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Antioxidant activity of Thai fruits in human hepatocyte

Abstract

Fruits and vegetables are important sources of fiber and nutrients with a recognized
antioxidant capacity. Liver is the primary target for several toxicants able to induce
oxidative injury. Increased hepatic iron levels may aggravate oxidative stress and its
consequences. The objectives of the present study were to investigate the chemical and
cellular antioxidant potential of fruit extracts. Then, the effect of fruit extracts on cell
survival, ROS generation, lipid peroxidation, and induction of antioxidant enzyme in
HepG2 cells subjected to Fe-NTA induced oxidative stress was evaluated. The chemical
antioxidant activity assays showed that strawberry, carambola, guava which rich in
phenolic content had higher activity in the DPPH, FRAP, and ORAC assays than long
kong, pomelo and tangerine which had lower phenolic content. Except long kong, the
antioxidant efficacy of fruits in CAA values was in agreement with that measured by
using chemical assays. Despite having the lowest total phenolic content and chemical
antioxidant activity, long kong ranked the highest activity in CAA assay. Cell viability and
other oxidative stress biomarker measured after co-treatment the fruit extracts with iron
showed antioxidant and/or pro-oxidant ability of fruit extracts depending on type of fruits

and concentrations used.

Keywords: Fruit extracts, HepG2, iron, antioxidant
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WAZNITUIALTLBNLHEIE TURINNINTW NIANEIATIURARG sz asAliansIaaeLgMERIY
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peroxidation Az TsAuniilu antioxidant enzyme Tuigad ann1sinnMEsILeUYABATE
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ansdnuauyadaseludnualdisznausiae fibre, polyphenols, flavonoids,
conjugated isomers of linoleic acid, D-limolene, epigallocatechin, gallate, soya protein,
isoflavanones, vitamins A, B, C, E, tocopherols, calcium,selenium, chlorophyllin,
alipharin, sulphides, catechin, tetrahydrocurecumin, seasaminol, glutathione, uric acid,
indoles, thiocyanates LAY protease inhibitors qw":ﬁr@ﬁu@wﬂﬂammmmimmﬁmﬁL‘ﬂ'u
maﬂ?:ﬂfaumuamLﬁmfm@mmuﬁamﬁmfaﬂﬁ&'qﬁﬂﬁmiﬂizmwﬁﬂuﬁﬁﬁwﬁ sk
lalnsiauvidannan singlet oxygen yananniifafly chelators UL metal fons Tlaarits
liliReaumaniilnsful fisanduinléiAn initiating radical species waldfliluuvas
m@q‘V\ImTqu@ﬂﬁLL@zmiWTuﬁmﬁuﬂﬁLLﬁ 24U miﬁfﬁﬁ‘wmLumﬁau@ﬂmnqw‘ﬁ{ﬁm@w@
saszuddadlinnasuaaduzie duganissniay uuaiiae Tafa nisiingfiuidng ua'ls
anandu Hang flavanone glycosides L%'\i”l,siwulumiﬁﬁluj triterpene  limonoids WY
hydroxy-cinnamates ma:ciﬁ’m@%a%m:ﬁuqﬁwﬂummﬁm fat soluble antioxidants L1
vitamin E, coenzyme Q10, lycopene, b-carotene, a- carotene and water soluble
antioxidants 111 vitamin C (Kaur Was Kapoor, 2001)

éluLsﬁmTﬁumiuLﬁmﬁuwmaﬂﬁluq Hnn9ai1vanyasAsziTu reactive oxygen species
(ROS) waz reactive nitrogen species (RNS) %Iqﬁmmzﬁﬂﬁtyﬁi@ﬂﬁzmumamwﬁﬁmﬂu
aA LA oxidative respiration, growth, regeneration, apoptosis WAL microsomal
defense m;ifm"l,iﬁm*mLﬁ@Lﬁmmmiu’mm@@ﬁ?wdwﬂ%@%m:ﬁLﬁm%uumizum’hu@%@
BA3728959N"8 AAzN WinN19E oxidative stress BY3ABAILLTI ROS UAT RNS fifinsn
Tdviuarunsonianuidenasasasynaiinlusiulaidiaziily hepatocytes, Kupffer
stellate Uaz endothelial cells ann1svinlfifiaAN@aNai @9 TuLaNa lipids, proteins,
wae  DNA ﬂizﬁlﬂﬁ \NA inflammation, fibrosis, necrosis, apoptosis Warmalignant
transformation lulias N19e oxidative stress L‘ﬂuﬂ@imﬁﬂﬁtyﬂmﬂﬂﬂﬁmwm%@ﬂﬁwu?‘@
T9ARUILY ischemia/reperfusion injury, fibrosis, hepatocellular carcinoma, Wilson’s
disease, sepsis, acetaminophen overdose A< iron overload (Diesen kaz Kuo, 2010)

mm“mmwmmmmmmﬁm@%mﬁmzﬂqiﬁima%‘%msmqmﬁm‘u oxygen
radical absorbance capacity (ORAC), trolox equivalent antioxidant capacity (TEAC) Was
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total radical- trapping antioxidant parameter (TRAP) Yran139AAINNAIN17D TUNTIANT

Fe' vi3a @%@Em: 2,2-diphenylpicrylhydrazy! Aa838 ferric reducing/antioxidant power
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AAANNANIZWANIAY (ron-loaded  cell)  T4FUSTN I ALs2@nBA1naa9n1sannIng
oxidative stress oA U3n1au reactive oxygen species (ROS), lipid peroxidation product,
T1shu antioxidant enzyme lwimad sonvisAUINEARNNTIREEUAIRINTN1E oxidative

stress A1NN7 LASLIWAN
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A% chemical wax cellular antioxidant activity assay
2. negaulsrdnsninaadgnsainannualy malunisilasiusizaanneainning

oxidative stress NARaINWANTWTARBLIBINYET (HepG2)
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1. mseNFasnednsannannualy e 6 1iis
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1.1 wanualilne 6 9tn andayaundauaesanuddsanssinueyyagas: unalng
Tnaanniuddelnaguinis 1.uviea tasdenatinvedna EnEAANNANI AU LABATE
Yn1A2i3% ORAC, FRAP, DPPH assays W&z Total polyphenolic content a1 10 duswiuen
1R9Na liTaNe waziiagluggnia uald 6 aHafanavliun anseiues (strawberry), 13
(guava), Nzied (carambola), A84N@d (long  kong), &Wla(pomelo)WUENAA way
9 = . v & % -z
ANLUEIININU (tangerine) NUTAEUIS

1.2 ndnetiena uwsazatiagaangung 3 918 usnenziledauniullszniu
16 flulwiameaiulnglipnininedauiliana ldannuAasidanidnay 200 NFNNANIINTY
PAIANNTUTNNWFATENANTEN AITUN

1.3 wireNdnsdnalng M aaAukUAINNIAINABURI SUNLAZANLY (2002) HANAL88NY
ualsl 100 n§U AU 80% acetone Nuafiv Tudmangan 1:2 WA lubeaker 2116 1000 ml AL
Aa@ti19A9t magnetic stirrer Ticold room gaungH 5-8 °C 1ulaan 6 alus daningedinu
NITANMNIANLAS 2 UWBuchner funnel 9siugisolvent @8NANn filtrate  Aag rotary
evaporator 1 45 °C a1 acetone szmeuNg bl azansfitrate Muasae 70% methanol 19
15151m3 50 ml wisldnaamiuldn -40°C 13lEnaannimaans naulduinansannnisms
181 methanol aanlaaninlndqewnglulnsan wadld double distilled water azatadns

o = Yooy | a v o o o ~ v v X

anmanA L lAUsumswinRN setiuansaiaiun il 1 lun1meaesasimnududuaeaiie

nalyl 2 NS FadnsanAlFNIL 1 ml

2. 9aA1 Total phenolic content

1433 Folin-Ciocalteu colorimetric method Amuiladlae Dewanto LazARLE (2002)
Reansansaiaualsl 10-20 wih a8 double distilled water thansaranalidaanaudn
WsedNIazaNY gallic acid ﬁlﬂﬁﬂumammgm 125 pl u@uiL double distilled water 0.5
ml wdaAN Folin- Ciocalteu reagent 125 pl NI TAT1E 6 1T annthuAN 7%

v v
sodium carbonate 1.25 ml A1u#2el double distilled water 1ml faNFUANATING1Y 90 U7

1
a v o [

NgoungRtied undn absorbance NAYINENIAAL 760 nm BIUHAWELALATNINTFIU

3

=< =

gallic acid TeiANTNdWlug 50-450 pg/ml NaNTTALAIIETLARdLTlE mg gallic acid

equivalents (GAE) per 100 gm fruit 3LAIIZUALALINNARIATI LHAZATINN triplicate
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3. 9mA1 Chemical antioxidant activity 18941387AANNAMIAAAILAT 2,2- diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging assay, ferric reducing ability of plasma
(FRAP) assay, oxygen radical absorption capacity (ORAC) assay WAaZAIBENILATIZH 2
A%s ustazATar duplicate

3.1 DPPH free radical scavenging assay

FALLAIN1ANNITUR Krings WAy Berger (2001) Fasnating 2-3n50 ldaeli
centrifuge tube BN 95% methanol WenAala 5 Wi uaaunlil centrifuge 10 W% wan
dulanufazendu 0.2 M DPPH 1 ml owdelwinewldnnafs nanansazanalidn

! v
=

FUAUIUNEAN 25 °C 1511a1 45 UIN UAIRINTUS AR HITNTANANAAAY NANLIIARL

v

517 nm AN linear regression 484n3N plot 7211919 % absorbance fianasranaaddy
209579814 4AA1 IC 50 Af AMNNdLIeIsaaE1e (mg vaaibens s luansarin 1 ml) R
#113087 absorbance adld 50% eld nansAAsEiLan L ascorbic acid equivalent
antioxidant capacity (AEAC) per 100 gm fruit homogenate

3.2 Ferric reducing ability of plasma assay (FRAP)

4752949 Benzie wazAnLz (1996) WTeN FRAP reagent Iﬂﬂﬂﬂﬂ%\‘ﬁmﬂmﬁm 300 mM
sodium acetate buffer (pH3.6) 10 mM 2-4-6-tri(2-pyridyl)-S-triazine kaz 20 mM ferric
chloride Tueimsndau 10:1:1 incubate FRAP reagent 1.5 ml 114 water bath 1'71| 37 °C A
5004l 1a3FaatinsRIAaa13E98 deionized water viRa1TNIRTgIUANdNdY 6.25-100 pM
{ufinAn absorbance 71ATNNENAAAL 593 Nm 1w 4 W7 71 37 °C HANNTILATIZHUARS
{14 micromole Trolox equivalents per gram (umole TE/g)

3.3 Oxygen radical absorption capacity (ORAC)

dudBee9 Huang wazAtUy (2002) HNFR8EN91894134TANIIABANNAY 75 mM
potassium phosphate buffer (pH7.2) W@x 500ul m@@ﬁ’m&i%‘lﬁﬂmqLL&’QM??@M?NWI?@‘L&
il 8.16x 10-2 uM fresh fluorescein 1.5 ml incubate 1w water bath 17{ 37 °C W11 10 W
\Ain 500pl 1849 153 mM AAPH 4 fluorescence N 15 3ud iflunan 35w Taeld
excitation wavelength 493 nm, emission wavelength 515 nm AN19TU ORAC antioxidant
activity A niuAlEns e FL decay (AUC) Wan13atasnziinanaitl micromole Trolox

equivalents per gram (umole TE/Q)
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4, dfmmmmmmﬁmﬂwaﬁmmmmmﬁmmmﬁiumaﬁ(Cellular antioxidant activity
vda CAA assay) 1933909 Wolfe uaz Liu (2007) &4 T uie195m antioxidant activity
198N NENAN LaN9anAINaTMNg

LW’]ZL%%HQL%Z{ HepG2 1 96 well plate AU 6x 10" cells/ well T4 Dulbecco’s
modified Eagle’s medium (DMEM) N&N 10% fetal bovine serum was 1% penicillin-

|

streptomycin 100 pl N1e/lu incubator §RuNYR37°C WAz 5%CO, tHwaan 24 3. 14931N

=)

1upABIUIIIALNIIARRAN LAN Hank balance salt solution (HBSS) @43 quercetin 130 419
arinannua kA ndnduseuaz 2,7-dichlorofluorescin diacetate (DCFH-DA) 25 pM
incubate WU 1 TN, 319498 PBS 100 pl NAULAN 2, 2-azobis (2-amidinopropane)

a

dihydrochloride (ABAP) 600 pM 11 HBSS 100 pl 14 plate lu microplate reader gouun#
37°C 9m fluorescence tnelld excitation ﬁl 485 nm emission ‘17% 538 nm 9N 5 Wi 1w
1 N,

A NuRlEN s lae AN fluorescence versus time #d3aNnaLl blank Ua initial

fluorescence value NIANUINUAT CAA BasansuaazAudnduneu Inaligns

cAA unit=1-( J sl cA)
f SA = integrated area under the sample fluorescence versus time curve
f CA  =integrated area from control curve
Plot N9 median effect 92194 log (fa/fu) versus log(dose)
fa = fraction affected (CAA unit)
fu = fraction unaffected (1-CAA unit)
81" Median effective dose (EC50) s CAA diflupgnuidudurasgnsd log
(falfu) = 0 TiuReLradT IdFUaN9Fayyadaszaivayyadarylumadanas 50% Weuan
TARAILAN Lﬁfammﬁhuvlﬂ 1 %Tm

EC50 = mauidinduh (fa/fu) = 1 vite log fa/fu = 0
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5. nedaupuaNtiRrasarsannainualdinalunistlasiunzaanieainniag oxidative
stress ﬁLﬁmmﬂmﬁﬂMmﬁ HepG2 (Hepatoprotection assay)

5.1 Iron overload in cultured hepatocytes

Fe-NTA solution

WAITEN RNTAZANE iron (Il) nitrate enneahydrate WA nitrilotriacetic acid disodium
salt 11 HBSS Annadiadis 20 uaz 80 mM ANLANRY HaNaNTAzaNEaAesTnlLEmIdIy
1:1 (molar ratio 1:4) USupHilu 7.4 fae solid sodium bicarbonate in3ang1sviuinauld

Iron loaded cells

NziRe g HepG2 anuau 1x10° cells /well Ut 96 well plate IngiLaagalu
DMEM media N&d supplement 10% FBS Lgm"l,u 5%CO, incubator 17‘1' 37°C U1U 24 7.
@mmmﬂgmmm{@ﬂﬂ Fuansazany Fe-NTA 1w HBSS  adaidndusine) ald100 i
dmfniadlunguatunuiiin HBSS uaz HBSSHAN NTA ponnidudugeaniild Aeurad
Aaan 24 mu.ﬁﬂuﬁmﬁmﬁmqummﬁLfﬁtylﬁuimﬁfm MTT assay NNN1INA&aL triplicate
TuusazAnudnduraans

5.2 Cytotoxicity test (MTT assay)

TunImegaLHaTaddnsatanaalivie quercetin AelTaRTIEFUWMAN axsinnns
N quercetin vida ansafpainualiaclilu HBSS Geflmfnazatue wisannasy 24
#alus Wasuennaaadvaliu tetrazolium reagent (CHEMICON) 10 pl Ae157
fRUUNH 37 °C 2 IN. AABEN antufnans isopropanol wanunsalalnsAagiAAIN
i 0.04 N ifteazanen@n formazan MiRaTu iuplate 1¥lugeu 37 °C 1 1. fewth
28NN" e 1 W17 1A absorbance A microplate reader ‘ﬁlm’mm%ﬂgu 570nm LfAau

£19ARAL reference 630 nm. AMUITUANLAAE absorbance ABLEART LA treatment LHEIINL

1
s A 1 a a

AnLTlulefidus absorbance 193 masAYLAN 103 ARBANRALUINTATYLALIAIRAITAR

a

1
a -~ =

fiRnululefidus (% cell viability) \Weuifuimasasuasilildzuans

5.3 ROS assay

1435n159m Reactive OXygen species Tuwzas Ina’ld DCFH-DA 1w probe Tunnsg
0 InsiasaLTag HepG2 anuqu 3 x 10° cells TueMNsAEaTad 100 ul L4 96 well Black
plate (Corning) tfunan 24 1. nawlsd Fe-NTA, Fe-NTA $auriu quercetin #138 Fe-NTA
sauALaNTaRRaNEa LY MAaNTE L Tad A9 PBS pH 7.4 150 pl Lix DCFH-DA 25uM

U HBSS 100 I incubate M9 37°C 30 w1l wlidn fluorescence gl microplate



12

reader 14 excitation ‘7{ 485 nm emission ‘ﬁl 538 nm AWINLAN fluorescence BILAAL
treatment Wieiifiu control #iflu 100%

5.4 Lipid peroxidation measurement

R 3snuUa9n1aIn3 5289 Ringwood BAazARLE (2003) TReNIAE LA s HepG2
Q1191 2 x 10° cells/well L1 six well plate Tuan A LIad 24 T, feuld treatment i
ATUAINIIATAA media LANBan AN 1% Triton X W PBS 1.5 ml 14 cell scraper yai1aa
280 ldaslu microcentrifuge tube 2 ml 111l centrifuge 13000g 7 4°C W 5UAT uen
pellet 1A3mnzildsin dau supernatant ﬁﬂNﬁLmﬁzﬁlipid peroxidation product LG
0.375% Thiobarbituric Acid (TBA) 1000 pl bae 2% Butylated Hydroxytoluene (BHT) 20 pl
Al supernatant 500 pl HANAULAFEN1W 100°C water bath 111 15 W1# e centrifuge
ﬁl 13000g 5117 10 supernatant 19 absorbance“ﬁl 532 nm el absorbance 289
ﬁQQﬂﬁqﬁf?mié’ﬁuﬂ@’ﬁ/\lmmm@mmﬁ’m malondialdehyde (MDA) $18911xaL pmole
MDA / mg protein

5.5 Western blot analysis of SOD-2 expression

NLBETA HepG2 uazl¥ treatment AR UTAGTAA ROS  Uax lipid
peroxidation mﬂﬁuﬁﬂLsﬁ@ﬁﬁiﬁmmﬁqmmmnLmzﬁf;ﬂ RIPA buffer @ﬂﬂ‘&u‘ﬂuuﬂﬂ cell
lysate And3unnulilsiulu cell lysate Tnel Bio-Rad Protein Assay wnldsAuanuau 30
ulasnsu linnnsuanaualisiivly 10% SDS-PAGE anntiu transfer Tlsuannusiviaa
1414 nitrocellulose membrane WA primary antibody filawnzraiaulnd SOD (SOD2; sc-
30080 Santa Cruz Biotechnology) 1: 1000 dilution incubate 14 antibody duiulilsmu 419

ud9a9 incubate  AaAAE secondary antibody (anti-lgG-HRP) #992@81 band T1lshun

\AAALAIS enhanced chemiluminescence detection kit 14 Tl1lsmu B—actin FTIAAU

v
1B3unnuaesilsiuusazsineenelunisin Electrophoresis uiazAa
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NAaN1TnN ﬂ@ﬂs‘lLL@g‘UVﬁ@”l‘iﬂi

42U ANAINNIDFANUALLARATTIBIANTAnAANNKA l Inalat RS cellular waz chemical

antioxidant activity assay

1.1 PSunuansdsznauilludauazanuaunsosinueyyadasyasansanaanuald

A1379711 Total phenolic contents and total antioxidant activity

Fruit FRAP ORAC DPPH Polyphenol
umolesTE/100g umolesTE/100g mgAA/100g mgGAE/100g
Strawberry 1459.25 2584.5 322.04 272.87
Carambola 745.125 2031.125 248.99 137.82
Guava 870.375 1355.625 210.62 176.57
Pomelo 225.75 1186.375 5.90 55.18
Tangerine 318.375 984.5 8.23 53.1
Long kong 118.5 585.375 13.04 64.21

ANE13NN 1. aziiulddnBunuarsiiudauazanuainnsnlunissinueyyadass

YRIENTANARNNUA LG 6 A NIRA2EAE FRAP ORAC tay DDPH iuldluniameniu

|
oA

arnnrnutiualdeaniduasinguae nguindatsWiuangeldun anseluei(strawberry)

q

nzied(carambola) warHii(guava) ardAuatniInlunisiueyyatasegesaelidnay

135n3ladn dounguidiunuansiiuaamfazligrasueyyadaszansog nalilungs

1Aa dula(pomelo:tongdee) &NLTENMINTUAUSANEUNRN (tangerine: special honey) UAY

Aa9NaN (Long Kong)
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1.2 ANANNNIDFNURYYABATEaIRNasan AANNA 1T TuIA] (Cellular antioxidant

activity Y78 CAA assay)

A15197 2 Cellular antioxidant activity (CAA) 18dquercetin wazealy Jaluitad HepG2

"EC,, CAA(umoleQE/100g)  “Cytotoxic conc.

Quercetin 4.83 uM >20 uM
Strawberry 5.75 mg/ml 0.042 > 2 mg/ml
Carambola 7.5 mg/ml 0.032 > 2 mg/ml
Guava 6.36 mg/ml 0.038 > 2 mg/ml

Long kong 4.35 mg/ml 0.056 > 10 mg/ml
Tangerine 27.72 mg/ml 0.004 > 10 mg/ml
Pomelo 55.95 mg/ml 0.008 > 10 mg/ml

® Dose at which the cell number is reduced by >10% after 24 h of treatment

> median effective dose (EC50) was determined from the median effect plot of log(fa/fu)
versus log(dose), where fa is the fraction affected (CAA unit) and fu is the fraction
unaffected (1 - CAA unit) by the treatment. The EC50 values were stated as mean for

triplicate sets of data obtained from the same experiment.

AMNANTNN2 1HANANINAINAT EC,, NlHa1nnenw median effect plot tlumnna

'
=]

dinduiinlif log (fa/fu) =0 AefiAeANdNduIsaNINdUSINsaFvayyadass Tueta s L6
50% W41/ EC,, U89 quercetin 4.83 pM LAy @AsaLUass 5.75 mg/ml In&iAasiusi EC,,

2849 quercetin 5.92 M LATARIBLLATT 5.46 mg/ml NTaeulag Wolfe uazanue (2007,

1
9 1A

2008) TR suaznadeLluaadineaii AFeiuRedn A7 Wolfe 318911 AR 54 mg/ml T4

v
1'%

AtlazIndiAesiu EC,, aasdulaflfainnisdnunaiall
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Total phenolic content and chemical (DPPH, ORAC, FRAP) and
cellular antioxidant activity (CAA) for fruit extracts

0 Cellular antioxidant activity 1

I I I
O Polyphenol(mgGAE/100g)
@ DPPH(MgAA/100g)
® ORAC(umolesTE/100g)
B FRAP(umolesTE/100g)
B CAA(umole QE/100g)

Tangerine

Pomelo

Long kong

Carambola

Guava

Strawberry

T
0 250 500 750 1000 1250 1500 1750 2000 2250 2500
Chemical antioxidant activity

31711 Chemical ua Cellular antioxidant activity 1asansanaanuald

AngU7 1 Wanfsauiiauiu Antioxidant activity #1l6ann chemical assay 3 35usn

o

1A cellular antioxidant activity (CAA) Fapueaninlunaeaes micromoles of QE
per 100 g of fruit azsiulddnuanimmageudulillunnaneaiune naldiiaAn chemical
antioxidant activity g4 fiaziAanainisalunisduganisiia ROS Tuiad laandna g

Chemical antioxidant activity a1 waziilsantFunnans polyphenol  lunald anidu

L3

ABINBITIUNI1AT ORAC FRAP DPPH WAz polyphenol azmgauwsinnasinuaiyagassly
ARNALUGININA LT TnE

CAA assay tunn9im antioxidant activity 189413 WTadAasiunaRaanNnuanann

a ¥

AvauegiugnafueuyadaszIevan Tt auagiunIgaTNuarasiua sl luaad

a a a

metabolism UA¥N19N9zAEFI28Y bioactive compound Tudausnejevmad lun1sAnen

v 1 v
UHNN9819a R A PBSUAS 1A 9a A9 14 oxidant  Wada CAA @91l antioxidant

a

activity Aannan@sinuayyadasyiiasansnneandn il asenasiliAn CAAgega 7

\uduiianailiasniainans antioxidant luansainanaesnaailunguidl bioavailability

A a"‘g 1 o . 4 rdl 1 a
49 visenseangnaueyiunszuauns metabolism luadldmanlulaisinellanims
feanaazsinelainualiainaulunguils CAA g9 Auiunield CAA assay 1nasd
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2.1 Na204 Ferric nitrilotriacetate (Fe-NTA) slansiastyianinuasaas HepG2
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Fe-NTA (mM)

o

gﬂﬁ 2 Waay Ferric Nitrilotriacetate (Fe-NTA) #ia % cell viability 189 HepG2 cells aealu

Fe-NTA 24 1. uandualili mean+SEM AN 3 N1INAAEY

Ferric nitrilotriacetate  (Fe-NTA) LHua13Us2naussnanamanuay nitrilotriacetic
avanatn Al pH Adlunans 1 2 Wesuanunsnduiudszqmsednalumembrane sinliin
lipid peroxidation e lipid lumembrane &uianiy O,uay chelated Fe” TnadiavAilsznay
ﬁlujvﬁu preformed lipid peroxides , mﬁﬁmmm‘?‘aqsﬁ chelated Fe’" il Fe** @Wﬂ&u
ferrous fon  mAatwluduLsnasdesaanilad lipid  AeUAIALNANTEUAUAIT lipid

peroxidation 9usa il (Fukuzawa wazAnLy, 2000)
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2.2 WAT84 quercetin AANITLATYALIRITAE HepG2 N1ATLWAN

120
100
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20

101.46

D1.5]

% Cell viability

OuM 0.1 uM 0.25 uM 0.5 uM
Concentration of quercetin (uM)

‘- control quercetin @ Fe-NTA 1 mM O Fe-NTA 2 mM O Fe-NTA 2.5 mM @ Fe-NTA 3 mM ‘

71I7 3 wavRdquercetin 0.1-0.5 UM slaNTsfLEINNTATTYFALTATEY HepG2 fatl

Fe-NTA uannaiilis mean + SEM ann 3 N19nAans

An317 3 WU quercetin 0.1-0.5 UM WK% cell viability 18915887 1531 Fe-NTA
Tnandsldnnuaunnaes quercetin uaz quercetin® Airanudndusenanqilal¥iuHepG2

Aelunan 24 daluelulinasiad cell viability
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2.3 garasdsanaanua ldraniaasifulnestad HepG2 AlAsLWANYEa H,0,

AINNN39In Cytotoxicity tests TadansaRRaINansaLess uxiiles 5 dule asenes
LavAUaNETN R SRR HepG naaaululian 24 . WU AN sgn T TR
%cell viability N9 90% Lﬁmﬁﬂuﬁumaﬁmmuﬁ@ {NN91 2 mg/ml fvugnsalLes
{59 uzifleq uaz unnndn 10 mg/ml " m5udula paanealazduANening AslF At
Tadiiu 2 mg/mi Tunnmegaunagasasannanua lilsanisasnAuinaesad HepG2 7

1F5UUAN

Strawberry Carambola Guava Long Kong Pomelo Tangerine

Fruits 2 mg/ml
319 4 wavsesansannaInualdfantstudenisasoAuinges  HepG2  #ae Fe-NTA

wAASHAL W mean + SEM a1n 4 NN9INAaaY

angulit 4 unanimagevldiarsataanualdunioad HepG2 7HAFLWAN WU
Fe-NTA 1mM anc% viability 2equtagiuaetlszanns 60% Tasnguarun aldansainan
ualdfsaalufumanwudnfinanudiudu 0.1-1 mg/mi arsafmannualdiynaiialufinasianis
ARAITD4 % cell viability ARaaNMEN uaziaaudadu 2 mg/mi faansarnannualiiva 6
1iin ldfnamaniaasyiulnaasmas HepG2 uAlelsnfumaEnnud e daas

¥
dudmrsandnmadudinisainduinues HepG2 unnndnnislimanatnaiman
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Fe-NTA 1mM @ansannannualivis 6 ataluaududugegaliinasdenisasofuinues

L HepG2 Walansarnanualdfanlliu H,0, wudrnaAnududu 0.005-1 mg/mi @ng
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2.4 nave9dsannanualifea ROS generation Tumad HepG2
NN ARDLENATRIENIaT A NN lTFaszAu ROS luimas HepG2 luaniaziil

wanLaL HTMANTINAIINIAT 3 LAY 24 daTa

Effect of fruit extracts on ROS generation in HepG2 cells (3h)
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7171 6 HagBsAnsainaNNa liFasziu ROS lurtad HepG2

Waltad lsfuansannannualdnaanududu 0.005, 0.5 waz 1 mg/ml 1funan 3
doluanaudmnFunns ROS wud1 ROS luwaai ldasainanndmnsaiues Nxiled wasuss
ARAIAINGT 80% Tuanuziinguandnes dule uar dulaauanuanasnaatlszannl 80%

Y = v o o o A o o = o \ A q o
anuananasianudindusigadsiszfiu ROS IndlAasiuasinguatuau Waliaisans

AAUNTUA T ULA RN AW 24 F9Tug 7261 ROS TUTaaN WATATAANNA LN

q

¥
3

TUAAININUTOWINGL 80% anduanTaluaTIAZAfINed 0.005 WAZ 0.5 mg/ml IANTIU

InfAesiumasALAN
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Effect of fruit extracts on FeNTA-induced ROS generation (3h)

ROS generation (% of control)

Effect of fruit extracts on FeNTA-induced ROS generation (24h)

160 -

140

ROS generation (% of control)

917 7 nagasansannanua isaseiu ROS Tuktad HepG2 N1H3U Fe-NTA

N1INARALNATBIANTAN A NNA LI Aan194519 ROS lumad HepG2 AEsumanld
AN duLeIansain 0.005 waz 1 mg/ml Tnaldsanldiy Fe-NTA 1mM 1funan 3 uaz
24 dalua wudnluean 3 Fluaradildfumdnetnauiafisziu ROSIumadLRngaTa160
% vevitadpraLAN adTAasatanaltudazaia 1 mg/mi flseu ROS Uszunos 80%
TegadAILAN dausziL ROS luadnguitldfumansanldfuaisataanuals 0.005

waz 1 mg/ml HA1eg/lutas 120-134 % 209NgNAILAN
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ANVSUABRANININAGDLLTULAEINTULA IT 108 24 F2lHIWLAN AR b LAANaiNg

=

AalsEAU ROS anaiilu 80% aediiadarunn Tumaanldansarinainuald 1 mg/ml &
zAu ROS Indhasiumadaiuananidudulededl ROS 4404 125% 19 madALAN LIAS

AlAUANNFaNAUANTATAANN 4RTALLAT NEWed uay Hl5 Hezdu ROSIUE9AININEAAT

'
oA

Ifnanatinehanne 60-70%  dduadnguilliinanuazaisannain assnes d4ule uay
Y A = P a4 o o = = . ey @ '

&uTeuaunAudingu 0.005 mg/ml H3zdu ROS InALAeNvzagandnaaan limanasing
eaantiasAe 80-90% rednguALAN lwanznasainanua linguiinavndndu 1
mg/ml Waldnlliuwmaniualdszdu ROS gendnmadh ldinanetinamaamnetlszunn

90-100%
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2.5 Nar89d3anAANNA L FAan17iiA lipid peroxidation luaad HepG2
NN1INAGeLNaTeansdnnannNa liiANdNdl 0.1 waz 1 mg/ml Aeaninia

lipid peroxidation lumadvian liuazldldsuwandausaeingn 24 falua
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MDA formation % of control

50 4

51l7 8 waspvasannanua saseAl MDA Turias HepG2

ansafinannua ldynaianmudndu 0.1 mg/ml Tidnasa1WW MDA wsiANN
dindu 1 mg/ml ansaipannualdynafiaeniuansaiuesinaiingzfiu MDA gendngy

AILIAN
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Effect of fruit extracts on FeNTA-induced lipid peroxidation
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717 9 nagesansaninanua lisesziu MDA lumad HepG2 N1A3L Fe-NTA

waliwanuazansarinainua ldawldAumannudn luaaanldinanugy Fe-NTA

MM H32AU MDA gaudatlsznins 160% weditasmIuAn ARonududu 0.1 mg/mi T

1 '
¥ o =

IART LAANTANARNNANTDLLAT NeiWas diaazduidenraudanldiuudnanszfiu MDA

aslndlAevizanIndnguedLAn douasdnasuazduleliinasiassiu MDA Miinauly
LIRS HFUIMAN NAoMdindY 1 mg/ml ansaninanualdynatiadalisouiumaninasia

Tisziu MDA Tustaggendniaas lAianeenginen
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2.6 HAa19a138nAaNeA tiRe TN audwlasd SOD-2 (MnSOD) luwad HepG2

control  Fe1lmM guava pomelo tangerine guava pomelo tangerine
+ + +
Fe1tmM FetmM  FelmM 0.1mg/ml 0.1mg/ml 0.1mg/ml

7UN 10 naved Fe-NTA uazasannania lisedsunidsiu SOD-2 Tuiaad HepG2

mngﬂﬁ 10 sxfudulasl SOD-2 lwmaduandlnamdnuduges band luitadngs
PaLANssL SOD-2  gean luadiifansaraannualdie dis dule dudaavany 0.1
mg/mi fluaan 24 G2l pruidinaes band IndiAesumagaiunn lugadiidmvdnading
el band 9eslilsiiu SOD-2 fiunsiige usiflelfansaraanndss dule dudaanau 0.1

mg/ml $anldiuman band 289 SOD-2 HAudnuinnanlwaadnlFimvanasdnaunan
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anuansAnEnlugaud 2 wudims induceliilmadining oxidative stress AN
wiinlug Fe-NTA #eql Fe-NTA widaalu HBSS ifluinan 24 dalus Aeazsinli cel
viability apasnAasididutes Fe-NTA Genslfiaadaslu HBSS anaawiinly GSH u
\IasAAAIN lipid peroxidation AnTusuumiialuerad FallE lipid peroxides @L&3a i
\im lipid peroxidation Waz oxidative damage a1n Fe-NTA 1§46 F9a1nn1sAnETeq
Wang a2 Hu (2000) 80134 buthionine sulfoximine (BSO) Sufannedaiaszsl GSH i
AR HepG2 48 an. nauli Fe-NTA

iingann quercetin uasantauaadeny difualniluin aals o1 Tl dawlaen
uds wazAnita Sqvadueyyadastimanerldlumad HepG2 (Ala wazAmiz 2005,
2006) Iuma‘mmummmmmﬁmmm@iﬁﬁiﬂﬁwﬁllﬁm@fmmﬂé’ﬁ*umﬁﬂslugﬂmm Fe-NTA
Tuitad HepG2 ldmmaaunaaas quercetin naw ey nangaerudin e aman
33019 WarITEIZINAN treatment  AlvanzaniielfaunsniulssAnsnnaesansanald
WUdn AR quercetin 0.1-0.5 UM §1NSDAANISANETBTARAIAAAIN Fe-NTA
Lazutlsnu dose 194 quercetin wAlilavnismagaylfansainanaaliuiimad HepG2 7
g5uman TneldAnnudadudenindd cytotoxic dose dialansainanaaliaanuidiad

v
0.1-1 mg/mi $anliliuwmdnnudnansainainualinnaiinliinadoadudinsmnaaesad

MAnaINmanatdaau wasiaududugign 2 mg/mi Walisauiumannudiuany

v
o o

AUANITR pro-oxidant  LxANLTuRHIaRnanAefuSINIaas A LTnT89 HepG2

1 £ (<3 1 a d’l dl o & =
wannInnslfmanadnanan uananililanadauaisainainualdluimas HepG2
induce 15ifin19z oxidative stress fagl H,0, Aosianuidnduninldaadaneiniun i Fe

1 mM wudanaddidindi 0.005 uaz 1mg/mi walfinnatinainisnannisniaesmagann

o

H,0, TidaauuddnazluivadAnynieans

FatfunatesansataanaaliifanisaniiEann oxidative damage T 14 Fe-
NTA Gesinariulnadild H,0, uans oxidant mmazﬁ'quuﬁam@%mmnﬁq wiEnieadalu
NINARBUALITAFUIINANTF DY ARATZTHAR "] Tunalfiazfinutinfianauyadassly
LémﬁLLﬁiﬁluﬂmeLﬁmﬁumﬁﬂ%mgmmmqmﬁmmam‘hﬂﬁﬁ?mﬁu H,0, Fuiinann
N9¥191N17 dismutation 18 ROS Lﬁm%uﬁﬂLﬁuﬁuﬁqﬂﬁﬁ?m%’ﬁqmq (Novo ua¥ Parola,

2008)

Fenton's reaction

. ey .
Fe’ +H,0, Fe*+ OH + OH {Fe?* - dependent Haber-Weiss reaction)

Fe’*+ H,0, —» Fe2*+ 0, +2H"*
‘OH+H,0, —» H,0+H*+0;"
Fe**+0; —» Fe¥+ 0O,

Fe?*+'OH —» Fe¥+ OH



27

ugnaniianswanlaueesunsia e indavie neutralize BUYABATTARINIID
454 H,0, Fuanlnallddne aeannzwanlaueesidl radical scavenging activity g4 boiun
myricitrin WAz quercetin i Wald myricitrin 2 lUfu H,0,urmadMdsa N 2 daluanudn
ITALURY H202Q<1ﬂ’jﬂﬁ‘$ﬁuﬁ1ﬁﬁumﬂﬁ@lmLLﬁ‘ﬂ Famanusunsnlunnsaig H,0, 8134
Lﬁfa\immn@mauﬁa strong  hydrogen  donating fitlienandiauaaianTauea s
AuAINN9nluNN2a519 H,0,7U radical  scavenging  activity aaswailouaasaziiulil
TumaiAenAse N EuTIANNA1NTaaa ROS iRatulmad fevhnantouesfia
radical scavenging activity ﬁ%LL@M@M@Nﬁﬁ pro-oxidant Idneding (Yokomizo @y
Moriwaki, 2005)

ﬁaﬁu@mauﬁﬁ Pro-oxidant m'awxlm‘tfsuﬂﬂﬁéquﬁmzﬁwmmﬁﬂﬁ@qm@mm
a1aaznl¥n1sanvisetleariy oxidative  damage  2e9d13atnannualdiduld 1 ldn
Teannzatnafienns treat imadanamAnLazasaralunanuis 24 dalus Fedadnin
11797nN"7 induce 11AiR oxidative stress A1n Fe-NTA azdiaslfiann 24 daluaiiliAaay
Witd cytotoxic effect TuAnsinaiL ARAILANBENITALAL

ANnsAnEASaE Quercetin uAAIAMIANITR cytoprotective effect ReITARTIA
win el dose geiuanIAnaNtTR pro-oxidant LwAEaiUAIsATAANNAld I
‘Emmﬁuir%’mn%\mmm cytoprotetive assay, ROS generation wag MDA formation %ﬂzﬁ’]i
afnanualsl dose M a1aayliinasiemad ifnsderninmsldmanetnamen uAdaly
dose geAazdaLd3n oxidative damage A1niwan Tun1meaasdn ROS generation Tulmaa
Fldannzansainannualsl arsafpanuali@nnsnan ROS lumadlauilunanunuis
24 dTua uAdlelimandaeanisan ROS A 3 azfindn 24 $alus HAGINAIANAaUAAITINE
PeamdnisunaunstmTiAaes antioxidant

SOD-2 %8 Mn-SOD lululnmeusseminuinfillas superoxide 1w hydrogen
peroxide %wzgmﬂ%mﬂuﬁﬁw catalase 138 glutathione peroxidase AINNNIANE VB
Jagetia uazmndy (2004) W91 narinjin Faifluansvianlounuannly nsingmuarNnszna
uanunsouialisiiu SOD catalase Tuitad HepG2 usiflewradldFumanayyadasyazyin
WAanseendinduresdaluianamunallsiu fnldinnas denature  wazgoyde
biological  activities  8al1ls5u 4 naringin ANuNT0aANNTAARanTIAduTaaltlsA
antioxidant enzymes luTadd 45 UImEndos TunnsAnEinndluadiilgansatnann

159 dule warduidaanonuillilsiu SOD-2 Tissannizadaunn Wals Fe-NTA 1 mM

AT N9 band T13Ru SOD-2 anasanuatadwian watialdaisainaindsa 4ula uay
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3. naresansanaanualdlildannisnisraananiinafuiradatadaian wazs
wunTdadnlu dose  NgeazinldifiafianuandamaduInau a1aazinann
interaction 284819antioxidant LN9sRYTeANTaW lUNALIALMEAN (1 411190 reduce
Fe3+ Miflu Fe2+ lannau inlimandnguadldunnau viva a1snTuaaunesiod
o % dl dal o [~ . dl o [ % a [~3 v
anwnurlasaairaniaeiuniailu pro-oxidant lwaniginidneyyasaseionaazaieans
\iu H,0, Tedadiunisaine ROS lumad I luanzineaii

= = . A4 oA o . > v
4. pagaziinnsAnmsallinaaiuizasdenandisluidzesnalnuaznisdunianssiiu
BYNABATEN IHLALNNZANTUANMATDY Oxidative stress IWI1EHAIMNAATYABAN
Uaaadslunisldansdinuayyadaselugiland food  supplement W3aansdaiAsnzii
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M1519% 1. Chemical antioxidant activities of fruit extracts
Fruits FRAP/ml | FRAP/100g | average SD ORAC/ml | ORAC/100g | average SD DPPH/100ml | DPPH/100gm | average SD

Strawberry 32.83 1641.5 1459.25 200.12 56.5 2825 2584.5 311.55 642.92 321.46 322.04 15.36
Strawberry 32.46 1623 57.64 2882 663.9 331.95

Strawberry 25.95 1297.5 46.15 2307.5 668.39 334.195

Strawberry 25.5 1275 46.47 2323.5 601.12 300.56

Carambola 16.17 808.5 745.13 62.72 40.1 2005 2031.13 40.11 433.02 216.51 248.99 31.87
Carambola 15.79 789.5 40.04 2002 453.68 226.84

Carambola 13.78 689 40.58 2029 556.7 278.35

Carambola 13.87 693.5 41.77 2088.5 548.54 274.27

Guava 19.08 954 870.38 77.88 25.62 1281 | 1355.625 68.85 386.86 193.43 210.62 16.96
Guava 18.38 919 26.42 1321 398.03 199.015

Guava 15.95 797.5 27.66 1383 456.11 228.055

Guava 16.22 811 28.75 14375 443.93 221.965

Pomelo 4.63 2315 225.75 11.72 22.33 1116.5 | 1186.375 69.97 9.57 4.785 5.90 1.34
Pomelo 4.79 239.5 23.31 1165.5 9.54 4.77

Pomelo 4.32 216 23.61 1180.5 14.82 7.41

Pomelo 4.32 216 25.66 1283 13.29 6.645

Tangerine 8.25 412.5 318.38 106.49 20.64 1032 984.5 52.25 14.02 7.01 8.23 1.49
Tangerine 8.17 408.5 19.9 995 13.88 6.94

Tangerine 4.64 232 18.2 910 18.03 9.015

Tangerine 4.41 220.5 20.02 1001 19.87 9.935

Long kong 2.71 135.5 118.50 18.51 11.34 567 585.375 26.35 22.92 11.46 13.04 2.60
Long kong 2.67 133.5 11.17 558.5 20.49 10.245

Long kong 2.07 103.5 12.16 608 31.37 15.685

Long kong 2.03 101.5 12.16 608 29.54 14.77
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m13197 2. Total Phenolic Content in Fruit Extracts
Fruit mgGAE/100g average SD %CV mgGAE/100g average SD %CV
strawberryl 271.86 272.87 3.56 1.31 guaval 176.21 176.48 2.82 1.60
strawberry?2 271.86 guava2 176.21
strawberry3 269.08 guava3 178.99
strawberry4 270.17 guavad 171.19
strawberry5 278.50 guavab 178.14
strawberry6 275.72 guavab 178.14
carambolal 137.32 137.82 3.62 2.62 long kongl 62.32 64.21 2.95 4.60
carambola2 138.71 long kong2 59.54
carambola3 138.71 long kong3 63.71
carambola4 130.92 long kong4 67.03
carambola5 140.64 long kong5 65.64
carambola6 140.64 long kong6 67.03
pomelol 55.38 55.18 3.02 5.48 tangerinel 48.43 53.10 3.59 6.76
pomelo2 56.76 tangerine2 51.21
pomelo3 59.54 tangerine3 51.21
pomelo4 54.53 tangerine4 58.69
pomelo5 50.36 tangerine5 54.53
pomelo6 54.53 tangerine6 54.53
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g‘ﬂﬁ 1A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by quercetin

1B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by quercetin
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g‘ﬂﬁ 2A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by strawberry

2B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by strawberry
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gﬂﬁ 3A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by carambola

3B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by carambola
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g‘ﬂﬁ 4A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by guava

4B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by guava
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g‘ﬂﬁ 5A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by longkong

5B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by longkong
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g‘ﬂﬁ B6A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by pomelo

6B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by pomelo
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g‘ﬂﬁ 7A. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2 cells and the inhibition of oxidation by tangerine

7B. Median effect plots for inhibition of peroxyl radical-induced DCFH oxidation by tangerine
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