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Abstract

AIM: To investigate the effects of resveratrol on
alcohol induced apoptosis of HepG2 cells and to
explore the possible mechanisms involved.

METHODS: HepG2 cells were pretreated with
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resveratrol for 24 h before treatment with alco-
hol to induce apoptosis. MTT assay was then
performed to detect cell cytotoxicity and vi-
ability. Inverted fluorescence microscopy was
used to detect cell morphologic changes after
AO/PI staining. ELISA was performed to detect
the presence of intracellular superoxide anion
and oxygen radical antioxidant capacity levels.
RT-PCR was performed to detect the mRNA
expression of Caspase3, mitogen-activated pro-
tein kinase kinase (MEK), extracellular signal-
regulated kinase (ERK) and silent mating type
information regulation 2 homolog (SIRT1).

RESULTS: In comparison with control cells
(non-treated with resveratrol), resveratrol at
concentrations between 25-100 umol/L exerted
an antagonistic effect against cytotoxicity of 300
mmol/L alcohol to HepG2 cells. AO/PI apopto-
sis assay showed alcohol-treated cells contained
many orange apoptotic cells, but resveratrol
treated cells had less orange cells. Different
concentrations of resveratrol could decrease the
activity of activated Caspase3 in alcohol-treated
cells by 2.12, 1.46, 0.90 and 0.75 times. Intracel-
lular superoxide anion concentrations in cells
treated with 100, 50 or 25 pmol/L resveratrol
were obviously lower than those in alcohol-
treated cells. However, the total oxygen radical
antioxidant capacity was significantly higher
in cells pre-treated with 100, 50, or 25 pmol/L
resveratrol compared with alcohol-treated cells
(65.74 + 1.64, 68.14 + 6.06, 70.81 + 6.35 vs 45.26
* 2.75). In addition, resveratrol increased the
expression of SIRT1 and ERK mRNAs and de-
creased the expression of Caspase3 mRNA.

CONCLUSION: Alcohol induces oxidative stress
related apoptosis of HepG2 cells, and resveratrol
exerts anti-apoptosis effects by regulating the
expression of genes involved in the MEK/ERK-
SIRT1 pathway.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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L HepG2 : : MEK/ERK-SIRT1; Caspase3;
’ HepG2;
7% HepG2 24 h | HepG2
. MTT ’ 24 h
HepG2 ; ’
ELISA
(total superoxide) (extracellular regulated protein kinases, ERK)/ERK
(oxygen radical antioxidant capacity, I(silent mating type
ORAC); information regulation 1)
3(cysteine-requiring aspartate
protease, Caspase3)
(acridine orange, AO)/ MEK/E‘RK—SIF‘%Tl ’ HepG2
(propidium iodide, PI) _ 2014; 22(21): 3011-3018 URL:
; RT-PCR http://www.wjgnet.com/1009-3079/22/3011.asp DOI:
Caspase3, http://dx.doi.org/10.11569/wcjd.v22.i21.3011
(extracellular regulated protein
kinases, ERK), ERK (mitogen-activated -
protein kinase kinase, MEK) 0515
I(silent mating type information regulation 1, AT RAE R IR 1R 2T AL A ) — B F P4 ST
SIRT-T) mRNA o, MR R E . IEEAREERIRE . MRS
At 1) AR ik P ke 2 B AR Y. PR T BE AT BA
&R MTT , 0 25100 5 A g 2k, AT LA
nmol/L 300 mmolL sps g —F 1o 700, (LR PE IS 0 4181
HePe2 o Ak T BB A E T A, B9k
' IR, RS AT DA NN R SRR A
Caspases  EONFAIIGAMIT, JHT-H AR S0
PERF B0 ) — AN LA, R P R —
Caspase3 , Caspase3 LMY R, TEAAETHE R R,
2.12. 1.46. 0.90 0.75 ; FFAZ AR o, 537 5 08C L, H L0, BFFER
100, 50, HEMEERAIR. Pl PURE. gRH
25 pmol/L SUTVR A P, SRS A P AR T 7 A K
; El:ENNSE SRR S CuR A E N R IE ek 4
ORAC(45.26:£2.75) P00 50 e pistay (i M. SLACHR 05 AN T B R as
25 umol/L (65.74%1.64. S 20 3 JEE A [ S it activated bro-
68.14+6.06. 70.81+6.35). RT-PCR SR RS (mitogen-activated pro
. 300 mmol/L ’ tein kinases, MAPKs)iE & """ MAPK S Jk
SIRTI ERK mRNA A0 F5 2 M /M T B [ B (extracellular regulated
; 50 umol/L 100 umol/L protein kinases, ERK). p38. c-jun & A i i ity
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(c-Jun N-terminal kinases, INK)ZEZ AN i, ANF
J R AR 2R S ASAR RO, A 1 TR B B4R
k571138 i Ras/ERK B (mitogen-activated protein
kinase kinase, MEK)/ERK-JTER5 B 185 1(si-
lent mating type information regulation 1, SIRT-1)
Xl R BT TR, Rasi 884 1 3
HHH, MEKSE T HUSERK (130, SIRT-15E
ERK FJi#f)4r T2, SIRT-1E 4 E B 7E if 5 Py
S 40 A B L SR R S PR SR B A T,
JHF 24 o 62 40 il R (Hep G2) % )2 FH T IF 4 i 55
Yo AR AR AN R SMR S 7T, R 0F TR
PRI B R GRS RS, B AT, EBA AT A
FERR IS 2 7 R HPAS VE A i 3 it 7. AR
S5 B AER N 2P AR 15 5 I Hep G244
ML B T fe g S AR AL,

1 RS

1.1 AT 40 i 98 Hee p G2 40 il Bk W T 36 [
ATCCAH]; k. —H I TH(DMSO)E H K
A4 T ; DMEME: 5. fR4-ifiE. MTT.
1Y g #% (acridine orange, AO)/HLAL P IE (propidium
iodide, PI)JJ [ 2£ [ESigma /A 7; ELISAIR 7 &6
H R AEE A TR R A" M3 ECell Bio-
labsAA]; MRNAFRHUAF & RT-PCRY ik
FEIE LAY TRAR,; ;7R
Thermo). 3 255N H AOlympus A 5] 7= i,
FH 2 il P 2 B SE R 9 BT e AL

1.2
1.2.1 - N4 5 Hep G241 ffl, DMEM

(Dulbecco's modified Eagle's medium)#5 773, 07
10%(V/VYNIIEFIS0 ng/mLK KR, 37 C.
5% COJEFRMT R IR, AN IR RI80% LA I )5
FlfEO6FLANMIES 7oA L, 5 5 M1 X 1074,

1.2.2 MTT s ANERR FE 1) B 2 7
THALFE24 hif)1X 10° HepG24HH, AR 7l sc o6 45
FFE 300 mmol/LiTFE %5524 h; 96FLAH A
20 uL MTT, ¥ H4 hf5, 37+ E5 57, TIA100 uL
DMSO, #EIRE Y15 min, FF5E 0455 57 5 1A R
J&, BEFRA570 nmAb i B O 1E .

1.2.3 AO/PI S 1X10°
(FHep G240 i FfF12FL4R, HZEBETIALHEE24 h
J5300 mmol/LIiA5 5 R T, 24 hf5 7 £H5 5%
i, AO/PIEAWI(10 uL AO, 10 uL PL #KJEH K
1 mg/mL)%e e, 57 B & T 98 68 & AU (Olym-
pus, HA) FAL SR Yt 140 HL, BRI A
1.2.4 Caspase3 . 1 X 10°(JHepG241 i fil T
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96FLIR, 1P EE AL EE24 hfiF300 mmol/LiFiFE
T, 24 WEF R, FIAKIPBS(pHIE
7.2-7.4)THEBE2IR, 40 ML 2R A i, 4 C
5000 g#0>5 min, WCHL EIEAR, A HEUAEEE
Y TFEHF R A FRIELISARF &AM Caspase3
Fik, Y EEFRMXAE450 nm b2 BU G FEAR.
1.2.5  JHAEFRT96
FURGIRMUG, $tn EACHE, ff 38 = R A )
o W0 2 77 S 00 240 L P R SR A T, HEAE
450 nmAL E OGS,
1.2.6 (oxygen radical antioxidant
capacity, ORAC): HepG24liifufl T-96FLk H, %
FERTX10°4 /AL, 2P BE AL FE24 hJ5300
mmol/LiFF 1% ST, 24 WG FHFEREFRW, Tk
PBSHER3IR, 8 2ARAM, 4 °C 10000 gL
10 min, #3771 & (Cell Biolabs, INC)™ 4 % &
Ui AT ERAE, 37 CAH FH OB AR LR
PK480 nm, K HHE K520 nmAb S EUEUE, H2EL
FJ 18] TR B& S92 min, FL152HX60 min.
1.2.7 RT-PCR ERK. MEK. SIRT-1

Caspase3 mRNA CERAE T AEY TR
() B0 A B  B M RN ASR B 7)™ 4% 44
HE 3 B 42 B Hep G241 L A RNA; A8 #4070
T FETHRTIIA 560,230 F1A 50250 AR IR N AGLFE K 1
HRNAWKEE. 5198275 3CHk[26,271 - 7EGen-
Bank 1 LUxE, o1 B TREA H] A K, R 1UAH
REER BRI REAG . HR S & Ul
B AL HIRT-PCRIE B W, [ 535K 2 4: RNA #
A(50 ng/uL) 1 pL, 5XRT Buffer 4 uL, %55
W02 L, SO ul, XW#E/K12 pl, &3520 pL.
f#i FIPCRA%48 °C 1 min, 42 ‘C 60 min, 95 C 5 min
BT IR PCRE AT MK R #HEFCDNA
9.3 uL, 10.7 pL PCRIFIEAY), f.55XPCR
Buffer. 25 pmol/L MgCLFI_E F#514). 14
%4295 °C 10 min, 94 C 30's, 57 °C 305,72 C
ZEK1 min, 34 MEIF, 4 CRAF. NSERN
B-actin. N GeXPHE R 4 M4 3 BT T2 F 48 4L
NS SIEK (ERK « MEK « SIRT-1H1Caspase3)
mRNAZKF-HAE 1L,

K FSPSS20. 134T HL R 3=

J5 2250 HT, Geit 45 B Lhmean + SDE R, HHE %R
KT 25301, P<0.05 N 2 5 BA G it s .

2 4

2.1 MTT R R T AERE I A

L RCE Sl

RNA(long
non-coding RNA,
IncRNA).

RNA(micro-
RNA)
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LRCIE 5 A
2 = 3 |YDREEE s T RULEER4Y)
ERSH  Genbank S ==l T3
ACTB NM_001101 AGGTGACACTATAGAATAGATCATTGCT GTACGACTCACTATAGGGAAAAGCCATGC
CCTCCTGAGC CAATCTCATC
ERK NM_001040056.2 AGGTGACACTATAGAATAGGAGCAGTAT GTACGACTCACTATAGGGAGATGTCTGAG
TACGACCCGA CACGTCCAGT
MEK NM_005921.1 AGGTGACACTATAGAATA GTACGACTCACTATAGGGA
CAGAAGCTCCACCACCAAAGAT GCCATTGATCACTGCTGCAC
SIRT-1 NM_001142498.1 AGGTGACACTATAGAATA GTACGACTCACTATAGGGATGAGCAGAGT
ATGTGTGTGGAGAGCGTCAACC CTTCAGAGACAGCC
Caspase3 NM_004346.3 AGGTGACACTATAGAATA AGGTGACACTATAGAATA
CAAGAATGGGGAGATCCTGA GATAAACTTGGGGTCGGTCA

ACTB: pB-actin; ERK: ; MEK: ERK ; SIRT-1: 1.

120 a ECA T K 0T 1) Caspase3 175 1, H:Caspase3 [t
100 - w X TL TWEPEREN2.120 1.46. 0.9010.756%, HI¥H 4
a TL - TH2E 2 57(P<0.05).

20 . T 24 El45 5, 5%
60 | HELZH B A, TSRS 440 Mo P9 o 88 SE A P /K T B
a0l The. SRS, 25, 505100 pmol/L4H

PR AN P S SR R R, A
20 G2 22 F(P<0.05), TR IR EERI12.5 pmol/L
WA E SR AR ST FE R
\ \ \ \" A
“\0\| ((\O\l mo\‘ ‘(\O\l m“\o

125 ¥ 50 g 0T o0 A0 (P>0.05).

2.5 Hep G241 fd 2833k V5 K %
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1 AREREBEFSEBETLIEHepG248iE24 hfF, 300
mmol/LBfS{ER24 hGavkR;E . P<0.05 vs 300 mmol/L
; P<0.05 vs

P 95300 mmo VLT K 1% S 804 S 1R
F, 25+ 501100 pumol/L I (432 i 5 R 41 Lk
WEA SR L(P<0.05).

2.2 AO/PI T I AO/PTH 8 F % 31 B 2.
BELE L IR . RS IR S AN FRE A
F P T AL BRZE IR TR A A8 Ak, AO AT I8 I 41
A 5 00 ) 200 PR A 3 S B PIYRLAS B I I 45
FE) R Ty R I DA M RBE, A T BT 4 i S e
ZEESG N, PUREAH MR A G A . B2 R,
RACHEH A E S I BoR T IEH MR A 4544,
WS FU G, BT A% 45 55 40 i %
A, bREFMRIE TR A, 1A B
ARFEZH12.5. 25+ SOAT100 pmol/L, K844 i
gLl aRt, R T IR H RS A R TR AS.
2.3 Caspase3 K3 E~, SxTig4H 4
FHEL, 300 mmol/LH wJ LA 2 19 inHep G241 1 f)
Caspase3ifi M, AN R BE A H 227 i 25 mr A%
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FR R AN S PR IR T E R, 5
STHRZH(72.13 £3.19) L, RS AL FE(45.26 +
275 B BRI H5RA L, A
2 W PAL TR 2H S B AL B A A R AR FE
12,5 pmol/LiS i fbAE J1oN57.54+5.24, 25
umol/LA65.74+1.64, 50 pmol/LN68.14+6.06,
100 umol/L>470.81+6.35. 25, 502100 pmol/L
A2 RE AL 34 SRS Ab 3 B Gt % 22
F(P<0.05)(K5).

2.6 mRNA N GeX P [A 4
A MR T A < SE R(ERK . MEK . SIRT-1
FCaspase3) mRNARIEA, B-actin NE FIk
DAL P16 S 7 28 AN [RI VA B 1 2 7 e Tk 242 7 PA3 00
mmol/LiFi#%51% 5 J5 Hep G241 Al PN I JE K R IA T
. 300 mmol/LiFiE I &2 R ASIRT- 1 ImRNA
K, T L P A ]3R5 1 2 7 et i Ak 28 4 L %o
PUPRE M EMER, SHEARSAEE SR
X (P<0.05). MEK mRNA/K - 555 HE 4 b 4 i
FEAMEK mRNAZKFH R [ 500k 4 A
SANER LR 22 R FAL FEAHMEK mRNAZK
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2 HepG2{iRZABRIGMAIRTL. A: , . ; B
, ; C: 12.5 pmol/L ; D: 25 umol/L ; E: 50
umol/L ; F 100 pmol/L .C D E F
450 - 90
400} 80 a a
350 - T oL . a TL TL
— ST
300 - 60 - qL
£ 2507 a 50
200 - a 40+
g 150+ 30+
§ 100 - . a 20t
50 - ﬂ 0l
0 gl ” I 0 Qv I I I~
\ o o o N\ \ \ \
o0 15 v“‘° 0¥ 0 W a0 ¥ 0T 5 w0 o W0 o v

B 3 REREBZESEXHIS00 mmol/LBEiESET

M. meant SD  , %P<0.05 vs 300 mmol/L
12
10 -
TL a
5| +
6 a
a
. a
2r 3
o1
WA N\ ol ol e
MV 0 o
A 5 W 0w oo o0 v

g 4 WEARSBERLYSESKN. P<0.05 s 300 mmol/L
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5 FREMREBFESEENHI300 mmol/LEiSESNEHN
SALREAEN. %P<0.05 vs 300 mmol/L

PRI E, HR12.5 umol/LAI2S pmol/L4L
TR RN gt 5 2 7 (P>0.05),  HAh A
R I Gt 2% 5 (P<0.05). ERK mRNA
K FIANIR] 22 P R T AR R A A, 359 m] ki
G N IEER, SIEALY ARSI E X
(P<0.05). Caspase3 mRNA/KT: 300 mmol/LiF
KR EilCaspase3 BEImRNAKY-, HEE
AL B RS ERAEA, HF12.5 pmol/LFI25
wmol/LAL T Bl B2 5/ 5 WS 4 Lb B e g it %
Z5(P>0.05), HAP S ik B4 A it %
F(P<0.05).

3 11
T RS e P45 05 00 RS A 45347 571 62 1) o
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n ZAMH A020 B 0.181
(acridine 0.18] L a
orange, AO)/ 016" E i 0161 a a I
(propidium : {» 0.14F [ 3 a ]
iodide, PI) 0.14 0.121 = [
So0.12 a =
Z Y. Z
o 7 0.10
£0.10 - S
JAO 5 2 0.08}
0 0.08 a v
& 0.06 i 0.06
“0.04| 0.04
DPI;IA 0.02 0.02+
0.00 ﬁ I\ AV MV MV 0.00 A\ MV |x MV W
\ 0 0 0 o o\ ) ®)
o ((\‘“015 W00 W v DT 5 W s 0¥ 0w oo v
DNA +300 mmol/L +300 mmol/L
C 0.161 D 0.12(
a
0.14r a
0.10
0.12+ H = {‘ . %
e a 0.08-
0.101 <
S -+ g 1
% 0.08f a % 0.06
£ 0.06 5
o U. r L
3 a S 0.04
O 0.04F
0.02k ﬂ 0.02+
0.00 0.00
M- W o ol ol ol N\ S LN S 1\
AN 015\'\“\0 5 “‘“500\““ o '3,00‘“ 5\>m0 ow® 00 \’“l ow®
+300 mmol/L +300 mmol/L
B 6 MEK. ERK. SIRT-TR1CaspaseSERTEHepG24BIBPMRNAIKFEHIFRIL. A: SIRT1 mRNA : B: ERK MRNA
; C: Caspase3 mRNA ; D: MEK mRNA mRNA
. /P<0.05 5 300 mmol/L . SIRT-1: 1; ERK: : MEK: ERK
WG S A R A VIR, MAPUE TSR AR, 2 g Tl AR

Jaishideng®

AT 53 S A S IR R e TP K 5 A 11 23
PR —MA ST IR 2 g R e
A LBUE N AZ O AL AT LS RS T4 i T fe 3R
AL T2 201 22404 AR LI 1 2 P I A
HZMAEWEENE, BEEN. LR
B 98 25 T RE 0, (A2 ek LR U T AL A
FEATRARTEAE. 0 22 i 7 R T AL AR
2 H T 8 AR EL P JE (P A A R
TR RIS Y & AE AR AT T iz A
{67 FET 400 453 49 A R 021 7 AN AR e R AT T4 o
WL 15 U REORE O (1) 8 755 8 T S s
FIAH G 43 . A SC I8 I A 0 48 P A B 4R
AL MR GHRTE S, SbTEARRE T A
KIEFmRNAKIRIE, UEH T AR EE A2
P P Ah R T H e p G2 41 i ] DA VP9 AG 5 -5 1 4
45453
Caspasese—MMEAH R IE T2k 72 Hh e 25 2
MR A5 . Caspase3 HH0IE & £ 81 1) 41 i
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HR ) —AN B E; 5 4h, Caspase37E4l Uiz i =
AR AR R 7O, L G 5 [ 4
DNA J Bt 55, SCERARIE 1 B 227 B R T 4
W T 3 B8 i O Caspase3 K AEME P, {H &
TR FH 1o R E A R R S A S B IR SE
7300 mmol/LiP§AE AT LA 2 3 inH e p G241 A2 1)
Caspase37if P, T AN Ak 52 (1) 11 22 7 B35y m DARS:
AL T RS W0 i Caspase3 HiE TE, HIE A St
. AO/PIE AN M E TR I 7R T P9 A b 2
HA KRR RSO R s H T 4R, 1 e 22
oAk ZE PSS £ 0 T 40 P B R

SEAC B 77 AR BT AR E R R ) A K
R BT EA R T TR P SRR E AR AR
o 22 BT AR AL RE 9855 2 5| R A R
AL A R L RIE YR B R, BB SR
P IR B S A, IR I 3 0l R, I AT
RIS O MEPIRSE, G H NRAERE. Hl
R Z M PUE), BFETUEA K T
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UGN AR S, AT DLVE B A N P AR ) %
P 4, DA BHL IS M A 5 I A RO 7=
A, X FPEAARKSEAR L T S BTEARE 7). D T
Fi A L P RE BT A A PR A, ARG
T B PR A B R S KT R B AR A RE
25 LRI TR 5 5 T S0 A0 P9 T R UK R
PAR PSS k=R A Al 2 TS E 2N ES TP EE
L T LA 24 i PR 3 T A B S U 1 [ I R
BPUEIEE .

b b, BATCEUEY T ERKFE A A
B PR TR B (VPR 15 5 A Hep G241 M Hh B 5
FREA. AT HERK R ISEIE N, A5
T ATREV S ISIRT-1 551K, SIRT-12 KA E i
- OB (sirtuin) K BE— 71, HAE NS )
REATEWE 50 Hp; (R TE IR B R R 797 2 W0 4%
MANHI DNAE AW TIRE. CAUEASIRT-125
TIRZ AR, BFERAH. DNAKZ
5 R TR, SIRT- 140 7] DA 5 4 22 S8 AL
WA T, telnps3. % %% 5% Kl -«B(nuclear factor
kappa B, NF-xB) &% 5¢ [H 7. 4 SCikiii, 76
A5 4 J5 51 L PR 22 4H M T2, ERKs/SIRT-1
] () P 38 5% R B T M &R VE DY,
FLARIALE b K2 40 i paT L@ i 8 5 E R KM & 4%
T SIRT-14#474E FIP, ERK AT LLBE SIRT- 138 FH
1200 3 2 AN AR A R SRR IR BERY) [ A
FRIE UF B 22 7 AT DS S0 STRT- 11 BE 1E
AR [ 2 2B

WATEEIEHIREE S A4 R R
MEK/ERKIJFRIE, Jf H (A28 R AL #L 5 25 5
RGN, N T FAER IR FISIRT- 1R 1L 5
ERKIAIAI5C &R, 7E¥ R I 72 #p o] LA FHMEKSs/
ERKs#I| 5 FIERK siRNAVTER F b7 0 55 9 &
] (RIVEE R 5% 2R Caspase3 R LA H AN (158
TRCAR A S RSN T, [ Rt a] DA S N P8
P [0 28 R A4 R N 5 I AH DG 40 i s o (HR H
RO PR T I8 A 3 = 4 At e il i i T i
ST RLI, X KIBBE AR T Caspase
(0, SRR AT 9 e R AR 6 VR 1 7 4k
5587
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