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R EVHE ARIPERALT AT @I L02 A2 AT 9% 20 i0dk HepG2, v AR Bl iR & 89 SEN(6.25, 12.5,25, 50, 100 pg-mL™"),
7% 48 h; B IR HepG2 @M+ A 3.75, 7.5, 15, 31.25, 62.5, 125, 250, 500 ug-mL™' SFN, 3&7% 24, 48h, MTT %
MM BB mAEIT B &, A S0%7 AR E(ICs 1), RS L02 @ie, KA AFREREG SFNG3.75, 7.5,
15 ugmlL™), K EEAA 55 F 0.5, 1, 2, 3 h/BA 1.25 mgmL™" 4 ADM, #BiEEEHE % 95 09 7 ik A 2t fm o3
F Ei#E R MG IR E F-o(TNF-a). & A4 HALEE(SOD). & — 8 (MDA). LB S8 (LDH). 3 #4559
4(GLUT4). # B -F NF-E2 48 % B F (Nrf2)# A7 0% 745, £53R  SFN 462 F 74| HepG2 #94ksh3gsh, m A2 —x6)h4)
R BB Fo B 18] -2 R % % . SEN T L02 #4947 44 A AR 4235, 3 1Cso 4 47.7 pgmL ™', 81 2 & F 33+ HepG2 #9 1Cso 14
Hoh, HAEAIZAAR, SFN 464 90 2 MK 40 itd% /= £/ MDA. LDH. GLUT4. TNF-a #97K-F, # % SOD. Nrf2 /K-F.
£516  SFN T 23041 aaJL e ik s38 sk ), xF L A — 2 ek B 45 R, m Bt T ADM 5569 T am fe 4R 44
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Protective Effect of Sulforaphane on Adriamycin-induced Hepatocellular Injury and Its Relationship
with Oxidative Stress

RU Renping, JI Qian*, WANG Qi, LI Songlong, TIAN Jing, BAO Jianfeng(Xixi Hospital of Hangzhou, Hangzhou
310023, China)

ABSTRACT: OBJECTIVE To investigate the protective effect of sulforaphane(SFN) on Adriamycin(ADM)-induced
hepatocyte injury and its relationship with oxidative stress. METHODS Human normal liver cell(L02) and human hepatoma
cell line(HepG2) were incubated in 96-well plates with different concentrations of SEN(6.25, 12.5, 25, 50, 100 pg-mL™") cultured
for 48 h. Another HepG2 cells were added SFN(3.75, 7.5, 15, 31.25, 62.5, 125, 250, 500 ug~mL71), cultured for 24, 48 h. MTT
assay was used to detect the cell inhibition rate. Calculated the 50% inhibitory concentration(ICsy value). In vitro culture of L02,
different concentration of SFN(3.75, 7.5, 15 pg-mL™") were added to the experimental group. 1.25 mg-mL™' ADM was added to
the experimental group and the model group at 0.5, 1, 2, 3 h, respectively. Used the method of enzyme-linked immune in the cell
culture supernatant of tumor necrosis factor-a(TNF-a), superoxide dismutase(SOD), malondialdehyde(MDA), Ilactate
dehydrogenase(LDH) glucose transporter 4(GLUT4), nuclear factor NF protein-E2 related factor(Nrf2) determination of
assessment. RESULTS SFN could significantly inhibit the in vitro proliferation of HepG2 in a drug concentration-effect and
time-effect relationship. The inhibitory effect of SFN on L02 was relatively weak, and its ICsy was 47.7 ug-mL™", which was
significantly higher than that of HepG2. Compared with the model group, SFN could significantly decrease the level of MDA,
LDH, GLUT4, TNF-a and the rate of apoptosis, increase the level of SOD, Nrf2 in the supernatant of cell culture.
CONCLUSION SFN can significantly inhibit the proliferation of hepatocellular carcinoma cells in vitro, and has a selective
inhibitory effect on it. Besides, SFN has a protective effect on ADM-induced hepatocyte injury. Through the Keap1-Nrf2/ARE
pathway, biphasic antioxidant enzymes may be induced to eliminate carcinogens or other toxins in the body, therely reducing
oxidative stress and inflammatory reaction in the liver tissue.

KEYWORDS: liver cancer; sulforaphane; adriamycin; hepatocyte injury
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JH 98 2 T8 A 2R Gt d i WL I R 2 —, J
IR HRAET AR S BUEE BTk, B, AT
I EERIT TR NFARIRR . AR, %5
2R S TR0 A 25 v 1 1) R, 3 b 2 S 3T
AL EBFHEM, [1% & (adriamycin, ADM)#2
G PR BN R T Z Iy iz —, W R TEIT
F AL R . (ERIT R R, AT
JFFIERAE YR 22 b i g 2 B A A K50 ADM 5 21
it 95 240 B R T (R 4 Y. 8 N 2K (sulforaphane
SFN)& — Mt 22 e 32 Y, —Pufm ORI 1
YRS R 2 —17, Fimognari 252V 5t 2 B4,
A sEEG TR SFN B E% pS3 A48 /IN R 4T 4E 2 i
Xf ADM i 2450, AT S 3 Ak T 38 B B[R] A
o AHE 50 B 7E R AR /S5, B 5T SFN X ADM
53 R JH 4 45 1 R B 1 FH A3 5 58 LR R
1 MRI5E%

1.1 K

111 4Hfpk  ASRIER 4 Lo2 AT A
MR HepG2, 14 H 3 E L IR A
1.1.2 ¥ Forma 3111 ZUZNMuEEF546. A1300
A, AC8 PEMHL. Sorvall Legend Mach
1.6R &0 MLk H Thermo 4 & ; BIO-RAD iMark
il A A (i R TS A R A Al ) s Milli-Pore
Milli-Q i 25 KA (AL B T 75— AX A% 7); Axiovert200
IR B e . YS2-H et Bk H
H A NiKon 2 Al ; —80 CHEIGHER/KH (H A SANYO
AF); BHFRFE. BRETE.

1.1.3 R RPMI-1640 &% 7% % (it 5 -
1806130607). DMEM #4577 Z£ (3t 5 : 1803211006).
fik 2K A (k5 . 18030205) . EDTA(H 5 -
1804270307)¥ ) H 5 W VIR A H AR A R A A5
P2 i A 38 (AL R MU AE AR A A IR A A
ft5: 20150722); PBS(RE T EEE APl i H oA
HIRAF, #t5: BB2004Y-25); SEN(HZA, #it5:
20170115LF); ADM(E [E Sigma-Aldrich A ], it
F: D1515). FLRBAM(LDH, #t5: 20180613).
A B AL (SOD, #ik'5: 180506). TN &
(MDA, #t5: 180504). JHJEIRIEH T -a(TNF-a,
fit'5: J180611E6). Hi%jMEitic R A 4(GLUT4,
flt5: J180611E2). # M1 E2 AR H 1 2(Nrf2,
5. J180611ES)HG I G s i 77 &5 3500 1 7 3L 422
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AW TR TR -
1.2 Jiik
1.2.1 SFN HyZupse ki fRohsa% Lo2
HepG2 40, % A4 KA & 1x10° -mL ™"
AR B, B 100 uL 43 FHER T 96 FLIK,
HMIGEE S, IO EE ) SFN(6.25, 12.5, 25,
50, 100 ug-mL™"), FEAKEALR 6 NMEIL, AL
AR 200 uL, 1597 48 h J5, MTT i im 6 B
(A 1H).- 55 B HepG2 40 iIn NAS AR 5 1) SFN(3.75,
7.5, 15, 31.25, 62.5, 125, 250, 500 pg'mL™"),
ARER 6 NMEAL, FALAARFN 200 uL, H557% 24,
48 h i, MTT iEKGI A . TEEB A o Hri b
frill 201 nm &b A {8, VRGN HI =14 nasa—
A zea) (A wea—A 262)x100%. FEE 3 IXECFE.
SR 50%A ) < E (1Cs0 ) -
1.2.2 LO2 4G J 45 2
1.2.2.1  ##°7 ADM HR A Resy  DLLO02 40
SRR, FI TSR B AR 1.25 mg- L™ ADM
75 L02 AT,
1.2.2.2 SFN X} ADM #if}; L02 24 ifEH &
AhREFE 102 4, 4d 5K EAE K A e Rk
1x10° -mL™" BN IR 290, BEFL 100 pl 23 514
FiT 96 FLAR, AMARINGEESS, IR 4N E L02
i1, SEN XF IR 3.75 pg-mL™" SFN, X441
IO FHE ) SEN3.75, 7.5, 15 pgrmL™), i
W GREAH AT 05, 1, 2, 3 h FEMIA
1.25 mg-mL™" (i) ADM, MKEH B 6 MEIL,
FEFLLARTL 200 uL o K40 f 5% 97 L3E 0+ LDH,
SOD. MDA. TNF-a. GLUT4 I Nrf2 7K°F.
1.2.3 Gt ir KA SPSS 22.0 A4t 17 4 it
ST, FTEEEREILLX £ 5 Fon, BUERIK T A
0.05, 2 HIAILLBCR ¢ ke, 2 4H0R L ABCR H
25 224007, LA P<0.05 N7 3 giit 27 X
2 SR
2.1 SFN XfF L02 F1 HepG2 H4H f 2 11 X 56
SFN X LO2 2 Jfa (1 49 i) 4 FH AR R 8055 , e 1Cs
N 47.7 pgmL™, BIEE TN HepG2 ) 1Cs 1H
14.1 pg-mL™", &7~ SEN X T 4 i B oA — 2 13k
BAEMEIER . SRILE 1,
2.2 SFN X} HepG2 4 fA 418 5 4 ikl
YR AR EZ I Z459(3.75, 7.5, 15, 31.25,
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62.5, 125, 250, 500 pg-mL™")4b FH FTJ 40 ] HepG2
24, 48 h J5, A2 BRI, S50k
FEik 15 pg-mL™ i, HepG2 I AEIE H N9 50.15%
(24 h)F1 48.07%(48 h). & B SFN AbHE IR 4 il f=
Y B A7 05 R B PR, HXFBLR AL — M
IR P - SRR R -RE NG R o SR ILE 1

1 SFN x{ L02 f HepG2 #y41 #] %
Tab.1 Inhibition rate of SFN against L02 and HepG2

mss SR L% Cof
pg-mL pg-mL
6.25 7.15+1.23
12.5 20.45+6.07
L02 25 25.56+7.98 47.7+5.88
50 57.45+13.32
100 91.34+19.10
6.25 15.52+4.89
12.5 49.24+11.56
HepG2 25 62.75+16.10 14.1£1.53
50 90.58+18.23
100 99.23+19.78

100 -
= -
N N24h
® 80 sg E48h
% N
a N
& r N
= I\
= NE
& 40 NS
3] N
& NE
= 20 S%
NS
NS
NS
0 NS = NS % IN =N
375 75 15 3125 625 125 250 500

SFN/pg-mL™!

1 SEN #b A % JIF % 40 HepG2 1R 4h38 78 9 411 41 16
Fig. 1 Inhibition effect of SFN on proliferation of human
hepatocellular carcinoma cell line HepG2 in vitro

2.3 SFN XJ L02 482 |i%# LDH. SOD. MDA,
Nrf2. TNF-a. GLUT4 K540

2t ADM {ER G, L02 4 L% # LDH.
MDA FI7KF &% EFH(P<0.05 B¢ P<0.01), SOD
JKF B & T % (P<0.05), Nrf2. GLUT4. TNF-a
IKF 38 I (P<0.05) . 3 ANFVK LY SFN(3.75,
7.5, 15 ug-mL™ )AL FE 5, SRR, MDA, LDH.
TNF-o 1 GLUT4 7KV % [£{ik, SOD. Nrf2 &3
TFEI(P<0.05 % P<0.01), HIiXFIl RA7F7E— & M)
ZYNNIR - M AU &, BEAIRBERE K, B[] 42
KitaFiag. 4R 0%E 2~3.

% 2 SFN xt L02 40 L3 # LDH. SOD. MDA %" (Xx £ s, n=6)
Tab. 2 Effects of SFN on LDH, SOD, MDA in L02 cell superntant( X s, n=6)

05h 1h
5
LDH/IU-L™! SOD/U-mL™ MDA/nmol-mL™" LDH/IU-L™ SOD/U-mL™" MDA/nmol-mL™"
IEH 4 69.44+8.25 19.49+8.06 1.1840.15 69.44+11.58 19.49+2.89 1.1840.18
AL 152.00+39.52" 18.88+5.92" 1.65£0.19% 150.56+39.52" 18.15+5.92" 1.95+0.25%
SFN 3.75 pg-mL"' 112.66+23.6" 10.93+3.52" 1.490.29" 108.24+37.14" 11.29+3.54" 1.42+0.25"
SFN 3.75 pg'mL™'+ADM  148.55+25.40 19.93+5.30 1.59+0.35 145.72+32.38 20.29+4.85 1.50+0.32%
SFN 7.5 ug'mL™'+ADM 145.29+34.80% 19.84+6.23% 1.48+0.28% 142.81+34.03% 20.88+6.28" 1.43+0.27Y
SFN 15 ug-mL™'+ADM 142.66+31.05% 20.90+4.98% 1.38+0.23% 138.85+30.09” 22.63+3.02% 1.35£0.25%
2h 3h
2H 5]
LDH/IU-L™ SOD/U-mL™" MDA/nmol-mL™" LDH/IU-L™ SOD/U-mL™ MDA/nmol-mL™"
E#A 69.45+10.82 19.48+3.05 1.18+0.19 69.44+10.2 19.48+3.80 1.18+0.25
PR 148.52+39.52" 17.97+5.92" 2.1240.27% 146.25+29.51" 17.47+5.92" 2.38+0.16”
SFN 3.75 pg'mL™ 100.55+25.40" 12.66+3.44 1.32+0.18% 94.72+32.38 13.29+2.57? 1.18+0.15?
SFN 3.75 ug'mL™'+ADM  142.66+38.38” 20.66+4.89% 1.52+0.25% 140.24+37.14% 21.17+3.21% 1.48+0.28%
SFN 7.5 pg'mL™'+ADM 138.37+30.08” 21.48+5.78% 1.44+0.26% 137.01+24.36” 23.20+3.58% 1.39+0.25%
SFN 15 pg-mL'+ADM 130.29+28.06> 23.07+3.98% 1.31240.35% 129.61+21.24% 24.45+3 85" 1.21£0.30%
W HIEWANE, YP<0.05, PP<0.01; SEAEALLE, YP<0.05, YP<0.01.
Note: Compared with normal group, "P<0.05, 2P<0.01; compared with model group, *P<0.05, ¥P<0.01.
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%3 SFN x} L02 48 £ 3% % Nrf2. GLUT4. TNF-a ¥ (X £ 5, n=6)

Tab.3 Effects of SFN on Nrf2, GLUT4, TNF-a in L02 cell superntant( x £ s, n=6) pg L
0.5h 1h
ER]
Nrf2 GLUT4 TNF-a Nrf2 GLUT4 TNF-o.

EH A 131.77+82.53 34.25+18.25 306.93+5.99 131.78+60.55 34.25+10.58 306.85+8.25
REAY 40 134.48+49.53" 39.52+12.82" 338.52421.56" 137.69+45.68" 41.85+7.54" 343.52+16.85"
SFN 3.75 pg-mL™" 95.32+8.03% 31.5249.52% 225.56+28.25" 107.25+31.856 29.85+11.50% 210.22420.19”
SFN 3.75 pg'mL™'+ADM  135.61+45.21 37.24+5.92 325.56+23.74% 139.58+35.26” 36.15+14.23% 315.22421.55%
SFN 7.5 pg'mL™'+ADM 138.33+36.85” 35.96+12.12 312.89+26.547 142.81+38.16” 33.35+10.30% 308.81+21.54Y

SFN 15 pg-mL™'+ADM

140.66+34.94%

32.95+12.05Y

310.36£20.57>

149.85+38.28%

31.89+11.22%

305.56+22.87"

2h 3h
4151
Nrf2 GLUT4 TNF-a Nrf2 GLUT4 TNF-a
IE# 4 131.86+38.50 34.24+18.28 306.88+15.2 131.78+60.55 34.25+11.83 306.75+9.56
AL ZH 141.48+42.14Y 45.95£11.96" 350.82+18.86" 145.48+49.53" 48.77+11.96" 354.82+10.57"
SFN 3.75 pg-mL™" 119.85+32.17% 26.12+8.14% 197.58+23.1% 130.85+21.59 24.5245.25Y 185.55+21.57%

SFN 3.75 pg-mL™'+ADM
SFN 7.5 ug'mL~'+ADM

SFN 15 pg-mL™'+ADM

143.38+32.17
146.47+31.55%

152.88+32.22Y

37.28+13.25Y
31.53+7.217

30.88+9.14%

303.22421.287
298.79+22.35%

285.35+26.54"

149.23+25 45
152.89+34.85%

160.25+42.33%

38.27+13.53Y
32.18+11.05Y

28.11+8.21%

298.55+20.68%
288.45+25.12%

282.13+21.77%

T HIEHALE, DP<0.05, 2P<0.01; SHMAE, PP<0.05, YP<0.01.
Note: Compared with normal group, Dp<0.05, 2)P<0.01; compared with model group, 3)P<0.05, 9p<0.01.

3 g

ADM &N H R Z v eiiz —, BRI
FEEA E LIRS, JEAE R R VB R A ff
SERIRIOREMIME ] o HEANAR R DA T B
. B BdHZA, FEEAE AU . ADM XTIE
HAMCONE FEIE B ISR AN R R B E
%) ADM IR R« A SCRkHRE, ADM Al {f
ANERFERE BB B H R 2, SRR E .
I R R4 ] ADM, 512 40 i Th RE Fehs,
R SVETRE, 2 WA I sh It 28 55
o s . BARCHE MR, WwH iR
By o BEH B BORXURSES L B>
AR HAE T, A PR b 3 35 A 285 1 38 20
2. BEHER R, SEN(1-55i &R -4- A
BEEE T ht) P SOR B e s ez — 1,
SORE WLIPUARMT], REIERRE A R, HAL
) 2 R I A A B B T 25 AT . S I B
II 25 A . 0% NrQ-Keapl 24t NF-xB {5
W I R (1 2 O WAL A R D T
BB, Awr gt BB R, SFN X 1E BT 40 i
LO2 FAMfiI/E R ARG e 55, o 1Cso B S X
S 4 HepG2 1) 1Cso {8, Ui W3 SFN Xif JH i 4 i L
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B E A AN GIEF, E ) R 40
B TE IR R, X IE 40 B B 2 5

Tk, ADM X T 1E 5 A AN B S AL
] DA S8 A0 MU SR AR . AAIE L 45 SR B
23 ADM 1EH 5, 820 102 0 3% MDA
LDH & & &% ETH(P<0.05 5t P<0.01), SOD & &
T F%(P<0.05), i8] ADM fEM% I8 fin 1E & FT-40 i i
AACRIE N, AT R B EE 1t [\, B
T Nrf2 2 538 1 (P<0.05), #t7x ADM £ J5 L02
A Nrf2 £ — @R E WS . GLUT4. TNF-a
SEIINP<0.05), HRANHEAEITEE, RSN
. AU RREDY, SFN It EIE Nif2 {3 5l i
SRR R B R EH . BAERED, N2 35
T ADM FrECONEREE ISR R o AW FCIESE T
ADM i AFAEANAE Nef2 #5357, SR T
PR EE R IL, $E7x ADM 78 FUHIF 75 1 1 5] I 7R
J& 8 Nrf2-P A AL B @B, 1ZIBE ADM FT i
BEPERSEANHIVER -

23 RV () SEN(3.75, 7.5, 15 ug'mL™)
W5, MDA, LDH &L T4, SOD =T
PR, PiBH SFN Af LG ADM i 511 L02 41
i A L 3 R 8 % i R It AR A B S0 T A 4 AR
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J£, TNF-a /KA1 GLUT4 KV R, #78 SFN
B A5 NEAR 88 77, ] TNF-a 1)
FEAE IR0 A B 45 A B T E A . Nief2 72
2 S A SIS S R OB R, BT A R R,
Nrf2 KRR A&, SO T8 SEOK - R R,

$27~ SFN j#it Keapl-Nrf2/ARE 8, %55 —HHi
FAGEERIGE R R N I EUE Y R B ), A
T F HO-1 A RIE, A Kt R AL
PER S DA sk FEF ik 2HL 2R P 8 A ORI 2 E R
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