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ETFSANHENESLZERBEITH AE HepG2 4185

B s, gHA K &
(L RFEbHESMETIRYRE ThHLY 214122
PAHRE REAMLSASAYHZEARIEALFS LALY 214122)

WE REB&mERALYGEH(NX) A AL G B (JX)47 5 A 5% 20 10 HepG2 3 74 a9 4F A A4 . KA 20 13+ BOX A & 8
(CCK8) i % 40 am R 3 7, JA X A & 42 ) T 8% Bt £ 85 (ADH) i B 4L 2085 (CAT) L 3% 2% % B AL B (XOD) 09 B 7& 24 &% M A
(ROS) Ao — A A R(NO) #9 & F #-h HepG2 A A 5 ik B a9 K F R A 5L 2 & PCR e AL B ik x 48 A B AZ B F E2 48 %
B F 2(NRF2) & 3 T kB 8L &AL L R B (NQO1) w9 & ik . 45 R 100 mmol/L. Z & (ETOH )3 £ BF NX A= JX 3 48 2 % 47 4
HepG2 #4934 78, 47 4) 3% 15%;)X(6.25~100 mmol/L. ETOH) 2 % £ 38 HepG2 1 i 1 XOD #= CAT 49 7% /1, ROS 4 & I 12
12.5 mmol/L. ETOH #f Jt &2 ik 234 ) B2 JX %A%k, NX(6.25~100 mmol/L. ETOH )%z JX £ 42t NO #9 & &, NX F=
JX (100 mmol/L. ETOH) 34 7T 2 % 474 HepG2 MW NRF2 % 3t T itk W HQO-1 #4 & ik . MR AAMH N- T Be—L-F A8
(NAC) ¥ ) BAC 23 B g ,NX A= JX 475 HepG2 3§ 58 69 1F JA 34 i & | B) B AL T8 B 2o 38 NREF2 #= HQO-1 %3k e R4z, %

# NX Fo JX 34 38 1A% 3t B AL B i A0 ) AT % HepG2 2m i 09 38 54,
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75 A1 3 R R A BE U /)N Bl 2 Bl DK o A A A X
Je T3 AT 2% AT I v v 2T 4k AR 1 R
WD MR SRR, $ T IR s R A Y
W I 100 2 fifk 3 JUk oS e s R0,

eSS BT RI,  F rh XUR P 5
RETA Y /N BRI IE B AE , D80S S S LR 4 M e B 45
P, I B mE EAUN, SR, FiE R RE
3H 3ok 9 5 M TR A R B s R KR T R A AR a5
PEAFU T A IR B ST B X BB — LR
1l e 175 3 19 /0N BSUJHE 400 98 | 3 BRI GPC3 (T
) — A RIE e b ) Rk i g HE A 7
RV A B PR A IR A A I

KEAP1/NRF2 {5 5 i H # R 58 2 5 A1 A9 S
AN, o A% R E2 A G F 2(Nuclear factor
erythroid-2 related factor 2,NRF2)# % B 7E 41 Jitg
ORREAR] G b R (YA E I 1 O N K =R oY I
15 5 n Kelch #2 ECH XBE&E 1 1 (Kelch-like
ECH-associated protein 1,Keapl) 435 NRF2 %%
&, B0 NRF2 12 R AR SR, 76 He 0 3 A Ak
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AT R Sy B S R B & B A9 AT R HepG2 2m fe 3 74 61

N A5 5 )5 ,NRF2 5 KEAP1 fi# 597, #k A 400
¥, BRI 52 W W45 5, DA R 4 400 it 9 S804k 1 38
JL U AT R K BLNX S A R 4-H SRR AR
T 4 &3 R M 25 3l UL A 5 Tl S S A
SEREATE Gt

Fhh, A WIS NX A X 5 A0 ] v i
ETOH /EH T A M 4 i, IESE A8 NX i 2 JX
AR B X A RS 40 B Pol TNT 3 PR 4% 5% | 40 i 384 4
FVEE T J 0 4 i 4 P22 A [) 3 40 o) ek 9 24
it 354 5 B4 VR AL R — B0, A58 LA N9 40 e
HepG2 Rf 4, WHL A 55 4 & ETOH | JX 5 NX 1k
JFH 40 B S 6T 38 B N S AR I KT B S )

1 MBERE
1.1 #ME5iF

NI R HepG2, H R Bl e LA iy
Bh2F B 5T B 4 7 I8 s

CEE (590 ) 25 L T A B I D SN
B (53% ) 3 WA B I A o < [ 2 - 15737
(52%) .

CCK8 il & , 8 = RAEYH RN F LB
A (ADH) | # 15 0% S0 AL B (XOD) | i % 1k & il
(CAT) JEPES(ROS) \— AL A (NO ) il & 43T
WA F Rl o A ) TR ST
1.2 UE5E&

CFX Connect % J65E & PCR 1Y, 3£ E Bio-
Rad; VE-180 T 15 AL Uk 1 \VE-186 % % i Uk il ,
KEEFHE A R A 1R CO, 41k 3241 |, 95 11 3§
#R KA F] s Nanodrop2000 , 36 [E 288k €A H]

1.3 KWEH*

1.3.1 4iEii R 550 it Ko iR,
90 mL. RPMI 1640 X373 10 mL FrgiA 4 &
FBS, 1 mL 3t HMIEFRTE 37 °C,5% CO, 1Hif
B A

240 B 2 3K 80%~90% i E 17 A4 AR 1E , 3¢
B3 58 B R 5L IR DPBS ¥ 3 Uk, A Ji il
AL 3 min, J5 20l ] 58 A 15 g2 R 2k Ak s
AT B0 B0 (800xg) 3 min,, AR E] BT
WEE B S R R E A, JFLL 13 B =R
M35, B2 3R LUR TR,

WU 2 5r R 3 A, 43 0h 50% & B4 (E-
TOH) , # 7 BB R4 (JX) ANk & BB AR ZH (NX)
1.3.2  CCKS8 LA I 40 Mo 14 5 A K =
90% I, AT 4 M AL ARARAE | in A58 4 85 3% k) X
HALS R A i AT E o, LA 2x10* A /mL 2
96 LA, B LI A S K5 F2 2 100 WL, i 2k fL &
fL N3 & DPBS By ik ik 7 % . 7E 37 °C,5% CO,
PR RS FRA R E 12 h, B AL 2 72 h, 453K
B fE S 10% CCK8 M5t & #HMWH 2 h,
FHBEBRASCAE DK 450 nm A0 G0 W8 56 5
1.3.3  CEEMLERG i 4 b S0 R B RS A A i
Ji TG O D o WSS L 3x10* N/mL HepG2 41 Jifg
YIS T 6 FLb b 4251557 72 h 25 B R .
i, BN DPBS WA M, A 3 Wk, R
THALZE L, L 400 Wl DPBS 5B, 5 240 fifg B i %
A 1.5mL EP & TEW A - RN S E VRl
3 UK LA I 240 PR RS R TS ML N S o, s R P AR
BhRE T IEMA
1.3.4 {EMHASENE W4 i 5187 96 1L
B, 5558 72 b, B 240 i 25 B 8 80%~90% , F 1% W
W, AL 100 WL DPBS BE% 40 M 3 ¥k, 45 2
JE AR EERE SR 24 h KWW DPBS R 4 i S
JA 100 w10 wmol/L. DCFH-DA 1553 F 1
h, WO AN M S 0 BT TE , 28 A
135 —HFA LA S EWE A 96 Lk s 57
HepG2 4liffl, FETEIRAE TG 72 h, 740 M
Jei, Wt 100 WL 48 i 3 SR, e 00 A R & A
T E NO &,

1.3.6  ZOGSEHT 2 & PCR K HepG2 4 L) 3x
10* A~ /ml, %% BB SR AE 6 fLakct, a3k 4 4,
BJ CTL(X}HE4H) ETOH NX F1 JX, ##% ETOH #¢
J& 100 mmol/L 45 25418 72 h, >R A Trizol 32 # HL
HepG2 4L fY) & RNA, JfH DEPC 7K 5 & % it .
K i 43 Y66 BE 3T (Nanodrop ) 1 2 RNA R B,
HEAT cDNA 3% i J5 il i SYBR green 47305
CtfE., SEHEBIWFINZIE 1,

1.3.7  Giits#abr AR5 h 8 LUV Y E bR
HE D 22 7R, R FH B R 5 221540 HT (ANOVA) &
Bl JE (Tukey ) 3¢ J5 K 56 725 50 A7 45 41 1] 22 5 %, P<
0.05,%%. P<0.01 #Rguit ¢ bAFfEREEER,
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Table 1 The sequence of the primer pairs
AR % AR A5 (5°-3)
NRF2 5’-TCAGCGACGGAAAGAGTATGA-3’
5’—CCACTGGTTTCTGACTGGATGT-3"
NQOI 5’-GAAGAGCACTGATCGTACTGGC-3’

5’-GGATACTGAAAGTTCGCAGGG-3’
5’-TGTGGGCATCAATGGATTTGG-3"
5’—ACACCATGTATTCCGGGTCAAT-3"

GAPDH

2 HERWMAH
21 AEZEESEMAHIEX HepG2 4 Al 14 58 i
A0

ATl ETOH ¥ B ) NX Al JX %} HepG2 41 fill
HEFE B R WL 1, #E 100 mmol/L. ETOH ¥ JE T,
ETOH %I HepG2 21 il % 5 1) 30 1 7 JH I 3
1M NX A JX 2 8 2 40 HepG2 Y3858, 4| 3
ik 15% , HED B I o AE AE B ) HepG2 21 il
HETH I T
2.2 AiAEX HepG2 4 A i Z B B S B 49 821

ADH K A 75 T W L 20 4 9 i J0E 400 1l v | i
P B JHF IO 0 A R B, AR ) 0t — R AR
2 5 =R WBE I I UL S AR FK % 2 HE
o, B 2 A, BEE ETOH ¥k 3 N E-
TOH JX 1 NX #Bn] b 3 $2 = 248 it 9 ADH 19 1%
I, ZHEAE R W B R X ADH I 3 R 45 22 S OF
AN, XERW ADH MEFE g 5 AN E-
TOH ¥ FEAT 3¢, 1 32 B o KB ) I 52 /N
2.3 AIiBEX HepG2 4 A i & 4k 5z 3 B 19 52 M

S BEFEAS TA) XU I8 30 ) HepG2 4 ifd 38 5
AN B F, 45k HepG2 N CAT,
XOD 75 L K ROS Fil NO & i,

CAT 2 JLT- 28 T4 Y AR Can 2 i, 18
YA sh ) b & B —Fh BcE UL B, oAb AR
bS53 i UK R4 2 DR 47 20 i 5 32 ROS AL A4t
it AR H EEWEE, & 3 frR, JX X HepG2
CAT 5% m 1 3% ¥ & T NX F1 ETOH, 7E 50
mmol/L. ETOH ¥ T, % 20 CAT AH X il i i 5] 1
H,JX A FRAL Y CAT 3% 1% ETOH 415 NX 41 I
WAL 3.5 %, 7E 100 mmol/L. ETOH ¥ EEI}, #5240
CAT 1% J71% 50 mmol/L. ETOH ¥ Ji I W& i3 F W&
WM JX Kb HE 2 &8 NX 41 CAT 3% 71 B 7.7 1%, 5

A7 %
Cell viability/%

50 100

LR S

Ethanol concentration/mmol - L™

B 1 BB HepG2 4 i 14 78 #9 5 I
Fig.1 Effect of Baijiu on cell proliferation
of HepG2 cells

T Tt TR X Tl

Relative activity of ADH/%

Y 373} %
Ethanol concentration/mmol - L™
B2 Bifixt HepG2 MM Z B2 it S EB & 71 8952 1
Fig.2 Effect of Baijiu on intracellular ADH
activity of HepG2

Job S A S A N T
Relative activity of CAT/%

CTL 6.25 125 25 50 100

LR

Ethanol concentration/mmol -1
B3 AEX HepG2 AT AL SEHE NG
Fig.3 Effect of Baijiu on intracellular CAT activity
of HepG2 cells

ETOH 41 L 15 f% .,

XOD & # I 4 Ak 3 JRL A ) — FhOE X, B2
—Fh e A IE PR E RO, AR 4 BTN, BR 25 mmol/L
ETOH ¥ £ A1, X 20 76 45 e T % HepG2 4 Jifd
XOD 1 J7 1Y 52 M ¥4 12 2 5 T NX,

ROS 1E MR AL BB BE R ™= 9, 7E%
AR VST I AN W AR a B ROS Ik 23 i
A B — BOOUE 5 DN A RS | s i i 40 A% B
&4fi, DNA sCECHT DNA B AR A 184, DL
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KT RAC R0y B) A5 K B G I A7 ) T % HepG2 4m JeL 3 74 63

o

6.25 12.5 25 50 100

I I 04 4 Al 0 JEE Rt X 0
Relative activity of XOD/%

LB

Ethanol concentration/mmol - L™

B 4 BiBEx HepG2 i & IR K & ¢ iF 5 &
iEL: A
Fig.4 Effect of Baijiu on intracellular XOD
activity of HepG2

X 248 Ly AR S e A I 28 SR ] 5 R, ETOH \JX
FNX X AN ROS & it iU AE #E/E T 7E 12.5 mmol/
L ETOH ¥k i T A #i(E, H JX W% & T NX, 4
M, FES &Y ETOH e B F JX Al NX X ROS #Y
AP RTE T E

o B8 I g 2 AR, BB AR R i e A
NOS I E ALY E T A b2k, SEm & K=
NO F1 Hy0,, KA I NO 1 sz e 20 it 4 £k 17 38 /K
o nE 6 Frn NX 5 X A LG, RS R T A
&SR AEIE HepG2 4 M A i NO HIRE ST . 53 4b,
24 ETOH ¥ & i% 100 mmol/L,JX %; ETOH LA &
EVER 2R
2.4 AERETIAY NRF2 RE T NQO1 Rik
S5aUNH

NRF2 J2 815 4 i 4 Ak 1 385 2 2 8 4 B 1A
NQOI1 R TN, ETOH T &5 NRF2
FNQOT 335 T NX Ko JX 515 5 30 i 5 FH 5
JNEH . NRF2 (23K 85 i 2 0, 29 0 %) HEZH Y
40%, [REERY NX A1 JX Wil 7 NQOI (h 33k,
It HLPIE By 53k 3] 50% (K 7)
2.5 N-ZEt¥ it S8 EE 583 £1 HepG2
21 R 1

N-Z TR &R (NAC) VB R4 e H ik i Ai
(PSR R e SN e SR R =W R N B N
b 25 B8R AU A A I JRAH OC B 1Y BTG 12, 45 T NAC
J&, ARiE NX i J& JX Xt HepG2 40 Jid 43 5 i) 411 7]
RORAR 2 B PELIBT, a1l 8, [RIFERY , NAC o BH T JX
FINX 51E ) NRF2 Fl NQOT 3 1k 7K (1) FEARK
X — 25 L U0 B W G ok ) NRE2 B T Ui

T 1 A X B
Relative content of ROS/%

Y 373} 3

Ethanol concentration/mmol - L
5 Bilx HepG2 MM i M &7~ £ B0
Fig.5 Effect of Baijiu on intracellular ROS of HepG2

RS

— &k

Relative content of NO/%

CTL 6.25 125 25 50 100
Ethanol concentration/mmol - L™
E6 HEX HepG2 @ili—E U B=EMNT I
Fig.6  Effect of Baijiu on NO production
of HepG2 cells
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Fig.7 Effect of Baijiu on the gene expression

of NRF2 and NQOI in HepG2 cells
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Fig.8 Effect of Baijiu on proliferation of HepG2
after treated with NAC
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Fig.9 Effect of Baijiu on the gene expression of NRF2
and NQOI in HepG2 cells after treatment with NAC

o7 T G 0 i K JLAR | Bk iR 22 1 i 9% & 1%
PN B 0 AN, A R B JX & P 4l
3204 ML A PR A B0 = 4 b S AL i g
J3 AT ST LA/ B S 5T 4 A R 4, kB NX
1 ETOH XJ 44 i Big B A A7 7E i bk 22 =, $0R
NX A1 i B e gy Joit % JHF Ok B Jo AR 35 A A — 2 55
Ab P LA BIFSE R BE NX AR Tt T R T 4
HEL A QR ) F1 4- 2 3L AR W | 5200 HepG2 4
IR AAT SrB T A

AHFFE & P, 24 ETOH % E & 100 mmol/L i
JX T NX #5220 HepG2 41 i il 34 5, 410 il %
ik 15%, MHEFE JX AT NX ] HepG2 38 5 1 HL
i, 43 B K ADH .CAT . XOD .ROS #l NO, 45 J#
I IX B NX A1 ETOH & 7E 4255 CAT 5 XOD
BTG T NX AbFE HepG2 J& W & {2 #E NO 92k

W, AN, & JX A1 NX 7E 100 mmol/L. ETOH ¥
FE R BE 2 3 10 HepG2 P NRF2 Fil NQO1 fy &
ik [V AECAR I BB I 3R NAC BEBHLIBF JX F1 NX
S ) 4B B M R DL & NRF2 R NQOT 2R3k 1Y
A BB IX AT NX G 2 T NRF2 i NQOT 5
5 @A BRI

Mz, —EWE R NX X BEHMH HepG2
B EREE NRE2 A NQOT F3k FiH, NX £
B3 AR NO By AR R, i JX GE aE iR CAT Al
XOD ¥ J P S A RO R, X — 2% S R B
7EF NX A X PR T8 KRR RS TR NX A
IX FEAEAS TR 1 4 5 S ity | f 45 22 D0 B N 10 F1 IR
0 2 LA B — S 35 5 WAk & W 50, R A5 &
BAL T X PR A0 M HepG2 A5 — 22 310 il 33 5 1
FH T BE AR 25 5 | B2 0 Ak R G, 5 S RO
JH o FE AR SRS H R G T I P TG PR I 42
i TP 0 T 40 454 31 114 9 Jok i ety S A ML

& % x #
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Solid—-state Fermented Baijiu Based on Oxidative Stress Inhibits the Proliferation
of HepG2 Cells in Liver Cancer

Zhou Qi',
(‘School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, Jiangsu

Guan Qijie?, Geng Yan"
*National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu)

Abstract The aim of this study was to explore the inhibitory mechanism of solid-state fermented Chinese alcoholic bev-
erage Luzhou—flavor baijiu (NX) and Maotai—flavor baijiu (JX) on the cell proliferation of hepatoma cell line HepG2.
CCK-8 (Cell Counting Kit 8) method was used to evaluate the cell proliferation of HepG2. The activity of alcohol dehy-
drogenase (ADH), catalase (CAT), xanthine oxidase (XOD) and the contents of reactive oxygen species (ROS) and
nitric oxide (NO) were detected by kit to evaluate the oxidative stress response. The gene expression level of Nuclear
factor erythroid 2-related factor 2(NRF2) and NAD(P)H quinone oxidoreductase 1(NQOI) was measured by real-time
quantitative PCR (qRT-PCR). Results: Compared with 100 mmol/L. ethanol, NX and JX significantly inhibited HepG2
proliferation. JX (6.25-100 mmol/L.) had a higher promoting effect than NX on regulation of the XOD and CAT. Howev-
er, NX (6.25-100 mmol/L) significantly enhanced the production of NO than JX. Both NX and JX (100 mmol/L) de-
creased the gene expression of NRF2 and NQOI in HepG2. Treatment with the antioxidant N-acetylcysteine (NAC) abol-
ished the inhibition of cell proliferation and the down-regulation of NRF2 and NQOI induced by both JX and NX. Con-
clusion: Both Luzhou-flavor and Maotai—flavor baijiu may inhibit the proliferation of hepatoma cell line HepG2 through
oxidative stress.
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