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Mechanism of Liushenwan and Realgar in Inducing Apoptosis and DNA Damage in Human
Endometrial Cancer JEC Cells

LIU Zheng-yun, GOU Ying, JIANG Nian, WANG Huan, LIU Jie’
(Zunyi Medical University, Zunyi 563000, China)

[Abstract] Objective: Compare the anti-tumor effect and mechanism of Liushenwan and realgar
(As,S,) on human endometrial cancer cells JEC. Method: The release of Asin Liushenwan and As,S, was
measured by atomic absorption spectrometry. The 3- (4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium
bromide (MTT) assay was used for cell proliferation, and cell migration was measured by Transwell assay.
Flow cytometry and Western Blot were used to determine apoptosis and DNA damage. Result: The dissolution
of As in Liushenwan was 17. 4%, and that of As,S, was only 1. 6% according to atomic absorption assay. With
the same content of As, compared with the As,S, group, the cell viability in the 3,10 mg-L" Liushenwan groups
was decreased (P<0.05) , the early apoptosis rate was significantly increased in 0.25, 0.5, 1 mg-L"

Liushenwan groups (P<0.05) , the rate of cell migration was decreased in 1 mg-L" Liushenwan group (P<
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0.05) , the expressions of cleaved cysteinyl aspartate-specific proteinase-3 (cleaved Caspase-3) , cleaved
cysteinyl aspartate-specific proteinase-7 (cleaved Caspase-7), cleaved poly ADP-ribose polymerase (cleaved
PARP) , phosphorylated histone (p-H,AX) , phosphorylation of checkpoint kinase 2 (p-CHK2) and ataxia-
telangiectasia mutated (ATM ) were increased in 1 mg-L™" Liushenwan group (P<0. 05), while the expression of
phosphorylation of ataxia-telangiectasia mutated rad3-related (ATR) was decreased in 1 mg-L" Liushenwan
group (P<0.05), with no significant changes in the expressions of cysteinyl aspartate-specific proteinase-3
(Caspase-3) and cysteinyl aspartate-specific proteinase-7 (Caspase-7). Conclusion: With the same content of

As, both Liushenwan and As,S, could inhibit JEC cell proliferation and migration, and induce cell apoptosis and

DNA damage. Liushenwan has a stronger effect than As,S,.

It is suggested that there are other components in

Liushenwan with an anti-tumor effect in cooperation with As.
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BT 42 & 5 A AR AR R TR TR 25 KO iy @il FE
AR AT £ 35 B A AE BT A AR K2 A SRR 4L
TE NN 2P fE B B . SMOLR TR TR
W 5 T LG 7 e (As,S,) AR R A IR
BER KA 6 M 2G4k, A T I R T Ik
S I8, T e A I 4 R 32 B AR 2 WF 58 1 %
T #EE B AU OE & BN R AL X I 9 A0 i
BEL7402, fii Ji 41 il A549 F1 1 1L 240 i HL-60 (Y 4=
KA B 58 0 4 AR R 5 7S B AL I B 24 00 T R N LR
I 41 L MCF-7 1 38 5 o A W Sl 300 A T, R0 A
PRI F L A SRR A i 5 R B FE SR (As)
TR, As, S RIS B ILER R i - Hep3B 41 L i
BB, R 7S Bl Y A5CR B AE, LS Bl AL BE 5 5 41 i
P R AT MR T S SRR R R AR
(6. 11£1.19) nm"* J1E R 41 K 9L As,S,, 4F i
HepG2 41 Jifd A1 25 P4 988 TEC 40 A3 6% 58 58 A5 100 i 48
JE I 287 i O R = R A AV Q1 A SN
PR b T7 A BT R M ARG e, R,
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) D) e 2 5 SR R AR 24 2 B 380 AR SR A
S Z AR FESRIL E T (As,S,) N
By, b 13% " H AR AT As,S, & 75 B EL AT RS #
FUARRARL AT B g8 1 L 7 B AL & $5E e T o8 1 2 A5
REAE T A BRI 7 5T I, A DR A AE T
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1.1 2 5l SH, As,S,(R At B2l A IR
22l A5 1 TA1003) ; DMEM 85 5% 4 (5% [
Hyclone 24 @ , it 5 SH30243. 01) ; JIf 24 1l 3 ( £ H
Gibco A 7 , L5 1414426) ; WEWR ¥ (MTT) , — M nk
R (BCA) L & , & €8 il Ju 25 11 3T 43 & A 1fE
(EBHRREWHARAERL A, #5550 N
M8180,P0010S,P0068 ) ; B lis i 22 24 R £ 11 47 14/t
Ak 7 BE (Annexin V-FITC/PI) 41 g ¥5 T 4 ik 7] &
(ML I A W H AR A IR A | L HiE5 KGA106) s RN
o5 Tk %2 5% I W Tk (SDS-PAGE ) #E i il 45 ik 7 &, 45
TR P L R 0 O - B iR L S BT B R . O kL4
(At E 3w R AR 2 A, #5351 2 P1200,
G1062,G8590,PE0010) ; B — 9 £ ¥ (PVDF) i
(2 [E Millipore 23 7 , 41t 5 ISEQ00010) ; Hi 42 e 2
TR K 4 54 12 7K 1 Wi -3 (Caspase-3) , 57 U 11 21 bt & 2
KA R 15 -3 (cleaved Caspase-3) , 2 Bt & iR K
A G R 4 -7 ( Caspasee-7) , BT U it 2 Bk & R K &
R 5 M ¥ -7 (cleaved Caspase-7) , Y Y] 1y & ADP
¥ B B 4 B (cleaved PARP) , B MR 1k 19 41 & A
(p-H,AX) , B 1% b 0% 6 0 55098 2 (p-CHK2) , A3k
TF R VR B 40 I T 9K AE 58 A8 B (ATM) , A 3R 2R
JE B AN P 5K AE Rad3 A 56 B0 (ATR ), H i % -3-
W 7% i UM% (GAPDH ) , Anti-Rabbit 3 Bk 45 11 (1g)
G, Anti-Mouse IgG ( 3£ & Cell Signaling Technology
LS 5 Bk 9665, 9664, 12827, 8438, 5625,
9718,2661,2873,13934,8884,7074,7076) ; & N
JEES68 JEC 20 I h A 52 596 28 URAF 1 25 B AR

1.2 Y% TH4-200 B! IE B 8 #0485 , CKX41 Bl {3
B2 U5 (H AR Olympus 22 Al ) ; Allegra X-15R 4 &5
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=¥ R B 0 ML, CytoFLEX # v =X 48 Ff % ( 2% [
Beckman Coulter 2% & ) ; 1500 &I [ Fr 4% ( 35 [
Thermo Scientific 2 # ) ; 041BR151060 7!
PowerPac™ Basic, 690BR017661 7% Trans-Blot"
TurboT" System, ChemiDoc™ Touch Imaging System
(24 Bio-Rad /A 7 ) .

2 HiE

2.1 AsWREEME RGBT IR ok il
As [R5 A% B, T LT 15 77 BR U g 5 i 25 9) 24 h, B
B W 1 000 45 5 AL I As B MR BE 1T
T As I v BE K45 2 0 1Y B T O 25 0 1 e
R JBE T R R R R R RS B BRI AR S MTT
5L S AALE P R R (0.25,0.5,1 mg- L)
2H S As, S AL P R (0.25,0.5,1 mg- L) 4 .
2.2 4AMIIEFE JEC 4 A H & 10% it 2F i is F1 1%
HHE-HHEE(100mg- L' 4HEMI10K UL
% % )Y DMEM }; 32 5L 45 55 T2 37 °C, i A B Y
5%CO, WEH H .

2.3 MTT b 6a gk I 4 3 s 4 il 4 JEC i i
R T 96 £L AR, 20 M %% B Sy 1x10°4>/4L , 24 h 5
2y, gk B S S W L(0,0.1,0.3,1,10 mg-L7),
As,S,(0,0.1,0.3,1,10 mg-L™"), T2 48 h )5 f AL
JIAS g L'MTTIHEW 10 pL, B H 4 h, LR 3735k,
AL A = H B A (DMSO) K 100 wL, 52 3% 1R
5] Ja AR AL AE 570 nm 40 22 4% FL A OB EE 4, JF
‘VI‘%:éEHH@ﬁ{E%o éEE@ﬁ?ﬁ%Z(Ahu%iﬁ_AéHiﬁ)/
(A pma=A 5 112) ¥ 100%

2.4 Transwell £ 40 fl 8 % JEC 40 g 191 56 FH G
M5 K5 72 385 5% 24 h IHAL AR T L= i %
JEE R 3% 10° /4L, 4t B2l [m] g m 24, | 28 5 5 A
FUR 200 L, V5 e BE R 2% & 35 95 SL R R Oy
500 wL, L7 MR N 20% . MBI 72 h, HEA1T 45 &
Lyt 2595 1 A% Transwell FEEUT {8 & T
TNA R I RS 2R B R b B A, B Transwell i
ERE S A ILEF S OB AT WA IR 4R IR

2.5 I 24 R RS I 4 LA T B JEC 28 M 42 Fib
T 6 LM, A0 3 K 5x 1054 /40, 24 hs 2y, T m
2524 h G WCSEAN A (FH 0. 25% A& 2 e U 2 R 1
JEE T ) , Wi 52 6 22 vh U (PB'S) Wk 4% 40 M 2 Yk, 41 i
1x ) Binding 2% "k 500 pL &, /il A Annexin V-
FITC 5 pLiE2), /0 A P15 wL iR 2J, ket 2 by
5 min, 3 2 40 ARG 0 48 A T A A O

2.6 HHRPEEIIEE: (Western blot) K6 I 40 g 5 7
K DNA G E H IS JEC 4 i 42 #h F 6 fLAR ,

20 M % B A 5% 10° 4N /4L, 24 hJE N2, in2h 24 hJE ik
AL FHBCARKFI G EAGE. ORBEM
11K/ H SDS-PAGE #E fist i il i 7] & id & SDS-
PAGE BE & (43 25 68 B vk 4 I8 ) 5 @)% 38 e i) 2 1 ik
17 b #E , Marker 3 pL, 7 4 0l 25 F1 20 wL (10 pg) ;
@TE 80 V HL UK 2 43 85 I I , #F L R 2 120 V, Ff
MM R R )2 B IR @1E 350 mA, 120
min 5% 5 7 52 BRI % PVDF L T 5% BSA #f
W= I E 2 h; @4 °CEE —4H0(1:1 000) 5T
502 RUERE G IR E —Pi(1:1 000)2 h; OB
B J5 m ECL #8 % & Jt W A ChemiDoc™ Touch
Imaging System W% . R H Image J #4317 K A
1% Z K FEE AL B, UL GAPDH 44 E W NS 8
4% A X DN 2 9 K B LU (B, /S B A9 8 A A
X F kK

2.7 GiitfEUrE A B x+s &on T SPSS
18. O B HEAT GE T2 43 B L AR AR LU 80 R A ST R AR
(RIS, DL P<0. 05 A ZE S A G % E X

3 &R

3.1 AsHREMIE S5ttt 5 As,S,41(1.6%) L
B SHOILAL(17. 4%) As B i 3 BH S 389 hm o 156 B
ALY As,S, 19V B AH R 7S Bl As 19 9 i
T As,S e XML As, S, T As I AT AR
1k, %5 As IS ALS As,S, R IEAT 5 259256 ()5
SLELG VR EE R As IR BE ) o

3.2 XFJECHIMIIFE M2 5 As, S, 4l Lh#, oK
FEIL LR T A 4 A B AE TR 3R IR (P<0.05) .
W1,

K1 ANHWIE As,S, 3 JEC 4 B8 58 B9 5 (X+s5,n=6)
Table 1 Effect of Liushenwan and As,S, on cells proliferation in

JEC cells(x+s,n=6)

2151 JF e /mg - L 0 AT 15 2R /%
%5 - 100.00+5.97
ZSHIL 0.1 88.49 +2.65

0.3 75.53+0.17
1 68.40+5.88
3 43.39+1.31Y
10 26.14+1.50"
As,S, 0.1 104.13+1.51
0.3 92.34+2.72
1 65.11£2.90
3 59.29+5.37
10 50.05+1.20

5 As,S, A LK DP<0.05(F 2~5 T/ ) o
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3.3 XFJECHNME M - 5 As,S, A HH, o8 AL 7R 2H A0 M O T RS B i (P<0. 05) 0 L3R 2.
F2 ANWALE As,S, X JEC AT 40 B E T B9 B M (X+s5,n=6)
Table 2 Effect of Liushenwan and As,S, on cells apoptosis in JEC cells(x+s,n=6) %
25 T AV B /mg - L IEH A U 20 e, 4 240 i IRBE SHLARAR A 1) 240 i
2 H - 94.68+3.25 1.21+0.09 0.35+0.04 3.76+0.31
AL 0.25 51.34+3.68" 43.2441.39) 1.30+0.24 4.12+0.42
0.5 33.24+4.21Y 62.35+2.59Y 1.99+0.33 2.42+0.22
1 30.51+3.29Y 58.24+3.21Y 4.76+0.31" 3.84+0.14Y
S| - 95.32+4.38 2.94+0.09 0.18+0.01 1.56+0.09
As,S, 0.25 86.58+5.31 6.54+0.61 0.73+0.08 6.19+0.51
0.5 77.35+£2.38 16.34+1.15 2.35+£0.10 3.96+0.29
1 66.35 £3.69 29.35£2.51 1.25 £0.15 1.47 £0.11

3.4 XTIECHNMEIE R 5 As,S, 4 8, N
P v ) o 4 A0 B AT AL R AR (P<0.05) o AN AL

AL 7S AL B~D SR 5 5 4 EL

H

25 141 F~H.As, S I il i 4 (& 2 [))
E1 N#AE As,S, 3t JEC 4R 20 A 1 % B9 85 0 (18] 5 06, <200)

il o EmAlEdm g 2ER a2 E ., W
E1,%3,

Fig. 1 Effect of Liushenwan and As,S, on cells migration of JEC cells (inverted microscope, x200)

£33 ANHEHE As,S, Xt JEC 40540 B E R B RN (X+s5,n=3)
Table 3 Effect of Liushenwan and As,S, on cells migration of JEC

cells(x+s,n=3)

415 JOT ek Y JiE /mg - L o AR A
EgE| - 100.00 +22.57
IS AL 0.25 63.11+13.56
0.5 42.97+8.09
1 28.94+4.63)
EgE| - 100.00 £14.18
As,S, 0.25 72.96+11.21
0.5 58.71+19.21
1 72.63 +8.47

3.5 XTJECHNM P HISCHE ARBIEI 5 As,S,

21 B, oS d L R R 4] p-H,AX, p-CHK2 25 17
- 102 -

i B TS (P<0.05) , 75 #f AL & A & 4 cleaved

Caspase-3, cleaved Caspase-7, cleaved PARP,
p-H,AX, p-CHK2,ATM 5 ATR & H % & ¥ & F+ &
(P<0.05), WK 2,%4,5,

4 it

7N A AL AR A Y A A B G v B e A
BN I a7 O e e (il L ) U A
SRS ML R Ol R 2 WE I Oy R 2, L Al g
Gy N AR 2y RN 2 AR R AR 0 A UE B S A AL
E JIF 9 Hep3B 41 Al (1 Bt i 8 1E 1 HE As,S, 8 L X
5SS 5 As I KT As S, T As I
WA FEARLE R, ANMIL(10 mg- L)X F
B N IS 96 440 M JEC 1 38 BE 10 1 50 74% , A B G
bR VE R o T AFE As =Y As, S, U H AT 50% , ik BA
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Caspasc-7 wwem gwp @8 S0 e s === w== 35kDa
cleaved Caspase-7 4 ﬁ‘ 3 4 1 18 kDa
Caspase-3 _ 19 kDa
cleaved Caspase-3 - R 17 kDa
cleaved PARP i“ w 89 kDa
p-H,AX —---&(m 15 kDa

p-CHK2 B S == s Se L 88 () kD2

ATM = S e wrww 350kDa

ATR = B B

GAPDH e . s o e e e 36 kDa
A B C D E F G H
B2 A#ASAsSERARHEXERRERIK
Fig. 2 Effect of Liushenwan and As,S,on expressions of proteins

in JEC cells

75 AL B B0 VR A AU HEE As B . A
R B PR 7S AL AT LAE S 5 5 0 T R A R
YERT, 625 As BYE BL T ABIE 58 1 S8 A U =X 40 i
ARG I A0 98 T, S5 2R BoR S HIL S As, S R FT L 5]
A0 T, (H N OIS 0 O T R SO AR T
As,S,.

R4 AN#WHE As,S, % Caspase-7,cleaved Caspase-7, Caspase-3, cleaved Caspase-3 l cleaved PARP & H &%

fift 988 20 A A% 2 % 1 iR e IR SR AR AR 2
— L1 A T e R 40 T RS A O vk 32 A A0 R
IR S0 K Transwell 3256 . FEARWFSE P, Transwell 41
JE AT A% S 50 45 SR A UE W S # LS As, S, BE A R
i L, A 7S AL IR ROR B AT
A LA i A Bk B 40 AR IR -2 (Bel-2) A E X
FH H (Bax) F T Bel-2 2 A 1 235175 5 A i s 4
Jif 2 A AR T A AL Y 2 I T RE e A
Caspase-3 1 22 18 5 5 N FL IR I8 MCF-7 40 Jifd A& A 4
T A L 4 A A 5 5 TS AL Bl T A
Bel-2 JE K 1) 3 35 175 3 9 210 M Hep3B & A= 4 Jfg 4
7170 AR 5T ik — A S U S L L R AR As A Y
As,S, T 58 (14 5 i 200 JE 3R T 2R R A
i f AT TR S KA — RN E W EIT R,
DNA itk & b2 — . DNA#iIfE S £ %k
ATM 5 ATR 4+ 5, ATM 5 ATR 1% 33 {5 5 45 DNA
A3 K6 I 45 B4 (Chk 1 AT Chk2) "™ . ATM (38005 A 26
DNA #5209 8l , & 4= DNA 453 J5 , yH,AX #
ATM W 2 1k I 41 52 3 DNA 45005 17 45 b, 3 1o 46 )

B0 (x+s,n=3)

Table 4 Effect of Liushenwan and As,S,on expressions of Caspase-7, cleaved Caspase-7, Caspase-3, cleaved Caspase-3 and cleaved PARP

proteins in JEC cells(x+s,n=3)

a1 o v Caspase-7 cleaved Caspase-7 Caspase-3 cleaved Caspase-3 cleaved PARP
/mg-L"! /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
Z=H - 1.30 £0.03 0.33£0.12 1.42+0.04 0.28+0.19 0.85+0.17
IR AL 0.25 1.85+0.30 0.28+0.31 1.53+0.15 0.46+0.14 0.90+0.17
0.5 1.96+0.19 0.60+0.23 1.49+0.24 0.65+0.08 1.03+£0.21
1 2.00+0.16 1.68+0.14Y 1.67+0.08 1.29+0.35Y 1.27+0.24Y
= - 1.79+0.21 0.51£0.16 2.10+0.15 0.78+0.34 1.55+0.46
As,S, 0.25 1.75 £0.34 0.70+0.24 2.18+0.19 0.82+0.26 1.17+£0.24
0.5 1.50 £0.51 0.34+0.24 2.17£0.17 0.55+0.20 1.18+0.39
1 1.83+£0.19 0.35+£0.16 1.95+£0.31 0.73+£0.25 1.2340.18
x5 AWILE As,S, X p-H,AX,p-CHK2,ATM 5 ATR & B KA B M0 (Z+5,n=3)
Table 5 Effect of Liushenwan and As,S, on expressions of p-H,AX, p-CHK2, ATM and ATR proteins in JEC cells(x+s,n=3)
259 J i e B /mg - L p-H,AX/GAPDH p-CHK2/GAPDH ATM/GAPDH ATR/GAPDH
2 H - 0.51+0.18 0.67 £0.29 0.66+0.24 0.88+0.11
Y 0.25 0.88+0.16 0.73+0.18 0.55£0.27 0.92+0.22
0.5 1.24+0.34Y 0.81+0.18" 0.70+0.16 0.79+0.09
1 2.34+0.31Y 1.77+0.16" 1.88+0.24Y 1.77+0.08"
2 - 0.82+0.09 1.85+0.13 1.46+0.24 1.21+0.04
As,S, 0.25 0.79+0.16 1.15+0.16 1.23+0.29 1.60+0.09
0.5 1.01+0.09 1.04+0.17 1.58+0.34 1.62+0.16
1 1.06+0.18 1.11+0.54 1.77+0.09 2.01+0.27

- 103 -
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yH,AX, fig #F — 2 # L DNA #1449 & /£’ DNA
P09 18 52 2 W 2 o 550 A0 2 ik R A T A L 4 L 5%
ARFIYR T2 A B 5E 3 B S B IL AT 51 DNA 45
53 # 5 & A p-H,AX, p-CHK2, ATM, ATR % ik I
. {0 As,SALAESIE ATM 5 ATR % ik |3, ATM
5 ATR X3 DNA 51 05 5 2 19 )3 2l , 138 W3 7E 55 As |
T, As,S, HUBER) AL T DNA 451443 1y 253 %, JF R
peit — AR HE T WA G F I RA . X EES
B As,S, AN BE I NG A T A ¢ TR 1 Caspase i ) £
ik, 7S ML AT DL iE — 20 TS cleaved Caspase-3,
cleaved Caspase-7 fll cleaved PARP & [ 1Y & ik .

i L RS RIS LS As, S, AR BEITH T E
P I JEC 20 i 1% 34 A R IE RS, 5 5 A0 O T A
DNA $it 73 , (H 75 55 As il it T, 7S # AL 8O- T
As,S,o FNHILK HEAE FHAS USRS T8 25 (As,S,)
YA B, Ak Ty v i A B3 (2R B B (WA IR AR ) L
S H5NMRENENS SR, BRI FEAEN, X HEE
b2 R AR B — KRR R

(&% k]
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