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Abstract: Objective: To explore influence of exercise training and angiotensin-converting enzyme inhibitor (perindopril) on blood pressure, aortic compliance and cardiovascular tissue structure in spontaneously hypertensive rats (SHR). Methods: A total of 38 SHR aged seven weeks were divided into control group (C group, n=9), exercise group (Exe group, n=9), perindopril group (Per group, n=10) and perindopril + exercise group (Per＋Exe group, n=10). SHRs were observed for eight weeks, and tail-cuff method was used to measure systolic blood pressure（SBP）once a week. When rats were 15 weeks old, regression line（once linear function）was obtained by single regression analyzing the relation between blood pressure and pulse wave velocity（PWV）. The b of this once linear function was used as index of aortic compliance（there was negative relationship between b and aortic compliance）. The left ventricular mass （LVM）/body weight（BW）was used to evaluate ventricular thickening, and aortic weight （AO）/ BW was regard as index of vascular thickening. Results: Compared with C group, SBP of Exe group significantly decreased on 12 weeks old (P<0.01) and 13 weeks old (P<0.05), but decrease of SBP was no significant on 14 weeks old（P＞0.05）. SBP of Per group and Per+ Exe group on eight weeks old immediately decreased to level of seven weeks old (P<0.0001),but there was no significant difference between the two group（P>0.05）. On 15 weeks old, the LVM/BW [(2.19±0.36) mg/g, (2.16±0.32) mg/g ] and AO/BW [(0.20±0.01) mg/g, (0.19±0.01) mg/g] of Per group and Per+ Exe group significantly decreased compared with C group [(2.95±0.58) mg/g, (0.26±0.01) mg/g], P<0.05 all, but there was no significant difference in these indexes between Per group and Per+ Exe group and between C group and Exe group（P＞0.05 both）. The b （index of aortic compliance）were [（C group ：（21.2±1.2）, Exe group：（20.5±1.4）, Per group：（14.8±1.6），Per＋Exe group：（15.0±1.3）] respectively, there was no significant difference between Per group and Per+ Exe group and between C group and Exe group（P＞0.05 both）. Conclusion: The exercise training of eight weeks possesses certain lowering blood pressure tendency, but no significant influence yet for aortic compliance and cardiovascular tissue structure in spontaneously hypertensive rats.
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摘要: 目的: 探讨运动和血管紧张素转换酶抑制剂（培哚普利）干预对自发性高血压大鼠（SHR）血压、主动脉顺应性、心血管组织结构的影响。方法：38只7周龄SHR被分为对照组（C组，9只），运动组（Exe组，9只），培哚普利组（Per组，10只），培哚普利＋运动组（Per＋Exe组，10只），观察8周, 每周用tail-cuff方法测定大鼠血压1次。15周龄时，用单回归分析各血压水平和主动脉的脉搏波传播速度(PWV)的关系得到回归直线（一次线性函数），我们用这个一次线性函数的斜率（b）作为主动脉顺应性的指标（b值和主动脉顺应性呈负相关关系）。用左心室重量/体重比（LVM/BW），主动脉重量/体重(AO/BW)比来评估心室、血管肥厚。结果: 与C组比较，Exe组的收缩压（SBP）在12周龄(P<0.01)和13周龄(P<0.05)一度显著降低, 14周龄时却无显著差异（P＞0.05）。Per组和Per＋Exe组的SBP在8周时即较C组显著降低(P<0.0001)，两组比较无明显差异（P>0.05）。15周龄时，Per组和Per＋Exe组的 LVM/BW[(2.19±0.36)、(2.16±0.32)比(2.95±0.58)]、AO/BW[(0.20±0.01)、(0.19±0.01)比(0.26±0.01)]较C组明显降低（P均<0.05），但Per组和Per＋Exe组间,C组与Exe组间没有显著差异（P＞0.05）。各组的主动脉顺应性的指标b值分别为[C组：(21.2±1.2), Exe组：(20.5±1.4), Per组：(14.8±1.6)，Per＋Exe组：(15.0±1.3)], C组与 Exe组间, Per组与Per＋Exe组间均无显著差异（P>0.05）。结论:对于自发性高血压大鼠，8周运动有一定的降压趋势,但对于主动脉顺应性、心血管组织结构尚无显著影响。
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Vascular wall remodeling influencing peripheral blood circulation is often focused from traditional hypotensive viewpoint, but importance of prevention and improvement of aortic atherosclerosis (aortic compliance) has received more and more attention recently. Some study pointed out that aortic compliance decrease will lead to loss of Windkessel effect, so increases systolic blood pressure (SBP), causes cardiac hypertrophy, peripheral vascular dysfunction [1]. Facts have proved that both aortic compliance decrease and cardiac hypertrophy are all independent risk factors for cardiovascular diseases.
Some studies indicated that exercise can improve aortic compliance caused by aging in subjects with normal blood pressure [2], increase aortic compliance in person[3,4] and rats [5] with normal blood pressure, but cannot improve aortic compliance in patients with isolated systolic hypertension [6] and spontaneously hypertensive rats (SHR) [5]. It hasn’t been reported that whether exercise has influence on aortic compliance in hypertensive rates with normal blood pressure adjusted by antihypertensive drugs. Therefore, SHRs were used to observe independent and combined effects of angiotensin converting enzyme inhibitor perindopril and exercise on hypertension, myocardial hypertrophy and aortic compliance in the present study. 

1. Materials and methods

1.1 Grouping and intervention of animals

A total of 38 seven-week-old male SHRs (Charles River Japan) were divided into control group (C group, n=9), exercise group (Exe group, n=9), perindopril group (Per group, n=10) and perindopril + exercise group (Per＋Exe group, n=10). From seven to 15-week-old, Per group and Per＋Exe group received perindopril 1 mg/kg gavage once a day. Exe group and Per ＋Exe group received rat-dedicated treadmill training with slope= 0°, 20 m/min, 60 min/d, 5 d/week, eight-week . Tail-cuff method was used to measure SBP of rats once a week from seven to 14-week-old,
1.2 Assessment of aortic compliance

Pulse wave velocity (PWV) of aorta was measured to assess aortic compliance. On 15-week-old, under anesthetic condition (pentobarbital, 60 mg/kg), left internal carotid artery and femoral artery of left thigh was inserted with catheter full of heparin (diluted to 100 U/ml with saline), then front-ends of catheter were fixed on aortic arch and juncture of abdominal aorta and iliac artery. Venous catheter was fixed in right internal jugular vein. Posterior extremity of two arterial catheters were connected to pressure transducer (LIFE KIT DX-360, Nihon Kohden Corp.), pressure waveform signal of 2000 Hz was transferred to computer analyzing system through amplifier, mean arterial pressure (MAP) of two arteries and heart rate (HR) were recorded at the same time. 

Measurement method of PWV of Makki et al [7] was partially changed in the present study. In order to decrease influence of change of heart rate on PWV as much as possible, atenolol (1 mg/kg) and atropine (1 mg/kg) were injected through venous catheter before measurement to inhibit cardiac autonomic nerves. After five minutes, 0.2 ml nitroprusside solution (1 mg/kg/ml) was injected via venous catheter, making MAP decrease to 40 mmHg, MAP pulse wave and HR during recovery process was continuously recorded. Then phenylephrine solution (0.25 mg/kg/ml) was injected via venous catheter, making MAP increase to 160 mmHg, MAP, pulse wave and HR during recovery process was continuously recorded. With MAP from 40 mmHg to 160 mmHg, PWV was calculated according to formula (PWV=L/ΔT) every 10 mmHg. ΔT was defined as time difference of pulse wave start between detected by carotid artery and femoral artery in the same cardiac cycle. Distance（L）along the aorta of front-ends of two arterial catheters was measured by line after measurement. Because ΔT was affected by respiratory, 15 continuous ΔT were measured and their mean value was taken for calculating PWV. Regression line（once linear function）was obtained by single regression analyzing the relation between blood pressure and pulse wave velocity（PWV）.

Slope (b) of the once linear function was regard as index for aortic compliance (there was negative relationship between b and aortic compliance). 

1.3 Assessment of cardiovascular hypertrophy

After experiment, heart and aorta were taken and left ventricular mass (LVM) and aortic weight (AO) were measured. Then ratios of LVM/body weight (BW) and AO/BW were measured.

1.4 Statistical analysis

SPSS11.5 software was used to treat statistics data in present study. Measurement data were presented as mean ± standard deviation (
[image: image1.wmf]x

±s). From seven to 14-week-old, comparison of SBP, LVM/BW, AO/BW among groups was performed by multifactor ANOVA, and then Fisher’s PLSD was performed. Single regression analysis was used to analyze relationship between PWV and MAP. P<0.05 was regard as possessing significant difference.

2. Results

2.1 SBP changes over time in four groups

Compared with control group, the SBP significantly decreased on 12-week-old (P<0.01) and 13-week-old (P<0.05), although decreased, but not significant on 14 -week-old (P＞0.05) in Exe group. SBP levels of Per group and Per+Exe group were maintained on level of seven weeks old during eight-week and afterward, and there’s no significant difference between the two groups (P>0.05), and both of them were significantly lower than that of control group (P<0.0001). They were shown in figure 1, table 1.
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Fig 1 Changes of systolic blood pressure over time in four groups 

Notes: C: control group, Exe: exercise group, Per: perindopril group, Per + Exe: perindopril + exercise group. Compared with control group *P<0.05, **P <0.01, ***P <0.001, NS: no significant difference. Similarly hereinafter.
	Table 1  Changes of systolic blood pressure during eight weeks in four groups (
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±s)

	
	7 wk
	8 wk 
	9 wk 
	10 wk 
	11wk 
	12wk
	13wk
	14wk

	C (n=9)
	170±5
	186±4
	198±4
	211±4
	219±3
	221±4
	220±5
	220±4

	Exe (n=9)
	168±4
	181±5
	197±3
	216±3
	218±3
	209±2*
	211±3*
	215±3

	Per (n=10)
	171±5
	166±3*
	167±3*
	166±3*
	166±2*
	158±2*
	167±3*
	160±3*

	Per+Exe (n=10)
	170±4
	168±2*
	167±4*
	158±3*
	167±3*
	161±3*
	165±2*
	167±3*

	Note: wk: weeks-old


2.2 Regression line and slope (b value) between PWV and MAP

Mean value of correlation coefficient was (0.94±0.09) between PWV and MAP, indicating that there was strong correlation between PWV and MAP. Compared with C group, the b value  significantly decreased in Per group and Per+Exe group (P<0.05). But there was no significant difference between Per group and Per+Exe group, and between C group and Exe group. They were shown in figure 2.
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Fig 2 A. Regression line of blood pressure level and pulse wave velocity (linear function); B. Slope of the once linear function (b value)

Note: PWV: pulse wave velocity, MAP: mean arterial pressure. Compared with Exe group #P<0.05.
2.3 Comparison of BW, LVM, LVM/BW, AO and AO/BW on 15 weeks old among four groups

    Compared with C group, there were significant decrease in LVM, LVM/BW, AO and AO/BW in Per group and Per+Exe group (P<0.05 all), but there was no significant difference in these indexes between Per group and Per + Exe group and between C group and Exe group. They were shown in table 2. 

Table 2 Comparison of mean value of BW, LVM, LVM/BW, AO and AO/BW on 15 weeks old among four groups (
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±s)
	
	C group 

(n=9)
	Exe group 

(n=9)
	Per group 

(n=10)
	Per+Exe group (n=10)

	Body weight (g)
	300±6
	315±5*
	286±3*
	302±4△

	left ventricular mass (mg)
	884±15
	888±19
	627±16*
	654±9*

	left ventricular mass / body weight (mg/g)
	2.95±0.58
	2.82±0.76
	2.19±0.36*
	2.16±0.32*

	aortic weight (mg)
	77±2
	79±3
	57±2*
	59±2*

	aortic weight / body weight (mg/g)
	0.26±0.01
	0.25±0.01
	0.20±0.01*
	0.19±0.01*


Notes: Compared with Per group △P<0.05

3. Discussion

In the present study, for SHRs with blood pressure （BP）progressive rise, exercise only showed lowering BP tendency while perindopril, as a kind of angiotensin-converting enzyme inhibitor (ACEI), can completely stop progression of hypertension. As in past studies, compared with pure ACEI therapy, combined therapy of ACEI and exercise didn’t possess better lowering BP effects [8]. Because both ACEI [9] and exercise [10] may lower blood pressure through inhibiting activation of sympathetic nerves and promoting activation of parasympathetic nerves, but effect of exercise was less, so ACEI and exercise didn’t display combined effect.

Compared with rats with normal blood pressure, aortic intimae is thicker, aortic compliance decreases along with remolding of aorta such as medial hypertrophy caused by vascular smooth muscle hypertrophy in SHR [10]. ACEI can not only lower blood pressure in SHR, but also increase aortic compliance through modification of aortic morphology such as inhibiting hypertrophy of smooth muscle cells, fibrosis and collagen density increase [11]. The present study indicated that compared with control group, improvement rate of PWV (b value, 27%) was accorded with decrease rate of AO/BW (22%) in Per group, implying that ACEI may increase vascular compliance through inhibiting aortic hypertrophy. 

There was report indicated that low aortic compliance was related with tonus of vascular smooth muscle [11]. ACEI may eliminate vascular tension through inhibition of sympathetic activity or promotion of release of nitric oxide (NO) and endothelium-derived hyperpolarizing factor (EDHF) to improve aortic compliance[12]. In the present study, nitroprusside and phenylephrine were used to modulate dilation and systole of vascular smooth muscles, making BP elevating from 40 mmHg to 160 mmHg to eliminate Per influence, at this time there were also significant correlation between BP and PWV and no significant difference among all groups, indicated that Per didn’t produce significant influence on aortic compliance, so possibility of ACEI increase aortic compliance through change tonus of vascular smooth muscle is too small.  

Long-term exercise can increase endotheliocyte nitric oxide synthetase, decrease oxidative stress in vascular endothelial cells and vascular smooth muscle cells, and improve aortic vasodilator response of SHR [13]. But there’s still no study indicating that exercise can improve aortic compliance in cases with hypertension, results of the present study also indicated that eight-week exercise training can’t change aortic compliance in SHR, the b of PWV was not significant difference between Per group and Per+Exe group, consistent with results of two studies of Kingwell et al. (middle-aged patients with isolated systolic hypertension received eight-week medium intensity exercise [6], four weeks old SHR received 16-week exercise [5]). Causes of exercise has no influence on aortic compliance may be that, effect of perindopril inhibiting vascular wall hypertrophy caused by increased activity of renin-angiotension system (RAS) and sympathetic nervous is more strong than NO increase effect of exercise. 

There is report indicating that age increment may lead to aortic compliance decrease, Per can’t completely stop aortic compliance decrease caused by ageing in rats with normal blood pressure [14]. But exercise can partially stop aortic compliance decrease caused by ageing in persons with normal blood pressure [2]. Aortic compliance decrease caused by aging may be related with enhanced intermolecular cross-linking of extracellular matrix (collagen) caused by accumulation of advanced glycation end-products (AGE) in aortic wall [15], but exercise can decrease left ventricular collagen cross-linking increase caused by aging in rats with normal blood pressure [16]. Therefore, superimposed effects of combined therapy of ACEI and exercise on aortic compliance decrease caused by aging may be produced, but it needs further study to certify.

On the whole, the present study indicated that eight weeks exercise training only possesses certain lowering blood pressure tendency, didn’t significantly improve aortic compliance and cardiovascular tissue structure, and Per+Exe therapy also didn’t show more effect than that of pure Per therapy, its cause is multiaspect, mainly may be time factor, need further explore.
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