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TE. st g P BT R R Z 855 HepG2 RALH A5 6987 4E A . 33 mmol/L & 4 4E A %
A, 5 RE KGR F EE(0.1.1,10 wmol/L) 2 F 5% & 24 .48.72 h, & A MTT 4w 2 5+ 45 45
o f0 75 & 0 %ok DCFH-DA % R84 k4wl 2a e B dy LK P, il 2 2\ B AR B A 4 3 AL Bl
(SOD) ., A =& (MDA) , 4 W H Ak it B A4 B (GSH-PX) |, ¥ 4t AAL AR 7 (T-AOC) K F , Real—time
PCR @ € Nrf2 HO-1 mRNA £ i% K -F 3R3T & 3 5 85 2 & 45 45 20 10 69 £ 47 4F A BT R AL
SREVN OEPFEEZHBERFERNABh A Loy B REAHRIZRGHGEEEETE 2
Zikmpe B i A KF (p<0.05); SR EAH R ERER AL RKRE, L P 10 pmol/L & 3 &
BEAE A 48 h BF s R AR B F (p<0.01);10 wmol/L & # # B2 4E /A 48 h 8, % 2 % Ef Nif2 HO-1
mRNA & & KT (p<0.01), B, L FEEBTFnhmieh i AEWRALERKE L
WA B R AR X KR KA, W] F 4 AT HepG2 28 JL 69 B 45
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Protective Effects of Resveratrol Against Oxidative Damage Induced by
High Glucose for Different Time in HepG2 Cell

XU Yuanyuan', YU fing', CHEN Lili', CHENG Xiangrong'?*, SHI Yonghui'?, LE Guowei™"*
(1. School of Food Science and Technology,Jiangnan University, Wuxi 214122 ,China; 2. The State Key
Laboratory of Food Science and Technology , Jiangnan University , Wuxi 214122, China)

Abstract: To investigate the protective effects of resveratrol against oxidative damage induced by
high glucose for different time in HepG2 cell. The cells were treated with 33 mmol/L glucose to
induce oxidative damage and with different concentrations of Res 0.1,1,10 pmol/L. for 24,48 ,and
72 h. The cell viability was measured by MTT assay, DCFH-DA was used as fluorescence probe for
observing ROS level in cells,superoxide dismutase (SOD),malondialdehyde (MDA ) ,glutathione
peroxidase (GSH-PX) ,total antioxidative capacity (T-AOC) were determined by using commercially
available kits. Real —time PCR was used to determine the relative mRNA expression of nuclear

factor—E2-related factor (Nrf2) and hemeoxygenase—1 (HO-1). Results show that compared with
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high glucose damage group,after 48h,cell viability of Res groups was significantly increased (p<

0.05),ROS level was significantly decreased (p <0.05). In Res groups,cell redox state was
improved, 10 pmol/L. Res group was significantly improved for 48 h(p<0.01) ,its Nrf2 HO-1 mRNA

levels was significantly up-regulated (p <0.01). It is a significant protective effect of resveratrol

against oxidative damage induced by high glucose in HepG2 and it works through scavenging free

radicals, improving cell redox state and up-regulating Nrf2 HO—1 mRNA levels.

Keywords: resveratrol,HepG2,high glucose,oxidative stress, mechanism

A A I VORI TE T 32 A 3 R A N e i
P 73 43 14 %A (reactive oxygen species, ROS) [ Hi
By At 2, AR BE S HLAA U BR AR T, i LBt
FALRGRA, mbERED AN ROS ZK-F-34m,
T R A AR, X5 LB Ay L AE B
PRIDG Je I T T ik A9 i IR R & i %3 DD AH G, 2
[ (Resveratrol ,Res) & R E M Z 1k &9, VF
Z W5 R BA HUE AL T BR A b ] )
M B4R VA5 I NE AR BT R A T A A B 2
FEPEH ) a—B2F BR (a-lipoic acid, LA) & KRBT AL
I bR s — P BEVE R LA (HL0,) R A
M 3L (-OH) 2 Fh ROSP, B TR 45 REW i
i ) S8 A I IR 0 4 B AT DR A 4 S8 A BiE 5 b
MBLFERRAE AT IR, A WSS R R, B
B P S AR 1 1 A0 L BT — S PR AP I,
SHORT 45 403 200 1 1) P 4P 4 FH AL A RT R 55 0 Y R TR
E2-# &3 A 2 (nuclear factor erythroid2 —related
factor 2, Nrf2 )/Ht 4 At 5 1 TG4 (antioxidant response
element, ARE ) {5 538 % | 1 5 20 JiL X 40 Ak 7 90 A BT
PEAH S BN 41 A [R) S A D RCR S IR AN [+ v
JE R P R AR IR LA R il . AWEoE
FI A [ B ) e 575 2 HepG2 4t M 480 Ak 1 S 78
PRUE T 2 P I O 7 40 i A A8 410 ) 46k 40 0 1 4

FHAEBRAHLS
QAR
1.1 #MR5E

N 40 L HepG2, W A iR} Be 1 i 2 k2
550 A )2 ST BT 5 SRR U, 56 [ Sigma 23 H]
s DMEM 85383, 5[ Gibeo ARl = s /N I
B, BN U 235 A R R TR F 5 A B AL 5 R A A
(Glu) MEBEWE (MTT) | 27,7’ - 5K INE . LRl
(DCFH-DA) %GR %1, 35 [ Sigma 23 w7 i ;SOD |

1 mB5HE

MDA \T-AOC ,GSH-PX il 7 i 5 £ , o 5% 2 B A= 4
TR B T HE AL S BCA B 11 T ok B O iR A
Trizol {7 & , [ T AW TRELS B F= 0 98 62
i& PCR AccuPower 2X GreenstarqPCR Master Mix iz
7, BIONEER 23 m] /7ty HZEMEE . BFmR, KE
Sigma 23 77 il o W E 5 43 B FIK 3 R KR AiK
ARk E R AN R SR A, 3 1E Thermo A Fl
il 1% ; SpectraMax M5/M5e fifi #51% , € [E Molecular
Devices /&l ffil i ;One—~Drop OD 1000+ 43 Y ¢ &
i, BERE AR A BRA A HE AL 7900HT Fast
Real-Time PCR 1%, 3¢ [E ABI 24 ) il i .
1.2 Ak
1.2.1 #@mjass X3k HepG2 40 M TE & A K LS
B 10% /N4 135 B9 DMEM B985 35 35 T 37 °C R
TR 5%CO, TR RNE B IREE T 5 RS % O 4il A K
2 70%~80% il G I [ 35 1 R AL . #= R TL 1:3 1%
fRBE IR AR L 6x10* AN /mL B FEFET 96 1L
#e, L 100 wlL,
122 %3 SR 6 A, IEHEXIRAH . &
5.5 mmol/L ##] % ¥ £% 5 7 (Control ) ; IR 15 4 . &%
33 mmol/L &G 323 (G) 5 @I 10 wmol/L i
B HELH (LA); o BN [) R 38 1 22 % e Aok 3
0.1 wmol/L(RO.1) .1 wmol/L(R1) .10 wmol/L(R10),
VE 40 I B 18] 5371k 24 .48 .72 h,
1.2.3  =Eek 3 (MTT) ik 4 ) fm Bo 776 & 96 LR
HH A o 2 Ak B R SR BRI AL A 20 pl
5 mg/mL B MTT, K 80 wlL fY JC Il 175 55 37 5L | 4k ¢
Figt 4 h, & EWEWIMA 150 wL DMSO, #E61E D
10 min, M5 B3 AL 5E % FLTE B4 492 nm &b (19 1%
JCEE
1.2.4 DCFH-DA % kR4t kA nl e N A b 4
ROS 7K-F  # 1:1 000 {4 B Lb G il 1 K5 7 W
DCFH-DA , i FLZ ik o0 10 pumol/L, 96 FL AR 41 i
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& 3P B2t R R A0 @& 6% HepG2 4 I B AL 345 &9 PR 47 4F 7

W2k, KBRIEFRW, LA 100 wL DCFH-
DA, 37 CE;F#H PP E 30 min, PBS PR 40 21K ,
PLFE S Fe B AR A A0 P9 ) DCFH-DA K I 20 Jifd
DECTR I R WK 488 nm, & BT K 525 nm,
1.2.5 FAALIE RIGAR GG M T LA S A R AR
AR, 2 MR g mUHE A W TR 9 A B 46 A% A4 Rz K 51
SV, ME4NEA MDA &5, L& SOD .\ T-
AOC GSH-PX {fith, # F 5 & & BCA & H it
& e,
1.2.6 Real-time PCR 7 &M & 8 fe. Nrf2 HO-1 #9
mRNA & & BB IR 48 h iU AL | T Trizol i
I £ 48 B 40 i B RNA, One—Drop OD 1000* %! 435
JCRETHI E RNA MW E R4 E . B2 wg £ RNA
HEAT S sk A3 5] eDNA, LA ABI-7000 #1285 5 &
PCR 1%, Z M Accu Power 2X Greenstarq PCR Master
Mix #¢)% € 1 PCR XA &, LA B-action i N AREAT
PCR 934, @ ad Ce (EHEATARN & 0, IV ik B2 i 2k
AL PCR P25 5t o B 3L K bR 5193 I
T 1,

£1 EEWMIIWET

Table 1 Sequence of the primers

 Foward  GGGAAATCGTGCGTGACATTAAGG
Braction  verse  CAGGAAGGAAGGCTGGAAGAGTG
Forward GCGACGGAAAGAGTATGA
Nri2 Reverse GTTGGCAGATCCACTGGTTT
oy Forward ATGACACCAAGGACCAGAG
Reverse TAAGGACCCATCGGAGAAG
127 AR oA SR Dass Rox, 8 H

SPSS17.0 %Kk 14 X % ¥ o 47 s K K O 22 o0 by
(ANOVA), 3 H] Tukey #6560 7F 47 2H 8] L 5%, 12 3K
R P<0.05, % 8 KN P<0.01,

LR

21 BEABENESHFSEBMEEENZN
HMAESE S RBENT, A7 EmE M1
X b 453 A0 A A BT SR B AR R A AT RERRIE &
LV IRENG RN R YR LNV E R L AR O e v
AP IO A P R B PP BT A A TR A 40 R TR ) £
I, RE A8 A B AE g R 2SR BOAE AL, D 4 7
S A L CPIL A A B A9F 5 0 s 2 T 48 1k 25 ) A 2 e
B BE TSI R, SRR LAY AR 5 3RS O

HAEBRRAE (5 50 e WA I, DK A 4 i 2t
AN I T 1 B I AT E A L RS 6 A A
Sk, Hg AR ) Wy ad 2 T S BOE PR AR AL,
[ e 38 2R S € (PKC), §:3( 0,7+ (ONOO 4§
ROS 9 4E piad &, I 2 i o ad 44k, 5 & B AL
U, T PR 200 B R

I3 2 AT, 5 IR AL L 48 72 h 451
20 240 ML A7 105 3 S 2 AR (P<0.01) , 30 1A v i Y 2%
FOMEHITE 48 h LA EA B, SOG4,
Res LA 2 ¥ fil fnh 25 41 iy A5 00 20 a7 705 % (P<0.05)
XA AT 2 AR A O ELAT — 2 Y R A A
P, R10 ZHAE T 72 h i JE L& 520

R2 BEAEINSHRARTFERNZN

Table 2 Effects of resveratrol on cell viability of high

glucose—induced cell

24 h 48 h 72 h
popilst 100.00+3.07*  100.00+5.58°  100.00+4.67¢
G 95.41+4.26° 91.98+2.85* 84.79+4.51*
LA 96.58+6.00° 96.92+2.92" 93.50+4.13"
RO.1 96.80+£2.19° 95.50+6.43" 90.65+4.29"
R1 98.30+5.47° 96.92+5.57" 93.14+3.14"
R10 99.20+£2.47* 92.93+6.85* 86.11+2.55%

o (xxs,n=6) , [6] 41 HhOK [6] 70 678 22 7 1 35 (P<0.05)
22 AFABEMERFSHRBEHEKENFIE

2,7 - E LR (DCFH-DA),—
At Xof 240 0 PN 355 SR ) O 0 R S MR SO IR AT, T
DIFE S PR 5 ROS 254G, NI B 4224 DU 44 i I ROS
AR A BRI ROS JKF- 19 J7 i E R
B R AN AT WRAS ) R gl gk 1 7 9O
TR, MERELE s B, A RAE W T AT
AR 2 2 RIS A0 A REAE A DU ROS B & H: 5%
6, TR T ROS 7K -1 75 22 25 Bk 41 B A7 R (1)
SEMR M IE I B ROS 7KV A" f B A 1 sz I 52 30 5
BraRiv .

¢ 3 AP, 5 IE R X LA L, 48 .72 h s b
P05 4L AR 53 TH i ROS /K (P<0.01) , RNt &
AR50 40 34 fig b 35 IR A A ) ROS 7K F O B A
—E B EEMAE L 72 h R10 0% RO.1 . R1 24 ROS
HOFA B S 38R 7E R10 EH 72 h B,
A RE 23 X0 20 B 7 A A 1 i IR AR .

HHSEE 2.1, 2.2 G5 SRl A1, SRS A T8 I
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H,0, 20, B 24 h WA W& ROR, 7 24
48 h LA A2 X 4 A7 % A [ H R AR AR R
FH R E AR SIS [ BE Res BESE =
POIRERL A6 3 R AR A B K
®3 ARABEMNESRAEAAENZN
Table 3 Effects of resveratrol on ROS of high

21 5

X H# 100.00£2.99*  100.00+8.51*  100.00+8.37*
G 109.06+5.86°  131.55+9.35¢  183.64+7.67¢
LA 104.50+8.81™  103.52+£5.62*  156.13+4.91°
RO.1 108.49+7.35°  126.27+5.09°  150.32+8.37°
R1 100.18+8.11"  112.33+3.44>  117.13+7.88¢
R10 94.92+6.69°  108.64+£7.22"  129.83+4.43"

U (s ,n=6) , A5 v OR [F] 71 32 75 2% 5 3 (P<0.05)
23 HAEABHUEEFSHEARSUIERSH
=AU

M1 2% 3 AT, 5 05 5 41 L, A TR Bsf i) 46 495 41
f) SOD .GSH-PX .T-AOC #J i % &k ,MDA & &

i TR (P<0.05) . 545/~ (A1 4545 4L A L, 78
LA FIAR[E ¥ FE Res B}, SOD .GSH-PX \ T-AOC ¥ i
FTHE (P<0.05) , MDA % i 8 3 %K (P<0.05) , Jf
H Res X =5 05175 5 20 Mo S0 Ak 380 B0tk 25 00 o 49 A7 7E
FIHE RO K F , 48 h 2H Res 459k i S8 Ak i JFUIR 25 9%
PRIKE S F HA A BRI 2H . R10 414 RS5O e
I, HAEMIFRE T, Res SCRIET LA,

MR SR PG bR A T2 6 25 0] LA Y
3 10 R AT 1 AR AR ST RS A B P R
il Sk 5 0 ) e R A 47, R10 4 fg il
AR SRR A B2 0 8 28 0 O G HEAL I ET R
B VR EENE BT A0 N B 2 T 2 S
fdi SOD .GSH-PX & &M X PR £ | MBTRE I,
24 h TR B AR B A (E 20 i A AL R IR S
B IF IR & A oA ;48 h F W3 i AL R B (P<
0.05) ,Res 5 ¥k Ji 41 B4 RE A [m] 2 B2 o 38 46 Ab 3d ik
7L JF HOR10 2H el &8OR35 (P<0.01)572 h K
WIVE F B, ol AL 0 JRUIR 25 0 R B B E MR T
48 h 2521, I v vk 3 T R 23 & A X 45405 40 e ) £
AALTER .

®3 BEABEUSBREFSERSUERREHE N

Table 3 Effects of resveratrol on the redox states of high glucose—induced cell

T-AOC/(U/mg) MDA/(mm/mg)
24 h
4 6.40+0.46° 27.79+0.22° 4.030.38" 4.84:0.32"
G 4.81+0.18 14.28+0.30° 2.62+0.04° 6.63+0.16"
LA 7.7820.59" 23.92+0.22 3.50+0.02" 4.81:0.04"
RO.1 5.26+0.40" 21.55+0.04" 3.86+0.19" 5.55£0.51°
R1 6.040.10° 23.96+0.02" 5.1120.40° 4.86+0.62"
R10 6.840.52" 30.47:0.85° 4.130.06" 4.05+0.25¢
48 h
4 I 6.420.32° 28.100.17" 3.91+0.06" 4.64+0.35"
G 4.52+0.14° 11.73+0.24° 2.22+0.05" 7.25+0.35°
LA 7.100.66" 17.35:0.41" 3.75+0.01" 5254241
RO.1 5.62+0.33" 21.13+1.03" 3.39+0.13" 5.47+0.13"
R1 6.22+0.71° 26.83+2.01" 3.85+0.18" 422+0.14°
R10 6.52:0.60° 32.87+1.01° 434003 4.18+0.03
72 h
it 18 6.36+0.21" 27.3620.22° 3.94+0.02¢ 4.62+0.34°
G 4.35+0.06" 9.35+0.60" 2.09+0.08" 7.55+0.12!
LA 5.92+0.05% 15.90+0.02 3.16+0.20" 5.730.11"
RO.1 6.52+0.16" 14.570.03* 3.59+0.06" 6.530.51°
R1 6.74+0.22" 17.74+0.01° 422+0.16° 5.66:0.24"
R10 7.84+0.26° 21.74x1.11% 3.33+0.10" 4.7120.30°

T (s ,n=6) , [ 3 i K [A] 7 B R 22 7 18 35 (P<0.05)

932 Journal of Food Science and Biotechnology Vol.33 No9 2014



=

##

", 5

& 3P B2t R R A0 @& 6% HepG2 4 I B AL 345 &9 PR 47 4F 7

24 BAEAEXSHEFSHEE Nrf2, HO-1 mRNA
E3e: b

Nrf2 2 5 2L PN U8 1 B 4804k I 37 o8 7 R 7
HE AR JE AT AR T — 2 5 B P AE AL B S R Rk
>4 2 37 3] B ) 5 A AR AR T Nef2 2 10T
K W R AL R B, U A A N, S Bk R
JCHF (ARE) 25 &, 2 1075 5 08 4 11 0 35k R 3% 5K il
21 F A 1 (HO-1) [BRE L A 1(NQO1) #
A ALY AL (SOD ) S5t S A6 R 1T AH ff 25 Bt , AT
XHHT ROS 71 & 5840 0 38, DR 1E 5 1 4 B AS 52 JE
PRI

TEHL 2.3 5206 45 H b 4 P RCR B i 1 48 h B
R R10 2H DL K AH R 09 s B A5 4 LA 44, RT-PCR
I 5E H Nef2 HO-1 mRNA kK ¥, HE 1.2 7]
ML, 5 IR B A L, 5 00 At 3 AR Nef2 \HO-
1 BRIRIKF (P<0.05); S5 4HAH LA H1 Res
YIfEM B % THE N2 . HO-1 #9235 7K °F (P<0.01)
JFH R10 4L/ Tt i KT 5 o 25 R W7 s W 6 4
P AR Ty AR R AT D S Ak N2 i
R WP A AL mRNA 263k DT 2l 3 41 i
AR RS

ZE E AR EBEAE S 4 8h LI LR 40 A7 R
B E ARG RSO B3 T (P<0.05) , 3 B 4 i
AR

24 48 72 h B, AU B AR R R R oS 4 A0
o0 S AL R JFOIRES , Hod R10 4146 FH 48 h 85 R i
3 (P<0.01) , 76— i Bl P, Bl 3 48010 0 3 %
TR, B T ) T 2 R RE R AR AR Ak VR B
R B AT LA 20 2 Mk A A 85 1 A FH I, R
] AR S IR A SR R, RS B AIG N
T, BE R IR HF A AR ST IR A R A [F] 4 AE
I JFCIR S P AL Y 75 B AT RE S A AN TR,
B 75 23— T

R10 ZH/EH 48 h B}, L Nrf2 HO-1 mRNA
FEIR KOV 5 i e 45 B AR e AR Ak A DG [ T
BE IR R IR ok ol AL SRR

SE Wk

AHRMRNAZ LK

G+LA G + Res
10 uM 10 uyM

R G

T : (s ,n=3) , AR TR R 22 5 135 (P<0.05)
E1 BEAENSHEESHEE N2 RiEHZ0E
Fig. 1 Effects of resveratrol on the expression of Nrf2 of

high glucose—induced cell

20r1

—_— —_—
(=} w
T T

FHmRNAZR LK
o

G+LA
10 uM 10uM

bt G G + Res

T (xs ,n=3) , A i) FRE IR 25 57 i35 (P<0.05)
B2 BEAENSHEESHEE HO-1RIENME
Fig. 2 Effects of resveratrol on the expression of HO-1 of

high glucose—induced cell
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