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Therapeutic effects of simvastatin on vascular endothelial cell dysfunction in patients with coronary heart disease
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Abstract: Objective: To study therapeutic effects of simvastatin on vascular endothelial cell dysfunction in patients with coronary heart disease (CHD). Methods: According to LDL-C level, a total of 90 CHD patients were divided into simvastatin 20mg group (n=37, LDL-C≥2.5mmol/L), simvastatin 10mg group (n=35, 1.8mmol/L≤LDL-C<2.5mmol/L) and routine treatment group (n=18, LDL-C<1.8mmol/L). Their course of treatment was 8 weeks. Color Doppler ultrasound diagnostic instrument was used to measure flow-mediated dilation of brachial artery (FMD), and nitrate reductase method was used to measure concentration of nitric oxide (NO) in all CHD patients. Serum concentrations of TC, TG, LDL-C and HDL-C were routinely measured. Results: After treatment of eight weeks, compared with before treatment, there were significant decrease in concentrations of TC, TG and LDL-C (P<0.05 all), and significant increase in HDL-C level (P<0.05 all) in simvastatin 20mg and 10mg group, but there were no significant difference in above-mentioned all indexes between simvastatin 20mg and 10mg groups, P>0.05 all; Compared with routine treatment group, there were significant improvement in FMD [(6.01±0.49)% vs. (9.01±0.39)% vs. (9.01±0.47)%，P<0.01 all] and significant increase in serum NO concentration [(38.97±8.89)μmol/L vs. (47.67±10.89) μmol/L vs. (45.61±9.09) μmol/L，P<0.05 all] in simvastatin 20mg and 10mg group; But there were also no significant difference in  serum NO and FMD between simvastatin 20mg and 10mg groups, P>0.05 all. Conclusion: Simvastatin can increase NO concentration and improve vascular endothelial cell dysfunction in CHD patients. Its mechanism may be related with lipid-lowering effect, but independent of its lipid-lowering effect
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辛伐他汀对冠心病患者血管内皮细胞功能障碍的治疗作用/武云涛1, 恩和2, 高迎春3, 陈艳梅1, 刘立新1, 崔振双1, 曹丹阳1 //1. 北京军区总医院干一科，北京，100700; 2. 解放军北京军区251医院骨科；3. 内蒙古自治区人民医院心内科
摘要：目的：研究辛伐他汀对冠心病患者血管内皮细胞功能障碍的干预作用。方法：90例冠心病患者按LDL-C水平分为三组：辛伐他汀20mg组(37例, LDL-C≥2.5mmol/L)，辛伐他汀10mg组(35例， 2.5mmol/L>LDL-C≥1.8mmol/L),常规治疗组（18例，LDL-C＜1.8mmol/L,未服辛伐他汀），疗程均为8周。应用彩色多普勒超声诊断仪测量受试者肱动脉血流介导的舒张功能（FMD）。应用硝酸还原酶法检测受试者一氧化氮(NO)的含量。常规检测血清TC、TG、LDL-C及HDL-C的浓度。结果：8周后, 与治疗前比较，辛伐他汀20mg, 10mg组TC、TG和LDL-C浓度明显下降(P均<0.05),而HDL-C明显升高(P均<0.05)；辛伐他汀20mg组与10mg组间各指标差异无显著性(P＞0.05)；与常规治疗组比较，辛伐他汀20mg、10 mg组FMD[(6.01±0.49)%比(9.01±0.39)%比(9.01±0.47)%]明显改善（P均<0.01）、血清NO含量[(38.97±8.89)μmol/L比(47.67±10.89) μmol/L比(45.61±9.09) μmol/L]明显升高（P均<0.05）, 辛伐他汀20mg、10 mg组两组间NO和FMD亦无显著差异(P＞0.05)。结论：辛伐他汀可增加冠心病患者一氧化氮含量,改善血管内皮细胞功能,其作用机制与降低血清总胆固醇、甘油三酯和低密度脂蛋白可能有一定关系，但该作用无明显的量效关系，可能独立于降脂作用之外。
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Vascular endothelial cell dysfunction is widely thought to be one of most important initiating links of onset of coronary heart disease (CHD) and throughout the whole process of CHD progression [1]. Hyperlipidemia is a main risk factor for CHD, it has become a consensus that statins should be used for lowering lipids in CHD patients complicated hyperlipidemia; but some CHD patients are not complicated with elevated blood lipids, there’s few clinical researches on whether statins therapy possess clinical significance in these patients. Through measuring and comparing brachial artery endothelium dependent and non-dependent diastolic function and plasma concentration of nitric oxide (NO) in CHD patients taking different doses of statins, the present study explored improving effect of statin on endothelial cell function. 

1. Data and methods

1.1 Subjects

A total of 90 patients, who possessed at least one vascular stenosis ≥50% in left anterior descending branch, left circumflex coronary artery and right coronary artery proved by coronary angiography, were enrolled. Inclusion standards were as following: 1~2 stents implanted, primary angina pectoris, no administration of nitrates and statins before admission. Exclusion standards were as following: patients with three-vessel coronary disease, chronic occlusive lesion, left main disease, those with ≥ three stents implanted, acute or old myocardial infarction, cardiac dysfunction, diabetes mellitus, liver and renal diseases, hematological system diseases, thyroid diseases, tumor and tuberculosis. According to level of low density lipoprotein cholesterol (LDL-C), the patients were divided into simvastatin 20mg group (n=37, LDL-C≥2.5mmol/L, received simvastatin 20mg/d), simvastatin 10mg group (n=35, 1.8mmol/L≤LDL-C<2.5mmol/L, received simvastatin 10mg/d) and routine treatment group (n=18, LDL-C<1.8mmol/L, received no simvastatin). Their course of treatment was 8 weeks. During the treatment, all patients received low molecular weight heparin, aspirin enteric-coated tablet, clopidogrel bisulfate and nitrates of same dose, company and batch number.

1.2 Measurement methods

Philips ATL-HD1 5000 color Doppler ultrasound diagnostic instrument and method introduced by Celermajer et al [2, 3] were used to measure flow-mediated dilation of brachial artery (FMD) and nitroglycerin mediated vasodilation（NMD）in subjects to assess change of vascular endothelial function. Nitrate reduction method was used to measure NO concentration in subjects and assess relationship between NO and vascular endothelial dysfunction. Serum concentrations of total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) were routinely measured. 

1.3 Statistical treatment

SPSS 13.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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) and numeration data were expressed as percentage, comparison between two groups was performed using unpaired q test. Multi-factor linear regression method was used to perform correlation analysis. P<0.05 was regard as possessing significant difference. 

2. Results
2.1 Comparison of general data and blood lipid levels among three groups

There were no significant differences in general data, percentages of patients with unstable angina pectoris (UAP), stable angina pectoris (SAP), single-vessel coronary disease and double-vessel coronary disease among three groups. They were shown in table 1.

Table 1  Comparison of baseline data and CAG results among three groups
	
	Simvastatin 20mg group(n=37)
	Simvastatin 10mg group (n=35)
	Routine treatment group (n=18)


Age (years)                     57.9±10.8             56.4±6.9                  57.8±11.2

Gender (male/female)               29/8                  28/7                     14/4     

Family history of CHD n (%)        8(21.6)               7(20.0)                    3(16.7)
Smoking history n (%)             15(40.5)              15(42.9)                   8(44.4)
Hypertension n (%)                3(8.1)                 3(8.6)                    2(11.1)
Peripheral arteriosclerosis n (%)      8(21.6)                7(20.0)                   3(16.7)
UAP   n (%)                    20(54.1)              20(57.1)                  10(55.6)
SAP   n (%)                    17(45.9)               15(42.9)                   8(44.4)
Single-vessel coronary disease n(%)   7(73.0)               23(65.7)                  13(72.2)
Double-vessel coronary disease n(%)  10(27.0)              12(34.3)                   5(27.8)   

CHD: Coronary heart disease, CAG: Coronary angiography, UAP: Unstable angina pectoris, SAP: Stable angina pectoris. Similarly hereinafter.  

2.2 Comparison of therapeutic effects of simvastatin on blood lipid before and after treatment (
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Compared with before treatment, there was significant decrease in TC，TG，LDL-C level （P<0.05 all）, and significant increase in HDL-C level (P<0.05) in simvastatin 10mg and 20mg group, They were shown in table 2. 
2.3 Comparison of serum NO concentration among three groups

Compared with before treatment and routine treatment group after treatment, there was significant increase in serum NO concentration in simvastatin 10mg and 20mg group, P<0.05 all. There was no significant difference in serum NO concentration between simvastatin 10mg and 20mg groups. They were shown in table 3.

Table 2   Comparison of therapeutic effects of simvastatin on blood lipid before and after treatment (
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	Group
	Before treatment
	After treatment

	
	TC
	TG
	HDL-C
	LDL-C
	TC
	TG
	HDL-C
	LDL-C

	Routine treatment group (n=18)
	4.42±
0.20
	1.05±
0.31
	0.91±
0.49
	1.51±
0.19
	4.52±
0.21
	1.04±
0.32
	1.02±
0.39
	1.51±
0.24

	Simvastatin 10mg group (n=35)
	5.31±
0.27
	1.73±
0.29
	0.95±
0.17
	2.31±
0.19
	4.41±
0.35*
	1.67±
0.26*
	1.19±
0.07*
	2.01±
0.18*

	Simvastatin 20mg group (n=37)
	6.37±
0.21
	2.04±
0.69
	0.94±
0.08
	3.01±
0.30
	4.47±
0.21*
	1.84±
0.59*
	1.14±
0.06*
	1.81±
0.20*


TC: Total cholesterol, TG: Triglyceride, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol. Compared with before treatment *P<0.05, **P<0.01. Similarly hereinafter. 

Table 3  Comparison of serum NO concentration among three groups (
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	Group
	Cases
	Serum NO concentration  

	
	
	Before treatment 
	After treatment

	Routine treatment group
	18
	35.10±6.93
	38.97±8.89

	Simvastatin 10mg group
	35
	36.90±8.01
	45.61±9.09*△

	Simvastatin 20mg group
	37
	34.80±7.03
	47.67±10.89*△


Compared with routine treatment group △P<0.05, △△P<0.01. Similarly hereinafter.

2.4 Curative effect of simvastatin on vascular endothelial function in CHD patients

There were no significant difference in baseline brachial artery inner diameter, FMD and NMD among three groups, P>0.05; after eight-week treatment, there were no significant difference in baseline brachial artery inner diameter and NMD among three groups and compared with before treatment, P>0.05 all; compared with before treatment and routine treatment group after treatment, there was significant increase in FMD in simvastatin 10mg and 20mg group after treatment, P<0.01 all. But those of the two groups were no significant difference. They were shown in table 4. 

Table 4  Curative effect of simvastatin on vascular endothelial function in CHD patients (
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	Group 
	Basic inner diameter (mm)
	FMD (%)
	NMD (%)

	
	Before treatment
	After treatment
	Before treatment
	After treatment
	Before treatment
	After treatment

	Routine treatment group (n=18)
	4.42±0.30
	4.45±0.30
	5.01±0.49
	6.01±0.49
	10.21±0.13
	13.30±0.13

	Simvastatin 20mg group (n=37) 
	4.37±0.28
	4.54±0.68
	4.64±0.08
	9.01±0.39**△△
	13.44±0.28
	14.14±0.21

	Simvastatin 10mg group (n=35)
	4.31±0.27
	4.33±0.28
	4.55±0.17
	9.01±0.47**△△
	12.77±0.23
	13.47±0.23


FMD: Fore brachial artery endothelium dependent diastolic-systolic function, NMD: nitroglycerin mediated vasodilation
3. Discussion

Improving endothelial dysfunction is an important treating measure for CHD treatment. Statins can not only decrease blood lipid levels, but also improve vascular endothelial cell function in CHD patients [4,5]. The present study found that improved degree of simvastatin on vascular endothelial cell function was not related with its effect decreasing blood lipid, suggesting that its mechanism may be independent of its lipid-lowering effect. 

There are studies indicated that angina pectoris onset in CHD patients was not only related with coronary artery stenosis, but also related with their impaired endothelial cell function. Impaired endothelial cell function is mainly presented as endothelium dependent diastolic dysfunction, which is related with decrease of vasoactive substance NO secreted by endothelial cells. NO is an important endogenous anti-atherosclerotic medium, it can dilate vessels, inhibit adhesion and accumulation of platelets, inhibit adhesion and migration of white blood cells, decrease oxygen free radicals and oxidized low density lipoprotein (oxLDL) and inhibit proliferation and migration of vascular smooth muscle cells. NO level decreased is a mark of vascular endothelial injury [3]. When vascular endothelial injury leads to dysfunction, it also impairs arterial wall NO system, decreases NO activity and vascular endothelium dependent diastolic function [6]. 

Simvastatin is hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitor. Through inhibiting HMG-CoA reductase, it inhibits synthesis of endogenous cholesterol, promotes liver intake of low density lipoprotein via receptor route, increases HDL-C level, promotes antiport of cholesterol inside the plaques, decreases lipid component and inflammatory cells in plaques, decreases inflammatory reaction, affects proliferation of vascular smooth muscle cells, interferes platelet accumulation, coagulation and fibrinolysis, promotes increase of collagen fiber, prevents degradation of plaque matrix, therefore restores vascular endothelial cell function and promotes atherosclerotic plaque being stable and decrease of plaque volume. 

Kaesemeyer et al [7] found that simvastatin may have direct effect on endothelial cells, it can directly activate endothelium-derived NO synthetase (NOS), leading to increase NO synthesis of endothelial cells and NO release. Laufs et al [8] proved that simvastatin doesn’t affect gene transcription of endothelial cell NOS, but up-regulates expression of endothelial cell NOSmRNA via post-transcription mechanism, and increases NOS activity. OxLDL can decrease levels of endothelial cell NOSmRNA and its protein, while simvastatin can completely stop down-regulating effect of oxLDL on NOS.  

In summary, simvastatin possesses lipid adjustment effect and independent of its effects. Simvastatin can increase NO concentration and improve vascular endothelial dysfunction in CHD patients. Its mechanism was related with lowering blood lipid, and may be independent from lipid-lowering effect. In clinic, levels of blood lipids may not be high in considerable CHD patients. Small dose of statins can be considered for these CHD patients in order to exert its improving effect on endothelial cell function, and the long-term usage can decrease development of coronary atherosclerosis and occurrence of acute coronary events. 
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