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Emodin Induces Apoptosis in HepG2 Cells via Mitochondrial Pathway

LIU De-ming' , ZHOU Chun-yan®, WU Jia-si' , WANG Ping' , MENG Xian-li'"
(1. Chengdu University of Traditional Chinese Medicine College Pharmacy, Chengdu 610037, China;
2. Department of Nursing, North Sichuan Medical College, Nanchong 637300, China)

[ Abstract]  Objective: The aim of the study was to determine the potential cytotoxicity and the underlying
mechanism of emodin on HepG2 cells. Method: Am-blue assay were used to detect the toxicity of emodin on
HepG2 cells. The level of intracellular reactive oxygen species (ROS) was detected by the DCFH-DA fluorescent
dye, and the mitochondrial membrance potential was measured by the mitochondrial-specific lipophilic cationic
fluorescent dye JC-1. The apoptotic cells were quantified by the Annexin V/PI double staining kit and analyzed by
flow cytometry, and Western blot was used to detect the protein expression levels of cleaved Caspase-3, 8, 9,
cleaved-PARP, and other apoptosis-related proteins. Result; As compared with blank control group, emodin (15,
30 wmol- L") had significant toxicity on HepG2 cells in a dose-and time-dependent manner (P < 0.01),
promoted the production of intracellular ROS and reduced mitochondrial membrane potential (P <0.01). After
treatment with emodin (15, 30 pmol-L™") for 24 h, the early apoptotic and late apoptotic cells were increased
obviously (P <0.01). Further studies by Western blot indicated that emodin (15, 30 wmol-L™") exposure to
HepG2 cells up-regulated the levels of cleaved Caspases-8, 9, 3 and PARP in a dose-dependent manner (P <

0.01). Conclusion: Emodin has a toxic effect on HepG2 cells, indicating that emodin has potential
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hepatotoxicity, and its toxic mechanism is via mitochondrial apoptotic pathway.
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PIBRRER R TERE R, KEEREH
BiH KT RERMOFIEE R o, /DRI &
ARERNWEY, 2 LB /NMNEORIUE  HETE/D R
B R R T A R R, K R AR g
B I 0 o) HK-2 200 ) 3 5, 2 H0m ) ik B (1C5)
130. 65 pmol-L™", Jf3 it 2 e 20 R K 4 2 R 2K (1 il
(Caspase) -3 B4 5|4 HK-2 g, Fntg
WFIE R LR B R B A AR w1, e KA T2
W HEE R UL N R Rk TR R B
BEPEAE AL A % WA A0 4l {35C T R BER AT
R 25 M VR AL TR 340 18 AS W 8, DRk, AR BIF 58 R AT
JUFE fie 95 40 L R HepG2 A Sy 52 B 65 3, WF 58 A 50 R 8%
FOFH A AR, O R 0 R R e H g T R AR
Pl o
1 ##
L1 408 HepG2 4 s g T v [= B} 2 B | it A= fim
2% e 4 i BE U5 PO, 45 HBB06S
L2 254 REZEX G, W TS R ERHE A
RS )45 20161025,
L3 Gl % 4 (ROS), i J5 B 45 Bt H Ik
(GSH) , S8 AL TUAF Bt H K (GSSG) , = i R i A6
R & CATP) |, b A4 JBE H Aoz ( MMP) A6 I 38 5 &
(B RKREVMEARAGR S A, #5500 NH
040116160612, 061516160615, 061516160615,
041316160518 ,041216160725 ) ; Al A K & & R &
H 7K fi# -3 ( cleaved Caspase-3) , il 2 B K 4 & 8
1 7K fi# i -8 ( cleaved Caspase-8) , il 2\ U K £ & ik 25
F K i B -9 ( cleaved Caspase-9) £ ¢ [ HT & ( Cell
Signaling Technology 7\ &] , 4t 5 43 % 24 0005, 0007 ,
0009 ) 5 - 1 -3 -1 B2 it &0 ( GAPDH) 44 (11X
SRR A R AL S 00044915 ) 5 4T (A
HRIE RE A WP A IR AL 455 FF0819) .
1.4 {Y# Varioskan Flash B 4% K 95 £ U fg
PEEY, DHP-9052 #U e i 4H il % 77 48 ( 52 [€] Thermo

emodin; oxidative stress; apoptotic; cleaved Caspase-3

/Nl s Power Pac HC R AL 3K A K %% B8 1% ( 3& [ Bio-
Rad /A #] ) ; Cytoflex 7Y i = 20 ffd 1% ( 3€ [E Becton
Dickinson A #] ) o
2 FiE
2.1 Am-blue £ K # 2 X HepG2 4H fif 3 78 1 52
Wi K HepG2 4 il & F & 10% DMEM X; 5% Jk (&%
100 U-mL ™' 8 2,100 U-mL ™' {4k 5 2, pH
7.2 ~7.4),F37C 5% CO, HIRREFM PR, 1
B 2 d 53 1 YR, 2 A0 i TR Ak B % 5 L TR 90%
B, 0. 25% e 2 (1 0. 02% EDTA 5 fL A48, B
b TS BCE K I 9 HepG2 40, 45 IR 2 1 x 10* 4~/
L, BB T 96 FLAR , 1 5 15 5% , Fr 40 M WG BE S5, i A
B Jg 1,15,30 wmol - L™ KR8 &, 25 4L A
HA RV — H LA (DMSO) 5 2549 43 I E I 24,
48,72 h J5 , % FL I A Am-blue 10 pL,F 37 C 5%
CO, [HREFFRAE R E 2 h, T £ U 6 M b5 1L 590
nm & GHE 530 nm R AR ARG AL 4
BB R = Ay, /AL, x 100%
2.2 Iy ROS ZK-Fl e HAh T3 B A K Y
HepG2 40, 3t B2 5 x 10° A~/FL, 8 F 6 LI,
TR IR RR AR BE IS AL I AR R 1,15,
30 wmol - L™" i K ¥ 3, 25 (A 4L A AH A & B
DMSO; K#ZEAEH 24 h J5 , W 35 35 35, AL A
L JE K 10 wmol - L.™" DCFH-DA % JC IfiL 74 15 9% 5,
R T T8 40 7 55 40, 37 °C F 40 i 5 3R 4R
HEE 20 min, WEE L5 AS , FH G I K 55 SR
WUE 3 WK BRI AR UEA AN N ) DCFH-DA, #R )5
F EDTA-0. 25% [k il 1 b 40 M, ic B 7 Ak Js 4t ,
WA A 96 FLAR , i FH 2 T E B F5 1%, 525 nm &
SR, 488 nm BRI E A
2.3 ZiffiN GSH 5 GSSG i mlE %M 2.2
T b R A 25 AL B 24 h S, FEEE SR 4L, T PBS
I mL PR 400 1 %, BB Ak, U2 4l i, 4 ¢,
1 000 r-min ' B.0> 10 min, W3 . 0 A Uk 4E 3
AN AR 3 A5 A0 R S BR MO, 78 TR IE AR 3 A
FeAr PR, 37 COKI R AGAT 2 P v il K
FESE Tk L ACE 5 min, 4 °C, 10 000 x g, & >
10 min , BCE 35 F 00 2 408 . GSH . HGE B #F & 1
B H RS 100 WL in B B 1Y GSH. T ok B Bh i
5 wL,i57,25 C W8 1 h fERIE GSSG #fh
2.4 ML ATP SR E  FHE 2.2 W0 F Ab HA
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ML, 25906 ] 24 h 5, RS WA W E 5 97 55, I wlve
PBS 1 mL {EVE40 M 1 K ,6 fLAR&EFL N A 200 pL %¢
FE, W 6 FLARITE 8 BUIR5 # b, B 4t M 78 53 241
WA 20 i 4,4 °C,12 000 x g, 5.0 5 min, L F i
W, e B R VR BRI e 4L ATP & 4t
2.5 SRR A, FEHR 2.2 W A EEAN A
2503 24 b, W B IR R, PBS IE BE4H A 1
UM M F2 5L 1 mL, SR 5 FEAMAC JC-1 8 T
YEW 1 mL, 584016 50, 700 1o 48 i 35 35 46 h 37 °C L i
B 20 min, H| EDTA-0. 25% Jig i 4 1k 20 B, e 4 7
b5 4 M, T 2 ) B g A5 A, B PR I K R B R
525 nm, &G E R 590 nm Kl A,

2.6 g =4 A AR DU A B R T R BR2. 2 TR Ab
FRAAE, 25 Y Ab B 24 h J5 I A WOAR 40 B, FH Ve
PBS YE&AIM 1 %, % F3%, A Annexin V-FITC %%
AW 195 pL FEE M, 8 )5 i A Annexin V-FITC
5 pL RS &G A PT R 10 pL, BRERIE A,
R EECIEE 20 min, i 22 MR

2.7 HHERPEENI P (Western blot) A il i T-4H ¢
EHFRL 2.2 W FACFRg0 M, 25 /E 24 h
J& , THACSCER 4 Jf, FH 0% 1) PBS PR 4R 1 IR, 1
Bk PBS, & FLINA RAPA 24K 150 WL, A 40 i )
MR T 1.5 mL B08 B TR & HEG
20 min, #RJ5 4 °C,13 000 x g, &[> 10 min, B ¥,
IMAEH RS W, WK & 5 min Pk, fiT
15% SDS-PAGE HL 3k 4y B ,200 mA 18 3 %% 590 min
S5%AE WK, BIREA 1 h;4 CHRMT 40
(1:1000) ; TBST ¥ Bk 3 X, B S min, ERBFEH
“H(1:5000)1 h; TBST Wi vE 3 %, &YX 5 min,
SRIGAE T ECL HOGEA I M o ffi ] Quantity One
AR R AT 43 8, LB #3811 K B {6/ GAPDH
R PBEAR KR 2 A X Rk

2.8 GitsEarbr WA R A SPSS 19,0, 4t
TRl & x5 o AR LU AL, J7 28 55 4% ¢ K 90 458
i, T ZEASFHE Wilcoxon BEAIAG K, LI P <0.05 N
BHita 25

3 #£R

3.1 RIEZRXF HepG2 4 U3 78 M il R iy sz m - K
BRI AIME] 24,48,72 h J5, 5 HA LE, 15,
30 pmol L™K # Z i 24 h kg4 HepG2 4l fifg %
B A RIAE ] (P <0.05,P <0.01) , REEK A4
] 25 [ o I T] %) B 4 T v, A B BT O ) v
FEAR G ME. P M AE JE 2L LI b ik B 1, 15,
30 pmol - L™ K#HE, LK1,
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F1 KEERI HepG2 MAIEEM B EMHM (v £5,0=3)

Table 1  Effect of emodin on cell viability rate in HepG2 cells

(x£s,n=3) %
25 ) /,u;dii*‘ 24 h 48 h 72 h
2= H - 100 £6 100 =8 100 +3
N 1 102 +3 97 +4 99 +6

15 91 +6" 84 +5%) 77 £2%

30 78 £62 69 4% 60 +5%

50 68 £5% 49 4% 42 +6%

F 5 AA K P<0.05,YP<0.01(F2~5[),

3.2 REZEXI HepG2 4l N ROS K Fygm 5
2 HY R, K F 15,30 pmol- L™ /£ 24 h ¥
B EFHE AN ROS /K (P <0.01) . WK 2,
3.3 K XX HepG2 40 i GSH,GSSG & 1) 5 i
525 (4L, K #E 15,30 pmol - L' fEA] 24 h
Jei YIRS 5 TE A0 M P9 GSSG K F (P <0.01),
B RN PN GSH K- (P <0.01) ., W3 2,
%£2 kEE HepG2 4 ROS /K F 70 GSH, GSSG & & M & i
(xxs,n=3)
Table 2 Effect of emodin on ROS, GSH, GSSG levels in HepG2

cells(x +s,n=3)

151 S ROS GSH GSSG
/pmol - L~ /RLU /pmol - L~ /pmol - L~
25 - 67.9+2.21 3.26+0.18  0.65 =0.07
KEE 1 67.5+3.53  3.29£0.10  0.67 =0.09
15 107.6 £9.28% 2.48 +0.15% 1.15 +0.07%
30 127.2 £9.16% 1.46 +0.18% 1.67 +0. 10

3.4 KB KX HepG2 i N ATP FEREm 5
25 AL, K 15,30 wmol - L™ # BB A R (I 41
BipN ATP & (P <0.01), L3 3,

3.5  KEEXT HepG2 4 g £& i 1A i L 437 ) 52 1

4 9 ROS BEAE1E FH T ki A | i il 4 b 1 JIEE o £37
BEAC, R &R AR, S5 A4 i, K#EE 15,
30 wmol-L™"EFH 24 h Rl % M AR 2R AR B L 47 (P <
0.01), W33,

3.6 K#EXX HepG2 i - sgm S HA
P, KB 15 pmol- L™ AbFRAN M 24 h J5 , i 40 i
BOR AL, R T 4B B £ (P <0.05) , it
T A0 B 22 (P <0.01) 5 K# % 30 pmol - L™
A2 24 b5, T A0 M B B R AL, RO T
S0 T AR R 2 (P <0.01) . g ik
W, 08 T2 J2 K B8 R S B0 HepG2 41 M 4B T2 (1 — 4%
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F 3 KEE HepG2 i ATP SN RIEB M HIFM (3 £5,n =3)
Table 3

B, WK 4,
3.7 REEXS HepG2 40 it I T-AH 5 8 H #9521
A L, KB 15,30 pmol - L7 BE A8 1 i

Effect of emodin on ATP and mitochondrial membrane

potential(x +s,n =3)

415 WJE/pmol- L' ATP/pmol- L~ MmP cleaved Caspase-8,9,3 335 (P <0.05,P <0.01),

2R - 4.79£0.42 10834 = 10-61 e, K HE WS T Caspase 38 B, I K # 2 (L fE i 1

K# % I 4.71£0.45 105.67 £15.04 Hl cleaved PARP [k (P <0.01) ,PARP J& Caspase-3
15 2.62 £0.33% 79.44 +7.69") E@Fﬁ %’ \i,l cleaved Caspase—3 %‘%i})i gﬁj‘, /i:\gjﬁw
30 1.20 £0. 16> 53.88 +6.32%

PARP {ifi cleaved PARP 225380, WLIE 1,325,

F4 KREFRX HepG2 WA THRM (v £5,n=3)

Table 4 Effect of emodin on apoptosis rate in HepG2 cells(x +s,n =3) %
2 53] e J& / pumol - L~ T 40 i L30T T A G e ) WRFE 41 i
2 - 93.84 +£0.47 2.41 +£0.61 3.71 0. 36 0.24 £0. 15
KEEHR 1 94.13 £1.31 1.93 +0. 89 3.72 +£0.47 0.22 +0.12
15 85.72 £2.72" 4.75 £1.26" 9.51 £1.96% 0.19 +0.09
30 63. 89 +3.36% 9.21 +1.56% 26. 67 +3.02% 0.23 +0.11
cleaved Caspase-8 ™ ™= amw— am—— /3 kD2 4 itig

cleaved Caspase-9 e “ 37 kDa

cleaved Caspase-3 W s smsm @8 |7 kDa

cleaved PARP [N 5 <o-

GAPDH il 37 Da
A B C D
A ZEP4;B ~ D KR (1,15,30 pmol-L™" )4
1 HepG2 AIMATHXEARIEAK
Fig. 1  Electrophoresis of apoptosis-related protein expression in

HepG2 cell

®5 KREERI HepG2 AMBATHXEZEOMNHM (v £5,n=3)

XING 25 DLk 2 7K W8 18 DO S8 A0 B SO 45
Uik B3 JH A2 5 ak s L gE 1 A 1, 45 SR Wk %
R I EAT T3 05 15 3 4, (8L B 36 A B o B 4
e FH 245 5 1) B 9 K, 3l 47V TR W 0 58, L 8 5
e FSOGE JVF U (9 7 45 . Rabe 28 $i2 38 1 451 AR
15 2 B B 5 A 2 T AR 0 0 B, A R
LRI 500 mg, G 5% 55 L, % Fh M LRI BoA
ode . B L ORT WE 4R 9L B0 OO B B % E
AR T4 8 5, 0 BT B S T 4, TR R R

Table 5 Effect of emodin on apoptosis-related protein expression in HepG2 cells(x +s,n=3)

2 51 #e i/ pmol-L~'  cleaved Caspase-8/GAPDH  cleaved Caspase-9/GAPDH  cleaved Caspase-3/GAPDH  cleaved PARP/GAPDH
2 - 0.39 0. 03 0.23 +0.03 0.34 0. 04 0.30 +0.03
KEE 1 0.41 0. 06 0.22 +0.02 0.33 +0.02 0.32 +0.02
15 0.56 +0.03" 0.43 +0.04% 0.48 +0.03% 0.61 +0.03%
30 0.69 =0.03% 0.56 +0. 03% 0. 86 0. 04% 0.81 0. 02%

GRS W (ALT) 3K %) 1 480 U-L ™" (IE# fH <
22 U-L7Y) , RIT&RRE IR i (AST) 3k 5] 711
U-L7 (IEHWAH <15 U-L71) 445 4t HHFE 45 £
LRI BT A R R AT R R O R Ve
A 2o e PR BT A [ JBA: 23 A, A Sk HlE T IR B
R S TE 0 R B, A0y 7 R A I, 5 B R I 5 [k AT
F AR R, 0
RERXZEEREN P EERSNLEDZ
— HHUE R BRI S R AR R E & A T
TE WA T o I AR R 5C T BT R A9 4 1 o 728 1 14
2, HuT LA 5 22 b i e 40 B O T, Al e 40 i

A549' 7 K /NG BB A HK-2T R S
M3 HeLa ™46 SR , it 2 56 T 1 25 VAR G 1Y 482
I, AP AL R A S8 205 2 . AR B 50 R T
W23 AR B 746 T 40 M 2R HepG2 R IF 5 K 2 3% 5 1
EIRALEL, B 15 pmol - L' KB AE ] 24 b ik
AEXS HepG2 2L A #E VA FH , I HL It 25 v J5E () Bt
I 25 A FHRY 5, LA BT S B IR v A
ROS 48 g 1 4 U 0 7= 90, OF FL7E 40 15 5
1 AR DL AR 3 1k 2 AR KA I, 3 7 ) ROS
TP 2 6t 0 L LR PR 4540 3 G0, A 9 2 Bk
Rifk 2 ROS 4T il i B HLE . AL R4 R
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/R, KEEZ 15,30 pmol- L™ fEJH 24 h J5 e % T
ML ROS JKF . GSH/GSSG J2 i 2 41 il N £2
DR E SR, PR R GSH fY FE & A I e 27
BRANMI Y A e A BT M A1 ROS
KPR, 23 ff 40 ML 9 GSH &I, GSSH Tt i, A<
WFFE % B4 K # 2 15,30 pmol - L' 4 J24 IS, 20
ML GSH 7K °F 2 i B ik, GSSG K ~F b 3 Tt i,
GSH/GSSG J A, Ak 1 20, 28 ffd 3k — 25 32 31| 431
i, K2 15,30 wmol-L ™ "YEH] 24 h J5 , 40l ATP
KPS 2 AR, ATP 2 40 it N b 25 B e s AR 1 44, Y
YL N ATP 7K - B AR B, 26 k7 AR 1) 68 52 3] 7™ & 5%
M), [R] B , 2 A2 ROS F7 4 9 32 280 450, [5] ik £
PRIy fig 52 2™ HE 5

2 94 T 2 ph R DR AR R B A M AR P AE T, T
F R I SRR U S A R T AR P IR R
PRig i SNEPESE T 32 R B 12 L AE N IR ok
T i TR B, SR iR ) e kA A, 2R kL
PR S5 A6 1 M IR, 4 M 68 3R C (eyt-C ) R 0 3 48 i 2%
LS EE T METERBERTSES, X
Caspase-9 [t BUE Ak | 43 24, AT 3% F Ui Caspase-
31207 Caspase-3 J2 2 Jf P4 5 1 U8 T R JF R RO 6
Gl R R AR TR AT L AR
LER KM, KH K 15,30 pmol- L™ fEH] 24 h J5, 4
LA S R A7 R AT, SRR AR T BB 32 400, s T R T A G
# H cleaved Caspase-8,9,3, PARP # &5, i
M HepG2 Al 4 1

3 X b AR S g 45 SR 4 4 A, AT AR B R B R
XF HepG2 4 i A 2 PEAE I, BT K i R B A W AE
JH W B 1, 3 A T BL T 2 30 ok 2ok AR ] T ik AR
S
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