57 and Ser 195 _6f the uPA catalytic ﬁiad and extending towards
Arg 35 from a positively charged loop of uPA. Such 1ocalizatibn of EGCG would
interfere with the ability of uPA to recognized its substrates and inhibit enzyme
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(Zet aPALS, BROOKHAVEN | NSTRUMENTS Co.). Formati on of DNA conpl ex

w th CEGCG was observed in a sanme way. c-potential of the sanple
solutions was neasured at 25C using zeta potential analyzer

(Zet aPALS, BROOKHAVEN | NSTRUVENTS Co.). Each neasurenent was run in
tripli cataetwlmcﬂ@@@ mowdlwyrlawo@mrp itioar agtivity f @femet ramge ardtested

characterlza of P e

var ous. Ol e S nditE b0 LRSS BEESR s PG PERE T o
f orm t he snawal lﬁlgherﬁﬁﬁbl‘t?l@ﬂﬁbtﬁ)itléd\m(@h BRCGHRIt-condenGahiCd §rhidnt aank@s
ultrafiltered three tinmes using ultrafiltration nmenbrane (nol ecul ar
cut off = 200000) to renove an_excess of flavonoic conmpounds and
protei n tRlnot Farmpls FaVlisstiphnpneeonglepot QB GC G andREGIE GG

were nmeasured at 25C using particle analyzer and zeta potenti al

anal yzer rpggsgject i ‘ﬂ%t\érmPh e@?h};@aﬂ&&%ﬁﬂﬁ %ef?lfa’sfl\@g?(‘f@)s was ?ﬁl%ﬁ%@d Bm

vani I lin- HCl assay. 100 4%
vani | | i nKURIT hdilb] Japaol A&c&hydeetmnma@spdmkﬁmwgbmob(@@r CHObwat of

Chaken g Srkds LR (R0 RRie el el oue en WY ng

the m xt yggARnt flaQeBele Eﬁéﬁﬁ@éﬁhﬁe—b@fnezﬁbﬁ&ﬂl (F'I*I@ BR?PPUI@AHSDM Rbd Was
det erm ned usi ng EGCG standard curves neasured he sanme manner;

each meayepillirerweroeirehased drami Pigingadldriciro Q!lleqrerqagﬁés gnde selmouintaref
-protein | N r FI TC4,BA | oaded MNC was fabricat ed
p :%;ﬁ%%gc‘(l%ll‘j( a?awcfe gl% rer:Tgl %g )

in 10 g s Tt described above and the
fluorescence intensity was neasured using spectrofluoroneter.
V\avel eng{03135] excSyathesin odrOEGEG,SBEGCGand HBEG[L‘G-49)1igmm=:1&¢1@CE‘:[9

| The | o f i i d
by, di vi AIBCER i Sob{XENEns abisel provisies Bybt RECKh (FEGrEGiRGS Wt
protein hkh&esd am%oaémy&t OBGAY Y ahéid, rited vvx@%@swessf §UnAfuré of

percentage determ ned by dividing the fmass of the | oaded proteln by
t he mass aafticl acogsiviatel/DAESOMNE: répgommvap stirted yoyodddith@ mfascetmwwd@dnat

200 kV usi t i SSj | ect T =
F20 S TwPFIOTRGoR SO WRCIOYMBHIFoh " Sodin AONIER §Gon By THe Bruitog
phosphot ypgstiCwae! davas trhaﬂ%elulein“%lg%@raﬂﬁfff of 'xcﬂoi; 0%%% 1866 RinfeR RN

filmand dried at roomtenperature for overnight. 0138] Results: In
this expézohunwnof nmﬂrrqnbbﬂt froomreteingaratire dor gomeddys, BECGen2 the( @(a@@)lg

wi th BSA char iz i.n of . t he co Iex Si ze

When e Bt E s HA0R, noneourelB gt BRBCHR o

m xture EGU(EdW@;'é eﬂe)zSaﬂaﬂ:W daseRcdug 4 %ﬁﬁﬂ@lcﬁXaJeﬁé nRid/ RBter/DVESEI TRe Of

t he conpl ex .i ncreased
reaction was started by dropwise addition of PEG-CHO solution and performed at

20°C (pH 2.9) under a nitrogen atmosphere for 24 hr. The resulting products were

dialyzed in a same way described above (molecular weight cutoff: 3.5 x 10%). The
PEG-EGCG and conjugate was obtained by lyophilization of dialyzed remaining
solution. The molecular weight was estimated by size exclusion chromatography
(Waters 2690 equipped with RI-2410 detector, polystyrene standard)' with Waters
Styragel HR4E/HRSE columns using THF as an eluent at a flow rate of 1 ml/min at
40°C, after actetylation (Mw=4000; Mw/Mr=1.2 and Mw=7900; Mw/Mnr=1.2 for

OEGCG and PEG-EGCG, respectively).

[00136] Interaction of oligomeric (-)-epigallocatechin gallate with protein
or DNA: 10 pM of OEGCG stock solutions in DMSO or methanol with various final
concentrations (0-0.14 mg/ml) were added to 2 ml of BSA solution in PBS with

28



wi th increasing CEGCG concentration at a constant BSA concentrati on,

while no increase in the size was observed wth EGCG addition in the
range of concentrations tested. As the BSA concentration was vari ed,

the conplex increased in size up to a naxi numsize, after which

poi nt t héa@@rﬁpp@weafr%@nad@rwas@gfmw + Gomptexensf HEGER anb prateing armrgn

These re I

are bound BBt el onIR, & GBhRedS, SPaRERAE, P FEVTE
5566- 557 2ompkA8/ Was Sh@b@fleﬂ athhe] indictedatimds AgT 2 dayd-osilg Gagitle ddalyA0- 85
(1996)). Therefore he BSA concentration is |ess than a

critical (GsRmtS, @B@%{H@V@éwﬁ?ww@s@o)awwm of JPNAafgaplex
particl eﬁw{hoofaﬁi"dq w%@%ﬂsérb@d Ea‘?ﬁé‘“&gnégﬁfehﬂél' o‘%”cpé §mH%1?'lP1u‘E%HP@éCG

formation 1S toasna Sl z resul

ol ecul esncagtad | @bbs°qt ousiry el PbicHBA aﬁélymn(zsﬂdmm e BROVIEHAVEN
nol ecul es. The COIQE| exes were observed to be stable over 2 days.

[00139] PESIRUBENAS CGoue Eedemeashiementieds us in hEplOEEOG BSA conpl ex
solution with increasing concentrations and the resulting conplex

Si ze was ved i i

concentrf!ttl ong &‘@@”ﬂ‘]"&%f’?ﬁﬁa& c@%’lﬂ"?ﬂ? |aI F {Hc‘éér glhnis?he
OEGCG BSAL oﬁBBGeBG@Gt dohaiodiiAMNMSO RépadddOwite vaﬁ&s%hcéﬁh@tﬁﬂsz\easf aded! y
i ncreased above a certai n PEG EGCG concentrati on and g&eed on

around 800 RRCGGBSAagamp)ex palutinnsds form e meiedlap men@cem@t MNEhearoer- by
G
Concent r ATE o, pEih" QS YRR R TRl W TR e RBnibl mbilihe |

was rel @anmbleedlyr sambifer 2(1&)00@afoechnﬁmret hatexose dddilfvonoidi @Imﬂfounds and
concentrations of BSA. [00140] Fotentl al measurenent the conpl exes

al so denBF¥¢ipJtiaeh pofeparmigivated gl f-gotential o MING Eere praagred f

GO0 ol dheS CaSE i Sl eg”%%%%ﬁ%%n%“ﬁ{ Pt Rl REuE"
that of B&Qeﬁ'd?MNCaMsQfss@Qéiﬂ By emileh-HREGHEFORG a1 dftesanfPrSREE BRRR to

conpl exes, indicating that the mcellar structure is surrounded by
PEG chailrsl of $Y1vanjllinin toeshaxiod end heomi- BSOS @E@E@g@(wlﬂ 0.5 ol md

m cel | ar one sel f-assenb

Tof ot y oo BRI K Folhs o B8 BuP e e ikhird SR8 Thimea bV SE AR i
i nt er act Th8 abfor TG vimy redd/ atvéd rﬁhbhﬂertlﬁcuhdﬁhg’ alesﬁixhrraaﬁleﬁhi tempefaneen
PEG EGCGs t hensel ves and fornmed mcelles in an aqueous sol ution.

However , 1ot 0. (The pheagle|cpniept tes debEmiRe BFiD vibardaprb curves

measured in the same manner; each measurement was run in triplicate. To determine

the amount of protein loaded in a MNC carrier, FITC-BA loaded MNC was fabricated

in 10 mM Tris (pH 7.0) in a same manner described above and the fluorescence |
intensity was measured using spectrofluorometer. Wavelengths of excitation and
emission were set at 491 nm and 519 nm, respectively. The loading efficiency of
protein was determined by dividing the ‘mass of the loaded protein by the initial mass
of protein in feed. The amount of protein loaded was expressed as a percentage
determined by dividing the mass of the loaded protein by the mass of lyophilized
MNC. The morphology of MNC was observed at 200 kV using a transmission
electron microscope (TEM) (FEI Tecnai G2 F20 S-Twin). 100 pl of MNC solution
stained with 0.001mg/ml of phosphotungstic acid was fixed on a copper grid coated

with carbon film and dried at room temperature for overnight.

[00138] Results: In this experiment, complex formation of oligomeric EGCG
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stabl e enough and showed serious reduction of size when protein was
further added, indicating mcelle dissociation. In contrast, the
conpl ex formed by PEG EGCG and OEGCH BSA did not show a change in

size upon further addition of protein, I|ikel due to OEGCG,
st abi | i z PFER @D with B rvesotherasterized e ttemms %@/t}@t ¢cm§ewmeo@kwmec9)and

hydr ogen“ﬂ%ﬁd a 1 t ein
| oaded in ebﬁg}ggéﬁsl %ﬁleg%é% % zﬁ% m cftapﬁla@%ftg rningﬁl?

and neasimmedi afEhﬁm,bfe@iﬁl dueaoeuinpldxfarteationa sTheIze3Mothe dorhiplex limackisad
effici engy was 60.9% In addition, the flavonoid anmount | oaded

t oget her s NgepEpEiQRECHsTIMGERIREOD 41 FoStanEBSie CARRENIYRN While no
vanillin i

PG oL Sha o AN R FENRREACS i i Bt be fehoEleiione
nearly stwedaAsuin B&4 ¢dneentertionntascalied,) me edmpbxecidcreasctlheisizena cal ar

weight. Vanillin-HCL ass revealed 5 5%of fl avpnoi. d. | oadi n
ot ey A ARA° R (RN S domBly ol et Balt ingiRpsing BSA

anal ysi s cétcehtiona MR8 R8s f{f\iﬂ atéth@‘éﬂﬁﬂle%%frﬁﬁﬁls th@%fr&ﬂeﬁi RoRbAles
around 80 nm (Figure 13B). i mge showed a spherical conpact

shape of WH@mdﬂﬂc@EﬁCﬁ( H@hmﬂﬂangb@dl\bdnsatsd ebioyehmisty,t 30 586G-6577

' cat e el Pl Lol R 19033 ) e ompr
si ze neai¢erBSIA yontérghation ¢aldse thanda icflfiEL asmlintyl OPGUEC{se@@sent in eRéess

concentration of EGOG units of OEGOG Unnodified EGCG was not
obser vedaiaying &ripeshpardddestodorn. Brienithe aroteim gencentratiside hishataneniex

t est ed. f n
[00146] kerago e s bt B Rebife ARRAPENGLS' AERBMEED
from KURallableTD.forml aﬂmdge Abthedey deultiplerpro@inedoleohlye tThel enepledey cw:elre

( PEG CHO rchased m NOF Co., Japan. Acetic acid,

acet al dety§ edﬁgs?ﬁ@ﬁg E"ning}ﬁum n (BSA) were purchased from

Si gma- Al dr| ch. O her reagents and solvents are comrercially

avai | abl pp ILUSGdPE@-E@GGI wasl su&:Jess{lG@ %he@wtth@%m@t}/@ﬁ@%

PEG ECGCG and EG OEGCG digoneric OCEGCG and pol y(et hyl ene
gl ycol) wvi}mgmtbsnwaesmgatg@@m@mmqhe msﬂfengsmples isize vasbagruue.

gglr d/ waq:@ gm ;[ﬁve (E@)((:EP iﬂ%?\ls\c}v/a@isg fye?? ed og&n@ & uslr cgfnooh aceE“H (Ihé Phyde

and per Werenghdseit in2QQy(tp Idb%i@)heL(DEGCCHBSAtdoﬁgﬁék aithm&ubl@aer bbaroddd hr .

The resul t| ng
nm. The size rapidly increased above a certain PEG-EGCG concentration and

stopped on around 80 nm, indicating the micellar nanocomplex (MNC) formation by
PEG-EGCG assembled surrounding OEGCG/protein complexes. For lower
concentrations of BSA, the PEG-EGCG amount needed to form the micelle was

relatively smaller, compared to that needed for higher concentrations of BSA.

[00140] C-potential measurement the complexes also demonstrated the MNC
formation (Figure 11). Surface charge of OEGCG/BSA complexes showed more
negative charge than either BSA or OEGCG alone. However, the complex had the
same surface charge as that of PEG alone, after addition of PEG-EGCG to the
OEGCG/BSA complexes, indicating that the micellar structure is surrounded by PEG

chains.

[00141] In the ébsence of OEGCG, PEG-EGCG still formed micellar
complexes with BSA alone by self-assembly between EGCG moiety of PEG-EGCG
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products were dialyzed (nol ecular weight cutoff: 1 x103) agai nst 1000
times the volune of nethanol at roomtenperature for two days, and
then the remaining soI uti on was | yophi | zed to give OEGCCG For

conj ugat es s§nt hesi s, and OEGCG were separately

di ssol vedid BS4& (Kigurg rlé) o”fIS%mtb% hxdra@m;%ﬁteéwm&GGﬁ@Ot%&w @He\%s
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product s aqmaoas scduad:ry Faolvavar aoﬂmf&hmsseﬁlbmm the ab satvavef QEGCGC\ubrarnot
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by |yoph§ﬁa aFElPB%h 14 4 a%egzséaow?gmoggo? SE51 WRSIOhTOTe¥hwap bers

conj ugat %df@a%ng'hﬁeélfé' &1@0@&1:19% ﬁ?%ddagpﬂ%té&%lé{ Ed%ﬁ E*]“v and
and t yophlllzed

before dialysi$ (nolecul ar weight cutoff
The nol @RGGH/BIA Jhit ntasbowst cheageih kige spme ﬁaﬂret additon ofi petein,olgedyp hy

(Waters 269 d t 2410 det ndar
S Eh Vet 5?%903?5?%@5% R e RaRES s Soh B Gobhne )
fl ow rat gv@b ngﬂddmgr]nﬁ;}acﬁgg after acetylation (Mv=4000, MwW Wh=1. 2;
MA=7900, K/W/E/h 2: and MA=10100, MW Mn=1.1 for OEGCG PEG EGCG and

PEG OE respectl vely). [00148] M cel|ar nanoconpl ex carrier
format | ofOBRI| of TpRSCsEGREMesTt of PFicnromigdan ghe parasamatexy aRIBGs

concent r gl 8iicd FieAIGH: ey £k OECTRA0 SFERGRBOMRAEY

sol utions or m t e m cé nanocorrp carrirer

sol uti on3%8% uhd rthd ilbddinigedffidienee wasres. 9u5|1ngaddhticrrﬁfthé tfragdncddh amount

menbr ane ( ecul ar cut_off 200000, A ADV. H) ve an.excess of
Ghrgethode

unconpl eXBded fogsthh Mas SsipBinsdISHIRdhE Vrenpe waaidlin

measur ed aﬁgy Was gséﬂs fd?gie?erﬁ?ﬂattlbﬁ |0? FRIE YAR in (@@G@%Pﬁe-ﬁﬁ@@%@b
| NSTRUVENT 0149] Results: Wien PEG EGCG was added to the

OEGCG pr OF&GG, ﬂi@nwlsdk Wasr queEte fepraivibiec end REG Iﬁm@ sqzmcntammtmls ythe
assenbl ed surro i,ng.the co ex and for conpl ex C)
ot notmay S0 eabgt of Mo ROy PEEL: Vi A1 PR Betehas
added di 58.5% of o EERARAE O @k W 2304 QI0R éfEGienty.t h protein, an
i nsol ubl e haze-li ke conplex with a size around 500 nm was forrred 32

(Figure 5 his nmay be due to_a_strong conplex formation of OEGCG
with the chai Fighhseigring anglyénhehtba sanemesripsieved aupeediaised on

bet ween Ei’ﬂﬁ‘g%é%*ﬁ%‘ B g RE S TR et S Y SRR ol
t o prot eslmpe af ttter gmocampler shéwingegdod consistency with the size observed by light
scattering (Figure 13A).

[00144] Figure 14 indicates that OEGCG forms complexes with DNA as well.
The complex size measured by light scattering increased with increase in the
concentration of EGCG units of OEGCG. Unmodified EGCG was not observed to

form complexes with DNA in a range of concentration tested.
[00145] Example 4: PEG-OEGCG micellar nanocomplex formation

~ [00146] Materials: (-)-Epigallocatechin gallate (EGCG) was purchased from
KURITA LTD., Japan. Aldehyde-terminated polyethylene glycol (PEG-CHO) was
purchased from NOF Co., Japan. Acetic acid, acetaldehyde, bovine éerum albumin
(BSA) were purchased from Sigma-Aldrich. Other reagents and solvents are

commercially available and used as received.
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with a conplex size of above 800 nm (Figure 16). This conplex my be
i nduced by intra- and internol ecul ar conpl exati on between the PEG
segnent and the OEGCG segnent in the conjugate nolecule as well as

bet ween the conjugates and protein. Unlike in the PEG EGCG system
addi ti on 147G OESrthess ah OBGECE. PESEGCGoandPEG-OFGRE: Phisaaoance

| } t i
o150 e (Rl B BB BN GER B Ugotiie Reeaaied)
st abl e aga;mgmtmbu' &d a}azlbolcfe.uﬁhli @E(ié]@f fp}%lyelidai;mcaﬂwwgméod:ﬁd_ f_ iiﬁla.nllibgﬁﬁé.Sl]
Ho , e strong ¢ exation QO was, significant
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b ! t b . g

et SRER weDRCER 7)) TECEE AR b2 MY LS
forned setadotte wasplislyzeti {tholpawheiveight EEOE: 10KGER, againgt CBIBCENRE Ghei n

conpl exes,. givipng a size of around 100 nm (Figure 18). The conpl exes
once for ﬁ@l&%en()% msthanpb gt wegB rteperaite fohbie dlags.zand thasy hgsemaguns

wh . . SEo kL
segment o e e B OO por s A PR G IO B
strong EQGH acOEGK (bvereBRgm@Eatel it diseBEGdimy niietuat off dcti¢ aditlevata/INIBO.

i in h hobj ci nd .hyd en i of .t hese conmpounds
e G SRR by RS AGHER PR TR

| nj ect abh@@%@ﬁ.@pﬁi@& aldiels ééﬂ%ﬁogf%rﬂ‘o}' 94 el Eﬁleexre}’ultiﬁﬁ' gro-ﬁ'ual% Were

Engi neeri ng 153]° Synt hesi s” of hyal uroni c aci d-am noacetyl al dehyde
di et hyl adiefyakd if lssaa@Dyax dejcuibed ebovEn@diculedDveight agaffe3.5()107)nThe

Fi 1 t i . by follow.ng,the. general. protacol as

o ovs. PEGPGRE P SantEde s 1Pines B MBS O LG Shmaias.
o et ) ) : . _ '

di et yl ai:i%igdlléli(??hz g, SE-?TFD(? ?b@g@%ﬁ%%&c%@@ﬁ??&%ﬁgﬁﬁgggﬁ%n3.5 *
m xture WA9 befprgsdielysist Gnalequlyy veight ;aiofii 6800f arg thanHbyophilized. The

N- Hydr ox i.ni . ) -

et i - 5. FEVEEIeR TR e, 55 sy e oo e e B hwmntomapor (Watopn?

(0. 575 gequpged 3dthTil-)410ekdetcamele holBtyréie: Sendirdp nwithf Wedterdl Btygrel t he
pH of the reaction was nmintained at 4.7. The soluti on was kept at

r oom t enpEAEIREE colurms using JdHT aspargleent ate flowirpig of Thal/minat $PCadist

bi ect e . . Si wei-gh : _
1000y | S PoaOtE AL Vet S B TG P T o 200005,
(HA]: EGCQUw/sal Lidet OF QARG FEESEQUG ugd REGVaE GG Bascdedyrns fol lows. 1
g of HA- AAD '

[00148] Micellar nanocomplex carrier formation: 50 pl of PEG-OEGCG
solution in DMSO prepared at various concentrations was added to BSA, EGCG,
OEGCG and OEGCG-BSA complex solutions to form the micellar nanocomplex
(MNC) carrier. The MNC solution was ultrafiltered three times using ultrafiltration
membrane (molecular cut off=200000, ADVANTEC) to remove an excess of
uncomplexed flavonoic compounds and protein. The size of MNC was meaéured at

25°C using a particle analyzer (ZetaPALS, BROOKHAVEN INSTRUMENTS Co.).

[00149] Results: When PEG-EGCG was added to the OEGCG-protein
complex formed in advance, PEG-EGCG spontancously assembled surrounding the
complex and formed micellar complex {(MNC) with the complex size around 100 nm.
Interestingly, if PEG-EGCG was added directly to OEGCG before complex formation

with protein, an insoluble haze-like complex with a size around 500 nm was formed
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conjugate (1) was dissolved in 60 mM of distilled water. The pH of
the solution was adjusted to 1 by addition of HC. 5 m of EGCG
solution dissolved in DVBO (0.2. g/m) was added. The sol ution was
kept at roomtenperature under nitrogen atnosphere for_ 24

i th
gentle sﬁFlgPr%bS) THas ppaet b dusninsa stipge eemplex Jomuation; @é?E@ﬁGb‘i}’wh the

di al

cloﬁj ﬁ;iats eisggl:ﬁ%l 10WN Sﬁﬁﬂ%h%lf%g IS&I fvgﬁjlogg%%ggogla h@%?’ hedsﬁls(s} ?n:?l dBSA

rel ease hnmodified PEY) irofjeking Slsabng ghapaibnhoxiktobeiveene © BGEEE and @ HEY
injecting a solution mxture of HA-Tyr, HA-Tyr- EGCG containing FITC

| abel ed e serum al bumin (BSA), horseradi sh peroxidase (HRP) and
H202 between two gl ass pl ates separated by spacers. After the

reacti on[ooN®] conpiraicd, PEGOEGSY! &h@gdmdfoog@kénw@nﬁg@baﬁﬁﬁxl farm& N
of PBS and examined for BSA release fromt hydr ogél measuri ng

t he fl uowibcesoowlémsisnef a@wvgﬁoﬁmmMe 16).00hBajonmmek mae be inslvpedabni ng

EGOG hi n_sh SA d T
W th no DRt Bt S BRIRAsb ErE e AT RN e hpld Prefboct "
respecti y@neht il M§cd@¥gal&9nﬁﬂ@u1@a§1%H%hﬁﬁb&m 1he &Joaf %m@@ Sné Yedteidl - i t

- stacking between proline side-chains in BSA and the E or catechin

moi ety i Wntikein BenPEGHRESC sypes), apdigpriol FES-OFKCE o rﬁlt%Gﬂ?dPrefj‘@l s

onger arPEEk TR fRRner AR PRANE T Bber CoROHE] eyl ol B

usi ng théedrﬁhs&ﬁ%l@dmt ugai eddiéacof he@Eﬁb@EGQ@rThﬁmhﬁgbecromplexes were
HA- cat echl basedpgl avqnoi conj ug(;tkeﬂﬁuch as . HA-catechin) wthout
t

any ti r%ﬁ‘ﬁ’ fasupsipawsical crisping gugre: BSAYGRYYel s are conposed of
varying wt % of catechin-based flavonoid. For exanple, HA-Tyr-EGCHA0

conpri sSepE@GIM % Bbwkler, ferstRRg bpléxaflbRbr PAGIOEGEG Was kidRikivahly

Xant hi ne oxi dase i nhi bition and superOX| de scavenging activity of
HA- EGCG eldertert pld an¢MB@stequ€r ¢pinthemediver. igare bi sdke rﬁ@gl@rhlfb@ae

fhove’ i HinkECof PEULOBOEIE oo A I b tn ABRuLEY P 8ol

the r epeMdrdStg/etJ rmt disillddAwhter, SPEWOEGCGhﬁ)rﬂﬁﬂ”Bsthﬂe e@@blemnjﬂugﬁétem For
exanpl e, HA-6 means_t hat t he confgugatl on degree_of ECCGt

the repeBBGHy %GFG@@MEQ%? Botgn CoORsEss, GHRE a8z phtosnd (18R Déjl?
HA- EGCG T p i
bove. THAZMHOTHE She iR CXPRIGTORNS 83 RT) LEPIRM Ao dfanid hse
under st ongrdaye egans kvdn edien nthéheveae tplaced rhackoidi PB8apositde tb@cause the
OEGCG segments were preotected inside the core of the nanocomplex. The strong
interaction of OEGCG with PEG may be attributable to the increase in hydrophobicity

and hydrogen bonding of these compounds in acidic and salt-containing solutions.

[00152] Example 5: Injectable Biodegradable Hydrogels for Drug Delivery

and Tissue Engineering

[00153] Synthesis of hyaluronic acid-aminoacetylaldehyde diethylacetal
(HA-ADD) conjugate: The HA-AAD conjugate ((1) in Figure 19) was synthesized
by following the general protocol as follows. Hyaluronic acid (HA) (1 g, 2.5 mmol)
was dissolved in 100 ml of distilled water. To this solution aminoacethlaldehyde
dietylacetal (1.2 g, 9 mmol) was added. The pH of the reaction mixture was adjusted
to 4.7 b& the addition of 0.1M HCIl. N-Hydroxysuccinimide (0.34¢g, 3.0 mmo-l) and 1-
ethy1-3—[3—(dimethylamino)propyl]carbodiiinide hydrochloride (EDC) (0.575 g, 3.0
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t he exenpl ary enbodi nents descri bed herein are possible. The

I nvention, rather, is intended to enconpass all such nodification
within its scope, as defined by the clains. [00160] Al docunents
referred to herein are fully incorporated by reference., [00161]

Al t hough™aely grae etfded thetiessabptiam eAftery 8HEINEN ther 8Hg L dhe ge#rtar wan,

many ada - S -
Tho | nvorrToatit PRe, TROLILAS, b n Rl B i AP AR e
t hose skifiiriad. The tixtercawas suBjreted togualirificatidn ondialyszl (uodedubee weight cut
substitutjon of known equival ents for any aspect of the invention in
or der toogfhqu% the same result in substantially the same way. All
technical and scientific terns used herein have the sanme neani ng as

commonl y[o r st 0Q¢n#hksi® B¢ WY hLRbRicNRT Y ﬁghilécait&hiﬂ‘%aﬂét% PIA-EUGG)
i nvention, unless defined ofherw se. 35 - ,-. 000O0OO0OO0OOOO0OODO
o m N nroujugse0 IAEE G @ningatd) veisGynthegized @s dollgws. i & & HAAAD

Q/I Q/I \Z/ E \f{j}rmlogage @)%giﬁgsoﬁr%éqglﬁmf })f\ﬁ?ﬁtlwl\tﬁ\lwa%ﬁh%@ﬁ O/f hd scﬁutcl)c())n wl'c}ls Oo
adjusted to 1 by addition of HCI. 5 ml of EGCG solution dissolved in DMSO (0.2
g/ml) was added. The solution was kept at room temperature under nitrogen
atmosphere for 24 h with gentle stirring. The mixture was subjected to purification by
dialysis (molecular weight cut off = 1000), to yield.the HA-EGCG conjugate as

shown in Figure 20.

[00155] Hydrogel synthesis and BSA release from the hydrogel: Slab-
shaped hydrogels were prepared by injecting a solution mixture of HA-Tyr, HA-Tyr-
EGCG containing FITC labeled bovine serum albumin (BSA), horseradish peroxidase
(HRP) and H,O, between two glass plates scparated by spacers. After the reaction
was complete, the resulting hydrogels were placed in 50 ml of PBS and examined for

BSA release from the hydrogel by measuring the fluorescence intensity of FITC-BSA.

[00156]  Hydrogels containing EGCG or catechin showed less BSA released
compared to that of HA-Tyr with no catechin-based flavonoid (Figure 22A and
Figure 22B, respectively). This may be due to hydrophobic interactions such n—n
stacking between proline side-chains in BSA and the EGCG or catechin moiety in the
conjugates. Thus, protein release from the hydrogels containing catechin-based
flavonoids may be slower, and would have longer half-life in the body. The
hydrogels may also be prepared using the HA-EGCG conjugate described above (or
another HA-catechin-based flavonoid conjugate such as HA-catechin) without any
tiramine content. In Figure 22, the hydrogels are composed of varying wt % of
catechin-based flavonoid. For example, HA-Tyr-EGCG40 comprises 60 wt % of HA-
Tyr and 40 wt % of HA-Tyr-EGCG.

[00157] Xanthine oxidase inhibition and superoxide scavenging activity of

- HA-EGCG conjugates: These experiments were performed as described above.
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conjugated catechin-based flavonoid to the repeating unit of HA is shown in the name

of each conjugate. For example, HA-6.8-EGCG means that the conjugation degree of
EGCQG to the repeating unit of HA is 6.8 %.

[00158] Urokinase inhibition of HA-EGCG conjugates: These experiments

were performed as described above. The results are shown in Figure 24.

[00159] As can be understood by one skilled in the art, many modifications to
the exemplary embodiments described herein are possible. The invention, rather, is

intended to encompass all such modification within its scope, as defined by the

claims.
[00160] All documents referred to herein are fully incorporated by reference.
[00161] Although various embodiments of the invention are disclosed herein,

many adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art of this invention, unless defined

otherwise.
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O 038 WHAT IS CLAIMED I'S: 1. A conjugate of a delivery agent
containing a free aldehyde and a flavonoid, having the delivery
agent conjugated at the C6 and/or the C8 position of the A ring of
the flavonoid. 2. The conjugate of claim 1l wherein the delivery agent
is a polyner and wherein the flavonoid is a catechin-based

f | avonoi dVHAT & deAIMEDyISvehi cl e conprising the conjugate of claim1
or claim2. 4. The delivery vehicle of claim3 wherein the flavonoid

is a catechin- Y ' i S.(.-)-@api in, .

(%) eptgatt oot cafared b Rl Ao copPyhipd L SRR Bt tpvangie

(-) - epi galalipgakeddliverydaehtdodjugated A thed® dﬂd&l’rﬁh&@@ﬁﬁﬁﬁo@ﬁfﬁb&i fim@Bofor
claim4 wherein the flavonoid is nononeric. 6. The delivery vehicle
of cl ai mthe Bavospih m 4 wherein the flavonoid is oligomeric. 7. The
delivery vehicle of any one of clains 3 to 6 wherein the polyner is
al dehyde-t erm : I VGRS = J i :
hyaluronF& acﬁgekﬁﬁ$gﬁhﬁggﬁﬁﬁgéﬁgﬁﬂﬁinoaég?yﬁgﬁﬁgﬁggg f%? y?§§g¥h|
conj ugat éhe Bavdabidde a detechintbrgeeldiavioyeidur oni ¢ aci d-tyram ne, hyal uronic
aci d am noacetyl al dehyde di et hyl acetal conjugate-tyram ne,

cycl otri phosphazene core . phenoxynmethyl (nmeth drazon dendri nmer or
Tt ophosphor y P darenp AR SERRITE HECRORYaPLSbD] SEEfP 2rer - . The
delivery vehicle of claim7 wherein the polyner is

al dehyde-t er mThatdelverp Oklicleeir dsfirariexgryia dho flandoidrie adeltMabysedehi cl e
is a mcellar nanoconplex. 9, The deliveré vehicle of claim8 wherein

the ni celfla¥pnaid Hisé sriphenicateshiss (Jepigale He (P)etatachidy Edrepihipchin

(et hyl en 3. j n ol igoneric catechin- based
fIavonoi%Q%%égphigﬁ%%$#%§%§$¢%ﬁﬁgle of claim8 wherein the mcellar
nanoconpl ex conprises an inner core containing an oligoneric

cat echi n-basedheldalrompivehiaedf ahim Bt erclaine] Wherciornhaflavangid ke

conj ugate, the conjugate conprising al dehyde-term nated poly 39

(et hyl en@GEPEECY conj ugated to a monomeric cat echi n-based flavonoi d.
11. The delivery vehicle of claim7 wherein the polyner is

al dehyde-der i akidebebry Rijatld o Blaém 3Cdrlaif e hiéreini the 88Vdhoid is oligomeric.

am noacet yl al dehyde di et hyl acetal conjugate,

7. The delivery vehicle of any one of claims 3 to 6 wherein the polymer is
aldehyde-terminated poly (ethylene glycol), aldehyde-derivatized hyaluronic acid,
hyaluronic acid aminoacetylaldehyde dicthylacetal conjugate, aldehyde-derivatized
hyaluronic acid-tyramine, hyaluronic acid aminoacetylaldehyde diethylacetal
conjugate-tyramine, cyclotriphosphazene core phenoxymethyl(methylhydrazono)

dendrimer or thiophosphoryl core phenoxymethyl(methylhydrazono) dendrimer.

8. The delivery vehicle of claim 7 wherein the polymer is aldehyde-terminated

-poly (ethylene glycol) and the delivery vehicle is a micellar nanocomplex.

9. The delivery vehicle of claim 8 wherein the micellar nanocomplex comprises
aldehyde-terminated poly (ethylene glycol) conjugated to an oligomeric catechin-

based flavonoid.

10.  The delivery vehicle of claim 8 wherein the micellar nanocomplex comprises
an inner core containing an oligomeric catechin-based flavonoid and an outer shell

containing the conjugate, the conjugate comprising aldehjd&terminated poly
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al dehyde-deri vati zed hyal uroni c aci d-tyram ne, hyal uronic acid

am noacet yl al dehyde diethyl acetal conjugate-tyram ne or a

conbi nation thereof, and the delivery vehicle is a hydrogel. 12. The
delivery vehicle of claim1l that is fornmed in vivo by injection of
an uncr ¢ebylemkgsicy peoniwgatdd tanonaiothetigrnplegaindasaigfdavieasidwi t h a
cross-linking agent. 13. The delivery vehicle of any one of clains 3

to 12 fungher T’ﬁ%@ﬁx‘res' 0&hide o! B?n‘f%'w fer ?Qﬁa%tpol%lﬁ rlggﬁelgy%lel&énV¥UZ 8“' cle

of clai m 3 wherern F8actTvVe agen tern, -a pepti
nucl ei ¢ ihgmldronﬁ: ﬁmIhyalirﬁin@@wl@mnaloddsdugaldamycﬁrmtbﬂdcetal@oﬁyagﬁtene, an
enzyne, row h, factor, a cytakine, S|ngle stranded DNA, dqubl e

st randeda ydesdqsiypiazed Jivehsenae aglayrarningy hvaluropisragichpnipacetylaldefiide
hai rpin 'Eﬂ\éﬁl 1P L it a_t(?—@gslﬂkfe%lrgtcb bugtm&hﬁ%tf%ﬁgﬁi&%fv?n%ﬁ% efyr an

anti hypertensive ag met ho conjugatin I‘'very agent
havi ng aamwa@gdldehyde group in the presence of acid to a flavonoid,
conprising reacting the deI ivery agent wwth the flavonoid in the
presence of a id cat e, et hod, of .cl |m1 rein said
Pr e al adfyde Ty GeFLvausiEpEpa b M brvBne] Brvith BuRicsal 8F “dr oup. on
the deli vgégsshaRad ]%olﬂaﬁepﬁﬁ%nﬁﬂ@ﬁﬁlgﬁfe t@ére?lhéf‘vaiﬁl QEro@s’ ﬁlﬂﬁhé@géﬁf‘er ein

said delivery agent 1s a polyner he net hod of any one of
clains 15 to 17 wherein said flavonoid is a catechin-based
f1 avonoi d3. 19 Thyhelivesy wehdcle pf amaonn ofglaime A do A2 dkehcs serapmsing based

f I avonoi ﬂoaﬁtn(e a;gen,[epl catechin, (-)-epigallocatechin,
(+)-cat echin epi cat echi n gal late or (-)- epigallocatechin

gal | ate. 20. The met hod of claim 18 or claim 19 wherein the
cat echi ni1#asedhé Helwenpichicls ofdﬂm@m&rmmmebioac’ﬂ[h@agmt Badroteins hai m 18

or cIa|m19 wherelnth cat sedq fl avon ol i goneric
The net h8EPIEE: ARAYFIGRECE faﬁrpglf T@f?iaet %9% %h@}t& ﬂﬁwr@apgﬁéﬁnﬁw

al dehydes gt riRated PRldhe( 6hAY LOARAIIEA! doubR] dahusEDLAL Likfdl zed.

hyal uroni ¢ aci d, hyal uronic acid am noacetyl al dehyde di ét hyl acet al
conj ugat efrandgeé RNAytdonble shryededrRoWA ca stoirchaimpyr Bhidnen sijped Lancmkibictic] @

am noacet | al di et hyl acet.al on tyram ne,
cyclotri 6 %gcbﬂ é%icgg?%%ﬁgﬁ%&)wg ?ﬂ#(e%@ﬂ'ﬁ I hydrazono) dendrinmer or
15. A method of conjugating a delivery agent having a free aldehyde group in the

presence of acid to a flavonoid, comprising reacting the delivery agent with the

-flavonoid in the presence of an acid catalyst.

16. . The method of claim 15 wherein said free aldehyde group is generated by

conversion of an acetal group on the delivery agenf.
17. The method of claim 15 or claim 16 wherein said delivery agent is a polymer.

18.  The method of any one of claims 15 to 17 wherein said flavonoid is a

catechin-based flavonoid.

19.  The method of claim 18 wherein the catechin-based flavonoid is (-)-
epicatechin, (-)-epigallocatechin, (+)-catechin, (-)-epicatechin gallate or (-)-
epigallocatechin gallate. '

20. The method of claim 18 or claim 19 wherein the catechin-based flavonoid is

MOoNomeric.
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t hi ophosphoryl core phenoxynet hyl (et hyl hydrazono) dendrinmer. 23. The
met hod of any one of clainms 17 to 21 wherein the polyner is a
protein, a peptide or a nucleic acid. 24. A nmethod of delivering a

catechi n-pased_flavonqQid to a subject conprising admnistering.to
the subj e&- th@%@ﬁﬁﬂaéag gaigr 1 onehim 18 et Fhefawhm%saﬁl@wp is
vehicle @gisyicone of claims 3 to 14. 41

22, The method of any one of claims 17 to 21 wherein the polymer is aldehyde-
terminated poly (ethylene glycol), aldehyde-derivitized hyaluronic acid, hyaluronic
acid aminoacetylaldehyde diethylacetal conjugate, derivatized hyaluronic acid-
tyramine, hyaluronic acid aminoacetylaldehyde diethylacetal conjugate-tyramine,
cyclotriphosphazene core phenoxymethyl(methylhydrazono) dendrimer or

thiophosphoryl core phenoxymethyl(methylhydrazono) dendrimer.

23.  The method of any one of claims 17 to 21 wherein the polymer is a protein, a

peptide or a nucleic acid.

24. A method of delivering a catechin-based flavonoid to a subj ect comprising
administering to the subject the conjugate of claim 1 or claim 2 or the delivery vehicle

of any one of claims 3 to 14.
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