- 412 -

TEGMEL R FRE
Chin J Pharmacol Toxicol 2003 Dec;

20034F 12 A;  17(6):412-416

17(6) : 412 - 416

AREAFESEFRMTESARLE FFNERETFHNER

ORI, 5 B EET, BT

(HTTL R 2 B2 Be e 25 — BEBe O I RE, Wi A

BE: B AR 3-A-3-F R B4 A(HMG-
CoA )T J7 By 37 ) ) 3 AR AL T 5 5 o B - 78 L 29 8
(VSMC) A = #g bl ik AR AFEH Fura2/AM
NG K I EA W dm LA B A5 IR R, VA
DNA I fig 45 5 i @, vk L iR X 4w iR AL P/ B & & (an-
nexin)V 3¢ & B ¥ Bt K & B5-3 8 E kA fm LA
ZER FRART 30 pmol LT H VSMC JE , 48 i N
BASRERFITE,6 h irikxrBag 342X L(P<
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1 2F M7 (fetal bovine serum, FBS) Al DMEM 5

Fedk , SE [ Gibeo 77 ih s RITK B HER L -3 250
BEHTIAR (AT 32 ku ARIEPERT A K 20 ku 1 P11 5
fi7) R 3= [H Santa Cruz 7= s V¥ Wl-o WLBIE H
(smooth muscle-a actin) BL.FEFEHTAAR , A5t 1L A P47
ARA R PL/IERR A H (annexin) VI 124G ] 151
&, KA. Bender Medsystem J= i ; 4w — 9 & s
( polyvinylidene difluoride, PVDF ) J§, Boehringer
Mannheim 7% /i ; 38 5 4k 2% %& )% (enhanced chemilumi-
nescence, ECL) (157 &, Santa Cruz 7~ & ; = Ath
1T )24 1 32 [ Merck Sharp&Dohme 72 ) H{I
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LG ek {5 3% VSMC, I 414 T 43 8 SD
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FiFRW,37°C, 5% CO, BiFRAfi PR AR IR . B
I T LA T 4 o S 4 ~ 6 U4,
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1.3 FBEERENE
VSMC FH &M E R 5 pmol » L™! Fura-2/AM 7E
37°CIKIEH R 25 min, SR )5 43 51 LA A A1 v
([Ca** J,)1.0 mmol- L™ ' K Hanks & FITCHMSFH:
JIIA 1.0 mmol+ L~ EGTA fY) Hanks J& 7% BEZH I 3 7K,
VI EBRAANE Fura-2/AM, ¢ Y610k 38K 3R
340 nm A1 380 nm 5 O ILAA L Y ASHEE ([Ca®* 1)) o
OWUE L[ Ca®* ] I AR [Ca* ] = Ky x (Sby/
Shy) [(R = Ryin)/( Ry = R) IS, HA ku h Fura-2-
Ca®* R ES WY 0, R W28 31 1 3 & I K 2k Lt
(F340/F380) ;£ 37°C T ku }y 224; R, NI Fu-
ra-2 P Ca®* TRURITE ) PR 0 K B 206 L AL,
AR T3 78 K (jonomycin) 20 pmol - L™l 15 ;
Ry N Fura-2 5E & ES, K Ca®* 45 & WP 3UR I
Ky 296 oA, i A EGTA 20 mmol - L™ 115 ;
Shy/Sh, M Fura-2 fEJG Ca* } 5 Ca®* 254 iR M FIDIR
AT, 380 nm AbTOEIREZ L. AL B B 2EHE
WA 7138, Fura-2/AM BN SE , 3188 [ Ca®* 1, BV 240
il B B9
1.4 #Ai}a DNA #32 RIZREfE Rk
WS At M O 114005, 41 i 24 A% W (NaCl 100
mmol*L~", Tris 10 mmol + L™', pH 8.0, EDTA 1
mmol-L.™", 0.5% T K iR AN (SDS), & F1HE K
0.2 g* L', RNAse 200 mg- L~ ")37°C 2Lt 41 2 h,
i /A 2 YR, B0 (12 000 x g 5.0 5 min) , B
KA, TEK S BEVTIE R, DAL 6 x 10° il i i)
DNA & ERER PEAT 1.6% S50 i vk , W28 2 15
L DNA“BIR” 4577 o
1.5 PUERBXER V#a
YRR T 6 LA, 4 LARALFE 24 h 5 IV
PBS ¥k 2 WK, # iR & Ui Bk T PUBEER R V
500 1 A
400 | sk E
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200 r

[Ca**]/nmol-L"!
*

100 _O— o)
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Fig 1.

o SR AR, DA 4 A SO 0 9 T e B T 240 it 2K
Ho JAT RAET- A H I 2 DR NE 19 22 2402 ( phos-
phatidylserine, PS)/MELABURIK 8V 3L @ FHPE, 1
TEAMMREIR A T V gL B (BRI T R R
YRR SERE M, DRI S5 00 0 i — A, PL YRR RB B
sl AT =SSl o A N YA G ST DS T A
MR PLYS(a PHE . XFEZ PI/RRIRER (1 V
Je BRI XA ARl A A0 : 22 4R PL-, JERER V-
G AR R PL, BEECEE VORI To 40,
A LEZR PI, BEECEE I VO RAET 400 2 L4 )
PI*, BRIRER M V- AR i A0
1.6 Western EJ £ 47

TEEYNM , ¥ PBS Yk 2 U, AT A 240 it 2 i
T, 4°CELfBRAN M 1 h, fIKTE 12 000 x g B5.0> 10 min,
I, R Lowry I HF7 8 8 . BURER T 30
g, 100°C i 3 min, 12% SDS-3 1N ¥ Bk fi B e 10t
TR EE M. BIKE G S E A5 E] PVDR
JiE, RS IS , FH 5% TBST & H] 60 min, I AR
FRUF 1 R A HiF-3 — 0 (1:400 i BR) IR 3
h, HRP ARiC A E 404 1eG ¥ E 1 h, 1 x TBST 40 mL
Uk 6~ 81K x5 min, M/5#% ECL A 150 & Ui Bl
B, BOLJE X R 7E Pharmacia 0665 B 449
ARG AT IR FE 53T o
1.7 RV x + s R, B FR AT SPSS 9.0 17
R T 2253 o

2 #£R

2.1 FEAMIT M E AL A RO S S K
T HERr A K X EH & E A RS =20

KI1A BRBEE 0.5 h X B4 [Cca®* ],
(89 £25) nmol * L™, J:-7E 1,3, 6 hif &K Ak F AL Mk

500 B
400 o
300 +
200 ?
100 | '_x_l
0 C | S | S+V

Increase of [ Ca** 1; in vascular smooth muscle cells (VSMC) in response to simvastatin and its inhibi-

tion by verapamil. (A) Effect of simvastatin on [ Ca®* J; in VSMC at 0.5, 1, 3 and 6 h. (O) control; (@) simvastatin. (B) Vera-
pamil (80 pmol+L~") inhibited the increase of free calcium concentration induced by simvastatin at 6 h. C: control; S: simvastatin; V: vera-
pamil. ¥ +s, n=5. “P<0.05, ** P<0.01, compared with control; * P <0.05, compared with simvastatin.
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Simvastatin-induced apoptosis and its inhibition by verapamil. C: control; S: simvastatin; V: verapamil. (A)

Apoptosis rate of VSMC was measured by flow cytometry with annexin V and propidium iodide double staining.  + s, n=4. ** P<0.01,

compared with control; #* # P <0.01, compared with simvastatin. (B) A representative of four separate experiments.

B T SE AR AT 30 pmol - L™ 1 h JalCat ], &
TR REZL H3E 6 h J5 34 (336 + 52) nmol - L1, Ry X
HRZH 3 A5 L, ZERIACK 80 pemol - L™ ' HE & 3 3 il
FRABTT RIS [ Ca®* ]; FHi, dERIIAK 5 2 At
TR E M 6 h J5 [ Ca>* ]; (144 + 34) nmol -
Lt

2.2 FE&AMTREREKT E F 8 AL E T

sEAG)

27 R, AT 30 pmol - L™ ' 24 h )5,
VSMC A T3 B X R (5.7 £0.7) % T+ 2 (24.2 +
1.7) %, 4EHiiiK 80 pmol+ L~ VS ARATT 30 pmol ¢
L-UER B E 40 24 h 5, ST R M FEE (7.9 +
0.6) % . TE DNA Byt fE il H vk S5 5 b, S AR AR TT 30
pmol » L™ 'RE A 75 41 24 b w1 UL A4 “ DNA IR RE
WU A AR T AERLIACK 80 ol - L™ 5 ]
(3).

S S+V C

Marker

Fig 3. Simvastatin(S)-induced DNA laddering and its
inhibition by verapamil(V). C: control. VSMC were exposed to
30 pmol L~ ! simvastatin for 24 h. See Fig 1 for treatment.

2.3 FEMITRERIAKIT XL -3 BiEN
=AU

Bl 4A B RTEE AT Koo BRZH Y 4 B[] s
AT LA D AT -3 1Y) 32 ku B BRIE S, A
TEMASEARABTT 30 pmol « L™ ' E 12 h J5 A fe A I
FI2 o KA -3 1) 20 ku 35 503, L E] 48 h {5 HE
R X R S AT TR R 2 h 4R 0 20 ku
B4 FARABTT 30 pmol - L™ 'HF 5 40 24 h Al i
FEWLF) 20 ku BSRHE  ERLIAK 80 pmol - L' 53 £k
177 30 pumol - L™ L[] 7 & 2 B 24 b S5, WS BEAS I
B A -3 1 20 K T 1 WV 5, 158 HH 2 7y ok
REAT S F A T T35S 19 22 Ik R 44 il -3 8 (1A
4B).,

3 e

PR —Ash R Al AT R AR, R — AR5
HENAE 5 S ARSI P A ) o A LB i — 2P K
Bl HMG-CoA 34 Ji it 11 il 781 5 (R Al 7T %5 VSMC U
LA RE S Had T w [ Ca?* I A%, B IE FH BT 4E i
WAoK BEA RN =2 (AR T T 2 R A0 Ca** ] Th,
(7] S AR AR AR el A T T U5 T A AR M A TR 3%
TR,

PH R T O A N N AR, )iz 2 S A
JELE A E SR, AN MR SR A N — Lt
VR , B 20k AR M s S PR T
ARSI K BN P A A A5 B 2% R R RE U5 S 440 A
T BB 40 MR T R A o Gogvadze 4560 % B
Bax AN (43R CRBROTE T8 125 Hpn 1 4
SRS O, 53 A BF 98 26 W11 Bel- 240 il 9 = 7T i
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Simvastatin induced caspase-3 activation in VSMC and its inhibition by verapamil. (A) Western blot analysis

showed that both control and simvastatin treated groups revealed a 32-ku band (inactive form) but cleaved (active) form of caspase-3, the 20-
ku band, could only be detected after 12 h incubated with 30 gmol* L.~ ! simvastatin. Lanes 1 —4: samples of control for 2, 12, 24, 48 h,
lanes 5 — 8: samples of simvastatin treated for 2, 12, 24, 48 h. (B) 80 )(Lmol'L_1 verapamil added simultaneously with simvastatin for 24 h

inhibited the cleavage of caspse-3. Those Western blot are representative of three independently performed experiments.

S5HPAT AN ESEANFRMNA G, [Ca* ] ek
7L S T Ak a4 U 40 B A S A I B A L PN i R
QP9 o TR , 4 & ORI 9 & B S fRAth 7T 3 25
A HT—FRs R T [ Ca?* 1y, Rk 200 BRI 199 465 30
TEREHU 4ERLA K G 0 25 140 ] S oAb T 15 2 1
[Ca?* ], Tk ik — 2Bl T R MiTiH 20
VSMC i 1= S22 e R AT -3 HI0

BN A — FR A TR B 4 e
TR IR E , A4S 45 & vh P2 11 5 (calpain) ' R
DAL A e 5 3 2 ST 1) B 1 1O A R A
BRI NIESS S TAMME TS Ay,
G AR AT I A IS 1 45 8 O ) il 17
P T VSMC i T R A HAS #2000 5E .
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Effect of intracellular free calcium on simvastatin induced vascular

smooth muscle cells apoptosis in rats

CHENG Gang, MA Ji, HUANG Jin-Yu, SHAN Jiang
(Departmem of Cardiology , the Second Affiliated Hospital , Medical School ,
Zhejiang University , Hangzhou 310009, China)

Abstract: AIM  To investigate the mechanisms
involved in simvastatin induced apoptosis in vas-
cular smooth muscle cells( VSMC) . METHODS
Cultured VSMC was treated with simvastatin. In-
tracellular free calcium concentration ([ Ca®* J;)
was measured by fluorescent Ca”* -sensitive probe
fura-2 acetoxylmethyl ester ( Fura-2/AM), apop-
totic changes were distinguished by annexin V
binding, DNA fragment and caspase-3 activation.
RESULTS When incubated with 30 pmol * L™
simvastatin, [ Ca’* |; in VSMC increased with
time and reached to (336 +52)nmol*L "' at 6 h,
more than 3-fold of control (P <0.01, n=35).
Verapamil (80 pmol*L™"), a membrane voltage-
dependent Ca’* channel blocker, inhibited the

increase of free calcium concentration induced by

simvastatin from (336 = 52)nmol*L.~ ! to (144 +
34)nmol - L' (P <0.01). Caspase-3 also acti-
vated by simvastatin after 12 h. Verapamil could
efficiently inhibit simvastatin induced caspase-3
activation. Furthermore, 80 pmol L~! verapamil
could decreased simvastatin induced apoptosis rate
from (24.2+1.7)% to (7.9+0.6)% (P <
0.01) and also prevented simvastatin induced
DNA laddering. CONCLUSION

could increase | Ca>* 1, mainly through calcium

Simvastatin

influx from extracellular solution and then induces
apoptosis.

Key words: simvastatin; muscle, smooth, vas-
cular; apoptosis; calcium, cytosolic
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