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[ ZE] BN B FERRETHFRIERLZRACEMN @A L ABEECAf L ASEHEARXEAR Cavl.
2EAORENH M., FE 30 AMEMESD KR, MALS4: ST A M FEMTH, RRAMEIANRE F L L4
RART A RBEA SBARF A BR L. FRETERAREEEF L T FHEMLIT 2mg/ (kg d) ;
SR FAERM KR ETL TRSEENARSERELE. 4 AXFHIRET R ET LA FTI, B ELERE
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The Effects of Simvastatin on L- type Calcium Current in Atrial Myocytes of Rats with Di-

astolic Heart Failure
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[ ABSTRACT] Aim To study the effects of simvastatin on I-type calcium current and Cavl. 2 protein levels in atrial myo-
cytes of rats with diastolic heart failure. Methods 30 SD rats were randomly divided into 3 groups: control group, DHF
group, Simvastatin group. DHF model was produced by abdominal aortic coarctation in the rats in the operating group.  The
rats in Simvastatin group were given with Simvastatin 2 mg/( kg*d) by intragastric administration for 4 weeks, the others were treat-
ed with equal isotonic Na chloride.  After 4 weeks, hemorheology was assessed by catheterization.  Single atrial myocytes were
isolated by enzymatic dissociation and Ir-type calcium current were imvestigated using a whole cell patclr clamp technique.  The
expression levels of ICa L. alpha subunit ( Cavl.2) in atrial myocytes were measured by Westerrr blot analysis. Results (1)
Compared with control group, DHF rats exhibited increases in LVSP, LVEDP and Tau. They also showed a decrease in-dp/di-
max. Compared with DHF group, LVSP, LVEDP and Tau were decreased and - dp/ dimax was increased in Simvastatin group.
There were no differences in heart rate, the maximum ascendsus ratio for + dp/ dimax and Cm among three groups. (2) Com-
pared with control group, the peak densities of atrial ICa L. in DHF group were decreased, while activation curves, inactivation
curves and recovery curves were not altered.  Compared with the DHF group, Simvastatin increased the peak density of atrial
ICa L. and made the inactivation curves shift to more positive potentials in DHF rats, but did not change activation curves and
recovery curves. (3) Campared with control group, DHF rats exhibited decreases in the protein levels of Cavl. 2 in atrial myo~
cytes.  Simvastatin increased Cavl. 2 protein levels in atrial myocytes in DHF rats. Conclusion Simvastatin increases the

peak density of atrial ICa L. in DHF rats and the effects are related with the increases in Cavl. 2 protein levels.

[WRSEHA]  2008-01-26 [fEEI BEA] 200804 14

[BEE€WB] | A&RE H AR 54 (4000526)

[MEBEMN] FHEI, ML, FIEEIT, 32 5N F0 F7 3205 A0 0B 7 A EE 7T, Bk AR AL 13548506493 BX 020-83827812- 10263, Frmail
M tanghuifang999@ 163. com. BIAEE R P, 1, HI%, WA S, 35290 338 R0 1 5 0% i A BB 7, Bk &R ARG 020
83827812 10290, Ermail A wushulin8888@ yahoo. com. cno B FAMF, Wi, B FAFEEIH, 32 5\ 3.0 77 T35 A0 105 5 B AE B OF 7T, Bk R
1 13570082363 B 020-83827812 10263, Frmail 4 xymgdci@ 163. com .



274

ISSN 1007-3949 Chin J Arterioscler, Vol 16, No 4, 2008

YT A — 28+ R B AR L 5 R ] 2 IR 235
J g 2 1 L e ) 2459, K B R P AT S0 el o0 0
0 LR LB, Fooe e RS kB, B 2 b 0L
AV R AR B R 1A e 6, AT 5 3 7t O 9 £ 3 10
AESHRERITUE " o ITEESRAORT FU3RoR, KRR AR 7R
Gh, TR BB B PULERFEER, fef &K
BEAG L B BN A R AR (BB 6 0 5 BB L A
MANTE 2. £FIK T AEA 40 773 3 ( diastolic heart
failure, DHF) # £ 0 5 BUBN I & 2B, i bl 51
IR AL, 5 2500 FE 55 7™ 5 I R AN T
B A, ARURBCR IR E ks 2 @A, W
B2 AR A VT R AR KRR 0o 5 VLA PR 1 B 405 588 3 LA
A ICaL A=A Cavl. 2 R HRIERIF M, DR
TF AR AT B 760 55 BB 1 HE AR BRATL I o

| HRSEE
L1 &S Rk

(1) 45 & BT &4 FLk & 4 NaCl 140 mmol/
L, KCl 5. 4 mmol/L., MgCl, 1 mmol/L., CaCl, 2 mmol/L,
NaH,PO, 0. 33 mmol/L,, # % # 10 mmol/L, HEPES 10
mmol/L,  NaOH & pH £ 7. 4.

(2) & #74R 77 9 B & 41 LR L A7 KCL 10 mmol/
L, KH,PO, 10 mmol/L, K & & % 120 mmol/L, £ &
B2 10 mmol/L, MgSO, 1 mmol/L, # % # 20 mmol/L;
EGTA 0.5 mmol/L, A KOH # pH £ 7.2,

(3) 1T 5% AR IR BT & 41 FUK B A CsCl 100
mmol/L., TEA-Cl 20 mmol/L, HEPES 10 mmol/L, EGTA
10 mmol/L, Na,ATP 5 mmol/L, Na,GTP 0. 4 mmol/L, J
Tris 18 pH £ 7. 2.

(4) 10 K AR SN BT & M B B A A B A
126 mmol/L, CsCl 5. 4 mmol/L., CaCl 2 mmol/T., MgCl, 1
mmol/L, NaH,PO, 0. 33 mmol/L, HEPES 10 mmol/L, &
& ¥ 10 mmol/L, I HC1 ¥ pH £ 7.4,

(5) L% pBr B i B B8 1. 4F M 7% & & & EGTA.
HEPES 1 B % [& Sigma /A & 7= &, #i Cavl. 2 &1 K
— 30 & L& %] Alomone Labs & [ 7, &4 R B
actin EHFUR R AW — G B RXE L&A,
PVDF W & % [& Millipore /2 8], b5 & X7 B %
Santa Cruz /A 8], BN MBI E L BEZ T K EW
KANE,BCAZARERNEWE LBEZZRA
I ANE, ERWRAAH A E Bk, FK&
TS AL MNBR YD RFI AR & EE.

1.2 RBEESTRIWTH
1 £ Sprague-Dawley(SD) A . 30 2 (A& #7180

g HE P WWAFEFHIRAHH), WAL A 3
H: MREEHHEFRMITA. RABREAKXR
o, & B Ping|6| F1 Kuwahara " B 77 3% % | JE = 20 Fik
WREELTKGET 2O FKBEEE, W RHARI
BRarEE LRIk AEESE=ZRABEEEHF
BEXSO TR RS, FROETHARSE T+
AT 2 mgf (kged); A ML Fuxt ALK BT 4 T
EEWAEEL A 4 B EHATIEFRN,

1.3 MREFIF AR

KA BL-420 £ALRE L I & g0 ( )| & B A&
HIRAF) H#ATME. WEEZEARER, AT RE
VIt BBk JE 2 % SR 5 fik, B30 & 3 Bk 8\ 75 i
EBLAFFE0 VL) AL ERE, FRBTE
NRZBESRMHEAEE KE Smin EHFEHENL
NEREER. WAL E RS E(left ventricular sys-
tolic pressure, LVSP) 7 /& = #F 7k £/ K JE ( left ventricu-
lar end diastolic pressure, LVEDP) \<F 34 & /& E W JE %
A b FHfe Tk & ( tdp/dmax), Bl FIEF LR, LU
Weiss 2 3™ 4+ 8 7 0 5 A2 5 B 18] % #%(Tau) ( 5 LV-
dp/ dimax A8 % Rz 89 72 0 F €7 5K E B DA LV-dp/ dimax)
1.4 BAKBROHAERIHE &

AREFE Kk h, REFE R, £ L6 AR
FW R RS B RE G, B E £ Langendorff VE i 3% &
FRANCREEERXBAEE HEATER, 6 XK
1 P 95% 0.+ 5% CO, &K MM, IR /EL 70 em
AAE. 10 min /5 # ¥ & A & R B 1(0. 5 g/L) A 4
& E&ZE(1 g/L) RS & X RER, 45 min 5 #
2 BT, RN TR T R AT A A,
TACRRE, 6h FHATER.

1.5 BEREEHMICR

%6 BX S0 B VB AT IR Fr A /N E R 4 AR E IR
THATZR, Falam N FRTEHEDSHFAEAE
#7 IX70, HA) L8940 f o b, B G T e L B, B
TAEZ 1.5 ml/min. B AREE R 2
~ AMQ, AR G 4R E Y ke A R
B, VRae@fiik. BRETLEEABAERH
% o AgAeCl BB 51 %, B A # AXON 200B 7%
A& AET AD/DA $##iR, H 76 Tt ENE &
H ., SLE T AE @ Pelamp7. 0 31472 7 R 8 A0 5
£ X % ( Axon Instruments, %= &) .

1.6 Westerr Blot #5 FiBEERKT

A B LA AR, S5 A4 PBS 2 K, BT
FRNEENHRRBEMET LEBR AT
(PMSF) , T 4 'CZ £ 10 min, 12 ki/min % /2 30 min, %
O EER, BN AR & e, Al BCA 2 #T& B R
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B, BYERKE, US40 WEGE M, #
SN EBEZERF, T 95CE M 10 min. 10% ~
5% B S E SO R R FB R B LKL &
EH(4°C, & 40 mA H Ik 30 min, /5 BT R E
# i E| 60 mA, 5 HE K E 180 min) &, £ Ik A FH
B PR aEEB TR ERE F BE 110V,
75 min, 5% Bi Bg F T H A E AN — AR F (7
WEE K 1:500)2 ha E R, AR R C F —
KA ZE B T E 2 h, TBST £ # 7 (tris HCl 10 mmol/
L, NaCl 150 mmol/L, 0. 1% Tween20, pH 7. 4) %% 1
h, IBANAZE X KA ZRHBR A L RERE E, 1 min RN
BeaT, mE—EERAKA,Smn EEF . E¥. ¥
RAHEBEZEHENA, & A UviDoc RENHTE B
A RE NN, BB EE G S Bactin & HE KT
1.7 ZitE St

% A pCLAMPS. 0 %% 4 % 8 A~ 4 28 fg 10 K #E 4T
BB Fu B T 5 e, Prism 3. 0 300 3 3% 38 24T g & 4L
ARGHETEEEFEERERTE &, BT
BE(AIF) = BRBE/BE. FTALKRHIER SPSS
10.0 G5t 808 Bk Sk it a4, BB BB UL« 5 T,
X Student’ s t 13 Fu F E M, P< 0.05 = &
HEEE.

2 # R
2.1 FEMTX MR HFRIF N

5 xf FREZH P A, A 7 4H K B LVSP #1 LVEDP F+
F(P< 0.05), Tau #EK:(P< 0.05), LV-dp/dimax F
BE(P< 0.05); 3£l yT 41 LVSP.LVEDP 1 Tau # &
XTI (P < 0.05), LV-dp/dmax B 5 & T A
H(P< 0.05); —HKRLFEA+ dp/ dmax oI B %
F(P>0.05) (£ 1)

1. FRMTHARMAZHZHEM (x £5, n= 10)

Ei=R o I ZH B FRMRTA
0> (IK/min) 357 £45 361 £29 358 £25

LVSP(mmHg) 126 11 201 £23° 176 £18°

LVEDP(mmHg) 1.1£1.2  36.7%3.5% 26.9%2.3°
LV+ dp/dmax(mmHg/s) 4 2111431 4 180 £433 4 243 £287
LV-dp/ dmax(mmHg/s) 4 888 X316 19891221* 2 758 £325¢
Tau(ms) 5.840.3  18.2%1.2° 14.0%2.0°

a N P<0.05, 5XIBALE; c A P<0.05, SHEMALE.

2.2 FRMITIMRE KR OB ARER SN L
BU4E 158 & A 2 M)

2.2.1 FAEAITIS B M 400 & 5 64 %k

Xof B ZH AR 28 R S AR i VT 2H K BR 0 s LA B IS
%% (membrane capacitance, Cm) ¢ B & % 5[ 70. 3 £4. 2
pF(n= 50) tt 74.3X8.2 pF( n= 55) kb 72.2 X3, 1 pF
(n= 52), P> 0.05], #E =B BRI S AR A VT 3 A e A
O 5 WLAH R RN

2.2.2 FARMAETHL AL EERIREEH XY
o ETR R HOIRAS 5, K 20 i ] E- 80
mV, 4 T84 AL M- 50~ + 60 mV, ¥ 5 N 300
ms, SUFEN 0. 1 Hz 513, LA UG Ha 30 2 5 ) B Ha or
VEE, B3 FV B2k, ICa L 0% AL A 50mV, & K
V& R 9 O mV, Bl FLA N 60 mV, B0 Al A5 I 2
SRR AR R (B 1) . SRR b, AR A
KRR 3 VAT B TCar 1 VAL FEL UL 25 5 I B PRI (-
8.37 10. 76 pA/pF t-17. 06 £0. 55 pA/pF, P< 0. 05)
(B 1), AT 38 g AL X B b LA M ICa L U
{8 FLIAL 55 (- 14. 08 1. 93 pA/pF Et-8. 37 £0. 76 pA/
pF, P< 0.05), =ZH 41 o B0 i A Vg H Ar A B e Fl
RS (E 1) .

= B (V)
B .ooi.m 20 0 20 40 60 80
i O xtie
. W
® N
O FfnTA

1. FRASTIRE AR OEALRE L BE @B REE
BREEROZINE A 9 &40 5 L0 I L B4 @ it b/ JE I, B
AR YT K B 3 LA D L T4 308 0 e 7 e S 45 0 B0

2,23 FRATHLABBERERKRED N F
AL 0 %o ¥RV TS R S,
XoF 25 A I A 1, SR A Boltzmann J7 2 gf gmax =

1/{+ EXP(V1/2-V)/k} BEATHL & J5 18 BIBIE Hh 28, 48
JE3RAF V0. 5(FHRIE R E) F1 S(REEEF) « S5Xt
FRZH ER A, B A 40 KRR 0 5 LAH MY ICa L 380 ith 48
FIVO0.5(- 24.34 *3.05 mV £-22.91 £3. 07 mV, P
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> 0.05) f1S(9.35%3.74mV t£9.64 3. 75 mV, P>
0.05) ZR TR EIE( K 2); F AT AR B A 24
KR 0 55 WLAH M ICar L 33 #2611 V0. 5(- 23.71 £
3.20 mV H-24.34£3.05 mV, P> 0.05) F1 S(9. 68 £
3.97mV F9.3533. 74 mV, P> 0.05) (K 2) .

SR FH UK e SR 8002 WL 5% 93 31 77 %+ A 1/ Tmax
5526 A RS R AR B, R0t 4550488 A Boltzmann 77
RHATIA, 53] ICx L RiF 2R, 25 KT V0.5
S, SXFHRA A, BALC B ILAE A ICa L 25 v Hf
2R V0. 5(-35. 31 £1. 18 mV tk-34.0530. 78 mV , P
> 0.05) A1 S(-6. 80 £1. 05 mV Ft-6. 94 £0. 70 mV, P
>0.05 ERF LEEE(K?2); SERMALE, 1K
YT ICa L 2R3 26 4 #2, V0. 5 (- 29. 16 0.
47 mV H-35.31 £1. 18 mV, P< 0. 05), S ik 4%
(- 6.7530. 44 mV th— 6. 80 £1. 05 mV, P> 0. 05)

(2.
) 10mV
AF @"A 60 mV é_L
100 ms -80 mV
B 108 <3 p 1.0
_ N - O ¥R
g 0.8 \ Vil 0.8 ;
! Y 3
; 0.6 5 0.6 & W LA
4 0 — IT4
§04 \& _OJEO-—‘#&%JE
0.2 /NGB H.2

.60 40 .20 0

AL (mV)
& 2. EEMSTIHER KR OB A L B4 E gL

A IERE M A g LG I 1L B4 3 %t 2R B, B
S AR Al T 3R B0 B3 UL AN B T 7% 45 3 35 A 4 B A I
i .

2.2.4 FRAITLASIEELEDN FHIEY
B SRR RUBK A RIEOE LS T e O 1 Tk
ST FE: A RIAE - 80 mV, 25 5 AN ] A k)
B(P1 A P2) A ZE- 0mV, P1 A1 P2 ) 8] B I [A] AL
2ms JFERLA 3 ms (K, DL P2 IEHLUR S Pl g
HEL YL () ERARL XS B P L~ P2 F R[] ) [ B, 0 75
¥ RO B TG, 153 lea L HIEHIZL,
SRJE SRAFIT A1 20 ( D) (B 3) o AL KRR G S5 L
A T 50 B2 LB R e iR (35, 19 £0. 02 ms
EE 39. 70 £0. Olms, P> 0. 05) (& 3) ; SE AR AT A
AR 2 KRR 00 5 LA T( 36. 05 £0. 02 ms L 35.
19 0. 02 ms, P> 0.05) (H 3) »

2.3 FEMITERR KR OB Cavl. 2 EH
FKIERIRIF T

Ex B P, AR A ZH K BR 0 55 LA D Cavl. 2
A FRIE KR R R#(1. 58 £0. 20 H 1. 20 F0. 23,
P< 0.05) (K 4); SHAIA L, SEAR AT 1S s Ay
KR FE LA Cavl. 2 B A FRIZX(1.39 £0. 19, P<
0%)!4

500p4 3
250ms t

-80 mV
B 1.0,
O xta
= 08 7
S s 3// W e
g J O FEfTA
=049
*
0.2 /
0.0 1 -
0 100 200 300

B (ms)

B3 FRETHEBEAROEUEN LS EESEHA
FRRWE  ANKROENAN LR SEER T RE, B A
AT R B0 b WLARHD L B4 838 5 35 3h 2 i

tAREE

BAE  FERATA

Cavl. 2

P -actin .

B4 FERATHERABROEUHR Cavl.2 BARIEK
TR M

3 118

FPIKIhREA A0 Sy il iR — B A O )35
FIFE R FARTE, BLCs 25 56 1 73 250 1E T &7 5K Th g
WONKHIE IR R g5 & > o BE R B, A K ThAE
Re0 WA OB KA, b s
O RE AL, FF 3 B0 A BE 5 ™ E I RCRE AT
ol R A DRI, A R BF 5K ShRE AN 420 J1 %2
sy o0 5 BB ) R AR T T 0 BB A AR TE T BRI
W RAEH T BENE . EET KM, T
KEWIRBE TR AR F 4, Be A 2k b 5 O 2R
R, AR RERIE I fER . Siu &' KRBT g
TR B a0 B B Bl B A S L B B K,
Young-Xu 251 X6} 449 {5 Fa 52 B 56 005 R BV S5 4F
HIgs R BN, IR A AR VT ¥E 97 1Y B 3 0 s B s R AR
RS AR R A VT 40 2 28 PR, B fth VT R4 AE
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O EEEIRBT A A E EEZREH.

O 5 BREN I R A 5 0 s LA L 25 13 3 L E A
FUIRER, LA 5 TEE R TR K A E
KA, FF7= A0 B BREh 5 22 1 Th REVE SR, b L
TR 5308 18 AR A AE O 5 B BN B A AE AN 2 G
NEZERER. HATsHAIE RSN, O B
BRI 77 22 9 X0 5 UL4E L ICe L B A K AR
FA 0y 98 5 5 A R BN ICar L B
TREIREE™ o 1CxL (198> B3 1E L AL A B A
(action potential duration, APD) 4¢ ¥ & APD X i 2% 1]
S VA ol N X Y oAb L O s e = Il e b 0720
BN YEST . AHT IR R B 0 55 WLZE R ICx L %
BEAN ICa L AHOGHE R Cavl. 2 BE IRIE T RE, IX — 4
SR A 0 79 S 8 S s 1 O R R HE RIE ST A R —
P BRI K B 0 55 LA PR 8 3 1 T R 2
BT R BRI AR o o % R A P B A ) B
TEEA, ICar L B AR AT e i 1 B 67K P B O BT A
o MR AR IT S A A AR R B O 5 L L
ICa L HIBEAK, [R5 VR0 o 4% 18 38 2R 7 Bl 1 1
SbTBORIRAS A% FELRLE I, AR 45 8 TR Eh, A
T Bl 240 . P 588 8, T SE K0 55 APD, A R - )
R BB B R A DA R FE R, - AR Al VT BE
i E ST ML _E Ang GCRIHER Ca™ HLY
JI TIP3 A5 10145 e 32 LA e 200 ik B P 45 v ! ™) g
AT 3 E5EE L BAF . XMER I ZER S
ﬂﬁ%%%%ﬁﬁ%ﬁﬁ@ﬁ¥&@ﬂﬂmﬁ&@

VTREAR A By 5 1o 400 I 1) 400 0 P9 7 e, AT 8 5 45
IMLWF%KE&W@Aﬁ&ﬁWWJW%&@
VT Gy ik NIFHZA LS HZY . BRI AE O 5 Bt
BB I6 Ok P A At T 25+ B

FEA LR, FAARTT IR KB Cavl. 2 £
HREKF, Bon AT X L A5 EERIER S
FHREKF IS 5K Pandozi %5 1R, s 0 5
ZR I3 I ACH 7> o RV AT 5 B0 9 S R AR, ) T
T PRI 5 P A FBE B AR 3 L Y 4% 36 5 2 V7% T k2> L
PG T BRI AT 0 s AN 4 4, (E AL R
PEREMILR . 2055 BE)IT 46 5 BUN e 880K,
k%?Lﬁ%EﬁlﬁﬁmﬂE:$W% S ]
KBTS B R S DR A, AT E AR

A ARSI T S AR AT H B K T BN AL
JIZEE R R0 5 VAR Cavl. 2 8 FRIA T, #7R
FEARAMTT RSN Lo 55 U200 B B 04 o E A, X B iR
OB A EE MR ARIER .
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