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Antioxidant Activities of Hot Water Extract from Cornus walteri Wanger against
Oxidative Stress Induced by tert—-Butyl Hydroperoxide in HepG2 Cells

Seong Ho Yeon, Hyeonmi Ham, Jeehye Sung, Younghwa Kim, Seulgi Namkoong,
Heon-Sang Jeong, and Junsoo Lee'

Dept. of Food Science and Technology, Chungbuk National University, Chungbuk 361-763, Korea

ABSTRACT The objective of this study was to investigate the effect of hot water extract from Cornus walteri Wanger
(CWE) on tert-butyl hydroperoxide (TBHP)-induced oxidative stress in HepG2 cells. Generation of reactive oxygen
species (ROS), concentrations of cellular lipid peroxidation products and reduced glutathione, and antioxidant enzyme
activity were used as biomakers of cellular oxidative status. Cells pretreated with CWE (25~200 pg/mL) showed
an increased resistance to oxidative stress in a dose-dependent manner, as revealed by a higher percentage of surviving
cells compared to control cells. ROS generation induced by TBHP was significantly reduced when cells were pretreated
with 200 pg/mL CWE for 4 h. Pretreatment with CWE (5~50 pg/mL) prevented the decrease in reduced glutathione
and the increase in malondialdehyde and ROS evoked by TBHP in HepG2 cells. Finally, CWE pretreatments prevented
the significant increase of glutathione peroxidase, catalase, glutathione reductase, and superoxide dismutase activities
induced by TBHP. These results show that CWE has significant protective ability against a TBHP-induced oxidative
insult and that the modulation of antioxidant enzymes by CWE may have an important antioxidant effect on TBHP-in-

duced oxidative stress in HepG2 cells.
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(+)-gallocatechin®] o] 0.054%, 0.022%2] Aoz H
e aL, Lim 5(10)2 ZAfu oehd & -

of FJ8 A3} q-amylase? &40] A= o]
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o] ot AA A om, fFre] Aol A= FAA AT
o] Fradte Aol UMtk Huelvh HEgH Park¥)
Cha(11)& AL ol & 853 Tt $ v|7to =2 fiud
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Aol tzte] nla] AAAstadE Hon, 1
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A= o] phenol 3EES dHratar e TR Ul
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& A8t S HepG2 Al ¥ tert—butyl hydroper-
oxide(TBHP)Z 48} ~E# 25 7138S o] AX AEE
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oS B &3 3L 2k AEE Sy
& 5 2 L 7FEe 55 ¥ 100°CY +%
*+(Tokyo Rikakikai Co., Tokyo, Japan)ellA] 5A1ZF &
A tE FEE-S Whatman No. 5(Whatman International
Ltd., Maidstone, UK)2 71§t o gt v, s|AXF &5
7I(EYELA N-1000, Tokyo Rikakikai Co.)Z &%3% &
A7 Z({reeze dryer, FD5508, Ilshin Lab Co., Dong-
ducheon, Korea) 3}¢] -20°Col] B3} A g ol AL-&3}

A HF FEFEL 5492 YEYT

7171 H A2

B AF o AFg® AJeFel 2'7'-dichlorofluorescin di-
acetate(DCFH-DA), thiobarbituric acid(TBA), tert=butyl
hydroperoxide(TBHP), trichloroacetic, reduced gluta—
thione(GSH), oxidized glutathione, B-NADPH, gluta-
thione reductase(GR), peroxidase, 1-chloro-2,4-dini-

trobenzene(CDNB), hydrogen peroxide(H:02), 5,5'-di-
thiobis—2-nitrobenzoic acid(DTNB), ethylenediamine-
tetraacetic acid(EDTA), xanthine, xanthine oxidase, 3—
(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-teyrazolium
bromide(MTT), 1,1-diphenyl-1-picrylhydrazyl(DPPH),
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid(ABTS)$} 3=& 491 gallic acid, (+)-catechin hy-
dratei= Sigma-Aldrich Co.(St. Louis, MO, USA)9] A&
S A5 o1, 4-(3-(4-diophenyl)-2-(4-nitrophenyl)—
2H-5-tetrazolio)-1,3-benzene disulfonate sodium salt
(WST-1)¥ Roche(Mannheim, Germany)ol A 13831 1L,
fetal bovine serum(FBS), Dulbeco's modified Eagle's
medium(DMEM), trypsin—-EDTA, penicillin-strepto—
mycin< Gibco-BRL(Grand Island, NY, USA)o| A 13}
& o™ HepG2 A ¥+= Korean collection for type culture
(Daejeon, Korea)oll A F+Y3ste] AL-&3}it}.

3 Mg &3
U @525 dud e &2 Folin-
Ciocalteu phenol(FC) reagent’} F%%2] phenolic
compounds®ll ]3] $HlH A¥} HE|HWS FAo T by
she Ae 982 B4 T(12). & F&5 100 ulel 2%
NaxCOs €9 2 mLE 7kt - 323t WAIske] 50% FC re-
agent 100 pLE 7}star 308 %, wrgde 3% 7S
spectrophotometer(UV-1650, Shimadzu, Kyoto, Japan)
£ o|&3te] 750 nmellA ST = AQ] gallic
acidE AH&sto] HEFdS Al on, & Zelvls 3
< A& 100 g 59 mg gallic acid® EASFRACE EA 5
AFFEEY F FotE ol IFS FEF 250 Lo F
9= 1 mLe} 5% NaNO, 75 pL& 7}3F v, 58 3 10%
AlCl3 6Hz0 150 pLg 7}sbe] 6% WH]&kal 1 N NaOH 500
pLE 7}ekar 114 %, vhgi e F33 % 3hS 510 nmell A
SA3ATH(13). AT=EAQ] (+)-catechin hydrateE A&
sto] ARde e §, & EetE o= S AR 100
g 9 mg (+)-catechin hydrate® ¥ A]3}3 T}
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NI AFFESE9 i vitro 343 @S A6}
#15ke] DPPH} ABTS e Z 24 % 9 3™
2tk & DPPH 2o ZS 0.2 mMo] ¥ %5 94%
S3AIZ RES- 800 plell F+&& 200 ulLE H7hst &,
520 nmell A 4 8Hs] 30% Foll FFE F2AE ST
(14). TAYF 55252 ABTS 2z 245 ABTS
7.4 mM¥} potassium persulphate 2.6 mM< 35 &<t
SFavof WrAte] ABTS %ol28 P47 § o] wkg s
735 nmol A F&F %= gho] 1.4~1.57F B2 & E3 A5 (e
=3.6x10" M 'em™)Z o] g3dto] THFE 3483t 3
25 ABTS €9 1 mLoll &9 50 ulL.Zg 7}ste] 602 Fol
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A
FHEe WIE S v(15). EAUF EFFEEe
Yo =25 250 plol 0.2 M sodium phosphate buf-

fer(pH 6.6) 250 uL, 1% potassium ferricyanide(KsFe

(CNJe) 250 uL=s 247} Egsko] 50°Cell A 202 &<t W&

A2 & 1% trichloroacetic acid(CCl3COOH, w/v)E 7}s}

At} 9 WSS 1,000 rpmollA 1087 YAl R st

Al 500 Lol S5F4 500 pLE €§3taz, 0.1% ferric

chloride(FeCls-6H20) 100 uLE& 7}&to] wk-g-dlo] E4=
S 700 nmellA] FA3HATHIG).

MIZEHH 2

HepG2 AlE= 75 cm? culture disholl Al 10% FBS, 100
unit/mL penicillin, 50 pg/mlL streptomycing g3k
DMEM HIA|E A}&3}e] 5% CO»7} &35+ incubator
(Sanyo Electric Biomedical Co., Ltd., Osaka, Japan)°ll 4]
37°CE vt

M= MES ’:’g 2 TBHPO 2|5t A|22| ES &1}
HepG2 Al Z+= 96-well plated] 1x10" F% 2 7} well
of E-FakRA Tt 24A7F T v & WL v S E
PBS &0 A% & 22 o] vjx] e} PBSel| =<1 A
UH d4F25 25, 50, 100 ¥ 200 ug/mLE 7+ wellol
33 200 uM TBHPE 4413 F<F
qbsh 2EH S %Eé{ T DAY AR Ragds
MTT W% 22 micro plate reader(BioTek Inc., Winoos—
ki, VT, USA)E A&3te] 550 nmollA F3=2] Ao
oal] Ao ME BEES T3 a3l e 33 vk AFs)t

ZE

Al

ROS MM xSt

ROS* fluorescent probe DCFH-DA #'H & o] &3}
A3t = *ﬂﬁ—a 96—well plateoﬂ 5x10%9) &
Z} welloll ¥F3haL
(25, 50, 100 % 200 ug/mL)i A Aestg . 4
250 uyM DCFH-DAE 37° Coﬂﬁ 1217 5o 7+ welloﬂ 7}
3kt A|EE PBSE A% 3% & 1 mM TBHPE 718}
t}. M EZFe] A-$-3F+= ROSE fluorescent spectropho-
tometer(Perkin-Elmer, Norwalk, CT, USA)Z 100% &
¢t o] 7] 5} (excitation wavelength) 485 nme} H-&v}4
(emission wavelength)S 530 nmolA] fluorescent in-
tensityE 433t}

X|Zopist 53

MDA =72 thiobarbituric acid (TBA) ¥ (17)S2
ZA43519. =, A5 0.4 mLel TBA solution(TBA
0.375%, trichloroacetic acid 15%, HCI 0.25 N) 0.4 mL&
A7FeE 3 1527 F87Foll A 7FE kit 10,000X goll A

SR QAR AT F 535 nmol A AE] FHES =7
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8kt A2 MDA FXEE 1.56x10° M 'em™'¢] &3 7
S8 AHElel 2439 T 1 Aok B med MDA
nmolZ X # 33T,

GSH %:.%F o SHAst 54 Y
epG2 ﬂﬁ%% 6-well plateo] 1x10° =2 7} welld|
o}° ok 48A12F T A& ohekdt F =05, 10, 25 2 50

ug/mL)/] “LXH‘/}E 'ir%%—e* A deh. 4A 2 v g

% 1 mM TBHPZ 3A]7F &9t 213l ~2Eg 28 fE31%
ﬂ‘j/] < M X% rubber pohcemangi Flo] dgol Bt
3. M= Vibra—-Cell VCX 750 sonicator(Sonic &
Materials, Inc., Newtown, CT, USA)S A}-&3}e] 10%%F
S35t o, 52 4°Coll A 1083 10,000X gz A4
W eta AT He SA GSH R @4kst a4 &4 249
AbE3 T Al We] & GSHE Baker 5(18)9] Wy H
gl wet 83850t Al S Eells B A S A

7171 $18l 5% sulfosalicylic acidE 3 7}3F & 4°CollA] 10
F7F 10,000x g% 94158 sttt dAEY 3 A5 20

pLel 3 mM 5,5'-dithiobis(2-nitrobenzoic acid), 400
units/mL glutathione reductase(GR) &1 2.5 mM
NADPH7} E3te wk8 £¢5(180 pl)S H71she] 412
nmol| Al spectrophotometerE AF&-3le] 10 &<F 20%
Ao 2 ZA35lTh M &3l EolA GSHY 5+ 1T
A5 o] &3t Axksla @A mgd GSHE nmolZ
&5l GRY &4 5,5'-dithiobis(2-nitrobenzoic
acid)E AFg-3te] AA 3} AL, thiobenzoic acid A W&
o 412 nmelA FF% -c,—7}E S48} th Glutathione
peroxidase(GSH-Px)¢] &2 GSH-Px°l 2|3 GSH]
abstell Ak GRoll 9 gk NADPHS] el Ateh= 7]
A2 A cummen hydroperoxideZE AF&3FATH19). AlXE
W catalase(CAT) &4-S Fossati 5(20)2] WS HEs}
o] 4319 21, superoxide dismutase(SOD)¥ Ukeda
2D WS o83l =43t

rJ
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SA=EM
Ade] A3 72 At FHAR YepWlon A¥ T
re] M EA-& SAS version 8.1(SAS Institute, Cary,

NC, USA)<S o]83}4] one-way analysis of variance &

A& 7 s Harake]l SAA fodS X0.05 FEel
4] Duncan's multiple range testol]l €3] 7733} c}.
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Table 1. Phenolic compounds contents and antioxidant activities of hot water extract from Cornus walteri Wanger (CWE)

Phenolics content

Analysis items (mg GAE/100 g)l)

Total flavonoid content
(mg CE/100 g)”

DPPH ABTS
(mg TEAC/100 g)” (mg TEAC/100 g)

Reducing power
(Aro)”

Estimated values 1,455.82+52. 49” 948.49+13.51

853.41+22.31 238.41+81.50 0.70+0.00

)Mean of triplicate determination expressed as mg gallic acid equivalents per 100 g of CWE.
Mean of triplicate determination expressed as mg catechin equivalents per 100 g of CWE.
Mean of triplicate determination expressed as mg TEAC per 100 g of CWE.

Reducmg power activity of water extracts expressed as optical density at 700 nm.

*Values represent the meantstandard deviation of three replications.

ol s Z+7b 1,455.82+52.49 mg GAE/100 g3}
948.49+13.51 mg CE/100 go.& YElG+=d dvtygoz
ke el gerol Hrha kel kel 49 Jeong
5(22)2 =2 gi-d HEA IAEH F PR
o] ga& 247} 85.62 mg GAE/g¥} 242.74 mg/100 g =
WIS Ee BAGE ArF R PRHB S 3
4371 93l DPPH®F ABTS #dZ £A%<S Trolox
equivalent antioxidant capacity(TEAC)Z =743t A3} 7+
7} 853.41+22.31 ¥ 238.41+£81.50 mg TEAC/100 go.&
etk 0w kst 3 A g o] e Sl of
3 SH % 72 300 pg/mle] FEolA 543 A3 0.708
2 ERd Ju $0DE AR ke A5 33
3ted 1.0 mg/mLo] s=olA 3% #h& SAT 47 0.71
2 Yehgtia B8l Joo(24)E deE R 3
g9} YNUF FEE SHEE 1.0 mg/mLe FxolA
4% #& 247 1.63, 1.12 Hausych

U

1oo 2 200 pg/mLE He F AL YEES S48 A3
THZ A 1 ) AlE AEES 90.54~97.9
xg:aoﬂ gl 200 pg/mL FETHAE A EE5A o]

o0
FAeAH(Fig. 1. A SFFEE0] AE P&
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Fig. 1. Cytotoxicity of hot water extract from Cornus walteri
Wanger (CWE) in HepG2 cells. HepG2 cells were treated with
different concentration of CWE (25~200 pg/mL) for 4 hours.
Cell viability was determined by MTT assay.

et 2EYAE A=A dE FE=2 B
SRS GolR Itk A x| TAUS dFFEES T
1 (25~200 pg/mL)= & A€k $-, TBHP 200 uM= 44|
b s Aol =FAIX At “a"ﬂur-‘jr %?—%%%01 A2

r4—(P<O 05, F1g 2)
I ELZH‘/}T ArFFE=o] A AgH MEoE AE
AEFo] vk gEHo g 7t en, 53] 200 ng/mLel
AT 95.50% AE AEES Ho TAUT QFFEEL2
TBHPZ =% A3} ~Eg 2o s Alx Ragadrt 9l
= AoE AEHAT

ROS MM xS}

ROSE free radical @ '0s 0s7+, HOs, -OH 5 T}
o gty Aag, A P §A7) S E3
HAH(25). AT =3 2 A3} ~E AR 2HS)
A3 EH ROSY ¢Fo] Wolz] A|xukx] o] A3}, A%
Ao W4 2 DNAS] &4 Sl B9, A w5
540 A% AN WAAA 09 FHE BEA)
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Fig. 2. Protective effect of hot water extract from Cornus walteri
Wanger (CWE) on fert-butyl hydroperoxide (TBHP)-induced
cytotoxicity. HepG2 cells were treated with different various
concentration of CWE (25~200 pg/mL) for 4 hours and then
exposed to TBHP (200 uM) for 4 hours. Cell viability was de-
termined by MTT assay. ““Different letters above the bars in-
dicate a significant difference (analysis of variance and Duncan's
multiple range test, P<0.05).
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el A 4kt ~Eg 2o osf WAlst= ROS A/l dig
DA AEFEE0] qAGA S ot 7] 9438 HepG2
A X0l TBHPZ Atz ~EH2E =3 ¥ DCFH-DA
probeE ©]§3}4] ROS?| ol mh& 63 W s =
391tk DCFH-DAE 1] =4, v]o] &

AEE st gtke 5

TZ2E 7HHo =M
At Aﬂz +& &3k DCFH-
DAE AEA A AE W esterasecl &3] v FEAI
DCFHZ 7} gl th. ROS =4 Aol DCFHE AHghs o
FFS = DCFE AgE ), webA] ME Ul ROSe] o]
BT SAYE gk AXNBR FEF Yl ditst
EZo] EA= A9 dikstE A 9 ROS Aol oA
Ho] DCF ¥F&7t Zase 3E ol &ste FAgt
(27,28). 4843 TBHP 1 mM& 4A13F B9k A sto] 4t
st 2EH2E F8E Alxol A= Alzte]l A gl wet of
FAE AEetA] e AR BlE} ROSS] /g o] w2

Al Z7st i th(Fig. 3). 18y EAF dFFEES 25,
50, 100 2 200 pg/mLe] =2 A A3 A Eo TBHP
£ AEs A7 ROSE =0l wet Ao oAs = avs
Ho]FQt} o)== HepG2 Al X0 EEA oA 23 toco-
trienol-rich fraction(TRF)< 10~500 pg/mLe] s== A
2g]gt & TBHPZ 43} ~E#~E 423 A3 5% o4&
Aoz ROS A4S JAsHlthaL ®ardk Choi 5(29)¢]
T FARE Aol ). 1y EAVT deFEEY] A
$- 200 pg/mL=E &3S ROS«] AL A LR
o 9 A5 Ho] WA
2o oJgk ROS A Aol A3t %””‘éo] AE Aoz YEl

A A A sE= free radicaloll 9&) XA EE3}HA
ALY methylene(-CHy-)7| 258 49271 &3 9o
wet WA E =), olu) 2 #eEl= free radical e hy-

350 4 —— Control
_a-TBHP + 25

300 & TBHP +50
e TBHP + 100 x
X~ TBHP + 200

250 9 % TBHP (1mM)

200 -

150

100 +

Fluorescence intensity

50, E=—

0

Time (min)

Fig. 3. Effect of hot water extract from Cornus walteri Wanger
(CWE) on the intracellular reactive oxygen species (ROS) for-
mation induced by tert-butyl hydroperoxide (TBHP). HepG2
cells were treated for 4 hours with the indicated concentrations
of CWE before treatment with 1 mM TBHP. Intracellular ROS
were measured by monitoring the fluorescence increase for 100
minutes.
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droxy group®|™ F28FH ol 9&] A7 alkyl radical(R - )
& g Atxel Agsle] peroxy radicald #HA 3l
Peroxy radical® tA] T2 EXIX|WAOZRE F405
23 o 2R A9 chain reaction®] HEECt ojuf <
3 wkgo] FAHER MDAV A5 ™ MDAE A4 #4ts)
9 ARE AFEFETHI0). o9 2 dS Bxs A WA
T o] W A AT ko] EHE n|EFZEgo}, nlo]
ARE, A, aw T TolA 4

ol FHA AR FASA A A E 22 S EAA

5| k=)

¢

%/}]— %‘%_1, Euﬂﬁﬂ-ﬂ— 7+
g}, WA G zl g
17] 943 HepG2 A2zl o}l F- A% HE|ahA] &2 4
o] MDA %5 543 Z3} 1.66 nmol/mg protein®] 1t}
(Fig. 4). :LE%/]' TBHP 1 Mo W50 7 4T ot AXE

o A8)sl9S wl MDA 5%+ 2.74 nmol/mg protein®. &
A 3 H] o] A %7]'0}04 HepG2 A7} TBHP
of o3 AAFAEIF WS & 5 AATHIKO.05).
e VR deFEE] 5, 10, 25 2 50 pg/mLe)

swe A A H]J_Oﬂ TBHP 1 mM& 528 223
A AAF}LE S FE EA 0T A Eo] A
MDA %7} \:—/J\—O]'E‘ BAEgS Bt 53] FEE] 25,
50 pg/mLE AHEHd MEo|Ae MDA %+ 247 2.25
nmol/mg protein ¥ 2.05 nmol/mg protein®. & TBHPZ
At 2EG 27t FRE Mo vlE] BAHoR {98
723 THX0.05). Kim 5(31)2 HepG2 A 3o TBHP
£ A3 e u fodom S71E MDAS EX8 £54

o4 F&E3t oligometric procyanidin fraction(OPF)3}

m e
el
il rlo
lo,
N

polymetric procyanidin fraction(PPF)& 10~20 ug/mL
o FEE A AYAES W e oA A
B3k oA TRFS ROSe] A A E 153 Choi
5(29)% TRE7} 50~100 pg/mLe] Foll A A&}, sh=
AA BTl skl

3.5 4
< 34 a
‘g a ab
s 1
igm 251 bc
3 c
1S
£ 2
< d
a
=

1.5 4

1 T
TBHP (1 mM) - + + + + +
Sample (ug/mL) - - 25 50 100 200

Fig. 4. Effect of hot water extract from Cornus walteri Wanger
(CWE) on tert-butyl hydroperoxide (TBHP)-induced lipid per-
oxidation. HepG2 cells were treated for 4 hours with the in-
dicated concentrations of CWE before treatment with 1 mM
TBHP. ““Different letters above the bars indicate a significant
difference (analysis of variance and Duncan's multiple range
test, P<0.05).
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£ 20+
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15 4
T
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TBHP (1 mM) - + + + + +
Sample (ug/mL) - - 25 50 100 200

Fig. 5. Effect of hot water extract from Cornus walteri Wanger
(CWE) on tert-butyl hydroperoxide (TBHP)-induced cellular re-
dox state impairment. HepG2 cells were treated for 4 hours with
the indicated concentrations of CWE before treatment with 1
mM TBHP. ““Different letters above the bars indicate a signifi-
cant difference (analysis of variance and Duncan's multiple range
test, P<0.05). GSH: reduced glutathione.

GSH & =3

GSH+= glutamate, cysteine, glycineo. 2 ZA%H Eg
Hepel =2 A A F e (GSH) ¢ AHsF A Bl(GSSG) = EA4)1 8
t}. GSHE 85~90% A =7} cytoplasmell EA43FH A A
o] 2te}, gHdnk-gol Fast 98-8 gt kst AR
A9 GSHE F-ZHY ] Akst ~EH 2 A
Al W free radicals AASE THE HAst oH
Hy0:9 A& #4kslE tiAA1 7] = GSH—PX GSTol| AAp
AR R AZEFAAA ] S8 d-S TrH32). o]:= GSH
7 Aol A Akt 2E a7 By e g daksbAl o] 24
Az Tsehe 249 & & A A EA TBHPRE
freg =49 A wA 71859 surt GSH level®] 7Ha
o|thH29). wEkA WAVF EFFEEY] AXxrnsadE
kst 71 dE o BEs] 8] A8 MR W GSHY
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Table 2. Effect of hot water extract from Cornus walteri Wanger (CWE) on antioxidant enzyme in HepG2 cells

Treatment CAT" sop? GR?Y GSH-Px"
Control 35.88+2.82%9 52.97+6.97° 1.10+£0.08° 5.84+0.67
TBHP only 55.20+2.06° 103.86+15.71° 2.79+0.16 22.80+1.32°
TBHP+CWE 5 53.10+2.03° 68.44+16.25° 2.58+0.42° 19.20+1.53°
TBHP+CWE 10 46.16+1.87° 67.46+11.83° 2.17+0.02° 18.66+2.56°
TBHP+CWE 25 43.10+2.32° 65.56+14.69° 1.88+0.20" 16.56+1.44°
TBHP+CWE 50 32.11+1.18¢ 64.96+6.51° 1.75+0.11° 13.32+1.35°

l)Ant10x1dant enzyme activity of catalase (CAT) (pmol/minute/mg of protein). )Superox1de dismutase (SOD) (units/minute/mg of

protein).

)Glutathione reductase (GR) (nmol/minute/mg of protein).

YGlutathione peroxidase (GSH-Px) (nmol/minute/mg of protein)

were evaluated in HepG2 cells treated with 1 mM fert-butyl hydroperoxide (TBHP) for 4 hours. Values represent the mean+tstandard

dev1at10n of three replications.

Walues with the same letter in the same column are not significantly different (P<0.05).
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