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Effect of Stemona tuberosa Alkaloids on Apoptosis of SMMC-7721 Cells and Expression of
Bcl-2, Bax, and Cleaved Caspase-3
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[Abstract] Objective; To investigate the effect of Stemona tuberosa alkaloids on the apoptosis of human
hepatoma SMMC-7721 cells and the expression of apoptosis-related proteins including B lymphocytoma-2 (Bcl-

2), Bcl-2-associated X protein (Bax), and cleaved cysteinyl aspartate-specific protease-3 (cleaved Caspase-3).
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Method: SMMC-7721 cells were routinely cultured, passaged, and treated with various concentrations (50,
75, 112, 167, and 250 mg-L") of S. tuberosa alkaloids, while those in the blank control group were only
treated with 10% fetal bovine serum. The cell proliferation was determined by tetrazolium bromide (MTT)
colorimetry and colony assay and the cell apoptosis by Hoechst 33258 staining. The protein expression levels of
Bcl-2, Bax, and cleaved Caspase-3 were detected by Western blot. Result: S. tuberosa alkaloids inhibited the
proliferation of SMMC-7721 cells, and the inhibition rate was significantly increased in comparison with that in
the blank control group (P<0.01), with the half maximal inhibitory concentrations (IC,) at 24 h, 48 h, and
72 h being (173.36+8.75), (112.14+16.50), and (96.41+2.60)mg-L", respectively. The cell colony-inhibitory
activity was significantly increased in a dose-dependent manner (P<0.01). Compared with the blank control
group, S. tuberosa alkaloids promoted the apoptosis of SMMC-7721 cells, manifested as increased number of
apoptotic cells and elevated apoptotic rate (P<0.01). The typical morphological changes such as brightly blue-
fluorescent condensed nuclei, cytoplasmic shrinking, and karyopyknosis were found under the upright
fluorescence microscope. As revealed by comparison with the blank control group, the expression of Bcl-2 was
significantly down-regulated (P<0.01) , while the protein expression levels of pro-apoptotic protein Bax and
cleaved Caspase-3 in the 75, 112, 167, and 250 mg-L" S. tuberosa alkaloids groups were significantly up-
regulated (P<0.01). Conclusion: S. tuberosa alkaloids inhibit the proliferation of SMMC-7721 cells and
promote their apoptosis possibly by inhibiting Bcl-2 protein expression and promoting Bax and cleaved
Caspase-3 protein expression.

SMMC-7721 cells; apoptosis; B
lymphocytoma-2 (Bcl-2) ; Bcl-2-associated X protein (Bax) ; cleaved cysteinyl aspartate-specific protease-3
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B e a1 R K A& & R R M K i T -3 (cleaved
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M AR A R A AL LS C11707916) ; RPMI
1640 15 32, 0.25% & 1% , i 2 1L 7% (FBS) (3£
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— PR B, PR B (B A R AR
B2y W, 4t 5 S 090120201027, 101320201119,
092520201124, 110420201126, 102120201118 ; H il
s -3- fif 2 i & B (GAPDH) , Bax, Bcl-2, cleaved
Caspase-3 PiiA , BAR i A AL W B (HRP) AR ic 1L ZE 4T
91 (€ E Immunoway 2\ A , it 5 43 %] 4 B2901,
B1901,B4101,B3101,B0101).

1.3 ¥8%  C170% CO, 1% 5546 (78 Binder 24 7] ) ;
CKX53 A5 & A=W W 58 ( H A& Olympus 24 #] ) 5
Epoch2 %Y 4 J% K i 45 4% ( 3¢ [® Bio Tek 2 #l ) ;
JIMBIO-FIL 13 5 B 5 41 M 1+ $A (VT 5 s 6k
REE A BR 2N F) ) ; HR1200-11B2 AU & fig 4= W) %8 4 4R
(H 5 R Ay A B2 Al ) ; Mini-PROTEAN Tetra
Cell 78 3 & 1, K {X , Mini Trans-Blot Cell 7} 2 14 %% EJ1
BB (55 [# Bio-Rad 23 ] ) ; 5424R B ¥4 R 5 0 ML (2
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2.1 4ifEEE3E A SMMC-7721 4 i, 15 9= F
CO, 5 F2 46 N, 37 °C, 5%CO,, 1 MR, 55 52 i A
T 10%FBS, 1% & 4% % R RPMI 1640 5¢ 4 8% 57 )
(pH7.2~7.4).

2.2 Xf S A R A R 2 W C R HORT
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200 pL,EE 6 MEfL. HiF%24,48,72 hJF RAE,
A5 g L MTT e, BEFL 20 L, 4k SE05 & 4 h, 5
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490 nm P K AL I 5E 25 FLIWOGFE 4, 153 40 i 1 e
il &, JF R BG5BT 5 o Bom ) vk B
(IC )M o 20 388 5 30 2R = (1 = A /A gy ) %
100% .,
24 SEEEQ LR TEREERE S B SMMC-
7721 4 R = 6 FL AR (B FL 1 .000) , 5 5% 24 h,
FEAL A, A X R AL A X R A A ) e
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Wi AR 1 mL, B 6 M L. HiFE48 h, B
BESE AR IR, 3 AR 1R, LR 12405, W
FFfL AR, PBS 3 UE 3 UK, A 10% H RS A AL
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L1 mL, fHE 34N, K57 24 h, WALk,
PBS ¥ UE 3 K, i A 10% H & , L 0.5 mL, 15 min
Jo . W 53 [ 2 W, PBS 1 Uk 3 UK, T A Hoechst 33258
Qe , B fL 0.5 mL, JH B {406 2, MO L
15 min, W = L W 4K , PBS W T U8 3 Uk, U 35 3%
e PO K E B (PBS-Hh 9: 1) & Jv, T79¢
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2.6 A e RE BNl B (Western bolt) & i 410 g 4r Bt ¥ H Bax, Bcl-2 fill cleaved Caspase-3 3£ i&
Bax, Bcl-2 fll cleaved Caspase-3 & [1 315 B X 4L AR

A K SMMC-7721 4 Ml 45 Fh T 25 em® ¥ R, 2.7 G Ar M SR SPSS 17.0 G840, 45 1
T 20 M A T A 3K 80% i, W 3 R R B A, i A PLx+s Fn, 2 P<0.0S AN ZE R BA G2 E L.
AXF o E R A W B (0, 50, 75, 112, 167, TFA B2 5045 M7 22 55 M, 2k 1 One-way ANOVA
250 mg-L') i RPMI 1640 5 4 ¥ 3% 4k, & L #EAT Z 4 m o0, >R M e/ 35 22 507k (LSD) test
3.0 mL, 15 % 48 h, W FF PR  PBS I Ve 3k, i BEAT P AL ] 4347 ; AR IE A B 25 A8 55, SR H Kruskal-
A 40 2 f# 300 pL, vk I 2 f# 30 min, 4 °C , Wallis #f 17 2 41 [8] 3 #7 , 5% JHl Mann-Whitney U #£47
12 000 r*min™ B .0» 25 min, B 04 6 em, I 4E i (TSR ET T

WOBCAEMEAWE., MASEE FHEEAZN 3 %R

WLIRA K IR 8 min, B EAERECY 30 XTANMEMEEAYE R Has A4 R, R
30 pg, 4 10%SDS-PAGE WL Ik 70 &, i I, e 8 & AW 50 mg- L' K DL b 6 vk B AE AR 24,48,
PVDF & I+, 5% it A 4= 0% £ 1] 40 min, ¥ B & F 41 72 h Ji5 20 A 2R ) 2E T (P<0.01) X i
1A Bax(1:1000),Bcl-2(1:1000),cleaved Caspase-3 SR B AE 24, 48, 72 h X SMMC-7721 41 it 1Y
(1:1000) 1,4 °CH F 1 %, TBST % il bt Ol 75 i IC4, 73 ) Ry (173.36+8.75) , (112.14£16.50) , (96.41+
3, LI EHT R 1:5 000) % F 60 min, TBST i 2.60) mg- L™, X i &6 R A P s % SMMC-7721 4
UE 3K, BEI MR BT AT 4, N 22 GAPDH R AT 38 78 400 1 1 P I ok 8 0%y 384 m i 3 5, 52 94k J32 1
TR BE Sy M E 545 B B 1120 K BB/ S K BE MG, W 1,

R1 MHESEEYEIT SMMC-7721 4G BN H LB (i+s,n=6)

Table 1 Inhibition of S. tuberosa alkaloids on proliferation of SMMC-7721 cells (x+s5,n=6) %
205 o e S /mg - L 24 h 48 h 72 h
Xof R AR 50 26.16+5.52" 19.92+12.32" 18.87+3.36"
75 37.36+3.02" 37.35+17.80" 39.83+3.85"
112 49.64+4.75" 65.92+3.13" 77.18+4.32"
167 52.05+2.21" 81.52+1.56" 91.85+0.76"
250 55.54+1.44" 84.22+2.08" 91.43+2.31"

TE 225 A 2 40 48 4 o) R 05 5 ] I ] A A8 2 H AR Y P<0.01( 6 2~4[]) .

3.2 XAHMMIAEEIE AN S AR 0 ZRA G E X (P<0.01), HBE & 259 ik 3 1 1Y
B AV 50 mg- L' X LA BTk BN AE TS 0, AR TR WA ] AR T O A OG, X
TE BB A AR I T8 R B B, 2 R A geit BN 250 mg- L JCAE 95 T B, 41 il 48 V& % i
S SL(P<0.01) , 40 H A V5 1 O i) 32 28 8 2 v Hil %R 100%., W2, K1,

F2 MHEARDZEDHEIT SMMC-7721 BIEZFR R EMEEZR I EHFM (F+s,n=6)
Table 2 Effect of S. fuberosa alkaloids on colony formation rate of SMMC-7721 cells and corresponding inhibitory rate (x+s,n=6)

250 o /mg - L SEIEBUA ETEIE B % LTI B /%
2 634+158 63.42+15.84 36.58+15.84
Xof LA 50 283+91Y 28.2749.13" 71.73+9.13"
75 94+30" 9.37+2.98" 90.63+2.98"
112 30+23" 2.95+2.28" 97.05+2.28"
167 2+1" 1.67+1.37" 99.83+0.14"
250 0" 0" 100"

3.3 XM ETIIESHEm 2 H4 SMMC-7721 Bk (50, 75,112, 167,250 mg-L") T il SMMC-7721

AL B S A, BIRTE A g 0 2 TET L 1 W Y M 24 h 5, A0 A S A 0L B 0 5k B B 1

WO AR S A R, E R Y 2, Ui A% DR L 0 BT MR 4 3R A AN FLR A5,
. 76 .
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E F
A 2541 BAF X E A Y (50,75, 112,167,250 mg- L) 41
(E2,3M)
E1 WM ESEEYHEIT SMMC-7721 A EEF RSN F N
(f8 2 2 3B, x100)
Fig. 1 Effect of S. tuberosa alkaloids on colony morphology of
SMMC-7721 cells(Inverted microscope, x100)

VEBIAN 781 7 i WUE: i 0k 8 R NG IR ik PN i e
BOH 5250 W RO A OC, VR R, 40 O T4
ERTE P UE SRR R R e S T
Hahm(P<0.01), WK 2,%3.
34 XA TAHCEARINEmN SEA4
e #, XF b e ER R AR W 4l (50, 75, 112, 167,
250 mg L") ¥4 1 #& 11 Bel-2 R ik W & T (P<
0.01) 5 X mF & &8 & & Wk 4l (75, 112, 167,
250 mg- L") fit ¥4 7= # 11 Bax, cleaved Caspase-3 ik
W% LW (P<0.01), WE4,K3,
4 itig

2 Jif 346 B R0 PR T R M RE AR W AR AR RO
A7 P A A A T S M T R — b R UL )

E F
B2 %t E EB A A 4 R SMMC-7721 48 Bl 4 75 80 8 Wi (9¢O6 IE &
B HBE, x200)
Fig. 2 Effect of S. tuberosa alkaloids on apoptotic morphology of

SMMC-7721 cells( fluorescence positive microscope, x200)

R3 HEISDEEYWHEIT SMMC-7721 BB TR T (5+s,
n=6)

Table 3  Effect of S. tuberosa alkaloids on apoptotic rate of
SMMC-7721 cells (X+s,n=6)
215 EE(M,E JTAEA TR %
/mg-L
%5 145+46 14.52+4.63
eF I A 0 50 346+41" 34.61+4.09"
75 423+53" 42.34+5.32"
112 620+30" 61.96+3.04"
167 653+27" 65.26+2.71"
250 863+39" 86.32+3.90"

PR, 3 SRR U e O B A T A
S WA MU TR L A LR 0 A W o
A A0 o e A g G R S L TR R T
B

R4 FHEBH2EWEI SMMC-7721 DA THXEAREHIHIM (xxs,n=3)
Table 4 Effect of S. tuberosa alkaloids on expression of apoptosis-related proteins in SMMC-7721 cells (x£s,n=3)

25 J e /mg - L cleaved Caspase-3/GAPDH Bax/GAPDH Bcl-2/GAPDH
21 0.31+0.01 0.13+0.02 1.25+0.03
X A 50 0.32+0.01 0.15+0.02 0.34+0.05"
75 0.47+0.01" 0.44+0.02" 0.70+0.02"
112 0.52+0.03" 0.64+0.04" 0.65+0.01"
167 0.56+0.02" 0.390.02" 0.56+0.01"
250 0.54+0.01" 1.24+0.04" 0.67+0.05"
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cleaved CaSDaSG-3 _ 17kDa
Bax | -“.21@3
g

B2 MR s S S S s 26 kD2

GAPDH

36 kDa

A B C D E F
B3 MMHESIEYEIN SMMC-T21 AT HXEARE
Ak

Fig. 3 Electrophoresis of S. fuberosa alkaloids on expression of

apoptosis-related proteins in SMMC-7721 cells

0 5] T 95 40 M 39 B, T AE 28 g 0 R K RN G
B o SRHIMTT B A 75 K T SMMC-7721 24 Jitd 34 i &
25 58 L 40 3 W 8 SMMIC-77211 41 Jifd B 41 Jifd 7 [ g
I3, G5 BB X R A Yk SMMC-7721 4
I 400 ) s B T A R S AR R AR T, T B A i e R
[EPADINY € N R AN L T i U B A R O &
JitL 46 75 08 iR, T o 40 4R 95 08 B ) R, o)
I AR W0 250 mg - L G VR T AL, A0 AR T
B A 1 3k 100%

55 A0 B TR YA T N R RE 2 0 e A0 R BE T
MR TF B, AT 24 m s 2 N T EE, £
55 1L e ik e L AR, (22 Fh R A 208 28 1 K i
it 35 AL T 5 S 4N I SE T . Hoechst 33258 4 (5 2 46
A AE T KA1 KW H ik 2z —. 9Ok
BRI R, I AN 40 A B G IR W, Rl
2B I 5 2, R T 40 B AN A A e s e, T
M E2 ) 5 98 o, P8 T A0 MR S B, B IR R
T AR SR 28 R R 2 X i S A W el Ak B
J& , SMMC-7721 21 Jit] 240 At 4% % % n 5 % €4 i) B H
IRTR NS R R N7 E A AT E I DU A2 B
JE AR S5 A R 00) 40 i A%, A0 O TR R R
& B S AR R A% 1 ) SMIMLC-77211 4 Jifd
A, X Al fig 5 HAE S SMMC-7721 4 T4 % .

Bel-2 75 2 20 i U8 T i AR T 4 F, R EAE
FH 4 A Y 5 S T R ORI OR T R BN
Bax il Bel-2 372 HZ 05wl 51 , Bax S 9% 8 1248 2 19
OB TR 11, ] 3 R 4 AR U T, Bel-2 2 R 40 i G B
B AR 4 2R, T 0 A0 I R T, Caspase F R
BTG AL 0 R T R G AR ) 2 R AE  Cleaved
Capase-3 fig % ¢ YK 40 Jifg 2 68 , £ iF 40 98 7
Caspase-3 & H G5 B 51 2 — , AT 00E 8 T 15 5 19 1%
B, 2 (8 E A0 M PE T OGBE R 1 . Bax il Bel-2

. 78 .

G5 AR B T R AR R S T = R
Ji, 5 Caspase & [T RN, 15 Sl i gA 71 A%
S5 45 0L W, ek i R AR W) BBE 9% R I Bel-2
13k, I cleaved Caspase-3 & Bax ) 3 ik , ii W]
X 0F T HR B A 9 B 0 Bel-2, cleaved Caspase-3 Fl1
Bax 3 Fig £ K15 5 SMMC-7721 4 il 4 1 .

Zr BRIk A BE g R, X B A Y A
AR 47 1 10 i SMMC-7721 20 Jifd 34 %8 A4 o 08 1~ 14 1
FH, FEHLH T B8 5 0 ] 8 11 Bel-2 3R 35 fLE i 2
Bax, cleaved Caspase-3 3k A XK (H XTI &8 & A4
Pk b BLAR B A RO v R B AR T e &
BLHI A i — 2D TR AT L 0.

[(FIZEMR] AXLRAEEEMA B R,

(&% 30k]
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