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B XRE LY BE NiE I FH
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A5 R FH I 5 e B SR S s A A8 Ak, SR DNA S JE A e A FBL Tk S 30 Rl DNA J2 5 & 4 | Befk , R H Western-
blot ¥EAM Caspase-3 AR ILIENM , R £ LIPUS 24 HE)5 6 h,0.5 W/em® M T4 1.3 W/em® B T
AR, 0 W/ em?® 75 1 UL 40 L8 7255371 4. 66% (8. 99% 32.41% ; HA4541 G, W1 (DNA £ )5 191) 4
LT o Lo B3 I, G, 451 ( DNA & RCETIDT ) 4 f i 2500, 43000 5 28 | o BRZH IRl LU B, 28 R A Gt i X
(P<0.05), 0.5 W/em’ #B75 T4 1.3 W/em” HAE THHA 2.0 W/em® M7 T W4 Hoechst-H (4 135 5
R T 40T LB 0 B R T, H DNA Byt W e L 3k 1T O DNA ladder, 37 F 6 h 9 h A 3 BLOA St | Bt gk,
1.3 W/em® #8755 TR 2.0 W/ em?® #75 T WLl Caspase-3 HIFEE M A H 525 0 B4 L&, 22 R A
GBS (P<0.05), &5t ISR 75 ] 2k 22 Ff 400 0 ol ek 400 e SMMC-7721 B4 58, 35 S LI 12,
ELSX e 200 ML 75 S T R AR YR P LA R AR 5 (2 0 T VR FH R BRI T R - e o A I R )
/& Caspase-3 #E HITHLA K,

[X88R]) (GRS, APEAER SMMC-7721; PO ;  AifiE T
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[ Abstract] Objective To explore whether the low-intensity pulsed ultrasound ( LIPU) could induce apopto-
sis on SMMC-7721 cells and to explore the underlying mechanism. Methods The SMMC-7721 cells were randomly
divided into 4 groups: a blank control group, which was subject to sham exposure to ultrasound, and 3 ultrasound in-
tervention groups exposed to ultrasound at intensities of 0.5, 1.3 and 2.0 W/cm’, respectively. Then they were in-
cubated for 6 h. The cell apoptosis, necrosis and changes of cell cycles were measured using the flow cytometry. The
transmission electron microscope (TEM) was used to observe microstructural changes in the cells. The agarose gel e-
lectrophoresis (AGE) was used to examine the DNA fragmentation, and Western-blotting was employed to assess the
protein expression of caspase-3. Results The average cell apoptosis rate of the 3 intervention groups were 4. 66% |,
8.99% and 32.41% , respectively. The percentage of cells in G, phase increased significantly and those in G, phase
decreased significantly in the 3 intervention groups compared to the blank control group at the same time points. In
the intervention groups, significant cell apoptosis was observed under TEM, and DNA ladders was seen in AGE, with
DNA fragments appearing obviously when cells were incubated for 6 h and 9 h after ultrasound exposure. In interven-
tion groups subject to 1.3 and 2.0 W/cm” ultrasound exposure, the protein expression of caspase-3 was significantly
higher than that of the control group. Conclusion LIPU can inhibit the proliferation and induce apoptosis of
SMMC-7721 cells with a dose-dependent feature. The possible mechanism underlying the LIPU-induced cell apoptosis
might be related to the activation of the mitochondria pathway, and especially the caspase-3 protein.
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H i, P B2 MBI 1Y 12 W 1] 5 1R T T
i, B S 2 Y ) |k PR S B 5 R BB A
IEONE 45 | R BRE A I 2 () — T B BT R B i
AR N A K Y 52 50 B S8R I 5 B RS (low-in-
tensity pulsed ultrasound, LIPUS) ij FH T 8697, Bt
T —2BPEEN Kishimoto 2572012 4F44 LIPUS
FHT IR, % 1 RS SoR LA B AR S 3 4 A 4l
H AR A A BE TR 20 min (KGR B S IGYT,
BT 6 MHIE  HE A MY 2 4, REBIC kb
A o TR FE R 75 S AR R R JBE T I 1 o P g
BAPARA FREMI D 5 o B H A R a4 40 /N5
R BTG AR o R 7 AT B AR R A T I R AR
FPRI RS v A E A

HF- 241 Bfd BT 9% (hepatocellular carcinoma, HCC) /2 i
St B2 R Z — AL 2008 4E A2 BRFEA 750 000
WRFOIS . ZHFR g e E iR R RS
e S QRN B N TR Y = N A 7SR T A e v
20.37/100 000, Jii H [ A i i X i 98 26 T 3 B 55—
BT HCC BRIt ™ e 1 R 1 A
Fri, HET,EO6 R A IR YT R AR FARYIBR
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JFREANI Z SMMC-7721 41 i 2 5 K27 i s
rp L BE e e B 58 B e SR Eagle Fi3E 3 (Dul-
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1137 ( fetal bovine serum, FBS) (XL ( 5 55 & ik
) JHRE A ML PIEE (propidium iodide , PT) 411 F
F [# Gibeo 24 H], Hoechst 157 £ .DNA ladder( DNA %6
ARIZAT ) B2 3500 B B B 1 A% % v ( RIPA Lysis
Buffer) 14 T Fi 8 = RAEY A A, R AR IOLR
( Annexin V-fluorescein Isothiocyanate , Annexin V-FITC)
& T 3% [E Invitrogen 23 1], Pt Caspase-3 —Hi
W T35 E CST A A, H e -3 w2 i Ul ( glyceralde-
hyde-3-phosphate dehydrogenase , GAPDH) —$T . 28 5+
RN Z (fluorescein Isothiocyanate , FITC) Fric i —
YL F 35 [ Santa Cruz Biotechnology 23 Fl , ECL &6
N T 5€ B Millipore 23 7], %€ 6 Wi 20 i 5 328 43 #fr
(fluorescence-activated cell sorting, FACS) Vi 2X 41l fitg 4%
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0.5 W/em® B T W4, 1.3 Wem® @/ T A4l
2.0 W/em 75 T HizH, LIPUS -7 J7 2 B8 Feril
NSy RSk (AR 3 em) I B F E
T 6 FLAUEHE (JIETAL 9. 5 em?®) |, Ho 8 hn FHHEA 7 5
FELARRL 2 S, R AL BRARR Y R 1 MHz, T4
JE (duty cycle, DC)25% , TS [E] 2 1 min, 25 %}
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B RHE G BT /SFUbH M Al i35 24 h,
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2 AR R R B T A KRNI A b R E
TR T WS (PR 1K R 350 nm, & G K
A 460 nm) ,

DU gt X 2 A G T 2 e T %

WAE LB S T HUG X E 6 h /Y 4 41, R
PBS H BB S x 10° AN4HHE /N A 195 wl Annexin
V-FITC 454 &, A S ul Annexin V-FITC F110 pl
PLIRA), 28 Il G & 15 min, R 40 A G746
I, Annexin V-FITC SAZR GG, PL ML A9,

. SMMC-7721 230 e & S5 46

BB TR XEE 6 h A4 A ET
37 °C,5% CO, fHIRFEFH TS 6 h, WEEAM 1 x
10° T 75% VKO BE[E 2, —20 CHCE 24 h, B.LO5F
E M (.04 8 em, 12 000 t/min 2.0 10 min) ,
PBS ¥, I PL(10 mg/ml) Y29 5 wl, =i T kg
430 minf FRE SR Modfit 3. 0 FRERAEA3 B 4% 20 40 il
AR IS O

7N I S LB LR A L S 2 A ARk

WBE 4 HANIEAS 1 x10° 4, T 2.5% % B 7
O3B, PBS YB3 WK, O£ B3 (B 042 8 em,
12 000 r/min .0 10 min) ; B HFITA 1% SRR 5 2
3 h,PBS ¥t 3 W Bk, BB —E T 50% |
70% 90% 1) £ . 90% ) £, BE 1 90% T Bl 1R 5 i
(1:1) .90% TN B H = #4515 ~ 20 min, B 7K 3 B2 75
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4 C AR AT BEME TAENER + AR (1:2) =I5
IR, B TAERE b 2 ~3 h T 37 CHt
FENTES T8 5 B U0 R AUEFE S U1 60 nm 3
R, 3% M PRl - M R R 4 A T XU £, i B L R
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£ BB BEEE R F VKA DNA ladder

4dPMPL B T WSS E 3.6.9.12 Al
18 h, SRJ5 7 HISCAE 1 x 10° 41 P hin A 500 wl F8
TEEAB K R 25, 7850 2465 50 CKIB AL
TR A 500 wl Tris S K By 240 1R 215 4 °C B0
(B0 8 em, 12 000 t/min B.0> 5 min) , 15 B 7K A
Sela AR ARROE A 2R By S 05 B — vk, W 300 pl
WL A 10 M EEFREZ A1 600 wl JC/K 2B, - 70 C 1%
A G PR O (4 °C , B 02142 8 em, 12 000 1/min
B0 5 min) , 3 BT, A 600 wl 70% 2 IR S G B
D (B 042 8 em, 12 000 r/min B5.0» 10 min) , 3 -
1, A100 wl TE 2% R fif DNA, K25 41 4l 42 )
i) DNA FEA T 1% BiiEHEE I HL 1k AT

J\  Western-blot il Caspase-3 & 151k

R B 2460 5% v o0 | 2447 4 2 20 B 4 0 2R
5 R AR 0 iR ks ( BV = KA W) ) TIE R
I PAA- 1LY 25 1 ( bovine serum albumin, BSA) fF
AARE S, 2253 Y CEE TR 562 nm AR A {H,
bR AERN R 5, AR 45 15 I 2 A AR B L 1Y AS62 F
B AP I EE  vR B, % 4 R AR TR 2
AR IR P JE 2 B B FL 40 we & LRE, 4 10% BN M
Pk iz B JC P UK 43 B S % 22 PVDF I |, 5% i ig 4= 1%
FE A —HT ( TAEHREE 1:1000) , B 3 7% 5 i A K
N B AT A P 2 A i T ( TAEMRE 1:5000)
KA ECL Ak B GRA G il 24 52 (5 5%, B g 9+
FH Quantity One A4 5 K B {8 5 A4k

JU Bt

i SPSS 17. 0 WRGEIT -8 AR 47 508 43 A, 4l
[i] FL R FH LR R 7 22400, PR LR T ¢ R 55, DA
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# X

— fEE BB T LIPUS T 1S 40 &k

28 LIPUS THUS , {8 & 1 fUBE Tl Wl as v IR
2 R R G S MR )RR R A R DL A R
0.5 W/em® B T4, 1.3 Wem® #875 W4l
2.0 W/ e’ P T T 2 4 i 44 2 8 e AR 3 T Bl
AR, HBE G VR 5 B 1 O, B A 22,
1.3 W/em® /A TR 2.0 W/em® 75 T HidL ] I
320 M R A 0 A 2 A R A ) D s
A TR L,

10 ok
0.5 W/cm?E T

£ o\l’:‘s::f.f_‘-,,.‘.':

2.0 W/em*# B T Hi 4
Sk BT EE S A A 2R AR

B 1 LIPUS TG 4 24P 002E (fedifb g fo, x200)

. Hoechst 0350 & K0 LIPUS 5 41 e e
S

Hoechst Je 05045 R B | 266 BiEs T 25 J Xt
HE 2 240 6 ) 200 A S R O %) 8, % £ B RN —
;0.5 W/em® S T 1.3 W/em® #75 T4 Al
2.0 W/em? 7 T T4 AT UL WD G 4 i 0 T2 R B, TR S
R 53 20 A e R vk L B R HOIR BB M e, B £
R, LRl 87 A FH i R g K O T A g i 22
HMAR, LK 2,

d=hu it 0.5 W/cm2 A E
L3W/cm?HEE FHE 2.0 W/ecm* B FFiiE

2 4 HYIHE Hoechst 33258 946U AT 7S ( Hoechst 33258 2t
e tr,, x200)
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HH 05 M)

T 2 4 B ARAS 0 40 o 08 T 45 SR o, a8 A IR
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ST 1.3 Wem® A T4 M 2.0 Wem® #8
AT 4 O T A M B 5 A B R 4. 66% L, 8. 99% Fil
32.41% AT 240 B L 9] I8 75 A FH 5 B A 34 hn iy b
T EEAMBARK, ZRAEHRITFE X (P<
0.01), FEWLK 3, Sas Xt Il HL%,0.5 Wem® #
PRI 1.3 W/em® @A T HZLAN 2.0 W/em® 5
T B AE G, WA ZE IS N, G, I Mgk o
WD o 5 s A B R A, 22 RIA S R
X (P<0.05), HAREHE L 1,
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B oBmEE™
30 BEETE
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& SR E(W/em?)

W SaEX R, P <0.05
B3 AT S 6 h 5 4 AA TR L ER =
T4 AP EI MR T R L (% ,x +5)

4151 fLEK G S G,

25 L 3
0.5 W/em? #BATHIL 3

43.96+2.16 8.20+0.05 43.86 +3.68
40.06 £0.52* 8.50+0.18 49.91 =1.97*
1.3 W/em? #ATHiZH 3 25.58+1.19* 9.36 +0.86* 61.96 +2.09*
2.0 Wem? #A T4 3 16.18 £0.26* 8.69 £0.37* 73.08 +4. 17*

W 575 U6 R R R i, 2P < 0. 05

DY ST LIPUS 1905 40 i it 25 ¥4 i g

FEHTHEE T AT UL, 25 6 B2 40 B S 2, A 7
SERIIEE AT Y 357505 Wem? BT
2 1.3 W/em” #EA T4 2.0 W/em® #7 T
ZH 2 Y A () R A AT, 2B Bl M i e, S P
IR /N — 1925 0, 350570 20 M e 24 | B o o 1 5 38
AT LA AR TR | AN B A A BT R A  2 PRR [
Hete U A5 S THOR SO H R 4 3R el >
RS eb(= RN E N R R (i N ) AT Sl
BRI, HEILE 4,

i LIPUS F i J5 SMMC-7721 4 Jfi DNA ladder
£m

DNA HLJK IR, 45 6 BN L 38 S R FL AN Y

FERZH DNA,0. 5 W/em® #8741 K H B30 B 5
DNA ladder, 1fij 1.3 W/em® #8754 H12.0 W/ em® #
7L AT UL BT DNA Bty , HAEWEE 6 h M9 h J5
Al ULEA R Y DNA R BeREE HEILIE S (L 1.3 W/em?
BT

llm‘ CH AR :
- -t

L3W/cm2EBE FME

Rk, L
2.0 W/ em B FFiE

El4 LIPUS AP 3 STHAE T 4 4 40 M 25 2% e 2s (6 1Rl -
ETRAT UL, x 1000)

ful=|
MERE

BE ®BE B®BE #BF
6h 9h  12h  18h

L3W/cm*BHE FME
B 5 2O IEALAN 1.3 W/em® 875 T4 DNA Bitlis b e el vk 1]

Marker BE
3h

75 LIPUS X} Caspase-3 #5 FH 31k A 521
813 Western-blot £l & B ,0.5 W/cm® # A 17
1.3 Wem” @A T 2.0 W/em® #7514l
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Al U, Caspase-3 R H&RA I WG4k, A LIPUS /EH
SR B M AN, Caspase-3 & [ 3R ik i 0 B 2 19 A,
1.3 W/em® #75 T T 2.0 W/em® 875 T B2 (1
Caspase-3 TR HF A B 55 HXTRA L, 7G5
A (P <0.05), HEWLE 6,

60
50

40

a
a
20 |
m]
0 L L L

0.5W/em?® 1.3W/ecm?® 2.0W/cm?
ZENRE g he @ TR AT
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IR EELEHI(%)
W
=]

52 FX IR AL, P <0. 05
6 LIPUS Xt Caspase-3 & [ 35 YRR

i@

0 R TR T AR A B S A 5 B A R,
TENMIETE A R Y B ¥ A+ EE R, 15 S
I e 4 L 1 DA T ¥ 9 TR T S S s R LR . A
HLJR T nT 1 2 Rl AR A AL N R SR 3, B ETA
Ry AT R 7R A A R T A LR R AR (1) &
BN ——E A I I VE T, 28 AR08 B0 1A
J74: - OH, - OOH, - H % F LI & H,0, F1 H, %
Yo, 3 B LR T SR R IO AR 1 £ 2R LA R 4
LA A0 Hp e B A TR B, R 75 A T R AT
FREEATE T, 1 1 55 O PR s A A R B RE
RAESFREYOIEEAMAIE T, LIPUS ff% AR
2 L S %) 255 A e G 7 e R I /N AL, R4 1 B Al A Ik
HEA UM P TR AR o R — ek RR A 1G nda
251175 B B TR DNA B4 ASRANIE N, 4% F T e
I (2) MU, — 8 75 A5 3% 1 o o A o i
AR AR SRR B T R 1 AR Ak, B R AR B 1
P AR AT A S AR SRS, DTG s S A I
1 B ASAE B, s BT A E A s ML, AN
BT A LA A a5 Ak R 240 B ) i 422 , IRt E A 1
JirsEE A A DNA 84051 | 07 1 R B Rl 2 1 AT
A AR R AR AN TR

ARG L, F B, SMMC-7721 4ifiiZ: LIPUS 115
AFRIE G T T LA AR VR M B i, B
LIPUS T 10038 J5 18 K, 28 V7 Y v 4 B et Bl 2 348 22

B SIS T AT I, SMMC-7721 4 IE 45 & A B B T
AR AT AN MR 2 e T A MY RS, %
ZEPR KSR A AT 5| & SMMC-7721 4 i K 3 i
TERAEAL BTN M B OSBRItz
A il [ iR AU 0, e 40 i At 2 1
HAH R AR AL AT W, il ok Hoechst-4t & 1] I, 3
ZHRR P AE FH AL A% 200 B B S A T vk e ol R TR 80 Uk
Ye RS LIPUS T i, SMMC-7721 40 o % & A= 4%
PR | AR i — 25 SR 12 B L B LA A% P 4
¥, B3 AU VE A% 4 e i 4 PR T 40
i o S A R R T MATE B, 40 A B AR
FAT-BU%  $28 LIPUS B VS-S SMMC-7721 4 1
ITEH

AT RAEYIRTE AR DU e AR
TP 7 R T PR IR AR L 2 Dy S R 1 — AR 2
T AR, S A AN A IR B AR A e o A MR A S i, 4k 2
FHN DND Wrsdt™) ) ARHEST I a3 DNA B R R I
HL UK WEE ) |3 2H 48 75V 240 DNA F BUAL g, 5 %
) DNA /b, B A AE SRR INZE 2.0 W/em® B,
DNA ladder iP5, AWF5EEE Y, DNA A WG 24 AT
T A S A S T i LIPUS 275 1]
A T RS- AL IR s S A T s T —

H T, E A 06T LIPUS % SMMC-7721 4
JEIR e O RGE . AAESTH 3 UM S R4 G, W14n
Mu L BIRE S LIPUS 4B FH a0 B 38 K0 T B, G, 930 B
LIPUS 1B FH a8 5 3 R i ot , 525 Fov R b, 25
A GHEE L (P <0.05) . Ry, (KR i
A5 SMMC-7721 4i it i ek 2s i 5 5 22 1) Jibogd
YiffAE KA S G, W, &2 SMMC-7721 4iifd DNA &
RN A ), e ATl e 200 i - 43 B

RE A B F 98 N — S B2 B UESE T LIPUS 1] B4
R bR A A SR IS S T T AR A
HZMITEME T 4 MBSk, N2
J7 HIE 52 LIPUS AT 475 S JiF i 0 41 B & SMMC-7721
AU TS, AEMLFEAE b o A [R5 R T
ZH A 20 B R 1 28 Ak B DNA ladder B9 R B, AR P50
HEH, BliFE LIPUS E 58 B A 38 K, 76— il N
2 20 M R T B 2500 L B 2 B B A — 2 YR R R
JEE AR

YL T RAUACH T 4E5E A B e sm & A r R
FrPE AT R AR T T DL i AP A R AR
Kol 8l AR LMK ( IEAE ) B R FBE T 32 1k (AN
PE) IR, HiH B A R S oA e
B C(Cyte C) MNZRLAARIERE L, J5 2 W) 2 38 1o 1) 1)
AR Caspase-3, JE UG LAY Caspase-3 , #E— 25 VI E A
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[ B, DA B F B R Bl N A5 5, e 28955 S 40
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I 200 B AR R A A7 2 R R A L A g AR A1
AT AR bR () i 45 7. LIPUS 75 S 4l i g8 T v
EA ORI 2R AR AT e 2 R 532 B A 4%
IEHED  LIPUS 5 5 SMMC-7721 40 g 08 12 M 5
SRR AP0 T b6 f % 1, B LIPUS & 6B T4
KL NI IS Y TR LN R VAR Ay i w5y R 2N S O |
-8 A Bax; M5 & Al e Cyte C AR, SHIBTHA T
I Bel2 W9FEIL, 1k Caspase-3 , 1 i ki AR A2
KiF TR

2 e N (10 eI I R e U
SMMC-7721 2 JfL i) 48 58 K 0k e, 75 5 I s A L o 1
LR 6T e 92 240 e ) A% 43 20 55 A P B S A G
P, T BEAE FH 3 5 0 35 R 1 5 5 2RO A T R ) R
Caspase-3 TG L TE LIPUS % S 40008 - b K& 4%
TEHE/EH,

2 % x #t
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