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Influence of long-term oral valsartan on ventricular arrhythmia after myocardial infarction in rabbits
CHEN Zhi-nan, DING Shi-fang, GONG Zhi-gang, LU Qing//Department of Cardiology, Wuhan General Hospital of Guangzhou Military Command, Wuhan, Hubei, 430070, China 
Abstract: Objective: To explore influence of long-term oral valsartan-angiotensin II type 1 receptor blocker on ventricular arrhythmia after myocardial infarction (MI) in rabbits and its possible mechanism. Methods: A total of 24 New Zealand rabbits were randomly divided into sham operation group (n=8), MI group (n=8) and valsartan group (n=8) according to number table. Sham operation group only received thoracotomy without ligation of anterior descending branch of left coronary artery (LAD), while MI group and valsartan group received ligation of anterior descending branch of LAD. Valsartan group received valsartan gavage (10 mg·kg-1·d-1) since the second day after operation, three groups all were fed for 12 weeks. Mono active potential (MAP) of left ventricular myocardial cells of subendocardial myocardium（inner layer myocardium）, subepicardial myocardium（outer layer myocardium）and middle layer myocardium were recorded before MI and 12 weeks after MI, and times of provocative malignant arrhythmias were recorded on 12 weeks after MI in three groups. Results: 1. Ventricular tachycardia or fibrillation (VT/ VF) episodes were markedly decreased in VAL group than that in MI group on 12 weeks after MI [(3.1±0.8) vs. (12.7±1.5), P＜0.05]; 2. After MI 12 w, the action potential duration to 90% repolarization (APD90) of three-layer ventricular myocytes in MI group was prolonged than that before MI [（259.2±22.1）ms,（288.0±25.8）ms,（244.6±22.6）ms vs.（230.1±23.2）ms,（244.2±23.4）ms,（229.0±21.7）ms, P＜0.05 or＜0.01]；but there were no significant difference in APD90 of three layers ventricular myocytes between before and after MI in valsartan group (P>0.05 all); Compared with sham operation group and valsartan group, there was significant prolonged in transmural dispersion of repolarization (TDR) [(18.8±6.2) vs. (23.9±7.7) vs. (37.2±10.2), P<0.05 or＜0.01] in MI group; There was no significant difference in TDR between valsartan group and sham operation group (P>0.05). Conclusions: Long-term oral valsartan can significantly reduce malignant ventricular arrhythmia incidence in rabbits after MI, which may be related to improving TDR in rabbits after MI. 
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摘要: 目的: 探讨长期口服血管紧张素II的1型受体拮抗剂缬沙坦对兔心肌梗死后室性心律失常发生的影响及其可能机制。方法: 24只新西兰大白兔随机分为假手术对照组 (n=8)、心肌梗死组 (n=8)和缬沙坦组 (n=8)。假手术对照组只开胸不结扎左冠状动脉前降支，心肌梗死组和缬沙坦组分别结扎左冠状动脉前降支。缬沙坦组术后第二天用缬沙坦(10 mg·kg-1·d-1)灌胃，三组共喂养12周。三组分别在心肌梗死前、梗死12周后记录左心室内、中、外层心室肌细胞单相动作电位（MAP），并记录心肌梗死12周后诱发的恶性心律失常次数。结果: 1. 心肌梗死12周后，缬沙坦组室速/室颤（VT/VF）的发生次数较心肌梗死组显著减少[(3.1±0.8) 次比(12.7±1.5)次，P＜0.05]；2. 心肌梗死组左室三层心肌细胞从MAP起始到复极完成90%的时间（APD90）较心肌梗死前明显延长[（259.2±22.1）ms,（288.0±25.8）ms,（244.6±22.6）ms比（230.1±23.2）ms,（244.2±23.4）ms,（229.0±21.7）ms, P＜0.05 或＜0.01]；缬沙坦组左室三层心肌细胞APD90与心肌梗死前相比没有明显差异（P均＞0.05）；且心肌梗死组跨壁复极离散度(TDR)较假手术对照组、缬沙坦组明显延长[（37.2±10.2）比（18.8±6.2）比（23.9±7.7），P＜0.05或＜0.01]；缬沙坦组与假手术对照组之间TDR比较无显著性差异（P＞0.05）。结论: 长期口服缬沙坦明显降低兔心肌梗死后恶性室性心律失常的发生次数，这可能与改善兔心肌梗死后跨壁复极离散度有关。
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Various arrhythmias, especially ventricular tachycardia and ventricular fibrillation can occur during myocardial infarction (MI), which are the main cause of cardiogenic sudden death [1]. In recent years, some researches thought that electrophysiological abnormal changes of hypertrophic myocardial cells in non-infarcted area played a key role for occurrence of arrhythmias after MI [2]. A research has proved that angiotensin II (Ang II) played a key role in myocardium structural remodeling after MI [3]. XU Yan-min et al [4] perfused papillary muscles of guinea pigs with Ang II, observed ectopic autonomous arrhythmias and increased episodes of pacing-related arrhythmias, but Ang II type 1 receptor (AT1R) blocker can inhibit the occurrence of ventricular fibrosis after MI [5]. Clinical study found that valsartan can reduce mortality of MI patients [6]. Therefore, the present study explored influence of AT1R blocker—valsartan on episodes of ventricular tachycardia/ventricular fibrillation (VT/VF), changes of MAP after MI, and possible mechanism of valsartan reducing ventricular arrhythmias. 
1 Materials and methods

1.1  Experimental animal grouping and model preparations

A total of 24 New Zealand rabbits weighing 1.5~2.0 kg were randomly divided into sham operation group (n=8), MI group (n=8) and valsartan group (n=8) according to number table. Under sterile conditions, rabbits were anesthetized with intravenous injection? of 3% pentobarbital sodium solution 30mg/kg. A thoracotomy through a left parasternal incision was performed, the pericardium was incised and the anterior wall of the left ventricle was exposed. The left anterior descending (LAD) coronary arteries of MI and VAL groups were ligated at downstream 3 mm from the first diagonal artery diverge. Sham operation group received thoracotomy without coronary artery ligation, MI formation was proved by observing Q wave or ST segment elevation >0.2mV on II and III leads of ECG limb leads, then chest was closed layer by layer. After operation, rabbits received intramuscular injection of 400 000 U penicillin for 3d and were fed from the second day to 12 weeks after surgery, valsartan group also received valsartan 10 mg·kg-1·d-1 in the same time. Valsartan was provided by Beijing Novartis Pharmaceutical Co, Ltd, pentobarbital sodium was provided by Shanghai SSS Reagent Co, Ltd.  

1.2 Electrophysiological monitoring   

Electrodes that record MAPs were made according to reference [7]. The MAPs in inner layer, middle layer, and outer layer myocardium cells surrounding MI in left ventricle were recorded. The electrodes were connected to multiple channel physiograph (LEAD type 2000B, Sichuan China), waveforms were stored in a computer hard disc for review and analysis. The APD90 was defined as the duration from MAP beginning to 90% repolarization. TDR is the difference between the longest and shortest APD90 among three layers of myocardium at the same site. Surface ECG of standard limb lead was monitored during the whole experiment.

In intended ligated site beneath first diagonal artery of LAD before MI and inner layer, middle layer, and outer layer myocardium surrounding MI after MI 12 weeks received programmed stimulus for 20 times respectively, stimulus intensity was twice of diastolic pacing threshold, S1S2=300ms, S1S2=250ms, diminishing to S1S2=50ms by -10ms. Arrhythmia evocation was observed after the first thoracotomy and 12-week feeding in all groups. 

1.3 Statistical treatment 
SPSS 10.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), and its comparison between two groups was performed using t test. Hypothesis test for difference of sample means among multiple groups was performed using analysis of variance. P<0.05 was regarded as possessing significant difference. 

2 Results

2.1 Arrhythmia evocation condition before and after MI

    Programmed stimulus did not evoke arrhythmia in MI group and valsartan group before MI and sham operation group. On 12 weeks after MI, programmed stimulus evoked various arrhythmias (monomorphic and polymorphic ventricular tachycardia, torsades de pointes and ventricular fibrillation etc) in MI group, and the episodes were (12.7±1.5) times, which were shown in figure 1. But in valsartan group on 12 weeks after MI, programmed stimulus evoked monomorphic and polymorphic ventricular tachycardia, and the episodes were (3.1±0.8) times. Compared with MI group, there was significant decrease in episode of VT/VF after MI (P<0.05). 
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Fig 1  Torsades de pointes evoked by programmed stimulation in MI group
MI: Myocardial infarction. Similarly hereinafter.

2.2 Influence of valsartan on APD90 of myocardial cells surrounding MI
Before MI, no significant difference was found in the APD90 of inner layer, middle layer, and outer layer myocardium among the three groups (P>0.05). 
Compared with before MI, the APD90 of three layers ventricular myocardium significantly prolonged in the MI group after MI 12 weeks (P<0.05 or P<0.01), and that of middle layer was the most significant, but there was no significant difference among three layers (P＞0.05). In the VAL group, no significant difference was shown in APD90 of any layer before and after MI (P>0.05); in SHAM group there was also no significant difference for APD90 before and after surgery (P>0.05) (Table 1). 

2.3 TDR changes of three groups before and 12 weeks after MI

    Before MI, no significant differences in TDR were observed among the three groups. On 12 weeks after MI, the TDR in MI group was marked prolonged compared with those of SHAM and VAL groups [(37.2± 10.2) vs.（18.8±6.2）vs.（23.9±7.7）, P<0.05 or＜0.01＝, and no significant difference was observed between the VAL and SHAM groups (P>0.05) (Table 2).

Table 1  Comparison of APD90 of inner layer, middle layer, and outer layer myocardium among three groups before and 12 weeks after MI (n=8, ms)

	Group 
	Before MI
	12 weeks after MI
	t
	P

	Sham operation group


	Inner layer
	230.1±23.3
	232.5±23.5
	0.205
	0.641

	
	Mid layer
	246.0±24.1
	245.7±24.3
	0.024
	0.725

	
	Outer layer
	227.4±22.6
	229.8±21.6
	0.217
	0.631

	MI group
	Inner layer
	230.1±23.2
	259.2±22.1*
	2.568
	0.032

	
	Mid layer
	244.2±23.4
	288.0±25.8**
	3.557
	0.008

	
	Outer layer
	229.0±21.7
	244.6±22.6*
	2.408
	0.043

	Valsartan group


	Inner layer
	235.3±21.2
	241.5±22.9
	0.562
	0.443

	
	Mid layer
	245.8±25.6
	258.3±26.6
	0.957
	0.351

	
	Outer layer
	225.6±21.9
	236.1±22.8
	0.939
	0.362


APD90: Action potential duration to 90% repolarization, compared with before MI, *P<0.05, **P<0.01. Similarly hereinafter.  
Table 2  Comparison of TDR among three groups before MI and 12 weeks after MI (n=8)

	
	Before operation
	12 weeks after operation
	t
	P

	Sham operation group
	19.0±6.6
	18.8±6.2
	0.062
	0.659

	MI group
	18.8±5.4
	37.2±10.2**△△▲
	4.509
	0.003

	Valsartan group
	18.6±6.1
	23.9±7.7△
	1.526
	0.102


F                         0.834                  5.321

P1                         0.247                 0.018

P2                                              <0.005

P3                                              <0.05

P4                                              <0.05

TDR: Transmural dispersion of repolarization. Compared with sham operation group, △P<0.05; compared with valsartan group, ▲P<0.05. t, P were comparison between before and after operation, F,P1 were comparison among three groups, P2 was comparison between Sham operation group and MI group, P3 was comparison between sham operation group and Valsartan group, P4 was comparison between MI group and Valsartan group respectively according to LSD- t test.
3  Discussion

Ventricular electrophysiological heterogeneity not only exists in cellular level, but also in tissue level. In 1991, Sicouri et al [8] proposed that ventricular wall was divided into three layers of 

subendocardial myocardium (inner layer myocardium), subepicardial myocardium (outer layer myocardium) and middle layer myocardium on cross section, which have different electrophysiological characteristics. The electrophysiological heterogeneities among three layers myocardium cells induce the dispersion of repolarization of ventricular wall, forming transmural dispersion of repolarization (TDR). Increased TDR leads to the continuous re-entrant waves of ectopic excitement among different layers [9]. In recent years, a series of in vitro and in vivo experiments proved that there were three kinds of myocardium cells with different electrophysiological characteristics at least, namely subendocardial, subepicardial, and middle layer myocardium cells in dogs, rabbits and human. The increased heterogeneity of transmembrane repolarization in the myocardium is one of the electrophysiological mechanisms of malignant ventricular arrhythmias. In pathologic states (such as cardiac failure, myocardial infarction, myocardial hypertrophy, cardiomyopathy, etc.), the electrophysiological heterogeneity increases, which is the main cause of ventricular arrhythmias [10, 11]. 
After MI, electrical remodeling and tissue remodeling occur in myocardium, which easily lead to malignant ventricular arrhythmia [12] and increase mortality. Clinical study found that valsartan can reduce mortality in patients with MI, but its mechanism is not clear. The present experiment studied influence of valsartan on APD90 of three layers of ventricular myocardium after MI. 

Moreover, under physiological conditions, myocardial cells regulated by neurohumoral factors and the electric tension between gap junctions of myocardial cells restrict the inherent electrophysiological manifestations of three-layer myocardial cells, making ventricular transmural electrical heterogeneity less obvious [13]. It may explain that there was no significant difference in APD90 among three layers of ventricular myocardium before MI in the present experiment. The present experiment indicated that compared with before MI, the APD90 of middle layer myocardium cells on 12 weeks after MI was significantly prolonged; Although no significant difference was found for APD90 among three myocardial layers, the APD90 prolongation increased repolarization heterogeneity; consequently, the heterogeneity of the repolarization significantly increased TDR after MI. In addition, procedure stimulations did not induce ventricular arrhythmias in any group before MI, but the stimulation caused a variety of arrhythmias in the MI group on 12 weeks after MI, including monomorphic and polymorphic ventricular tachycardia, torsades de pointes, ventricular fibrillation, and so on. The occurrences of

various arrhythmias indicate that the increase of transmembrane repolarization dispersion after MI becomes the major cause of malignant arrhythmias even after healing of the MI.

The present study also presented that after MI patients received valsartan therapy for 12 weeks, number of malignant arrhythmia evoked by programmed stimulus significantly decreased, the TDR restored, which was similar with that of sham operation group, and significantly shorter compared with MI group, indicating that long-term oral valsartan may reduce occurrence of malignant ventricular arrhythmia via improving transmural repolarization heterogeneity. It provides theoretical evidence for prevention and treatment of arrhythmias after MI using angiotensin II receptor blocker in clinic. 
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