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Appendix (ANANWIN)

Reprint 1 S;m “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 Chemisiry. 2010. xx. 000 - 00

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

T. Saewong™, S. (mnjmje;uf". Y. Mundee”, K. Pattanapanyasat’. S. Fucharoen®, 1.B. Porter’. .
Srichairatanakool’

‘Deparnment of Bwchemisiry, Faculty of Medicine, “Deparment of Clinwal Microscopy, Faculiy of Medwal
Technalogy. iang Mai Universuy, Chiang Mat. ¢ Miice of Research and Development. Faculry of Medicine Sinraj
Hospiral, Malidol Universiy. Banghok. “Thalassemia Research Cenrer, Instirute of Molecular Biosciences. Mahidol
Unwversiy, Salaya Campus, Nakornpathom. Thailand. ° *Depariment of Haemaislogy, Royai Free and Universiry
Medical School, Universiry College London, Lendon England

: Liver is attected by secondary iron overoad m tanstusions dependent $-thalassemia
patients (The wedox iron can penerate reactive oxidants that damage biomelecules. leading 1o fiver
fibrosis and cirrhoss. Iron chelators are used w treal thalassemias to achieve negative iron balance and
relieve oxidant-induced organ dysfunctions. Green tea 1GTy (Camellia smensts) 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 (C37BL/6) experienced induced
iron overload by being fed a ferrocene-supplemented diet (Fe diet) for & weeks, and by orally being
given GT extract (300 mgikg) and defenprone (DEP) (50 mg/ke) for a further 8 weeks. Liver on
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. coflagen and MDA in the BKO mice Histochemical
examination showed leukocyte infiltration in the ncmh) 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 iren in regularly iron-loaded
thalassemic mice effectively. This will prevent the iron-induced generation of free radicals via Haber-
Weiss and Fenton reactions. and consequenty liver damage and fibrosis. Combined chelation with
ereen tea would be investigated in ) -thalassemia patients with iron overfoad

Key Words: green tea. thalassemia, tron overload. collagen, malondialdehyde. tiver

INTRODUCTION calcium channel tLTCC) [7. 8] and Zip 14 (a member

of SLOC2WA zinc transporier family 9] Labike iron

Thalassemia patients with iron-overload suffer
from endocrmal gland malfunctons, liver fibrosis
and cardiac arrhythmia [ 1], Eventually. this condition
will he fetal unless suitable iron chelation therapy is
managed {21 When transfernin i thalassemia plasma
is fully saturated with iron. a toxic torm of sron called
noatrans ferrin-bound iron (NTBI) is detectable [3]
The NTBI s wken up increasingly in cardiac
myocytes. HepG2 cells and rat primary hepatocytes
{4]. Possible mechanisms of the NTBI uptake could
be divalent metal ransporter (DMT) [S, 61, L-type

“Address correspondence to this author at the
Department of Biochemistry. Faculty of Medicine.
Chiang  Mai  University.  Chiang  Mai 50200
'THAII;\;\D E-mail: ssnichaie@ med cmuae th
Equal contribution to this work

pool (LIP) 15 redox-active and highly increased in
iren overload. as a result of changes 1n non mmport
and ferritin degradation. It plays a rofe in free radical
generation and is the main target of chelators [10]

In chronie injuries, activated hepatic stellate cells
(HSC)  display  prohiRration  and  tibrogenic
myofibroblast phenotype. alpha-smooth muscle actin
1-SMA)L  enhanaed  contractibility and a  high
synthesis of extracellular matrix (ECM) component.
especially collagen [11]. Increased collagen synthests
in hiver cells Jeads to fibrosis and eventually cirthosts
Hepaue parenchymal and Kupfter cells also promote
the HSC  activation by  producing  lipid
hydroperoxides. Increased hepatic ron concentration
(HIC) in -thalassemia patients is associawed with
Liver toxicity, fibrosis, cirrhosis and carcinogenesis
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[12-15} Presumably, NTBI could be a tumor
promoter in TSIB rat liver epithelial cells that can
dsmgulae el cwle [16] Addiionally, chronic
active hepatitis C and an increase of liver iron would
be the major causative factors of liver fibrosis [17].
Ironovedoad patients with primary hemichromatosis
showed raised serum alanine aminotransferas? (ALT)
activity [ 18]. Intraperitoneal injection of imn dextran
increases  amounts of cytosolic hemosiderin and
ferritin in the liver of iron-loaded rats. Measurements
of liver ron concentration by means of a semi-
quantitative inductive devioe (SQUID), R2-magnetic
resonance imaging {MRI) and Perl's staining are wsed
o 2valuate efficacy of chelation therapy [ 19-21]

Desfernexamine (DFO) and deferiprone {DFP)
chelation can decrease levels of ferritin and NTBI in
the plasma compantment and the amount of iron
burden in the liver of bereditary sideroblastic anemiz
patients [22] and | thalassemia major patients [23].
The main target organs of chelation therapy am the
liver and heart which accumulate a large amount of
iron in cytesolic ferritin, hemosiderin and transitory
paol [24-26]. Groen tea ¢ Camellia sinensis) contains
#  least  five echin  derivatives  including
epigaliocatachin (EGC), caechin {C) epicatzchin
{EC),  epigalicaechin  d-gallae (EGCG) and
epicatachin 3-gallate (ECG). of which EGCG and
ECG are the major constituents. Most imponantly.
anti-oxidative and metal-chelanng properties of green
a can proect cells from free-radicals imbalance and
toxicity in many pathologic  conditions.  We
imvestigated Gf green tea would suppmss irom
meroad and oxidative stess in the livers of
thal asse mue mice.

MATERIALS AND METHODS

Chemicals and Reagents

A-Nicotimamide adenine dinuckeotide phosphate
{reduced form,  NADPH) 5.5 dithiobisi2-
pitrobenzoic acik) (DTNB): S-sulfosaliclic  acid
iSSAY;  thicbarbitunic  acid  {TBA),  butylaed
hydrax ywoluene  (BHT L 2.464ripyridyl -5-triazine
(TPTZ) and hwhroxylammonivm  chlonde  were
obtained from Sigma-Aldrich Chemical Company.
HPLC -grade acetonitrile. ethylacetate and methanol
were  purchased from Merck Company. Other
chemicals and stancrds were AnalaR prade or the
highest pure chernical availabel. DFP was kindly
donaed by Dr. Chada Philsalapbong a the
Government Phamaceutical Organization. Bangkok.
Thailand.

Green Tea Preparation
Fresh tea shoots wem harvested and immediately
dried in a microwave aven {3 minutes. 200 watls,

o~ L) Y
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100 C) 27, 28] Dry tea leaves were extraed with
hot deionized water 80 ) for 15 minutes and
filered though 0 45-:m membrane o2 llulose acetate
type. Millipomr, Maidstone, England . Green tea (GT)
crude extract was dried under a vacuum, and the
powder was stored a =20 C 61l further we. Catachin
derivatives in the GT extract were analyzed using a
reverse-phase HPLC technique [27] Condiions of
the HPLL include analytical column (Waters
SpheroSorb-ODS2. 250x4.7 mm. S-um). moabile-
phase solvent {0.0 H:S50, © aceronitrile @ ethyl
acetate = 86:1 widv) a Bow e of 1O mimin
and optical detection of eluents a I nm
Concentrations  of the  clukd catechins  were
cewermined by comparison with authentic standard
cakechins. Amounts of the persisting EGC. C. EC.
EGCG. ECG and total carechins were 102. 5.1, 539,
887,43 and 255 mg'g dry weight, respectively.

Animals and Treatments

Adult male (S7/BLS mice
wild type (™[ ¥WT) and bet
(e ady  BKO), were provided by Professor Suthat
Fucharoen at Thalasse mia Research Center, Institute
of Scence and Technology for Ressach and
Development. Mahidol Univ ty, Salaya Campus.
The BKO thalassemic mive were generated according
o Jamsai and colleagues’ technique [30. M} The
WT mice have nomal kvels of hemoglobin, ST and
ROS production. The BKO mice show decreased
hemoglobin level. increased ST and ROS productons,
but depressad heart rae variability (HRV) value
indicating cardiac complications [32]. Their mild
anemia and depressed HRY complications are similar
1o those observed in human thalassermia intermedia
All animal studies were conducted with approv al of
the Insbtutional Animal Care and Use Committew of
Faculty of Medicine. Chiang Mai University
{Reference Number -¥254¢) Mice were housad in
stainkss steel cages in the conventional clean room
where the emperamm {(25:2 O and humidity
(60+5% were maintained on a 12-hours light/dark
cxcle. The mice had free access o 3 nomal chow
diet {control diet) and drinking water ad dbirum.

WT and BKO mice wene fod with a ferrotene-
supplernentexd diet wiw) (Fe diet) for X0 days
lo induce iron overload. ron staws including blood
hemoglobin and plasma NTBI levels wem detacted
weekly until the NTBI was detectable. They were
randomly divided into three subgroups < mice each)
for oral administrations of normal sadine solution
{placebo, GT extract {3X) mg'kgiday) and DFP (50
mg/ke body weight! altogether with the Fe diet for
anather &) days. At terminagion, the mice were
sacrificed by diethyl ether anesthesia and their livers
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were  dissected  for  further  gquantitarive  and
histochemical analyss.

Blood Analysis

Blood samples from the win of rat tals wer
coliected into anticoagulant tubes {sodium heparin)
every month for deermination of blood hemoglabin
and  plasma NTRI concentrations. Hemoglobin
conoentrat on was assayed using a
cyanmethemoglobin method [33].

Plasma NTBI was measured based on NTA
chelation HPLC txchnique with slight modification
[28]. Briefly, plasma {945 ml) was incubared with
pitroloriacetic acid (NTA) solution (80 mM in 5 mM
MOPS buffer pH 7.0) (005 mlt in a palypropylene
whe (Eppendrof 1.5-ml capaityr  al  wom
emperature  for 30 min. Produced Fe-iNTAR
complx was separated from plasma proteins by
spinning the mixture through a filtration me mbrane
(polysulfone type. 0.5-ml capacity. 30-kD cut-ott.
Nmﬁep’r . Pall Life Sciences, Ann Arbor, ML USA)
in a temperature<ontrollad  bench-top  centnfuge
12000pm 1106201 {Hettich Centrifugation
Germany). 15 € for 3 min. The filtrate was
analyzed using the HPLC system by the following
conditions: PEEK solvent delivery rube: a dual-piston
high pressure pump (ComsaMewic’ 3500 1DC
Milton-Roy Inc.. Florida USAy Rbeodyme7I25
manual injector assemblad with 50-u1 PEEK kop: 2
glass colurna {ChramSep ODS1 pype. 100x10 mm, 5
um: Chrompsk Iowemaonal. Middleberg, the
Netheriands )t mobik-phase solvent {3 mM I-ethyl-2
propy k3-hydroxypyrid-4-one in 9% acetonitr
buffered with 5 mM MOPS pH 7.0, a flow rae of
10 mlbmin, a UVVIS  fow-cell  detector
4Spe~cfvwn‘mvr" 2300, LDC Milon-Roy Inc., Florida
USA). Optical density of a red-cokored product Fe-
(CP22), wpresenting NTBI was detected at 450 nm
Data analysis was conducted with BDS softwar
(BarSpec 1td, Rehovot Israel). The NTBI peak was
calculated with a calibration curve made from
&ffemnt iror concentrations (O0-16 M Fe-{NTAR
prepared in 80 mM NTA pH 7.0 solution.

Measurement of Liver Iron Concentration
Non-hemne iron in the liver was measumed wsing @
colorimetric echnique a5 described by the method
establishad by Fischer and Price [34. [ AL
dassware was cleaned with &6 N. HCl overnight and
washad 4-5 times with deionized distilled waer:
otherwise, plasticware was used. Liver lissues wem
wophilized for 24 hours, weighed jexpressad as mg
dry weight and digesed with 2 mixtum of
concentrated sulfurk acid and concentrated mitne
acid (1:1, W) at 65 'C for 20 hours. Afterwands, the
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clear vellow solution was transferrad to a clean test
tube and adjusted to 2 final volume of exactly 10 ml
with deionizad water. Tissue iron was reciced with
ascorbic acid and reacted with TPTZ & mom
temperature (25 C) for X0 minutes to form 2o intense
viokt<olored product. OD of the produdt was
measured & 595 nm  against reagent solution.
Additionally, protein concentration of the liver fissue
was estimakd according to the Bradford methad.

Analysis of Thicharbitaric Acid Reactive
Substance {TBARS ) Concentration

Liver tissue {100 mg) was homogenized in the
solution containing 50 mM phesphae buffer pH 18
(0.% ml), methanot (4.1 mh and BHT (30 ppmy in an
ioe bath A 0.5-ml aliquot of the homogenate was
transferrad to 1.1 mlaf 10% (v} inchlomacetic acid
contasining BHT {50 ppm).  mixed well and
cemrifuged & a kw spexd to achieve clear
supernatant. The solution {0.5 mi) was mixed with
044 M HiPO, i1 5 ml) and TBA solution 106% , wiv)
(10 ml), incubared in a water bath at %0 C for 3
minutes. The solution was filtered through the 0.45-
i syringe filker and measured for OD of the pink-
colomd product at 532 am against reagent blank. A
standard curve was oconstructad by using standard
1.13 3 etramethoxypropane solution  TBARS
concentration was deermined from the standard
curve and reported as the MDA equivalent [34]

Messurement of Hepatic Glatathione
Concentration

Liver tissue was weighed and deproteinized with
S-ulfosalicylic  acid  solution  {5%).  Afer
cenrrifugation at 3500 rpm, 4 C for 15 min reduced
glutathione {GSH) concentration in supernatsat was
measured colorimetrically using Ellman’s method
Basically, GSH comvers  5,5'<dithiobis {2-
nitrobenzoic acid) {DTNB1 to S-thio-2-nirhenzow
acid (TNB) whik generaed oxidized ghutathione
{GSSG) will be recycled by glutathione rductase ard
NADPH is conventad to GSH. Optical density 10D
of the yellow~olored product TNB was measured at
412 nm against reagent blank.

Determination of Liver Collagen Conwntration
Dry liver tissue ¢ 190 mg) wwas hydmolyzed with
6N HCl at 60 °C for 24 hr and peutralzed with 6 N
NaOH. The hydrolysate {100 ) was incubated with
an oxidizing solution ichloramines-T and n-propanol
in citrate buffer pH 6.0} {200 i) at room temperature
for 5 min. The mixture was added to Ehrlich’s
eagent (200 ph and incubaed & 50 °C for 45 min
Optical density of oolored produdt was measured
photometrically & 570 nm against reagent blank.
Standard hydroxytpraline solution (0 - Sopg'mli was
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used » make a calibradce curve and delermine
callagen concentration

Histochemicnl Examinazisn

Anoher part of the bver fissve was fixed
immediaely in 10 % neutral buffered formalin,
prepared on  dssme shdes ;md  stained with
hemaoxylin & eosn (H&E} supravieal dye and
mvérochloric acid-poksium  Serrocyanide (Ped’s)
solmions. The sianed rissues were examined by an
expert pathologist and phoccgraphed with a dizitl
canerz  Pink owopfasm. red muckns 4 Prusian
blue ire granuks gppeared acconding to Perl’s
stining 35]. Full celluler detil was obkined from

Dats Analvsis

The results were expreszd a5 means+SD
Suatisticel significance of the dxa was determined by
1 Smadent's & test. p<005 is cansidered significant
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Fig i1) Blood hemoglobin concentrarions of Fe diet-
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RESULTS

Blond Anab s

Results in Fiz 1) show that ferrooene-
supplemened  diel iFe diet) did not enhanoe
hemmoglobin synthesis nor enythropotesis in W'T mioce
a well as mikl anemic BKO mice. Neither GTE nar
DEP aliered the hemoglobin conceremabion in the
mealed mice 2oy more Fe diet induosd formedoa
of NTBI in plasmna of the WT and BKO mice in 2
time-dependent manner Expecedly, he GTE and
DFP wer abke 1o decrease the plasma NTBI
concenaaions of the treaked mice. which the GTE
teing slighty mare effective that the DFP as depicied
in Fig 121

Liver Iron Cancentration

As shomn in Table |, Fe diel inae2eed te LIC
of the WT mice significandy (% = 120540.578 uz
Fe'mg protein. 19 1 3=14 44 ng Fe'mg dry weight)
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Fig. ¢2) Plasrma NTBI concenmarions of Fe diet-fed
WT top) and BEO rhottom) mice following
inerveniion with placeba, GTE 300 ma'kz) and
DFP (50 mg'kg! for 60 days Daa are shown 25
mean=SD{(a =6}
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Table 1 Effect of zreen aextract (GTE} and deferiprone (DFP) on liver inon concentraioas in Fe diet fed-WT nd

BKO mice Dazz ar shown as mean+SEM

Dhee! Liver iron concenirations

Mice Treatment s Te'mz protein ng Fo' mg drv weight

FKomal diet 0303-00m SI3-11%

Fe &EedPlaccbo T T3083T TS|
WT Te &edGTE DEECEDE b | FEOTD Rt

Fe &ed DFP 07670111 W3-13%

Rormal diet ND =D

Fe &ef Placebo 1550145 T TE-1333
BKO Fe died OTE DERASEDRRE AR

Te &e?[IFP [EESER) 4 OB

5 <015 »hen compared tw aormal diet, "p <005 when compard b Fe diet.

Appaently. GTE lowed the increase of LIC
(o = - 11340 806 0 Fe'mg protein, -27.28-15.15
ng Fe'mg dry weight p <0.05) and DFP was also
effective (4 = -0946+0537 ug Feimg proeim, -
21 804061 gz Fe/mg dry weightt Goven an Fe diel
LIC of the BKO ‘mice (195041049 .z Femg
prosein, 422%6-2445 ag Remg dry weighi) was
slightly highe r than thar of WT mice (1.71320645 g
Fe/mg peoein J821=155% ng Fe'mg dry weizhtl
GTE and DFP deaeased the LIC of Fe diet-fed BKD
thalassernic mice (A = -1615+1595.3 Fe'mg
prosein  and -135540%59 .3 Fe'mg proein,
espectively) sigmificandy The resull indicales thal
GTE :né DFP exhibited irca-chelating ackvities and

remeved iron depesiticn in the Livers of the WT and
BKD mie

Liver TBARS Ceace ntrntion

The Fe diet merkedly increased liver TBAR
concenraions (05166 .z Felmz  proein
0.066=0015 ng Fedmg dry weizht) mhen compared
w the normal diet (2344123 uz RYmy proein
0.041-0.020 oz Fe'mg dry weight) [mperiantly. boch
GTE md DFP effecively dexesmed the inclining
liver TBARS concenmations in the WT mioe (4 = -
0.6 and £.36 ng Fe'mg dry »eight espectively} 25
well a3 te BKO mice (1 = 0.06% and -0071 ng

Fa'mg dry meight. respectively; p<0.05) ‘Table 21

Tohle 2 Effect of GTE 2nd DFP ca Ever TBARS ooecentrations in Fe diet foad WT 2nd BKO mice Diatz e shomn

23 me2n=3EM

Liver TBARS concentratices (MDA equivalent)
Mice Diet Treatment ug Fe'mg pratein ng Fe/ mg drv weight
Nommal diet 2344123 0.0 =0020
Fe diet/Placeba 308410 & 0.ME=D.015
WT Fe diet’GTE CELE R 0.006=0 0¥
Fe dieDFP 16134093 0.000-0.017
Nommal diet ND KD
Fe dietPlaceba 3504009 00200001
BKO Fe diecGTE 03707 OOTT-0007
Fe died TFP O de=00 [EDEREI
7 <05 when compzmed » normal diet, "7 <08 when campard o Fe diet
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The results sugzest hal GT caechins, panicelarly
EGCO. exhibit ion-chelating properties like DFP
thet cen ishibit te generation of free-radicals
Conmquently, the compound cm peevent lipid
peroxidafion and oxidwive damege of ron-loaded
liver lissue

Liver Glutathiane and Collagen Concentratisns
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The Fe det éid not influence levels of liner

glutathione: nonetheless. GTE nd DFP nended w
ingease the zlulathione conoenirations of he WT
mice (Table 31 Unexpeciedly. the GTE ané DFP
reduced the kvels of liver ghnathione of the BKO
mise. In addison. the Fe diet increased the levels of
tiver collagen of the WT mice. The GTE 2nd DFP

concemrxions in the WT and BKO mice

were able to bower the indining mead of the collagen

Tahle 3 Effect of GTE and DFP ca Ever reduced 3 lutathione (GSH) md collagen concentrations in Fe diet ed WT

2nd BKO mice. Dkz are shown 23 meant SEM

Liver U3 H ooncentration Liver collzgen concentration

Mize Diev/Treatment ¢nmol'mg pratein) ‘nmalnig protein)

Noemal diet 3454125 002340005
WwT Fe dietPlacebo 3654037 00414000

Fe diev GTE 4044148 D0ET LS

Fe dietDFP 4.25+0.63 0.0094+0017

Normal diet ND ND
BKO 4] Fe dietPhocbo 3324079 00I0+0.002

Fe die¥ GTE 3534042 002540003

Fe dievDFP 3104060 002240008

Histochemicol Examinations

As shown in Fig ¢3) Perl’s s2ining obemvation
shomed that Fe diet enhaaced iron deposeion in Liver
tissues of both WT and BKO mios. Incredibly, GT
was effident in peducing the iron deposisoa Vless
density in Prusdan bine granules! As seen in HAE

stained tissues. Fe  diel  enhanced  leukocyie
infilmation oam liver cells of the WT and BKO mice
of the nearty porwl vein (HAE sxining). indicading
poentid  tizsune  inflammation  Homever,  the
e ukocyie infiltrztion disgppezred 2fke 7 the mice wepe
eaked nith the GTE
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Fizg 3 Hematevy lin & Ecsin and Pert’s Prussian blue yainsg resuis of iver tssues from Fe diet £d W T 1ad BKO mice reated with GTE.

WwT BRO

Die ¢ Treatnweat HAE stain \xdd) Perl's stasn a4 HAE aain 2 ¥ Perl's gam 3

Noxrzal Get

Fe detPlaccbo

Fe &eVGTE
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DSCUSSHON
As mentioned befoes. NTBI is present in the
plesma of ji-thadassemia patieass. Our cumens study
has demonsraied thar NTBI is & ectable in plasma
comparmments of the Fe diet-kd mice acoording 1o
the time (37} However, ko conoentrations of NTBI
can be detected in plasma of the femic cilrate-Teaned
rats [33] A previous siudy reported the amount of
iroa depasition w23 bow in the bone mamow, but high
in the liver and spleen of i thalassemis imermedia
Administration of ima dexrmn inqeaed blood
hemoglobin  levels i i-hasemic mice [39]
Howeer. our o sodies cbserve that fermoene diet
dd ot increase bload he maglobin levels in the -
thalassernic mice (37} Highly 2ocumulaed iron in
transfusional patients with 5 shalassernia @n kead 10
liver influmnadon. fibrosis. cirhosis and finctional
insufficiency 0} Splenectomized and cimhodc
thalassernias had higher degrees of foa 2ocumulation
and fibrosis than non-spleneciomized and non-
cirhoti: ones [41] Hepaocye siderosis oomelztes
slightly betier »ith chemical Liver iren ooatent than
does the degme of endothelizl znd Kupfler cell
siderosis [42] Swong eyidence has shown thal green
tea canechins can inhibit galactosamine- and peacdve
axident-induced hepamnax icicy 143, 4]
Contradicory, intraperitcacal dminisiration of green
ieacan induce hepatonsticity in mie 45 Grege and
Lyle found that ras fed a greea dea-supple menoed
normal diet did not experienoe an dteration alver in
liver radiciron (" Fe) copxatrations or in
gastminkestinal iron 2bsorpion [46]. Previons smdies
hove dercasaled thal green wea camechins lke
EGQO. exhibit anfifibrogenic activicy that an
suppress and inhibk collzgen synhesis in hepanc
stellzre oells (7 49]. Omama and collezgues have
demanstrated thet iron overload impairs macophage
phzgocytosis 2nd enhances inflanmasory evidenoe in
ira-lozded raes [S0) GTE can decrease focal
neaosis  and leukocyte infilration i
ische mic/ie perfusive livers {51
In our siudy, the quantitative and historhermical
examinzioas confirm hal gmen k2 extract really
lowers the iron 2caumulation in the vers of WTand
BKO mice. Possibly, the metalbinding activiey of
pohphenolic calechins, especidly EGOG and ECG.
imecfere with luminal iron ehsoeption and also
rmove intahepatic imon pools Green k2 cateding
counkerzct iron ulysis in ROS generation via
Haber-Weiss md Fenmn reacdons and lower
pemoxidane damage of membrne phospholipids
Therefore, bevels of liver lipid peroxidation products
such 2s MDA of the GTE-trealed mice were less than
ibowe of unireated mmice. Treamnent by antiaxidmi
gmen ©2 cxechins did noe inaeam levels of
intacellular and-axidative guahione as expeced
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The result implies that ke chins only scavenge
produced free radicals, but neither enhances the
endogenous  ghizhione synthesis nor  mecychs
axidzed glutathione 0 reduced  lutathione.
[ncreased amonnss of collagen meRec w0 fibrogenesis
The 2-month ima loading may not be sufficient o
ingesse the onllzgen synshesis in the livers of the
WT and BED mioe Treztment with GT itself would
not influence the cllzge n synthesis either.
Based on these findings. green tea con
e fectively lower the liver inon concentrations of imon-
icaded thalasemic mice by 1) the inserfrnoe of
inestinal irce absarpeion, 21 chelation of plasma
NTBI before intering inle liver ocelic 31 the
mobilization of rznsient and snocage pools of hepatic
imon It can be spemulansd that zmeen k2 exwact
vonmaining high EGCG and ECG conents coud be
utilined as phytochemical ironcheluing agens or
adpmeve agents with oral irom chelamors ez
de fariproge 2nd de frasinox] in iroa-overioad pariens
with ji-thalzssemia in the furure. We 2re certain that
green kea chelalicn will give complianoe. be cost
effective 2nd produce minmal side effects w the
chelaed patients
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Green Tea Attenuates Erythrocyte Oxidative Stress in B-Thalassemic Mice with lron

Overload
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Green Tea Attennates Exvthrocyte Oxidative Stress im £-Thalassemic Mice with Iron Overlead

S. Ounjaijean**, 5. Fucharoen’, K. Pattanapanyasat’, T. Westermarck', F. Atroshi®, S. Srichairatanakool'”
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Abstract: f-Thalassemia patiems auffer from Tor overload cimsed by regilar blood rarsfizions and increazed 1ron
abzorprion. Iron plays 2 cridical role In forranior of reactve ouygen spacies {R0S). Accurnilatien of nochams iroe
an thalassemec ervtbrocyte membran: triggers an oxidanve cascade that leads to their sucidal ersthrocyte death
Tron chalatoes are zed for treatmemt of iron overload ard oudadve swess in S-<halassemia patients. Green
caschics having iror-chelating and atiowsdent properdes are appliad w ezt oxidanve stress IL VITO ad invivo. In
thes srudy, we prepared the mucrowave-processad green =2 and imvestgamed if green wa exmact (GIE) could
amaborme oxidarve swes: and prolonz suzvival of rad blood cells i iren-loaded thalassemic pmce. Mice
{C37BLET) as wld ype (WT) and £-knockoew: (BRO) thalassensa were fed wzth ferrocana-supplemented det (FE
diet) for 12 wesks ard orally aderrsstered with the GTE (300 mzks) or DFP {50 g kg) for additoral 12 weeks.
Pizsrn noa-Tan:femic ound iroe (NTED) was quarsified by usmg HPLC method Rad Hoed calls labelad with
phycoanythrin were detactad with dow cytometry. Erythrocye thioharbinmic acid-reactive substances (TBARS) acd
hemalysis wera measurad colonmemmically. Resul:. Elevatsd plasea levels of NTBI and lipid peroszdation sended

norealize ie responss o oral therapy with GTE. At the same dme plasma GSH were increzsed up o 2-fold Mice

exhibat dacreazed of lipid peroxidation ard icprox iz the owdarsannexidar: balance m erythrocytes. GTE
effectively inhibit bemolysi: and thereby mrolonged PBC half-ife. Conclasion. Our stady demonstrates the atdity
of GTE to inprove saveral of the findamwersa] pathologeal dsturbances of Thalassemda. GTE may have cliccal

posamial in diceshons iron overload corplcation whean adbremisterad earlv in dizeaze development. Comixred
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chelation therapy usmg GTE wrh stapdard izon chelazor wouid be imerested in 2-thalassama pacemts wath oo

overload.

Kevwords: green t=, thalassenra iron ovecioad. owdaive sress. bemolysis, red cell sumTval

*Addrass corresponderce to thxs muthor at the Departnent of Biocheptistry, Faculty of Madicine. Chizng Mad

Univarsity, Chiang Mai 30200 THAILAND: E-pal

1 INTRODUCTION
Beashalassemdas ars a besrozamaous Zoup of 12d blood call (FBC) dsonders resulrcs fom redixed o

absent symthesis of B-globic chams of kaemogiobm The presance of sucass umparad a-globic chamms 1p BBC: gives

eregates or Heirz bodies. ard morphalezic changes. casing demage to te RBC menbare. Tie affacted
F3Cs 272 prepunwely bamnivsed m e bone wamow and spleer. resifing in mereas:d RBC nmmover, inefieciive
ecvthropoiesis. & severe apemmia, whick can be corracied oaly by regular blood mansfasions { 11

Trop overload, resalts from echances mon absorpden a2 iceffecive erytropoiesis and further
azzravated by mansfasorn hecapy, 1: oce o the majar cawsas of marbudicy and morality in thalazsemic patents In
sirsatians of fror excess the tron-binding capacity of marsfamn is mighly senuated. resulics 1o te 2ppeance of
norerans ferrir-bourd iron (NTBD) 1 the plasma [2, 3] The toxicity of WTBI 55 siprficantly graaser than macsfemn-
hound Zon s exemplified by its abilicy to canzlyze fraa-radical rezctions that have life-thrazrening corsaquecces [4]
NTEL is thoughe to camlyze the Smasion of beghly mactve oxygen radicals tat genamte lip:d perorddation
grocesses. requlting to a breakdown of siomerirzne Sirctes and fral'y leading to call davh.

Admemisration of iron chelasorns, desfarmonarsce (DFO) or defenproce ({DFP;. 13 corrnonly pronesng o
pravent of decreas2 iron-oading tbuzden and acczmilator of NTBI in the plasma of p-thelassernia major pacamts
Eowever, these dmgs are issued by eingz czase of sanious side effects, weabrers corplizanions and huzh cost

Green tea (Cameliia smemsis) a3 21 excelant source of peiypbenols namaly catechms, bas beer shown e
protecve effect in vanous oxidacve-related parholege condifions. Our previois smides deporsirzied tat, Zreen
sea casachins comsxn both anp-owdatve and Ton-cheladrg propacies [3. 6], whick responsible for the mbdboory

effect of Zreen tea exTact (GTE) © dacraased iron overioad and oxidative smess iron~chellenged murice models

(=]
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77, 8], In this study, we prvestigated of GTE have a protectva eifact against rap-mediated ovidadve depaze to e

F3C: and proforg PBCs survoval of iron-challepzed thalzssaomic mice.

2 MATERIALS AND METHODS
21 Chemicals and Reagents

All HPLC-zrade sohverss ware purchazed Jom Merck Corpamy. Uniless ocher indicated, chezmicals and
standards were purchassd Jom Sizma-Aldrich Chenacal Conpany with An2laR zrade or the highest pure chemucal
availabla DFP was kindly dorarsd by Dr. Chada Philsalsphorz 2 the Gorermerers Pharmaceurica] Crgamizanon.
Bacskok Thalmd

22 Ceen Tea Preparation

Tresh o3 choots ware harvestad ard semadiate’y dried in 2 microwate ove (3 memzes, 330 wats, 100°C)
[5. 9] Dry 22 leaves wape 2xrmacted ach kot deionized water (80 "C) for 15 nemmes and filered dwrouzh Q45 pm
xembrne -f_ceﬂ\i‘:oie e pR Millipoee, Maidswone. England). Green tea extmact (GTE) was dried under 2
Vo, and the powder was siored at -20'C wll further usa Casachir decvatives corsaiced m the GTE wers
quardtased using a reverse-phase EPLE techmique [10] Conditicns of the HPLC inclnde aralvtcal cobaem (Watass
SpheroSert-GDSL. 230wd 7 mm. S-um), mobile-phase sodvers (005% .30, 0 aretomils © eyl acetae = 85:12:1
vy). 2 flow ram of 1 0 mion ard optical detector of stuerss 20 230 mm Comcentrations of each cateching were
Asternyned by comparison with authentic standard cateching. Amourss of the persisting C, EC. EGC. ECG. ECLC

2o total casechirs ic GTE were 58 3.8.1.269,0.5, 33,3 20d 198 3mg g dry weizhs of taa laaves, respectively.

23 Arnimsls and Treatments

Adule CSTRLST mece {iretial age 75-120 days), wild type (™£™)(WT) and bevzrozyzoms B-koock out type
{mgt¥) (BRO), were provided by Professor Suthat Fuckarom a Thalasserria Research Center, Instinre of Sciecce
and Tackmology for Pesearch and Devalopmert, Mzhidol Upversicy. The BEO thalassertic mice were zenzmned by
same targetng weckmigue according o Jamsa and collaazues [11]. Hernoological daw of BRO mice resanble
e Thalassemia intermedia pasierss with te wansiusion-dependent phenosype [12. 13]. Af ammal stodies wer2

condncead with approsal of the Instnwiemal Anieal Care and Use Comenittes of Faculty of Medicive. Chiang Mai

9]

102



Y 1 W Yo
amsnila Hmonns neu lasueuna

aAMTIUURIoEaY 4

Univarsity (Referance Number -3/2543). Mica ware bowsad in non-mwenallic cages in the comventional clean room
whera the teptperzmure {252 'C) and huznidity {50+10%) were matrainad or 12-hors daynight cycle The mice
n2d T2 2ccess 1o diet znd drmking wasar ad [ium.

WT ané BEO nrce were 22d with 2 farrocens-supplemenad chow dist (FE dost: CPIS2 diet ecnicked with

0.2% ww farocens conmming 780 me Fe' kz diet) § days per wask for 12 weeks to induce oz overioad Afier
iror Joading period, prce ware mndomly Evidad irto fow subzroups 0f 12 mice 2ack for oral adnrnistratons of

deiomzad wasr (pizceto). GTE (300 mg GT'kz BW day) amd OF

(30 me kg BW. day) ahozather with the FE dixt
for acother 12 weeks W znd BEO mece Zod wich standard dix {CH82: cortzicing 130 =g Fekg died). acd

admristerd wits deioirized water were served a5 noa-iren Joadics conrol.

24 Blood Analysis

Z—Ie;ai{:uized tloo(z was collaciad momtily by taxl vein or beart prmcnure and ceomifized at 3000 rpm. 2 *”C
for 10 prmrres. Erytirocytes ware washad and resuspended ir PBS. pH 7.4 Plasma was rerpaad and kept Tozan at
-80 °C for further analysis. Blood kerwgioben conceraation was as:ayed g a cyanmethamozlodin methed [147

Level of tonal ghusthiore m erythrocyte and plasma wese deterrmad colarimetrically by CTNB method
115) usicz Glratsioos Assay Kit CS0260 {Sigma, StLows, MO, USA)

Determmnation of reactive oxygen species (ROS).

Level of ROS gererated in red blood cells (RBCs) ware determrned by Jow cyrometnc szay mpdified
from Amer ¢ a) [16]. Brfely, 0.4 mM d&chlocofluorescein dacetz (DCFE-DA) (Stzma. St Lows, MO. USA) was
2dded 10 RBC: suspansior {1-10¢ cell'mt ir PBS) ard tncabated 2t 37°C for 13 pie iv 2 hummidifisd ammosphere of
5% CO,. Frarescerce tmtersity (FTy of DCF from the inmct FBCs was acalyzed with 2 Becoon Dickinsen FACS<an
(BD Broscisnce, CA). 2nd data were anaiyzed using Cell Quest software (Becron Dickinson). The #dzolue FI of
sample obtamed by subtract FI of sawple from FI of negarive {urizbaled) conmol for each sample. represencnz the
exent of ROS lenel in the RBCs The positve cormol of exch sanple had been 2szessad together by KOy
cTvaLon.

Analysis of plasma nos-transferrin bound iron (NTBI)

Dlasma NTBI was reasrad basad on NTA chalation EPLE techrique with slight modiScaton [5]. Bredy,

plasma (27 43 was incubsted with nitelomiacedc acd (NTA) solurica (final concentraton 30 mM im 3 mM MORS
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uster pE 7.0} at room tewparanura for 30 min Produced Fe{NTA); complex waz separated from plasra prosems
Iy spizming the mistre through a flration membrare (polysulfone type. 0.3-ml capaciy, 30-kD cat-off, NamoSap®.
Pall Tife Sciepces. Ane Arbor, ML USA) 2t 12,000 rpma at 13 °C for 30 min The £lmate was analvzed wing the
EPLZ system via a zlass colume {ChromSep ODSI, 100x10 mm 3wy Chrearpak Imemanional Middleberz
Naterlands); mobde-phase solvent (3 oM 1-etiryl-2-propsi-3-hvdrempynd--oee (TP2Y) m 18% 20erTie
ufared watk 5 mM MC25 pE 7.0), a Sow razz of 1.0 mlmin. Opdcal demsicy of a red-coleced product Fe-(CP2Ih
representing NTBI was mositorsd co-line at 430 pm Data analyas was conductad with BDS :oftware (BarSpec
Ltd. Rehovot Iarz=l) The NTBI park was cakculared with & calibration curve made from vanad concenrations of 0-
16 uM FaNTA), prepared m S0 mM NTA pE 70

Afeasurement of lipid peroxidation

Malondialdahyde (MDA} as indey of Lpid perovidarion was determined from plaszaa sangpla using FPLC-
bazed TRARS assay described by Haliwell and Chirico [17]. Twenty-seven pl of plesma sarple was mined with
the Teacton musrme, 0.2% BHT solutoe {3 ul), .44 M H,P0, (180 pl) and Theobarbrunc ac:d (0.6% ) (60 1)
and mcubased Bt 90°C for 30 mimses. The pirk-colored prodict was filtered through § 435-por symage fiter and
aratyzed with the EPLL svster via znahytical columne (Wasar Spherosord ODSE, 250%4 3 mim, 5 um). mobele-phase
solvent of 30 mM KH,P04: mathanol (55:35, v+) at a fow raze of 1.0 mipiin. Eluents were deseced op-Lne at 532
am Plasma TRARS concenTations ware datermrired from the standard curve constracted oy vanad concentration of
1,13 3-tetramethoxspropace and repocsed a3 amol1 of MDA equivalesss.

To azzess the level of lipid prowidation ib erytwocytes. packad cells were separated from plazma by
cenifiigation at 3000 % g for 10 min apd resuspendsd im FBS. pH 74, To 30 plof SrVTAroCyte SUSPAMSIOn. T2choa
meshre was addad and moubasd 2 90°C for 30 mimtes. Following meubasticn. it was alowed to stand on xe for

8 mn before addinz 150 wl tricholoacerc acid (20% wv). After cepmifuzadon ar 12000 % z fox 10 ron. the
perownde corzent m the supemnampt was deermumed Ty spectrophosomemically 2t 332 om MDA valies were

evahmted by compared 10 the absorbance of s1zndard teramethoxypropens and sxpressed 23 pmol g Hd

[
o

Red blood celbs sarvival study
To imvest zate the effect of Zmeer tes caraching oa prolorz red cell ;urvival thrae male mice were randowly

aken Tom each expecimersal prowp after iron loadicg and trexmeet period Iron admincstragon and treaiment
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ipsEveation were cominued for 2 ponh drng sunoval sody. B iotoylaten of the entire 25Cs was
achievad 7y Ml ven igacton of 200 uL 15 meE ol EZ-Link Sulfo-XNES-Bwotn (Puecce, Rockford, IL, USAy A 2-2
1l blood sanple was collected o different period of fime by tail vein puocturR. Red cells ware wasked it 10 mmol 1
EEPES, pH 74, 165 mmol 1 NaCl HBSM)L a0d the memhee of biotimyixed R3Cs was dessnrinad by mcubation of
+ke ed cells suspension (3+10° cellom) with 3 pgml phveoerythric<onjuzated szeptrdin (BD Bioscanca CA)
i HS5M beaffer corsaipng 2 5 memoll Call,. Flow cizomemic ¢etermination was carmiad out with FACScan (BD
Bioscence. (A} 2nd dam were 2oalyzed uang Cell Quest sofmara (Bactor Dickansan) as described axrter [18. 19]
The RBC sirvive curve was created for derenination of the diraden tha Diotnylated BBCs raduced w0 50% {Ton

survival hali-ome).

26 In virro assay imbibition of red blood cdls hemolysis

The inhibitor of red biood calls kemolys: 7y GTE or DFP wzs svaluamd by hemolyss st performad in

gresent of Tou chelae and H,0O, as free méca minatrs. RBCs were ssparased from plasme ard buffy coat Uy
cemrifugadop (1,500 x g, 10 min at 430 znd were washed three tmes by cenmifusation { 1,300 x g 5 min)in 10
volumss of 10 mM P85, pH 7.4 RBCs suspensicn at % hematocTit wes preiccubated with 50 4l of PBS {p2zamve
control), GTE or DFP at & fferer: conrentrations (1 25 — 20 ppm :n PBS pH 7.4 for 30 poe Teen 100 1 of 100
UM e NTA fin 5 mM MOPS, pH 74) amd 200 W of 100 | M H;0; (n PBS, pH 74) was added. The rascaca
mexhoe was shaken gamly widle being incubatad at 37 °C for 3 hr. Afier mcubeden, the reaction nI¥RTE Was
dinmed with 3 ml PBS apd cevrifiuge ar 2000 x g far 10 min The resuiting spermates wa: mazsurad
spectrophereremically 2t 3<0 om The paccenszzs of heraolysis was calculzred Dy tekicz herwolysis of kypowon

uffer (BBS. pE 74) a5 100%. The miubitory =fact of GTE or DFP was comparzd with standsrd apdesidant

Trolox (water-soluble tozopherol demvadve) {1.25 - 0pgmlicPRSpE T4}

27 Data Analyss
Stat:tical analysis was parformed sz e 3755 sofware (Version 1690, PSS Inc, Chicago, I USA)
Dara are expreszed 23 mean=5D. The norraelity of dsrouen was tested by SkewnessEumosis st Stasdsacal

comparsson deraeer diffement groups WA performed by usmg the Sudemt's T Test or Mone-Writhy's U test
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depending of the dismburor 3Bwanae corelaton was comprrad smg Pearsorn’s rank comalanam Two-ial

sizmificar value was usad ard 2 Pvalue less them 005 was considered as stapzacally ngn:Soamt

3 RESULTS
i1 Effect of GTE on iron overioad and oxidative stress parameters in plasma compartment.

Ptasia NTBI concentration

The FE diet induced formadon of WTBI ic plasma of the WT 2nd BKO mice m 2 fme-dependes: marser,
which BXO mice ware more susceptivle 1o iron overload than WT pmce As expacted, the increaze of NTBI
concentrator was deterorated Dy meatmert witk GTE 2nd DFP. In conmast with equally edfecave effect oozerved it
WT pece. GTE was sigrfcenty more efacive » raduced NTB! concentration tden DFP in BEO riice after o
menths of miervention (Fizure 1).

Plasina Lipid peroxidation

Camdar.,h with the ipcreaze of NTBI in the plasma. moce %2d with FE diet hava had markedly inoease
plasma lipid parosidstion  tme-dependent fashion (Figure 2). GTE showsd more efactvely 10 neumalize the
plasma MDA concerations than DFP exther m the WT mice or the BEO mice.

Plauma plutathione content

Plasma ghurachione concemeration of FE diet-fad nrce was slightly dacrenzed bt pot sarztcally sigmeficamt
compared to coamel crice %2d with pormal dist (Figure 3). Three months adnrmistrator with GTE. as well 2s DFR.
anhancad the plasma leval of gumhione zpproxicavialy 2-%old 2nd 2 5-%old corpared o WT and BXO muce

raceived FE éot wuth placebo. respectively.

32 Effect of GTE on hemoglobin level and oxidant-antioxidant status in RBCs compartment.

Elood hemoglobin comcentration

As shown in (Figare 4}, the aupplementation of iron-ezrmich diets mszeficantly iecrazse herpogichin level
i WT mice as well as mild anemic BKO race. Natther GTE nor DFP show sigmficent mopeoved of hereoglobin

symhes:s m the reated mice.
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. Erythrocyte ROS formation

Geceratior of ROS m erythrocyi2 of aither WT or BEO mice were mducad in time-3zpandert mapoer by
iror adrricsstraton (Figure §). When admimemasad with GTE, the fror-induced ROS formarion m erythrocyms was
nerqiralized irto rormal level In addition, DEP show lower effcacy than GTE o replete erythrocy RCS i WT
e and had no sigradcars effect it BEO nrce

Lipid perondation of RBCs membrane

As a consaquence of ROS formation, induction of 1ipid perosidation in the arvthrocyte redected by the
zenaradion of MDA (Figure 6) The apoum of MDA mthe arythrocyres in WT 2nd BEO control zroup mazsured
ware 35 1324 00 and 48,703 65 pmol 2 Eb, respectvely. Inducdon of oz overioad by FE diet adrinisT2tion o
mece results 0 sz Bty incresed of MDA concantrator I the erythrocyte {30.05=6.70 pmol g Bt m WT puca
2 373023 81 gmol'z Hb iz 3XO mece) The oc-mediaad inhictor of eryttoocyte MEA production was
efficieaty inhibired by Tazmmer with GTE

Intracelinlar gintathione content

Lomg G feedins with FE det cxnze nemificont'y decrazsad in levels of erythrocye gamathion2 doth in
WT 2nd BKO nuce (i’lgure 7;. Treatrer: with the GTE and DFP could restore the levels of ghumtdene oMo
Saselma leval in both nvpes of mice. In sdduwion. the cocecTatica of gutarhione i erythrocyte was decrzased

coircidenty with the incrazsad level of erytiocyta MDA {7 =-0.916. P 0 001}

33 Red cells survival stedy

Survival curves ploted in Fizare 8 show that RSC removal was linzar for he WT corzrol mice, as reported
aarfiar [18-20]. The mmiber of biotmylaed cals decraasad approwmany 1.9 %6 per dav. with 30% survving (Tis)
2z 30 days and at exinction tme of £0 days.

¢ copmast (Fizure 8, BKO) ialassemic RBCs demonstated expovsmiial reppoval. with Doth age-
dependert ard -independent processes. The swvival curve was fitted 1o the equaton At} = A[1 ¢ TH]e™ [2i]
whare A(t) stand for the morher of biotinvlated RBC at time (1) A, is the imital mumber of brotoylasal BBC at 1=
0: T is the tice of senascent deash of RBC {extinction time); and k is the s of the rzte: of eluton of the latel and

random removal.
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Ana'ysis of the exponemial curve Gt indxarad a more mpid removal of subpopuladen of RBTs k=
0.033) iz thalassernic mice as compared to th2 WT conrols with survival half-cwe {T..) aprrowmasely 17 5 days
In commast to normal RBCs, by day 30 omly 23% of the RBCs of the thalzssertic mice were survived. These daa
indiczsed that sore thalassernc RBCs ane removed prananmaly, whereas cchers exhabit normal arval

Agmemistrzion with FE diet rescited m the sigmficently decreased of sumnval hali-tme (Figare 9). The
T 1o WT mice on FE & and withou: iroo~chelanon reatment we dacressed to 23 days. while in BXO mce are
decreazed w only 13 day.

Treatment with GTE posemtially protects red s from bemng deswoyed by iron-indaced cuidadve damage
Chelaors treated amimels had RBO T, ,values mrermediate barwesn wnmreated {placebe zoup) 20d non on-ndxed
comrols. The szvival mee of WT RBC:s o GTE-reated nuce were mncrazsad apprommatsly 13 *. compered o
whom received placabo. Furthermore, prosacive effect of GTE was more predominanty :n BRO F3C:, wixch the
survival rape was increased up 10 27 % compared to placsho Zowp. As axperted, the effect of GTE was shghly
moce potert than CFP to procact FBCs fom sepescance.

[4
34 GTE imhibit Bemoby:is of RBCs in vizo

¢ order % deternrne whether GTE can protect 12d cells from hemolysis cxased by inon-camlyzed free
radical generadion. i viro imvestgation of hamolysis of RBCs m the presant of ron chelate (famc-NTA) and H; O,
wan: parformed.

The resuls revezled that pre-mcubation with GTE prowct r=d cells Jom hemolysis in concenmacer-
dependert menrer. At concenmrator 2s low as 1.25 pzml, GTE can inkibet heerolysis (by 0% in WT RBCs and by
35%, in BE.O RBCs) corparad o the nezatve contro! (pre-ncubated with PBS). The proteciive effect of GTE was

more potert when corpared to iren chelator, DFP or aufioxidant Trolox, w2king togettzr

4 DISCUSSION AND CONCLUSION

Thalassenia is a hereditery acemia resuldng from geretic dafacts in hemogiobin producdon which affect:
mutlteple organs and is associated with considerable morbidity and maralty. Lifalong Slood tnsfusion 2 curresrly
anly prinstay geatmest to suppress the zoenuc state. evenrually. results in irca overlosd and consaquantly oxidadve

demage of cells and tzsues.
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Agmemisiranion of iron desmar had heen shown 1o mizeass blood hemozlotin levels m B-halssemic nrce
{221 I“iﬁ’ﬂ'&“&(. wa czmmot coacluds for our result Szt hemoelobin levels it P-thalassemic mice were inranzed TY
ferrocens diet admimismarion. Maither GTE nor DFP cause significars charzed m blood bemoglobin level This
resalt suggested erytropesesis, evher m wild fype (WT) or thalassenec (BKC) mxce. was oot izprosed m our
experivental modal.

Zror adenr:staricn. on the other way, induce an overload i our evperiventl euce 23 Jetermrned by the
sinificamly meraased of MTEI m the plasma The toiciry of MTBI to camlyze the generation of free radical was
approved by the comcidemly increazed of plasma MDA concenmation 25 well a: depleted of plasma GSE.

The patsology of thalazsemia is. 0o a certiin exsemn, 2szocarad with the gecermtion of Labile iron in the
patholegical RBC [23]. The appaaracce of suck focm of 1ot at the mrer and ouzer cell surface exposzes the cell to
condtion whersby the ahile maizl promeotes selfarplifving mdow reactons which simlzmeously deplate cellular
reducicg porntial (2, GEH. caralyze the forewrion of ROS and accelemte 2BC destmaxton [24]

Owr sy demonsmasad that on everioad cause By exntracelZlar irea acrrinistration o the mice resultng
ic the decreaseq of ipTacelhizr annowdmr GSH, increased of ROS ip the BBCs ané increazed of paroadanu
denage of RBC memhrace. The ovesall charges of exTacelular eovirommer: and icTacelular coodiden of RBC
lead to shartening of RBC life

When adminmisterad to f-thzlassemic mice, GTE show proteciine e

3 10 RBCs demonszarad by several
ovident-arrioxidars paramerers ovesigated. The realts indicated dat GTE plovs an tomportamt role 25 Ao
scvihrocyte antioxident en differsnt avals. Iron chelancs actraty of GTE praari’y peevesiad 20 irca overlozd in
the price and consequecdy deplessd the dor-induced ouidadve stess GTE also shown ipzaceliular prowoave
aeriovidant properdes in the RBCs by mdinced mcrassed of tumacaliular GEE content, dacreased leval of ROS md
dacreazed lipid peroxidadion of RBC membrane. Their syDergisfic proparies protact cells form hemolysis and
+heraby grolong red cell survival.

The rectilts obeziped herein allowed concluding that besides acticg as annowdants, catechins in GTE can
20 effectively show the tron chelarng propartes i vho. These subsmrces rewrTalize, 2t Jaxst in part. soma of e
damage that has been cansad by the irca-induced productior of reacuve oxyzen 1adicals. The bterefit such as Jess
tomicity and the plasma kevals achisvable by arally meesrion are support the thempeutic porential of gresm tez o D2

used 35 altermative medicice for sxch iron overload diseases. Since the mor pathophysiology of f-thalassersa is
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r2atad 10 memhrana damzza. green se2 probadly useful in protecung the PBC form owidanve ses:. prolocgins
RBC Lfzspan ard avenrially ameliceacng anamsc progressicn.

However, despite ther 2pparent conpiimentary effecs o erythrocyes were chserved, GTE have cot yet
s shown to efactvely ameliorzte the azeria of thalazzemia GTE may be morz affectve if used m combiratica

a2ty with iren chalators t neumalize the deleterion: effacts of iron overload mnd onidative stress in B3Cs
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Figare 1 Plasmz NTBI concenmadons of FE dueefad WT (top) and BXO (botom) nrce following

inservention with placebo (300 i kz), GTE (300 mgkg) and DFP (50 me'kg). Data are expressed as Tem-SD (L=
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Figure 2 Plasma MDA concenmation of FE diet-2d WT (top) and BEO {ootomy mice Soliowng
n;:er;\:‘rfm with placebo, GTE (300 me'kg) and DFP {30 me kg) for 3 months. Dama are egressed 23 wean=SD (n
=13

Figare 3 Plamn tot2l ghmatseo: concawrnons of of FE derfed WT md BKO mice folowirz
ipsrvesnion with placebo {300 mlkg), GTE (300 mgke) and DFP {30 mekg) for 3 months. Represenmatve duiz at
the dey sermination {5 mooths izon-loading with 3 paomths iservention) ave zre expressed as meaap=SD (2 = 12).°P
=133 compared 1o WT-FE; "P).05 conpared to BEO-Cormol. *P <).03 corpered to BEO-FE.

Figure 4 Blood hemoglobin concemmations of FE diet-fad WT (op) and BEO (botiomy) miice “liowng
irrvennion with placebo {300 mikg), GTE (300 me k) and DFP (50 mzkg). Dama are axpressad as mean-SE (o=
1)

Figare 5 Eryvtrocyie ROS formatior of FE de-fd WT {ep) and BRO (botony; mice foLowmg
icrervention with placebo (300 mikg), GTE (300 mg kg and DFP (55 mekeg) Dam are evpressed as w50 (&=
123

Figate 6 Enthrocysa MDA coocermadon of FE &at-f2d WT op) and BKC (borteen) nrce “ollowic
ipervention with ';Lz'ceto 300 mikg), GTE (300 mzkz) and DFP (50 mekg). Paprasenmove dam 2t te day
sermenation (6 morshs iron-loading with 3 monrhs iterverdon) are apressed 25 weansSD (p = 12} D03
compared to WT-Conzol. ®P -0.05 compared o WT-FE; “P -:2.05 compared w BEO-Conrol: bp-g 05 compazed
1 BEO-FE.

Figure 7 Ervthrocyte fosal gumathione concanmators of of FE diet-fed WT and BRO nxce folowicg
irsarvention with placabo (300 ml'kg), GTE (300 me'ke} and DFP {30 mekg) for 3 months. Represenmrve daa at
the dav mrmnetion (€ mooths iroc-leading with 3 months imferverdon) a2 epreszed 2 wern=5D (n = 12}
*P=305 comparad 10 WT-Coaol *P <043 compared 10 WT-FE; *P <0 {3 compared to BKO-CooTol, P08
compared 10 BEQO-FE

Figure 8 Redacad B5C arvival in thalasserec mice (BEO nxce) corpared © WT mice. At day = 0.
murme RBC: were biotinyiaed by il veir mjectior of sulfo-HS-biotin Bloed was drewn 2t indicated tme
ipservals, Biodicylated RBCs were labeled with phycoerythrin-comyugated smepmvdin and gaentfizd by fow

cviometry. Open corcies, values from single WT conrrol mice; closed crroies, averazad values from three of WT

14
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conrol mice wed Zor the curve fit opew rguares; values Fum single BEO cortral mice: civsad squave, averaza
vzlues from thres of BKO coatrol pica

Figare 9 Rad biood celis survival half-life of FE diet-fed WT ard BXO orice following imervanton with
slacsbo (300 mlkg), GTE (300 mzkg) and OFP (30 me'ks) for 3 months. Values are 2wpre:sed as mean-SD (n =
3. P00 corpared o WT-Commol *P <003 commparad to WT-FE, *P 0.05 corparad 1o BKO-Conmol: "p0 05
compered 1o BRO-FE, “P<0.03 corparsd to BRO-FEGIE.

Fagare 10 Fr virs protectve 2ffect of 1.25 uz GTE or DFP against iron ad H:0; induced hemalysss of red
cells comparad o regative contol (PBS) 2nd pesitve control (Trolow). Percentaze of hemolysis was calaiated by
taking hemolysis ocarred it nezztive corwol as 100%. Vaues are enpreszed 25 mean=3D of 6 mdependect

expencnts. * P {3 compared 1o WI-PBS. *P <003 compared 0 BKO-PBS: tpenas coorpared o BEO-CTE
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Figure 1 Plasma NTBI concentratons of FE due-f=d WT {1op) 2nd BEO {borom) mice following interverdcn with
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Figure 2 Plasma MDA coorenrtion of FE due-fed WT (top) and BEIO (bottom) mice followmng imerventon with

placsbo. GTE (300 mg'kg) and DFP (50 mzkg) for 3 morshs. Dzt are expressed as mean+SD (n=12).
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Figure 3 Plasen totl gutarhione concenmatoes of of FE den-fed WT and BXKO mice fol'owmg imemvention with
placsbe (300 mlkg), GIE (300 mgkg) 2ad TFP (50 mzks) for 3 momths. Repressmtamve dema at the day

’ - 2 S . . @ -
rermenation (§ morshs on-loading with 3 moeshs torervention)) are are expressed 25 mean=5D {n =111 p<003

compared 1o WT-FE; "p<:0.05 corparad to BRO-Corrol: *5 <003 compared 10 BEO-FE
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Figure 4 Slood hemoglobin concenmaticas of FE diet-22d WT (top) and KO ({botor; wace following intarvzaton

with placeto (300 ol kg), GTE (300 mg kg) and DFP (30 me'kg). Dama are expressed a5 maxSD (1 =12}
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Fignre 5 Envttrocye ROS formasion of FE diet-fed WT (top) and BEO (botbom) mece follow:ng imarvenron with

placebo {300 mLkg). GTE (300 mzkg) and CFP (S0 mekg) Data are e z52d as wean-SD (=12}
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Ersthracyte MDA (pom iy Hib)

WT mice B0 mice

Figure 6 Erytirocyte MDA concentraton of FE dist-fad WT (op) 2nd BKO {botiom) mice followng imerventon
{

with piacebo (300 rlxg), CTE (300 mgkg) ard DFP {30 wekz) Reprasemmatve data & e day terminzion (6

momtys fron-loading with 3 months interverdon) are expressad as mean=SD {n = 13} *P<005 corpared to WT-

Comtroi; *P <0 05 compared to WT-FE; *P <0.05 corparad to BKO-Conrol; "P<0 03 compared 1o BHO-FE
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with placsbo (300 miks). GTE (300 mek

serproation (§ porhs Ton-loading with 3 morshs inrervertion) are expressad 25 mear=SD {n = 12). *PD05
comparad to WT-Canzol: *P <0.05 coupared to WT-FE; *P <0.05 compared 1 BXO-Contol ¥p-0 05 compared

10 BEO-FE
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Figure 8 Raduced RBC sumvivdl in thalaszemic nece BRO mice) comparad to WT mice. Ar day = 0. cxmice EBCs
were baodryiated by tail vein iracdon of sulie-NES-biedn Bloed wazs damt & ipdicated dme intervali,
B:ocnyiaad RBCs wera labeld with pirycoerythrin-conjuz i srepezvidin and quamifed by fow ciomstry. Open
circies, values Tom single WT contol rmee; closed cwrcier, averaged values from: threa of WT cormol mice used for
the curve Bt spem squares; values Jom snge BRO ool mice; closed Tonare, average values from three of BXO

comtro] mice.
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Figure 9 Red plood calls survval baifi%e of FE diet-fod WT and BYO mice Sollowng interverdon with placebo
{300 pilkg), CTE {300 mekg) and DF? (50 me'ks) for 3 months. Values e expressad as maan=SD (£ = 3

*P0.035 comparad o WT-Coomol *P <035 compared o WT-FE; "P <003 compared to SEO-Coamal, *P-0.05

compared 1o BEO-FE, “P =0.0% coepared 1o BRO-FE GTE.
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Figure 10 1‘:" vipo provecive effect of 1.25 ug/'ml GTE or DFP 2zaivst xon and H,0, mdxced hemolysis of red cells
compeared to n2gat-te cozmol (PBS) and posigve contrel (Trotox). Percersage of hemolys:s was calculasd by nkme
hemolysis eccured in negative coomol as 100% Values are expressad 25 mean=5D of § indzpendent expermems

*P:3 03 compared 0 WI-PBS; *p 03 conpared to BXO-F8S, tpepos comparad o BEC-GTE.
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Manuscript 2

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

ORIGINAL ARTICLE

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

Protected Oxidative Stre:s in Iron-Loaded Culrured Hepatocyte:

(

o 1 1w e an

S Snczair | K. Xulpsechakee' X Pa=mt K Prttenrpanyzizs’, 1B Porc’. & Fuctasros’

‘Lrepariment of Biackemizey, Foouldy of Mediving, Chiareg Mad Uleverady, Chinrg 2o Thadond

lege of Medoine omd Fahliz Haaih, Uhol Lintrersity, Thoiland

Yrfice of Research and Development Facouly of Medicirme Sickay Haapiaal Manided Lonivers 2y, Thuidand

“Lrapuemment of Hoematology, | oy Prenitess, Fosd O Ciorman Buldaing, Londeeraity D ollige Laosdan

inined Kinpdowm,

rholorsemio Hesearah &esres, | taze oy Mokecnior Biasciences, Mahids! Dstvrsity Soldayu Comgni

Nokoreyprathon, Fhaland

ABSTRACT

B-thzlzzsexaiz pamants suffer from: sscondary wen everload 223 rharsfoee reque sffective iron chslabon with
desfarmioxamens (DFD), defarpeoms (DFP) and daferasirex (DFX). Collular 2nd mstockondral damage can be
cauzed by lakile irom poci LIP) and ke medusted by rechiv oxvaen species (ROS) Lovsr calls of e
thalzssemnizs hzve grsster lsvels of LIP and RCS then those of bealthy parsons. Grien re: extract (GTE) 2nd
spigaflocarackin 3-gzlleste (EXCE) cam protect bumen bacngs from cances, Zypartspsicn, dizbstes aod aming
Importezsly, GTE and EGC G axhikes znti-oxidstve and en-cralammz 2ctvites m vico sod = vivo. We sradizd
wfScks of GTE and EGOG on levals of both inwacellular ZIP azd ROS. as wall 23 the smtechondrial membrzns
potennal {(A¥) m mouse bepzionyme 2zd humen hepatom: (HspGY) call culturss. Caleain-AM, 2.7-

23

dichlorodikydrofiuarsscein discerate (CCFHDA) :=d dibydrorbodazens 123 {DHRL wers uied as specific
Suarsscees probes for the detecdon of LIP, ROS 2xé membrane potsntal respectvsly. Trsatment with GTE 2od
EGCG effciantiy reduced levels of LIP 2=d RS iz 2 cezcentration-dependsct zuanner Intscesb=gly. ase
compounds ss=ded o increzss vizhility of Ce nermal bepatocytes while deczersng vizbdity of the EspG2 cells
Thess results suggest baz GTE and EGLG wesld remote the cytosolic LIP and FOS. but we:dd not be harmul
te the cslls azd mitochemdoia. Thair zctons might be related to irom chaloom i wen-overioaded celis znd en

1
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depleden iz cancsr cells. Whatkar thess offects can improve irom ovsclead 2zd oxidasive swess = thalassamea

pasionts ramszizs to be zeen tpen further axemizatics.
Kevwords: Crees sza, spigzllecasschin gallats, hopasocrtas, labile er poel. iron, reac s OXYENE SEACiet.
& g I ; b F 3

“Piazss addrest comespondszce fo i zathor the Thalsssecxiz Ressarc: Coemter, Insctute of Melsraler

Bioscisncss. Makidol Univarsity Salava Campus. MNakoropretiom. Theslend. E-zoal: grsfoamehidolac th

INTRODUCTION

Irom is essential for ma= biolegecal rsacticns, howsvar. sxcess iron cacalyzes the producson of the razcms
oxygen spocies (ROS). particulasiy 2 highly saxic brdroxyl radical via Fsnroe Habar-Weiss rsacsion Lesnabky
1084}, ROS 2o knowz to izdaze oxidedon of presains, Lpids 2= Epoproteins, ouclss chds, carbokrdmten as
well 25 ocher €allular components (Britter. Ramam ot 2l 1884, Emant, Ssaument o al. 20017 Accardingly,
dalessricus sifscts in'dudn call 2nd crgemells demage. cell dezth, Sisue pacrosiz. nd crgez dysfuncdon
Prvzolegucally, mansfucrin-beund Tom (TBL) in plasmma 3 mainky tsken wp into calls via ATP-depezdent

re=sfornz rezepter {TFR-mediated sndecytests . Iz the evazt of iz everlozd, plesme zop-Tansfmin bound

iron (WTBI; cen ke takez up by feciditate diffusion, possibly viz divalsz: motal conspartar I (DMTL], stipeelarce
of iren Tanspert {SFT), m=zc Tanspert prossan (Zipl4) and caiciom chrzoals (Barizaz. Sarg et al 1895 Paries,
Fandsdl ot al. 1665 Srabem Maorges ot al 1993; Andrews 1599 Schasbaz-Me; Jehkar, Zimmarmenn ot 21 1988;

Coz=zd and Uekreit 2000; Flomizg, Migzas ot al 2000 Chua, Olmvk st el 2004, Linzxi, Avdensr ot 2l 2008

Tree could functicz as a prmizz o sacsiizng factar to modulate the hiockarscal and texicolom:c acdons of
microsomal cytochroms PE 30 2EL (CYP2EL) in ras hapatecytes 2nd EapG2 calls (Caderbaues 2003} A provious
shudy dazoomstrassd thet cultursd hepaocytes 200k up TBI 22 vacy low levsls. Howevar, NTBI ok up fow-
molscnler-wstght ferric ammoniure cisate 2 high levels {Richazdscm CThus seal 1599 Tea releass of o= fom
the calls was f2cilimed by sporransfrrin and DFQ (Eirth. Konitz ot al 2002}

Ap izoaceliule accessibls ien celled fra=sises irom or lzbile iron pool (LIP) comsbrates 2 crossroads of
metekolic pathways of ron-contemming compornds and i midaay berwsan the celbzlar rem requrament and the
hezard of ROS produzcon. It kas bean pestalasd the LIP weuld bs redox-2ctivs, kave low-melecnlar-mass, and
b considered a wazkly chelzted iron (Fe®* rzthar then Fa* A wide range of LIP cozcemtrasoms (3.5-230 pM)
hes bean rspoctad from differemt zsszys (Powae ds Groot ot 21, 2002). LIP concsamaticns bave bean reporsad 0.3-

-
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21 uM = anhrocd and myelowd csils (Epszmsje, Keklon et 2l 1997), 0.17=6.3% pM in peripharal blecd
l_Tv_:;\':l.» =res (Gackenshl, Kraszowsk ot al 20020 0.1 8-0.57 M in meuse lymphoma cells (Zipwak, Drapiac st
2l 2007 5020 uM iz rat beprtocyses. 56228 M m mt hapatocrte mcleus, 11.8=3.9 uM = e liver
sodathedizl cadl zoclal, 4.8223 1M i »rnchondria of ra bepamocys. 9.2=2.7 uM in mitcchondriz of mat bve
s=dothelial cells 2nd 15.8-%.1 pM iz lysosemal'sodosomzl comparmmsct {Potrzz, do Crees s¢ ol 2001). LIP
plays 2 rels in rhs inducticn of caliales nd hszos oxidative amage Higk LIP content can czass DNA demaze
in rre zuclons 2nd is posicvely cerrslated witt DNA damags in meuw hoophemma cells Z5L7EY and busae
Irposymes.

Zivar 1 the main body site Sor iron siores and homscatasis. Undar lives irom overiord :zd oxidatve sTess,
£os radicals and membrans oxidzsion by-products can migzar Lvar organelle dysfancson, i=fameeation, Sbross,
2= ovscmelly zali derth {Corradini, Farrara et 2f 2004). Treatment of LIP with oz chelarors or mooxidants
prevonts oacisar znd mxtochondrial DA breaks of the lrse zalls Uptaks of DFQ inte bapatccytes was sevanal
hundrsé-Sald tizas Ssser thaz the apteks of DFC izeo med cells (Pertar. Rafique ot 2L 2047 The Zrmeton of
porss o luks"in ths mirechondnizl mazhrane possibly cooured dreugk e achvabon of dirwrizaton of pro-
apoptots proteins ipclading Bax, actrated Bid Sak 2=d Sad The activaticn or Smecizatica of suck protins,
the ccllzpse of alecrochsmical sradient or posezsizls (AW acress ouitochondnal mambrane, the relsase of
cyeockreme ¢ =0 cvtoplasm azd the actvacon of caspases are responsitis for ol 2poptosis An assecizon of
CYPIE1-dependss: oxidative stress, musoctondnal mazshrane-potszsizl cellzpss, and GSH bomeostasis pessibly
contrbutes toward ks developing toxicsty of iron te the bvar (Caro azd Cedarbaum 20043,

The extract of Jsavss of Fistacka fenrireus sxarsd opoxidant activity in HepG2 call culrze but had 2
hegapzeoxic sffect iz mts (Ljzhuntic, Azazeh ot al 200%). EGCG of mesn tez proteced HepG2 calls from
CYP2E1-Sepsndez: oxidative scess and tomoity {(Tizweez-Lopez md Cadarbrum 2004). The treamwot of
a=sioxidants (such as M-2cecyl cystsns and vitsmez T) together wits Te= chslaror could nexTalize Selaterious
a5t of oxidative soos in talassemis prsients witk srox overload (Rzchmslewitz, TWaizar-Srarn o2 al 2005
Greon tea (Comeiia risewis) commins ot least 3ve casachin demvatives icludiog glisc 2l (A
eoigallecaneczzn (EGC), epicatschin (EC) spigallocateciin 3-galiste (EGCG). and epicasschin 3-pallae ECE),
of which EGCG is a majec active impedisnt (Khekbar Vezersa otal 1997, Srichsatanzkeod, Dunjaiean of al

209€). Our reconmt wndies have shewm the: grsen a2 roduced from oveclead and oxidatiie sTess in s

jear. Thephinlap et al. 2007) 2nd whibited he accumutation of iren in the vers of wild-type nd

thalessecnic mice (Saswong. Oumfaiisan ot al 2010). Racently, meen ma catechins hrve bsem shewm 1o

[
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conmrssact oxidate mitechondrial damags in ths livers of ressrpine-reated r2t (Al-Bloczshd, Szfar a2 al. 2009}
Eowsgvar .tho ardar of crrosoxmicity of ssa casechins darivanzes o primary 12t hopaeocymes 2as baan repoctad
EGCG-FCCE-GA, EGC-EC (Galesi, Lin st al 2006). Scos :zsioxidant comspounds such as curcuesn and
quaccesin inducsd zpoptests fn umaxs Hepla2 calls through mitcchondrial DNA demegs a=d krparpolanzaticn
{Teo, Liwst al 2007; Chazg, Him sz 2l 2008). Tee combzation of chloroform extac: Som Zuyphme fujube md
grzan 102 anhenced the inhibatiez of HepG2 zall growth (Fueng Kojinsa-Ynasa e 2l 2008).

W studied the sfects of crode extract 2zd EGTG of mess te2 om tevels of LIP, RS, mitechondrizl
membrizs potential in primary Zepetocyss and Heps2 coll calturss. Cyteoomcity of e tompounds to the

hegarocties was 2l investzaned.

MATERIALS AND METHODS

Chemicals snd Reagenis

Acopcstrile, 2hiohute sthapel, stoyl acetate, and mathzwol 2o the highest purs sehvsues. Calcetz-AM
solzzon [Iomimogeh Corperatien, CATSAL dxvércrhodamiza 123 (DHRI23) (Biotrzma, Inc.. CA, USA). and
2, 7-éitiiamij.h3-drsfmar;'ﬁchm dizcotess (DCFHDA) {Sigma-Aldrick St Lomis, MO, USA) e fluerescent
probes  Callagezase type IV, Dralbecco's modified ozgh madim [DMEM), Ersb-Fingsr buffer (KB3],
pesizilliz-sceptemyez. 0.5% mpunELTA soluzon and fotz] borins seum wice pechisad fem GIBCO®
Imimogez. CA USA Insulm (H_.xmﬂ‘.:‘*&u is 2 prodcut of Esalts Contral Warmock Inc, USA Dexamathazons,
dibvdrogen phesphame porassium sak (KE PO, Hisediem Evdregen phesphare 7 HPDL), 4 2-bydroxyeezyTy-
1-pipsramnasthanssalionic acid (EEPES) 3-{4,5-dimsthyliazol-2-yi)-2. F-duphezyitemazoliue beezmde (MTT
dye). sthrlsee giveol-bie(2-2mincethyisther) 2NN N -eaacesic acid (EGTA). bydrozse paroxide (30%3), 22d
spigallocatackn 3-gallxte (EGCG) ware obtained frem Sigma-Aldnck. St Louzs, MC, USA. Dimatnyl sufexsds
{DM30) (Tisker Scsonfie, UK} Saic am=somium cittzte (FAC) (BDH, England) aud Dasfernexapsne
wasylste (DF0) (Woveds, Suitzarlend) wars pr=chesed Som 2 dug stars = Mazarz Nakom Chiang Mai
Eospital, Faculzy of Medcns, Chizng Mai Univarsity. Defnipeens (DFP) was kizdy doneted by Dr Chada

Prisalipenz Gevermmant Prarmacoutical Orgamzaties Teailand

Green reg and EGCG preparadions
Trash 2 shects were hervested end immediataly died = 2 micrewavs ovse (3 mimmtes, 200 wates, 108°C).
Dry s Isaves ware axtracted witk bot duiczized water (SC'.C) for 15 mimmtes 2od Slosced through C.4%-am

membraza {celluless acstare svps. Millipers, Mridstons, Eoglznd) and 2ned modsr @ vacuum Results of HPLC

4
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azalriis nsing e colum= [Wates SphereSarb-COS2, 250x4.7 zm, I-pm). mobs-phese solent (3.05%: E.50,
- acemoeitrile - sievl azemte = 56:12.1 wew), a dow s of 1.0 mlmn 25 well 2t s dstacticn of 280 o
indsczted amnuzss of EGE. ©, EC. EGOG, ECG 2=d tonal casschins parsisting = 4 GTE wame 102, 5.1, 535,
8.7, 4.2 3nd 257 g g dry weisht, respactaly (Sriczarztz=akoel Duzjazjean otal 2006, Saewesz Cramizijean
& 21 20100

EZGCG wes isclated Scmn mees % exmact (£.0%. wiv) uEng semi-prepanInTs HPLC {Thephizlap 2007
accondmg to following condrtions: mzin columz (Leoma ODS2, 230XIC =m, 5 um Preonesnsx®. Torrmnce.
Calformiz. U%A} cozzected o suznd cohurn {Lu=a ODSZ, $0x10 mem, § pm, Phenomensx”, Torrancs,
Calsfornia, USA). ssecresic eluman with sobvent {mothrzodl G = 2571, »4) stz fowres of LD =l pesn, and
dotection of cateshiz: derivatives ar 280 nm EGCG fzcdom was pooled and chacksd for puriny using 5]
a=abveical HPLEC as described 2hovs. Matanel comstitzsed in the pooled Eromons wes removsd under 2 vacuum

usizz a Freeze-cry sachnique. Prioe 1o bazmg msd, Lyophilized EGCE Saction was storsd in the desk 2t -20°C

Inolsrion'and cuitares of hepsiocyies

Mize (C5TBLS, § to 12 weks old, 30 te 33 z) waze prowided by Professor Suteat Fuchercen at
—helazzsmeis Resesrch Comter, Instuts of Melscaler Bioscissces, Mehidol Univarsity and used as = sourcs of
primery kopetocytes. The amimal stzdy was condnctsd with *ha approve] of t2a Insbraticzal Apimal Care and
Use Comeeitres (TAC UL of the Faczlty of Modicine. Chiang Mxi Univarsity (Rafscence Numbar -372548)

Mize wars znssthatizad with v2por distnd sther and their chests wers opsced. The Yvae was parfosed i
it via tho pertal voin with e Kreb-Ringer buffar (KEB). 3 7.4 compnsing 116 mM NaCl. 54 =0 K{L 13
M MzHCO, and 0.53 md EGTA 237, 2 fow ramw of 1 mlzin for 20 oovates and wits &8 EF3 buffer
comteming L =M Call, 0025% {w'v] collagen opa IV for 20 minzrss. The Hvsrs wars excised te2sad apast
incobazsd 22 37°C for 3 facther 15 memutes m the collzgsmase soluticz. 2nd tsolased bapatocywes ware barvestad
terough oybon mesh (250-51 u=} Crads cells ware sadimsnrad by iffersncal contrifugson (60g) for T mimms
22 25°C and resuspandad in the 20 =M HEPES buffor contaizing 116 =M KaCl, $.4 =M ECL 1 =M CaCl, pH
7.4, Coll saabaity was assayed uszg wype= blue exchusica tockrigee. Call zumbers were 2dusted 1o 4~ 1"
vishle sells‘ml and culhured in DMEM supplemented with 1% (wy) FBS. 20 mM ghotezaine. 100 U'ml
peeicdlliz 100 Uil strepiomyean, 200 miliml ipesdin and 1 pM dexamethasons (Schmide Schmics o 2. 2003).

Hursan hepoome (FepGY colls e used to stody e bicchomical and oxicelogcal properties dus 1o

thoir increzsed oxidative stess. Joss of mrtnchondrizl fumchem and loss of viahilsy wien crallsmged with

wi
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proxidents zack as oe (Wa and Coderbzum 2008}, Calls wers oitursd in complete DMEM contuinizg 2 mbi

ghizapems, pyridexi=e bydrocklends, 110 mal sodiun: prouvess.

0 =M HEPES, 44 mM NaHCDy, 10% (v}

ipaczvesad FBS e=d 0.01% {w'v} penicilin-strsptomyom 37°C {Huaeg, Chez atal 2001}

Cheiarion of moracelluler LIP of hepatocyie culiures by GTE and EGCG

Primasv bopaoocytes 2nd HepG2 zells {3xi0 cslls woll) ware axposed 20 FAC schuion (0.5 mM) 2 IvC
under T 0 atmocpharic condinons for 24 hours 228 wasked tores tmes witz P33 seluticn. pH 74 te ramovs
the sxcess iroe (Trindec, 3237 ot al. 1850, MzAbes aod Ling 1997). Sohutioes of GTE (0-100 ma d1). ECCG (0-
200 uM). DEP (0-20C ubM), DFC {0-200 uM. GTE (8-100 mg dF) wrh 25 uM DFP 2nd EGOE (0-200 M) with
25 4M DFP wars Eushly propased t= 50 oM EEPES bufSer, pH 7 2 and filtered through a membrans {callloss
e 0.22 um). The colls wars incubesed with &8 GTE, EGCG, DFP, DFO. GTE plus DFP 2nd EGCG phus TP
solz=ons at 37 foc & 12 2nd 24 beurs (S:aubli and Boslszscl: 1998). The treated cells wers wasked tres tines
with t2e xtturs medizzs and labeled wich calzein-AM solwtien {50 uM = DMSO) Fluorescent inssnscy T,
which was ié’.‘ar;;é}' proparsenz] te the :zalvzed tmount of LIP, was mezsared with a S$€-wsll plate reader
specmedlucrometer (zbsorpticn excitaticn wrvalengtss 485 mm 330 o) (Epszisjn, Kaitlon st al 1997}

Vizhiliry of srudied calls was meztar then B0% :nd w2s not che=ged during the assay.

Feducion sf ROS levels sf culmred Aepatscyses by GTE and EGCG

DCFE-DA can simoplr &Sffuse =m0 tha cells 20d be Irydrolvzed by semseess in v3akle cells 10 produce 277
dichloroZnorescein (DCFH). whick will he subsequazthy cacdized by sxisting ROS o 27,7 <dechloredluerwscain
{DCFI. An increass of a gresn Eooresces: signel indiczses moreased incwceliular oxidstize strass. Ths
hapreocytes were tooukbated with the cezgpomnds 25 abeve a 37°C Zor O 6. 12 2nd 24 Zoun. Tie treated calls

wate wasked thres tmmes with the cultare medszm, labaled with DCFH-DA selztion {10 uM in msetzsnol} for 30
(sxcitztion szssice warelszgths 43 pma 830 n) (Parsz-da-Arce, Feocsa ot 2l 2007).

Effeces sf GTE snd EGCG on mitochondris! membrane posensials of cultwred hepsiacytes

A catiomic probe dibvdrorhedamiza 123 (DHR123) 15 =sed to siz=al 20 Joss of mitochendrial membraza
potental which sesults @ changss iz the fuerssces: intensity tarmed redistibesion signals. Nonfuorsscent
DHR123 rezdily s=2ers most of ths calls imo the mitockondrial meatrix in raspeess to mitockondnal mambesza
pomntial and czn be oxidized by ssltzlr ROS or redox syssem to the foorascsze RIZ3 that accumclates n

5
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risoshezdzial mambrazes {Poke Izbicka ot al 1999). Brisfly. toe bapatecytas wsated Wk ths compound(s) as
Zhovs wue cantrifuged 3t 10005 4°C for | mrmte Cill pallst was remspscdsd = 2 ml of the madiom

comteiming 1.3 uM DHRIZE, mcubzted wnder % COy stmospbszic conditions 21 37°C for 16 oimmtes. Adw

ircobesion, ths colls vars ssparassd by cantrifozadion at 1000z, $*C far 1 =zrute zod F1 was mezsursd wsing the

speczedlucrometric ecEmiqus (WECiton srgission wevslenarss 460 nm $20 o). Tza capaciry of metachosdria
te take wp the R123 was calculated 25 the drfecunce of FI betwean unroased colls (comtrol) axmd meesed cells

{Galat Lin st al 2008

Statiztical Analysis
The dar wece exprased 25 memn = sendesd derizcon (SD) of measursmenss. Tze satisbcal &ffarencs of
azalhyzed d2t2 was determingd by usi=x the Srodsnt’s rsestor ANDVA A comparisern betwes= moups vias Some

usizz ths mom-panmatric Meon-Whemsy U nst p <0 07 was comsidarsd sigmificant differanca.

RESULTS AND DISCUSSION

Momelly, irem s assemtial for mezy bicchemice! functices 2od metabolic pathoays of brme= 16 and
highar ~ursieates. Prkegkysiclozically, iron inbalanze can cause anemiz and oxidetive strass Diseazas that
2o ratated tc of azsocizssd with irom ovssicad can be sxszpliSed by hacedimry hemockromatesis, p-halazsemsy,
Shrosis, cirhosic end camcec. Oxidzzive smess i 3 comsequence Fom overprodncsion of roncatzhyzad fea
radicals +a Heber-Waiss 2=d Fanton reactiens. This cez detsricrzss the functions of sevarzl vital cegans such 2z
haart, Hver, idosys. brzn 2nd pancrezs. Livar is the main argan for men sterage and mstabelism, wisch can ke
2f55cted by excessive redox irom and rerchve coddents. Drag somimaens smck 2 wen-chelator or aphoxsdest are
racommended for fase praezus to rsliovs oxidame cimue daage and smprove their gualicy of Hf (Olivderl
Bricsz=am st ol 1995 Partee 1397) So £, DFO, DFP and DFX zave bese werld wadsly nsed Sor Teztment cf

thalzssezaiz patients with oz overioed Thair side effects ars ssociared 224 carsfully mezstarsd (Pertar 1987

Bricon, Leszestar ot 2l 2002) Imparz=dly, toe development of an economical 2=d oraily sfectvs iroe ctalater
is of great :mpertance (Pocrer 20080, Iron-crarloed disezses fraquently dsvelep bepatocsiialer carcizome wiich

the parhogezests might mmvelve ax oxadative precess via the intermadsate productice of rsactive axyEsz PDecies
Phytoczenscals possess ouXstanding sntoxwidest and frse radical-scavenmzy propectiss, Egesting 1
possible protecte role iz man (Sceer, Buzlar at al. 19931, Gresn tea {(GT) is an axcelisat source of azdoxidate

polyprenols i=clodme catecin spreatechiz, apiazliocatechin, spigzllecatschic gallate, spicatechin gallste, a=d

-4
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gzlloranschin gallass. Tre bensdficial sffects of grasn ssa camschins weuld bo applicekie for ceemmsnes of B-

thalassoeniz mazor sz

Exzminsticz of the bepatocsllular zez contant of Hver speciman is requred for e diagposis of irom
oveciond (Valbecg, Ghent sral 19783 D-tzgeposs, an anhoxide=: 2nd weak oz chelator, removed medox-acove
iron and decreased exsdsbie swess i primary culturss of Zepatocytes decried from male CSTBLE mice

{Paterza, Bowss et al. 1853),

Unda the iron ovarlead, zoz-specBe iron iz called NTBI er LIP & mazsporsd iz trapsfarrin-saturesed
plasnz 2od ragedly clezsed by ths Lier. An in viwe soudy reported tzat rat hapatecytes in prmecy culrze bad a
high capacity te teks up the NTBI = Sorms of faric cimate and smell-moleculzr-weight iron complexss by
Scilizzred deffasicn (Bakor Bakar ot 22, 1988; Rickardsorn, Coua ot 21 1800),

oz wpteks =mo the cltursd Repatocyses of wikd type mice wwce less fan e cultured HapG2 cslls
becanse HapG2 cells 25 a kurap epztoms cell Ena I used oz Sor growt 224 preliferstion muice han mormeal
zalls. Especially, 22 § hours 3t was Sommnd thet the moe wprzke of meessd-hepziocywes and HepG2 calls clired
ware éa:rn:ié Primary haparecytes e wadily =sed as a ooll culware medal to idexsify mschemims of
hepatocellular damage. though thars ars scens examples for cempou=ds czusing bepanc dsmags & wivs wiitk
could oot be demonstressd m hver cells in winw.

Our scady kas showz that GTE and EGCE decrezsed comcentrztons of chelatable, Tansi ircns

implisd 25 LIP iz both primery hepatecytes and HopG2 zalls culturss = dose-Sspendect moncar  Izssrsctingly,
the zarzmz] product: cocperassd with DFP to remeve ths parsistmg LIP m ths targst colls. Similarly. szazdard
iron ckalzzors as DFP and DFD ware able w0 lowersd tie LIP concsomaticzs in the bepesoniwes It cam be
summrarized tear GTE :nd EGC S 2re ponsntial 20 chalate intacelizlae cansient men and work tegether with ZFP
Sor the chalzsdon in the Yvee cells witk men ovwriozd. Dose of the phytochemmical compeunds 35 fmporizz: and
neads optmizng to achisvs sfeckve chalahee and minimal 2dvarse affoct:. Gaberiza and colloaguss showsd
that CP2C {cr DFP) and (2411 efficiently promcisd cultared povmaary rae bhapatecytes 2=d mat hapators calls
Ser oxic efecs of ez load (Gaboriza Chezeml-Growssard ot 21 2004 COme smady deosozsated thxt DFC
pecstais inte the bspatecytes 2nd chelated cytosolic LIP slewly wheeszs DF? 20d DFX madly sesiced tha calls
=4 sficisnthy crelated toe LIP (Glickszan, El st al 200%). Symetatic alpha-sstchydroxypymidioe chalaters suck
2z 1.2-Emeidn] (DTP) axd L-othyl-2-madead darivzetives of 3-bydroxypyrd—+-cos vars azdve in removieg oo

£coe retculcondotholial system 2zd opatocytes. 22d suparice te DFD (Brock, Licezga o 21 1990).
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GTE 2nd ESCG immedsanly sodured lsvals of ROS iz the culrared primary bapascytes as wall a
Es : 32 calls m Soss-depszdent canner. DFP :nd DFC did not chazge any levsls of the ROS pamastizg 1= e
calls. Sagmescusly, smeen t2 catechizs, prmmaululy EGCG axhibz not czly anrioxidative but also ircn-~chalating
propactias. which can pszemate mto the sslis and inmract witk mirzcsllular reachve oxidants i=cluding redox-
2ctve from 323 Sos radicals. Sizce EepG2 calls 2o highly matebolic bume= hopatemz calls and prodace largst
smounts of reactive cxdezss, thex Swe-redical scavenging acovity seems to be more pparsar than chat of
primzry hepavocytes. EGCG was posclased to b a porent ancoxidant and effectivaly affordad pressctics of rat
primery hopesocites Sem fee radicali-madisned diserses (Ramirsz-Blares acd de Mejia 2003). Mushroon:
(Fhellinus listeus] protscted primary rat bepeoocyres from FelNTA-indnzed oxidesive damags 2zd xttermesd
cysotoxacity of other excdazrs, posubly by mersanzg mooxidamt (such s reducsd Tuzthicne) cezcentrason
223 enhezcimg eotiexedant snzyms pctvices (sach 25 fhutethione reductess, ghimthecs peroxuiase. spsroxide
disamatass) (Melozie 2nd O'Bruen 1683, Y, Houet 21 20070

The Bvse i chisfy raspocsibls for naking np snd storing excessive dzoommts of irom. The muajor hapatc
texicises ofiron cverlezd include damsgzs %o mitiple cell mpss (heparocytes, Kupffer colls, hepatc ssliass

colls) and to muisiple soboaliler orgazalies {mitschendria, lysesomsas. and smeeth endeplasmmc redcdum)

{Beckersky and Lamhrock: 20001 GTZ 2=d EGCG wao akla to docrezse Baoresces mtezsity of rhedamuza
123 {R123) ropresenting mesockomdsial ROS m promary haparacytes and HepG2 calls. DFP =4 LT3 imduced
ROS formestion. 25acted ad colizpsed memackondna menkrans posszsizl, parcoutarly 2t 6 hours.

An sidezce showsd shat ssa phenolic 2cids and crtechins comtzining gallic 273 moietiss were foxic

tewasd isolated Tar Zepstocytes. which the order of cxiotexicuy was EGCEopropyl sallae=ECG=mlisc acid,

EGC=FC iGaleti, Liz oz al 2008 ez study Zas dezsonstrzsed thet GTZ, EGCG DF? apd TFO wace toxic fo

tho HepG2 cslis, Sspending on applied doses and demres of the toxicity, which was GTE=DFD=DIP-EG{C.

Duration of cormsezt 2z chalatice alse =fizsncsd the cytetocs: affect. GTE 32d EGCG cermmacts shghtly
incrazsed mumbar of wirbls primesy Teptocytes. it is probable that €e pemeeal primary bepatocywes utilized Seic
rzsioxidant activiy te provse: calfaler oxadasive damwze 2nd bronght e pemoral constiussre of growth and
dovslopmazz. Recemily, researchars Zave mentomed ther combimzcon of e chloroform fraccon fom drick tea
{Zizyphus jujabe) xod GTE anhznced :=iebicon of HepGl call growth m Gl amest phess. mazgesticg myoarmim
in anfcancar acchity (Huens, Xojmme-Yuzse s¢ of 2008). Exmact of harbal tea (drdisia compressa) hzd 2z
=sioxidant pressctive sffect o rat bapatecytes when exposed to 1-NP 2xd was suparicr o EGCE emd-oxidaticn

{3z Mojiz zod Romerez-Mares 2002 EGCG was best at nppressing growts, induciog apeptosis m buman
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prostxte cances DUL4F calls and alse displayed soong growh wmhitery affects agzinst the be=g tumor <ol lize
ES61.

Srevicus smdies kavs shown thet iron s=ppeessed the sxpressioz of chimaric human mensferrin gemas iz
tho Lvars of trazsgens mice and regulared e symibaais of sndomanns transforsie i the HapG2 cells (Barmams-
Encikins apd Adra= Csll Biel Int, 2000). Tron was fomnd to bs cymotoxic in CYP 121 -erarexpressing HepGl
calls 247 colls). Semulancs wwh dacreral lipopeirsacctanide mereased uptake of we=sfurnn-brand iron nto
hepati: perenchymal cells 228 Heple2 calls Heayzme ot ol Eepavology, 1593) Iz dovslopms cf toxicity by
sxporams of the hepatecytes to the tasted compeunds. ths oxicity wzs provented by antiexzdanss.

Makize {Crossosteptium chinensis L) skewed azsoxidant. Toe-chelzting and ezd-prolifmtive achiity
in Hop2 cslls (Crang et 2l Am 7 Cxm Med, 20057 The toxicity of increessd ROS 22d 2rzchedomic 2cid in the
EapG2 cslls when the cells are semiched wath arachidozss azd zam bs prevented by ambomdazts aod wen
chalater DFC (Chon wt al Alcobol Cliw Exp Res, 1988). TFP and DFO tave besz shown o =it HepG2 call
prolifacstic= m the S-phess of csll ocle {Tkanouf s 2l Biochem Phammaced, 199%). The rato of DFP o oz (3t
lsasz 3:1) is oghimal s ichibit ROS gensrzzion: zaverhsisss lowsr concenmatices of the DFP can pomnkate
oxidatie DNA -:Zamg; in iroo-leaded Hap(G2 calls {(Crazz stal Sloed, 1593).

In zozclesmon, wassr extract of grsen 13 {Uameliia simensir) and spigzliccasachin 3-gallate cowid reducs
axcessice Tedox-yctive, Tansisnt {2bils) irom 2nd reactivs oxygen species i oytesolic compartment of ex-vive
mousa prizaary heparocyoes as wall as HepG2 csl cotures. The EGCG scxvsnges mstochondna! Ses mdicals in
tho hepatccytes effecavsly, wisck the benef: woald prevent mitochondrisl mazibraze damage. bepatecyte
apoptosts end bver drmage. Green taz exiact 128 EGCG 2ro oot toxic 1o ths primary hepeiniiytes but noxic o
the HopG2 cells whaz trear 2t 2igh doss. Toe sxman alsc sxhences growth a=d wiabilsty of the Zapatocytes. it
would proakly rsgenscate e drmaged livess oxposad to fron free radicals and xenokiedcs. Cellsctvaly, our
Endings imply prowecive and tharzpsunc sffchs of grean s czsschins on the levwr witk iron overicad and
oxidative strsss. Most fmportemly, it needs dezigmi=g the mam: adjunctive study of gresn tea product: and

defarzprons to pravest liver prthogszesis m thelassazaiz prients with moe ovatlead in e neer futurs.
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Conference Abstract 1

First International Conference On

Metal Chelation in Biology & Medicine

URIVIEXITY 0P

BATH Bath, United Kingdom. December 11-14, 2009.

Ty

Conference Organisers:

Chairman of the Conference
Prof Robert Evans , Brunel University, LK
Email: robertevans49&vahoo.co.ub
President of the Local Organising Committee
Dr Charareh Powrzand, University of Bath, LK
Email; prscap@bath.ac.ub

MAIN TOPICS

e U CALL FOR ABSTRACTS

Metalrelated Ohidative stress and Disorders,

Metal Chelation Therapy of Diseases MINISYMPOSIA TOPICS

Proteins of Metal Homeostasis Skin, lron, Oxidative Stress
Heme, Heme-cxygenase Photodynamic Therapy of Cancer

Iron, Immunity and inflammation

Iron, Cancer, Neurodegenerative and Iron-overioad
disease

Chelator Design, Chemistry & Pharmacology

Abstract submission Deadline; 14th September 2000
Abstracts should be submitted electronically to prscap@bath.ac.ub
Early Registration Deadline: 28th September 2009
Final Accommodation Deadline: 30th October 2009

Preliminary Prosramms:

Friday 11th December 2009: Early Evening- Registration;

Late evening - Welcome ‘Civic’ Reception by ms Chair of Bath and North-East Somerset Councl

Saturday 12th December 2000: Scientific & Poster Sessions

Sunday 13th December 2008: Scientific Sessions and Seocial Programme

Monday 14th December 2009: Moming - Free Time and Social Programme
Afternoon - Scientific Sessions & (losing

Contact Information: Dr Charareh Pourzand ,Department of Pharmacy & Pharmacolegy,
University of Bath, Claverton Down, Bath BAZ 7AY;
Phone: +44 1225 383 590; Fax: +44 386 114 ; Emaik prscap@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

'Department of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai Thailand

2Thalassemia 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. Iron 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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