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SMMC-7721 N4 MR, i il s — %k
K2 BRI BT = e bk, T B PR A2 S
MMAEYIEE ST L02 IEH AT R, hEH
K2 bt el B B T A ST BT 8 o o B TR
(G0 gL) i g IACHI 2] #4lt, RPMI-1640 53
RN Gibeo A=, NG A LA 1)
FORAF] s Npw CO, B EHEHLBR VG AR 2\ 3
fit; 2,7 Z“HEAMNKEE IR (DCFH-DA) 1 [
Calbiochem /A #] (SanDiego, CA), ATP fdllii5]
o IR A BT SRR A AR S RO
& et i ol k5 N iR UL T I T P 1
e BE T H AL 2 F P b, %A H A A Hansateth
Oxytherm Electrode Unit, [ B¢ 50 35 £ Wl 4 4y
BIO-TEK /= /i
1.2 ZAAEtESE

15 952 W 9 RPMI-1640 ¥ il 10% /N 2 IfiL 37
0.25%JBEEE IRV AL, FF 40 MO WCFT R 4 B sl 73
B R FMALACTE T
1.3 HHREsREIEE

HY RPMI-1640 GG 35 72, 8 R A0 75
30 min, 15 AR 1 Vmin (%38 A N, 30 min,
TN 10% /N 1iiE, T4 a-LA (&K S
5.0 mmol/L), X HEZL I AAH N AR T ddH,0, T fR
FF 1 Vmin FIREEA N, 10 min, REARAE TR
CAE PRI G AT A0 % 97 7 0 O T R AT
88.0%). PRI 5x10° TR IR, FRaii
WiBESS (12 h), FF LERIRM, BRI IR A
we, UL BEN EIRR AR TR, R
37°C RV AN B 251 T 4k el it 7.
1.4 MTT ;EXNZHAR4E Ktk

BB K0, 0.25% fift 2 1 1 0 4 ok
MR, LA Ix10* Rk M 2 96 LR, 4L
FRh 200 wl, frdi MG EE S, A FIRE o-LA
HEAT T, 6 AL AH YRR ddH,0, B AR
37C . 5% CO, YRR A& FaREihi R, Hige
FE—E WA, LI MTT 5 g/L) 20 pl, 4k
4 E 4h, ¢ BT, BSLIMA DMSO 150 pl, &
P& 10 min J7, PAREFRAX 490 nm I KA I OE T
DA A BEARBR . WROGRE G2 O D AR
Pz 4T M 2B K T 2

1.5 HEER

TEANFI B E FRIN T B, B oS BERG TR
S0 B RO B A U R 41 B T 0.25% JiR 2% 11 Tl v
b)), Wusan s, H 0.2% 4 Wy 15 e 3k 4740 g
TG IR A A TS 2 0 RAETE & = 5 40 R
AR DRSS
1.6 SEBERENESE

B 5105 TR, A 4 o W B
(12h), %40 MREAA B AT AR 7R, AEA TR
BELE 1 (51 S o [ E K E G S e o7 =5 N =
RS FR I & e, DUIRERE R &
A N BETH BAN [ IR ) (R FE AR MR =
FEAURL / CEERP AN PRI P a5 IR I 1))
1.7 EMUFERAZEN ATP

PL 0.25% R [ BEVH AL W EE AR L, PBS 220
WAT S, R g, S0 dn i, 5k
55 I 1.0 ml Tris-Hel 89703 (20 mmol/L, pH
7.8), YRGS WhAKH 15 min, A HIJE B0
(12 000 r/min) 5 min, B _EiE W% ATP 8 7
U0 I A A 2 R e R ORI . F bR HE ATP
WA ERRE I e AT 2 i o
1.8 WAL KAXEECNZAER ROS

20 ffn )y ROS 7K F- 4% Jakubowski 5V 37 1¥) 77
VEATI o 0 I Ff A B O A A I T S 6 3 TR
o IR, OB IR A BSOS B A
M, FFEE EIEWOTFLL 2 ml PBS 22 0R 40 i i ik
NP, M35, N DCFH-DA #ti%r
(&N 10 pmol/L), 37°C 6 [ Y 30 min i ,
DL PBS 2 B2 i 2 W, $seJi FH 2 ml PBS 2%
PRI, BN LI, FH 2RSSR I 5¢
e GOk B K 488 nm, S K 525 nm) .
AL ROS A KPIHER: 4N ROS 7K = %¢
JEHRIE / A
1.9 RT-PCR MZE c-myc BEEFRiE

g0 g RNA (32 7 2205 78, #% TRI-
ZOL iXFI B 10, $REUL RNA, SR 66 E
TR AERE A /A LUAETE 1.8~2.0 Z [0, JfHR
I Ao TSRS B RNA WK JE . RT-PCR: 4351 HL
FAMME 2 pg B RNA BT L N, SR 590
S 2l 39 s SO P ) 5 5 v 1 1 iE AT PCRG
c-myc B BIE51HM0: 5-TACCCTCTCAACGA-
CAGCAG-3", Fiif 5|1 ¥k : 5-TCTTGACATTCTC-
CTCGGTG-3', ¥ /WK JE KR 477 bp: W=
B-actin i 51% 4 : 5'-ACCTTCAACAACCCAGC-
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CATGTACG-3', NiE51¥)h: 5-CTGATCCACAT- A 25k
CTGCTGGAGGGTGG-3', ¥ 7~ &4 703 bp. ok
PCR4AF: 94°C A& 1 min; JE /K 1 min (B-actin, st
62°C; c-mye, 57°C); 72°C ZEAH 1 min; 30 ML, < ok
IeJ5 72°C 10 min 459 M osl

RT-PCR /=) IR A1 53 #r: X RT-PCR =4 0 — . i
HEAT 1.5%B ISRkt vk, T GDS Bt s A 5 ‘ ‘ 2 ’ )
RS ER &5, Wk 4c i H BandScan5.0 8 (AT Time in culture (d)
IKFESYHT o

® s}

2 & B
21 o-LA THix£mpaEsE s < ost

MWE 1 AT LLE S, S0P, KEN 0 , , . ‘
1.0 mmol/L ] a-LA X} SMMC-7721 JIT-i 40 id (1) A 0 ! 2 3 4
KW S m: WA 2.5 mmol/L ) o-LA Xf Time in culture (d)
SMMC-7721 i 4l U 2 ACAHT SR, 48 b 41 Fig.l Effect of a-LA on cell proliferation. Cells were
FEIJ%j‘j 13.9%, 72h3f[]]FE|J$7'\j 29.0%, 96hﬁﬂﬁ5”$ treated with 1.0, 2.5 and 5.0 mmol/L «-LA. Data are
41 36.3%; WA 5.0 mmol/L 1) a-LA X SMMC- present as mean+SD of three experiments, P<0.05.

7721 4R A AR I AR s R E L, AT
A S 1 5

xR L, WEEON 1.0 mmol/L [ a-LA X
LO2 1EH FH4n s e b A KAEF, 48 h (kR i
{510 25.3%; 2.5 mmol/L (1) a-LA X} L02 1F 5 JH-4i
A= K TG S5 5.0 mmol/L 1) a-LA W% 102
TE 5 A0 L A A s A R, E R TR S i 4
SRALIATE o IX L 0 I 4 M A O B e R
WURFE E AN, 5.0 mmol/L [ a-LA X SMMC-
7721 JHFE A0 AT AR SR A R, Ak W A
J 2B RS0 B SR ELAR T 1R A, 102 A A A Ak
TR, DS R AT e A ) ) 4 Ak,
TR B T A DO H AR KA A — e, (AR
BN

(A) Growth curves of SMMC-7721 cell; (B) Growth curves
of LO2 cell. —®—: control; —m—: «-LA (1.0 mmol/L);
—A—: a-LA2.5 mmol/L); —x—: a-LA (5.0 mmol/L)

22 o-LA 3 SMMC-7721 BF/Z4AAEF1 LO2 EE
FF4HAEA ROS HIERR1ER

LUK FE A 5.0 mol/L ¥ o-LA X} 553711 SMMC-
7721 FFE A0 B AT LO2 15 40 B 2B AT A [H) B ) 11
T, RSG5 LG/ 6 FEVE R 4l il 9 ROS 14T
Krll. 8RB R (R 1), SMMC-7721 40 g Al
LO2 1EF T 40 H 4 7= A= 115 ROS 7K S~ Fifd 1 13 A 1) 42
K224k, 0~12 h i Bk DR S i K, 18 h Ji
R T

Table 1 Effect of a-LA on scavenging ROS in cells

Intracellular ROS Lever (fluorescence intensity/10* cells)

Time

SMMC-7721 L02
Control 2.871£0.414 1.326+0.104
6h 2.073+0.347 * 1.202 £0.102 *
12h 1.687+0.330 * 0.922+0.020 *
18h 1.521+0.290 * 0.917+0.058 *

Cells were treated with 5.0 mmol/L «-LA. At different times,

cells were

harvested and detected for ROS. Data are present as mean=SD of three

experiments. *P<0.05 compared to control cells
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2.3 o-LA FTHXRELHMAEA ROS HIF N

ME 2 v LLFE B, Boa s S &N,
SMMC-7721 JT¥ 41 B A L02 1F % JIT- 41 fd 9 ROS
KEANWE G I, oA SMMC-7721 BT 98 40 i i 48
24h ROS /KFHE 0h 19 2.1 1%, HL4 36 h ROS /K
2 0h 11 5.3 f%.

a-LA (5.0 mmol/L) F¥ilf5, SMMC-7721 Jif
T A0 ML R AR TR 45 AE R AL ROS 7K A A ) 72
FE B (5RTIZAE), 12 h 414 ROS /KF
BT 37.6% (5ARTI4L 12 h L), 24 h 4148
W ROS /K F NI T 44.8% (AT 14l 24 h #
k), 36 h 4Ly ROS /K R T 32.8% (HAT
TiZH 36 h AL o 117 LO2 1 H T4 A5 A T P41 A1
Eb, 408 ROS K THAT FBE.

)
= 20.0F
[
- O
2y
v <
= = 150 %
v 2
2z
27 L
22
=8
Q=
g 3 50r
g
= @
£ 2
o
=1
=
K=

Oh 12h 24h 36h Oh 12h 24h 36h

- - - - + 4+ + + «olA

Fig.2 Effect of hypoxia on ROS in SMMC-7721 and L02
cells with or without «-LA. Cells were cultured under
hypoxia condition, some cells were treated with 5.0 mmol/L
a-LA when hypoxia. At different times after hypoxia, cells
were harvested and detected for ROS. Data are present as
mean+SD of three experiments, *P<0.05. l: SMMC-7721;
1: Lo2

24 o LA THARENHMBEFERFIN

ERAEE AT, 5 oh 4, SMMC-
7721 FHE A0 M A7 35 2 12 h Jdk /> T 23.9%, 24 h
18T 33.1%, 36 h kb T 54.7%. if LO2 1EH I
0 L i R 4 ) S ARG T B B R K, 36 h ks>
T 77.5% (5 0h A . $EHH SMMC-7721 T
20 i it i S BE 0 BT LO2 1 W AT 40 MY, AR
24~36 h, JHHE 40 PAESE Ze A B8 S T L02 1B T
a0

a-LA (5.0 mmol/L) F¥ilf5, SMMC-7721 Jif
e 41 L B SR AR T TR T RE G, ARG R 2 R
P, ANFRIEEERG I, 5 AT A AR A S AU B AT
b, 12~36 h 7390 FBF T 19.3%. 52.4%F1 81.2%.
17 LO2 1E % FF4H i 5 A T 4L AH [F) G 40T BEAR LE

24 h F1 36 h AE3G Z40A T LRI I, 20 1
18.9%F1 91.3% . BEWIIIA o-LA T3 5 40 i N
i ROS, i SMMC-7721 FFi4i fu A4 Kok —2b
SR, T L02 IEH 40 A A 52 ROS Hid 47 98
b, AEIEEAH RO I (8 3.

*

L1

Survival ratio

Oh 12h 24h 36h Oh 12h 24h 36h

- - - - + + + + «a-LA

Fig.3 Effect of hypoxia on survival ratio of SMMC-7721
and LO2 cells with or without a-LA. Cells were cultured
under hypoxia condition, some cells were treated with
5.0 mmol/L «-LA when hypoxia. At different times after
hypoxia, cells were harvested and counted for survival
ratio. Data are present as mean+SD of three experiments,

*p<0.05. l: SMMC-7721; [J: L02

2.5 o-LA T RER HMEEERERS I

FEAUR 22 /D 2 AR T4 it 207 AR I, 6 I 1) 3=
TEbR 2 — o EBEAIEIRMAFIR B, 7 e
THREFRW, FEE 1.0 ml DAACHR ARG I G o B AU
DU SRS TR & 0 ok 2 DN ROV 120 24 A
36 h AN[A]INF[A] B RS R (B 4D,

200 *

[—

W

=]
T

10.0 -

O, consumption
(nmol+107 cells*hr?)

bl
=]
T

0
12h 24h 36h 12h 24h 36h

_ _ - + + + a-LA

Figd  Effect
SMMC-7721 cells and LO02 cells with or without «-LA.

Cells were cultured under hypoxia condition, some cells

of hypoxia on O, consumption of

were treated with 5.0mmol/L «-LA when hypoxia. At dif-
ferent times after hypoxia, medium were harvested and de-
tected for O, Data are present as mean+SD of three expe-
riments, *P<0.05. l: SMMC-7721; [J: L02
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R 2l B o, AE A A S R, A TR A,
BRI AIBE, SMMC-7721 T ¥ 2 JHa P 1l 35 1] 4l vy
FLO2 IEH AT, $iW] SMMC-7721 T 40 B A
IR TR O AT RE CRIF i I SRR T 6

AN a-LA (5.0 mmol/L) T-¥i)5, ST i
S AH [l B A2 B A L, SMMIC-7721 JTF 40 i AE 46
R ANEFEE D, 12 h b T 15.5%, 24 hgb
T 19.6%, 36 h /> T 47.7%. 1 LO2 1EH FT40 i
T 5 AR TR AR RIS B L, FESE A A
[FIRESESE N, Jorb 36 h #BSCRIEIN T 1.3 5 (5K
T4l 36 h AHED o W] o-LA T FFEAK T KA 5
HORZAE T SMMC-7721 AH¥ 40 2 (1) ROS /K>F, 410
A0 ARG FE, AT R A (1 PR R AR T B, 1
LO2 IE AT 40 AR o B a-LA X} IE F 40 i 2%
ARG ARSI — & R E
2.6 o-LA FTHXERER MM~ ATP B0

ATP 7725 12 (8 B R W40 i = Re A K1
TEBRAEIE AN RN ) B, 23 ISR B4R i, I
HWATP, M AW ROGEEAT RN . 45 R
Kl 5,

R 45 5 7R, SMMC-7721 JF 40 i AE B4
NI, 24 h PR ATP KIS, /2 0h 1) 2 £i%;
36 h ATP & milvidink /b . 1M L02 1EF 40 g b i
AR IEK:, ATP SBWHRD .

A a-LA (5.0 mmol/L) T-7i, SMMC-7721
A A 12 h ATP a5, 72 0h (12 f%,
24h ATP & FRFEZREOE 0 h K. LO2 1% 4l

*

30

25

20

1.5 F

1.0

05

ATP(10° mmol/10° cells)

0
Oh

- - - - + + +

12h 24h 36h Oh 12h 24h 36h
+ a-LA

Fig.5 Effect of hypoxia on ATP product in SMMC-7721
and LO02 cells with or without a-LA. Cells were cultured
under hypoxia condition, some cells were treated with
5.0 mmol/L «-LA when hypoxia. At different times after
hypoxia, cells were harvested and detected for ATP. Data
are present as mean+SD of three experiments, *P<0.05. H:

SMMC-7721; [1: L02

MIFE a -LA TG, 5 AT P A 355 57 I8 ) B
LL#L, ATP = A PG, 36 h &Kk T4l
36 h IF] 1.8 1%, SAFIE A BN B o
2.7 o-LA T3 58 &5 % SMMC-7721 #1 L02
“MAE c-myc mRNA £ F FRiXBI £

mE e froa~, fE®RAHRALZHET,
SMMC-7721 T 40 Hfis B A c-mye mRNA ik B
W T Lo2 IEH 4. B4 12 h, SMMC-7721
JHF96 40 B AT LO2 1F 5 FF 40 L ¢-mye mRNA FKIAHS
W (5% B AT . e I I
5.0 mmol/L o-LA T F, SMMC-7721 Ji-Ji 41 Jfd
FTLO2 % BTN MY c-mye mRNA FIA #S FFAR 4 42
10 A A [ 7K S o i B O S N B0 A )
ROS W] LI i HL A AT TN e-mye IR IXEAT
REN

(A)

477 bp c-myc

703 bp B-actin

B) .
1.0F
8 0.8
T %
-5 06f
SRR s
N o
= 5 04
£ *
S 0.2

Fig.6 Effect of hypoxia on c-myc gene expression in
SMMC-7721 and LO02 cells with or without a-LA. Cells
were cultured under hypoxia condition for 12 h, some cells
were treated with 5.0mmol/L «-LA when hypoxia.
(A) RT-PCR was performed for quantification of c-myc
expression; (B) The ratio of c-myc to B-actin. Data are
of *P<0.05

cells. 1: control;

present as mean+SD three experiments,
compared SMMC-7721
2: SMMC-7721 hypoxia 12h; 3: SMMC-7721 hypoxia+
a-LA (5.0 mmol/L) 12 h; 4: LO2 control; 5: L02 hypoxia

12 h; 6: LO2 hypoxiata-LA (5.0 mmol/L) 12 h

to control
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THE EFFECT OF ALPHA-LIPOIC ACID ON MITOCHONDRIAL RESPIRATORY RATE AND
ENERGY METABOLISM IN HEPATOMA CELLS IN RESPONSE TO HYPOXIC STRESS

HUANG Yong-chao!, SHI Dong-yun?, LIU Shan-lin? LIU Zhi-xin!, YU Pei-zhong?, SHEN Xin-nan?
(1. National key Biology Laboratory for Tropical Crops , Haikou 571101, China
2. Free Radical Regulation and Application Centre of Fudan University, Shanghai 200032, China)

Abstract: This study investigated the ability of the antioxidant, alpha-lipoic acid, to scavenge the
reactive oxygen species (ROS) in hepatoma cells, and assessed how the effects of alpha-lipoic acid on
cell proliferation differed between SMMC-7721 human hepatoma cells and L02 immortalized normal liver
cells. The effect of the antioxidant on cell survival ratio, mitochondrial activity and energy metabolism
was explored further under the condition of hypoxia. Effects of the antioxidant for cancer cells and
normal cells were compared to see if they differed. Cell growth and the level of ROS in cells were
analysed in response to different concentrations of alpha-lipoic acid treatment. The survival ratio, ROS
level in cells, consumption of O2, generation of ATP and mRNA levels of c-myc ongogene were each
detected under hypoxic condition, respectively in response to 5 mmol/L alpha-lipoic acid. The results
suggest that hepatoma cells compensatively increase ATP generation though increasing the glycolysis
pathway in response to hypoxia, the antioxidant, alpha-lipoic acid, scavenge the excess ROS in cells and
decrease the mitochondria respiratory rate in hepatoma cells, and alpha-lipoic acid inhibit the proliferation
of hepatoma cells and decrease their ability to endure hypoxia by downregulating the expression of
c-myc.

Key Words: Alpha-lipoic acid; Hypoxia; Glycolysis; Hepatoma; Reactive oxygen species

This work was supported by grants from The National Natural Sciences Foundation of China (30130100, 30470422)
Received: Apr 17, 2007
Corresponding author: LIU Shan-lin, Tel: +86(21)54237897, E-mail: slliu826@yahoo.com.cn


mailto:slliu826@yahoo.com.cn

