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Antioxidant Effects of Eriodictyol on Hydrogen Peroxide-Induced
Oxidative Stress in HepG2 Cells

Tae-Woo Joo, Sung-Hyun Hong, Sun-Young Park, Gur-Yoo Kim, and Jin—-Woo Jhoo

Animal Products and Food Science Program, College of Animal Life Sciences, Kangwon National University

ABSTRACT This study was conducted to investigate the antioxidant and hepatoprotective effects of eriodictyol com-
pound against hydrogen peroxide-induced oxidative stress in HepG2 cells by measuring expression levels of antioxidant
enzymes, liver function index enzyme activities, and inhibitory effects against reactive oxygen species (ROS) production.
HepG2 cell viability was assessed using 3-(4,5-dimethyl thiazole-2-yl)-2,5-diphenyl tetrazolium bromide assay. In the
concentration range of 10~50 pg/mL, eriodictyol displayed over 98% cell viability in HepG2 cells. The effects of
increased gene expression on hydrogen peroxide-induced oxidative stress were analyzed by monitoring antioxidant
enzyme (superoxide dismutase, SOD; catalase, CAT; glutathione peroxidase, GPx) gene expression levels using real-time
PCR. Eriodictyol compound significantly increased gene expression levels of SOD, CAT, and GPx in a dose-dependent
manner (10~50 pg/mL). Hepatoprotective effects against hydrogen peroxide-induced oxidative stress were analyzed
by monitoring glutamic oxaloacetic transaminase (GOT), lactate dehydrogenase (LDH), and gamma-glutamyl transferase
(GGT) activities in HepG2 cell culture medium using a biochemistry analyzer. Eriodictyol compound significantly
reduced GOT, LDH, and GGT activities in a dose-dependent manner in HepG2 cells. ROS level in HepG2 cells
was analyzed by 2',7'-dichlorofluorescein fluorescence diacetate assay, and eriodictyol compound effectively reduced
the intracellular ROS level in HepG2 cells. The results reveal that eriodictyol compound can be useful for development

of effective antioxidant and hepatoprotective agents.
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Fig. 1. Chemical structure of eriodictyol.

(9), A& A (10), F4ks a5 (11)E ekt
Flavonoid &3&9<] ¢ /<l eriodictyol 3}3&(Fig. 1)
2 AA st s AAsE ad7F 9oem12), g5, B
B, 9uHdE o2 JFE nxivta Bixe gt}
(13-15). WatA] 2 AFo A= wa IR (Lespedeza bi-
color) LollA 23 flavonoid 3¢ 3 72 erio-
dictyol®] HepG2 Al XA hydrogen peroxide 2ol 2]
3 e At ~E 2o digh g4kl g D AE B
T a7fE BAsY 7|5 BEFAEA o8& S HUte
a2k A A ST
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| 38l ol AFEE HepG2 A 3¥+= American Type Cul-
ture Collection(ATCC)AHManassas, VA, USA)Z 55 T+
13} ). Dulbecco's modified Eagle's medium(DMEM)
9 fetal bovine serum(FBS)< HycloneAHILogan, UT,
USA)ZHE Y3t om, hydrogen peroxide(Hz0s),
dimethylsulfoxide(DMSO), 3-(4,5-dimethyl thiazole-2-
y1)-2,5-diphenyl tetrazolium bromide(MTT), 2',7'-di—-
chlorofluorescein diacetate(DCFH-DA) 2 trypsin-EDTA
+ Sigma-Aldrich Co.(St. Louis, MO, USA)Z5H +3}
%t} Polymerase chain reaction(PCR) &40l A o]-&-%l
oligo(dT), dNTP, RNase-free water ¥ Superscript Il
First-Strand Synthesisi= Invitrogen(Carlsbad, CA, USA)
AN FY33A Tl RNeasy Mini Kit, Rotor-Gene SYBR
Green PCR Kit2 Qiagen(Valencia, CA, USA)oll A g
11 oligonucleotide primer: Bioneer(Daejeon, Korea)ol
A Fdske] AE3F3 T} Lactate dehydrogenase(LDH),
glutamic oxaloacetic transaminase(GOT), gamma-glu—
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tamyl transferase(GGT) ¥4 A]2F2 Thermo Scientific
(Vantaa, Finland) 2 258 79439t & A& o)A A&
8l eriodictyol 3% Lee} Jhoo(16)ol] 23] Wy
Hell whe} A Q) FEEAA 49 a2etEag ey S
ol g3ste] EElsiglen, £eld IFES AT F(Sigma-
Aldrich Co.)¥ "H NMR, "C NMR % HPLC ¥4#85
Hal 24 5 Age] 2833l
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HepG2 M= HiQE

HepG2 A XF+= ATCCAIZF-E EoFutgron DMEM
=]l 10% FBS9} 100 U/mL penicillin, 100 pg/mL
streptomycing H7}8te] 37 °C, 5% COE F-A5l= vl
7]1(HERAcell 150, Thermo Electron Corp., Waltham,
MA, USA)ell A vl skt

MTT assayOll 2[st MZMES 2

Eriodictyol 3% 9] A EAEES 4317 el MTT
XS o] g3te] 74319l 96-well platec] DMEM #j
|2 o] &3le] 5x10" cells/well®] HepG2 A EE 53}
o] 37°C, 5% COy A 24217k Hok w3t & A%
d A3t PBSE 23] A28 tfS DMEM HiA]o] A&
FEHE A 3te] 37°C, 5% COs incubatorol Al 2443k
uj oF8 itk DMEM 8l al-S A A% ¥ 5 mg/mLe] MTT
solution 20 pL¢} PBS 180 pLZ 718k} 37°C, 5% COq
incubatoroll A 4A17F FeF WSAATH WS F AT AS
B AAske] DMSO 200 uL# < #H7lslod A E for-
mazan &3]3} o™ o]= ELISA readerE o] &34 550
nmol| A SAAT AEHEE (%)L 23 T2 A4S A}
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Total RNA =& 3 cDNA g4

24-well plates]] DMEM #]#] & o] &-3}o] 5x10° cells/
well9] HepG2 MXEE #5514 37°C, 5% COz =704
24X 7 Z9F v ¥ 3 7} wellell 200 uM hydrogen per-
oxide®} =% eriodictyol StFES 24413 A 2] 3}%H
o] % e HE AAstL =7 AMEZHH RNeasy Mini
Kit(Qiagen)< ©]&-3le A|F¥ protocoldl Wl RNAE F
=314, genomic DNAE A|A37] 913 RNase-free
DNase set(Qiagen)E ©]-&3Ith. A% total RNAY
Oligo dTe} ANTPE #7}ste] 65°CellA] 53, ofo] 2ol A
18 %¢F w8 % Superscript 1T First-Strand(Invitro-
gen)& ©]-83}e] #|F% protocoldl W} cDNAE A 23}
A} PCRE WHE-Z272 25°Col A 10%, 50°CellA 104,
55°ColA] 5% 183l 4°Coll A A8l o2 F3P3HA
ow, WS- % Escherichia coli RNase H 1 uL.& 371810
37°Cell A 204 &<k wkgsklth. HF2 o2 ¥ cDNA
= AREE7) A7EA -20°Cel A Baekit.
Real-time PCRZ 0|2%t SFX} A

Eriodictyol 8}§=°] &4itst 459 F-Ax 2o u
e FEFSE HAES7] 938te] superoxide dismutase-1
(SOD-1, Cu-Zn SOD), superoxide dismutase-2(SOD-
2, Mn SOD), catalase(CAT) 2 glutathione peroxidase
(GPx)9] mRNA 2& & real-time PCRE ©]-&3}o] #4]
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Table 1. Sequences of primer used for real-time PCR

Primer Oligonucleotide sequence
SOD-1 5'-ACGGTGGGCCAAAGGATGAA-3'
5'-TCATGGACCACCAGTGTGCG-3'
SOD-2 5'-AGAAGCACAGCCTCCCCGAC-3'
5'-GGCCAACGCCTCCTGGTACT-3'
GPx 5'-TCGGTGTATGCCTTCTCGGC-3'
5'-CCGCTGCAGCTCGTTCATCT-3'
CAT 5'-CCAACAGCTTTGGTGCTCCG-3'
5'-GGCCGGCAATGTTCTCACAC-3'
B-Actin 5'-CGGGAAATCGTGCGTGACAT-3'

5'-GGACTCCATGCCCAGGAAGG-3'

At e &4 9 primer 971 L& Table 19 AA
313t} Real-time PCR %H-5-94-2 Rotor-Gene SYBR Green
PCR Master Mix(Qiagen), 4ts} f-72k2] -F, -R pri-
mer(10 pmol/uL), H.O& Z33F § FZ3 cDNAC| H7}
&lo] AL8-3}9It). Real-time PCR2 Qiagen®] Rotor-Gene
Q 2 plexE Alg3tg o HWFSZHE two step cycling
protocole 7]E S & 95°Cel| A 5% &< pre-denatura—
tionS AAIE & 95°Co A 5%, 60°Coll A 10x4 40 cy-
clesS WHEE}aL, 60°CollA 95°C7HA] 38 F<F S7tske=
oA ’\OE T3} Tl Real-time PCRS %3
Rl J%% Delta delta Ct method& ©]-&3}e] A3}
W, Z} A8+ B-actin®] HdFo R WA

melting

32 o
lo 4

2t 7ls Xrgdh M8 =3
Eriodictyol 3}g-Eo] ZHAE HFof n|X+= F3S HAE
317] Y3te] 7+ 715 A F & A2 LDH, GGT, GOTE &4

at%th. 24-well plate®] DMEM A2 o] &-8}o] 5x10°
cells/well®] HepG2 A EE EF38}o] 37°C, 5% COs, =4
oAl Al 24A17F &<t vl Faheitt. vl HepG2 Al2Eell 200
uM hydrogen peroxideZ %%4% eriodictyol 3}&&3 3
A A ste] 2417 M FAZ 21, o] F 4,000 rpmeol A
1027 94w et A5 dAE 3)e vhg AFEHEA 7]
(Konelab 20B, Thermo Scientific)E ©]-838}>] LDH, GGT
9 GOT &4& 343t

DCFH-DAO]| 2|st M= L§j ROS =H

Eriodictyol 3}3& Al ogh Al W] Ed4AE A
oA a3 Z43s17] 9ste] DCFH-DA assay S ©] &3}
of =A3} ). 24-well plateo] DMEM ®j A& o] &3}
5x10° cells/well®] HepG2 A& ®F3t9 37°C, 5%
COz Z7NA 244 3F F<t g T A5 A AAS G2,
o] 2 PBSZ 23] A|#3la 20 uM DCFH-DAE 7+ wellol
BF31e] 37°C, 5% CO» incubatorol A 20%7F pre-in-
cubation 3}tk 2t wellll =¥ Als % 200 pM hydro-
gen peroxideE A7 3le] A|ZF®E & DCF fluorescence
£ excitation 488 nm, emission 530 nm®|A4] Gemini XPS
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microplate spectrofluorometer(Molecular Devices, Sun—
nyvale, CA, USA)E ©| &3l ZA33tt.
SHEAM
e A3k SPSS 22. O(SPSS Inc., Chicago, IL, USA)
2 o] g3to] ANOVAZ A8hglar, e b vl 913
APE A S TukeyZ 53152 Uﬂ P<O 05 o4 wigt &
A4 foldel s Ao SRsln. mE pdge
U

MEMES

Eriodictyol 3359 HepG2 Al X5 A ZAYES] 1
= 9GS #4384 Fig. 29} Fig. 30 YeRl ATt Eriodic-
tyol 3}&E 10~50 pg/mL A8 F%=olA HepG2 M¥E+=
oF 98% o] Aol MEES B oW, AMFEQ MIAEYS
AHE F=3l7] 9% hydrogen peroxide(200 pM) %

110 4 a a a a a
100 — 1 = 1
90
80 +
70 A
60 -
50 4
40
30 +
20 +

Cell viability (%)

10 20 30 40 50
Concentration (pg/mL)

Fig. 2. Effects of eriodictyol on HepG2 cell viability. Values are

meantstandard deviation of three replicate determinations (n=3).

Different letters above the bars indicate statistically significant
differences (P<0.05).
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Fig. 3. Effects of eriodictyol and hydrogen peroxide treatment
on HepG2 cell viability. Values are mean+standard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).
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HepG2 Al EF| A hydrogen peroxideo] &l f1k%
M3t~ EY A D IR E =40 ZHE eriodictyol 3EE
2ol ot =2 ditel G459 FAA HAFS real-
time PCRZ #2413} tHFig. 4~7). SOD-12] 7% hydro-
gen peroxide® ©@= A3t tlZT Rt} eriodictyol &%
E 20 pg/mLe] A7 FEoA °F 10% %2 ddFo] 4

SOD-1 (M) W WSS W W e .

120 ~
a
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b o
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(2]
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Fig. 4. Effects of eriodictyol on superoxide dismutase-1 (SOD-
1) gene expression against hydrogen peroxide-induced oxidative
stress in HepG2 cells. Values are meantstandard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).
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Fig. 5. Effects of eriodictyol on superoxide dismutase-2 (SOD-
2) gene expression against hydrogen peroxide-induced oxidative
stress in HepG2 cells. Values are meantstandard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).
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HAow, 50 pg/mLe A8 FEolA= hydrogen per-
oxide A gt} ¢F 30% =& HAFo] FAHJY F&=
7} Z7Fstel wel SOD-19] wdFo] oA o= F7tehes
RS &3t v (Fig. 4). SOD-29] 7% 30, 40, 50 pg/mL
A2l = ddwke] 247t 73.5%, 88.7%, 89.8%% hy-
drogen peroxideE ©& 2|3t tz=v) H]3)] o8z
7Vt Ao ® Yelgth(Fig. 5). CATS 2% 10 pg/mL
9] gl 5= A hydrogen peroxide * &Rt} ¢F 27%
o] & w7k A EGlow, M w57t SV wet
CAT9] wrdsfo] frojd oz F718klth(Fig. 6). GPx %
ol 49 10 pg/mLe] A XA hydrogen peroxide
Agdrmo oF 26.7% w2 FdHo] B EHJAI(Fig. 7).

CAT Ml S B0 B B e |
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Fig. 6. Effects of eriodictyol on catalase (CAT) gene expression
against hydrogen peroxide-induced oxidative stress in HepG2
cells. Values are meantstandard deviation of three replicate de-
terminations (n=3). Different letters above the bars indicate stat-
istically significant differences (P<0.05).
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Fig. 7. Effects of eriodictyol on glutathione peroxidase (GPx)
gene expression against hydrogen peroxide-induced oxidative
stress in HepG2 cells. Values are meantstandard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).
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Alia 5(17)2 tert-butyl hydroperoxideZ ©]-&3}4 4ts}
2EY27F 5249 HepG2el querceting €] sho] a3}
a4 FXHS S5AH3¥ o, tert-butyl hydroperoxide®t
gk A elat 3 querceting A d & H|wEGS
ksl @491 SOD, CAT, GPxe] Aol fode=z 7}
sl A8 B 13519t Morina 5(18) ethanols o &
quercetin w7} nk-9-29] ksl g4 gl M X|= o
S B3kl o1, ethanol¥t HoIg w3 |35} quer-
ceting 7]k Tl Al SOD, CAT, GPx9] &4do] f2ol& o
2 Z7F8 A querceting ¥ FEE 9945 SOD,
CAT, GPx9] &Ao] &713}+= AL Hadt . Manjust
Nalini(19)= F el Al 1,2-dimethylhydrazines 3| 3}%%]
of Fojste] ~E# A Y wekg Uo7 A gk ¥ flavonoid
él'lfr?_ luteolin® &&3te] SOD, CAT, GPx, 84S =4
st A3 luteoling FHF3HA &2 control Rt} F4ks}
A GAo] AT SUkeke A& Hasklth Wong &
(20)& FH oAl D-galactosamines FoJ3to] ALl AEw A
E #E3F & a-tocopherol¥ flavonoid®] 3+ £l daid-
zeing Folato] ditksl &5 Hrtaelr] 938k total SOD
glr SOD-1 z‘zl—}ag _i_zqg}oq iﬂfﬂ— u} 01 o] ‘i & fla-
vonoid $§=2 th¥st 712 F3) At AEY A2 R
Fakst a4 S S ST BeR HiH glom,
2 AgoA AESZ flavonoid 3+3EQ] eriodictyol E3F
hydrogen peroxideol] 2J38] F&¥E A3~ Ed 22 HE
SOD-1, SOD-2, CAT, GPX T 2 ks fAA nd
= F7WIA AR E4E A A2 E BEE
1= Aoz BAEY ;}.

v

1 o

2t Jls XEEA BEME St ME HS &1

B A3 A& hydrogen peroxide® x#3dflo] Ak3}4
~E# 27} Z718 HepG2 MEF eriodictyol 3H3&<
Ag sl 459 W GOT, LDH ¥ GGTE #4351 th(Fig.
8~10). GOT+= 3+ A%, &, dA ol £43}e] o}n]

80 -

701 iy b
60 M o= 9 g
] — e
504 f
= 4
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Fig. 8. Effects of eriodictyol on glutamic oxaloacetic transamin-
ase (GOT) activity against hydrogen peroxide-induced oxidative
stress in HepG2 cells. Values are meantstandard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).

7] Mojuh&-& ZujslE FA2A(21), aspartic acidol
4] amino group< ketoglutaric acid®2 &3} oxalo-
acetic acid& A3 TH22). GOTE FHAIRE Q] &= F X
weh gl Y= kel 7hed, W 5o A xE g
AFEEITH21). HepG2 Al 39l hydrogen peroxide® =
Al ek tlzxate] GOT 42 AElshA] &2 txatel H]3)
oA o m Frteke As Q1 = AN eH, eriodictyol
3HES A28k 22 (10~50 pg/mL)el A GOT &4 o]
frojA o w2 fHaste As Gl & AATHFig. 8). LDH
+ nicotinamide adenine dinucleotide(NAD)2] &4 3}ol]
A7 g 289 HFAHEQ L-lactate®} pyruvate 1t
9] 7t A ArE s An-gS Histe aAEA I A, 2
F Ul v EAleth(23). AgEE 1HE3 884 o
HIRIE FollA F7helH, 33kl A GOTSF 2ol 1hA
EEHE FEHo Frteta 2ds e S48 AA
ok 10W) A& Z7h8HE AR o 514(24) LDH &4 &
=A% A3} hydrogen peroxide® @5 2|3k ﬂ%?ﬁﬁf%
745 °F 965 U/LE A% 21, hydrogen peroxideZ
AgshA e dizate] 49 oF 403 U/Le] LDH &4&
YE}le] hydrogen peroxide ##o] wt& LDH &4 9]
o)A F7HE & 4 AU olwl HepG2 A3l erio-
dictyol 3}gE A 2](10~50 pg/mL)el <]3] LDH &4 o]
FTE oEA 0 Z 7FAEE Ao R EAEQHFig. 9). GGT
+ glutamyl peptideE 7}3#3l 3] gamma-glutamyl”]
= U}E peptide®} amino acidel] AojA]7]= &4 24 (24)
Zh, 2, v A s Aol de] FEE JAT EH
GGTe UFEL 113 g3 AIMzel A Fseh(25,
[e)

FAE dng AR A A

1§ G A ol ® Fol 9% AL, BE
ol mhE ATl WA, NFAH L Gug Fo) ¥
% folol = Falsof 9lom(25,2 %

AL EAse] e A
ARl o3 F7hshs Ao
1200 -

a

1000 T

800 -

5‘ 600 - c d
400

200 +

0

Con  Con 10 20 30 40 50 (Hg/mL)
H,0, (200 pM) - + + + + + +

Fig. 9. Effects of eriodictyol on lactate dehydrogenase (LDH)
activity against hydrogen peroxide-induced oxidative stress in
HepG2 cells. Values are meantstandard deviation of three repli-
cate determinations (n=3). Different letters above the bars in-
dicate statistically significant differences (P<0.05).
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Fig. 10. Effects of eriodictyol on gamma-glutamyl transferase
(GGT) activity against hydrogen peroxide-induced oxidative
stress in HepG2 cells. Values are meantstandard deviation of
three replicate determinations (n=3). Different letters above the
bars indicate statistically significant differences (P<0.05).

ol A hydrogen peroxide® w5 A &]3F ) Z+9] 4%
ol& AR ¥ tizzatel] HlE] GGT &40 o8 o=
=7k o, 10~50 pg/mL %9 eriodictyol 3% A
2= GGTY &A40] Fo3tA HAste ALZE UERRth
(Fig. 10). o]& 3t A3} HepG2 Al ¥l A hydrogen per-
oxide A&l 23] S7F3 GOT, LDH % GGT2] Aol
eriodictyol 3}g&& A glo 9 Fodoz fIaste A
o2 $A5 9 eriodictyol 83Eo] HAE BE F¥ol O
st 45 7H s Ao E TgETh

M= L] ROS MM Xl =1t

HepG2 A3 A eriodictyol 33 A7} AlE W &
Arad A4 A= 93-S DCFH-DA assay® &<l
& tH(Fig. 11). DCFH-DAE AIXZ vjoll 4] ROSl| <]&) 4t
slx o] ¥3S YehllE DCFE AgE T HepG2 Ml E9
hydrogen peroxide® &5 A2 slo] 4ts}2d ~EH2E

F 23 279 A5 9087 28] & fluorescence?] e

H,0, (200 M) - + + + + + +

2000 - 4 Con ®H,0, -4 10 --20 --30 -»-40 —-50

1500 -

1000 [

500 f L. .

DCF Fluorescence (Counts)

0 30 60 90
Time (min)

Fig. 11. Inhibitory effect of eriodictyol on ROS production
against hydrogen peroxide-induced oxidative stress in HepG2
cells. Values are meantstandard deviation of three replicate de-
terminations (n=3).
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1,5192 YERNE= 9bA| eriodictyol 3% 50 pg/ml 5%
2 Ak Jg 9 fluorescence?] # 752F YER}=
Aoz B 5 eriodictyol A2l 28] 713 ROS A4
o] ZF43sl= Ao E UElt). £3| eriodictyol 33E A
2] Al 90 F9] fluorescence 74 A3}, ROS A A7}
hydrogen peroxideZ T A2 vz 9 |5 10 pg
/mLe] FEoA 8.3%, 20 ng/ mLe EENA 24.7%, 30
pg/mLe] FXd A 31.1%, 40 ng/mLe] sX X 37.7%,
50 ng/mLe] FEZolA 48.5% FrAdhs o= e
Li 5(28)2 DCFH-DA assayE ©]&3}% EA.hy926 A%
ol hydrogen peroxide® AFSAE#H2E FEd &
eriodictyol A 2fell &g &g AaFE 5743 23t erio-
dictyol 33&°] Fodoz S4MNAF A4S A=
ARE et B uskgith. Areias 5(29)2 DCFH-
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