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ABSTRACT

Project Code: RMU5080074
Project Title: Green Tea Catechins Potentially Reduce Labile Iron Pools in

Hepatocytes and Cardiomyocytes in vitro and in vivo

Investigator: Somdet Srichairatanakool, Ph.D., Associate Professor

Affiliation: Department of Biochemistry, Faculty of Medicine, Chiang Mai University
E-mail Address: ssrichai@med.cmu.ac.th

Project Period: 3 years (July 2007 — June 2010)

Background: Secondary iron overload is commonly found in transfusion-dependent patients

with B-thalassemia and demonstrates nontransferrin-bound iron (NTBI), a toxic form of iron in
their plasma. Cellular and mitochondrial damage can be caused by labile iron pool (LIP) and be
mediated by reactive oxygen species (ROS). Liver cells of the thalassemias have greater levels
of LIP and ROS than those of healthy persons. Thalassemia patients with iron overload are
treated with iron chelators including desferrioxamine (DFO), deferiprone (DFP) and deferasirox
(DFX) to remove excess iron, together with antioxidants such as vitamin E to relieve oxidative
stress in the body. Tea (Camellia sinensis) exerts many beneficial health effects.
Epigallocatechin (EGC), epicatechin (EC), catechin (C), epigallocatechin 3-gallatte (EGCG) and
epicatechin 3-gallate (ECG) are commonly found in green tea extract (GTE). Importantly, GTE
and EGCG exhibit anti-oxidation, inhibition of carcinogenesis, detoxification of CYP2E1-

catalyzed HepG2 cells and iron chelation in vitro and in vivo.

Objectives: Efficacy of GTE and EGCG on iron status and oxidative stress was examined in
iron-loaded wild-type (WT), heterozygous beta-knockout (BKO) and double-heterozygous (DH)
thalassemic mice (C57BL/6) as well as in hepatocyte cultures. Cytotoxic effect of the

compounds was also determined in the cell cultures.

Research methodology: GTE and EGCG preparations were identified antioxidant property and
used throughout the study. The mice were induced iron overload by daily feeding ferrocene-
supplemented diet (FE diet) for 3 months, and orally giving the GTE and EGCG for further 3
months. Surrogate markers for iron status including NTBI, LIP, liver iron content (LIC), and

Perl’'s iron staining and for oxidative stress such as reduced glutathione (GSH), ROS,
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mitochondrial membrane potential (mLP) and malondialdehyde (MDA) were measured.
Cytotoxic effect of the GTE and EGCG on the treated cells was determined using 3-(4,5-
dimethylthiazolyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT) dye.

Results:The GTE and EGCG reduced levels of plasma NTBI, plasma MDA, erythrocyte ROS,
and liver iron, but increased levels of reduced glutathione in the FE diet-fed mice effectively.
Histochemical examination showed leukocyte infiltration nearby hepatic portal vein and high iron
accumulation in livers of the mice. Perl’s staining result demonstrates that the GTE and EGCG
were able to decrease the iron deposition clearly in liver and spleen tissues, and slightly in hear
tissue. The GTE and EGCG significantly reduced levels of LIP, ROS and mY¥ in iron-loaded
hepatocyte cultures in concentration-dependent manner. At equivalent concentrations, these
two compounds were more toxic to the primary hepatocytes than the HepG2 cells. GTE and

EGCG enhanced viability of the cardiomyocytes.

Discussion and Conclusions: Green tea catechins, particularly EGCG could lower plasma
NTBI concentration and hepatic iron accumulation in iron-loaded thalassemic mice effectively,
this can lead to negative iron balance. Possibly, they prevent iron-induced generation of ROS
via Haber-Weiss and Fenton reactions and relieve liver pathogenesis. The compounds also
improve antioxidant defense by increasing glutathione production in the cells and the whole
body. GTE and EGCG used at a high dose would be pro-oxidant rather than antioxidant.
Suggestively, EGCG would exhibit bi-functions as an iron chelator to sequester the iron from

cells and a scavenger to get rid of persisting free radicals.

Comments and Further investigation: Actions of the catechins might be related to iron
chelation in the cells and patients with iron overload. Whether these effects can improve iron

overload and oxidative stress in thalassemia patients remains to be seen upon further

examination. Green tea formulation and standardization is necessary for clinically studying in B-

thalassemia patients.

Keywords: green tea, Camellia sinensis, thalassemia, iron overload, oxidative stress
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#ANINAMIFEITUETUAURDANTUARY  (LTUINAUT  TonAud  ezwfiadaaduniernsana

FITNTG) Tiudihadaaaszavenyadaszluianmalidsiuszussimauaneanuanms
o g { la & o ° ' = a o < A a
Maehaltafiialungsasdinnusiine agnd lsiauUSn eI uInANuaz AN TLauAanG

&a v v 1 L2 1 a A a 1 o v Aa A€
waurnliidn ldlusemegihoategludfinafivmnzauusndiome  uazliasildiiegns
) A o & £ = a & a a & a
Fradsannmilann nansgnnduldseanfuaurivesasuanisanBuaurinlgludianogs

o & Ao o A o o @ a, o A A Aa ££6 ) =
AInuNUITBUazNaU (R&D) iaduwmihdadihemaadlionfignlumstuman
% o ' ' a A . . . £
pANMNLTAREILITAAYVaITINBaENITlUszAnTNe (effective iron chelating agent) Xgn®d
o a { o & . . ' & Aa [ Aady o
Mmsauyadaszliialu (free-radical scavenging) meluinime uniadusisyaumnanls
vslnalauaz laiduauaesasienig nmﬁdﬁﬁmgﬂLLa:ﬁﬂ%mmmmﬂmwaluﬂizmﬂﬁgﬂm
masdilsenduay  hldlanudagadrisnnnludunsinmussilosnulsauningaudagn
a J = & =3 a a U v A A g nql/ dl U
Aedudwdunannanananinuazeyysdaszaniiulugihomasfiliomands naf leann
= & g v ¢ A A a o o o A
MIAnEN Uraannad  IWLTaRLNIZIRYS sl,uamvmaamL%anavl,@ummsnmvlﬂﬂiwqﬂ@lﬁl‘mwa

=< oy v A A P Ao A a oA oA & '
miﬂﬂ‘miuﬁdﬂd amastNulaRaa NNl EnTAwLazi L Tata la luuaauea b
NUNIWITIWNIIN (Literature Reviews)
=) =) d - -
wsl’rﬁagi'mﬂ’madﬁﬂ@man (Pathophysiology of iron)

ﬁ’]@lmﬁﬂﬁmﬁwﬁ’ﬁtyl,mzﬁ’uﬂu (essential transition trace element) ﬁuadﬁ%%}“flﬂ%ﬁ(ﬂ‘ﬁ
davlasuannmenansamedn ldinaldlusuiwnsaiedlulnadu lulalnadu lolalasuuas
& a A = o & . ! KR A
ssUnaumnamandg  audnddlemamangnidnldlwasduazaglusulolanaadad
138077 Labile iron pool (LIP) Gaiuanstsznaunaniiinealadanalin 9nudiasn Weaina La
AN ninaziilunialds@uruwaliu mawdngd LIP gniblulduslomidn gniafiuszanlilu
6a A . ' = A AAda . A ¢ A a
anunaiTiu (ferriin) atlsiouaifidia (asamzadnidyed) Insmuguiiinmmg
& & . . . . & ~ @ A 0 oA o a
wanMuluTasLaz3sN9Me  (iron homeostasis) athaduszidovuazidunaie ldliddasiiu
(iron deficiency) WIDUNLAY (iron overload) (Aisen, Enns et al. 2001) i’mﬁ'\imuqﬂﬂﬁmq
I ' a . A ' aaa
wanaglugldass (free W38 unbound iron) Tyanaazlufiununlumaisljisomaueid
(Haber-Weiss 8z Fenton catalyst) e (Emerit, Beaumont et al. 2001; McCord 2004) N13AIUAN
qavaImamanlusaalianusunutniumufanendanwld  mifinsmesznaineuaasli

3 1 0/ dﬂ/u a2 [~3 ' . ) 0/ A A Ao g
WAUINATIaUSHaMRanlu9Me  (body iron markers) LruszaUWasIAuludINLATAIAINY
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a o % e ' a v o g LN & ' A
awmm’mmmﬁsulumaﬂwﬂamm'nmwwuﬁnuqummsmmﬂsﬂma G]I@]EILQW’RQEI']OEN
Isanala (Lee, Liang et al. 1995; de Valk, Addicks et al. 2000)

a DFO interaction with hepatocyte iron b DFO interaction with myocardial iron
Bile Hepatocyte Plasma Urine h * * *
FO(+) —» FO(+)
r fast
DFO(+) DFO(+) DFO(+)
Slow
DFO-metB(-) —» DFO-metB(-)
FO-metB(-)—— FO-metB(-)
Cell Plasma

U 1 Ufauiutvedsn DFO Aumeuwdngy labile iron pool (LIP) lwiaaddy (a) uaziwas

naNianala (b) (Porter, Rafique et al. 2005)

lunzmaniiuwsesihondsiluaunnaanungumdngy non-ransferrin - bound
(NTBI) luwaaanuazgy labile plasma iron (LPI) luimad ldludSanmafigiuazaunsauandaiiu
mqnanjUBaszle (Anderson 1999; Cabantchik, Breuer et al. 2005) T19ian3l NTBI gneu
imaannnwanaulasna lnwasadwngnasauy@giuli (Wright and Lake 1990) u3um
A a a . . A a £ [ 23] wa ' a aaa A &
LIP uazdluBiaaiu (hemosiderin) MiiuannIumeluimadiguaulia hdanniadjizensa
anduaziduiueioinas (Weir, Gibson et al. 1984) thuSuaundnmelwaasiuinfazmitaari
Al (% & 6a A PN L o = A dl‘Ist =] o @
TinsRaenzAineSHamAunnIua e AN laluesinisnuiIAIaIN T
o o v A aAa A, o Y o ) af ' A o @ .
Snwgthomasdilefgisilimahnueesialdiulesgslunanmslsndumanfieidanie
aadanaundngd NTBI luwanawuazgy LIP lwaadillaidawalaatdaiiies (Ui 1) b
MIlEATNIAENATU SQUID waz MRI (f1 T2%) ihafiaamuiatSinoundnfazavagnmolwaas
auuazirasnaNLitaniala (Anderson, Holden et al. 2001) atndlsAauisnsnigasnidasnna
o A A a eaA o o o a o v A v A a 4
luduatasdiadtanzdinisiwininanazineuns  MmlARRsssaantunIalssisonunng
WinnkuiaunsarnmMIaiia lalssassiazdatiiasnnaanstiitasne  suaainasaarINnTg
o I3 6 v .23/ [ 1 I3 & o & A i [~
aamqudngd LIP lwaadnauiitaialaedenad nunisaninhdamaniaglwweiiauw
uwazdludiaaiuldatnathg (Porter, Rafique et al. 2005) mslfudundndidansgsnansiia
LlduSunounanluaasauiiu 15 Sadnsudaiwinauuds 1 n3u msdnwvasgaialauss
anzugasliidninoadilannzifssngnnidudsnadumaminiinmediuazidun
a as & . . a & o ' a v ] a
RaUn@Taidunaan peroxidative damage tAadnNUEIBUTZNOULTITaW (complex) @14 9L
e lulanauaiszuly wszmafsuudasdsnanisaunsadaunaulddangnivassiamna
Seananiiu (Link, Pinson et al. 1985; Hershko, Link et al. 2002) dUSunauwndnluioasay

. . Aa A a o .o o [ o o A d { a @
(hepatic liver content, HIC) tn¥ 15 YRANINGDUIABNLAIVBIAL 1 ﬂiN‘ﬁdLﬁﬁdﬁ’%ZLﬂ@Iiﬂ%?l’%
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lugtheonfiwdnifin (Brittenham, Griffith et al. 1994) TagiheMFadiadalanalafitiunmng

wianazanluiiaifiavaladininiialaquiszunm 10 i1 (Maggio, D'Amico et al. 2002)

Supportive therapy Complications
Transfusion = 'Ed -
Leukoreduction e o Y transmitted infections

Bone expansion

p
Iron overload |{ | (“hair on end”)
Deferoxamine | =¥

Deferiprone (_\ T}E—;t Hypopituitarism
4
g NS Excessive melanin

Deferasirox
skin pigmentation
(“bronze diabetes™)

|
|
Endocrinopathies
Hormone replacement — -
! A 1 b Hypothyroidism
% 4 —
A o TR

Osteoporosis |
Osteoclast replacement || £ < Hypop ¥
, S £ %) = A
VitATiD Pulmonary hypertension
fiau A and embolism

Card

Venous thrombosis
Hematopoietic stem-cell
transplantation
Bone marrow
Cord blood?
Unrelated donor?
Nonmyeloablative?

Hemosiderosis and
cirrhosis of liver

— Extramedullary hematopoiesis

Splenomegaly

Experimental therapy
Erythropoietin
Fetal hemoglobin modifiers
(hydroxyurea, butyrate)
Antioxidants

Future therapy

Gene therapy

Diabetes mellitus

Delayed puberty and
delayed secondary sexual
characteristics

Testicular or ovarian failure
Osteoporosis

Short stature

31U 2 omaunandauuazmsindadauludihemdadilioniinziwdniin (Andrews 1999)

mysnmdithemaaddierildlasnia@uiaa (multiple blood transfusion) Hilumasd
a A A & o v ) a A & o ) & & A
wWeorhadauaasaaslasunmssnulasnsiduiiaaidulszidszunm 3-4 glavidanioiine
> Q/ = a A v 1 6 Q 1 ana 1 U @ A A a s a
nwzaudlulnadulufealdoglunast 10 niudeiadaas saudihomaadilosiadlulnain
Ao & o v A A = & A o A P A o ' P . ~
asuiludadldsunadutaadunasiasiiaszaudlulnadwlwfaadininmsiasnand (3UN
2) MIsuUszmMuensalw@n (folic acid supplement) Watsanmsasdlulnaduluiiaifoauas
NMIAANY (splenectomy) millgﬂrhﬂvl,"llﬂ‘szgmLLa:LﬁljaﬁﬁuﬁﬂLﬁmﬁ@Iaﬁ@ (bone marrow and
stem cell transplantation) (f1lE318U5z8104 100,000-400,000 LINGETIE) AT LAILENTULAGN
(iron chelation therapy) miLf,ﬁ&lmiﬁ%amﬁﬁualwaamz (antioxidant supplement) 33M13
o ' < [ A I Aa s 2 A ' ) o
mnmaLﬂumﬁﬂumﬂmmvw]LLa:Lﬂumi:iw:mﬂﬂmamim udiFwmlRasa TN

PN IANITNEN T Uz eLee L anansavinlilsanioana be
o &
g12utvian (lron chelators)

= . . ® o = a o
puasiWaIaananiin  (desferrioxamine #3a Desferal ) usndumantiedaldgn
ﬁnml‘ﬂumﬁﬂmgﬂa olynTIaRTLAgINWIUAI1 40 1) Lﬁaij‘um@;mﬁﬂﬁa:auagmw’%nm

- P oA A YN, @ o . ) v, a
LWBALEBAT ¢ (IG]ULQW’]ZE’JU’NU\W]GIB&JVLSYIE]@’NG] GIHLLGZ%’JEL’%) 28N31NINNNIY LLaz"H’JEJFLﬂfdﬂ’]EI&J
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A J [l <3 > v L & U gd
21wBurau  egwhiianliamladumadiannduainguaininslugiheifaszanm 70
\Wasioud (Borgna-Pignatti and Castriota-Scanderbeg 1991) Qﬂ%ﬂﬁﬂﬁ'ﬁsﬁtﬁﬂﬂizmm 30

= a o & ! ' . . o v o o
wesidudiialinialaiuldlugaseryran 20 U (Gabutti and Piga 1996) mahidassdu

=3 a a 1 Qs =) a 1 e 6Aa A 940'
wanesiaSeanmiuiinnuandwedlnsusisaaszauinassaulunazunlidnas (Daar and
Pathare 2006) @4%u#NTISNINTAMILENTULARN MIAaeNaTIILSIaunessaulufaauay

=3 6 o I3 e o s dld 1 a a a 1 =3 L
nguaniwssdauduidssayniinadenamnsiialiaile 2814 [3NaNNIATIIA
YSuawnassanludsuuarsunomnanlusasau l ldiduavinmenesiiialsavila  (Piga,

qud 1 U v ]
Gaglioti et al. 2003) #anNRANTTALILazA LTI annldRiwelanazanuiudlaly
mildmiemweIeanaiiuiidudymdy nguuwndideisldiideanuazdsziliugiuuumus:

v c‘lv‘v ada J
mﬂ,%mum HITAN VNN

andaTIwsw (deferiprone %38 1,2-dimethyl-3-hydroxypyridin-4-one w38 L1) Huenau
& o ¢ a o Aa & ' a A A &
wanduanziriaiudsmuifvineemanniteswaieananiin  Sanudunaramatezglu
A A K Ao . o & =2 = & \ & A
snzidfiles 7.4 lidnaawiwdnmaduazAanganaananisadae g (uidaifen
wad LraReULaRztTaanaNttanale) leanineasneSeanonin (Parkes and Templeton 1994;
Parkes, Olivieri et al. 1997; Link, Konijn et al. 2001) gn@wasinsutisaadSunawnanluiiiaiie
@ ) ' x> X { & a o £
wilaadld (Kushner, Porter et al. 2001) uazganliwilagihenlinzaninfininudin
(Anderson, Wonke et al. 2002) HamIAns i wsLaasliiiwiiihendadilionies lasuen
a A 1 v d' L o L v a a a | A
waaSeanmiAuannen  waddfsunn ldsumsthdacmsodneslnsuilamaduniaains
a v t; 1 ] ~ Q{'l/ v a
nieasvaslinmladesdaslizanm 5 wh ednalifanugnitiufssnnmsldmndnailnau
iwLLa:mm"L&iLaﬁsmlaoam,%asfam:wmmﬁ'um@;L%ﬁﬂﬂ'@ﬂdlﬂuéaumadmij’umﬁﬂmﬁ@ﬁ L9
aaSoanT N duws I UMANULY hexadentate Laziduasuandeanduaniniaugndnaduin
sanIndugimaiiaeyyadastldlasmidunulesauinaiia (Link, Pinson et al. 1989) e1fu
wandugiu  bidentate uaz tridentate AmwIRSUBIMYhMBRaibelasauyadazld
(Richardson and Ponka 1998; Santos, Castilho et al. 2001; Britton, Leicester et al. 2002) 3
Nunwhmdmaiinunsiiuanuguislunsuaninuesdiiuevedsaddunyioniaume
waniinld (Cragg, Hebbel et al. 1998) HanuiTanlosszniamamingd NTBI AudTunmans
v A €:=l' a U v aAa A = a _ Aan
wnaanladad ladnananuldludiinagslunmauvasdfihenasfifioduaasisnaiaie
A o £ . . { o, [ va A a o ' |
\wasanBiaTulin (Cighetti, Duca et al. 2002) nM3figthomasdifis lafiuiandudidn lufidugan
o [ Aa A ' & .
MlwaavesszuuueufeanGuanluiano®iu  (Dissayabutra, Tosukhowong et al. 2005;
. o v & OR £ . .
Tesoriere, Allegra et al. 2006) vihl@idaiiaauasvatgisumedenyiusniu (Rachmilewitz,
i & o v A & A A A o Y A
Weizer-Stern et al. 2005) TINNITILRANIFNRINNVINTARaaaITINNaYIN I NN TN RenGLan

Qs v { a &/ v 1 a
LLa:m‘sq@mumaoLauLﬁa@ﬁﬂa@m@mumﬂfnﬂﬂm (Unchern, Laoharuangpanya et al. 2003)
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gndlaINGyan (deferasirox, DFX, I1CL670) LHuenduinansiaiulssmuwnigugning
andnendnasinsuuanaiuninitunn (Nick, Acklin et al. 2003; Hershko, Link et al. 2005;
Barton 2007; Cappellini 2008) wiii1azfalilinathaifoauussudwuigldonadanianisszuy

a 1 A P
NNLABDIRIILD Laa@laaﬂlumuwwmmi (Eﬂ‘ﬂ 3)

O, OH

0
o] O, 1

\1 P h |, |
- NH -
@ t)_ N {/L_\ CH H
HaN-(CHg)s \  (CHz)s (GHz)s . M
1 N / N ) CHy \

N
N
Nt . N— )
- - O\ \) OH

DFO Deferiprone ICL670A

U 3 lasssfamaadvesenduminldinmsgilonizmaniiu (Wong and Richardson 2003)

nsalvsiulaiuni3 (@-Fatty acids)

nansAansnaafinldmivayuunumvainialudulawns (ldun eicosapentaenoic
acid (EPA) uas docosahexaenoic acid (DHA)) Awnanluisudauaziiolalunsiloatn
audnmIninaialsanasaiiaaiilalalsuIusznsasuuuidauwaule (Thunell, Andersson et
al. 1995; Mozaffarian 2005) lagfinasumaiduialafiiaUnd dunssnigy (Mori and Beilin
2004) HAGETEINIHNIWIIN-00NVBIITAULAZLARLTEN  LazHARaANNLUTUTINBIN LAY
#ala (heart rate viability, HRV) (Ismail 2005) auiiu3lnansaludulawn3 Sszaulansaason
ﬁﬁ@mmmmmugo (high-density lipoprotein cholesterol %30 HDL-cholesterol) Iuwmamtﬁlu
gd%uua:vlmnﬁLenavli@‘luwaﬁauﬁa@@‘iwaaau’wﬁﬁyﬁ%ﬁﬁty (Holub and Holub 2004; Okuda,
Ueshima et al. 2005) ‘vxg}maadﬁﬁummﬂﬂiummm’%um@%ﬁu DHA 15 mnsalusiusfiail
LﬁuqoﬁuﬁﬁnmﬁaﬁuLﬁ(ﬂLﬁaﬂLLNLLa:Leﬁaa’ﬂﬁmLf‘:aﬁ"ﬂﬁ] (Gerbi, Bernard et al. 2004) {n1y
wneh lASudsemulud3unm 250 Jadnsudain (Harris 2005) nTa businlain3 gaw laluunas
TITNMAIULTU FRTIHULAZRUNTENZLA UN T wazwfaiTangg Ru 20annuazanluan)
(Nichols and Bacon 1989; Butarbutar 2004; Covington 2004) ﬁﬁm’lu’i’m’liuﬂﬂﬂa’mﬁﬁﬁ
nya lviulaiwn3s Usnnmugsifienugunusiununifialsanseaifeamlalalswiia
(Ebbesson, Risica et al. 2005) a153auazame latana limnaTIndSumnia ludulaiunn3d DHA
Wz EPA wasifiaidanuas wiasadennsalasulowms) Wustsdanusnsaludulowns
yagwala(Harris, Sands et al. 2004) Gsthilenunnimsariiy 8 WesiSudusasiniinstlasiu
mnﬁwkaﬁ‘ﬂamﬂﬁq@ waztnesnInIaininy 4 wWesidudusasindnstlasnunisiia

lsaaladasfiga) nyalusiulwihdulmdnagiormld HRV fidaaas (Romieu, Tellez-Rojo et
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al. 2005) nyalaiulaiunn3 si'uEl'amsl,ﬁ@ﬁ'ﬁmwasaﬂ%m%’uﬁmaﬁé’umwm:muqwmwé’aaﬂﬂ
1100 1niwadau’le (Pan, Cederbaum et al. 2004) avuandidagiuitdslaitinsdnwnaaniu

nialudulawn3 ludihomdsdilowe
150 1%aanBiAT % (Anti-oxidants)

RO UADONTUARNT IR La‘%uqmmwiﬂdm aaun W lvanunsarinauleadnadulng

Aa

ETII s’;uﬁy’amzflﬁif'mmslgﬂ'szlm';zaaﬂ%mﬁwmmamnmam%ané’uﬁu;jm’szﬂﬂmqm"léf Sk}
susandiatufinyldlunsmeniasmesiredwas leun oayiin nsagin JazDuuaziuaiin
fuanlmidnuaa et lawn CAT, SOD, waz GPx) (Halliwell and Gutteridge 1988; Halliwell,
Gutteridge et al. 1992) miLLauaaan%wuﬁﬂudmﬂszﬂawaammna’%uqmmw (functional
food) Tuein wa"[a]’uaz%’mujﬁmm G]‘ﬁL‘ﬂuWE]ﬂ‘]:}’]Lﬂﬁ (phytochemicals) 312N tannins, catachins,
resveratrol, chlorophyllin, procyanidin, proanthrocyanidin, myricetin, quecetin, kaempferol,
curcuminoids, caffeic acid, jusmonic acid, anthocyanin, vitamin C, tocopherol, carotenoids,
xanthones, coenzyme Qo LL8Z polyunsaturated fatty acids (PUFA) (Halliwell 1993; Craig and
Beck 1999; Komes, Belscak-Cvitanovic et al. 2010; Tang and Halliwell 2010) WWuarntlsznau

o o @ A A Aa

fdy dihemasdiloniwianduddh lhidulssdsasleavesszuudusandiaduluimed

&/ o 1 =Y 5
T Lﬁmﬁammamqﬁumwu NIRRT ALROARARI TITERDNNZVNNDBNTLIUUAZDAA

De

v A A
iwuLRaanlaa
PUDLINALNINAITALIATY (Green tea and catechins)

ml,%mLﬂuwﬁmﬁ'wﬂﬁsmmaﬁﬂi:ﬂauﬁmﬁmm:m%mhaG]"L@TLm' catechins  (C),
epicatechin (EC), epicatechin 3—gallate, (ECG), epigallocatechin (EGC), gallocatechin gallate
(GCG) uaz epigallocatechin 3-gallate (EGCG) (37l 4) T9a3 EGCG Tuumgefign 1l
qmawﬁamﬁamwLLa:méTﬁwmﬁﬁ%’]ﬁtyﬁa aanNaulafiags  dwmIdney  dunns
L%%@Lauimﬂlad@a%wﬁﬂuiﬂﬂ ﬂadﬁ'w,ﬁ@l,ﬁammdgﬂﬁ’]mﬂi@ﬁaggaamx ﬁﬁum’szvhlﬁ'ugdl,l,a:
anzaulalaaiaasaaluiian(Cabrera, Artacho et al. 2006) 1IRNATILLEITILAANIZEENTLA
ﬁWaLmaﬁLﬁqu (Grinberg, Newmark et al. 1997; Wellejus, Poulsen et al. 2000; Rabovsky,
Cuomo et al. 2006) TUVYILRERT EGCG ﬁﬂmawﬁalﬂu antioxidant (Yoneda, Hiramatsu et al.
1995) Wag iron-chelating agent (Grinberg, Newmark et al. 1997; Anghileri and Thouvenot 2000;
Adiv, Mandel et al. 2004; Mandel and Youdim 2004; Reznichenko, Amit et al. 2006) &1313D
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HuraRawaaNas 813 EGCG linyunaladaivlosaumaindn'y (Hayakawa, Ishizu et al.
=] ° a A a £ [ . .
2004) Jsvhamemayuadasziialuld (Hu and Kitts 2001; Miyanaga, Inoue et al. 2003)

OH OH
OH OH

(-)-Epigallocatechin-3-gallate (-)-Epicatechin-3-gallate

311 4 1a59819M9LA T U898 IAZLATUENS 9 (Thephinlap, Ounjaijean et al. 2007)

A€ a a U s a v a v

fundsznavvesrudandgniduasuenisanduanyt desnumsiiatoussendn au

@ ) o A ) A Ana & & 4y v A o ° &

mssniruuaztsliifen nariunaaaidanlalsuiadeduisdasnuniadrunvianoias
[ ¥ o a [% . . [ £
ﬂmmﬁamlaﬁnﬂa%maa‘szvlﬂ (Toschi, Bordoni et al. 2000; Cheng 2006) &138NaTUWLLINYNT

o A & o & o & o kg o v

MumaUasuntatasddsznaunia luiutadaasnauitanilatnziassuazlasnunmsaavad
naNitaRalanazneandianle (Toschi, Bordoni et al. 2000; Yusufi, Cheng et al. 2003)
a3 EGCG  mulinduilewilanyniinimsuuvezwenladauazuiaiivinnmaneiieald
LRENUTILNIGY (Nakagawa, Ninomiya et al. 1999; Aneja, Hake et al. 2004; Townsend,
Scarabelli et al. 2004) FINIHUEINTFINIIUTAUABaAINLALTBINUATIAANINATBILTARGL
16 (Nakamuta, Higashi et al. 2005) @9%u3 N TANSANILEINTAANINAVaITRaAUARAZ
waniiuld ssstardonlimldifiannuiuisdadusaimunasss (Bun, Bun et al. 2006;
= d.
f

Singal, Tirkey et al. 2006) asNATBNBIHaWRUENG (Galati, Lin et al. 2006)

namsanelugiona 23 Diruussasldfininassnenouuazezieds  EGCG
sansaiianewangl NTBI ’Luwmammaa;&”ﬂaUﬁ’]&'a%l,ﬁmﬁmﬁmLLa:ﬂHmaadﬁgﬂm:@ju
@Twm@;mé"ﬂ (Wickramasinghe, Thein et al. 1999; Hamdaoui, Chahed et al. 2005; Thephinlap
2007) 813 EGCG anadunissaimadauinldianmgas (Penn, Bobrowski et al. 1997; Galat,
Lin et al. 2006) msmﬁyugmaamnmﬂﬁmﬁmLﬂum'%'aaﬁumﬂszqﬂ@ﬂ%ﬁﬁﬁ'@%’ﬂmma:

& a a A DX o aa A A & g Ao 4, a
LcﬁaﬂLﬂuLLazaaﬂGﬁLﬂﬂwaLmsaluaﬂ’JElﬁ’]aasﬁlawUT%@U@]’]Q\‘]Lﬂuﬂ’]uj"ﬂﬂﬂuqﬁwlﬁlwqﬂ TIVYIDND
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fdszlominmanzindaninien (alternative medicine) lunsliiayulwsinsgihomaadily
TR weNTaITINEUAZaNIUNINTaUAARBLET NT0ENLULATANMINAVBIENIRNARETLUAZES
anedu  EGCG  nnmdmdaduniasmissinmafienuiduusclasadslunsuslng
(Chow, Cai et al. 2003) ilathanldillusdumaniszanlwioauaziitaidodns gaaninsrame

v

ﬁﬂ%m'szmﬁnLLa:a%aEmzmnLﬁulus'woﬂﬂﬂa@aa dowaﬁmlﬁﬁgmaaaﬁagﬂayiiﬂﬁﬁﬁasﬁ
A A Aa Aaf A £
Jofigunniiandauuazargdumuau

o—

(>

mqﬂszaaﬁ (Purposes of the study)

{ £ a =
1) Lﬁﬂ@ﬁ?’%ﬁﬂﬂﬂﬂﬁﬁﬁi GTE uaze1y EGCG ﬁnmmﬁmlumm@ﬂsmmm@;maﬂ LIP

o a = 6 o G‘lv
LLﬂZiz(ﬂ‘UQaﬂﬁﬁLﬂﬂWﬁmiﬁluLsﬁﬂa@]ULWW&LRU\‘]

{ Qf a2 Qs a
2) Lﬂﬂ@]i’)"ﬂﬁﬂﬂf}ﬂ‘ﬁa’ﬁ GTE uaz8137 EGCG Iumm@ﬂsmmm@;mgﬂ LIP uasscqavaand

= ¢ o & o &
L@ﬂwal’@li'ﬁlulfﬁﬂaﬂaquL%aﬁ'ﬂl'ﬂ LNTISLREN

3) atwzliunamy GTE deszaudlulnaduuazanyvesliaifieauns szaumamangy

NTBI haz32a1 TBARS luLﬁamlam&mé’a%l,ﬁUﬁﬁummsm‘%wmqmﬁﬂ

4) Wafinwmams GTE danzmeudnuazaandiafiwsasaluilaiiaduuazialaves

%Hﬁﬁaé‘fﬂ,ﬁﬂﬁﬁummsl,a%wm@;mﬁﬂ

5) iNaAN AN T UAEURIENT GTE Uae EGCG dalTasaulazisaanaiaiiianila

&
LNISEREN

2OULAANIIANBIIDY (Outline of study)

1)ﬁﬂH11uLma§LW1:L§ﬂd mouse primary hepatocytes, HepG2 cells LRz mouse
cardiomyocytes ﬁgﬂmﬁmﬁﬂﬁﬁm’szmﬁﬂLﬁuéhUmsa:mﬂ ferric ammonium citrate
(FAC)

2) ANMINARNT GTE Waza1y EGCG anmilzndaszau LIP, ROS Waz mitochondrial

membrane V' luiaasinnziass mouse primary hepatocytes L8z HepG2 cells

3) ANMNaENT GTE uavans EGCG @a3x@u LIP uaz ROS luiwasiwizidssmouse

primary cardiomyocytes
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4) ANNANAENT GTE Wasa1s EGCG @atrau Hb, NTBI, TBARS, GSH luifaavas

v A A Ada & a
ﬁh&ﬁ’]ﬂagﬁL&lﬂﬂwﬂ’]QZL%aﬂLﬂ%

5) 19213%432@U non-heme iron, reduced glutathione, collagen luitatliaduuaznanaiie

ﬁ"ﬂwam&mé’a&ﬁUﬁﬁm’;:mﬁﬂLﬁuLLanLﬁ%'Uﬂﬁi%'nmﬁaslfsm GTE

6) MianwanuduiwweIans GTE uae EGCG @alwastWizlasd hepatocytes W

cardiomyocytes

52118135398 (Research Methodology)
ANTANARLILUAZENTDNUNALAAZLATUUNLAAIINT DL
NSIASYNFITANARLIVITNNT 1YY

PNATLATHNENTENARENY (green tea extract, GTE) Laz®13ALLATUTAADALNE lanLaTu
WNLR® (epigallocatechin-3-gallate, EGCG) mﬂ"m@mmﬁ‘%msﬁlmmvl’? (Srichairatanakool,
Ounjaijean et al. 2006) lagsinyaaluan (Camellia sinensis) &a31W% 20 Alansuunyinlwuislu
dav'lulasiaw (AW 800 Tad gaannil 100 asemaiGus) iwnawiu 3 wifl shldardasdae
fl’:ﬁgiu 80 aveaiBuauwin 10 Wil ihldauwdsnaldgayaime (yophilization) ldifluniaria
WeuTEen (POWDERED GREEN TEA EXTRACT) lassdiunitsuas GTE anih ldAiasedn
lansnsolanInzaduds 9fiinesdUsznaudieds  Analytical HPLC lawldmosuiliiamesd
(Waters SpheroSorb-ODS2, 250x4.7 mm, 5-Llm) FvazasLAaanfig Wiy isocratic elution
(0.05% H,SO, : acetonitrile : ethyl acetate = 86:12:2, V/v/v) $188@31NT WAa 1.0 AadanTdam?
LLazammumﬁme:ﬁ@mG]ﬁgﬂmaaﬂﬁaam*ﬁ@@h@@ﬂﬁuumﬁmwmaﬂﬁu 280 W1 luLuAT
HMIRFINNWIINITIRVIRIIALleTM (C, EC, EGC, EGCG Waz ECG) anuilutuengy

muldgmismaAe e RasInG
nstasSana1anunalansiadwunan NI ITINARLIUTNDT YD

Sndunitasiluugniiu EGCG Fraction sme3% Semi-preparative HPLC (Thephinlap,
Ounjaijean et al. 2007) laglTnaauiinan (Luna ODS2, 250X10 mm, 5 Lim, Phenomenex",

Torrance, California, USA) @anuUNIANaaNIL (Luna ODS2, 50x10 mm, 5 im, Phenomenex®,

Torrance, California, USA) AacanulARauLLL isocratic elution with solvent (methanol :
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H,O = 29 : 71, viv) @288a31M3 18 1.0 Aadaasdaui a@mumﬁmsq:ﬁ@mG]ﬁgmj:aaﬂ

@ almsﬁ'mi’]@@ﬂ'ﬁml,aoﬁmmmmﬁu 280 W llueT

% £ o
mmnmﬂqnﬁﬁ'maanfz‘imﬁu

i v g A{‘v a et =
wIR13 GTE ﬁL@%ﬂﬂ@mmam@qmmuaaﬂmmmﬁUmumsmmgm trolox (trolox
equivalent antioxidant capacity, TEAC) (van den Berg, Haenen et al. 1999) LATLEAIANNIA La

aanINIURIIY “DaRNITVVDIRNT trolox/FNRINTILAS 1 NN’

]
=)

g‘ = £
eainlg

1) m3azany ABTS™: azanwans ABTS lwinaulifienududs 7 Sadluans a1nti
iR euss MnO, unawiu 12-16 Tluslufidafesandlad ABTS
TWnanodlu ABTS™ udvihmisesnsdedissisazany PBS, pH 7.4 aunssis
8138zay ABTS® f:ﬁm@@ﬂﬁuumﬁmmm’mﬁu 734 wilwuay o gannd 30

DIFLTALTERLYINAY 0.70+0.02
2) ®Iazany GTE anudududs 9niasouluaisazany PBS, pH 7.4
3) &1IATANY trolox AMNLTNTUA1 9NLeIuNluaIazany PBS, pH 7.4
ad
ADNINARDS

NRNENTAZANE GTE, EGCG, ECG ua trolox (10 'lulasdas) nuasazas ABTS® (1

a Aaa v 1 Y o aaa a dl a v a a s 1 A d'

EEEGE) LLmﬂaaﬂiﬂﬂﬁﬂgﬂiﬂﬁnuwqmmgwaomu 16 Wil AaauIeAINMIgaNAKLENN
. o 4

ANMNENINAY 734 W luNATAUNURNTAZANY sample blank (GTE Waz trolox) SINaNIIAN®N

WU aNTLaTWUDd GTE waz EGCG HaNYNNU 9.1 Uuaz 4.7 Jadluans TEAC/HNWINT

LRI 1 NTNANNAIOU

N13A393ATERNIA luain (Yamaguchi, Matsunaga et al. 1986; Yamaguchi, Matsunaga et al.

1986)

m3ensnilE33 fluorescent-derivatized HPLC ﬁﬁﬂ’nu"hslumsmmi'@gawm (10" -
10" Tumd) dwmivhenssinsaluiudass (free fatty acids, FFA) 91N&N3810531UAZN
177381 alcoholic saponification (alcoholic KOH) yoamsasfdsznanlwingue (Sesame oil) AU
YRR RERHES wmamuauﬁaﬁmsﬁaﬁ lavandudJiseafivasngarsuendaluluianania

lasudasznuansisasuas 3-bromomethyl-6,7-dimethoxy-1-methyl-2(1H)-quinoxalinone (BMMQ)
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luaniznTlessuludsiGon (31 potassium carbonate) uaz&13 18-crown-6 ether ianuluilu
aIaURUTITaIUEI BMMQ-FFA 613 9imaninuanaanainiuladisis reversed-phase-HPLC
laan13Tsuuy gradient elution dadazasiaRaun win 45 Wil uaziamuasiaiaasay

WHEI3adUaIAN
nsanaataandidinsio

wiitaidamlasnvinlwusistnudnlag’s lyophilization dasiaiasiie (Savant Speed-Vac
Plus) tinmsazaesinnaansliudvinlwisasuandas3s sonication w1 10-15 w1t vinmsania
sadpssazany methanol G9iians dichloromethane Iw internal standard @@ﬁ'sﬁ’m:mﬂ%u
vuignaaninuszneliuisme lafalulasian

WidadeauasuyinmIsnaatasios13azans  isopropanol 495&n3  dichloromethane
1% internal standard (1:30:14.4, v/viv) @@@‘i’nﬁmmm%uummnaaﬂmuﬁqszmﬂlﬁl,l,ﬁaﬁwvla
falulasan  swwasunlithansiaatadiomiazans  isopropanol uar NSS  @9ians
dichloromethane Lil4 internal standard (1:25:75:50, v/viviv) @@ﬁaﬁmzmﬂ%y'uumwﬂaanmuﬁa
szmslduiadis lamalulasiau

a‘ﬂ@ﬁgﬂaﬁ'@aaﬂmﬁaﬂéhﬁ'mzmﬂ‘é%ﬁ%ﬁgnﬁwmLau%il,m%aﬁmmm:am BF, 7
gunnil 100 aseiaaLBoauwIn 10 Wil daduasliianatadomsazanoidnisuuasiin
(1:2:2, vIvIv) g(ﬂLwﬂ%y'w,‘?mLﬂmaanmLLa:ﬁnVLiJizmUIﬁLLﬁaﬁaﬂvlaﬁ"wmvluImiLau BIAUNUT fatty
acid methy! ester ﬁ"lﬁgﬂmma:m oluailudEneou waziih lUAenediUSunmas3s HPLC

N131AT12YA 2835 HPLC

damsazauiiodns (20 lwlasdas) wWnlulwedesiie HPLC moldannazaaluil

® a =
analytical column (NovaPak C18, 3.9mm x 150mm, 4 Llm) aWANU 30 ANALTALTUR,

continuous gradient elution (70 —>100% acetonitrile) (0 —> 30 min) samnslnadl 1.0 Daddas

G AAANANIANIIDAILRIVAIENTUSINAY  FFA-BMMQ  éaatasadila  on-line

spectrofluorometer (A cxeitation 362 nm/ /N emission 415 nm) LLazau@%Lﬂ@ﬁagaﬁa o111/5UNn38 ChemStation

msa:mmm@"lmﬁummgm: NRURIIRZRNY eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), arachidonic acid (ARA) &g alpha-linolenic acid (ALA) Thdaanw

Wwaduad g uaztilddedianess (50 lulasaas) a283% HPLC

o D22 a A 6
ﬁ75&$ﬂ7ﬂﬂ5ﬂ17]1/%ﬂ?7&/£7/1/7]% 0.5 JJEVQZJJQ'W
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804 F:tention Time &
60 “ < F 60
£ & 3
2 404 ‘\“\ ] g § % k40 £
” i 55 — .8 i
i ol
204 | W ‘/\‘ “\ ““ “\ F20
\‘ U \: N A ‘ “ \“‘ \\ J‘ | \} “
odd e “/ \MMJF,‘ -y \ }c o Lo
0 2 J‘ 6 8 1‘0 12 1‘4 ‘ 1 ‘6 ‘ 1‘8 2‘0 ‘ 2‘2 ‘ 2‘4 2‘6 ‘ 2‘8 ‘ 3‘0 3‘2 ‘ 3‘4
Standard fatty acids: | Retention Time | Peak area %Peak area | Peak height | %Peak height
EPA 15.788 min 490738 23.84 23584 21.38
DHA 17.825 min 490123 23.81 25434 23.06
ARA 19.432 min 561777 27.29 30830 27.95
LA 21.362 min 515958 25.06 30454 27.61
ﬁ’??ﬂ:ﬂ’)ﬂﬂi@lZ?IJJUuﬂ’N&IHT&I?Tu 1.0 ﬁﬂﬁ[ﬂﬂ’?f
gtention Time
100 Volame é 100
| s £ 5 2
I Boog § o3
| g % % s
£ s u‘_; % | \ 0o 8
| .
W | —— \
‘ A N I ‘ | ‘ ‘\ \‘ | ‘M\
\ \ \ I [ I Il
g,wj ) N X\WMM%\ J‘ J \ H w} \ Lo
0 2 4‘1 6 ‘ é ‘ 1‘0 ‘ 1‘2 ‘ 1‘4 ‘ 1‘6 1‘8 ‘ 20 2‘2 24 2‘6 ‘ 2‘8 ‘ 3‘0 3‘2 ‘ 3‘4
Standard fatty acids: | Retention Time | Peak area %Peak area | Peak height | %Peak height
EPA 15.957 min 801470 22.31 46454 21.69
DHA 17.998 min 876135 24.39 51260 23.94
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ARA 19.650 min 1003852 27.94 59105 27.60
LA 21.617 min 910949 25.36 57339 26.77
[ dy A (2
Frignalualiani
80 80
Retention Time |
B ame H L
60 m | é g H‘ 60
”m/‘u i |
@ o7 ‘ “‘l‘\ A R — | H p40
S I < | ‘H\
i : |
F e | ‘\ \
201 \[| S g | 1 20
UL g = g 1
N il I , ’
04 R e VR A S Y /AN T” S e )\w—o
0.0 2‘5 5‘0 7‘.5 1(?:.0 12‘5 15‘.0 17‘5 26.0 22‘.5 25‘.0 27‘.5 3(;.0 32‘.5 35.0
Detected fatty acids: | Retention Time Peak area %Peak area | Peak height | %Peak height
DHA 18.243 min 195460 12.12 9922 10.24
ARA 19.942 min 639063 39.63 37157 38.36
Unidentified peak 20.833 min 147117 9.12 7801 8.05
LA 21.973 min 630798 39.12 41978 43.34
OA 26.511 min ND ND ND ND
31N 5 Profile vainI@ iU ARA, EPA, DHA uaz LA Aigniiamz#easiT HPLC/Fluorescent

detection
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140 100
y =9.8015x +2.652; R =0.99973 y=1.5721x + 1.915; R =10.99948

80 -
S S
g £

) = 60
! Z
= =
20 20

2 2 40
~ ™
x <
23 i
[ &

20 A

T T T T T T 0 T T T T T
0 2 4 6 8 10 12 0 10 20 30 40 50
EPA concentration (ng/ml) DHA concentration (ug/ml)
80 120
y =2.8895x + 0.8875 ; R = 0.9994 y =4.245x +2.698 ; R = 0.99913

100 ~

Peak height (x10° mV)
<
=}

Peak height (x10° mV)
(=)
=}

'S
=)
L

20

0 5 10 15 20 25 0 5 10 15 20 25
ARA (pg/ml) LA concentration (ug/ml)

U7 6 nywlnasgiuvesnsaludii ARA, EPA, DHA uaz LA f3L3ne#an3% HPLC
= o a
ﬂ'li(ﬂi')%q‘nﬁﬂﬂﬂaﬂﬂ'liuﬁﬂﬁ')'ﬂaﬁLﬁﬂlaaﬂllﬂdi%ﬁaaﬂﬂﬂaad (Albright and White 1982)

n{q./ a a . . . -3 a
13 GTE udz EGCG dlgnddnusaniladu (anti-oxidation) uasyinansauyadass (free-
radicals scavenging) ¢ @9HUIIAITHAMNEINITAGIURIaTBINUMTUANAIVBILTARLTALA DA

LAIANNENTRBNTUAUA (hydrogen peroxide-induced red cell hemolysis) ladne
& ad) o
oadnls

1) Red blood cell (RBC) suspension: LUNUAZLAIEN human normal W&z thalassemic

RBC lussazany PBS 1#ildn 5% hematocrit
2) ®138za8 Fe-NTA (0.1 mM wa3eulusnsazans 5 mM MOPS, pH 7.4)
3) §13azans H,0, (0.1 mM wasanluansazais 5 mM MOPS, pH 7.4)
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ad
ANINafay

W&y RBC suspension (1 1a88617) NUs1Iaza1e GTE (12.5-100 mg/dl), EGCG (12.5-100
M) usz DFP (12.5-100 UM) (50 lulasdas) éitavlfﬁqmﬁgﬁﬁmmu 30 Wil niwd
81382818 0.1 mM Fe-NTA (100 lulasaas) uazansazany 0.1 mM H,0, (100 lulasaas) aely
ﬁgavlﬂudwam{ﬁeju 37 asewafosunn 3 Hlus WeesunalWidussazans PBS adld 8

ERGIZR) ﬁﬁvlﬂ‘ﬂul,l,ﬂﬂLﬁ@Laﬂ@LL@\‘]aaﬂ‘lﬂ AARIIRZA UIE‘T"EWLIHVL‘IJ’?@ﬂ"‘lﬂ"l‘i@@ﬂauuﬁx‘lﬁﬂ’n3JU']'J

A

AAK 540 WIlWNAT URTAIMIMANAT  %hemolysis  lasfnualildaiReauaiNuanaliaie
hypotonic buffer (5 mM phosphate buffer, pH 7.0) e %hemolysis LWinAu 100

WyNARBIN 1F@NI (Thephinlap, Phisalaphong et al. 2009)

{9 o ' 4 M oo @
ﬁ%ﬂ@aaﬂﬁl”ﬁ@]aﬂ@]ﬂ’]iaﬂiﬂ"]ﬂ@aa\i a’)u'ﬁuﬂ‘l@iu@jquQ%Lﬂiqgﬁauua%uﬂqﬂ

lowmyldunaadilszasmannasd  ww.  gried Wty soduiinsmaasluians

VANINLRUNRAR INLIUAFIAEN ‘é‘ﬂfs'nwﬁa"l,éf%'uwaﬂ‘uf—u&iﬁufmﬂimam‘s‘i%’smé’a%l,ﬁsl
¥ o L e 6 = 1Y ' a . o A A a

wthauwivutda  Sedsznaudisnynaulngd  (wid-type, WT) uaswumasdiiloniie B-

. th-3 + ) o -

thalassemic (BKO, Hbb /Hbb) %38 B-knockout mice LLaz%yfmaaﬁﬁLﬁﬂﬁu@ double
++ +/- E d a 1 o

heterozygous knockout (DH, 0" ™ B%) Uf 7) Fnsfnmdnaglununaassldbuiaua

waz laTUNITUTAINNA K NITUNTAITUNUITMNT M RO TNARA ATREUANYANENS

YRINENaeLTe9lnal (Reference Number 3/2548)

mH+ gm+-
amp

Heterozygote p-knockout

g+ ﬂm+f+ F‘E

HbE transgenic

Qo '_:'m+f'-

Heterozygote fi-knockout

umH+ ﬁmﬂ'- IiE

Double heterozygote

um-H‘+ Iim'h’- ﬁE

Double heterozygote

knockout knockout
ot I_J'ln—-"+ am+f+|3m+.i’— ﬁE lu._m—."+lil'|11+.|‘- o+ I}m+.-'— pE
Wild Type Double heterozygote Heterozygote HbLE transgenic
(WT) (DH) (BKO) (T)

P> £ v € 1 @ 6 v A A
E'i.l“{l 7 LLN%NOﬂ’]SNaNW%ﬁqLLazLLW§WW§1ﬂ‘1&Lﬁ’WQa‘mllEl
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ﬁwmn‘gmmgmaaaluﬂsaammaa (3-4 fdanyd) Nsasiudodidan ANTABINYNARBIN
muqulﬁﬁqmﬁgﬁmﬁ 23+2 aIFTAEUE ANMUTUENANS 60+5% USUTa9an (nanash 12
T luanarsin 12 1lu) saluda Larmg]ﬁaUmmiﬂﬂagmmmgm (normal formula diet %38
NF diet) G9Usznoudisanudn 12% lusau 24% ludu 4.5% nnly 5% wasw 3040 Als
WAREIABNIN UARLTEN 1% WaaWass 0.9% loadon 0.2% lUamdoy 1.17% wuniiidoy
0.23% WNIMHE 171 AALEN Naduad 22 ANLBN FINTF 100 ANLBY LAAN 180 ANLDN lavaad
1.82 AMLBN TAON 0.1% F@Aule 20000 HILENAGRLaNTY IANTUA 4000 BUILENAGS
Alansy Senfiud 100 Hadnswdenlansy Aenfiwe 5 faansudedlansy Senfiudnis 20
faansudailaniy Jedudses 20 Fadniudanlansn Sanfiudnn 20 Hadnsudeilaniy
JnAudFuses 20 Aadnsudanilansy niacin 100 Tadansudailansy nsalWdn 6 Nadnsude
Alansy luledu 0.4 AadnTudanlaniy wazladuaaalsa 1500 Jaansudailansy SWTUaIMT
\&INTIALAAN (0.2% wiw ferocene supplemented diet ¥3a FE) anduealagnsduans iron
ferrene W38 ferocene (0.2 N3N% lapuinwein) adluluamIgasinasg ﬂﬁmaaa@m{méﬁ

uignmiasiusnglumananadn (Indlansau) 1o

[ [ [ [ I [ ]
LAawi 0 1 2 3 4 5 6

FIMTRARe A zmANLA FIINITINFINILENVULARAN

Control:
NF diet

wnan (30 AaanIn/Alanin/in)

FE: FE diet

v .
Wnaw (30 AaanIn/AlanInw)

FE/GTE: FE diet

GTE (300 Aaansa/alanin )
FE/EGCG: FE diet

EGCG (50 Aiadnsa/nlansu/in)
FE/DFP: FE diet

DFP (50 faansn/alanIn/in)
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. o E . G. A E + + 'Y
wNne  §aunysasdis 3 -transgenic (TG, Tg (LCRE Y YOP") Hob /Hbb) li'la
I U
v‘hmiﬁﬂ‘mLﬁaomnﬁqﬂmiﬂﬁ’mwaﬁuﬁf—mjﬁuﬁ:ﬁvlﬁ%umﬁamws'wmzlvlaj@iamlﬁum NANTY
nannuiaulnaliinanfiduny WT (60-75%) uazwu BKO (25-40%) fiunsadsldiuaniiiu
wih DH (1-2%) udndanwivmelsvysoluazifaioasidadany 1-2 flaviniagnudnan
AMNANILLATUANIITIINEY funy TG mezvl,ajmmmv‘hmmwiﬁuﬁ:@ﬂﬂmuvl,@i”l,aU RPN
U @ KR 1 v KR a 6 a =l =) s v A A
E’JﬁlElﬁldagi\‘lmuﬂﬂuﬂu%hbwuqﬂﬂ@ (normal phenotype & genotype) LﬂmumUUﬂU%Hmamms
BKO (thalassemia intermedia phenotype) RN mild anemia wazlT19NBLDILTILNEINDNAE

SURNMRENAL LAWY 6-8 LHaw

mimﬁ;mﬁmwmaﬁﬁﬁma:mﬁﬂLﬁu (Iron loading) ‘[mmnﬁymﬁaﬂmmimqmﬁﬂ
(ferrene supplemented diet, FE diet) Liuiian 5 Tudadiandt (Funi-gnd) win 3 1dau 12319m
TR ALLE aANLEM A DA LS MM A 819NN ATI9YATEeL NTBI (Singh, Hider et al.
1990) nné’ﬂmﬁﬁmwmﬁﬁi:ﬁmﬁu 1 lulasluany @iamﬂﬁ?uﬁaﬁwmmﬁmkm@aao WT uae
BKO ﬁﬁm’szmﬁﬂLﬁuaamﬂumimm JUazNIITNHIaI1881T GTE, EGCG UazgnTULWAN

N19337% DFP ¢ng3TN137i% (AIuaadtn9a19) tHwauin 3 1aaw

¥Nnslanzidea (whole blood) 1NLEMABAG LI MMIIWY (0.1 HadAaIRanYd) NNLEEY

' Aa L . & o o A & o A, v 4 o Ao
lalunaaanaaasifians lithium heparin Wussdasnwfeaudsar e ldasiatadaaia
dagmetuadl (ldud NTBI, TBARS) uazmdlafainen (ldwn hemoglobin, erythrocyte
oxidative stress) LlaasuIm 3 iaaulunadainmdsmdunan livimsyananynases

o v = & o al o = o . P )

lasthmssaudaeledises vimallatasries nzgaiienniala (cardiac puncture) tiatinly
AMIARALMAITIAAN 9 FnmIaausnadszien (launau dauaziale) aanandssinnmn
(wet  weight)  uazutueniiaidadns guaanwiesin lWieneimanendinen  (leun
Hematoxylin and Eosin (H&E) staining, Perl’s staining L8 Mason trichrome staining) L8z

Tl (VLGTLLﬂ' Ferrozine colorimetric assay, Ehrich’s reagent-based hydroxyproline assay)
P 1 AAAa @ =)
N1IFANBINAYDIFET GTE LLaz EGCG mamsu%ammadmmaamma‘luwy}ﬂﬂaao

817 catechins (5% EGCG waz ECG) lumwLﬂmﬁqw‘ﬁfﬁﬁ@a%a‘émzl,l,a:%'m’?aﬁmmﬁﬂ
e é’afuﬁamsﬁﬁnmmwﬁaUﬁmmqmauﬁmﬁammq (RBC survival) luny WT uaz BKO i
e (I(ﬂUmwwzashdﬁﬂuma:‘ﬁ'%hm@aadﬁma:mﬁmﬁu) IvhmIanaaagdlaiiaauas
mamsltanslulefudeaainansinalanasu (glycophorin) umﬁaﬁmma&iﬁmﬁamm ueday
5nﬂ§dﬁ’mmiazmﬂ phycoerythrin (PE)-conjugated streptavidin wazsh ldasiatanmsiSasuasd

LAITBILTALRALAY (PE-conjugated streptavidin-biotin-glycophorin=RBC) ¢ 835 1A lolawas
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inmsdaantacasluledu (EZ-Link Sulfo-NHS-Biotin, Pierce, Rockford, IL, USA) (A4
NTW 15 AaanINeadafans) U3u1as 200 VLuImﬁmvﬁwLé’mﬁamﬁm%nmmmhb Mnuwims
WzifiviRaannidwdeaduTimunrylzanm 2-3 lulasdatlogiamenig Fmsduuen
AR ALAIDENIUAZA19RIBENTAZANY HEPES-buffer saline (HBS) filsznaudis 10 mM
HEPES, pH 7.4 uaz 165 mM NaCl t@3uauaziin RBC suspension (5x10° Liaadafiadans) ¥
MIaNMERITAZANY PE-conjugated streptavidin (5 WlasnIuda 1 Nadaasluantazans 2.5
mM CaCl,-supplemented HBS) uaziinlUasiadadnsi3asuss (fluorescent unit, FI) @ag
Lﬂ%‘a\‘]ﬁa FACS-Caliber flow cytometer (Becton-Dickinson) (de Jong, Emerson et al. 2001;
Manodori and Kuypers 2002) %aaﬂﬁwamimaaaé’agﬂﬁ 8 ﬁmmé’munpmmiﬁamaamju

Uz naiaLRaana

1-.001 1-.001
trE %‘;
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£ |
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5™ ) I
[
Sm—: '|| M2
1 |
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1
o 3 e
109 10! 1w 1w0d 10t
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=) 1+.002
0 7
o
©
mod M1
EE |
38 | Jiw M2
= Q_E ,,lf I\
i 1™ d
= %‘ D: H\— . Py L.
E_| |"|"|"| |'|||||||| Lrrme g — ...ii.”.Tf _|_|||||||| |||-|;ﬁ;i'_"l_'|_1TrﬂTr
109 101 102 10° 10t 100 10! 102 10 10t
FSC-H FL2-H

511 8 Scatter plot uaz Histogram plot 284n13389uad (M2) vadiliaidanuad (R1) A lulddaw

u

(WDILB) LazEad (LDIE19) AI8RITIIBILRS PE
= g 6 o
NILAIYNUAZINIZLRYILBAA AL

4 &
mmua:mmsmmﬁyamaa’
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8§1782A18 10x Leffert’'s buffer (250 mM HEPES, 1.15 M NaCl, 50 mM KCI, 10 mM
KH,PO, pH 7.4) azanel HEPES 59.57 N33 NaCl 62.27 n34 KCI 3.73 n34 KH,PO, 1.36 N3 it
idanlasautszunos 800 Hadaes USU pH Iu 7.4 @1pa138zany 10 N NaOH 15U

YSaunasdlu 1 fasmssindsaantessu sninsassn filter membrane (0.2 m)
81382818 1 M CaCl, azangl CaCl,2H,0 3wau 73.5 nsnluwiihdnaanlessn Usu
=) =) aa v o 1 g v & a
USua31u 500 AT waltin llsindalunaatisaala

81782818 0.2 M EGTA (ethyleneglycol tetraacetic acid) axan8 EGTA i1 38.04 3%

Twindnaanlessw Ysutsinanin 500 Sadaasinannsassin filter membrane (0.2 LLm)

81382818 Chelation buffer A (1x Leffert's/0.5 mM EGTA) LGy 0.625 Na8aay 2ad
a3aza1s 0.2 M EGTA adld wiswiSuusmnasilu 250 fa5aas ean 1x Leffert's buffer tiafl 37
ORI RIGHE

81382818 Collagenase buffer (1x Leffert's/1 mM CaCl,) Lad 0.5 Ia8aaIVaIR1IazaNY 1
M CaCl, U5utSunasilu 500 Aasansens 1xLeffert's buffer 1 52 lariamn perfusion ¥inn1Tazane
Collagenase type IV 70 3a8n3u adluansazane buffer (1x Leffert’s/1 mM CaCly) Uadi 37 aaen
ERIGHE|

81382818 Buffer C (1x Leffert's/2 mM CaCl,) L&d 0.5 UafaaIa98178za18 1 M CaCl,
USutSunasiu 250 488803 a8 1x Leffert's buffer niawvinn1y perfusion ¥inn1vazas BSA 1.5
n3u asluansazan buffer (1xLeffert's/2 mM CaCl,) Ualugnsiuds luminasssonasuiludas
Ll growth factor ﬁﬁhLi’lu@iamﬂﬁtyLLa:miﬁ%%ma@madLsnaa‘ @18819L T epidermal growth
factor (EGF), insulin, hydrocortisone, transferrin Lﬁaiﬁﬁﬂ%mmma@iﬁmwal,l,aza%isaﬂvléfmu
ANDATINNIINARNDY

n'mwmﬁzamaa{ﬁu%ﬁﬂﬂgwgﬁ (Schmidt, Schmitz et al. 2005)

1@UINARLANT (C57/BL6) ﬁﬁwm;mmmuﬁamﬁnﬁaUﬂ‘WLwai‘?ﬁﬁaﬁﬂs:ﬂauﬁasl 5.4
mM KCI, 116 mM NaCl, 20 mM HEPES, 25 mM NaHCO;, 5.6 mM glucose pH 7.4 L&z 0.63
mM EGTA dasdislawlminaaadiua (0.025%, wiv uazdidSunm CaCl, 0.75 g/l)
hepatocyte pellet 7ilavavasluasazansininas Krebs Ringer Milsznoudiy 3% BSA, 25
mM NaHCO;, 20 mM HEPES pH 7.4, penicillin 100U/ml iLag streptomycin 100 mg/ml ﬁ]’mffuﬁ’]
hepatocyte suspension ﬁvlm‘]_lLW’]:LgmlumWﬁLgﬂdLsﬁaé{ Minimum Essential Medium (MEM) ﬁ
Usznaueae  penicillin - 100U/ml, streptomycin 100 mg/ml, Fungizone 3.75 mg/ml,

dexamethazone 1 mM , insulin 0.2 U/ml, fetal bovine serum 10% (v/v) muldgnizimanzan

NITINILAguITaa Ay HepG2 (Huang, Chen et al. 2001)
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11 HepG2 cells lhwnziassluernisiasasas Minimum Essential Medium (MEM) 9
isznaualy  penicillin - 100U/ml, streptomycin 100 mg/ml, Fungizone 3.75 mg/ml,
dexamethazone 1 mM, insulin 0.2 U/ml, fetal craft serum 10% (v/v) muldgnzimanzan i
LIRRALLNNZLR LN LaNaTI23aN5580 T Ina8nafla Trypan blue dye exclusion l@BANTWLIY

& @ a X & o . A A = [
WIRRAUAI I UNARANIASIUIIANTalse Yinmsunn 37 aseuaaidos tuan 4 a2lus
aldloadinig 1NeanIuia gatenanIazany Buffer C aanfis 1Gnddan trypan blue adlulu
hepatocyte suspension flas utlinauiu adlingunnines 2-3 wifl ilunoaasuuuin

& v o @ o 6 a A g’ a o e Aa a A Z’ Aa [
Flaauid FmsananuiwInsasay (adiku) waiwiwasatia (WaaFNEY) wi

AUWITWIAN %cell viability
= ; ¢ v dl;' % . .
n'mmﬂml,aumuamLéﬁaanmuma‘nﬂa (O'Connell, Rodrigo et al. 2007)
u‘s’wumzmmﬂwvztﬁmmazf

§1382818 Hank's Balanced Salt Solution (HBSS), Free Ca’ /Mg’ , pH 7.4 wo3uulay
aza18 NaCl 8.00 N3y KCI 0.40 n3¥ Glucose 2.70 n3¥ NaHCO; 0.35 N3y KH,PO, 5.99 n3u
ez Na,HPO, 4.83 niwlwinUnaanlesaudszann 800 Haddns USU pH 1w 7.4 dae
g138zany 10 N. NaOH uazuSudsunasgarialvasy 1 Sasmeidnaanlossu wunsas
N1 filter membrane (0.22 pm)

8138818 collagenase AZALHILD ] collagenase type Il 4 faansuluasazany
HBSS 2 fiad8a5 MuasazagUusiuTawn 30-60 w1 nsasriw filter membrane (0.22
um) Lﬁﬂ"L’?ﬁgM%gﬁ 20 a9ALTaLTaR

§178A8 trypsin (0.25 %) AZANHNILD ] trypsin 2.5 faansuluansazany 1 mM
EDTA 130167 1 UafaaT

&138ZA" fungizone axan8e clotrimazole 10 aan5ulu HBSS 4 Jadaas

8178818 Penicillin/Streptomycin  (Pen-Strep) azan8  Penicillin/Streptomycin - 10,000
U/10,000 mg/ml I HBSS

138288 serum-free M199 Medium azan8a113LA8ILTas M199, HEPES 4.76 n3u (20
mM), NaHCO, 2.20 n3u (26.2 mM) lusinnaudseanlosandszanas 800 fadaas U5y pH 1ilu
7.2 e19r1T8za1y 10 N. NaOH U%’uﬂ%mmq@ﬁwiﬁmu 1 Aassrerinaudseanlosan
#UINTaIH filter membrane (0.22 pm)

81382818 complete M199 Medium %1 Serum-free M199 medium 41L&y Fetal Bovine
Serum (20%) W&z Pen-Strep solution (1%)

mMsusnisasnainianale
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v

M IANSIUAULANT (adult C57BL6 1iwmin 30 n3W) e diethyl ether NNUFNNNTHA
dasaiviad mnﬁf’uﬁaé’aﬁ'ﬂw%aaﬂu’maaﬂu Petri dish 71§ Serum-free M199 wialany
uwtuazduadlu HBSS 5 w1l uazutlu clotrimazole 5 w1l udhwilangludrslu HBSS 1-2
wift sh'lduguaziulu Pen-Strep 5-10 w1l uaza1slu HBSS 8n 1-2 wafl mﬂifuﬁdﬁwﬁﬂﬁmhkvlﬂ
1slu Petri dish 713 Serum-free M199 30 plate #its udIFaTULHDIANIZEIUIES ventricle
uazaa v alanung lasld forceps Laziianaa

i Media waztwiiafilalaly 15-mi centrifuge tube ML LRSI suspension
1ae centrifuge 7 3000 rpm W% 5 w1 AALANEIU supernatant A9 Thdwilasufitmaaunuen
lasLfinanIasans collagenase 2 UadaaT g}@%u-aa LLﬁaﬁwvl,ﬂﬂwﬁqm%Qﬁ 37 asmnaalTurly
5%CO, incubator ¥ 15 Wfl LAx Complete M199 medium &4l 4 ﬁaaﬁmlﬁa%q@ﬂﬁﬁ%m
inluiTuuenit 3000 rpm W% 5 W1 QALBEIU supernatant 9

AURITAZANY trypsin a9l 2 NaRANT @@ij‘yu-m LLﬁaﬁwvlﬂﬁuﬁqm%Qﬁ 37 A LTALToR
lu 5%C0, incubator w1 15 W17l Lia complete M199 ad'ly) 4 FaRaasiavgaUFAzen wnludu
LLUﬂ‘ﬁl 3000 rpm ¥U 5 ety @@Lmﬁhu supernatant ‘ﬁy\‘l

muwzidsaimaanataianale

\@u Complete M199 medium adld 5 Hafaaslalu centrifuge tube WAL 15
fadaas e resuspend cell pellet LRILVETNEN nniusstila cell suspension A8 Complete
M199 medium atj 5 Jaaa3 adlu culture T flask wazsh lUwnziaesit 37 aseumaidoale CO,
incubator LﬁaLWW:L?TU@maﬁﬁ’ﬂﬁ]ﬂgunﬁvﬁﬂi:mm 10 3% NIALYINAT trypsinized LUAR WAIFIU
ALNAUVBILTAS LUNAFBLEATINNTIONTIAUBILTARGILLNATA Trypan blue dye exclusion test
MniuIsulsTasLazfne AT luawAs9Te Finmsdaf 37 asmwaios 1um
24 $7lug Wi liioadinzinnmams

\ansuiae gmmmmmgmvmﬁﬁa AusnIananaasnInasaufa GTE, FAC, EGCG
ez DFP finnnuidudusng qaalumuﬁmmaa’ ﬁﬂﬂﬂuﬁqm%gﬁ 37 aveLaaBasdwaan 24
%Im’l,uﬁau 5%CO, incubator LiaAILLIA @@memzmyﬁa araa NN duiny
(Cytotoxicity test) vasmnInasaudaimasnautitowiladiomafia MTT method lapmisida
&138zA08 MTT dye a4l ﬁﬂﬂﬁuﬁ'qmmgﬁ 37 asmuoadoaliuae 4 Talug mnfuﬁogﬂ
FIAAUTINNAT Uaslfinanazany dimethy! sulphoxide (DMSO) a4l uazvinnmstindadn 10

W LLé“a"fjaﬁﬁ"Lﬂ5’@1mmig}@ﬂ§uuaaﬁmﬁ3Jsmﬂﬁu 540/630 Wl WLuAT
NIAN¥INATDY GTE uaz EGCG @aszau LIP lulnastniztass
WUTRSLANIZLRE primary hepatocytes, HepG2 cells Waz cardiomyocytes 81L&l

&138=ANY ferric ammonium citrate (FAC, 1 mM) LiNatniigsh liisasainizwaniin (Wu and
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Cederbaum 2008) La2¥i1N133n®a8 GTE, EGCG, DFP waz DFO ﬁqmﬁgﬁ 37 B4FALTRALTHR
& % g: =3 o 6 a‘ly g: > > aid [ ad .
W 1 % fﬂ"lﬂ%%‘ﬂx‘i%’]lﬁﬁaaLWWzLﬂUGu%VLﬂ@ITJ‘ﬂ'J@ﬁUﬂU LIP V]SJPJ%I 1879 calcein

fluorescent method
miﬁnmwamaa GTE waz EGCG Giam'az oxidative stress ‘lumaﬁﬁmmnﬁm

PLTRSAUINZR S9N LGN TaTANY FAC (ANadn 0.1 mM) iiandioninlwioasd
mMzmsniinuazaanoafinaiats udvinssnsdls GTE, EGCG, DFP usy DFO fianu
RN é’?ﬂ’?ﬁqmﬂgﬁ 37 ssnaidoauwin 1 35 nnishmasinsaseiwllaaia
32@U ROl #2835 DCF fluorescent method

[ o 1 o g
msﬁmsnm'mLﬂuﬁmﬁﬂuwaumaa GTE LLaz EGCG mamaﬁmmwwﬁm

WILTRRAULWNZLRBIANLANAI88138288 FAC, GTE, EGCG, DFP uaz DFO 71813
vindudnag inmstnssdngunnil 37 aseusaiBomdunawin 1 7w udnbisadiniziie
Bl a5190 9 InLTRANTTINT80 (viable cells) §283F MTT method (A9318a2L88@T9814)

@ a = [~ 1 & v .:i” % t:siu
ﬂ’liﬁﬂi&l"]ﬂ')']&lL‘].I%W‘HL%EI‘]JWR%‘IIE]G GTE 1Laz EGCG mamaanawmawﬂmmuam

dmssnimaiiam st sanidudiosiazany FAC, GTE, EGCG, DFP uas DFO 71
AMULT TG ) ﬁwmiﬂmﬁnaﬁﬁqmﬂgﬁ 37 aseiadamduwawin 1 % ushuoas
nzaesiwllasaiadmnmadniainsen (viable cells) §283% MTT method (§38azi80
P19814)

m3aadSamdlalnadinluidon (Gambino and Sunderman 1965)

\A3LRaa heparinized blood (20 lulasaas) asluiien Drabkin’s solution (5 AadanT)

L°nﬂ'ﬂﬁwauﬁul,l,a:ﬁavlﬂ“ﬁqmvxgﬁﬁaqmu 10 w1 ﬁwvl,ﬂi'@mmig@nﬁuuaaﬁmwmaﬂﬁu 540

= 0/ .y . v = a ¥ Y a a
%WI%L&J@]?L‘VIEJUT]U Drabkin’s  solution LLE]’JL‘Ylﬂ‘U‘V\']ﬂ‘J&J']ﬂLﬂ’J']&JLTNT%TQGE’IINIT]GHW%"IW]‘JW

NI
msmm%’mﬂ%mmmqmgngﬂ NTBI Tuwanaain (Singh, Hider et al. 1990)

W@uRNIazany NTA anuidudu 800 fadluans (50 lulasluand) aslunwaaunaieting
(450 'lulasday) edamaudngd NTBI lénanoidu Fe-(NTA), viluidudu ultrafittration
membrane (30-kD molecular weight cut-off) Livaraaldsdnans glunarzuneanly shansazans

ﬁﬂu"lé”l,ﬂ'iLmﬁ:ﬁmﬂ%mmmﬁﬂgﬂ NTBI 62833 RP-HPLC lasandunann1iae a1 1-methyl-
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2-propyl--3-hydroxypyridin-4-one  (¥30CP22) enutudn 3 fadluans  ludavhazanpmed
Usznaume 19% acetonitrile 14 5 mM MOPS, pH 7.0 CER IR CEIE ALV CRE R EE)
F-(NTA), viufl udnddomdussdsnoy Feo'-(CP22), Halifuaiuazaansnasiaians
@@ﬂﬁmmﬂeﬁ’ﬁmmmmﬁu 450 wluwas e peak area wag NTBI peak fiugnlelunn
Usualagifisununawanasgiu standard Fe curve fig9luanasazany Fe-NTA a7

wadu 0-32 laulasluans
n’nm’m"’;’mzﬁumqmﬁngﬂ LIP lwwzsad (Cabantchik, Glickstein et al. 1996)

ad . . ° o A o A & a Ao & o
3% calcein-fluorescent technique gnihanlfiNaamaiadanaundndasznilaglwaadau
813 calcein acetomethoxy (calcein AM) Miduaaly azunwsrwd i lwssduazgnlalasladlan
& v = . A A wn A Y v @ o &
iawlal esterase luimad liduas calcein SufiqmiantaFasusmgnnazdudodusiaisas
ssdsznaumamanmulwaadisonda labile iron pool (LIP) %3 labile cell iron (LCI) ifia
ﬂﬁﬂ’]ﬂi@ﬂ@l‘idﬁﬂﬂ%ﬁ’]‘i calcein ¥nlFAANTI309La9289875 calcein aA8d &1T iron chelator
TUENTULARNAWESINTY (DFP) LazR1sananenunlsznaudionziadu (green tea catechins)

' % % Y o v A s AI ‘2/
FUIALLEIUNY LCI VL@ ml%mnsaaLLaoﬂauqumnmu
Hepatocyte culture

o fo AN o 1 3 6 . A ¢ A a v

iadaui ldundasdioanlsd  trypsin iNausnraddUNIMzUUR I TULlRRYR
ganyn Juansdmaansazastwiwes 3 a39 LANRITAZAY FAC (1 mM) a4 lLoadauiniziass
d' dl o v Aa =3 a & ) [ a 3 6 1 %
ottt ldifeaamanifiudung 24-48 1lud a0 USuNRAN TSN UUAZARS
MITNENMILFT GTE, EGCG uazen DFP lasyinmsdaNiranauaiaansazany calcein AM
Ui TiSasuas (calcein) VadLTaaeRaLAIdia 96-well plate reader spectrofluormeter W&

fwrwanNIadn Fluorescence intensity (FI) unit/106 cells
Cardiomyocyte culture

wimadnaaiiewlefiadonldudumsaszans FAC (1 mM) asliiiamiisninlsifa
mazmanifiudnas 2448 lud aTaUSINanan I weTa s nawUaTRAINM TN A28
GTE, EGCG Wazen DFP lagyinmsdauioadausiaantazais calcein AM 10 ldiansiSasuas
(calcein) maamaﬁﬁamﬂ%aaﬁa 96-well plate reader spectrofluormeter LL&”Jﬁﬁuamﬁ’]ﬁfmﬂu Fl

unit/10° cells
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msmm"a”m:ﬁua%aamzma‘lumaa’ (Shen, Shi et al. 1996; Amer, Goldfarb et al. 2004)

wulw] esterase luvrasntinazlalasiadansail  2-7-dichlorofluorescin  diacetate
(DCFH-DA) Aunsgudnldlwmadlvinansiiluas 2-7-dichlorofluorescin (DCFH) fiow 21ntis
f15U5znay ROI ﬁlﬁa%imﬂ‘lumaﬁﬁ]zaaﬂ%vlm%mi DCFH  l#naenduans  oxidized
dichlorofluorescein  (DCF) ﬁﬁqmauﬁaﬁamaﬂﬁ SaanumupesmsSasuasazlugadin

o a A Aa ¢ A Ao v = .
I@]slmaﬂuﬂimma%aammwagflmsﬁaa ‘IT\‘]LLET@NQ’W]’J@]VL@]LUH F1 unit
Hepatocyte cultures

WLTARAULNNZLRES (cell suspension) NLANAILY 96-well plate NUWLANET 10 pM
DCFH-DA asll asflaliludan 5%CO, guwnnil 37 aseimaiBuauiu 30 Wil Saaad 16
813azan8 FAC (100 uM) adldifamiteshlmAanemanifiuduig 30 wf nwuladu

813 GTE wazany EGCG adly aafislilugay 5%C0, amngil 37 aseuoaiGuauiu 30 wifl
i lIansiSasuasvadasaiunIadila 96-well plate reader spectrofluorometer (Kexcnation 488

ol Domission 512 nm) WRITIUWIMAINIBENNLTIW FI unit

Erythrocytes

\@38n RBC suspension luansazany PBS, pH 7.4 1WRdSunm 1x10° irasdafiadaas

a

\@na1saza1y DCF-DA asld aalinganmnd 37 aseaaiBua (5% CO, atmospheric condition)

u

w15 Wi i ldamatansSesuaidiaialadila flow cytometer (Becton Dickinson FACScan
(BD Bioscience, CA) uaziiamzwdoyafialdeinlusunsy Cell Quest software (Becton

Dickinson)

nIasdaadndWiuinadeiulalanawaia (Ran, Xu et al. 2007)

8154AN dihydrorhodamine123 (DHR123) i1 oxidant sensitive-fluorescent probe 71l
a7193a813 ROS faglululanawaisldfniians DCF a3 ROS azaandladans DHR123 1#
Aot uans R123 NiSaIuIFNad lastiimasniziassntduadly 96-well plate INUWLANRNT
10 uM DHR123 atld aafislilugoy 5%CO, ann@l 37 asaaafoauwin 30 wfl auwad
uazLfinaIazans ammonium ferric citrate (100 pM) a4 lhivawndailiiiannzwnaniimdu
A 30 WAl NUUINANINT GTE uazas EGCG adly aafislilugou 5%C0, gunnil 37

a P o [ A & o A A
pamL Al TaRMIL 30 wfl i lUdamsiSesuasvediTasaltinIadile 96-well plate reader

spectrofluorometer (Aoyciation 505 nm! MNemission 520 nm) SAIENWIANIABBAN I U FI unit
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% @ a > 1
MIAINAA NN BAHAIUNABADLTAS (Jover, Ponsoda et al. 1992)

ssnannmdsfiadeslifienudnisdomsdifiauas linarnlbioadinaiuans
'I&" (cell viability) lunmsnaassitasrimsansnanuiuiswesans GTE uay EGCG 1nT1ien
ROLTASAULNNZIRE9dEAT MTT assay lagandonanminimasiasnssnsdinisrinauuaziuanly
aa%wéﬂﬁryammﬁoﬁmmma“fwaﬁﬂszﬂaﬁaa%ﬁwaﬁ (reducing equivalent compounds)
i NAD(P)H, FADH, %umu‘lmsﬁa5ﬁﬁqmauﬁ@%ﬁa%&wmﬁ 3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT) ltlanann i dlunandaing formazan Tuan dhiimsaeves

6 A L = o 3 v a r a
L‘UaﬂLﬂ@’ll%ﬂ'i]Z‘Y]’]lﬂﬂ'ﬂ&lL?J&J?lﬂd&%’]ln‘iuﬂ(ﬂﬂ\‘l

AN En Lo sasinslagI N duaIsrITany MTT a9 MNamrniwadine v

9 U

WaUseuas lanananndanmsl formazan inmsasanondn formazan drpanIazas 0.1%

DMSO  1®1Iasa8RIN ﬁuﬁ"lﬁlﬂmaﬁ]i'@@hﬂﬁ@@ﬂﬁml,aa@hmvﬁadﬁa Dual  UV-VIS

spectrophotometer (7\,540 nm/630 nm)

[ a [3 . ¢ { o . .
m33ad3ums10wan3y non-heme iron lwiitaiBiaqiu (Fischer 1964; Imbert-Bismut,

Charlotte et al. 1999)

Usnumaumdnazauludueiduunsannaigiu (gold standards) ﬁ'uamﬁaﬁma:mq
mﬁniuiwmﬂmadﬁmﬁﬁmgﬂﬁaEluu w35 graphite-furnace atomic absorption spectrometry
(GF-AAS)  iufwensudwmiuldanaialsunanninluilefaduudfidounwsosunstszns
MsanENASIRlEA R TNl iwdngtweda (Fe ") \AQENURNT 2,4,6-tripyridyl-s-triazine (TPTZ)

Weal
1) ®178a18 1.5 M acetate buffer, pH 5.0

2) ®138zan8 TPTZ reagent: azaa@1y TPTZ Uanmw 0.1 nsulunsa conc. HCI
USuNasanitas LaLGNET sodium acetate $14I% 40 NI NI@ glacial acetic acid
153197 29 TARaATLATIINAULSNIAT 40 Fadansadly inlkazaodnud annmuu

\@u&13 hydroxylamine hydrochloride a4l 3 n3u
3) FIIRZALAANNIATZIN (2-10 LLg/ml) Le3aulunsa perchloric acid (1:10 dilution)
ITMInaaad

o o A A o A A < L & A o
'Vnﬂ']ia‘lJLL'ﬁﬂLuaLﬂlﬂ@lUIuL@r\Lqum%{]N 120 2IFLTRLDLRUIN 24 TQI?JG TILDLE AU

LAY 100 JAANTN INN1TLUAIURIINZAIUNTANY (conc. HCI : conc. HNO; = 1:1, v/v) U% hot
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3 o A A a 13/ o A:ll v [ a .
plate wAnlonIumniodialn ansazans hydrolysate 7leNnUSuUYINN5IU  volumetric
flask #asu 10 FaRaasessinautsnaanlesss wWauaIazans hydrolysate AURIIAZANE
hydroxylamine hydrochloride (1:1, viv) ud@ailifigunnidasuiu 10 wifiiinaIaadinainidu
wWats USuen pH Miivinnu 5.0 druansazans 1.5 M acetate buffer WaNanIazans TPTZ a9 b

Aaaa dl A v =y ° a 3 6 1 dl a J [ 1 A dl
Ujismnngunmniveasuiu 30 Wil hmmwiaduiziuniieiwlhiiadgniuussnanu
Adw 595 wiluwuaaAsuiuaIazals sample blank (Lfl TPTZ) Whdmiganduussnialaly
WisuAunTWanasgwiemUTimmgudnluansazany liver homogenate uazibluduwinim

ﬂ%mmﬁ’l@;mﬁﬂlmﬁmﬁaﬁu (mg Felg liver tissue dry weight)
mM3a0USaaldsAna 1835 dye binding assay (Bradford 1976)
weal

1) #1817 BioRad Coomassie Brilliant blue (CBB) G250: a:a18813 CBB G250 31%43%
100 Faansuluunsuaa 50 JaRaas nIBEIUATTAENTEIloLAY LWENNTR 85%
H,PO, a4l 100 Faddas uaztdurinauasldldasudsunas 200 Saddas tAvluwia

g7 Aawiin l1Tl¥vinnT190919 1:4 drusina

2) s13azaulUs@u bovine serum albumin (BSA) M1@33 uaNUdNTH 0.25, 0.5, 1, 2

(%

YRANIV/UARNGT
ad
ATNMINARDI

ihasazaglisfundassazany hydrolysate (40 lulasdas) anvidfisenussazans
A AaAa d a v o a s { a J a 1
CBB G250 (2.0 fiadda7) Namnpiiiaswin 10-15 wit ihasnRadmdiniiaiuldindins
A P a a a a o A o
ganAuLENaNNEIAal 595 wilwwas wazmdSinuldsdulasfisuiunnuunasgunaing

INNRIINER/Y bovine serum albumin (BSA)

M350 AU581ea13 MDA Twiibatfia@u (Chirico, Smith et al. 1993)

Toftaifladueauus (100 Ha8n3w) Wan homogenize HumIazaWamnaWiWes (dn
NLaD 2.8) ﬁﬁmi butyrated hydroxytoluene (BHT) waua%i (50 ppm) ¥ liver homogenate ﬁ
lduanaznaulysdumsansazaiy 10% trichloroacetic acid ‘ﬁflmi butyrated hydroxytoluene
(BHT) Waag (50 ppm) inluihusnaznaulisauasnly shansszanelad ldundunsanasna
n (044 lumd) uazasazmensanndyia (1%) wdwaunud ﬁﬂﬂﬁﬂuéwﬁwqmwgﬁ 90

asenLTaloawin 30 Wil Mldiduas @uasazaadinmuea 1.5 Naaaatadid weusagld
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naunw W T ud81eTa9lwNau52 4,000 JaUdawIA Wit 20 W17 g@msazmymﬁmﬁmeﬁ%
ﬁuwﬂui’uﬁamuaavl,ﬂ"i'@m@@ﬂﬁml,mﬁﬂm11amﬂﬁu 532 WlwuAs  FiInnIvaUSanmans
TBARS (MDA equivalent) lagiinliifisununswanasgiuilass 1,1,3,3-tetramethoxypropane

|
\uasnnasgin

130132920 U38 w815 Reduced glutathione Tuiitatdany (Redegeld, van Opstal et al.
1988)

13ngan slaugl3dag (reduced glutathione, GSH) YwntiN3aadans 5, 5-dithiobis 2-

nitrobenzoic acid (DTNB) lAlURauiluaIHaan s} 5-thio-2-nitrobenzoic acid (TNB) Ni&waa9
A A A a ° A L & A o

wazldnsganfuumfianuenedu 412 wilwaes dimlendlastoiiaibedy (100
VaanTN) wahwninydgasenuansazany 5-sulfosalicylic acid solution (5%, wiv) tNaaNAzNaY
lus@u vinstwieusnaznauldsdiuasnly shansszanslanfisns GsH uviufasenusinm

i a o a s { a J s
DTNB figaennd 37 aseniaaifoauin 10 wifl shanwdadimst (TNB) MifadulUianisganin
wsafianuenau 412 wilwwas  hmadSnussngansleustSiadlasfisuiunyy

41933

m3IaUSaneans hydroxyproline Zadmaaantlanlwiitaliiady (Reddy and Enwemeka

1996)

'
A a v

Tofaifladuanus (100 Hadn3w) shangdedrsmsazaensalalasnasin (@nududu
6 luan3) ﬁqm%gﬁ 60 ovrnmaduminnawn 24 5l NN RIe T8
asazaelmdunasdrsansacaneladoylaasenlod (@nududu 6 luans) wasazans
hydrolysate anviiffisennusnsazanueandlad (chloramines-T uaz n-propanol lusnsazansd
W@InUWiWes dLaT 6.0) ﬁqm%{]ﬁﬁaamu 5 w1 LANa1Iazane Ehrlich’s reagent adlu Lad
i lvind fienfigunmadl 60 esmaifus win 45 wit inasndad i lal Jasmagana
uasfinweadu 570 wlwuas vnsmdnlianm collagen TassihlUifsuiunmmanasgu

fl7a13 hydroxylproline (AuLNTwH 0 — 50 lulasnsudafiadaas) Wuasunasgn

N1IAIVADUTULIHBAUAI8IS Histochemical techniques
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idtaaduauglussazanoiinasWasunan (10 % neutral buffered formalin) waalu
Fanwwrmilun shludaduguitanna g (ww 5 luasan) srataiesile sliding microtome udainly
SaNauFNLIANAS Hematoxylin and Eosin (H&E) stain L‘ﬁa@\iwg}é’mg’mgﬂi’]waomaa‘ﬁu%a
ﬁam’é‘maﬂladLsnaa‘a:?m%ﬁnL’?ﬁmﬁuLLa:dauﬁumaaLmas‘?ﬁ]za@ﬁmuwﬂ (Jimenez Brundelet 1973) Waz
HaNeud Perl's stain (hydrochloric acid-potassium cyanide) Lﬁamng}ﬂ’%mmm@;mﬁﬂ%w:

fanalAuaznauiinduuInunimiszausaiman (hemosiderin) lulmadey (Lilie 1976)

MIAATRRAREEIANEAA

& ' A ) a €1 ¥ o @
NANIINARDILRAILL A mean+SD %38 mean+SEM BRSTITNIIILAINSAATULRIATYNIN

o

aa v ada A A 1 =) S T) aAa
80603895 ANOVA #38 Student t-test D301 p<0.05 DaNNURLURIAUNNROE

NAaN1INAAaY (Results)

ATANARYILUAZFIIDNUNALAAZLATUUNLANIINT DY)

extract. EGCG

1, 50400
ik, 1 T149, 2779055

m

C E

]
(A

100000

.‘0' 55532, 703790

0D 280 nn
m
[n)
al

yl

Tid
—22.72,0.5633,1779711

— 5.35,0.883 572007 O

0, 50000

|

|
| Bt 9,0, 124, 105056
| e

(100000
0,00
5,00 7

1
1
1
a0 1

13:00
0,00

Retention time (minute)
3111 9 Profile 284813ALLATUA G]Iua’liﬁﬂ@‘ﬁﬂ’m"mwEl’J“V]’JLﬂi’] %a1837 HPLC
813 GTE ﬁL@%nuvl,oﬁ’ﬁmsaoﬁﬂs:nauvxé’n'«ﬁwmﬂmﬂwﬁﬂuaﬁﬂmjmzm%uazhafiazl

o

5 3%afa EGC, C, EC, EGCG uaz ECG (s'ﬂ“n 9) lutSmnafiuanensnu (@13197 1) asiine
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19191 1 USanaasaziaduriiadns 9niluasddsznaunanluasanananusile GTE)

w9l

auN®sAZIABY (mean + SD) Tuasannzndsd 9 arad

EGC c EC EGCG | ECG Total
faaluans 749 | 0.3+0.5 | 4+3 4+2 | 0.2+0.3 | 15+8
faansuniwindon 1 n3u 26+31 | 1.5+2.4 | 15+12 | 25+12 | 1.2+2.1 | 68+3
Saansurianinuds 1 niu 102+140 | 5.1+7.9 | 54+43 | 89+36 | 4.3+7.3 | 255+136

HaMsuenWUIIaziaTunan 5 sllegnuonsaninaudiauadiiie  galic acid (GA)

(Fraction 1), EC (Fraction IlI); EGCG (Fraction lll), ECG (Fraction [V) L&z unidentified

compounds (Fraction V) (3Uf1 10) uaswuidSanasiuanteziadulentezanm 255+136

A a o o Y Y o A& A 4 @ \ A o 2 g Y a Aa
Naaﬂiu@lau’]ﬂuﬂlu%’]u“ﬁ 1 N3y Gﬁ\?ﬂﬂE]'J'WTJE]Uqﬂlﬂﬁqﬂuquqﬂﬂﬂquq@uiﬂﬂjUﬁ’]SQZL@l"ﬁu'ﬂQJ
quJ a o 1 { o s
f]'ﬂﬁ@nuaaﬂTL@]TuLLaZL‘ﬂ%LL%a@ EGCG ﬁa’]ﬂfy

4269,60.98

Chart Speed
0

Eﬂﬁ 10 Profile 184813A2l@T% GA (Fraction 1), EC (Fraction Il), EGCG (Fraction Ill), ECG

(Fraction IV) Wae unidentified compounds (Fraction V)

(
7

WEN@I83T Semi-preparative HPLC
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& o J { o [ 7 - . a £ o a
NI EGCG Auan’le lvinliuislasns Iyophilization LATATIINANNUIFNTAILAD

> 1 v v { U o 1 = Af U
analytical HPLC adnanitnsdwineltsalynuinans EGCG flanuuIgndunnin 98%

[ = o [
m‘ms'm'mzmﬁﬂni’laammmnmmaal,amLﬁammﬂ%ﬁaaﬂ‘nﬂaaa

wamsmaaﬂugﬂﬁ 11 uaeslAAnI1a1T GTE, EGCG ua: trolox NuwdluguaIn1y

o & A a X v a A @ A A A
LL(ﬂﬂ@n"llaﬁLN@Lﬂa@LL@@"Uaﬂﬂuﬂﬂ(ﬂLLaZTaﬂﬁdﬂjﬂﬁ’]ﬂﬁsﬁLN Elﬂ’]Ul@lﬂ’l’szaaﬂsﬁL@ﬂWaLmaﬂgﬂ

ﬂiz@j’%ﬁiﬂﬁ’]‘iaaﬂ%u@uﬂﬂﬁi@iﬁmmaiaﬂisﬁ@ﬂﬁaﬂ’hEJ’] DFP UasWUIN&NT GTE NaNuLTut
dga 125 Hadniudeladdas a3 EGCG uaz DFP fanuidutudige 25 lalasluasa

ANUAWTLEUEINILANAVaILTALRaaLad e 2819 IAANNRNT GTE way EGCG RINNINLUEN

MIULANAVDILTALRAALAI IAANTE1T trolox

A100 ¢ Bi0o o
Normal RBC Thalassemic RBC
80 A 80 -
.2 2
7.} 17}
2 60 2 60 -
(=] =]
g £
%] [}
T 40 - T 40 -
J =
2 —A— GTE (mg/dl) 2 —4A— GTE (mg/q))
20 A —¥— EGCG (uM) 20 A —w— EGCG (uM)
—&— DFP (uM) —e— DFP (uM)
—-O—Trolox (uM) —-O—Trolox (uM)
O T T T T O T T T T
0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0
Concentrations Concentrations
€100
I Normal RBC
[ Thalassemic RBC
80 -
g % *
£ 60 -
=
=
- 40 -
X
20 -
0
GTE EGCG DFP Trolox

31N 11 WaVeIaNT GTE Waz EGCG TivUnilainmsuanaizadilaifeauainnnaudnd (A) uas
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NNEThomasdills (B) UATANUEININIUIINMIUANAIVBIIAREAUAY (C) p<0.05 Idd

= = e
WwIsun gUNURIINNAIINN trolox

Han1InaaadlugUn 12 usamaieusvaiiaiieauasadlasdiy (autofluorescent) (31 12
oiaga) vaiiialiaauasndoudioasiiaduss DCFH (31 12 na1d) uazvadliialiaaunasngn
whonhliiannzeandiafinsassudifandiomaiFasuas DCFH (U 12 anilaga)

- 1.001 - 1-.002 - 1+.021
o o o
= = =
La0] L] L]
L= = =
= = =
T oo T

o Ty 5 Ty
= Lo e Lo
= o - ik o -

- = -

= - =

— I —

=

(=] . (=]

o - o e

- T - T

Ty T T
w? 10 12 1 w0t
FSCH

o 1.001 = 1-.002 = 14021
=3 = [ Y
3 - W
gl —— P b 8
883 8 : 882
eE : g
Q:ﬁ [T LT e T D:ﬁ T ook ST TR G‘—:\I =TT 1 o T TR
100 107 12 1 10t 1w? 1ol 1?1 0t 100 1ol 102 103 104
FL1-H FL1-H FL1-H

3111 12 Scattergram (UDIUW) WAT histogram (UWNIE VBIFINITIBILGS (FI) NTIATzAU ROS
=1 A Ao o A A o 6 v Ig =1 A A 1 v Y 3
luiaifaauasninaluiniadila flow cytometer aaandtolulaifoauasi lalddaumeoans
A o & = & A Ao o A o ¢ = & A
309U§9 DCFH eaaautnaraiduidalfoauasndauaioansisaduss waznaandauduidalnon

LAINONNIZAUGILENTAZANY 3% H,0, uazdaudiua131389U89 DCFH

Havadds GTE waz EGCG daﬁwﬁhé’mamgwmm

Lﬁa%km@aaa WT (hminea3udn 21.4+1.9 n3w), BKO (wineaBudu 20.3+1.2
n3W) uae DH (nSnaGudn 22.1+2.0 N34) "l@T%’ummsgmﬂﬂa (NF diet) LazaW1IgATLEI
TIQWAAN (FE diet) lumun 3 Lﬁaua:wudmgmmfuﬁﬁmﬁhé‘aLﬁu"fummm (23.3+1.7,
22.3+1.7 Az 23.6+1.7 NIWAWAAUEMTLMNIEATUNG; 27.4423, 24.2+415 Unz 27.2+2.3
nIuausUIMILMIIgaREumgAan)  adeliNaununanaingy  BKO fiviminen

QI J v 1 1 v 1 IQ a :’ a e QI A‘
LW&]?J%%’]TYJ’]%HY]@]&QGT’]Q&I WT Lantiag %Hﬂquﬁﬂummﬂamm@;mﬁﬂﬁm%uﬂmquwu
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mﬂﬂ’j’mhmﬁjuﬁﬁummsgmﬂﬂ@ Naﬂ’ﬁ%'m:ﬂ%kl; WT, BKO &z DH ﬁﬁummigmﬂﬂauaz
2MNEIUTAMANGIEENT GTE, EGCG Uaza1s DFP W 3 WWanliinadanslaouulad

wmtnen (3U1 13)

A — ——— Control / FE diet————— = B —  Control/FE diet—— =
<= DI/GTE/EGCG / DFP ——= < DI/GTE/EGCG / DFP —=
50 50
WT mice BKO mice
—@— Control o> —@— Control
—m— FE diet —m— FE diet
—A— FE diet/GTE (300 mg/kg) < —A— FE diet/GTE (300 mg/kg)
40 4 —v— FE dietEGCG (50 mg/kg) 40 4 —v— FE dietEGCG (50 mg/kg)
—e— FE diet/DFP (50 mg/kg) <o 8 —&— FE diet/DFP (50 mg/kg)
c © 8
2 5
2 30 2 304
=) %;
E o
-]
20 A 20
10 T 10
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (months) Time (months)
C = Control/FEdiet— =
<——DI/GTE/EGCG / DFP —=
50
DH mice
—e— Control

—B— FE diet

—A— FE diet/GTE (300 mg/dl)
40 { —v— FE dietEGCG (50 mgkg)
—— FE diet/DFP (50 mg/kg)

— o
2z ° Q §
o) o o ¢ %,/ g
g 30 1 o /’ oo, ¢
= o - 0 =12y V
2 .T foi=) 2 Yo
2 —— 2
= 8 g/ § gg-ﬁ;;gﬁ HRY
c-\ gavo av
20 4 av
o
10 T
0 1 2 3 4 5 6

Time (months)

L™

gﬂ‘ﬁ' 13 msud?zlyuuﬂaaﬁwuﬂﬁwamhbmaaa WT (n = 24), BKO (n = 14) a2 DH (n = 10) f

v
a

\RE96881M1IUNG (NF diet) #3a1wIL&3umaIan (FE diet) Wi 6 Laaw laglasunssnm
MBS GTE (300 NadnsuAhmings 1 Alanin), EGCG (50 Aadnsu/annungl 1 Alaniy) uay
DFP (50 Aaansushwings 1 Alaniu) win 3 1daw syanwoihnaullss (0) uaasdsinngn

' o o @ & < R o o A
Taﬂ%%u@]az@]a BRSRIYANWIWIINAIND (®) LRANATWIRUNAILDNE (meaniSD)

Wa2add17 GTE LLaz EGCG daizﬁuﬁfufnaﬁumawhmmaao
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Wunaasy  BKO ﬁmuvlmﬁﬂéﬁﬂﬂﬁaﬁu;jﬂ'gﬂﬁ']é'aé‘fﬂ,ﬁsl‘éuma%ﬁLﬁyﬁﬁm’aﬂaﬁmma
\enitae (Jamsai, Zaibak et al. 2006) msﬁnmﬁwudm& BKO #szaudlulnadulmfiaawinny
9.1+1.4 N3NGALATANY) LﬁﬂLﬁUUﬁU‘lﬁk& WT Afszaudlalnadnlwdaawiny 13.9+2.3 nSuda
\038a3) uszny DH Tszdudlulnadulwdoariiy 15.3+1.8 nindaindiag) mnﬁ%m&ﬁm
pwgasUnduazamnsiunamandunawu - 3 donldfinadonalasuulasrzay
%‘Iuiﬂaﬁﬂmﬁamam&mdwfuaﬂn%’mw WRIMINEeas GTE, EGCG uazen DFP i
laifinadaszaudlulnadnluifon (gﬂ‘ﬁl 14)

A =——————— Control / FE diet —mMmMm B =—————— Control / FE diet —MmMm
—<——DI/GTE/EGCG / DFP — <——DI/GTE/EGCG / DFP —=
20.0 20.0
17.5 4 17.5 A
= 15041 ~ 1501
s 2
K} E]
£ 1254 T 125
£ 3
2 100 4 e 10.0 A
E £
3 3
= =
k-4 7.5 1 = 7.5 4
% WT mice .5. BKO mice
5.0 4 —®@— Control = 5.0 4 —@— Control
—8&— FE diet —m— FE diet
25 4 —A— FE diet/GTE (300 mg/dl) 2.5 —A— FE diet/GTE (300 mg/kg)
. —v— FE diet/EGCG (50 mg/kg) . —v— FE diet/EGCG (50 mg/kg)
—&— FE diet/DFP (50 mg/kg) —&— FE diet/DFP (50 mg/kg)
0.0 T T T T T T T 0.0 T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (months) Time (months)
C — ——— Control / FE diet———— =

<=——DI/GTE/EGCG / DFP —=

20.0

17.5 A

= 15.0
=
)
E 12.5 A
=
2
g 10.0
E
2
2 7.5 A
= DH mice
= 5.0 4 —-@— Control
—®— FE diet
25 4 —A— FE diet/GTE (300 mg/kg)
. —v— FE diet/EGCG (50 mg/kg)
—+&— FE diet/DFP (50 mg/kg)
0.0 T T T T T T T
0 1 2 3 4 5 6

Time (months)

gﬂ‘ﬁ' 14 wzaudlulnaduluifenvasnunanas WT, BKO uaz DH ARBITAEMITUNG (NF diet)
WI00MNIEINTIAMAN (FE diet) win 6 1fau lagldiumsinmdisans GTE (300 HadnTw/
siwiine 1 Alansy), EGCG (50 Haansusinwings 1 Alansu) uas DFP (50 Hadnsuaimein
@2 1 Alaniy) win 3 1few saanwahenaullss (O) LLa@aml{mﬁfﬂmawHLL@iazﬁa ey

SUANBONINANTIL (@) LEAIAIENNINALAAY (mean+SD)
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Namaamiaﬁ'ﬂmLﬁm@iamazmG;mgn‘l%ﬁg‘mnﬁuaw%mé’a&ﬁﬂ
Lﬁaﬁktmaaaﬁummsﬁﬁm@mﬁnwauiuﬂ%mmge (FE diet) i’mmgﬁngnmﬁmmlﬁﬁ
ms@@%u‘mqmﬁﬂLﬁ'umnﬁumﬂﬁaamaLaummilﬂwg}ﬂszl,l,al,ﬁa@ Mlknnusinasuly
wmam?iuﬁaﬁwm@;mﬁﬂLﬁwmﬂﬁmummmmnwumqmﬁﬂgﬂ non-transferrin bound iron
(NTBI) Wiaanniuanaszez1aa (Eﬂﬁ 15) £1 DFP 813 GTE Waz&13 EGCG 1% 3 L@auaN1im
a03zaU NTBI luwamanuainy WT (6.81+42.23, 6.83+1.49 uaz 6.80+1.75 lulasluans
ANAAL) vl@ﬁﬁEJLﬂ%ﬁl‘uLﬁUUﬁUﬂ@;Nﬂ?UQNﬁ1ﬁ1ﬁ§Uﬂﬂi§ﬂﬂﬁ (11.17+0.26 lulasluans), wy
BKO (11.75+1.21, 10.20+1.92 Uaz 10.66+1.60 lulasluaisausnay) VL@TLfiaLU‘%UULﬁUUﬁumju
mquﬁ"[&ﬂﬁ%’umﬁﬂm (19.78+1.36 lulasluand) uaswy DH (7.83+1.41, 7.74+1.38 uaz
7.81+0.71 Tulasluasanusran) VLofTLﬁ'aLﬂ%ﬂuLﬁﬂuﬁ'umj:wmuqwﬁ"l,ajvlﬁ%'umi%'ﬂm

(13.41+1.84 lulasluans) o1 DFP Aaugninadninans GTE idnsae

A —= Control/FEdiet——— = B = Control/FEdiet——— =
<—DI/GTE/EGCG / DFP —= <——DI/GTE/EGCG / DFP —=
25 25
WT mice BKO mice
—e— Control —e— Control 8
20 1 —m— FE diet 20 { —m— FEdiet u
—a— FE dietGTE (300 mg/kg) —A— FE diet/GTE (300 mg/kg) / B
—v— FE dietEGCG (50 mg/kg) —v— FE dietEGCG (50 mg/kg) g
| —e— FE diet/DFP (50 mg/kg) | —@— FE diet/DFP (50 mg/kg) o "
15 eke 15 e 8§ — o
g 5] 0

g

Plasma NTBI concentration (uM)
Plasma NTBI concentration (nM)
=

-5 T 5
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (months) Time (months)
C

~——————— Control/ FE diet ———————————
<—DI/GTE/EGCG/ DFP —

25
DH mice
—e@— Control
20 1 —=— FEdiet

—A— FE diet/GTE (300 mg/kg)
—v¥— FE diet/EGCG (50 mg/kg)
15 4 —4&— FE diet/DFP (50 mg/kg) o

0

Plasma NTBI concentration (uM)
)
/ omocm

Time (months)
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3UN 15 32aUTQMAngd NTBI (mean+SD) luwmauuaanynased WT uaz BKO MLauddae
2113UNd (NF diet) wiamaa3umaiman (FE diet) win 5 ifiou lagldsumsinmdioans
GTE (300 {adnsuahnungl 1 Alansy), EGCG (50 §aansuAiwtngs 1 Alansy) waz DFP

(50 AadnIuANBINGL 1 Alaniu) Wk 2 1aaw

WameqanjUiununyudineIu (transferrin-bound iron, TBI) wagulaiduriunudive
a . . ° o g { ' ' A £ I3
3% (non-transferrin bound iron, NTBI) gﬂu’ll,"ll’lvl,ﬂlumaafﬂladLﬁaLﬁa@nd G]Iu‘i’ldﬂ’lmwmnﬂmu n

] PN & L & A il £ @ o @ {

wuhiimiszaumamaniiuanniuluduyesnynansinizessiaainidaauuaziiiodayila
=1 L% o d' Qs a . d' d! v & = = g’
\Wsunuduvasmunansn ldiuemsgandnd (NF diet) (013199 2) Sausadliiaudaznauiin
a v A & ' = a = A
Auwiduiinanniu  egwlsiawans GTE uwszen DFP swnsnaadianmmamaniazaulu

& A o v oA a a & o &
L%aLUﬂ@UVL@ﬂEJ’NNﬂiza‘ﬂﬁﬂqwsl:u%klwﬂ@aa\j‘ﬂﬂaaﬂa’]Uwuq

@15297 2 YT nAN (mean+SEM) fiszanluduuaanynd (WT) uaznumds@idy (BKO) 7
ld5uamnIgasUnd (NF diet) uazanmaiaiumegunan (FE diet) iwnawiu 3 ihou uazleady
MITNENMLRIIINATUTLT (GTE) wazendutnanawasingw (DFP) tunauwn 2 1hen

Liver iron concentrations (LIC)

Mice Diet/Treatment LLg Fe/mg protein ng Fe/ mg dry weight

NF diet 0.504+0.070 9.18+1.15

FE diet/Placebo 1.713+0.648 38.31+15.59
WT | FE diet/GTE (300 mglkg) 0.599+0.042" 11.03+0.44"

FE diet/DFP (50 mg/kg) 0.767+0.111 14.51+14.98

NF diet ND ND

FE diet/Placebo 1.950+1.049 42.26+24 45
BKO | FE dietGTE (300 mg/kg) 0.335+0.154" 7.65+3.72"

FE diet/DFP (50 mg/kg) 0.595+0.050" 1.08+0.90"

* o f M vo a # o ' M oo a
p <0.05 Lﬂ%ﬂuLﬁﬂuﬂunquﬁvlmua'lmiﬂﬂﬂ; p <0.05 Lﬂ‘%ﬂmﬁalununqu‘ﬁvlmummnmum@mﬁﬂ
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NAYIFITEANAL Lﬁmﬁiamazaan%mﬁﬂmma‘l%ﬂy}ﬂnﬁua:m&mﬁa&ﬁﬂ

nanmIlasumaumintinagaduzsznamuwugililinsivmmiadiusidman

A 13 a et & aaa AaA a o AI J 1 Qo a
MDA  TITUHNANRAAINIY E](‘l‘].]i]ﬂ?iiﬂﬂl](ﬂl,‘w aiaﬂmmmwumnmum’lmﬂmu aﬂﬁ’lifﬂ(ﬂiﬂﬂ(ﬂ

qu v & K a 3 a a = J & a A
LLa:ﬂﬁmummsm@ma:manmuu,azaaﬂsmcﬂ'ﬂwmmmusluﬁkm@aaammmu@ (3Un  16)

817 GTE, EGCG uazen DFP trzaadiunmans MDA laadsdinuday wuiias GTE uay

EGCG ﬁqmawﬁ@éﬁﬂmﬂwhbmaad WT Vl@Tﬁﬂdﬂu%w@aaa BKO Lunganauininysuno

a & Vo { & & ) o
817 MDA Iuwa’]a&nqug\ﬁmulu%%ﬂ@ﬂadnﬂﬂq&l"ﬁ’)ﬁlaaauﬁ 6 a’]"—l]LU%LWi’]Z’]’]Lﬂuaﬁ’J\ﬁﬂ’]ﬂqém

Ao o v a & o v a a 4 J va
mmmaammsaaumm ﬂvlaamasmmmmml%mm@aaa INAAINULAILAVUNN aawal%mw

WRIRNY lipid-peroxidation product aanaNINNINUNG

80

Plasma MDA concentration (uM)

< Control / FE diet

—
~— DI/ GTE/ EGCG / DFP —=

70 1

60 4

50 4

40 A

30 4

20 A

WT mice

—@— Control

—®— FE diet

—A— FE diet/GTE (300 mg/kg)
—v— FE diet/EGCG (50 mg/kg)
—&— FE diet/DFP (50 mg/kg)

Time (months)

=]

Plasma MDA concentration (uM)

80

70 1

60 -

50 4

40 -

30 1

20 1

——— Control/ FE diet——M8M8Mm
<——DI/GTE/EGCG / DFP —

BKO mice
—®@— Control o
—m— FE diet

—aA— FE dietGTE (300 mg/kg)
—v— FE diet/EGCG (50 mg/kg)
—e— FE diet/DFP (50 mg/kg)

g
o5 Bf
M

Time (months)

- 0@ @0=-
<= DI/GTE/EGCG / DFP —=

C = Control / FE diet
80
DH mice
70 4 —®— Control
—m— FE diet
—A— FE diet/GTE (300 mg/kg)
60 1 —v— FEdievEGCG (50 mg/kg)

—e— FE dietDFP (50 mg/kg)
50 A

40

30 A

20 4

Plasma MDA concentration (nM)

Time (months)

E'i.lﬁ 16 32qU lipid-peroxidation product TBARS (mean+SD) luwawaw’maw%maaa WT e

BKO MiAsadinamnnd (NF diet) niaamataumaundn (FE diet) win 5 dau laoldiu
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MINBIAILENT GTE (300 Radnsuainings 1 Alaniu), EGCG (50 JaanTuAhwtne 1
Alan3y) uaz DFP (50 FaanTuANWIEnen 1 Alanin) win 2 1han

Tuviwadl@unu mmna’%wmqmﬁﬂﬁ'ﬂﬁlﬁ@mazmﬁﬂLﬁuLm:ﬁﬂﬁLﬁ@Lﬁaml,mag;h
a =) J v o v o a 6 QI &/ e dl
NZAANTLANWALATHUWAN b6 m’lmm:@uawaamzslumaawammumuamlugﬂﬂ 17wy
BKO ﬁsxé‘uawa@aiﬂmﬁ@Lﬁa@umgdﬂ’jﬂu%k} WT waz DH HanIIsnsnel8as GTE Was
' o a & o {id o .
EGCG mmam:@ua%aamﬂmmLﬁammavl,é'l,uaﬂumzﬁmuﬂumm (time-dependent manner)

Erythrocyte ROS (FI Unit)

80

60 -

40 4

20 A

< Control / FE diet ——M8MMM ——
<—DI/GTE/EGCG/ DFP —=

‘WT mice

—@— Control
—a— FE
—4— FE/GTE
—v— FE/EGCG
—e— FE/DFP

0

D OOrmoo o 00
>

p/omnm O 00

Iron administration (month)

80

70 1

Erythrocyte ROS (FI Unit)

<—————— Control / FE diet——M8M8Mm =
<——DI/GTE/EGCG / DFP —=

60 A

50 4

40 A

30 A

20 4

BKO mice
—e— Control
—m— FE
—A— FE/GTE
—v— FE/EGCG
—e— FE/DFR

MO0 O 000

Iron administration (month)

C <————— Control/ FE diet —M8Mm =
<—DI/GTE/EGCG/ DFP —
80
DH mice
70 4 —®— Control
—m— FE

) —a— FE/GTE
5 601 —— rFerEces
— —e— FE/DFP
€ 50+
7}
g
% 40 4 -
% o
S 301
RO
E 20 | E 0

10 A

0 1 2 3 4 5 6
Iron administration (month)

v
v

gﬂ‘ﬁ' 17 326U total ROS (mean+SD) luliiaiRaauadzasnynasas WT, BKO uaz DH AILauIde
2113UNd (NF diet) Wiaomaa3umaiman (FE diet) win 5 ieiau lagldsunmainmdioms
GTE (300 fadnsusimsinga 1 Alansy), EGCG (50 Hadnsuaimiinga 1 Alansy) uaz DFP
(50 Dadnsuaimnnga 1 Alansy) win 2 1au

uaﬂmnﬁﬁawud’lLﬁmﬁammwamﬂ:} WT, BKO uaz DH ﬁﬁummsm’%umqmﬁnﬁ

a A & a S _ 1 & A a
3NN MDA LANINNTWLAZUINN RS GSH mmﬂu%kmmaommuuﬁmmigmﬂﬂ@
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ptlpdAY (MINN 3 UAzANTNN 4 MUAIL) HAMTINBIAYNARBINITNUNGUAILFT

o v e a a & oA
GTE, EGCG uazsn DFP 7]’]1%3:@'”@’]3 MDA ﬂ(ﬂaﬂLLazﬂiquaﬁlj GSH LWJiNUWae19d

HAAYAIY MIMNHAUNANBINITUNGNAIBETT GTE, EGCG uazen DFP ditiorildazey

AI J 1 a o o a dl e a et 1 a J
817 GSH ’Luwmamwagdmnmuamwuﬂmmy (3‘]_]7] 5) RUINTHRAINANIDIILNAVUITINRTT

g; a nql/ o 3 [~3 a o a ai o
Yl@]ﬁﬂﬂﬂdﬁﬁ&l“ﬁ%@%ﬁﬂﬂﬁl%ﬂ’]’)&ﬁaﬂLﬂ%LLﬂzaﬂﬂ‘ﬁL(ﬂVlWﬁmiﬁﬂ@]Uﬁ(ﬂﬂd

& [ & A &
YULRERINITIDRILATICHRIT GSH LWUNNINV

o Yo A ) =
7]’]1‘1/‘\ AVUNIININIUA

@139 3 326U MDA (mean+SD) lwidaiiaauadzasnunanas WT, BKO uaz DH filRsadae

2w7UNG (NF diet) WiaamalaSumqIwan (FE diet) ww 5 1oaw lagl@sumssnsnalsans

GTE, EGCG uaz DFP #1% 2 1aa

Diet/Treatment

Erythrocyte MDA (pmol/g Hb)

WT mice BKO mice DH mice
NF diet 34.69+3.21 46.81+3.50° 41.82+2.56°
FE diet 48.23+6.15 60.63+3.28 50.86+1.90
FE diet/GTE (300 mg/kg) 36.80+3.23" 44.26+2.87" 42.00+2.85"
FE dietEGCG (50 mg/kg) 36.82+2.71" 44.74+2.79" 40.36+2.83"
FE diet/DFP (50 mg/kg) 39.64+3.95" 49.74+3.76" 45.41+3.05"

'p<0.05 Wai3puifinuniu NF diet; “p<0.05 1aiSouifisuny FE diet

@13197 4 szaungan islaujtiaad (GSH) (mean+SD) luiliaidaauasvasnynasas WT, BKO

uaz DH NiResdaa1mIUnd (NF diet) Winamalasumquadn (FE diet) win 5 1haw lagldsu

MINBIGILET GTE, EGCG uaz DFP #4 2 LA

Diet/Treatment

Erythrocyte GSH content (LLmol/g Hb)

WT mice

BKO mice

DH mice

NF diet (Control)

3.64+0.28

2.79+0.24

3.29+0.18
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“E diet 2.80+0.52 2.56+0.22 2.76+0.18
3.61+0.32" 3.31+0.40" 3.49+0.22"
FE dietGTE (300 mg/kg) 0120 =120 4920
3.73+0.29" 3.24+0.36" 3.46+0.19"
FE dietEGCG (50 mg/kg) -fozl. 24z 4020
3.54+0.26" 3.12+0.32" 3.21+0.30"
FE diet/DFP (50 mg/kg) D20 1220 2120
'p<0.05 WeawSouiisuniu NF diet; #p<0.05 WewSoufsuniu FE diet
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@13197 5 32aunga lslaugd3dad (GSH) (mean+SD) lunwaaanaswunaass WT, BKO uaz
DH 7lfesdaanmIUnd (NF diet) WiaamaiaSusgunan (FE diet) w1u 5 whau lanldiums

INEIAIURIT GTE, EGCG a8z DFP ¥ 2 Ao

Diet/Treatment Plasma reduced glutathione (LLM)
WT mice BKO mice DH mice
NF diet (Control) 11.53+2.50 7.73+4.25 10.97+5.00
FE diet 7.73+4.70 6.24+3.89 5.81+1.44
FE diet/GTE (300 mg/kg) 15.15+7.72" 15.12+9.76" 14.78+5.16"
FE dietEGCG (50 mg/kg) 16.04+6.61" 15.63+7.74" 17.03+7.27"
FE diet/DFP (50 mg/kg) 15.89+8.43" 16.50+8.75" 14.19+4.89"

'p<0.05 \far/3oufinuniu NF diet; "p<0.05 WaiSauiiaunu FE diet

WUBAETIE BKO ﬁ@hé"’ﬁﬁﬁmﬁhmadﬁuLLa:ﬁwgaﬂde WT uas BKO Gaonailuna
4191NITVU reticuloendothelial system (RES) °]Ja\‘lailmzﬁg\‘laaaﬁﬁﬁdﬁu%ﬁﬂﬂdﬁﬂﬂa ﬂ’l‘ﬂﬁ’%hb
maaaﬁummua’%wm@;mﬁﬂmwaﬁﬂﬁ@hﬁmﬁt{mﬁfﬂmaaﬁu sha v lawszlaivaunnd wasned
woday mMilinunaaasfiug1s GTE uaz EGCG 114 3 deulinariliendaininvaseion:

]
o o /=)

mauk (lasanzadibsauuazine) aaadadaliuufmean (91357199 6)

HANMTIATIRALUNTINN 7 uaadliiAniwunasesi ldsuamasTumamaniiniasaw

I3 QI &/ 1 1 a ) a a el 1 g

MqudnNInIunaBihagelideimdyludy (BKO > DH > WT) msinmnynanadinaiis
@183 GTE, EGCG wazen DFP vhldUSmnmnsszaumauminiduanasatnalinday

Naﬁl’m%hm@aaaﬁummma’%wmqmﬁmt‘ﬂunmmu MlAAaN Mz RANLALLAZaaNTLA
¥ .. . . ' { o A & il 3 '
Anaass In138319877 lipid-peroxidation product 5% MDA NAULANNINAKALNITALIN BENI LS
= [ o o v a { a & &
ANNITNENGILRIT GTE, EGCG Uaz8N DFP INavlwdSunmans MDA ALANDWItaaa

' A o o A a @ ' AV V] v o
amwuﬂmmyL;Jamuunmqumqu"l,u"lmmﬂm

Namnma:mﬁﬂLL@:@@;&@S@‘;:NWLﬁu‘luinmsJLLazluﬁumam&ﬁﬁummua%wm@g

=3 ° [ . . . ' a A & o ' o A
AN vinlw antioxidant mechanism 1 EWUSNIIAENT GSH NILTASAUAARIDLNITALI \Wany
NARAILAENH LATUNTINBNGIRIT GTE, EGCG Uaze1 DFP s1a3nyin Il aras auvinwinm o e
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¥ . x & 44 v - & A
PUUAZEINNINRTNET GSH RNInnIwdafazih luldvihaveyuadaszlwioauaslunszus
Tafia'ler
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@13197 6 Fandishniin (weight index) (mean+SD) va4aibazay ¥ Milauazlaanny
nanad WT, BKO uaz DH 7Laes6n8017Und (NF diet) WiaamaiaSusqiwan (FE diet) wis

5 1@ 1agla3un13INE16188717 GTE, EGCG WAz DFP w1 2 Lo

Mice/Diet/Treatment Weight index (% w/w) of vital organs
Liver Spleen Heart Kidneys
NF diet 6.10£0.68 | 0.37:009 | 0.36:0.07 | 1.170.09
wr | WT: FE det 10.36£1.89 | 0.75:013 | 0.51%0.07 | 1.45:0.17
WT: FE diet/GTE (300 mg/kg) | 8.97¢0.71" | 0.52+010° | 0.47£0.13 | 1.380.20
WT: FE dieVEGCG (50 mg/kg) | 8.89+0.63" | 0.48:013" | 0.46+0.07 | 1.38+0.21
WT: FE diet/DFP (50 mg/kg) 9.66£0.84 | 0.56:007° | 0.50£0.10 | 1.39:0.15
BKO: NF diet 8.73:1.08 | 1.48+014 | 0.53:0.05 | 1.330.09
aKo | BKO: FE diet 11.0041.62 | 2.074029 | 0.70£0.07 | 1.45:0.06
BKO: FE diet/GTE (300 mg/kg) | 9.34+1.05" | 1.75:034" | 0.57+0.09° | 1.33x0.18
BKO: FE dietEGCG (50 mglkg) | 9.56:0.92" | 1.78+029" | 0.57+0.09" | 1.38+0.14
BKO: FE diet/DFP (50 mg/kg) | 10.21£0.69 | 1.93+015 | 0.64£0.06 | 1.39+0.08
DH: NF diet 7145055 | 0382007 | 0.4240.06 | 1.20%0.09
oy | DH: FE diet 10.09£0.39 | 0.69:020 | 0.52+0.07 | 1.48%0.16
DH: FE diet/GTE (300 mg/kg) | 8.97£0.70° | 0.54:011" | 0.49+0.06 | 1.41%0.13
DH: FE dietEGCG (50 mg/kg) | 9.03:0.58" | 0.50+007" | 0.47+0.05 | 1.38+0.08
DH: FE diet/DFP (50 mg/kg) 9.42¢0.72" | 0.62:t006 | 0.51%0.05 | 1.39:0.07
'p<0.05 Wai3suifinuniu NF diet; “p<0.05 1aiSouifisuny FE diet
mzmaniumansomisih liasdeusolusduaaasauiuandwle F9019

ﬁn"l,ﬂ;jﬂ’mﬁ@nnzvl,mm%aﬁﬁuvlﬁ unsanaildiianzauudsnazuziseaule nan1maaad
1 U IQ =9 -5 { > QI &’ [} Qs 7
wmmﬂ:}nqwﬁnummnmmm@;mﬁnﬁimmaammuﬁ@mwwgwu a9 I AAUNIITNEN G

817 GTE, EGCG laz81 DFP °1j'aﬂam:ﬁumia%ﬁoﬂaamLauﬁé’uaﬂéf
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Iron accumulation (mg/g dry weight)

‘0\\ (0‘\ (eﬁ\ ‘09 (0‘\ ‘ot\ ‘oﬁ\ 3 ﬁo“
(‘\\«1 Q«( c’\\‘1 Q«‘ 0\‘“6 e\\qe Q\e‘ Q\e‘ Q\e‘\ Q\e‘\\c
\ \5 qﬁ G° 0° ‘és
AR

sUn 18 Pnaunmsszaumgmanluitaiaduusziuramylnd (WT) waznymaadiiiosiia

BKO, DH uaz TG ﬁ"l,ﬁ%'ummil,a‘%uﬁwymﬁﬂ (FE diet) W% 1 L@aw

Li‘laﬁﬁmuﬁmmémaaa WT, BKO, TG uaz DH ﬁaﬂawm‘na“mm@lmﬁﬂmu 1 10an
wuiwﬁmmmum@;mﬁﬂﬁﬁmmamg} BKO mﬂﬁqmm:ﬁﬁmmamﬂ@ DH 3898431 JIUNINNNT
STANDIAAANNALYBINY WT Uaz DH anAndinfiquaasmy WT uas TG (3U# 18) wamadous
H&E mauﬁmﬁaﬁwam% WT LL&&%H‘E’]é’a%Lfm BKO LLamlﬁLﬁuﬂmHﬁaaaa“}jﬁ@ﬁvl,ﬁ%'umvm

A & A =* I 2+ a o v & ' a ] Y Aa < a
iWunqwanimsgedumanil  Fe mnmmvlmaﬂgaﬂ’nﬂﬂm AaldtAanzantinln

1 J dl a s 1 dl Qs a v A g J dl
I waaméwmawumam EI‘]Jﬂ'IJﬁHﬂQZJVIVL@TLI B']‘ﬁ"ligﬂ(@ﬁﬂﬂ(ﬂ ﬂﬁlﬂLﬂ@ﬂ’]'}:ﬁﬂﬂLﬁU“ﬂWﬂ

2

USonaasey S9Fanaldanmtimasiiaiionunn (Kuffers cells) Soufadinduswiuein
1131 (leukocyte infiltration) HIULDUUILI T portal vein maaLﬁyaLﬁaé’u (Eﬂﬁl 19) Lfia%}ul,‘ﬂ@aad WT
uaz BKO ﬁﬁm’s:mﬁmm:a%aﬁm:mmﬁuvl,ﬁ%'umi%'nmﬁamem GTE nsannziaiaini
MIBNLEUAINENILE  (Fatnaanlatiaavidnwinannmigly) mIshneisen DFP Avinld

% Aq, A = v Y 1 Q/ 1 v Y &
mMazanguaadhattaau laeutwi (lailduaaonaliiim
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Diet/Treatment WT mice BKO mice

NF diet e e S Il e

FE diet

FE dietGTE (300 | © "= o 0 - _ |
mg/kg) :. : .:- ..;. | ' _.-_'.: - _,- ; _-. - ".-—. = . p, .‘ i

FE diet/DFP (50 ND ND
mg/kg)

31N 19 A H&E vaslaibadunulnd (WT) uaznymasdilly (BKO) NlaTuenmigasdnd (NF
diet) WAzRMMTFINTIGAAN (FE diet) win 3 1Han uazldiumsinmndisas GTE uazendy

LARN DFP %% 2 Laaw

Namimaaﬂugﬂﬁ 20 WRAILHALEDAY ﬁmua:ﬁ'ﬂwam&maaa WT, BKO w8z DH 7
andauds Perl’s stain Lﬁam’mg}ﬂ‘%mmﬁmmﬁﬂﬁa:awlmﬁmﬁammﬁ T@ﬂwmm%maaqﬁa
3 nduldTuamIETNIGASN (WT/FE diet, BKO/FE diet uaz DH/FE diet) Su3anmnisazay
=3 L2 a & =) 3’ a d‘l» d‘ a -7 o nl J dll = Qs
nquan  (Mydendaiduaznaudiniiug) Tuwitattiaay &l’]&lLLﬂ&Wﬂﬁ]LW&I&Hﬂ“ﬂ%LNamEI‘]_Iﬂ‘]_I%yf

maaammﬁfuﬁvl,ﬁ%'ummigmﬂna aﬂ'nvlsﬁmuwami%'ﬂmmhmmaaﬁﬁma:mﬁmﬁuﬁwmi

56



57

3191 20 Perl’s Prussian blue staining a1niftaldady ﬁmuazﬁ'ﬂammgﬂna (WT) BY5IaaT
g BKO uazvumaadide DH Aildsuemisgasdn@ (NF diet) wazemnadumandn (FE
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160 E2d] Omgidl 1 ouM
. ul i OCV .
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319 28 WaV@IANT GTE (0-200 Uadn3NGaIaTans), EGCG, DFP, DFO uwaz FAC DFP (0-200

Taulasluans) v 24 uaz 48 T lusdanINTinsan (%cell viability) VaILTARLNIZLAES mouse

primary hepatocyte, mouse primary hepatocyte& (in vivo iron loading), HepG2 cells uaz
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cardiomyocytes NN bauaa Ll mean+SD (three independent triplicate experiments)

&9 p<0.05; p<0.01;  p<0.005 uas  p<0.0005 Wisuiisuiunguasuguilaldsumsinm
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Y] [] a [~ a %)
wamaomianﬂmLﬁmmamiﬁ%’mmaaLamLﬁaﬂLmﬂuwy}ﬂnmmm%maas&ﬁﬂ

Han1INaaadzUfn 29 wseimaduulssiwwlafeauas (uaaaduiediidud) lu

WNanes WT ﬁ"l,@?'{ummigmﬂﬂa (NF diet) 811983 U59LAAN (FE diet) LAzaIMIILEINENq

WRANTINAUNNIINHAI8RIT DFP, EGCG uay GTE %1% 30 % ‘—L@ﬂwudnﬁmﬁammwamﬁ

WT AfuaMISIEINTIOMAN (RBC survival half-life, Ty, = 23 1) engsuniiialiaauadad

vy WT 1iuamsgasind (T, = 30 1) adelisiodnny mymnwwynaass WT filnazinan

o @

a v 1 o v & A a A t:g/ 1 A o
N8N DFP 815 EGCG ey GTE °IT'?!El’ﬂ']l‘ﬂLN@LQB@LL@G&IQ’]EQJU%U’]'J‘U%Qil’]dl]%ilﬁ’]ﬂf].lu (T,
= 24, 25 uaz 26 WMUAG) (FUN 29 nKuvia)
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% 60 1 2 60
E E
< 40 A S 40
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& 20 - & 20
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Fy=-1 E—04x3+0.()l 7IX2—I .3606x+62.926 Fy= -8E-05x3+0.0142x2-1 .2301x+61.905
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100 . . . E 35
WT: FE diet/DFP | _g WT mice
T304 T
& 80 Q #
=) - *
<~ [ 25 A —T
(@) N
2 60 <
=1 =) 20
T Z
2 40 2151
= =
2 2 10 A
= >
& 20 5
3 2 2 5
| y=-6E-05x>+0.0108x2-1.1133x+60.526 &)
0 F=09944 . . . : § 0
T T T T T T \' < é o ?'
0 10 20 30 40 50 60 O @\O‘Q&GC &
Day

{ a . = a a . . &
31N 29 nNNINTIA (survival) UWaTANTIAVEINIINTIA (survival half-life, Ty) V89LAALREA

WevpaINLLnG (WT) (n = 5) ﬁﬁummsgmﬂﬂa (NF diet) Lmzmmsm'%umqmﬁn (FE diet)
sz l@Sunssneeisans GTE, EGCG wazsn DFP p <0.05 1lawSouifisuny NF diet 'p

<0.05 Wisuifisuiy FE diet yansohsnaullis (0) usadvasnpudnzey uasdyansol

1WNANAY () uaaddLaie (mean+SD)

Namimaaagﬂﬁ 30 waasmsiUfsuudasiiuniiaioanad (waaadwdasidud) lu
Wunaaad BKO ﬁvL@T%’ummsgmﬂﬂa (NF diet) 81M13L830UT1QLAAN (FE diet) UazamTLEIw
DIQAANTINALMIININGILFNT DFP, EGCG Uaz GTE W1h 60 1% TauwuI AR ALAIUD
¥y BKO ﬁﬁummim’%umqmﬁﬂ (RBC survival half-life, T, = 13 ) ﬁmqé’un’j%ﬁmﬁammd
VoIvYy WT ﬁﬁummigmﬂﬂa (Ty = 17 ) asslhpdATY MINBIAUNAaad BKO nuAe

a v [} 3 v ¢:§/ 1 ) %
WANLAUAI8EN DFP &3 EGCG way GTE °mzwnl%Lﬁ(ﬂLﬁa@LLmﬁmqﬁumwuamaﬁuﬂmﬂqj
(T, = 15, 15.5 WAz 16 IUANE1AL) (g'ﬂﬁ 30 NINLLYIY) LﬁanﬁﬂuLﬁﬂumql,ﬁmﬁammwam%
WT ﬁ'uwkl, BKO Q:Lﬁu"l,ﬁdﬁLﬁmﬁammwaw% WT ﬁmqﬁumamf%ﬁ@Lﬁammwam‘k} BKO

=~ o o A A v 1 & A o e A A A & o=

Usznas 40-50%  Ameandesnumnuuidaioauavasgihenaadiisliongsuniiie
=Y Qs & ~ A LU v A A a a a 1 =
wasvesaung  dwiunainnndaifaauasvegihonasdillodinmeyyadassginiiuac
i:é’ﬂﬂgﬁﬂﬂam’hﬂdﬁ nuﬁaag'luamazwmamﬁﬁﬂ%mmmﬁﬂgaﬂdmﬂa (95-105%
transferrin saturation) uaziimaimangd NTBI (2-20 lulaslumd) nludmunteainiseing

a J
E’J‘Lﬁﬂ NARIZSVWAN
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311 30 nTINNINTIA (survival) UWazANTIAUINIINTIA (survival half-life, T;) V89LTALREA

meamkmé'a%l,ﬁu WT (n = 5) ﬁ’ﬁummsgmﬂﬂaLLazmmsLa'%um@;mﬁﬂ uazlasumssnm

#8813 GTE, EGCG uazen DFP p <0.05 tilatf3uutfisuny NF diet; 'p <0.05 w3suuifiauny
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FE diet dryanwabananllis (0) usaddzanyudazdd uwazdyansalinaniiy (@) uaad

ALade (mean+SD)
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a 6 { . . .
dﬁlﬂithazaEﬂNaﬂ'l‘mﬂaa\‘iﬁvlﬁgf(Dlscussmn and Conclusions)

a & a o 6 Ad‘n o v & dll dll & v a A 1
Tdsnduniadusinsmnanfdouhanlfidueiesdudalsznoudomlniduaangy
A A4 £ a o A o @ ' = [ g @
AzaTUANgNINITIMNuasNE N AYnaoate midnmesiinliglulasaneulun
Iursagsmasimeluia 3 wif (Srichairatanakool, Ounjaijean et al. 2006) WazV¥inaT
& . Aa PRy | o A da o
\awlaal polyphenol oxidase Nidlaglulumaaiialilldihasmsaziaduniiad snsafaneus
. - & .
Wen (GTE) wazantadndsznaunantadalisnfa EGCG Ma3uuusnduaniad (Thephinlap,
g; ¥, qu/ a L = U
Ounjaijean et al. 2007) aINAFEUNIFBIRANNIFIUBENTIATUFIUALILATITQWAEN AT Xu
unzamelTi®  Semi-preparative HPLC  ugnasnziadud1igain  GTE  wuiijisen
. . . a & a X (Y ' a o W
epimerization 29I TALAT WA BN AT LA TR ININ T AT HNHRA A AT LD £ I06 LR
=3 qu/ =) o { 1A
HansznudaLTinamLazaniduaanFiatunlagidn (Xu, Yeung et al. 2004) 813 EGCG uaz
ECG lumidpnfamatznauBidaunuasdenaunamantafis 4 siausszlinenea
= L= =) J
lanavanlddilasaumnquniniialiuauun (Ryan and Hynes 2007) N3dAN®1283 Yoneda Uz
A v & o A 9 = A Aa wa
anzlull ae. 1995 usasliwiassnanudsdnaudsasianezeduniquanddiduas
LOURRANTUAUALAZIINNTOAATEALENT TBARS  Uaziiumsvinauaadiawlas]  superoxide
dismutase (SOD) lusuaanynasasnidulsnaudnle (Yoneda, Hiramatsu et al. 1995) a13Aia
Funnmudsduginaifadjisenilametandiatunnienihlasngumanioadialas
A ° | [y o ) [ d 'Y % a o A o '
vinud ldlwgvesmusilduasinuimnuennisnaaudisnia ludulidudn iz

(Yamamoto, Miyamoto et al. 2006)

ssnailoduazans EGCG mmma@ma:mﬁﬂLﬁulmhm@aaa‘ﬁ'ﬁummﬂa’%wm@;
WAN (1uaaszey NTBI luwaswiuszmiszaunanlwiiaifiacy) I@ﬂmé’ﬂﬂa"l,ﬂﬂ'uﬂv'aﬂﬁ@@
TUFIQNANIINMITLTIUA LHLAN (Zeyuan, Bingying et al. 1998; Samman, Sandstrom et al.
2001) msaﬁ'@mlﬁmﬁaﬁﬁﬂumwmsa@mia:awm@lmﬁﬂlmﬁaL‘E‘iaﬁumaa%pﬁasﬁﬁﬂﬁﬁ
mizlafinausslaivemaaiungquanduiauiu (Saewong, Ounjaijean et al. 2010)
adnalsfimunisvilaerdien  mduwszantanam WkanIzNUdadUMMAN  NasuadLaz
§one® (unviu Tamils) luieme (Record, Mclnemey et al. 1996) agnalsfenumsdnund
PaAUEINUWVad  Chen LLa:ﬂm:ﬁﬁmmdnmlﬁm"l,ajmmmﬁuﬂzdﬂnig@%um@;mﬁﬂvlﬁ (Cheng
2009) msﬁﬂmﬁmummaa;ﬁ%’ﬂﬁﬁwmsmﬁmﬁﬂﬁuwnLﬁ@mazmﬁmﬁuﬁwmiﬁ@
R13RzaY ferric citrate N ldRIMINLSIMMINT LAz ISh lasnstleuansanam i
FawuimIaessazany ferric citrate laldlinunaaaslinizindniingsunn (Ounjaijean,
Thephinlap et al. 2008) ﬂﬂiﬁﬂﬂﬂﬂ%ﬁﬁ%dl‘fﬂwu’]EW‘]IVL’J@iE]ﬂ’]iﬂiz@j%lﬁlﬁ@ﬂ’]’wmﬁﬂLﬁuI@Elﬂ’]i

lvunanaifiuemsiaIumaimanuiu 2-3 1fiau (Thephinlap, Phisalaphong et al. 2009)
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ms?imsvm%y'aLi’ﬂﬁ%w@aaaﬂﬂa (WT) wulsamaa@ily BKO uaz DH Augmm1sigSusaman
UTWmugs (FE diet) uazwuindszau NTBI sl,uwmamﬁ'wgﬁu 15-20 lalasluasuaziivSanm
mﬁﬂa:auluﬁuLﬁ'umn%uashaﬁﬁfﬂé’nﬁty%\iLﬂuwammﬂmsg@%wmﬁnu%nméiﬂ&mn%u
nymasdiliosiia BKO finnzlafinnadnien (frdlulnaduluifen 8.5-10 nindaiadaas) I
Iwlnviifsuldrudihenaadilisduaasiics myfnwasiitldas EGCG VS 300
Saansusinneings 1 ﬁiaﬂ%'u%ﬂsjiumumi@@%um@;mﬁnhauﬂn@ (Ullmann, Haller et al.
2005)

813 EGCG uaz ECG lumianamifiifingWetunanfenlada (galloyl group) 1
lassananlaunulessulany (1w Fe waz Zn) Ma28U39 hexadentate co-ordination bond 34
toidauszusnmazminifnluiemeouazliinansssaunamanluiieladuasaaiang
o £, a { a & o & [ a ' Aaaa
Tolau gndvhapeyysdaszfiiinluuszdussruiunsaiveyyadaszlaniulisen Haber-
Weiss uaz Fenton reaction anilasiuanuidsmoniaduanodemidiluanassdlsznausas
was (ldunludu TUsdu nsafiaddnuazanslulainte) uazesddsznovvesaas (wibaky

6 di v a a a 3; Aaaa a o o [l
wan Bevnlulanewess  lalolowussiiueios) mavyadsljiteneendiatunsaludula
duaINNTI IAUTINRa AT MDA (W32 TBARS) luiilataduanadld 39&1u1InTae
£Z a a a s [ s a a a s ~ &,
Jasnumaifanendamwuesat (gumsenigy maia Wlusdauasnmsiiaduuds) Iuauan
v = n{qz a s A L= c?; a Aaaa an a o n:ll
ld a3 EGCG  Agnidhusandiatugsgafisusndusinmauiadiseidanesendiadun
suaivaanuaaiiald (Lee, Im et al. 2003) mvilnamdlTnuazafugitioiaiudu
aniruuazauiiiaiwWlusBalunynasasld (Abe, ljiri et al. 2005; Abe, Suzuki et al. 2007)

g o A A o v o A A A o & '

waniniasanasdu lidnariszdulisduaeaaanluiaibaduusinynasasniseingu

A \ o Aaa o A , o & a A A
wWiasnudadasstaaw  asindiuesluasanasdonizgugimsiineendiaAnaasaly
LIRALABNNTYIN9UENY ROS-NO pathway (Guo, Bezard et al. 2005)

ssstamdganazans  EGCG  hesuiimsuandivesiiadeauasinnizaandia
ANaeve aaUSunm ROS uaz TBARS Lﬁuﬂ%mmmsngm"lﬂau’l,mﬁ@Lﬁammwam&mﬁaéﬁ
\li8 BKO uaz DH smﬁza"ﬁ’sﬂﬁ@mmﬁmﬁammwawg}maaa sInasaUnIFadonariwindiTag
v‘hmsJa%aamzﬁﬁagjﬂmﬁmﬁamma Lﬁwﬂ%mmmsﬂQm”[ﬂaugﬂ%a'séf (GSH) lagaangn?
nizgumIvhauadian ol glutathione synthase lulmadaugisiimIdiazimnge lslan
’mﬂmié‘?\ﬁﬁu (ﬁa glutamic acid, cystein LLag glycine) %%aﬁﬁﬁﬁﬂﬁLﬂu reducing agent ARNENL
Tavawlss NADPH fitanludfisenmsiang (redox recycling) GSSG naun il GSH &ai39
mavinulasianlasl glutathione reductase M3AN®NVEY Grinberg Wazamelull a.a. 1997
LLamlﬁLﬁuiﬂmﬂwﬁﬂuaamjm:m%ﬂumL°’ﬁmLLa:‘*m@'hLflumiﬂszﬂauﬁmmsn%’um&nvlﬁ
seflgniduaandiatulwdadoauasld (Grinberg, Newmark et al. 1997) msanwnluwaaa
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nasasNsNwIIIENaTImInTnguiisonatanatendiatuuadiiaioauadngn
wiohlassswiialaanduuazlalasaunesen loaniiuaseanduaus (Biswas,
Bhattacharyya et al. 2005)

miﬂ:m%ﬂumL°imﬁqmauﬁ'ﬁL'ﬂuuauaaan%muﬁﬁmminﬁwmua%aaaiﬂu

WRIFUN LsﬁaﬁﬁuLLa:%hméTa%LﬁUﬁﬁmﬁmﬁuvlﬁaﬂwaﬁﬂixaﬂ%mwLﬁalﬁ’luﬂ%mmﬁmmmu
andlafianuansazadu EGC uar EC lussafamidoiuszmdenafiquandaidulsaand
Waw¥ (pro-oxidant) MwilainmssiremsaanGuany (sulalasiawwesenloduazayyalans
anda) ledlEludSunmen g (Shin, Kim et al. 2007) wananzudeafimsinaiueafianansndu
Lara e TN ULBITaUN U QLARNUED El'amwwu’hﬁm@;agmﬁﬂmﬂuaoﬁﬂi:ﬂauﬁ
mm‘mLLﬂoﬂwng?ﬁwﬁ'ﬂﬁ’]Qmﬁﬂ"L@T (Marouani, Chahed et al. 2007) ﬁwlﬁ%gua:ﬁﬂwmé’aéﬁ
WodnmIgedumemanaaiasss M3 EGCG Juny zn”" luansasaudunuasaanInsuny
labile zinc luimasay HepG2 cells 'l& S9ta8ilasrwnIvineIuas Zn-metalloprotein AYIMTAN
AIUANNTT signal transduction WA metabolic pathway msflul,snaaﬁmﬁy‘oaw’mﬂﬂaaﬁ‘umi
Snisuvesaasauldais (Quesada, Bustos et al. 2010) msaAnEARBINTIEIIRANL T RS
maamiﬂzm%u@mG]GiaLsﬁaﬁﬁuLWW:Lgmmuﬁwﬁuﬁaﬁﬁa EGCG>propyl  gallate>ECG>GA,
EGC>EC I@ﬂmsﬁﬂﬁmm@mﬁﬂﬁﬁnmL?iaﬁuvl,mi@ﬂaum%mﬁmaLLazmimm‘%uﬂuﬁa
mﬁmﬁ’mnm%’m ROS (Galati, Lin et al. 2006; Babich, Zuckerbraun et al. 2007) 2819 3Ny
ﬁgmnﬁﬁummﬁmm%mﬂ%mmgaG] (100-500 'lulasnsuvasansana/Nafaas) swnsaiia
anuluRsuoudounsudonulddionadunaanas EGCG (Schmidt, Schmitz et al. 2005)
mMsAnwas  Chan  uszams ldusesliiniiaswanluladildanssanamidoisansa
mﬁmﬁﬂﬁﬁ@m’mLﬂuﬁmiaé’mamhmnLLa:ﬁhLLmﬁ'L@T (Chan, Ramot et al. 2010)

Nﬂﬂ’]iﬁﬂﬂﬁﬂ%‘aﬁagﬂvlﬁdwmi GTE § EGCG Wuguisenaunanuasianugiuisnsis
anszaumqAangl NTBI Tuwanaun 31/ hemosiderin IuLﬁaLﬁaé’uLLa:ﬁmmam%maaoﬁﬁmaz
LARNLAY Eﬁ LIP luLsﬁaﬁémemﬁm mouse primary hepatocytes Wae HepG2 cells nNNe

a a & a {6 o J o v Aa . . '
AN AW e luan s uUSNmanslE  #9narinliiia negative iron balance lusremsuas
a78220U mimaauﬁiﬁaaqﬁmmam:é’ua%aamzlulﬁmﬁamm AATZAURIINRANTHNAN
Ujnsendlaiwesandiatu (11w MDA) luwaisunusziiioliony uszaaszausUandoand
wau (w GsH) lwilaiaduvasmunanaininnzmaniiuetsfidszaninn a3 EGCG
U8y GTE mm‘mam:é’ua%a‘émzl,l,azmUﬂm’jlaomiﬁwmslLﬁaﬁu"luimaum‘%waamaﬁé’u
g aa & a o o v & A Aa & a a A
LAZL RSN T AIZIRANLAW LA °]j’)&I‘Yﬁl‘ﬁL&l(ﬂLaa@]LL@GTBGI%%HNI@]SEld“f]llﬂﬁ’lzmaﬂLﬂu&lE]’]EJ&I%&ITJ
&/ 1 =1 U 3 =\ a 1 U = s dwu/ a
Juud ldnanszdumasfidlalnadu rwaansainliduaeanian (@aianmmaialnly
Bafiay) luhaibaduuaanunasas WT, BKO uaz DH 1¢ wazlinalifieanuduiivdaisas
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a1y LLﬂ:LGﬁﬂﬂﬂﬂ’]NLuﬂﬁal"ﬂ LAIZLRENNULARNLNY NMIVINIAN TUN T ﬂ'JvL]JsLTﬂﬂH’]V]'Nﬂﬂuﬂlu

R v A A Aa & a A A & a o ' o o
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Reprint 1 L‘%a\‘] “Effects of Green Tea on Iron Accumulation and Oxidative Stress in Livers of
Iron-Challenged Thalassemic Mice. T. Saewong, S. Ounjaijean, Y. Mundee, K.
Pattanapanyasat, S. Fucharoen, J.B. Porter and S. Srichairatanakool* Med Chem
2010; 6(2): 57-64

Medicinal Chemistry, 2010, xx, 000 - 00

Effects of Green Tea on Iron Accumulation and Oxidative Stress in Livers of Iron-
Challenged Thalassemic Mice

T. Saewongl#, S. Ounjaijean l#, Y. Mundeez, K. Panmmpanyasmj, S. Fu chamen“, I.B. Porrers, S.
Srichairatanakool'”

IDE‘;JG?’?ME‘H? of Biochemistry, Faculty of Medicine, *Department of Clinical Microscopy, Faeulty of Medical
Technology, Chiang Mai University, Chiang Mai, *Office of Research and Development, Faculty of Medicine Siriraj
Hospital, Mahidol University, Banghok, *Thalassemia Research Center, Institure of Molecular Biosciences, Mahidol
Universiry, Salaya Campus, Nakornpathom, Thailand, *Department of Haematology, Royal Free and University
College Medical School, Universiry College London, London England

Abstract: Liver is affected by secondary iron overload in transfusions dependent [i-thalassemia
patients. The redox iron can generate reactive oxidants that damage biomolecules, leading to liver
fibrosis and cirrhosis. Iron chelators are used to treat thalassemias to achieve negative iron balance and
relieve oxidant-induced organ dysfunctions. Green tea (GT) (Camellia sinensis) catechins exhibit anti-
oxidation, the inhibition of carcinogenesis, the detoxification of CYP2E1-catalyzed HepG2 cells and
iron chelation. The purpose of this study was to investigate the effectiveness of GT in iron-challenged
thalassemic mice. Heterozygous BKO type-thalassemia (BKO) mice (C57BL/6) experienced induced
iron overload by being fed a ferrocene-supplemented diet (Fe diet) for 8 weeks, and by orally being
given GT extract (300 mg'kg) and deferiprone (DFP) (50 mg'kg) for a further 8 weeks. Liver iron
content (LIC) was analyzed by TPTZ colorimetric and Perl’s staining techniques. Concentrations of
liver reduced glutathione (GSH), collagen and malondialdehyde (MDA) were also measured. Dosages
of the GT extract and DFP lowered LIC in the Fe diet-fed BKO mice effectively. The extract did not
change any concentrations of liver glutathione, collagen and MDA in the BKO mice. Histochemical
examination showed leukocyte infiltration in the nearby hepatic portal vein and high iron accumulation
in the livers of the iron-loaded BKO mice, however GT treatment lowered the elevated iron deposition.
In conclusion, green tea inhibits or delays the deposition of hepatic iron in regularly iron-loaded
thalassemic mice effectively. This will prevent the iron-induced generation of free radicals via Haber-
‘Weiss and Fenton reactions, and consequently liver damage and fibrosis. Combined chelation with
areen tea would be investigated in ['-thalassemia patients with iron overload.

Key Words: green tea, thalassemia, iron overload, collagen, malondialdehyde, liver

INTRODUCTION

Thalassemia patients with iron-overload suffer
from endocrinal gland malfunctions, liver fibrosis
and cardiac arrhythmia [1]. Eventually, this condition
will be fetal unless suitable iron chelation therapy is
managed [2]. When transferrin in thalassemia plasma
is fully saturated with iron, a toxic form of iron called
nontransferrin-bound iron (NTBI) is detectable [3].
The NTBI is taken up increasingly in cardiac
myocytes, HepG2 cells and rat primary hepatocytes
[4]. Possible mechanisms of the NTBI uptake could
be divalent metal transporter (DMT) [5, 6], L-type

“Address correspondence to this author at the
Department of Biochemistry, Faculty of Medicine,
Chiang Mai  University, Chiang Mai 50200
THAILAND. E-mail: ssrichai®@ med.cmu. ac.th
t’Equﬂl contribution to this work

calcium channel (LTCC) [7. 8] and Zip14 (a member
of SLC39A zinc transporter family [9] Labile iron
pool (LIP) is redox-active and highly increased in
iron overload. as a result of changes in iron import
and ferritin degradation. It plays a role in free radical
generation and is the main target of chelators [10].

In chronic injuries, activated hepatic stellate cells
(HSC) display  proliferaion  and  fibrogenic
myofibroblast phenotype, alpha-smooth muscle actin
(1-SMA), enhanced contractibility and a high
synthesis of extracellular matrix (ECM) component,
especially collagen [11]. Increased collagen synthesis
in liver cells leads to fibrosis and eventually cirrhosis.
Hepatic parenchymal and Kupffer cells also promote
the HSC  activation by  producing  lipid
hydroperoxides. Increased hepatic iron concentration
(HIC) in [i-thalassemia patients is associated with
liver toxicity, fibrosis, cirrhosis and carcinogenesis
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[12-15] Prsumably, NTBI could be a tumaor
promoter in TSIB mt liver epithelial cells that can
disregulaie cell cycle [16]. Additionally, chronic
active hepatitis C and an increase of liver iron would
be the major causative factors of liver fibrosis [17].
Iron-overload patients with primary hemichromarosis
showed maised serum alanine aminotransferase (ALT)
activity [ 18], Intraperitoneal injection of iron dexran
increases amounis of cytosolic hemosidenin  and
ferritin in the liver of iron-loaded rats. Measurements
af liver iron concentmtion by means of a semi-
quantitative inductive device (SQUID). RZ"—magnﬂlic
msonance imaging (MEI) and Perls staining are used
toevaluate efficacy of chelation therapy [19-21].

Desferrioxamine (DF0) and deferiprone (DFF)
chelation can decrease levels of ferritin and NTBI in
the plasma compartment and the amount of iron
burden in the liver of hereditary sideroblastic anemia
patients [22] and [i4halassemia major patients [23].
The main target organs of chelation therapy amre the
liver and heart which accumulate a large amount of
iron in cytosolic ferritin, hemosiderin and transitory
pool [24-26]. Green tea { Camellia sinensiv) contains
at  least five catechin derivatives including
epigallocatechin (EGC), catechin (C), epicatechin
(EC),  epigallocatechin  3-gallae (EGCG)  and
epicatec hin 3-gallate (ECG), of which EGCG and
ECG are the major constituents. Most importantly,
anti-oxidative and metal-chelating properties of green
tea can profect cells from free-radicals imbalance and
wicity in many pathologic conditions. We
investigated if green ®a would suppress iron
averload and oxidative stress in the livers of
thal asse mic mice.

MATERIALS AND METHODS

Chemicals and Reagents

[i-Nicotimamide adenine dinucleotide phosphate
(educed  form,  MADPH) 5.5 -dithiobis(2-
nitmbenzoic acid) (DTMB); S-sulfosalicylic  acid
(55A)  thiobarbitune  acid  (TBAY  butylated
hydrox ytoluene  (BHT),  2.464ripyridyl -s-triazine
(TPTZ) and  hydrexylammonium  chloride  were
abtained from 3igma-Aldrich Chemical Company.
HPLC-grade acetonitrile, ethylacetale and methanol
were  purchased from Merck  Company.  Other
chemicals and standards were AnalaR grde or the
highest pure chemical availabel. DFP was kindly
donated by Dr. Chada Philsalaphong at  the
Government Pharmacentical Organization. Bangkok.
Thailand.

Groen Tea Preparation
Fresh tea shoots were harvested and immediately
dried in a microwave oven (3 minates, 800 watts,
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100°Cy [27, 28] Dry iea leaves wem extrmded with
hot deionized water (80 'C) for 15 minutes and
filered through 0.45-pm membrane {cellulose acetate
type, Millipore, Maidstone, England). Green tea (GT)
crude exiract was dried under a vacuum, and the
powder was stored at -20 C 1ill further use. Catechin
derivatives in the GT extract wer analyred using a
meverse-phase HPLC technigue [29] Conditions of
the HPLC include analytical column {Waters
Spheraforb-0D52, 250x47 mm. 5um). mobik-
phase solvent (005% HiS0: @ acetonitrile : ethyl
acetate = B0 22, wiwhv), a flow me of 1.0 mimin
and optical detection of eluents at 280 nm
Concentrations  of the eluied catechins were
determined by comparison with authentic standand
caechins. Amounts of the pemisting EGC, C, EC,
EGOG, ECG and total caechins were 102, 5.1, 539,
BR7,4.3 and 255 mg'g dry weight, respectively.

Animals and Treatments

Adult male CST/BLOS mice (%-12 months old).
wild type ™i"=¥WT) and heterozygous [*° type
(™= (BRI, were provided by Professor Suthar
Fucharozn at Thalassemia Research Center, Institute
of Science and Technolagy for Reseach and
Development, Mahidol University, Salaya Campus.
The BEO thalassemic mice were generated according
to Jamsai and colleagues’ techmique [30, 31]. The
WT mice have normal kevels of hemoglobin, 51 and
ROS production. The BEO mice show decreased
hemaoglabin level, increased 81 and ROS productions,
but depressed heart rake varisbility (HRV) wvalue
indicating cardiac complications [32]. Their mild
anemia and depressed HRY complications are similar
to those observed in human thalassemia intermedia.
All animal studies were conducted with approval of
the Institutional Animal Care and Use Committee of
Faculty of Medicine, Chiang Mai University
{Refermnce Mumber -¥2548) Mice were housad in
stainkss steel cages in the conventional clean room
where the Emperaiue (25+2 C) and humidity
{60+£5%) were maintained on a 12-hours light'dark
cycle. The mice had free access to a nommal chow
diet {contrel diet) and drinking water ad Kbiren.

WT and BEO mice wemr fed with a ferroce ne-
supplemented diet (0.2%, wihw) (Fe diet) for 90 days
to induce imon overload. Tron stams including blood
hemoglobin and plasma NTBI levels wer detected
weekly until the MTBI was detectable. They were
randomly divided into three subgroups (4 mice each)
for oral administmtions of normal saline solution
{placebo), GT extrct (300 mg'ke/day) and DFP (50
mgkg body weight) aliogether with the Fe diet for
another 60 days. Al termination, the mice were
sacrificed by diethyl ether anesthesia and their livers
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wem disected for further quantitative and
histochemical analyses.

Elood Analysis

Blood samples from the wein of rat tals weme
collectad into anticoagulant tubes {sodium heparin)
every month for deermination of blood hemoglobin
and  plasma NTBI concentrations. Hemoglobin
concentration Wi assayed using a
cyanmethemoglobin me thod [33].

Plazma MNTBI was measured based on NTA
chelationHPLC technique with slight modification
[28]. Briefly, plasma {0.45 ml) was incubated with
nitrolofriacetic acid (NTA} solution (B0 mM in 5 mM
MOPS buffer pH 700 (005 ml) in a palypropylens
tubz  (Eppzndrof  |.5-ml capacityt at  mom
empemue  for 30 min. Produced Fe-(NTA};
complx was separated from plasma proteins by
spinning the mixture through a filication membrane
(polysulfone type, 0.5-ml capacity, 30-kD cut-off.
MWanoSep . Pall Life Sciences, Ann Athor, MI USA)
in a temperature-controlled bench-top  centmifuge
12000rpm (10620g)  (Hettich  Centrifugation
Gemmany), 15 C for 3 min. The filirate was
analyzred using the HPLC system by the following
conditions: PEEK solvent delivery tube; a dual-piston
high pressume pump (ConsiaMetric™ 3500 LDC
Milton-Roy Inc.. Florida USAY, Rheodyne7125
manual injector assembled with 50-ul PEEE. loop: a
glass column { ChromSep ODS] grpe, 100x 10 mm, 5
um; Chrompak Intemational, Middleberg, the
Metherlands): mohike-phase solvent {3 mM L-ethyl-2-
propyk3-hydroxypyrid-d-one in 1%%  acetonitrile
buffered with 5 mM MOP3 pH 7.00, a flow me of
10 mlimin, a UV-¥IS fow-cell detector
{SpecMonitor” 2300, LDC Milton-Roy Inc., Florida
USA). Optical density of a red-colomd product Fe-
{CP22); mepresenting NTBI was detected at 450 nm.
Data analysis was conducted with BDS sofware
(Barfpec Lid, Rehovat Israel). The NTBI peak was
caleulated with a calibration curve made from
different iron concentrations (0-16 M Fe-(NTA)
prepared in 80 mb NTA pH 7.0 salution.

Measurement of Liver Iron Concentration
MNan-heme iron in the liver was measured wing a
colorimetric echnique a5 described by the method
established by Fischer and Price [34. 3] Al
glassware was cleaned with & M. HCI overnight and
washed 4-5 times with deionized distilled water:
otherwize, plasticware was used. Liver tissues wem
brophilized for 24 hours, weighed {expmessed as mg
dry weightl and digesed with a mixture of
concentrated sulfuric acid and concentrated nitric
acid (1:1, wvy at 65 C for 20 hours. Aftlerwards, the
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clear yellow solution was transferred to a clean test
tube and adjusted to a final volume of exactly 10 ml
with deionized water. Tissue iron was reduced with
ascorhic acid and reacted with TPTZ a moom
temperature {25 C) for 30 minutes to form an intense
viokt-colored  product. 0D of the produa was
measured  at 595 nm  against reagent solution.
Additionally, protein concentration of the liver tissue
was estimaked according to the Bradford method.

Analysis  of Thiobarbituric Acid  HReactive
Substance (TBARS ) Concentration

Liver tissue {100 mg) was homagenized in the
solution containing 50 mM phosphake buffer pH 28
{0L8 ml}, methanol (0.1 ml} and BHT (50 ppm) in an
ice bath. A 0.5-ml aliquot of the homogenate was
transferred o 1.1 mlof 109 (wiv) trichlomacetic acid
containing BHT (30 ppm). mixed well and
centrifuged at a low speed 1o adhieve clear
supernatant. The solution (0.5 ml) was mixed with
044 M HaPOs (1 5 ml) and TBA solution (06% , wiv)
{10 mly, incubated in a warer bath ar 90 °C for 30
minutes. The solution was filtered through the 0.45-
um syringe filver and measured for 0D of the pink-
colored product at 532 nm against reageni blank. A
standard curve was constructed by using standard
11,3, 34etramethoxyp ropane solution. TBARS
concentration was delermined from the standard
curve and reported as the MDA equivalent [36].

Measurament of Hepatic Glutathiome
Concentration

Liver tissue was weighed and deproteinized with
S-sulfosalicylic acid  solution (5%).  Afer
centrifugation at 3500 rpm, 4 C for 15 min reduced
glutathione (GSH) conceniration in supernatant was
measured colerimetrcally using Ellman’s method.
Basically, GSH convers  5.5'-dithiobis  (2-
nitrobenzoic acid) (DTME} 1o 5-thio-2-nitrobenzoic
acid (TMNB} whik generated oxidized glotathione
(GE3G) will be recycled by glutathione reductase and
MNADPH is comvented 1o GEH. Optical density (000
of the yellow-colored product THB was me asured at
412 nm against reagent blank.

Determination of Liver Collagen Conentration
Diry Liver tissue { 100 mg) wwas lydmolyzed with
6 M HCL at 60 C for 24 hr and neutralized with & M
NalOH. The hydrolysae {100 pl) was incubated with
an axidizing solution {chloramines-T and n-propanal
in citrate buffer pH 01 {200 pl) at room temperature
for 5 min. The mixture was added 1o Ehrlich's
reagent {200 pli and incubated at 60 °C for 45 min.
Optical density of colored produd was measured
photemetrically at 570 nm against magent hlank.
Standard hydroxylproline solution {0 - S0pgiml) was

97



wed w make a calibradon curve and deermine
collagen concenalion

Histochemical Examination

Ancter parl of the Ever fssme was fined
immedizely in 10 % newral buffered formalin,
prepared  on  Gsse  slides md  smined  with
temaixylin & eosn (HEE) sipraviial dwve and
tvdrachboric  acid-potassum  ferrccyanide (Ped’s)
salmions. The siained rissues were examined by an
expert paibologist and photographed with a digital
camere. Pink ovtoplasm. red muckus and Prisian
blee iron granuks gppeared acconding o Pecl's
slaining [35]. Full cellulzr dedsl was oblkined fom
H&E sizining.

Data Analyss

The results were expresmd 25 means+5D
Statistical significance of the data was dedermined by
& fmdent's -test, p05 s considered significant
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Fig (1) Blood hernoglobin eoncenrations of Fe diet-
id WT irop) and BED (bomoml mie follesing
inervention with placebo, OTE (300 mgkgl and
DFF (50 ma'kg) for 80 doys Data are shown as
mean4i D {n= i
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RESULTS

Blood Annlbyss

Results in Fig. (1} show that ferrocene-
mppemened diet (e diet) did not ephance
hermoglobin svnthesis nor ervthropoiesis in WT mice
as well as mikl anemic BEO mice. Neither GTE nor
DFP aliered the bemoglobin concentration in e
meaked mice any momne Fe diet induced formadon
of KTBI in plesmz of the WT and BED mice in 2
tme-dependent manmer Expecedly, ©e OTE and
DFF were able 10 decreass the plsma NTEI
concengations of ihe teakd mice, which the OTE
bering slightly more effective that the DFP as depicied
inFig 121

Liver Iran Cancen tration

As shown in Tabke |, Fe diel inaeased the LIC
of the WT mice significandy (4 = 120540578 g
Fe'mg prowin. 19.13=14 44 ng Fe'mg dry weightl
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Fig. {1} Plasma NTBI conceniations of Fe diei-fed
WT dtop) and BED {bottom) mice following
inerveniion with placebo, GTE 300 makg) and
DFF (50 ma'kg) for &) days Dam are shown 2s
mean=50 {n =)
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Tanhle 1 Effect of green iea extract (GTE and deferiprone (OFF) oo liver iroa conceniradons in Fe diet fed -WT and
BED mice. D2tz am shown as mean+SEML

Dt Liver iran concenirations

Mice Treatment ug Te/mg protein ng I'e' mg dry weight

Frcirmal det R E R T] EAESIIk

Fe died PlaceEn [l R GE TS
WwT Fe died G TE TEee=00dF T+

Fe died DIFF [N E T JERIESEL

K“omal det 121¥] J214]

Fe died PlaceEn JRATY D T T6=T447
BEO Fe died G TE [k R EE T 85517

Fe died DIFF (Bl CIEL5F

7 <05 when compared o normal diet, "5 <0005 when compand o e diet

Appaeniy. OTE lowened the incease of LIC remaved iron deposidon in the livers of the WT and
o om L1140 606 g Fe'mg protein, <27 2821515 BED mix
ng Fe'mg dry weight 7 <005 and DFF was also

effecive {4 = 194640537 ug Felmg proem, - Liver TRARS Conce ntration

23840061 ng Felmg dry weightl Joven an Fe diet,
LIC of ihe BED mice (195041049 ug Fe'mg
protein, 41%=1445 ng Fmg dry weightl was
slightly higher than that of WT mice (171530445 ug
Felmg proein 38 1=155% ng Fe'mg dry weight
{OTE and DFF deaeased the LEC of Fe diet-fed BED
thelassermic mice {4 = 161540855 ug Fe'mg
profein  amd  -133540%%% Lz Femg  protein,
pspectively) significandy The result indicaes tha

The Fe dei merkedly increased liver THAR
concenmaions 0046 ug Felmg  proein
L66=01015 ng Refmg dry weight) when compaped
w the normel diet (2344173 up Remg prowein
10410020 ng Fe'mg dry weightl Impariantly. baodh
GTE md DFP eflecively deqessed the inclining
lver THARS concenrations in ibe WT mice (4 = -
L60 and L3 ng Fa'mg dry weight, & spective vl 2s
well as e BED mce (4 = 0069 and -L071 ng

GTE and DFP exhibited iron-che lating acivities and Fefmg dry weight. respectively; 005} (Tahle 2)

Tahle 2 Effect of GTE and OFP oa Ever TEARS concentrations in Fe diet fod WT and BEO mice. Datz are shown
25 mean=SEM.

Liver TEARS concentrations (MDA equivalent)

Mice Dt Treaiment ug Fe'mg protein ng Fe! mg dry weight

Hommal died 2344125 0 =00020

Fe dietPlaczba 0B+ bt 0E=0.015
WT Fe diec®TTE [EEETR L0 00T

Fe diet/TIFP ST 0030=0017

Hommal diet HO KD

Fe dietPlacebo PRI QL0EN=0000]
BED Fe dietTTE OT=0Is [N ES D

Fe detLIFF [ oy (DR

palll when companed to normal det; "p<0U00 when compand io ke diet

99



nastnila Humeunsnou'ldasueyaa

PNETHUUMNYaY 4

The results suggest tial 0T carechins, perticalarty
EGOG, exhibiz iron-chelating properties like DFP

The Fe diet did nat influence levels of liwer
glutathione; noretiekss, GTE and DFP wended

that can imhibit the gemeration of free-radicals
Consequentty, the compound can prevent lipid
percxidaion and cxidaive damage of Fon-loaded
liver lissue

inease the ghriathione concentradons of te WT
mice {Tahle 31 Unexpeciedly, the GTE and OFF
mduced the kevels of lver ghriztione of ibe BED
mice. [n addidon. the Pe diet increased the kevels of

lpver oollagen of the WT mice. The GTE and DFP

Liver (ilutathione and Collagen Concentrations were zhle w lower the ind.ininig mend of ke collapen
mice

concenT®ions in the WT and

Tahle 3 Effect of GTE 2nd OFF oo Ever reduced g lmzathicae $05H) md collagen concentrations in Fe diet ed WT
and BEXD muice_ Diztz are shiowrn 2 meang S EM

Liver :5H concentratian Liver collagen concentration

Mice DietTreatment {nmol mg pratein | \mmolmg prateind

Mormel diet 3454125 023+1005
WT Fe diet'Plaoeba AR50 T O021+1002

Fe diet' GTE 404+ 45 OFT-+100%

Fe dietDFP 4 254043 03540017

MNormal diet HD K]
BEOD Fe diet'Plaoebo 4324079 Q04002

Fe diet' GTE 3554042 02540003

Fe diet TFP 3104040 02340 005

Histochemicnl Examinatisns

As shown in Fig. 131 Perl’s stzining obepvation
showmed that Fe diet enhanced iron depostion in liver
tissues of both WT and BED mice. Incredibly, GT
was effident in mducing te iron deposidon (ess
density in Prussian blue granulkes) As sen in HEE

stained  rtissmes. R diet enhanced  leukocyie
infilwation onw liver cells of the WT and BED mice
aof the mearby porel vein (H&E staining). indicating
poential  tissue  inflammation.  However,  the
levkocyie infilration disappeared afier the mice wen
meaked with the GTE
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Fig (¥ Hematoxylin & Eosin and Perl’s Prussian blue smining resulis of liver fissues from Fe diet dW T 2nd BEOQ mice treaked with OTE.

wT BEO
e Treatment HAE smin (x48) Perl's stain bcdd) HE&E sain ocdll) Perl's sain bcdl)
TN
o
ol -
Kormal diet :
-
b ba g . Sl
I
¥ i
2
1.5 ST
Fe dietPlaocba b i
i
b, oo
er
Fe died' GTE
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DISCUSSHON

As mentioned befope, NTBI is present in the
plesma af [i-thalessemia patiens. Our cument smdy
has demaonstraied that NTHI is deectable in plasma
comparmments of ihe R diet-ked mice acoording 1o
ibe time [37] However, low concenmations of NTREI
can be defected in plasma of the Emic cilrae-geated
rats [38] A previcus study reported the amount of
iron depasition was kow inthe bone mamows, bul high
in ibe liver and spleen of [ thalassemiz infermedia
Administration of iron dexoan inoeased  blood
hemaglabin  kvels @ [-helssemic mice [39]
Hirwrewer, our o smadies observe hat ferrocene diet
i ot increase blood hemogkbin levels in the -
ihalassernic mice [37]. Highly accumulaked iren in
transfusional patients with [i thalassermia can lead 10
Iver inflammadon, fibrosis, cirhasis and finctional
insufficiency 0] Splemecomized and  cirhodc
ihzlassernizs had higher degrees of fon 2ocumulation
mnd fibrosis ihan noa-splemeciomized and non-
cirthotic omes [41]. Hepakwie siderosis comelases
slightly betler with chemical Liver iran coarent than
does e degme of endothelial and Eupfler cell
sideposis [41] Strong evidenoe has shown thal green
‘ea catechins can inhibit galactsamine- and reacdve
oxicdant-induced hepamoamicity 143, 44]
Cantradicary, inraperitones administiration of green
‘e can induce bepatoticity in miae 45] Grege and
Lvle found that ras fed a green ea-supple mented
normal diet did not experience an aleration alter in
lver  radio-iron " Fel  concentrabions or  in
gastroinkestingl iron bsorpion [46] Previous studies
have dermoastaked thal geen fea cafechins like
EGCG, exhibit antifibrogenic activiny that aan
suppress and inhibi collagen synthesis in hepatc
siellate cells [d74%] Omara and collezgues have
demonsirated that iron overload impairs macaphage
phagocyiosis and enhances inflammercry evidenoe in
iron-loaded raes [50] GTE can decrease focal
IeT0sis md lenkooyie infilration in
ische mic'e perfisive livers [51]

In our study, the quantiztive end hissochermical
enaminzions confirm tal green k2 exiacl really
lowers the iron acoumuladon in the livers of WT and
BED mice. Possibly, the memalbinding activicy of
pohphenolic cakechins; especially EGOD and ECG,
imerfere with luminal iron absocption and also
emove inrakepatic iron pools Gmen ea cakedins
counkeract iron camabysis in ROS generation via
Haher-Weiss md Feomn reacdons and  lower
peromidewe damege of membrane phaspholipids
Therefore, levels of liver lipid percaidation prochicis
such 2s MDA of the GTE-realed mice were less than
ibose of unireaied mice. Treamment by antoxidat
geen va cmechins did pot inaeas kvels of
imracellular anf-oxidative glmathione as expeded
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The result implies ihat cakechins only scavenge
produced  free radicals, but neither enhances the
endogenous  gluizthione  swnihesis  nor  mcwches
axidzed  glutahione w0 meduced  glumathione.
Increased amoants of collagen mflec o fibrogenesis
- The 2-manih iron loading may not be sufficient to
inoease the mllagen synthesis in the livers of the
WT and BED mice. Treamnent wich OT itsalf would
notinfluence the oollagen synthesis eiter

Based on these findings. green tea can
effectively kwer the liver iron concentrations of iron.
loaded thalesemic mice by 1} te inferlemnce of
inestinal iron absorption, I} chelation of plasma
MTBI befopr intering imle liver cells 1) the
maobilization of fransient and storage pools of hepatic
ion. It can be speculated ihat gmen ks exmact
eonmining high EGCT and BOO conwents could be
utilized as phytochemical ironchelaing agens or
aipncte agents with oral iron chelwors teg
deferiprone and deferasirom) in iron-overload patients
with [i-thalassmia in the fusre. We am cortain that
green kea chelafion will give complianee, be cost
effective and produce minmel side effects o the
chelmed patients.
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Green Tea Attenuates Erythrocyte Oxidative Stress in B-Thalassemic Mice with Iron
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Green Tea Attennates Ervthrocyte Omidative Stress m B-Thalassemic Mice with Iron Owverload

Z. Omjaijean’”, 5. Fucharoen®, K Pattanapanvasat’, T. Westermarck!, F. Atroshi®, 5. Srichairatanslkool'”
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*Rivmekor Research Cenrve, Expoa, Finland

*Deparoment of Pharmacolozy and Toxicolagy, Dnrversity of Helsinkd, Helrink, Finland

Abstract: §-Thalassemia patients suffer from o overload caused by regular blood mapsfosions and increased oo
absorpiion. Iron plays a cridcal role m foreation of reactve oyygen spacias (FUD5). Acmpmlatsn of nocheme fron
on thalassemec enpthrocyts membrans wizeers an ouldatve cascads thar leads to thelr swicidal erythrecyte denth
Irom chelators are used for meamnent of iron overload and ecddadve soess in B-thalnssemia padsmes. Graen t=a
catechins having mon-chelating and antioxsdant properties are applied to reat oxidative stress in vimo and invive. In
this study, we prepared the mocrowne-processed gresn tea and iowestpated if green fea exbact (GTE) could
amelioraie eddamve soess and poolong sumvival of red bleod cells in iron-loaded thalassemic mice Mice
(C3TBLGET) as wald oype (WD and B-knockout (BED) thalassemsa were fad with femocenz-supplemented diet (FE
diet) for 12 wesks and omlly adernissterad with the GTE (300 mz'ks) or DFP (50 me'ks) for additonal 12 wesks,
Flasma noo-mansfamic boumd iren (TELD was quactified by using HPLC method. Fad blood calls labelad with
phycoeryihnn wers detectad with Sow cytomatry. Erydrocys thichardbmric acid-reactive substances (TBAFRS) and
hzmwolysis were measurad colorimetrically, Pesult Elevated plasma levels of MTBI and lipid perodation s2nded to
nomalize in response to oral therapy with GTE. At the sams tims plaspa GSH were increased up o 2-fold. Mice
exhibit dacreased of lipid perovidation and improvement in the caddani—mtesddant balance m erythrocytes. GTE
effactively imhibit bemolysis and thereby prolonged FBC half-life. Conclusion. Cur stady demonstrates the abitiy
of GTE to improve several of the fundsmental pathologcal dishobances of Thalassenda. GTE may have clinical
potential 1o dipnishing iren overload comploation when admenistersd early in dizease development. Combined
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chelation theragy nsing GTE with stndard izom chelator wondd be interested in B-thalassemsy patents with iron

overoad.

Kevwords: gresn tza, thalassenta iron overload, onidative sress, hemolysis, red cell sumival

*Address comespondence to this suthor ot the Deparmeent of Biochemismy, Facvlty of Madicine, Chiang M
University, Chiang Mad 30200 THATLAMD. E-mesl- ssnchaidimedl med comeac th

1 INTRODUCTION

Bata-thalassendas arz a heterozensgus sroup of 1ad blood call (BB dsorders resulting from reduced or
ahbsent symthesiz of f-globin chains of hasmoglobin. The presence of excess unpairad o-globin chains in BBC: gives
rise 1 ageregates of Heing bodies, and morphalegic changss, casing daage o the FBC membmee. The affected
FBC: are premamurely hemelysed m the bone marmow md splesr, resulting in mereased FBC nomover, ineffactive
eryvihropaiesis, and severe apernia, which can be comsctad cnly by regular bloed marsfosions [1].

Iron overload, resalts from echances iron absorphion dus to ineffecoves erythropoissis and futher
azmravated by mansfision therapy, is one of the major cavses of morbediny and momality in thalassemic patents. In
sitnatons of Ton excsss the mon-bindng capacity of maesfemn is hghly sanmted, resalting in e appearance of
nonirans ferrin-bound iron (WTBI) m the plasma [2, 3] The toxicity of MTEL &5 sipnificantly preater than transfemin-
boumd man as exemplified by its ability to catzalyze f=s-radical reactions that have Life-dreatening conssquences [4].
NTEL, is thought 1o catalyze the formation of highly reactive oxygen radicals that genemte lipid perocddation
processes, resuling to a breakdown of tiomermbrans functions and frally leading to call dzath.

Admenistration of iron chelators, desfermosamune (DFD) ar defenproee (DEFP), i3 comrmonly pronesing to
prevant of decrease roc-loading hurden and acoumalator of NTBI io the plasma of p-thalassenia major patenis.
Eowever, these dnizs are 1zsued by being canze of seriows side affects, Teament corplications and hizh cost.

Grraen tea (Cimellio rinensis) as 2o excellant souree of polyphenals namely catechmns, has beep showm the
protectve effect in vanous oxdatve-related pathologc condiions Chor previows stadies demonsirated that, zresn
tea catechins confam both ano-ouidative and mon-chelating properties [3, §], which responsible for the nbibitory

effert of reen taa exmact (GTE) to decraased iron everload and eoddative smess m iron-challenzsd mumine models
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[7, %) Inthis snady, we tvestizated if (GTE bave a protective effect agamst irop-mediated orddatve drmaze to the
BBz and profong BBC: survival of ireo-challenssd thalassemic mice.

L MATERTALS AND METHODS
1l Chemical: and Reagents

Al HPLC-zrade sobvents were purchased Som Merck Compamy. Unless ocher indicated, chemicals and
standards were purchased Som Sigma-Aldnch Chemdcal Company with AnalaF. grade or the kighest pure chemical
avadlablz. DFP was kindy dopated by Dr. Chada Philsalaphorz at the Government Phammaceutical Crganization,
Bargkok, Thailand.

12 Creen Tea Preparation

Fresh t2a shoots were harvested ard oomediately dried ic 2 microwave oven (3 mimuses, 300 watts, 100°C)
[5, 9]. Dy 122 leaves wane exmacted with hot deiomized water (80 °C) for 15 nfwnes and filtered fhroush 0.45-pm
memrans (celhdose acetas npe, Millipors, Maidstone Enpland). Gresn tea sumact (GTE) was dried mder 2
vaomry, nd the powder was stored at -20°C il further wse. Casachin demivatives cortaiped o the GTE wers
quandtacsd nsing a revarsa-phase FPLE techmique [10]). Cooditiens of the HPLC include avalyiical coluem (Waters
SpheroSork-0DG2, 230w 7 mm, S-uen), mobdle-phase solvent (0.05% H,30, : acetonimile : ethyl acetate = 85:12:1,
viwl, a Sow rase of 1.0 mi/nrin and optical detection of sluepts at 230 nm Concentrations of sach cateching wers
deternined by comparisan with aathentic standard catechins. Amounts of the persisting C, EC. BGL, BOG. BGOG
and total carechins in GTE were 583, 8.0, 269, 0.5, 83,5 amd 1983 me'e dry weizht of tza leaves, respectively.

13 Amimnsls and Treatments

Aglt CSTBLAT mece (inctial age 75120 days), wild type (™" )WT) and betsrozyzous B-konock out type
(gt (BEO), wers provided by Professor Suthat Fuckaross at Thalassemia Research Center, Institne of Science
and Techmology for Fessarch and Developmers, Mahidol Unsversity, The BEO thalassemic mice were gensransd by
g2 farepeting techoigoe according o Jamsal and colleagues [11). Hemasological data of BEOD mice resemble
Iuman Thalnzsemia imtermedia pasienss with the Tansfisisn-dspendent phenptype [12. 13]. A andmia] snadies wers
condicted with approval of the Insttntions] Anieal Care and Use Conemittes of Faculty of Madicine, Chiang Ma

[EY]
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University (Feferencs Mumber -3/2545). Mics were hovsad in noo-metallic capes mthe conventons] clean rooe
whera the temperanze {23+2 'C) and humeidisy (50510%:) were maimtained oo 12-hours day/might cycle The mice
had fes access to dist and drinking water ad Fhifum,

WT mnd BEO mice wers f2d with 2 farocens-supplenemad chow diet (FE diet CPOED dier epnichad with
0.2% wiw famocens; contatming T80 ng Fa' ke dist) 3 days per wask for 12 weeks 1o induce ron overload Afier
irow loading period, mice wers mpdondy dovidad inte four subgroups of 12 wmice sach for oral adninisoatons of
deiomized water (placeba), GTE (300 mg GTkg EW/day) and CFP (30 mekg BW day) altogether with the FE dist
for apother 12 weaks. WT and BEO mice f2d with standard diet (CP0S2; containing 130 mg Fekg dist), and
adnrnisterd with deiointed water wers served 35 nes-iron loading contral.

14 Blood Analysiz

Heparimizad blood was collact2d monthly by tal vein or heart pumenrs and cenmifizzed at 2000 pen, £ °C
for 10 mumires. Erythrocytes were washed and resuspended in PBS, pH 7.4 Plasma was removed and kept Sozen at
=20 *C for further analyzzs. Blood hemoglobm concenmaton was assayed nsmg a cyanmethamoglobin methed [14]

Lewel of total sluesathione moerythimacyte and plasma were detemmmad coloarimetrically by DTHE method
[15] wsing Glwiathions Assay Fit CS0260 {Sigma, St Louzs, MO, TSA).

Defermination of reactive oxyzen species (RIO5)

Lewel of DS peperated in red blood calls (RBCs) were dsternimed by Sow cyrometmic assay modifisd
from Amer e al [16]. Brfsly, 0.4 m dchlorofluorescein diacetas (DCFHE-DA) (Sizma. 51 Louzs, MO, USA) was
added to FBCs suspension {1=10° cell'ml i PBS) and incubated at 37°C for 15 min v 2 benidifisd atmosphers of
5% COy. Fluorescence imtensity (FI) of DICF from the intact BBCs was analyzed with a Bacton Dickinsen FACScan
(BD Bipscience, CAY, and daca wers analyzad vsing C2ll Qest software (Beoon Dickinson). The absohws FI of
sample obtazmad by subtract FT of sample from FT of pezative (unlabeled) conmol for each sample, representng the
extent of ROS level in the FBCs The positve contol of each sample had been assessed together by HOD:
acovaGon.

Anmalysis of plasma nop-transferrin bound iron (NTBI)

Flazsma INTBI was measarad based oo WTA chelatton HPLC technique with shigin modiScation [5]. Brisdy,
plazma (27 ul) was incubated with nimelemiacetc acid (NTA) solution (finad concentration 30 mM in 5 m MOBS
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Truffer pH 7.0} at room temperature for 30 min. Produred Fe-MTA), complex was separated from plasma prossins
oy spizming the psears through 2 filmatien memwbrare (polysulfons tpe, 0.5-ml capaciny, 30-kD out-off, MNanoSen®,
Pall Life Sciecces, Ane Avbor, MI USA) at 12,000 rpm at 15 °C for 30 min The filrate was analvzed using the
HPLC system via a glass column (ClmomSep ODE1, 100%10 mm, 5 wox Chrompak Ivtemational, Middleberg
Matherlands); mobde-phase solvent (3 mM 1-gthnd-2-propyi-3-hydrosgpymd<-ope (CPIX) m 19% acetontirile
Tuffared with 5 oV MOPS pH 700, 2 Sow rate of 1.0 mlimin. Optical density of a red-colored product Fe-(CP2D),
representing NTBI was mondrorsd oo-line an 430 pm Data amalysis was conductad wath BDS software (BarSpec
Ltd, Behovot Israel). The NTBI peak was caloulared with 2 calitration corve made from vaned concenirations of 0-
15 plvl Fa-NTA), prepared m 80 miM IWTA, pE 7.0,

Measurement of Bpid peromdation

Malondialdstnede MDA Az indey of Epid peronddation was dessmnined fom plasma sampls vsing EPLC-
fxzed THARS assay described by Halliwell and Chirico [17]). Twenn-seven pl of plasma sample was minsd with
the reaction mixtre; 0.2% BHT sefutoe (3 ul), 0.44 M H,PO, {180 pl) and Thoobarbifunc acad {0.6% wiv) (60 pl)
and moubared at 90°C for 30 mrmees. The pick-colored product was flered through 0.45-pm syringe Aiter and
amalyzed with the HPLC system wia analytical colump (Water Spherosord 0052, 230u4 3 pm, 5 pon), moble-phase
spdvent of 30 mh KH,PO4: methanal (55:35, w%) at a flow rase of 1.0 mlmin. Elnenfs wers detected on-lme at 532
mm Flasma TBARS concenaations were datermired from the standard curve comstracted by vaned concentration of
1,13, 3-temamethosypropane and repored as pmol] of MDA equivalents.

To assess the level of lipld perorddation o erythrocytes, packed czlls wers separated from plasma by
cenirifizzation at 3000 x g for 10 m apd resuspendsd in FBS, pH 7.4, To 30 pl of erythrocyte suspension, reaction
mixnme was added and incubatad at 30°C for 30 minotes. Following moubatien, it was allewed to stand on dce for
10 pen before adding 150 w ticholeacetic acid (2075 wv), After cepmifizadon at 12,000 = g for 10 min the
paromds content mm the supernamet was determdned by spectophotomemically at 532 mm MDA values weme
evaluated by compared to the absorbancs of standard tetramethosypronans and expraszed a5 pmolg Ho

15 Feed biood cells survival study
To imrastizate the effect of reen tea cateching oo prodons rad cell sumival thres nale mice were randomly

taken fom each experimental provp after oo leading and trestment perind. Iron adeiindsmation and treatment

Ln
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ineervention were comfioued for 2 month dming survival stady. Joovie biotioyladon of the eptire BBC: was
ackdeved by fail vein infection of 200 pl, 15 me/ml EZ-Link Sulfe-HS5-Biotn (Prerce, Rockford, IL, USA) A2-3
ul blood sarple was collected 2t different period of fime by tadl vein puncture. Fed cells were washed i 10 meeal1
HEPES, pH 74, 163 numel] NaCl (HBSM), and the mumber of biotmylated FECs was detemminad by toubaton of
the red cells suspensicn (3+10° cells'ml) with 5 pgml phycoerydmn-conjuzated septvidin (B0 Biosciencs, CA)
in HBEM baffer containing 2 5 nwnell CaCly. Flow cyiometric determination was carmied out with FACScan (BD
Broscience CA) and data were amabyzed using Cell Croest softwars (Bacton Dickinson) as descnbed sarbier [15, 19].
The BEC survival cumve was created for detenmination of the duration that biedoylated BBCs reduced 1o 50%6 (T,

survival balftimes).

2E I vitre assay imbibition of red blood cells hemalysis

The inhibitron of red blood cealls hemolyszs by GTE or DFP was evaluated by hemolyss test, performed in
prasent of mon chelate and H,Qy as fee mdical imitators. BBCs were separated from plasma and by coat by
cenmifugation (1,500 = g, 10 min at 4 *C) and were washed three tmes by cenmifiization (1,300 = g 3 min) i 10
volmmes of 10 niv FBS, pH 7.4 BB s suspension at 5% hematocrit was preincubated with 30 ul of PBS {nazative
conirol), GTE or DFP at different concentrations (1.25 — 20 pg'ml im PBS pH 7.4) for 30 min Then 100 pl of 100
uM farmc-MTA (in 3 m MOPS, pH 74) and 100 pl of 100 pM HyOy (m PBS, pH 7.4) was addsd. The r=action
mexhme was shaken gemily while being mcubated at 37 °C for 3 hr. After moubaten, the reaction nexhme was
ditated with 8 ml PBS and cemfrifiize at 2,000 = g for 10 min The resulling supernatant was messurad
spectoohetomemically at 340 mm The percenfaze of hemolysis was caloalated by taking hemolysis of hypetonic
uffer (FBES, pH 74) as 100%. The mhibitory effect of GTE or DFP was coopared with standard antesd dant;
Trolor (water-soluble tocopherol dervatve) (125 — 20 pp'ml in PES pH 7.4).

T Diata Anabysi:
Stanstical amabysis was performed using the 3PS5 software (Version 16.0, 5PES Inc, Chicazo, IL. USA)
Diata are expressed 25 meap=ST The normaliny of dismbuedon was tested by Skewnsess Eumosis fess Statstcal

comparsen between different sroups was perfonmed by usmg the Smdent’s T Test or Maon-TWhithy's T fest
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dzpending of the distributon Bivanate comelaton was compued using Pearson's rank corrslation. Two-tail
significant valuz was used and a P value less than 0.0F was considered as statistcally sipnificant

i RESULTS
Al Effect of GTE on iron overload and exidative stress parameters in plasma compartment.

Flazma NTEI concentration

The FE dier induced formadon of NTBI in plamma of the WT and BED mice in 2 tme-dependant nanner,
which BED mece were more susceptible to iron owerload than WT mice. As expected, the increase of NTHI
concentTation was detenorated by reatment with GTE and DFP. In conmast with equally effective effect obsenved in
WT neee, GTE was sipmificantly mors effsctive to raduced NTBI concentration than DFP in BEO mice after two
moeaths of meervendeon (Fizure 1).

Flazma Lipid peromidation

Coincidently with the increase of MIBT in the plasma, mice f2d with FE diet have had markedly increase
plasma lipid perowidation in tme-dependent fashion (Figure 1), GTE showed more effacively o psumlize the
plazma MDA concentrations than DFP etther m the WT mmice or the BED mice.

Flazma glutathione content

Blazma ghitathicme concentration of FE diet-fed mece was shightly dacreased but not staiistically sipnificant
comparad to conmel prce f2d with nomaal dat (Figure 3). Thres memths adnenisraton with GTE. as well 23 DFP.
enfianeed the plasma level of glumtions sppromasly 2-fold and 2 5-fold compared o WT and BED mice

received FE diat with placgbo, respectively.

Al Effect of GTE on bemaglobin level and cxidant-antioridant statns in RBC: compartment.

Blood hemoglobin concentration

Az shown in (Fizare 4), the supplementarion of iren-sorich diees mezenificantly incraase hemoslobin level
i WT mice as well as mild apemic BEO piice. Weither GTE nor DFP show sipnificant fmproved of hameelobin
sywthesiz m the reated mice.

112



nasUnila Humeunsneu ldsuouana

]

]

PNETHUUMNYaY 4

Erythrecyte BOS formation

Geperntion of ROS m enythrocyiz of either WT or BED mice were mduced in time-dependent mapner by
iroe admintstracon (Figure 5). When adminizmazd with GTE, the oe-induced ROS formasion @ erythrocyss was
nairalkzed inte momal level In addstion, DFP show lower afficacy than GTE to replete erythrocyse ROS in WT
mice and had no sigraficant effect in BED nuce

Lipid peronidaten of EBC: membrans

As a copsaquence of ROS fSommation, mduction of Lpid peroeddation in the anvthrocyie redected by the
zneration of MDA (Figare 6) The amount of MDA mthe enhrocytes in WT and BEO confrol sroup mssured
were 3313409 and 48,703 87 pmol'z Eb, respectvely. Induction of tron ovarioad by FE diet adminisoation to
mice resules in sipnificamtly increased of MDA conceniraison in the eryttmocyte (50.05=8.70 pmol's Hb m WT mice
and 573023 81 pmwl’z Hb in BEO nece). The frop-mediaced inducton of srytiwocyte MDA production was
efficiently inhibit=d by Taamwem with GTE.

Intracellular ghutathione confent

Lomz tamm Szadine with FE diet canse sipeeficantly decrsassd o levels of srythrocyte slutattdons Bed in
WT and BED nice (Fizare 7). Treamment with the GTE and DFF could restore the levels of plumthions mto
fazselms level in bodh fypes of mice In addmion, the concermaden of gurathions in erythoocyte was decrsassd
coincidsnty with the mereasad level of erythrecyte MDA (r=-0916 P <0000

i3 Bed cells survival stady

Survival curves plotied in Figure 8 show that BBC remeval was linsar for the WT control mice, as reported
carliar [15-20]. The mumber of biottmylaed cells decrsased approcmacly 1.9 %6 per day, with 307%: swviving (T)q)
an 30 days and an extinction tme of 80 days.

Iv coomast, (Fizure §, BEO) thalassemic FBC: demonstmarsd expovential removal, with both ags-
dependent and -independent processes. The simvival curve was frted to the equatiom At} = A1 <ET1e™ [21]
wherz A7) stand for the mumber of biedmdated PO an tms (f) A, is the inoal mmmber of botmylaed BEC art=
0, T 5 the tme of senascant death of BBC (extinction tims); and K is the sumn of the rates of elution of the lab<l and

random removal.
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Aralyziz of the sxponential curve Gt mdcated 3 more mpid removal of subpopuiaticn of BB (k=
0.053) in thalassemic mice as compared to the WT conmols with sarvival half-tme (Toq) apmoamaely 175 days.
In commast o pomeal BEC:, by day 30 only 23% of the FBCs of the thalassemic nuce were survived. Thess data
indicatad that some thalasseraic BB s are remowed pramatraly, whersas others exbibit nommal survisal

Admenistration with FE diet resulted m the sipeficantly decreased of sumival halftime (Figure 9. The
Tigin WT mice gn FE diet and without ireo-chelation reatment are decreased to 23 days, whils in BED mice are
daczeazed o only 13 day.

Treatnemt with GTE potemtially proseces red cells fom bemngz desmoyed by iron-induced oxdacive dmaze
Chelators reated animals bad RBC T, values mtermediate bamwesn mireated (placebe sroup) and non ron-ndiaced
conirols. The sirvival e of WT EBCs in GTE-reated nuce were mereased apopronately 13 %% compared to
whom received placebe. Furthenmors, prossctve effect of GTE was more pradeenivanty tn BEO BBCs, whech the
survival rate was increazed up te 27 % compared 1o placebo sroup. As expecied, the effect of GTE was slightly
moe potent than DFP o protect FBC:s from sepescencs.

34 TE mhibit hemolyzis of RBC: in vir

o grder o determime whether GTE can protect r2d cells from hemolysis cansed by iron-catalyzsd frze
radical genemation @ vime investgation of hemolysis of BBCs m the presant of iron chelate (feamc-MTA} and H;O;
were performed

The results revealed that pre-meubation with GTE protect red cells Som hemolysis in concentrafon-
dependent manner. At concentration as low as 1.25 pg/ml, GTE can inkibit hemedysis (oy 50% in WT BBCs and by
55% in BEO BBCs) compared o the napative comtrol (pre-incubated with PBE). The protective effect of GTE was
more poten: when conpersd to iren chelator, DFE or anfonidant Trolow iaking together.

4 DISCTUSSION AND CONCLUSION

Thalasseomia is o hereditary aperia resuling from geeefic dafects i hemoglobm producion which affacs
muiltiple arpans and is associatsd with considersble morbidity and martlity. Lifslong blood temsfision ts comentdy
anly mainstay Teanment o suppress the ansmic state, evenmally, results iniron overload and conssquenthy oxidatve
dammge of cells and desues.
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Admenistration of iron dexman had been shown to merease blood hemoslobin levels m f-thalssemic mece
[22]. However, we camnet conchede farm our result that hemoplobin lavels in fhialassemic noce wers inorsased by
ferrocens dist admirdsmatien. Maither GTE nor DFF canse significant chapzsd i blood hemeslobic level This
result supzested erythropesssis, either o wild oype (WT) or thalassener (BEQ) moce was mot improved moour
eperimental medzl.

Iron adeyinismaen, on the other way, inducs Ton overload o our experimental mice 25 determined by the
significamtly mersased of MTEL i the plasma. The toricity of MTBI fo cafalyze the genaration of free radical was
approved by the colnddendy increased of plasma MDA concenmation as well as depleted of plasna GYH.

The pathology of thalassemia is, to A cerfain exsent, associated with the gererafion of labile iron in the
patholegical BBC [23]. The appsarance of such form of oo at the mper amd guter cell surface exposes the czll to
condzton whereby the lakile matal promosss self-amplifying redos reactoes which sicmltansously deplzte cellular
reducing potemital (2, GRH), catalyze the formation of ROS and accelemte BBC destnaction [24].

Crr sy demwomsmaced that oo everioad canse by exmacellular iron administration 0 te mice resulting
i the decreazed of inmacelhlar antoodant GSH, increased of BOS in the FBC: and increased of perodative
dzmwze of FBC membrane. The overall changes of extmacelhdar envirooment and ingacelular condiden of BBC
lead to shartening of BBC lifs.

When adminiztarsd to f-hialasssmic mice, GTE show protective effzcs to BBC: danonsmarad by several
onldamt-aptierddant parameters mvestisased. The rendts indicated that GTE plays an mmportamt role 25 an
arvihrecyte antoxidant oo differsor levals. Iron chelatins actvity of GTE prmarily prevamad an iron everload in
the prce and consequenty dapleted the mop-induced ceddative stress. GTE alse shown inmacelular protective
amtionidant properdes in the FBC: by mdoced mereased of mmacsllular G5H content, decreased level of BOG md
dzcreazed lipid parosidaton of PBC menbrans, Their synergistic propenies protect cells fomm hemolysis and
therzby pralong red cell survival,

The mesults oboained berein allowed conchuding that besides actins as anttegdanes, catechins in GTE can
alsp effectvely show the iron chalating propemias it vhe, These substances peumalize, at least in part, spme of the
dzmmze that has been causad by the iron-induced production of reactive oxyzen radicals. The bepefit such as Jess
toagicity and the plasme levels achievable by arally messtion are suppart the thempeutic potential of gresn te2 to be
nzed as alermatve medicice for such iron overload dissasss, Since the maior pathophsiology of G-halassemia is

10
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refated o mendrans damags gresm d=a probably usefidl in protecting the RBC form owidatve smess, prolonging
FBC lifespan and evenrally amelioraling ansms progression.

However, daspite thetr apparsnt complimentary effzcts on erythrocytes were observed, GTE have not yet
Tzeem showm to effactively ameliomte te apeia of thalassemia GTE may be more effectve if usad m combication

traaiment with ron chalators to neuraliza the daleterions effacts of iron overload and ouidative stress in BBIC:
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Figare 1 Plasma NTBI concenmations of FE diet-fad WT (top) and BEOD (bottom) nece following
inservention with placebo (300 mlke), GTE (300 meke) apd DFP {30 meks). Data are expressad as memm=50 (p =

%
13),
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Figare 1 Plasma MDA concenmation of FE diet-fed WT (top) and BED (botionn) mice following
irservention with placebe, GTE (300 meky) and DFE (30 make) for 3 momtihs. Diata are expressed as mean=50 (b
=12

Fipare 2 Plaea total phoathions concemtrations of of FE diet-fad WT and BEO mice folowins
irservention with placebe (300 mlkg), GTE (300 me'kg) and DFP {50 mz'ke) for 3 montis. Fepresentafive data at
the day termination (§ months inon-leading with 3 months intervention) e are expressad as meap=5D (o= 12}, P
=105 compared 1o WT-FE; “P=0.05 compared to BEO-Carzal; P <005 compered to BEO-FE,

Figure 4 Blood hemoplobin concentations of FE diet-fed WT (top) and BED (ootiom) mice following
inservention with placebo {300 lkg), GTE (300 me'ke) and DFP (50 mgke). Data e expressed as mean=50 (n=
12).

Figare 5 Erythrocyte ROS formation of FE diet-fed WT (top) and BED (hottor) mice followng
inservention with placebo (300 ml'ks), GTE (300 meke) and DFP (50 meke). D are expressed as mean=50 (m=
12).

Figure 6 Enythrocyte MDA concenmation of FE diat-fad WT {top) and BEO (bottom) nece follonins
intervention with placebo (300 mlkg), GTE (300 mgks) and DFP (50 mekg). Pepresenmive dam at the day
termination (§ months iron-loading with 3 months imtenvention) are expressad as meangtSD (o = 12} *P=).08
compared to WT-Conmol: °P <005 compared to WT-FE; “P <0.05 compared to BEO-Conmol; "P<0.05 compamed
in BEO-FE.

Figure T Erythrocyte todal ghitathions concenfattops of of FE diet-fad WT and BED nece folowins
inervention with placebe (300 mmlke), GTE (300 mekg) and DFP {30 mz'ks) for 3 mooths. Fepreseniove data at
the day temmmation ([ mooths iroo-loading with 3 months imervenfion) are expressed as mean=5D (o = 1I)
*P=h 05 conpared to WT-Coomol P compared to WI-FE; "P <0.0% compared to BEO-Contol; Bpa.i5
compared to BED-FE.

Figure § Feducsd BEC survival in thalassemse wics (BEO nece) comparsd to WT mice. At day = 0,
murine FBC: were biotimylared by tarl veir mjection of sulfe-MHS-biotin. Blood was dramm 2t indicated time
intervals, Biotinglated BBC: were labeled with phycoerythrin-conjngated steptsidin and guamtfied by Bow
cyiometry. Open circies, values from single WT confrol mice; closed cincler, averazgad values from thres of WT

14
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conrol mice used for the curve &t apen sgwares; values from sinple BEOD conmaol mice; cipsed fquame, averazs
vahes from thres of BEIO control prce.

Figuare 9 Fed blood cells sumival half-life of FE dist-Sed WT and BEO mice following interenton with
placsbo (300 ml'kg). GTE (300 meks) and OFP (30 meks) for 3 months. Values are expressed as meant5D (o=
3), *P0.03 compersd o WT-Coswol; “F <005 compared to WT-FE; “P =0.05 comparsd o BED-Conmol; "P=0.05
compared o BEOQ-FE; “P <105 copparsd o BEO-FE'GTE.

Figure 10 fon vitre protective affect of 1.25 pg GTE or OFP against iron and H; O, indoced hemolysss of red
cells commparad fo negarive conmal (FB3) and pesitve control (Trolos). Percentaze of hemolysis was caloated by
tking bemolysis cooured in nagative conmol as 100%: Values are expressed as meant3D of 6 ndependent

experiments *P<000F compared o WT-PBS; P00 compared o BEQ-PBS; TP compared s BEC-ETE.
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Figure 1 Plazma WTBI concenirations of FE diet-fad WT (fop) and BEO (bottom) mice following imerverdon with
placebo (300 wlkg), GTE {300 mzkg) and OFP (30 me’ks). Data arz axpressed as mean=50 (=17}
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Fizure 2 Plasma MDA concentration of FE diet-fad WT (top) and BED (bottomy) nece following imerventon with
placebe, GTE (300 me'ks) and DFPF (30 mekg) for 3 months. Data are expressed as mean+5D0 (n=13).
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Fignre 3 Plasma total gurathions concenmatons of of FE det-fad WT and BED mice folowag imenentsn with
placebo (300 mlke), GTE (300 meksg) ad DFP (50 mzkg) for 3 months. Fepreseatadve data at the day

termination (§ months mon-loading with 3 months mtervention) are are expressad 25 mean=50) (n = 17). "';.1 2005

compared 1o WT-FE; "p=0.05 corpared to BEO-Copmol; 5_.5 <1003 compared 1o BEO-FE
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Figure 4 Blood hameslobin concenmations of FE det-f2d WT (rop) and BEO (bettom) mice following intervention

with placebo (300 mlkg), GTE (300 me%g) md DEP (50 meke). Data are expressed as meant5Diin=11)
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Fizure 5 Envthrocyte BOG formation of FE dis-fed WT (ton) and BEO (bottom) moce following imemveniton with
placebo (300 wlkg), GTE {300 mzkg) and OFP (30 me’ks). Data are expressed as mean=50 (=17}
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Figure 6 Eryfimocyte MDA concenmaton of FE dies-fed WT (op) and BEO (bottom) mice followmg imtervention
with placeba (300 mlke), GTE (300 mgke) apd DFP (50 mgkz) Fepresemtative data at the day termination (4
montiy iren-loading with 3 months interventon) are expressed as mean+50 (o= 12} *P2005 commared o WT-

Comtrel; P <0.03 compared to WT-FE; “P<1.05 corpearsd to BEO-Contrel; *P<0.03 compared to BEIOWFE
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Figure 7 Erythrocyte total ghwiathione concentmasions of of FE diet-fad WT and BED mice following imerventon
with placsbo (300 nikg), GTE (300 meg'ks) and DFP (30 meks) for 3 months. Fepresentative data at the day
ternination (§ months mon-loading with 3 months intervention) are supressad a5 mean=SD (o = 12). *P=1.08
compared to WT-Conmol: °F <0.05 compared to WT-FE; *P <0.05 compared s BEO-Conmol; peg s compared

to BED-FE
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Fizure 8 Paduced FBC smvival in thalassemic nece (BEO mics) comparad to WT rmice. At day = (), purine BBC:
were bipdoylated by fail vein infection of sulfp-NES-bictdn. Blood was dmwn b indicaed dme ioervals,
Brotmylaied RBCs were labeled with phiycoerydmin-conjugated smepiavidin and guantifed by Sow cyiomery. Joan
circies, vahues fom smgla WT control mics; closed circles, averapged vaues from thres of WT conmal mice used for
the curve fit; apen squares; values Tom single BEO control mice; clased mpuare, average values from dues of BEO

conmol mice.
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Figure 9 Fad blood calls survival half-life of FE det-fed WT and BED mice following interverdon with placsbo

(300 mlkg), GTE (300 megke) apd DFP (50 meks) for 3 mooths, Values are expressed as meant3D (n = 3)

*P<.05 conpared to WT-Cozmol, P =005 compared o WT-FE; *P <005 compared to BEO-Cozmol; PP 05

comperad to BEO-FE; °P <0.05 copparsd to BEZD-FE'GTE.
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Fizure 10 fir viro protective efect of 1.25 pg/ml GTE or DFP azaiest mon and Hy Dy mduced hemalyzis of red cells
compared o n2gative cootrel (PBY) and positve control (Trolox). Percentage of hemolysis was caloulared by taking
hemwodysis oowred in pezative conmol as 100%:. Values are expressad as mean=5T of § independent experments

*P=01.05 commpared s WT-PBS; °P <005 compared 1o BEO-PBS; P05 coompared to BERO-GTE.
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Green Tea Extract and Epigallocatechin 3-gallate Reduced Labile Iron Pool and Protected

Oxidative Stress in Iron-Loaded Cultured Hepatocytes

S. Srichairatanakool, K. Kulprachakarn, K. Pangit, K. Pattanapanyasat, J.B. Porter, S.

Fuchaeron

OFRIGINAL ARTICLE

Green Tea Extract and Epigallocatechin 3-gallate Reduced Labile Iron Pool and

Protected Oxidative Stress in Iron-Loaded Cultured Hepatocytes

% Srickairate=akoel’, . Kulprachaken' K. Pazgit™® K Pattnepanyzsas, 1B Portes®, & Fuckasros™
{Drapartment of Biachemistry, Foculty of Medicine, Chiang Mat Ursiversity, Chiarg bat Thavlassd,

’-:.'::'.'dgr.' af Medicdae oed Pablic Hagith, Ubol University, Thalland

‘e of Revaarch and Develapeest, Fazulty of Madicime Siriray Woaplial, Mahide! Universgy, Thatland
‘Department of Hoematolagy, UCL Cascer fesritate, Posd O Gormar Swilding, Dniversite Colloge Lomdon,
{laites Kinpdan,

Arholarsemia Reseanch Cenrer, fastitate of Moleeulor Bisssiemess, Mahide! Usivers ity Solavs Capas,

Nakoreprathass, Thailong
ABSTRACT

Bthalasseonia pagsnts suffer fom: secondasy men evarload 2=d therefom requize sffsctive iron chelatiom with
desfarrioxazeme (DFO), deferiprozs (DFF) and defirasivox (DFX). Tallular 2nd peftockondrial dammape can be
caused by lzbdle irom pool (LIP) and be =wdiated by meactse cxygen species (BOS) Liver cells of the
thalasseenias have greater kivals of LIP and RS then those of bealthy parsons. Gresn tex exirace (GTE) and
epigallocateckin 3-gallatte (EF0E) can profect omen bemgs Srom cances, Evparsnsion, dizbstes and aging.
Importa=sly, GTE and EGCE axhibit amti-oxidatise and tren-ckalatng activitias m vieo and = vive. Wa stadied
effzcts of GTE apd EGOG on kewmls of both inracallular LIP a=d ROE, ac wnll 23 the =itechondrial mambrans
pommntial (A9 m monse bopatocyts a2md humnan heparcana (HepG2) cell coltures. Calomin-AR, 207-
dichlorodibydrofinoreecedn diaratate (DCFHEDAY a=d dibydrorhodazeme 123 (DHEIZE) wars used a5 specific
fuorsscest probe: for tha detecton of LIP, ROS a=d membrans potantal. respecsively. Treatmont with ETE a=d
EGCG afficiantly reduced levels of LIP a=d BOS iz 2 cozcemmton-depandest manner. Imerash=ghy, thatu tane
compounds fszded fo increzse vizhiliny of e nommmal Eepatocyies whils decmeesing wishility of the Fap&2 calls
Thess remults suggest thet GTE and EGCGE weald resmsove the cytosalic LIP a=d FOS. but wowld not be hermSil
te the calls and mizochomdra. Thedr actioms mxight be ralamd 1o mon chelation m men-prerlondad calls 2nd oo
1
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depletion in cancer calls. Wiettar thess sffects can improve iron cvsrlead 2=zd cxidasive soess = thalassemia

patisas rezaaizs to be seen upen further wxzzminatioz

Keywords: Sreez tea, epigallecatechin gallate, hepatocyies, labils mon peeld, irom, reactive oxygan species.

“Pleass address comrespondsmce fo this author o the Thalasseemiz Rassarck Cemer, Insthute of Melscalar

Bioscisncss, Makidol University Salaya Campas, Nakoropratsom, Thedlend. E-mail: grefo@mebidol ac th

NTRODUCTION

Irom i5 esseotial for me=y biological reactions; bowewmear, sxcess iron catalyzes the proeduction of the resctvs
oxygen spectas (R.OS), particalesly 2 kighly toxic bydroxyl radical via FenteeHaber—Wetss rsaction (Lesmafky
1804}, ROS are koowz to izdoce oxidation of pooteins, ipids a=d Bpoprotuins, oucledc acids, carbolydoates as
wall a5 oftbar cellular componsnts (Brtten, Famm ot 2l 1554 Emeit, Sseument 2 al. 2001). Accordingly,
daletsricus effects inclhude csll and erge=ells dezagw, cell death, tissus pecrostz, and erge= dysfunction
Prysaolegically, trapsferin-bound rom (TEL) in plasnma i mainly te¥so up ioto cells wia ATP-depesdsot
rezsfarmz meceptor (TFR}-medixted sodocytosts . Iz the evezt of oz everload, plesme zon-mans S bound
iron (WTEI) can be ke up by faclitate diffxdon, possibly via divalsz: metz] comsportss | (DMTL), stinedates
of iron manspert (3FT), mzc manspert prossdn (Zipl4) and celcizm che=nels (Barisazsd, Sarg et al. 1985, Parkas,
Fandell ot al. 1585, Grabem, Morgan ot al. 199E; Andrews 1999, Schedber-Mojdebkar, Zimpsqrmarm of 2. 1905,
Cozzad and Unshewdt 200D, Fleming, Migas ot al. 2000; Chua, Olyeyk &2 2l. 2004; Linezi, Avdensr of al. 2005
ez could fuectiez as a prmizg oo seesitizng factor to modulaie the Biockemscal and toxicologic actions of
micrasomal cytockroms P45 1EL (CYP2ED) in rat hepatocytes and EapGl cells (Caderbaum 20037 A prentious
shudy demomstrased thet culiured bepatocytes took up TEL 2t very low levsls. Howener, ITBI took up Jow-
molscnles-waight frric ammsoniun: cicate 2f kigh levels (Fichesdsoz, Chua stal 1999 Tha relsase of froz fom
the calls was factitrted by apomansfcrin and DFD (Eirsh, Koniiz et al. 2002).

An i=macelinlar accassibls ton celled tra=sszt dirom or lebdle iron pool (LIP) comstemtes 2 crossroads of
metzbalic pathways of roo-conizimng compoe=ds and 5 midaray batwesn the callzler oz requisement and the
hazard of KOS producton. It kas been pestolated the LIP arculd bs redox-ective, kave low-molacalas-pass, and
be considerad a weakly chelated iron (Fe'" rathes than Fo™) A wide range of LIP cozcentrations (3.5-230 ph)
bz been repested fom diffscent assays (Petrat, ds Groot et 2l. 2002). LIF concsataticns bave bean reported 0.9-

-
&=
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2.1 uM = wrythredd and myelond cells (Epsztajn, Kakklon et 2l 1997), 0172085 pM m paripheral bleed
Irmeplocyies (Gackoanki, Enzzewsk ot al. 3002, 0.18-0.57 pM in mouss lympboma cells (Lipizdd, Drapdes at
d. 700D, 50220 i i= rat Bepetocytes, S.5E0.9 pM i ot bepatocyts moclaus, 11.8=3.2 pM = rat Hwer
sxdothelial cell zocksi, 48223 ph m mxiochondriz of rat bepetocytes, 8.222.7 pbl in suitechondria of mat hver
szdothelizl cells znd 158541 pM = lysoscoml'sodosomal compastmests (Petret, de Groot &f 21, 2001). LIP
plays a role i the induction of callales and tssns oxidatiow damage. Higk LTF content can ceose DNA damege
in the maclous and is posithaly corrslated witk DNA damage in mouss hvmophonsa calls LI17EY and bumon
bmeplacyias.

Livar is the main body site for iron sores and homacstasis. Undar bives iron owerload 2=d oxidatre smass,
Eoe radicals and memboane cxidztion by-products can migger lvar orgacslls dysfonction, i=fameation, Shrogs,
e=d eveztually call dexth (Coradini, Farrarz et 2l 2004}, Treatsnt of LIP with oz chelators or antoxidants
pravents mockar and eftochomdrial DA breaks of the Bver calls. Uptaks of DFO fote bepatecytes was savaral
bundred-fold tizses faster thaz the uptaks of OFD izto med cells (Permr, Rafique ot ol 2005). The forzsaton of
porss o leaks in the =xitechondrial mezobrans possibly cotumed thoough the activatioz or dicerizaton of pro-
apopintic proteins incloding Bax, activaied Bid, Bak 2=d Bad The activaticn or dimsesization of snck proteins,
tre collapss of alectrochemiced gradiemt or poteztials (AM) acoess mtochondrial memboans, the relsase of
cyiockrons ¢ izto cyioplasos, a=d the activation of caspases are responsikle for cell epopiosis. An asscciztion of
CYP2E]-depandszt axidative strass, mitockhozdtal membrans-poteztizl cellapss, and GEH bomecstasis pessibly
comtributes towend the developing teaicity of iron te the Ever (Caro and Cadarbas= I004).

Tha sxtract of leaves of Pirtacks lenrireus sxerted anSoxidant activity in HepG2 cell cultzre but had 2
hepatotomic efect in s (Liwbencic, Azaixob ot al 2007). EGOG of green te protectsd HapG2 cells from
CYP2E]-depandszt oxidatize stwss and toadcity (Mzwoez-Lopez and Cedarbauz 2004). The treatsnt of
a=tioxidants (such as M-aceiyl cysieine and vikimiz E) together witk Zez chalater could neemalize daleterious
wffect of oxidative stess in talassemia patients witk oz ovarload (Bacheslewdtz, Weizsr-Soarn &2 al. 2005
Creen tea (Comellia swessl’) contains 2t least Sve calechin desvatives mcluding gallic aced [GA),
spigallocatsciin (EGC), epicatechin [EC), spigallocateckin 3-gallate (EGTG), and wpicatechin 3-gallats [ECE),
of which EGCG i a majer activs imgredisnt (Khokbar, Vezansa wtal 1987, Srichairxtanakeo], Cunjaiiean ot al
200€). Our recemt stodiss kave shown thet gresn s mdnced ez oveslcad apd owidatse shess in s
[Crzjadjearn, Thepliolzp et al. 2007) and iohibited the accumulation of iron in the Mvers of wild-trpe and

tealzsseeic moice (SaswomE, Cumiaijsam et al 2010). Becently, seem e cateckins bave bsen showm to
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pommecact oxidative mitechondrial damags o the livers of ressrpine-traated rets (Al-Blowdd, Safer o2 2l 200%)
Eowawer, the ardes of cybetoxicity of %a catechins decivaiiies fo primsary rat hepatocyies Bas been repocted
EGOG=ECGE={A, EFC=EC (Galed, Lin &t al. 2006). Scew aztioxidant compounds such as curcumsm and
quescetin inducsd spoptosss m Eumsas HeplrD cells thromgh mitechondrial DWA damzgs a=d kyparpalanzaticn
Cao, Liu et al. 3007; Chang, Hsm a2 2l. 2008). Tis combization of chlorofom: extract fom Zizyplus jufube and
green te2 anhanced the inkibdtics of HepEl call growth (Huzng, Kojima-Tuasa e 2. Z00E).

We shudied the efects of crade axtract azd EGDG of gesz ez om lewls of LIP, ROS, zxtcchondrial
mamhrazs potectial in primary Eeprtocyss apd HapG2 cell caltures. Cytoteadcdty of the compounds to the

hepatccyios was alio investigatad.

MATERIALS AND METHODS

Chemicals snd Keagenis

Argtozstrile, absolie sthanel, stiyl aceiate, and methzpol 2w the highest purs selvsots. Caloeiz-Ab]
soluSon (Iovitogean Cosperaticn, CAUEA), ditwdrerhodamize 123 (DHRI1ZY) (Biobum, Inc., TA, US4, and
2. T-dicklorsdibydrofuorsscein dizcstzts (DIFHDA) (Sigmma-Aldrick, 5t Lomis, MO, USA) are Sucrescent
probes. Collage=ase type IV, Dralbecco’s modified segle mediema [DMEM), Ereb-Eingsr buffer (EBE3),
peaicilli=-sreptonsycin, 5% mypsin-EDTA soluton and futal hovine seum were puschased fony GIECO®
Irvitroges, CA, USA. Insulin (Hemmli=*F) is 2 prodous of Esalds Cemtral Barmeock Inc., USA. Dexamstharcns,
dibydrogen phospkate potassium salt (PO, disediam Evdsegun phospbate (02, HPO], 42 -ydroxystyT)-
1-piperazinesthanssnl fonic acid (HEPES), 3-{4,5-dimethylisezal-2-y1)-2_F-diphseylemaraliuvn bromide (MTT
dyw), athvlene glvcol-bs(2-amincethylathar) MW" W-temaacetic acid (EGTA), bydrogen paroxide (307, 2z
spigellocansckin 3-gallate (EE0E) ware obtained from Sigma-Aldnich, 3t Lowds, MO, T34, Dimetind sulforids
(DAY (Fisker Scieptfc, UKL fSeric ammsomium citete (FAC) (BDEH, Englend) and Desfumoxansng
masylate [DF0) (MNovats, Switzarland) wrs prschesd Som @ dug stors = Makary Nakom Chiang Bai
Easpital, Faculty of Medicing, Chizng Mai Univwrsity. Defssiprons (DFF) was kizdhy donxted by Dr. Chada

Pitalapozg, Goramment PRarmacoutica]l Organizatics Teailand.

Green teg and EGOE praparations

Frash 9 shoots ware harvested and im=odiataly dried i= @ mricewravs oven (3 =xinotes, 800 wates, 100°C).
Dy tear leaves weme extracted witk bot deiczimed water {EC"C] for 15 meimmtes and Sltarsd through 0.45-um
mamhrazs (calhiloss acstats typs, Mulipors, Maidsioms, England) and dned mder 2 vacune. Femiles of HPLD

4
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e=alvsds nsing the colum= [Watsss SpheroSorb-0DE2, 250x4.7 zaom, J-pm), mobte-phase solwemt (0.05% H 50,
: apstoesinle - stkyl acetwie = BE:1ZZ, wiw'v), a flow rete of 1.0 mlimim a5 well as the datecticn of 280 nm
indicated amounts of EGC, C, EC, EGOGE, ECG axd tofal cateching parsisti=g = the &TE weea 102, 5.1, 53.5,
EB.7,4.3 apd 27 F me'g dry wedght, respactivaly (Srickaimatazakocl, Cu=jadjean ot al. 2008, Savoozg, Cumjedjeen
&t al. 20100

EGCG was iselated Som grace ftsa sxmact (3.0%. wiv) widng seexi-preparative HPLC (Thephizlap 2007)
according to following condisions: main colum= (Lu=a GDSE, 250K10 =m, § e Pranomsnex™, Tormocs.
Caldformiz, USA) cez=acted to guerd colume (Le=a ODSZ, 50xld m=a, § pm, Phenomenex®, Tomrancs,
California, T34), mocratic sluion with sobvsmt (mechazel B0 = 2571, w'v) at 2 fow rase of 1.0 pl/pm, and
detection of catechizs derivatives at 280 nm EGCG Eacton was pooled and checksd Sor purity using the
ezalytical HPLC as described ahove. Madapcl cozstitzted in the pocled Bactoms was remooved nndes 2 vecuum

usizg a fresce-&y technigue. Prior to baizg wead, byophilized EGCG Saction was storsd in the desk at -207C

Tsplatien and culterer of Reparocpies

Mica (CIT/BLS, & to 12 weaks old, 30 to 35 g) weee provided by ProfSsser Sutdat Fuchamceo at
Thalassensa Rassesch Cemter, Institmts of Melscnlar Biosciezcas, Mahidol Univarsity and used as 2 seurce of
primary Eepaiocytes. The ammal stady was oondncted with the approval of e Insietaticnal Amireal Care and
Use Compithes (LACTUC) of the Facalty of Medicine, Chizng Maxi University (Refersnce Mumber 372 5E).

Mice wars amesthatized with vepor distzy] qther and their chests were opezed. The Hver was parfused w
it via the portal vein with the Kreb-Ringer baffer (KEE), pH 7.4 conprsing 116 mbd NaCl, 5.4 =M ECT, 23
mi MeHCO, znd 063 mhd EGTA 2t 37°C, 2 fow rate of | ml'min for 20 mizmtes and witk tha KBS boff
contaiming 1 =ald Cally, 00253 (wiv) collagemase tvpe IV for 20 minwtes. The Mvess wers axcised, teased apast,
incobassd 22 37 O for 2 father 15 sinutes in the collagsnase solatios, and isolased hapesocyies ware harvessed
terough oylen mesh {250-51 p=) Crods cells wears sedizssnted by diffareniial conttifugation (§0g) Sor § mimubes
22 25'C and resuspendad in the 20 M HEPES baffer contaizing 116 mM NaCl, 5.4 oM KCL 1 =M CaCl, pH
74. Cell viability was assayed usizg trypez blus exclosicn techniges, Coll zumbess ware adfusted o 4=10°
viable calls'ml and cultured in DMVEM supplemented with 10%e (w'v) FBE, 10 mMb gletamdne, 100 Uiml
pezicilli='100 Tm! strepsomyrin, 200 millizl ingadin and 1 pM decamgthasone (Schmide, Schmitz ot o1, 2007).

Furan heparoma (FlepCl) calls were used to stdy the biccheamical and texicological propartios dus 1o

their fncreased oxidative strsss, loss of mftochondrial functiez, and loss of viabilssy when ckallsoged with
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proxidents sock as oz (Wa and Cedarbeeam 200E). Calls wars czltursd in complets DMEM containing 2 mbd
glutan=ne, prridoxize bydrochlonds, 110 mg] sodiues pyruvets, 10 M HEPES, 44 mb] MaHOD,, 10% {w'v)

imacshvated FBS a=d 0.01% (w/'v) panicillin-streptomycin 3 7°C (Hong, Chez at al. 2001}

Chelation of mraceiluler LIP of hapatocyie culiures By GTE and EGOG

Primzsy heparocytes and HepG2 calls (Fxl (el well) wars axposed to FAC solution (0.5 mbd) 2 37T
undse P OO0y atmcapberic condittems for 24 hours a=d wasked fres tGmes witk PES sclaticn, pH 74 to rezmmovs
the sxcess iro (Tondss, Satey ot al. 1880; MoAbee and Ling 1997}, Scoluttees of GTE (0-100 exg'dl), EGDG (-
200 NI, DFP (0-200 phl), DFO (0-200 pM). GTE (0-100 mg/dl) with 25 pM DFP and EGOE (1-200 b)) with
25 pbl DFP wars Eushly propased = 50 wM EEPES buffer, pH 7.2 and filssred through a meeboans (calluloss
trpa 0.22 pm). Tha calls were incobated with the GTE, EGLG, OFP. CFQ, GTE plus OFP and EGCE phis DFP
solesons at 3790 for 8, 12 and 24 heours (Staubli and Bealstarl: 1988, Tha treated calls wers wasked thros tines
with the c=Murs mediv=n aod labeled with calogin-AM soletion (30 b = DMS0). Fliorescunt intenszty (I,
which was imwrssly proportionz] to the azalyvzed amount of LIP, was mwarared with 2 S€-wsll plate rsader
spectoflucrometer (rbsorptico’axcitation. wevslengtEs 485 mm330 om) (Epsciejn, Hakblom <& al 1857)

Vizhilizy of smudied cells was gzeatar then B0% and was not chezged during the assay.

Hedwetion gf ROS levels gf cultured hepatecyies by GTE and EGCE

DCTH-DA cam sizply Effise =0 the cells and be bydrolyzed by sserass in vizkle cells 1o produce 2777 -
dichlorofmorescen (DCTH). which wnll b subsequeztly caodized by axtsting ROE to 27,7 -dichloncflucrescuin
[DCF). An inczeass of a green Snorescest signal indicasss iocreased incwmcellular oxidative stress. The
heganscyhes ware incubated with the compomnds 2: above 2t 370 for 0, & 12 and 24 boars. The treated calls
ware wasked three tizoes with the cultore medizm, abaled with DCFE-DA seletion (10 ubd in =xtkanol) for 30
miztis, and challenged wath H,0; solutiez (125 pAl) FI was measezed usizg the spectrofluoromstric tschniges

[smcitatvos smsston wavelezgths 487 mza' 550 nox) (Parsz-de-Arce, Foncea ot 2. 20073).

Effecis of GITE and EGLG on mitechendrial membrane peddals of culinred hepaiocytes
A catiozic probe dhydrochedamizg 125 (DHER LIS s weed to sizzal te loss of mitechondrial membraze
potntal which esults o changss = the fhuorssces: inkmsity tarmed sediscthetion siguals. MNonSduorss:em
DHE123 meadily s=fers most of tha oalls imio the piockondrial matrix in responss o mitockondrial pembra=g
potential and can be oxidizmed by calldar BOS or redox syetem to the fooresce=t RI23 that accumwclates in
g
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mitochozdsial mambrazas (Patit, Izbicka o2 al. 1989), Briefly, te bapatccytes treated with the compoundis) as
ahovs weee oentifuged 2t 1000g, 4°C for | mimme Csll pellet was resaspesdsd iz 2 mil of the medivm
comtaining 1.5 pM DHREI23, izcubated uonder 3% OO, atmosphesic condittons at 37°C for 10 edoubes. Afer
incobation, the cells wars ssparated by cantrifogasion at 1000z, 4°C for 1 sivobe 2nd FT was mezsured wsing the
spectodfluctometnic tecknique (srcitabon smission wavslengtts 450 nm/T20 ooz, The capacity of mitockozdra
to take op the F123 was calculsted 25 the difsownce of FI betwesan unmezted cells (oomtral) 2=d maeted cells

[Calatt. Limat al 2008)

Sratistical Analysiz
The dat weme sxprasssd 25 mean * standard devdation (50 of measursmests. The stadstical &ffarance of
ezalyvzed datz was deterzoined by usizg the Scadsnt’s restor ANOVA A comparisen betwess groups was Sooe

usizg the zoz-pameatic Maon-Whitney U test. p <007 was considered significant differenca.

EESULTS AND DISCUSEION

Mormally, iron &5 asseotial for ma=y biochemica] functicos and metibolic padhvays of boame= Bfs and
higher warsheates. Pattopkysiclogically, iron imbalancs can cause ansexiz and oxidative stréss. Diseasas that
emw related to or associzsed with iron ovezload can be sxezopliSed by hereditary bezoochromatesis, f-tbalassemsa,
Shrogis, cothosts, and cazcer. Omidative siess 5 a comsequence Srom overprodnction of ircm-catzlyzed e
radicals wia Haber-Waiss 22d Famton reactions. This caz detsriorass the functiozs of severad vital cogams such as
hzart, bves, kidneys, brain and panczezs. Livar is the main crgan for oo storage and msetabolism, wiich can ke
affsctud by sxowssive redox iron and meective exidants. Dirog segimens sock &s mon-cheletor or anbomidazt ame
racomezsanded for thase patiezts to relieve oxpdative Samue dammage and moprove thedr guality of Life (Olivder,
Britszkam qt al. 1995, Porter 1997). 5o far, DFQ, DFP aod DFX Eave bese wrerld nidaly nsed for rantmant of
tialzsreaia pationts with ooz overload.  Thedr side effacts ars aseociated a=d carsfully poztorsd (Pectar 1807,
Briron, Ledcastar et al. 2007). Impomazddy, the developosot of an economical a=d orally efecths oz chalater
is of great importzmce (Poctar 2009). Irom-cverload diserses frequently devalop bapatocslular carcinoms, which
the pathopszests might imvolve ax comdative process via the intermedian productien of reactive oxcygez spacies.

Phytockapsicals possess cutstanding anticaide=: and Zrse radical-scaiungizg propesties, mEgesting 2
possttle protaciive role in zan (Scon, Busles atal. 19930, Cresn tea (GT) is an excallant somrce of aztoxidative

polypieanols izcladimg cateckin spicatechiz, apigallocatechin, apigalleceachin gallate, spicatechin gallat, a=d
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gallocateckin gallate. The bsnsficial affects of gresn tea cassching would be applicabls for ceamosots of B-

thalzzeeca major patiszss.

Exeminaticz of the patocslhilar =oz content of bver spacimen is requimed for the diagmosis of irom
ouecloed (Walbeeg, haot ot al. 1976). Di-tagaboss, an antoxide=? and weak o= chelator, removsd redox-actis
iron and decreased oxpdatiie sess i primary culturss of Eepatocyies dectved from mule CITBLE mice
[Parteor=a, Bosss at al. 1598),

Under the iron cverlead, moe-spacific irom i= callad KTBI e LIP &5 tre=sported in transfeerin-sahirated
plasme and rapadly cloarsd by the liver. An in vio study reported teat rat bepabeoytes in primasy culters bad a
high capacity to taks op the NTBI i= formas of furic citrate and small-molecular-asight iron complexes by
facilitared diffosicn (Baker, Baker ot ol. 1908; Rickardson, Chea ot o, 1908),

Iroz uptaks izt the caltursd Eepatocytes of wild type mice weee less than the coltured HapG2 calls
becanse Haplz] calls as & hunsan kepetoma csll Bps. F used iro= for growth asd prolifaration more than moemsal
calls. Espacially, 2t § bours &t was Sound that the mez wptake of meeted-bepetocytes and HepGl cells cultured
ware decreased  Primary bepatocylss are widsly weed as a ol cultme pedal to idestify mecha=isms of
hepaatecalhular damags, thongh thers ars soms sxareples for compou=ds cansing bepatic damaga b wvo whick
conld not ke demonstratsd m liver calls i wirro,

Crur seady bas shomz that &TE and EGOE decrersed cozcemtradioms of cielatable, mansisnts irons
ireplied 25 LIP i= botk primery bapatocytes and HapG2 calls calturss = dose-dependez: zanner. I=ssceatingly,
tha marzzl predncts cocparated with DFP 1o remevw the parsistiog LIP o che target cells. Sizadlarhy, stazdard
iron cheletors as DFP and DFD weme able fo bowarsd e LIP copcsotatioss in the Repefocy@es [t cam ke
sume=arzed teat ETE and EGOE are potential to chalate intacsllalar mansient oo and wordk togetier nath DFP
for the chelation in the Hver calls witk oo overload. Dose of the phytochemical compeunds i fmporta=t and
neads optmizmg fo ackisvs efective chalabon and minieal sdverse affects. Gaberizn and collsagues showed
that CP20 {or DFF) and CP411 wfficisnily protected culimred prizory rab bepatecytes 2=d rat bepatoma calls
Eon twomic affect of oz boad (Geborza, Chazmel-Groessard et 2l 2004). Coe sody demczstated that DEO
pezstats inte the bepatccytes and ckalated oytosolic LIP slowly whasees DFP and DFX maddy sctemed the cills
e=d sfficisntdy chalated the LIP (Glicksadn, El atal 2007, Syntketic alpha-katchydroxypyridize chalatoms suck
w1, 2-Emadhy] (DTP) azd L-gihyl-2-zostkad dacivatives of 3-bydroxypyrid=-coe wars active in removing mea

Eooz retculcandothelial systen: a=d Eapatocytes, a=d saparior to DFD (Brock, Liceaga e al. 19900,
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GTE and EECG immadiztaly meduced lewals of ROS in the cultored prinary hapatecytas as well as
EapG2 calls mn doss-dependent mannsr. DFP and DF O did not ckange any levsls of the BOS peesistizg = the
ralls. Bugpestvsly, mreen e catechizs, pasticularly EGCG axhiki: not czly antioxidative but alse iron-chalating
propestiss. which can pezetate fnto the calls and interact witk mmtracelhular meactive oxidants =cluding redox-
pctivg froz azmd Ewe radicels, Sizce Hoplzl calls e highly motabolic Reme= hepatoazaa calls and produce Largsr
monnts of reactive caddazts, ther Ews-radical scavenging actvity seens bo be more apparsot than that of
primary hepatocyies. EECG wes postadeted to ba a petant antoxidant and effectivaly afforded protection of rat
primary bepatocytes fom fee madicali-medizted diseases (Bemirsz-Mames and de Majma 2003). Mushroom
[Phellinus Neattus) protacted primary rat hepatocytes fom FelVTA-induced cxidative damags azd atteroated
cyrotoxmcity of other cxddazts, posstbly by imorsasizg antoxidamt (such 25 reducsd ghitathicos) cozcemtration
t=d enhe=cizy antioxidant smzymos acthvites (woch s ghtathioos meductass, ghitathicze pesoxidase, speroxide
diszratazs) (Melocks and O'Brien 1583, Ve, Hou et &, 2007).

Tha Ever s chiefly respozsibla for taking wp and storing excassive azomots of irom. The majer hepatic
texicitizs of iron ewarload include damaps to mealtiple cell types (hepaocytus, Kupffer cells, bepatic sisllass
talls) and to multple sobrelioles orge=elies [mitechendria, lysosomss. and smooth endeplasmsc reticadum)
(Bookowky and Lemshbeacks 2000). &TE a=d EGOE ween able b decreass froorescezt fmsesity of rhedamizg
123 (R123) mpresanting nitockondmal BOS i primary bepatecytes and HepZI calls. DFP a=d DFD imdaced
ROE fommmation, affected and collapsad mitorondna manthoams potextial, pasticularty ot § hours,

An gvidazce showsd that sa phemolic acids and catecking contrining gallic acid moistiss wam toxic
towend isolaied rar Bapatocytes, which the arder of cytotoxicity was EGDG=propr gallase=EC Gogallic acid,
EGC=EC (Galari, Liz ot al. 2008). Cur study kas demomstrassd that GTE, EGCE, DFP and DFO weze toxic to
the Hapl2 cslls, depending oo applied doces and degres of the toxicity, which was GTE=DFO=DFP-EE{C.
Croration of meetmest a=d chelation also i=fluenced e cytetoodic effect. GTE amd BGOF meatments shightly
incraassd momber of vizbls primary bepatocyies, it is probable that tie nommeal primary bepatocyies ntilized thair
e=tioxidant activity to prenest callules cxdative dazmge 2nd bromght thei pemtional constmuests of growth amd
devalopmazt. Raecemily, researchars kam menticozed thet combmatiom of the chloseform faction from drink tea
[Fizypdas fugeebe) and GTE aphanced i=bebiton of Heplz2 call growth m &1 amest phass, mggesting synecgiam
iz apticancar actvity (Fluang, Kojime-Yuxca ot al 2008). Exmact of harbal tea (drclei comprerss) had 2z
a=tioxidant protsctive effect om 12t hepatooytes when expoced o 1-NF a=d was suparior to EGOGE axt-oxidatice

[da Megin and Rapmuz-DMargs 2002), EGCG was best at suppressing growtk, inducing apeptosis m bu=pn
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prostate cancss DUT145 calls and alse displayed streng gromch imbdbitesy affects agrinst the le=g tumser call liza
EE661.

Provicus smudies kavs shown that iron seppewssed the expoesstioz of chizseric buman transferrn genes in
tha livars of trazsgenic méce and reguiated the synthesis of szdopsoces transfiomin i the Hapll cells (Barroms-
Fncking apd Adraz, Csll Eiol ., 2000). Foe was fonnd 1o be cymotoxic in CYP 1E]-omwraxpressing HapG2
calls (E47 cells). Sonmlabes with bactrial hpopelyacckarids incrwessd uptake o trezsfamn-bommd irom into
hepatic pamenckymal cells azd Hap&E cells (Hiayama ot al. Hepatclogy, 1993 In developmse=t of toxicity by
sposmre of the hepatocytes to the tested compounds, the toxicity was prevanted by anticxidants.

Makine (Crossostepkium chinsmsis L) shewed a=tioxidant, moz-chelating and a=ti-prolifssative achuity
in HapGl calls (Chang at 2l Am [ Chin Med, 2005 Ths toxicity of increessd BOE 2zd anechidomic acid in the
Fapdzl calli when the calls are sesiched wath arachidessic acid cam Be prewented by anhemidazis and oo
ckalater DFD (Chen ot al. Aloobol Clin Exp Ras, 1998). DTP and DFD Eave besz shown o izbibit HapG2 call
prolifecatics in the S-phass of call cycle (Cheanous ef 2l. Biockam Phame=acc], 1998). The ratie of DFP to frea (2t
lgasz 3:1) is optiz=al fo ighibat ROS gemsration: zewarbeliss, lowss concantaticns of the DFP can potntiate
oxidative DWA dapage in iron-loaded Hapa2 calls (Cragg et al. Blood, 1588).

In comclwdon, water saxctract of greem ter (Cameill sisensir) and epigallocetechin 3-gallate cowld reduce
sxcussim medox-actiww, Tansiant (Jabils) irom 2nd reactive oxyEen speciss = oytosolic compertmant of ax-vive
mouss prizary hepacecyies as wall a5 HapG2 call caltures. The EGIG scevenges mitochondrial See mdicals in
the hapatooytes sffectvaly, whick the benefit weonld prevent mStochomdrial membrace damage, hepatocyte
wpoptosis and Bvsr dazoge. Grasm tee sxtract 22d EGOG are oot toxic to the primary bepatocytes bt toxic to
tha Hop G2 cells whez treat 2t kigh doss. The sxw=act alse eohances growth a=d wiability of the Eapatocytes, it
would profably regensste e dazaged livems sxpossd to fron, free sadicals and xeookictics. Cellsctivaly, our
findings inply promctive and therapsutic sffects of graan tea cateching on the liver witk iron overload and
oxidative stress. MMost fmportaoily, it needs designi=g the mant adjunctive study of green tea products amd

defuriprons to pravess liver patbogs=esis m thalasseamz prtiemts witk ooz cverload in e mear foturs.
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Figure 1 Levals of LIP in iron-loadsd kepatocyte cultmes teeted with GTE, EGCG, DFP azd DFD foc &, 12 and
24 hours. Daca were obizined fom thmes imdependent triplicate experiments a=d shown 25 meantsD, 005
whes comparsd fo commed zalls; "p=0.05, ®p<0.01, ®p=0.007 when sompared fo on-leaded calls

Figure I Lawals of LIP in iron-loaded hepatecyte cultures meated with &TE and EGOG together widk 27 phl
CFP for €, 12 and 24 hours. Dizt2 were obtained fom three indepsodent mplicate experiments and shoam as
mea==5D, *pel. 05, Mp0.01, **p=0.00] wien compared to mextmant witk 23 uM DFP aloza.

Figure 3 Lavals of OB iz iron-loadsd hepetocyte culmums reated with ETE. EGOG, DFP apd CFO for &, 12
p=d 14 boums Dotz wars chizized Som three indepsndent miplicate experimants aod shown 2z mean=8D.
p=i.0F when compared to control cells; Tp=000%, ®e-=0001, ®=p=0.007 when comparsd oo iron-leaded calls.
Figure 4 Levsls of BOE iz ton-leaded bepatocyts oalturss meeted with GTE and EGCG togethar with 25 pid
DFP for €, 12 and 24 hours. Dasz were obtaized Svzy dhree indepsodent mplicate sxpsrizsnts and shewn as
muge== S0 Apee(0, Spe001, S0 -0 000 whan comparaed to maatment witk 23 ub DFP aloza.

Figure 5 Lavels of mitochondris] memhbrane possntiels (m%) i iron-loaded Bepatocyte caltures treated with
GTE, EGCG, DFP and DFD Sor &, 12 and 24 Rouwrs. Data wars obtined Zrom. dhrae izdependent miplicas
sxpsrimants and skonm as meant3D. poil0F when comparsd o comtrel calls; “pil 0, Fponin], ®pofons
whea comparsd o iron-loadsd calls.

Figure § Levels of ritochondrial membrans potsotals (m'%) m iron-loadad Eapatocyte calfures treated witk
GTE and EGOE togather witk 25 uhl DFP for &, 12 apd 24 Bour Deta ware chtaized Eom thrie indepandamt
tripkicate sxpariments and shows as meantSD. *p=0.05, “p=0.01, 0000 when compared to treabzment

with 25 ubd DFP alona.
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Figure 1 Levals of LIP in iron-loaded Expatocyte cultores ceated with GTE, EGCG, DFP azd DFD foo 6, 12 and
24 hours. Diata weew obtzined fom t2mws idependent triplicate axparments 2=d shown 25 =xwantiD. L_:--'IZ.IZE

whez compansd to comtrol calls; (=03, ®p<0 01, =%e=0.005 when compered to mon-loaded calls
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Figure I Lavals of LI in iron-loaded hepetocyte cultures treated with ETE and EGCG togather witk 25 uhf

DFP for €, 12 and 24 hours. D'at2 wers obtained Sem three indepsndent miplicate sxpericsnts and showm as

mea==5T fpl). 05, Mp<0.01, 224 001 wien compared to Teziment witk 25 pb DFP alozs.
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Figure 3 Levals of ROS = ron-loadad bepatocyts cultures treated with GTE, EGOG, DFP and DFO for &, 12

a=d 14 Boump Dotz wars chifaized Somn three indepsodent wiplicate expsrimants aod shown 2 meap=8D.

=i when compezed to cantral calls; “p=000%, Sp=0.01, = p-

0005 whsn compared to irco-leaded calls.
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Figure 4 Levsls of RO = mon-loaded bepatocyts colfurss meeted with GTE and EGCG togethar wath 25 pibd

CFP for €, 12 and 24 hours. Datz were oboined Scza thraw indepsndant miplicate expsriments and shown as

murz= 5D, Apal) 05, Mp=0], H8n-0 000 when compared bo Textment witk 25 M DFP alozs,
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Figure 5 Levels of mitochondria] membrane petsotals (m'%) m iron-loaded Eepatocyte caltures treated witk

GTE, EGCG, DFP and DFD for €, 12 and 24 Bours. Data wars obtained from. dhree izdependent miplicas

sxpariments and shown as meantSD. pel0f when comparsd fo commel calls =005 Sp

whaz comparsd to ivon-lozded calls.
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Figure § Lavels of nitochomdrial membrane petssotials (m'%) o iron-loaded Edpatocyte calturss tramted with
GTE and EGCE toguther with 25 uM DEP for &, 12 2nd 24 bours. Data were chiaized Eon three indepandent

riplcate sxpariments and show= a5 meant3D. "p-':l.ﬁi, ul:--'ﬁ.ﬁ'_. .u.h? 0,001 when compared to treaiment

with 15 ubd DFP alooe.
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Conference Abstract 1

First International Conference On

Metal Chelation in Biology & Medicine

%E“Tﬂ Bath, United Kingdom. December 11-14, 2009.

Conference Organisers:

Chairman of the Conference
Prof Robert Evans . Brunel University, UK
Email: robertevans49&Eyahoo.co.uk
President of the Local Organising Commities
Dr Charareh Pourzand, Lniversity of Bath, LK
Email; pracap@bath.ac.uk

MAIN TOPICS CALL FOR ABSTRACTS

Cellular Metal Trafficking
Metal-related Onidative stress and Disorders,

Metal Chelation Therapy of Diseases HINISYMPOSIA TOMCS
Proteins of Metal Homeostasis Skim, Iron, Oxidative Stress
Heme, Heme-onygenase Photodynamic Therapy of Cancer

Iron, Immunity amnd inflammation

Iron, Cancer, Neurodegenerative and Iron-overload
dizease

Chelator Design, Chemistry & Pharmacology

Abstract submission Deadline; 14th September 2000
Abstracts should be submitted electronically to gracap@bath.ac.uk

Early Registration Deadline: Z8th September 2000
Final Accommodation Deadline: 30th October Z009

Preliminary Prosramme:
Friday 11th December 2009: Early Evening- Registration;
Late evening - Welcome “Civic' Reception by the Chair of Batin and %orth-East Somersat Coancil
Saturday 12th December 2008 Scientific & Poster Sessions
Sunday 13th December 204809 Scientific Sessions and Social Programme
Monday 14th December 2009: Morming - Free Time and Social Programme
Afternoon - Scientific Sessions & Closing

Contact Information: Dr Charareh Pourzand ,Department of Pharmacy & Pharmacology,
University of Bath, Claverton Down, Bath BAZ TAY;
Phone: +44 1225 353 500; Fax: +44 356 114 ; Email: pracap@bath acuk
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Green tea extract and epigallocatechin 3-gallate reduced labile iron pool and protected oxidative
stress in iron-loaded HepG2 cells

'Kulprachakarn Kanokwan, 'Thaokaen Yuwasara, *Fuchaeron Suthat & *Srichairatanakool Somdet

lDepartment of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai Thailand

*Thalassemia Research Center, Institute of Research and Development in Science and Technology, Mahidol
University Salaya Campus, Nakornprathom Thailand

E-mail: ssrichai@med.cmu.ac.th

Abstract

Green tea (GT) contains polyphenolic catechins, which epigallocatechin 3-gallatte (EGCG) is the
major active ingredients. Their free-radical scavenging and iron-chelating activities can protect
human beings from many pathogeneses such as cancer, hypertension, diabetes and aging. B-
thalassemia patients suffer from secondary iron overload caused by regular transfusions and
increase of duodenal iron absorption. lron is a chemical catalyst of Haber-Weiss and Fenton
reactions that contributes reactive oxygen species (ROS) production and oxidative stress. In this
study we purposed to investigate effect of GT crude extract and EGCG on oxidative stress and iron
overload in cultured HepG2 cells and primary hepatocytes. Levels of labile iron pool (LIP) in the
treated hepatocytes were measured with calcein fluorescence technique. Toxicity of the green tea
product to the treated cells was determined using MTT assay. Apparently, the crude extract and
EGCG reduced the LIP concentration in concentration-dependent manner and showed lower
cytotoxicity than used standard iron chelators, desferrioxamine and deferiprone.

Keywords: Green tea, catechin, B-thalassemia, oxidative stress, iron
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