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il o J7¥k o SPF 9% SD MM K B4 %t B4l (Control 4, n=15) . 2 Pk i i PR 7 (I/R 41, n=15) Al Rb1-TPost 41
(Rb1-TPost 4 , n=15) . H|JH Langendorff > B ¥ i 2 48 8 57 K B U0 IF 20tk /R B AL Sl s il sk A2 2 K R R
(LVDP) FebiR sh ik F , 02 00 JE A2 8 0 J S A M A2 0 P8 v e 28 2, R 4560 B IR SRR AF PP 0 T RE AR A 5 i S A2
o % i 2 BE R B 4 L 7 (MAP) , S8 MAP F 22 S 400 B B (APA) e R B T 36 (Maxy,.) & W bk 2 5
10% .20% .50% .90 % B} H] (APD,, . APD,,  APDy, . APDy,) , LA S & # Ak B i = £ W 5241 ( Triangulation) 2% 5 ; )i
S I Pl S, 30 7 R B O A R R B O K (BCL) Lk A 23 2 i 1] 5 T A7 12 43 8 B0 5 L 400 L, 42 200
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Abstract

Objective: To investigate the effects and mechanism of Ginsenoside Rbl-ischaemia postcondi-
tioning (Rb1-TPost) on ventricular arrhythmias induced by acute ischemiareperfusion (I/R) in rat
hearts in vitro. Methods: The SPF male Sprague-Dawley rats were randomly divided into the control
group (Control group, »n=15), acute ischemia-reperfusion group (I/R group, n=15), and
Ginsenoside Rbl-ischaemia postconditioning group (Rb1-TIPost group, n=15). The acute I/R heart
models were setup by using the Langendorff-perfusion heart system in rats in vitro. To record left ven-
tricular developed pressure (LVDP) and coronary artery pressure as well as heart heat status, the myo-
cardiac function was evaluated by measuring recovery of LVDP and contractural magnitude of reperfu-
sion as well as observing the characteristics of heart heat status. The main electrical parameters in 3
groups were recorded such as APA, Maxy,a, APDy,, APDy, APDs,, APDy, and Triangulation from
recording of monophasic action potential (MAP), as well as basic cycle lenth (BCL), incidence and du-
ration of ventrucular arrhythmias induced by burst-pacing in left ventricualar tissue of rats in vivo. The
L-type calcium channel (I, ) and its current-voltage curve (I-V curve) were recorded via whole-cell
patch clamp technique in enzymatically dissociated single rats's ventricular myocytes. Results: Com-
pared with those in I/R group, the recovery of LVDP was significantly upgraded, as (22.82=+
4.97)% ws (90.04411.61)% , and the contractural magnitude of reperfusion was obviously reduced
as (93.81£8.05) us (20.08£8.47) mmHg, in rat hearts of Rb1-TPost group (all P<C0. 01, respec-
tively). The heartbeat waveform becomes elevated and protruding after I/R, with irregular and un-
even heartbeats and a significant increase in arrhythmias. However, after treatment with Rb1-IPost,
the post-ischemic heartbeats gradually return to a regular and stable pattern, and the induction of ar-
rhythmias is reduced until normalcy is restored. Furthermore, Rb1-IPost could significantly increase
APA and MaX,y/, as well as shorten APD,,, APD,,, APDs,, APDy,, and Triangulation in rat hearts
of Rb1-TPost group in vitro (all P<0. 01, respectively). Otherwise, Rb1-IPost could markedly short-
en BCL and persistence time, as well as decrease the inducing rate of ventricular arrhythmias with
burst-pacing in Rb1-TPost group in rat hearts in vitro (all P<0. 01, respectively). Finally, with the
voltage clamp model, Rb1-TPost in ventricular myocytes of Rb1-1Post group could significantly de-
crease the value of I, at different command potential in rats. At the +20 mV of command potential
from —40 mV of voltage clamp, the current densities of 1., were significantly decreased from
(11.0640.51) pA/pF in I/R group to (6.09+0. 23) pA/pF (P<C0.01), and the amplitude of reduc-
ing could amount to 57% in Rb1-IPost group in rats. Moreover, Rb1-IPost could completely elevate
the I-V curve of I¢,q upwards other goups without altering the I-V curve direction in ventricular myo-
cytes of Rb1-TPost group in rats. Conclusion: Rb1-IPost could significantly improve the cardiac per-
formance and rectify the electrical remodeling so that to provide the effects of anti-acute I/R ventricu-
lar arrhythmias of inducing by myocardial I/R injury in rat hearts. It was suggested that the mecha-
nism of Rb1-TPost inhibiting acute I/R ventricular arrhythmias might attribute to that Rb1-TPost could
markedly decrease influx of 1., and provent to Ca’~ overload, which to contricute to diminishing the
susceptibility of ventricular arrhythmia induced by acute I/R hurt.

Key Words Ginsenoside Rb1l Ischaemia Postconditioning; Anti-Acute Ischemia-Reperfusion



440 RPN = Q= )]

46 %

Ventricular Arrhythmias; Electrical Remodeling; L-Type Calcium Current; Calcium Overload; Sus-

ceptibility of Arrhythmias

PR WU P R 5 300 W R ST T R R
AT FEERIEZ —. BT, IGIK E R 2R
301 56 IR 2 K R A R A A AR R IR T
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im0 U 46 FET 5K D0 RE 1T RE W3 T R L = ML
IR B R A DXL 385 o, 3 TS 500 L Bt
# i (myocardial injury,
MIRD) . Hrr MIRT 2 @tk 0 URE B8 8 3% P )
HE B AT B A 2 i O
% L4 Dy ke 1 75 3 7 (ischaemia-reperfusion, I/R)
J5 L A B e B A PR 2 bl o A 0 3 LA I K R
BFN S EA R E . b, i E RO
== UAH A S AR e AL 19 2245 2 7 (Ca® ') dl it L A4S
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G b A Rt S 1 aA N G S v o & L a1 | AT IN
UL Il P8 0 B 05 (MR |, 3 3 38 1 == 10
KF W RA N A BivEH KA 259 )5 Ak 28
Tk R AL PR A ) 0T | R IO P SN e AR B
Pt MIRI J Hoifs Kk = 0K w259 )5 Ak 3L
AP CERAE PR SR RE % U0 DR Bk i s A B R 1Y
B4R I & AE , BN R T St MIRT K HA% k2
DR H BT B

A% 51 Rb1(Ginsenoside Rb1,Rb1) /& —Fh#
I PR = R 3R 97 6 O 9 A2 O LR BE J8 1Y
254, B G 5RO LN I I R 40 RE ) AP AE S MR
P, PR AR WLAH MR BT Ca®' KPR B 3 ok
BAEDIRE BT S TR WA, NS
B Rb1 & e AR 9P A7 05 0 LA 20, 8 b vk 0 LA
FETE AR, BUHT b MIRTAE ™. {48 Rb1 /R Sk ik
1t J5 4b ¥ (Rb1-ischaemia postconditioning, Rb1-I1P-
ost) HI 7 Bij ¥t MIRT K Hoif & 2 M0 1 2R o 6 AT 4l
U HA P Atk MIRLIE & % M0 2 8 1
Az BURRAE K HAE LIS &5 2 — 2D Y . A S
WHEAT TRV, B 7 im R B Rb1 By iR 2t MIRT
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ischaemia-reperfusion

1 MREFE

1.1 SEIEEIY A S0 %k HU SPF 9% SD M 4 K B
45 H W T A6 5t A= P il SC g s o BRI 6 )7,

PR BT & 200~300 g, W [ f5 ) % T il R AR R
Bt SPF 2 8l 56 ) ¥y b0, HBEHL 2 D9 XF B8 2H (Con-
trol 41) & M ol ff PV VR4 (I/R41) . A 2 24 Rbl
Sl oy J5 Ab BRZH (Rb1-TPost 4 ) , B2 15 H., 38 I P 1w
F¢ 2 W e JF IR S g

1.2 EFERFAEFEE O TR E
E /NE I F 8 F (BSA) \HEPES AL IHG (EG-
TA WIHEEH Na,ATP ,CsCl,CsOH ¥l [ Sigma 2%
Al Al A 2220 S B Al W IR Ty-
rode #f i 4 /mmol-L':NaCl 135. 0,KCI 5. 4, CaCl,
1.8, MgCl, 1.0, NaH,PO, 0.3, HEPES 10. 0, Glu-
cose 10.0, i NaOH & £ pH7.4; J& Ca*" #il 0.2
mmol-L ' Ca® iy Tyrode ¥ 43 7l & Tyrode ¥ ' J&
CaCL A 0. 2 mmol-L. ! CaClyo 0 3 oo FLHZ A1
WO 7y (mmol-LY) - G4 AL JE % 140. 0, CsCl 5.0,
Glucose 5.0, HEPS 5.0, MgCl, 0.5, CaCl, 1. 8, pH
M CsOH ¥/ 2 7.4, ic & Lo B N W 23/
mmol-L.7': CsCl 10. 0, EGTA 10.0, HEPES 10.0,
MgCl, 5.0,Na,ATP 4. 0,pH [ CsOH £ 7. 2, L
5 HTA9 Rb1 W - e [ £ i 2 i A6 5 WF 5 Be , o TR K
2y AR MEW) B . SIS AT S Rb1 A TS Tyrode
Wb, S 2R 15 pmoleL ',

1.3 FTENFMBEHMES LAY : Langen-
dorff ¥ i %% & (Power Lab/4sp, ¥ £l )\ w] |, 18 K F)
W) B A (Grass S88, 32 1) (I 2 % (miniplus 3,
Gilson 2y w) , ¥ [F) 2 firh X080 50 45 0B Al (WPT 2
H) L5 B R B (1X70-122, Olympus 24 ), H
A) B EBOK 2 (EPC-9, HEKA A ] L ) 5 4%
Br &R 45 - 16 5 vy A= BRI 0 s A 43 A B B (Lab-
Chart Pro V7, R85 KA JER RS A
i Pulse+ Pulsefit 3% 4 (version8. 31, HEKA /A &/ ,
[ ) Igor Pro 43 #7114 (version 3. 31, &) ,Ori-
gin 4 i 8 4 (Microcal 6.0, ZE[E ),

1.4 FHik

.41 ZMHI/RBAEEIAEMAET % SDI
PR KRR 28 1 s O 2 R 41 (500 TU kg ™) 5 min B & ,
AL 24 (500 mgekg ") bR I I L E T B | 3 G
JIE BT UK R 10026 O, 1 F0 iy Az B8R K oy, Uk v ik
L, i A E Bk E4, I Langendorff #E i 25 ¥, L IE
# Tyrode W 28 3 2l Bk 0 47 9 It 0o E , 38 I8 34 &2 Oy
12~15 mLemin ', ¥ & LX 100%60, 16 A1 , i BE K
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37 °Co MU B HE S L IR 52 5 4, 48 R e X
ONERA, BA R 5 Heo RG89 K A0 AR
Hil Bk e T A0 B, 1 BKREETE A 5 mL K sk Bk g,
Wt SRR EE N R Re g S E A R
Tt il AT R O A I B 9 45 S 2 BB
22 WG A BN AL . W DO I S R 3 bk
ik F 10~18 mL-min ', £ % & B JE (left ventricu-
lar developed pressure, LVDP) 3k %] 90~120 mmHg
JE WA R EE Bk, b AT - P
I/R RS RY 20 4 . S fff FH K 20 2% 1) .0 IR 58 A IE Ty~
rode ¥ 30 min, #& 5 45 15 Y0 JIE 30 min, {HAR SR £
Fexp o ME#EAT 5 Hz 2 #, JF il i F il R ML &
F14) oy A B8 25 0 JUE T A B 5 S AT IO DR $F A 37 °C
I R S UG A IR R IR EE A S Bl i B 2 B
1E % Tyrode W 45 0> BE 7 ¥ 7 30 min, 7€ B 1I/R i
. Control 4 : /& B # M IE % Tyrode ¥ #E I
90 min, v ] AN FE e i 4L 3, FC Al 5% AR /R 4 .
Rb1-TPost 44 & « £F 0 JE Bkt 1M1 30 min Z )& , 56 H &%
Rb1(15 pmol-L™") i 1E % Tyrode ¥ F % F 10 min,
T2l e 1F # Tyrode W F5-#E 71 20 min 5¢ i Rb1-1Post
oL A0 T REEE 1Y SR AR A RS A AT
ST BT SE B, R AF T LB A A i O
Urtig A2 LA LVDP 9% & (recovery of LVDP) Fl
P ME 1 7% 25 % (contractural magnitude of reperfu-
sion) PEAT, [ Bsf 08 €00 I e 4 &7 5K, DA Bk Sl IR 2
FRAE . BRI 7 vk . LVDP R 42 J& DL 1 30
min [ *F % LVDP & Sk il § 59 LVDP 9 & 2> [t
(%) P HE R 2R R T8 e e B b e K AE % 47
K Fe 5 i i R A2 % 7 K R A 228 (mmHg) . #4541
R Bl I 52 1 B BE B R SR U L S Ak 22 AT BE IS
B o S A e SR A

1.4.2 £ % £ # 48 3 4F & 42 (monophasic action
potential, MAP) & 3 & 4 % % #F & F # fil =L XL
BB 4 TR AR I SR RO BT 220 T RE S L O
REBMAP, il 50 HLAF 5 248 MAP R A 3R 3 7
K, 5 28 RO e fhe 4 e 4 A 0 (0. 3 Hz~1 kHz)
T LA AE AL, PR AE B BN, IS 23 B 30 T 4
AT AGE I . RECMAP 2 S5 # A
(RMP) S EHL AL IR B2 (APA) (B AE LA e K BT+
A (Maxg, ) 35 4E A7 52 B ARk &2 10%6 .20 %
50% .90% B [i] (APD,,. APD,, . APD;,. APDy,) , 3
15 W o7 &2 8% Ak B F2 = Al 4 {8 (Triangulation=
APDg—APD,) o F VRO I 5 75 & ok F P
e i 7% (Burst-pacing) , $ 3% 9% 58 2 ms, il 3 & K

(basic cycle lengths, BCL) M 200 ms £ 20 ms, & K
FREE S ] 10 s, WG 2 B 155 A 8 1k O A R I 0L
AL R R E AR B e S, DLW
FE 3 RO R P A5 7 Ak R R 22 B R B Y L AR
PR B AF TSR, 5 FH 43 B 1 D S Ry
Mrifs & PO AR W I BCL VSO R Wik kR
GIESE=AingLE S

1.4.3 SEMmMIH 5B Y854 KO NETE L
R Ty Be AL AR B R AR JS L JHE Ca®' Tyrode
WV U0 IE 10 min, PR & 1R D (0. 33
mmolel.™!) & [ i E(0. 25 mmol-L ) Fl /N4 I i
& (BSA,0.25 g-l. ") J& Ca”" Tyrode I 1 ¥
WO E 15 min, i 7 B JC Ca® Tyrode ¥ HE it 0 NIE
5min. BCR 0 WE X BRoC B L 2L Sk WURT o 55 £F 4
G BRI ENE T 0.2 mmol- L™ Ca® Ty~
rode VRBERF TR BT AE PR3 5 5 minJ5 , & 3G
BB W, PA 500 remin K 2 0 10 min, 7 ¥
W, % 0.25 mgemL ' BSA #1200 pmol-mL 4%
5 8 % Tyrode Wi R B, 159 5 & 4> % W40 S
W, F R 1 h R UEAT I R S

1.4.4 2FsENmipl  AEdi-wE(V)h
A R = R = AN R = R T €
W A0 SR v, A5 AN i T I RE
0 5% T, 200 M A1 W4 240 U 10 min, SR )5 #E 47 4 28
JfL RS 5 B S G . FE A LR R EL 915 5 B Pulse+
Pulsefit £ & il Fl R B8 o 0] 28 B R B T80 K 2 ik
KLt Ag-AgClH e 22 FNE 78 i 5% T, HELAR Y
9 3% 35 9 P A (R BHL R 2. 5~3. 5 MQ) S5 A 4l i, 3%
T T LA 5 0 i 4 EL R A RS 1 GQ UL b MR
HL 2, i fin B G B 4 L R A 8 e 25 R s L 2 D
2 08 BB R e SRR L I SR e, Y O R R A 4
J A0 A 50 pmoleL ! TT X BH T I, , H 4% P&
oM A EGTA F 4 Him A BaCl, (100 pmoleL ")
FH B 1o WA EGTA F1 Na,ATP 0] B 1k 78 + B[]
10 5% Lo i B2 A B 2 0 (Run-down) B4 . 7E HL
JE A ST B A —40 mV, 15 A B
—40 mV R AL F +60 mV, BRH 10 mV., 2 mf
1] 200 ms, ic 5% B — 22 1% 19 P9 1) HL U L 3% R U AR
— 30 mV FFUR G218 SO |, I BE B ) F 3, 5
K420 mV 4735 B i K, 225 Bl A S A 3
TTFBE 6k /0, 1 HEL 3 AE % 20 pmole L' A 475 3 3 BHL 7
TR 2 37 1 oK BEL DB, % W 0 R YA R w0 A ZHIC SR Loy,
B 2 Pulse 3F R R I A4 TH ML, 5 H Tgor
Pro B4 XF 52 50 B4l AT B 2 B o I BR B 4
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JiL R /N e v 2 S R 25, LU R /N P R O %
(pA/pF)FER o L BTV L2 H 2 L& A4S
FL 67 Ay e A A, R KT 7 PR R 9 %8 B A A s 5
1.5 ZitZEE RS ES S 2%
FEPE LA IR AR v 25 (o bs) i, 22 4 80908 LA T
PR 7 2243 B (One-way ANOVA) , 1§ 9 Fb %5 %
FH e K 36 5 TH RS R LU/ 4 B 3ROR , AL R 1Y
e #5 R o7 A6 56 5 R FH Orrigin 88 11 3% 44 X 4% 41 04
BEAT 00T, LA P<<0. 05 N 2 5 A Gttt X,

2 F#R

2.1 Rbl-IPostXf &M UR LI R HO BT 1

J—
w
(=3

100

wn
=3
|

0
o

£

g
o
a
>
-

o-

20 5 1/RA LA, Rb1-TPost 20 LVDP 4K &£ i
W FH[(22.8244.97) % vs (90.04+11.61) % ],
U VB 5 AR i T W R I [ (93, 81£8.05) mmHg wvs
(20.0848.47) mmHg] ( ¥ P<0.01, »=10
hearts) , 43 535 4T Control 4.0 I LVDP 4% & F1 1
HE AL = & 5 3 R (98.2548.31) % Al
(14.85+3.76) mmHg] ( ¥ P>0.05, n=10
hearts) o 73 4, 0 IE 28 1E & Tyrode ¥ HE Uit , H Bk 3l
AR PRI B35 A SR EIEL B T/RG,
S ey HIE Bk 2 35 T8 AR A R, O Bk S 25 8 5F
DR L E WL 5 2 Rb1-TPost /£, Bk 1l )5 0>
WE Bk 2 3% ALK 52 = N SRR AR O R B
sl B E IR Bkl i SR R (R 1),

150

—_
(=3
(=4

50

LVDP/mmHg

HD 2B .30 min

1EH Tyrodedf FHIE 30 min
A

0L 2

I Tyrodedi i#E 130 min

B EE 1130 min

Rb1Ji7 4L 30 min

E 1 Rbl-IPostXf &M /R O ThEE R H OB ZE 4L 2210
A.I/R#4;B. Rbl-TPost 41

2.2 Rbl-TPost3 &4 /RAI MAP EE S A5
M 5 1/R 4 %, Rb1-TPost £ K FL.C I Hi 31 APA
BN, Maxy, o 38 B, APDy, . APD,, . APD;, . APDy, Al
Triangulation ¥ 4 #1 , 22 % A G it % & X (B

P<C0.01, n=10 herts) ; H 5 Control 41 . % , | iR
FMEEEAEZR , BERXTHRIT¥E X (H
P>0.05)., BN FKHRMP AR E, ZFHT
it X (¥ P>0.05)(F 1),

%1 Rbl-IPostX 2 IUREIMAPEZESH M (215, n=10)

15 RMP APA MaXy,/a; APD,, APD,, APDy, APDy, Triangulation
- /mV /mV /mVes ! /ms /ms /ms /ms /ms
—22.16+ 39.32+ 4981.97+ 111.93+ 142.23+
Control 2 54.63+12.48 89.16420.74 37.57411.65
4.08 8.04 315.29 22.57 25.79
—18.81+ 25.01+ 3569.16+ 119.63+ 159.36+ 198.04+
/R4 87.194+15.28 55.09413.37
2.97 5.49 236.76 25.57 27.93 29.23
—20.09+ 36.63+ 4709.46+ 60.54+ 106.35+ 125.57+ 160.06+ 41.47+
Rb1-1Post 21 - . » . ” " »
5.67 7.477 289.267 13.71°7 23.727 25.697 27.747 10.54

HU/RAWE,"P<<0.01; 5 Control 41 L4 ,"P>>0.05
2.3 Rbl-IPost Xt 2 VR % =M 02K E IR
5T/RALE, Rb1-TPost 20 H BT & & MO R 1Y
BCL B 58 45 55 | 52175 & 8 RIS ] ] T o8 R 45 e 44
(#] P<<0.01,7=10 herts) , H 5 Control 4 4%, iR
AR I3 WLEAE 21 1 H (G (1) P=>0. 05) o s gt

RUEIIE % B, 2k /RO U RV 28 52 I A0 5 38k, IR BE
8 R R S A I TR R i R LS Bl H &
Rb1-TPost /5 I A 21k T/R L JUF , 5838 A2 v A0 R 0 384
X B 175 AL Bt 10 B S8 2 1) et % J 3 floh 2 v T 5
HARMIL B #AE 3 MAP (K 2,8 2),
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%2 RbI-IPostWHEMURIBEEHOBEEZMM(r+s,7=10)
- i D R R DR E R AN TR) O R 2 o 2 1) £1% 2 A3 /491
S BCL/ms 2/% e 2 i <10s 10~30's >30s
Control 41 45.6849.35 20 8 2 0 0
I/R4 170.274+17.43 90 1 4 3 2
Rb1-TPost 4 65.49+12.05"% 40" 6% 2% 2 0#

/R4 L#,"P<<0.01; 5 Control 41 It % ,"P>>0.05

BCL=2 ms, FF4LHlk15 s

i

T et

BCL=50 ms, FF4411120 s

R P’ L "
W%j.q.::::ffﬁ.[}f!ﬂ;’=,.‘;\.‘1\ NN

B

b 1\[ . B 4 N
: P WL N WA AUTA X
‘JJU“ll“WI‘Wr)hyli'.w‘m\ { *i “h‘f RN

MAP LA J o Fs a0, £54E1 s
C

El2 Rbl-IPost¥ A I/RIFEL ZEHOEE TN
A. Control 4 ;B. I/R 4 ;C. Rb1-1Post ZH

2.4 Rbl-TPostX 2 IV/ROENHAMI, RKE
I-VHI &2 5 1/R4 L%, Rbl-T1Post 4 0> = AL
21 6 A B ) F A S — 30 mV & 60 mV I, &5
1Y Lo, HE U5 B2 1 B W 0sk /b (33 P<<0. 0587 0. 01,
n=10 cells) , 24 &t il oL FE 4 +20 mV B, H 1, HL 3
W H (11.06+0.51) pA/pF Wk /h A (6. 0940. 23)
pA/pF (P<C0.01,n=10 cells) , B Ik I B 8 1 57 %,
H g /N T Control 4 0> % L 40 M L., WL 3% % &
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