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Abstract. – OBJECTIVES: The aim of this study
was to investigate the influences of Simvastatin
(Zocor) on nitric oxide (NO), calcitonin gene related
peptide (CGRP) and endothelin (ET) in blood plas-
ma of patients with coronary heart disease (CHD)
complicated with congestive heart failure (CHF).

PATIENTS AND METHODS: 80 cases of pa-
tients with CHD complicated with CHF were ran-
domly divided into two groups: the conventional
treatment (control) group (Digoxin, Dihy-
drochlorothiazide, Isosorbide dinitrate) containing
40 cases and the conventional treatment and Sim-
vastatin (combination) combination group con-
taining 40 cases. In addition, there were 40 healthy
persons in the normal group. Greiss method was
used for NO detection, and immunoradiometry
method was used to detect CGRP and ET levels in
blood before and after treatment.

RESULTS: NO and CGRP levels in blood of pa-
tients with CHD complicated with CHF was appar-
ently lower than those of the normal group, and
there were significant differences (p < 0.01). Also,
ET was significantly higher than that of the normal
group (p < 0.01). After treatment, all indicators were
significantly improved (p < 0.01). Also, the improve-
ment of the conventional treatment plus Simvas-
tatin group was more significant. Compared with
the conventional treatment group after treatment,
there was a significant difference (p < 0.05).

CONCLUSIONS: The combination of convention-
al treatment and Simvastatin could significantly
improve metabolic disturbances of NO, CGRP and
ET of patients with CHD complicated with CHF.
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Introduction

Coronary heart disease (CHD) complicated
with congestive heart failure is a common critical
illness. For a long time, diagnosis and evaluation
criteria usually are lack of specificity and sensi-
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tivity, which easily causes excessive diagnosis
and missed diagnosis1-3. Congestive heart failure
(CHF) is one of severe stages and the final desti-
nation of various heart diseases. It has become
one of main problems of influencing human
health due to high mortality rate. Vascular en-
dothelial cell (VEC) injury is the initiation stage
of coronary heart disease, and a series of patho-
physiological changes occurring after VEC in-
jury. Especially the imbalance of vasoconstric-
tion and vasodilation substances, are the main
factors of CHD progress4,5. As vascular endothe-
lial dysfunction, patients with congestive heart
failure suffer from vasodilation function damage,
which causes increase of basic angiotasis. This is
related to the increase of endothelin (ET) in in-
tracorporal blood plasma6,7. As a peptide sub-
stance, CGRP is an important neurotransmitter of
regulating cardiovascular activity. At present,
CGRP is the strongest found vasodilatory sub-
stance, and it maintains the stability of systemic
circulation by regulating local angiotasis and has
an antagonism to ET. The two play an important
role in maintaining normal angiotasis. ET with
vasoconstriction function and calcitonin gene re-
lated peptide (CGRP) with vasodilation function
have an important effect for maintaining normal
angiotasis8-10. Nitric oxide (NO) is an enzymatic
biological active substance synthesized by vascu-
lar endothelial cell, and its precursor is L-argi-
nine with a strong vasodilative effect. Also, the
precursor can inhibit platelet adhesion and aggre-
gation, and it is the important informational mol-
ecule and effector molecule in body11,12. Endothe-
lin (ET) is a strong and long-lasting vasoconstric-
tor peptide that produced by endothelial cells,
which can induce myocardial ischemia and re-
construction through promoting the activating
and proliferation of vascular smooth muscle
cells13. Endothelial cell injury mainly shows that
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(detect NO), 3 ml (detect CGRP) and 2 ml (detect
ET) venous blood were respectively placed into
three tubes with 30 µl EDTA-2Na of 10% and 40
ml trasylol and stored at 4°C for detection of the
same batch. Greiss method was used for NO detec-
tion. In the acidic condition, Greiss diazo reaction
occurred. Therefore, it was feasible to indirectly
determine intracorporal NO level by detecting con-
centrations of NO metabolites nitrate and nitrite.
For the detections of CGRT and ET, immunora-
diometry method was used (East Asia Immunology
Institute of PLA General Hospital, Beijing, China).
In the conventional treatment group, 0.125 to 0.25
mg of Digoxin tablet (qd), 10 mg of Isosorbide
dinitrate tablet (tid) and 12.5-25 mg of Dihy-
drochlorothiazide (qd) were administered. For the
combination group, besides drugs for the conven-
tional treatment group, 20 mg of simvastatin was
administered additionally, 1 time/day. After 4
weeks, venous blood was drawn again for re-exam-
ining the above indicators.

Statistical Analysis
All data were expressed as ± SD. t test was

used for comparison between two groups, and
variance analysis was used for comparisons
among multiple groups.

Results

Results were shown in Table I. NO and CGRP
levels in blood plasma of CHD complicated with
CHF were significantly lower than those of the
normal group (p < 0.01), and ET was significantly
higher than that of the normal group (p < 0.01);
Compared with before treatment, NO, CGRP and
ET of the two groups after treatment were signifi-
cantly improved (p < 0.05), and the improvement
of the combination group was more significant (p <
0.01). After treatment, there was a significant dif-
ference between the combination group and the
conventional treatment group (p < 0.05).

Discussion

CHD is one kind of complex disease induced
by a variety of causes. CGRP can protect is-
chemic cardiac muscle cells and endothelial
cells and can inhibit the proliferation of vascular
smooth muscle cells. Some researchers found
that in case of CHD or CHF, CGRP in blood
plasma reduced. Worse heart function was,

secreting of active substance imbalance and
apoptosis increase, especially the releasing of
ET-1 increase, ET-I can stimulate superoxide for-
mation and damage the endothelial dependent
vascular diastolic function14.

Statins drugs are common antihyperlipidemics
in cardiovascular department in clinic. They
blocks syntheses of the intermediate products and
the final product cholesterol of mevalonate metab-
olism by competitively inhibiting 3 -hydroxy-3-
methylglutaric acid Coenzyme A (HMG-CoA) re-
ductase and reduces total cholesterol and LDL cho-
lesterol in blood plasma15,16. In recent years, studies
suggest that the main mechanism of statins resisting
Aslies in its immunoloregulation effect, rather than
blood lipid regulation. For influences of statins on
vascular function of patients with coronary heart
disease complicated with congestive heart failure, it
is still unclear. Therefore, this study is to observe
the influences of Simvastatin (Zocor) on VEC func-
tion of patients with CHD complicated with CHF.

Patients and Methods

Patients
80 cases of patients with CHD complicated

with CHF were selected. They were all hospital-
ized patients, and heart function was of NY grade
II to IV. CHF disease course was 5 to 12 years,
and the average duration was 7.8 ± 5.2 years.
There were 52 male cases and 28 cases, their
ages were between 40 and 72 years old, and the
average age was 63.5 ± 5.3 years old. All cases
complied with WHO diagnostic code. Also, cases
with acute myocardial infarction (AMI) found
within 1 year were excluded in this study. Ac-
cording to the order of hospitalization, they were
randomly divided into the conventional treatment
control group and the conventional treatment and
Simvastatin combination group, and there were
40 cases in each group. For age, gender and dis-
ease course, there was no significant difference
between the two groups. In the normal group, the
subjects were healthy persons examined in our
hospital. There were 48 males and 32 females.
Their ages were between 39 and 76 years old,
and the average age was 60.5 ± 5.9 years old.

Methods
For all patients, 7 ml fasting venous blood was

drawn in the next morning after hospitalization.
For normal persons, 7 ml fasting venous blood was
drawn in the current morning. Subsequently, 2 ml



Group Case (n) No CCRT ET

Normal control 40 119.7 ± 56.5 83.7 ± 15.4 45.5 ± 9.2
Conventional treatment

Before treatment 40 33.2 ± 20.1a 23.5 ± 7.9a 95.8 ± 12.1a

After treatment 40 55.5 ± 21.8b 35.6 ± 11.2b 62.3 ± 12.1b

Combined treatment
Before treatment 40 36.7 ± 18.9c 23.6 ± 10.2c 121.1 ± 18.6c

After treatment 40 82.5 ± 28.7d 56.1 ± 12.1d 54.8 ± 8.6d

Table I. Comparison of NO, CCRP, ET among different group (± s, µg/ml).

Note: ap < 0.01, versus normal control group; bp < 0.05, versus before treatment; cp < 0.05, versus before treatment; dp < 0.05,
versus before treatment of conventional treatment group.

use Simvastatin to control ET secretion and in-
crease the effect of NO and CGRP resisting ET
and can significantly improve the prognosis of
CHD complicated with CHF25,26.

For patients with CHD, due to endothelial cell
injury caused by atherosclerosis, NO and CGRP
secretions reduce and ET secretion increases,
which further causes the unbalance of vascular
endothelial function and promotes and aggra-
vates coronary atherosclerosis formation. In cas-
es of CHD complicated with CHF, vascular en-
dothelial function unbalance is aggravated. Ac-
cording to this study, it was found that both the
conventional treatment and the combination of
conventional treatment and Simvastatin could
improve the metabolic disturbances of NO,
CGRP and ET of patients with CHD complicated
with CHF, and the improvement of combination
of conventional treatment and Simvastatin was
more significant. After treatment, Simvastatin
significantly increased NO and CGRP in serum
(p < 0.05) and reduced serum ET (p < 0.05), in-
dicating that one of mechanisms of Simvastatin
relieving coronary heart disease complicated
with congestive heart failure was to increase NO
and CGRP contents and reduce ET.

Conclusions

Besides the traditional blood lipid regulation,
statins can regulate inflammation, inhibit throm-
bosis, regulate cell adhesion, inhibit migration
and proliferation of smooth muscle cells and reg-
ulate endothelial cell function. Also, statins can
more easily induce apoptosis of vascular smooth
muscle cells in hyperplasia intima after vascular
injury and thus possibly reduce the occurence
rate of vascular stenosis. At the same time, it can
induce apoptosis of smooth muscle cells.

CGRP level was lower. It was speculated that
decrease of vasocontraction force caused by low
CGR level was one of heart failure occurrence
mechanisms16. At present, it is thought that the
receptor affecting vascular endothelial cell en-
hances intracellular calcium ion concentration by
cyclic adenosine monophosphate pathway and
up-regulates the activity of nitric oxide synthetase
(NOS) to generate nitric oxide and achieve the va-
sodilatory effect17,18. As angiotasis is the result of
interaction of vascular contraction factor and re-
laxing factor, it is the method of improving heart
function of patients with heart failure to correct
the imbalance of basic vasocontraction force and
vasodilatation force by reducing increased basic
angiotasis. The results of this study also showed
that in case of CHD complicated with CHF,
CGRP level in blood plasma significantly re-
duced. ET is a 21-peptide vasoactive substance
secreted by endothelial cell. It has a strong vaso-
contractive effect. Also, it can inhibit heart func-
tion to quicken CHF development. CGRP and ET
can generate a opposite and antagonistic effect to
heart and hemodynamics in vivo19,20.

Non-lipid-lowering effect of Statins refers to
the direct anti-atherosclerotic effect other than
lipid-lowering effect, and it specifically includes
enhancing plaque stability, anti-inflammatory,
antimicrobial and antithrombotic effects and in-
hibiting migration and proliferation of vascular
smooth muscle cells21-23. Statins possibly stabi-
lize plaque by reducing macrophage and choles-
terol lipid contents in atherosclerotic plaque and
increasing local collagen and smooth muscle cell
contents; Statins can maintain the good balance
of prothrombin and fibrinolytic system to reduce
the thrombosis opportunity after plaque rupture
by inhibiting local platelet aggregation of
plaque24. It will cause great reduction of inci-
dence rate of ndividual cardiovascular event to
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