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[BZ]B R 382 £ 5 (ICA) X R R A A S ) %38 (CHF) 51 A B S A K 69 %ol AR b A B2 Auh), Joik: 250
5k *TBE 40 CHF 484 CHF+ICA 28 (ICA 28) , R A A bk 37 7 2 K & &, CHE AR 5 &% 2 T3 o251 57 7 B LA
% (0.3 mg/kg/d, % L iE 413 B iF 5, RS 4k SR AT e RIS AE M AL AR 708 5) B 3547 1 A8 T4 5 OB A2 4h 5 42
ERF e E s R QT R HE £ 2 AH T CHE B R R 2, A AL FAMRS EILEATSVE @ f2FaF2 35 8 R
BB AR VA BT M e ik R i T R LR B2 B AR A 0 R K b It i (Max, ) Ar ARALE] 20%.50% A= 90% B A2 (APD,,.
APD,, . APD,,) % £ 2 A B A B I #1508 K 4 150 ms B S A 20 28 (ERP, ) & A 3 #0% (dERP, ) o & S 225K H
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(I-V)¥ &, SR SRR A R BILHIZ D AARFIUR F 45 516 SR K, S BH e M Ansa dh 4542 R34 A 2
B, A FER IS K, T 12 2% % (PH<0.01),S &2 (P<0.05),PR A= QT 1A #13) 2 2 4E £ (P<0.01), STH A £
EA5(P<0.05),4% % CHF AR 4 5,35 . 5 CHF 414k, 2 ICA % 97 04 S B MULEL 22 69 30 AF 4508 /2 9 238 o, Maax,,
Amk, APD,,  APD,,. APD;, f= APD,, 3 B & %342 (P 39<0.01), % %} ,ICA 4% CHF % %95 E WLZL 4R ERP & 3 & %
dERP, AR A F A TSR T AR KA R ERE, FROERFTHFELEDRFZR Y (P<0.01), R/5,%%0 54
), ZICAER T ,CHF & £ MLaa i 1., P B, -V & B2 E3s ) S AHR & E H+10 mV i, ZICA % 77 49 CHF s £
Wuzm e 1, M8 K 0> by JR CHF 2800 B ILan e 1., 7 % 2 69 (9.98+0.53) pA/pF # ) 4 (6.95+0.15) pA/pF(P<0.01), &
W ICA #E45 9 B & K S CHF 5| 42898 & b, F ), AR CHF w5 st 3PS 4 K 89 5 Bolk A2 3 30 CHF 314289 £ 1S
R EAER, L AE TR ICA 48 2 5474 CHF & £ L L, , B4 CHF s & L% it 1 Ca® A B A= Ca> 3k 3% .
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Effects of icariin on ventricular arrhythmia induced by congestive heart failure in rabbit in vivo

its electrophysiological mechanisms

WANG Jingjing, DONG Wei, JIANG Bo, LI Dandan, ZHANG Wei, WANG Jing, MU Yang, CHEN Si, LI Yang, CHEN Yundai
Department of Cardiology, the First Medical Center, Chinese PLA General Hospital, Beijing 100853, China

Abstract: Objective To investigate the effects of icariin (ICA) on ventricular arrhythmias (VA) induced by congestive heart failure
(CHEF) in rabbits in vivo and discuss its electrophysiological mechanism. Methods Healthy New Zealand male rabbits were divided
into 3 groups, namely control group, CHF group and CHF+ICA group (ICA group). The CHF models were induced by isoproterenol
injection (0.3 mg/kg/d for 3 weeks) via the ear vein; and whether the CHF models were established successfully was determined
by clinical symptoms, left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) in M-type
echocardiogram, and heart rate and QT interval in II-lead electrocardiogram (ECG). Some main electrophysiological parameters
in 3 groups were recorded, such as maximum upstroke velocity (Max,,,,) of action potential, action potential duration at 20%, 50%
and 90% repolarization (APD,,, APD;, and APD,;) from the recording of monophasic action potential (MAP) of ventricular muscle,
and the ventricular effective refractory period (ERP,)) with 150 ms of basic cycle length detected by programmed electrical

stimulation and its dispersion (dERP,,), and the inducibility and duration of VA detected by Burst-pacing. The L-type calcium
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current (I, ) and its current-voltage (I-V) curve were recorded by whole-cell patch clamp technique in enzymatically dissociated
single ventricular myocyte in 3 groups. Results When the rabbits for the establishment of CHF model presented with clinical
symptoms, such as emaciation, weakness, tachypnea, and muscle atrophy, and the LVEF and LVFS of the rabbits were obviously
decreased, and left ventricular end-diastolic internal diameter was enlarged as well as interventricular septal thickness at diastole
was attenuated (all P<0.01), and heart rate significantly dropped (P<0.05), and PR and QT interval were markedly lengthened
(all P<0.01), and ST segment was upward (P<0.05), it was suggested that the CHF models were established successfully. Compared
with CHF group, the administration of ICA not only significantly increased the action potential amplitude of ventricular tissues
and Max,,, but also shorten APD,,, APD,,, APD;, and APD,, (all P<0.01). Moreover, the ERP,;, and dERP ,, of ventricular tissues
as well as basic cycle length of induced VA were notably shortened. The induction rate of VA was significantly decreased with
the administration of ICA (P<0.01). Finally, with voltage clamp, the administration of ICA markedly decreased the I, , of ventricular

myocytes in CHF models, and upward I-V curve; and when the clamping voltage was +10 mV, the peak value of I, of ventricular
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myocytes were significantly decreased from (9.98+0.53) pA/pF in CHF group to (6.95+0.15) pA/pF in ICA group (P<0.01).
Conclusion ICA might notably modify the electrical remodeling and decrease the susceptibility to VA induced by CHF, therefore
realizing anti-ventricular arrhythmias in CHF rabbits. The mechanisms might attribute to that ICA can markedly decrease I, ,

and prevent calcium overload and oscillations with ICA perfusion in ventricular myocytes of CHF rabbits.
Keywords: congestive heart failure; icariin; ventricular arrhythmia; L-type calcium current
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CHF) A 2.0 ML H G 21 o e 3T 4 8 A B B T AR e B TR o0
A TR A T 248 R G %A ok i i L AL

DR G077 H s g B ey ARl B L B e A2 AR A
FHS S 5 | O WE LA 20 P 2R - A R K

BUCLY B SO M A PSS HR P R W], LU ICA O 3%
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[F) iR AR 26 T FH O SE B0 ) ICA ZH . S0 it B
AR BT P 22 KCH e, T T b A R  SE  Bh
Yot BRI T 2.5~3.0 kg, 3£ 50 H . XFHEZ 12
H Tl 4 CHF A2 38 H ICA TP [E & 2
wn R E IR B, R I R 2] AR IE A I, B >98% . 5%
B A FH - F AR (DMSO, Hi ¥k i <0.01% ) 22 8 7
Wi, SR Ja A8 S 50 75 X Im It FH 0.9% AE B K Bl
SR Loy, FO A 4D ik 22 8 P Bl T 7)1 40 mug/L ¥ R 1
K 1 R SRS O WL M . 1SO R ES L 224
JIF 2280 0 R 2R T E L /NAF IS LA L CsCl
CsOH . HEPES Na,-ATP ,EGTA . TEA % i 7| iy F
Sigma A\, g W N A SR A L 458 40 A
4l , Tyrode ¥ i% 43 (mmol/L) : NaCl 135.0 . KCl 5.4,
CaCl, 1.8, MgCl, 1.0, NaH,PO, 0.33, HEPES 10.0,
Glucose 10.0, pH H{ NaOH 1§ 2 7.35. Jt Ca™ Tyrode
WA A 0.2 mmol/L Ca* i¥ Tyrode ¥ 43 %! & Tyrode
W e CaCl, MAXAN 0.2 mmol/L CaCl,, 3T 3% I,
% 40 ¥ B 43 (mmol/L) : NaCl 147.0,KCl 5.4, CaCl,
2.0, Glucose 10.0,MgCl, 1.05,NaH,PO, 0.42 , HEPES
10.0, pH I NaOH 1 & 7.35, 10 5% L, L N B 43
(mmol/L) : CsCl 135.0,MgCl, 4.0 HEPES 10.0 . Na,-
ATP 2.0, EGTA 10.0. TEA 20.0, pH J{] CsOH 4 &=
730, FEALESA B4 LS AL (EHL Vivid 7, 83k
S4, 3 GE A #]) 5 16 5 HLAE FC 5% R 45 (PowerLab
16/30, ADInstruments, Australia) ; % B4R HEAL1C 55 AN
4% M BE Ht (LabChart Pro V7, ADInstruments,
Australia) ; JF 16 #5 (WPI A ), USA) ; #ll 3% £ ( Grass
S88, USA) ; {8l & g i3 5% (1X70-122, Olympus, Japan) ;
Pulse+Pulsefit X 4 (version8.31, HEKA, Germany) ;
EPC-9Jit KX %%(HEKA, Germany) .
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CHF A s YA e 3y 2 BEOSCHR 7 DR ), B
TR 2 B bk i 59 1SO (0.3 mg/kg/d) |, i
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oK o 64 H G LA SR A7 1% H T il 25 CHF B AL A
TR A ZH f 9 s A 28 B L MR 7 0 s ) A 3 TR
B TFIE#IREECG, LA & CHF B ). e
PR 2% B0 2 3% S U5 Bl P A BT RS FNo 15 B g s MY
0 Bl R R A O R B, R R BE 3.0~5.0 em, A5
2.5 MHz, 2 WEAE bR 046 200 % &7 SR A N
£ (LVDD) & 7 19 % [] ff JE2 32 (TVSD) |, MR 48 el B 1Y
Simpon's A F A H 220 = 9 15045 (LVEF ) & 6 il

iR (LVFS) 5 W B SN AR e A E SR 2 hbs
HE T35k ECG (ECG-11) , 48 J i o A= #C s A A 47
i TR AR E A I SR BT ECG-TT #E4 78
SR AT, B S H TS O PR A
QT [ HAFI ST Bt o 9 AR TR I e 28 L3R 45 T
R, 55 X6k BEZH AR LE S BRS E  TE T7 RAR FIL A 2R
Y45 AR , B LVEF F1 LVFS 18 SN, 2200 5
Jes B R, 2 ) B A T O R, PROFT QT [H]
W B EFERK ST B i B8, s i ol , & &
HEFT R — A B AR BRSNS
1.3 B REMLZEMAP

A3 5P ok BE ZH RN CHF 21 9 48 B 5 i ik i 9 1 12
FL 2241 (300 mg/kg ) JFR B M, FH 06 #5435 JF e JE
FEAT TR, /N0 BT FE O A AR P A 442 ik 3 Rl
i s A ALO T 220 FHTRE ST O A MAP, il
S LA 5 28 MAP IR L7 R 28 UK R 28 16 4K
L e o e 8 91 P 98 % 2% (0.3 Hz~1 KHz) € i T8 i
ERALETE i ATHENURAE SR 5 F A3 A A ot
SEUG A HE AT A R GE T . ICA SR AE 5T K
CHF 20 W EH8 455 , 8] B 30 min Az LA G 0 EE
TR IE S S IRBHRSE ), #HE ICA (12 mg/kg)20 min,
SR AR SRR I 0 % R BRI MAP. AT L
B F S HALHE B AL (RP) | 3l 1F f A iR B
(APA) s /E HL A fie K b Tl %6 (Max,, ) B PEHLA7
ALK B 10% ., 20% . 50% . 90% I F£ (APD,, .
APD,, .APD,, .APD,,) .
1.4 ME 0 ZE B A B HA (Effective Refractory Period,
ERP)FIEMHOEREFE

43 ) 285 5k HE ZH AN CHF 21 S i B85 R 25 B T i 5%
%0 W, A H 2 fE ) 3 (Programmed Electrical
Stimulation, PES) £ Ml A~ [] 2% filh ] 3% Ji] K (Basic
Cycle Length, BCL)#9.0>% ERP, KL AR & T4
S0 AMEE, R RIS K ORI O WE R4 T R 3
D7 40 2 ms, il B B N 2 R AT O IR, FE 8 1 1Y
S, S, FREE L , BV 8 AN Atk 4 S, J5 R — -0
HIH3 S,, BCL 4 150 ms, S, S, fHECA 43 H M 150 ms
Fih, LLS ms Kb, HE S, N AEiE A L=,
BERT Y S, S, (B (8] 3] 5 S BCL=150 ms [Y) ERP 5,0
T SN R e RS N 3 QYN 2R -8 & B U
(10 Hz~1 kHz) J5 /7 TIHEAL, A 5 7 b 1k
A7 5 FN 5347 . WEEHE 45 4 ERP,, LA K2 ERP 5, 2 1L
Ji (dispersion of ERP,,,, dERP,,,, Bl 7£ BCL=150 ms
i, 10 5 8 iz K ERP,,, 5 5c 48 ERP, Y 25H) .

MO AR kR AE 5 L ERP I E 5 4
30 min (JH BRCBETEAZ X 5 2250 30 B i 2 i) B A T .
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R FHJ 4 PR3 i) 3 (Burst-pacing) , Bl #0398 2 ms,
BCL M 200 ms £ 20 ms, K FFEE 10 s, WE 45 41 R
Pk EH O AR RO, R S R =0 )
O E W, BUEAE 5L, A R o Bk
I A3 BT 75 2 2 O R 2 T ) B K R
K, ICA 275 5¢ N CHF 4145 0150 5% ) , 18] B 30 min
KA b I B O B AZ %o i B2 52 36 04 B2 Wil )
ICA (12 mg/kg)20 min, #& 5 Ak 4E R T & T
A $i2 2| ) ERP il Burst-pacing J7 % .
1.5 B0 EARAFERI . AEBR-BE
(Current-Voltage, I-V ) # &

A3 AT 5E AR R MAP 5256 VK 52 F) LR O 3 1Y)
X 840 B CHF 20 fg 3 59 13 2 LE 2 40 (300 mg/Kg) JFk
S I 2R 4 (500 TU/kg) L& , 10 min J& 1 B 55 B0
JE4T Langendorff & {40 IEFE I , 56 JE Ca® ) Tyrode
W HE 10 min (i 18~20 mL/min, 37 °C, 100% O, ff
), PSR N 10308 1 2 (510,33 mmol/L;
% M # E 0.25 mmol/L; BSA 0.25 g/L) LA} & A
0.2 mmol/L Ca* iy Tyrode & HE L 10 min 7 fL.O T, 4%
J& F IE & Tyrode Y 7 10 min, JR 15 B0 = L
LB o KA 2 0 ) A0 LR RO 1) I B
Y& LAn i SEAE A, 10 min J5 HIE 5% 1o, 4041
VRGP , SR 1 B R #9227 Pulse+Pulsefit
A K Aa 2 T FHC A5 5 42 EPC-9 UK 5 e 4 il
RS AR LA, 7 B s i B R, i 1,
FEL B PN YA B B R b AR FLBHL 2.5~3.5 MW I o o0 UL
9T IR B BT B, B E BT iA B 1 GW
Db RMEE PR E 2 il o 670 WA 40 A A 12 P 2%
AU L2 M T S R I SR AR I o
il 7£-60 mV , $§ 4 HL 7 FH-50 mV £]+50 mV, BRF 10
mV, #ifil B[] 300 ms, AT c 5% 21— 2212 A4 P4 1) FL AL
I HL I 7E -40 mV IF 4R P, 7E+10 mV Bt i i 31 %

TR, BRI it ) R P 0 B 0 T 2 AR N . 2T
TE EL 7 ) 4 R 2K (20 wmol/L) AT LA B 5 410 1 3% Ha,
Wi, RHICH TN 1o 28 Pulse B4R 4 1, 171k
FIHEHL, ICAAL L, iE* & 4.0 mg/L ICAIC%
Teo AN MESMRHE L CHF O Z LAH M 10 min, FFEE -
N Ruy ISR 3 NN O R A N RN
/N B (pA/pF) KR o 1-V T L2 D4 A
B A LA AR AR A, AEDRT 0L 14 FRL 3 %5 B Sk A A s 4
B

1.6 FitFabE

s LA B bR e 25 R 1T TR 4L IR EL A

K R 5, THECTRE DL R B B L SRR Z AL L
BT 2500, R iz R 5 K. R Origin
6.0(Microcal 23 Fl, USA) B it i 4 il g i b4 7
AT, A P<0.05 2S5 A gt E L.

2.1 LIHRHERKHINEI CHF fiRE

FE E AR RN T R F A PR R A AR v B RS B J
DR B 5 T EE AR T R 45 SR A 38 B CHF 1545 LU
255 o T v BT AT O B R S B 0 R A
I Ja e A SR I A BT O X IR 10 £
4 CHF %1%, #E A CHF 41 K HICA 443514 10 H
55X} HR 4 He#s , CHF B RS BT 98 i B | FT g |
BARIRAR \TC 7 B HE AR UL IR 25 48 A5 I AR AR
M #8750 30 &I 5E 19 LVEF #1 LVES Y48 Sy )N, 28
OEREI AR, Z IR 0 25 (PH4<0.01) s 0 LA |
A UL PR O R (P<0.05) , PR AT QT[R4
FHER(P<0.01), STEH . £ (P<0.05), 45 R LA
S G 5 1) CHF BB AT, 36 & b 4T T — 20 i AR 3
SEHG . L G M RS R Bl R RO H P RS A L
AR WL,

x1 AEREMEBE OE I S5 OBEEEZEREBER (5 5, n=10)

Tab.1 Comparison of main parameters of M—type echocardiogram and II —lead electrocardiogram in two groups (Mean+SD, n=10)

M A 0B E 1S3 QNS
20 51
LVEF/% LVFS/% LVDD/mm  LVSD/mm L3R /bpm PRIEM/ms QT [EHi/ms ST By/mV
XFHEZH 87.42+10.37 43.31£9.42 12574215 6.92+0.86 275.79+19.03  43.91+11.68  103.41+£33.59  0.02+0.01
CHF4]  45.29+8.89° 22.69+6.45* 18.03+3.06*  9.93+1.05* 201.40+14.73*  69.82+15.04* 148.57+44.45*  (0.04+0.02°
a R X IR AL, P<0.05
2.2 ICAXf CHF #2110 ZE MAP T E S H 221N (AT IR LA, iR SHR A o R AT

Y5 CHF 4 55, ICA i APA 3/, Max,,, il P,
APD,, . APD,, . APD,, il APD,, 41 H f 45 %5 (P ¥4<0.01) ;

27 (P¥>0.05) ; 75 5b, £ 4069 RMP 3% 45 B & ife 48
(P>0.05). L2,
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#2 ICA %} CHF &0 MAP EESHMHM (x = 5, n=10)
Tab.2 Effects of icariin on the main parameters of ventricular monophasic action potential in rabbits with congestive heart failure
(Mean+SD, n=10)

2 5] RMP/mV APA/mV Max, 4 /mV -s! APD,/ms APD,/ms APD;,/ms APD,/ms
STHRAL  -1539+124 44455851  5004.56+381.3  51.67+8.06 69.65+10.34 102.63+1335  133.15+15.94
CHF#4]  -14.06£0.89  34.23+6.50 3587.92+316.67  86.29+12.62  112.96+16.72 158.94+16.28  198.89+18.36
ICAZ4L  -14.73+1.06" 4337+7.91% 4397.95:338.89%  53.37+10.73®  72.42+12.69%  115.74+14.68%  140.52+16.04%
aFR5 CHF 41 H#, P<0.01;b 3R 5 X HR4L Hegi, P>0.05
23 ICAZ CHF /LD EERPAIF A ZMHOERER AL (P<0.05) ; £ Burst-pacing, 7 ICA

A

5 CHF 4 b %5 , ICA 4H ERP 7£ BCL }y 150 ms i}
W E AR (P Y<0.01) , #2300 6 REZH AR 56 () ) & (8, (2
WA 3 2 5 (P>0.05) ; 1fif ICA 41 dERP #£ BCL
150 ms B} 7R ¥4 5 2 4 46 (P #4<0.01) , HLB K F%F

YERF , CHF e 915 & = O HE 2K 3 1) BCL B B 4
M, B DA AR B (P1<0.01) , H 5 XF
MRZH e, Bk 2 UM ERE RN I R, B 2 =
PE(P<0.05). TEHL#3.

%3 ICA Xt CHF &0 E ERPHIF L L EAENETEZSHHIR M (v = 5)
Tab.3 Effects of icariin on the main parameters of ventricular effective refractory

period and induced ventricular arrhythmias in CHF rabbits (Mean+SD)

25 ERP,;/ms  dERP/ms iFALHRFERHBCL/Ms VAERR/%
YR  95.10+6.93 4.09+0.04 57.03+11.05 10(1/10)
CHF#H  127.51£9.09  12.23+0.09 157.21+15.97 90(9/10)
ICAZ]  98.36+7.35*  7.04+0.06 109.36+13.74° 40(4/10)®

a R GXIRA LU #, P>0.05 ;5 CHF 4 FL#¢, P<0.01, 1M b 3278 50 IR 4 LL# , P<0.05;5

5 CHF 41 I %, P<0.01

2.4 ICA X} CHF &0 = ALARE ICa-L R E I-V Hi 4 1Y
=A

50} B A0 2 WLAR M Y 1, DR Eedss, CHF 41
Bl 5 LA T, 7045 B R N B B B ok (B &
it ICA 1 F CHF St = LA S | i 4 a0 = LA
LA Lo, U AE A B H RS BT B8/ o DD = AL
L I, A 1-V i £k LAMER B, CHF 4 1., F 1-V il
LAL T o5 T W 2R RS 5 T ICA 4 1, 9 1-V il
R A, SR B e = LA 1, 1 -V i
2 TR +10 mV I, ICA 2H facr 28 L4 A
I, HL L% 4 (6.95+0.15) pA/pF, 1] & /NF CHF 4
G ZENAMM L, FRFTIE M (9.98+0.53) pA/pF(P<0.01,
n=10 20 ) , (EATS R %k B 21 40 28 LA R 1., L IAE
W, K (4.12+0.08) pA/pF (P<0.05, n=10 41fit3) .
A3 1, 1 1-V RIS AT A I i, R W
IESE AR e AT S (1) .

BHF 5 R B, i DR A8 4t B CHE S0k 2 5 2 Jgbf

ZRUE I B 0 3 RE X AL A 5K A7 A BN K R D
FHIES R GEIO Ixb B R BB 2K B A8 SR 2 5
e h R - EREREMBE LIRERZEK
DR o, 5 | SO A I VR A 28 2 4 v L AS B e 2%
Wy G Z2 | S T 0 R O R AR T 3 A O LA R L0 WL
AF X R L 865 4 L0 g o v I L R 0 D R R AR
YT I, AR AR AR DGR B AR R, 4 R AR KB
Ji) 2 25 R 2 1S O, 25 5% e ik A\ i A2 Gt B
Ak I AT R AR A ALY 2E 4 A i R
SER o #0230 N A2 B9 LVEF & LVFS 4 8 & )&
AN F I K, 2 R P AR T RS
T RIS A e B0 2R, PROFN QT [R] 45134 1 2% 4
K, ST BeHA f 147355 i A= FRARAE , /R A S 56 i 335 A
CHF AR BLIN A4F 6 I PR o0 J68 S5 35 A0 15 12 1k
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