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Abstract

Purpose: To investigate the effects of rosuvastatin and benazepril on matrix metalloproteinase-2
(MMP-2), MMP-9 and leukotriene B4 (LTB4) of patients with acute myocardial infarction (AMI).
Methods: Fifty-six patients with AMI were selected. They were randomly divided into control and study
groups. Thirty healthy people were used in the normal group. On the basis of conventional therapy,
patients in the control group were given rosuvastatin orally, while those in the study group received
rosuvastatin and benazepril orally. The duration of treatment in both groups was 3 months. Serum
levels of MMP-2, MMP-9 and LTB4, and incidence of left ventricular remodelling and recurrence of
cardiovascular events were determined before and after treatment for both groups.

Results: MMP-2, MMP-9 and LTB4 levels in serum were significantly lower for the two groups after
treatment, when compared to pre-treatment values, and significantly lower in the study group (p < 0.05).
Left ventricular remodelling was lower in the study group than in the control group (p < 0.05).
Recurrence of cardiovascular events declined significantly in the study group, relative to control (p >
0.05).

Conclusion: Rosuvastatin and benazepril significantly reduce serum levels of MMP-2, MMP-9 and
LTB4 in AMI patients, and thus can potentially prevent ventricular remodelling, improve prognosis and
reduce recurrence rate.
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INTRODUCTION

to myocardial necrosis [1]. The

incidence,

Acute myocardial infarction (AMI) is based on the
formation of coronary atherosclerotic plaques.
Fatigue, emotional and other factors cause
intravascular plaque rupture and platelet
aggregation around the plaque, resulting in
coronary artery ischaemia and hypoxia that lead

mortality and recurrence of AMI are relatively
high, with approximately 500,000 AMI patients in
China each year [2]. With rapid developments in
modern society, AMI is rising year by year [3].

Atherosclerosis (AS) is the main pathological
basis of AMI, and the main factors that affect
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plague formation and rupture are inflammation
and abnormal lipid metabolism. Leukotriene B4
(LTB4) is involved in the formation of
atherosclerotic plaques, and matrix
metalloproteinases (MMPs) are associated with
plague instability. Leukotriene B4 (LTB4) also
affects the expressions of MMPs in arterial
plagues, resulting in the instability of
atherosclerotic plaque [4]. Rosuvastatin is a new
class of lipid-regulating drugs. Relative to other
statin drugs, rosuvastatin has the advantages of
high safety, few side effects and flexible
administration time.

In this study, rosuvastatin and benazepril were
used to treat patients with AMI. The serum levels
of MMP-2, MMP-9 and LTB4, and incidence of
left ventricular remodelling and recurrence of
cardiovascular events were determined pre- and
post-treatment.

EXPERIMENTAL
Patients

Fifty-six patients who were diagnosed with AMI in
Huludao Central Hospital from May 2015 to
October 2017 were selected. The time from
onset to admission was 5.6 + 0.1 h. Using a
random number table, the patients were divided
into a study group and a control group (28
patients each). The study group comprised 15
men and 13 women, with mean age of 53 + 1.2
years, and mean onset time of 5.7 + 0.1 h. In
There were 14 men and 14 women in the control
group (mean age of 54 + 0.8 years), with onset
time of 55 = 0.5 h. The two groups were
comparable in gender, age and disease duration
between the two groups (p > 0.05).

Thirty healthy volunteers were used as normal
control after subjecting them to physical
examination in the hospital. They consisted of 18
men and 12 women of mean age of 51 = 1.2
years. The diagnostic criteria used were Guide to
Diagnosis and Treatment of Acute Myocardial
Infarction developed by the Cardiology Branch of
the Chinese Medical Association in 2001 [5]. The
patients selected met at least two of the following
three criteria: (1) clinical symptoms of acute
ischaemic chest pain; (2) dynamic changes in
serum myocardial markers associated with
myocardial necrosis, and (3) dynamic changes in
electrocardiogram (ECG). Patients who met the
AMI diagnostic criteria i.e. onset time < 12 h, 18
— 75 years old, male or female, and signed
informed consent, were included.

Patients in the following categories were
excluded (1) those with previous history of Ml; (2)

patients who took statins and/or angiotensin
converting enzyme inhibitors (ACEIs) within 2
weeks before admission; (3) patients with heart
failure, autoimmune disease or hepato-renal
insufficiency; (4) patients with cerebrovascular
accidents or other neurological diseases; (5)
patients who were allergic to statins, and (6)
those undergoing percutaneous coronary
intervention and/or intravenous thrombolytic
therapy. This study received approval from the
Ethical Committee of The 4th People’s Hospital
of Shenyang (Approval No. 4phs-201503221),
and was executed in line with the Helsinki
declaration of 1964 which was subjected to
amendment in 1996 [6].

Treatment methods
Conventional treatment

The conventional AMI treatment for patients
admitted to the hospital was sustained. The
patients were placed on absolute bed rest, and
were not permitted to take other ACEI drugs.

Study group

Patients in the study group were given 20 mg
rosuvastatin orally once per night within 24 h of
admission, and 2.5 mg benazepril orally once
daily in the morning or evening. The control
group received 20 mg rosuvastatin within 24 h of
admission once per night. The duration of
treatment in both groups was 3 months.

Assessment of serum markers

Both groups received medication within 24 h
after admission. Fasting cubital venous blood (6
mL) was collected pre- and post-treatment. The
samples were subjected to centrifugation at 1500
rpm for 10 min, and assays for MMP-2, MMP-9
and LTB4 were carried out in the serum with an
automated enzyme-linked immunoassay system
(Tianjin Boko Bio-Industry Co., Ltd).

Echocardiography indices

All patients underwent echocardiography on day
1 and 3 months after admission. The left
ventricular end-diastolic volume index (LVEDVI)
and left ventricular end-diastolic volume index

increase (ALVEDVI) were measured and
corrected as in Eq 1.

AL ={(CL - AL)/AL} ............ (1)

where ALVEDVI is 4L, CL is convalescent

LVEDVI, and AL is acute LVEDVI .
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Values of ALVEDVI £ 20 % indicate that there
was no left ventricular remodelling, while
ALVEDVI > 20 % indicate that there was left
ventricular remodelling.

Follow-up of patients

After the treatment, regular follow-up was carried
out once a month for a total of 6 months. The
renal function, liver function and other indicators
of regular outpatient monitoring were followed
up. Rosuvastatin was stopped if the related
indicators continued to increase abnormally (> 3
times normal). The recurrence of cardiovascular
events in all patients was recorded. All patients
used a non-invasive cuff to monitor blood
pressure.

Statistical analysis

Measured data are expressed as mean =+
standard deviation ( x + SD). Counting data were
analysed using the xz test. A normality test was
performed first, and paired sample t-test was
applied pre- and post-treatment in the groups.
The comparison between the groups was carried
out with independent sample t-test. All statistical
evaluations were done with statistical software
SPSS v19.0. Values of p < 0.05 were taken as
indicative of statistical significance.

RESULTS

Serum levels of MMP-2, MMP-9 and LTB4
Table 1 shows that serum MMP-2, MMP-9 and
LTB4 were significantly higher in AMI patients
than in control (p < 0.01).

Table 1: Serum levels of MMP-2, MMP-9 and LTB4
prior to treatment

of the study group, relative to control values (p <
0.05).

Table 2: Serum levels of MMP-2, MMP-9 and LTB4
after treatment

Group Time- MMP-2 MMP-9 LTB4
point (pg/L) (pg/L) (pg/L)
Before 812.10+ 798.03+ 614.06
Study 152.01*  172.03% 66.35°
After 301.12+ 298.11+ 204.01+
106.11°  110.05° 33.12
Before 822.12+ 804.09+ 624.36+
Control 148.11%  152.04% 59,152
After 399.28 + 419.12+ 217.18+
123.11 131.21 43.71

%P < 0.05, comparison before and after treatment in
both groups; bp < 0.05, study and control group
compared after treatment

Incidence of left ventricular remodelling after
treatment

After treatment, the incidence of left ventricular
remodelling was reduced significantly in the
study group (p < 0.05).

Table 3: Cases of left ventricular remodelling after
treatment (n = 28)

Left ventricular Non-left ventricular

Group remodelling/case  remodelling/case
(%) (%)

Study 6(21.4)° 22(78.6) °

Control 15(53.5) 13(46.5)

Group MMP-2 MMP-9 LTB4
(pg/L) (pg/L) (pg/L)

Study 812.10 + 798.03 + 614.06 +
152.01% 172.032 66.352

Control 822.12 + 804.09 + 624.36 +
148.11°2 152.042 59.15%

Normal 212.11 + 210.09 + 300.06 +
62.12 72.07 26.15

% < 0.05, comparison of the incidence of left
ventricular remodelling between the groups

Adverse events during follow-up

After treatment, regular follow-up was carried out
for 6 months. One patient in the study group had
angina and another one had MI. In the control
group, three patients presented with angina and
three patients that had recurrent Ml in the control
group. Relative to controls, there were lower
recurrence of cardiovascular events in the study
group (p > 0.05).

Table 4: Follow-up (n = 28)

%P < 0.01, compared with patients in normal control
group

Serum levels of MMP-2, MMP-9 and LTB4
post-treatment

Table 2 shows that the serum levels of MMP-2,
MMP-9 and LTB4 were reduced in both groups
post-treatment (p < 0.05). However, MMP-2 and
MMP-9 concentrations were lower in the serum

Group Number of Recurrence of
recurrences of cardiovascular
cardiovascular events (%)

events (n)
Study 2 7.1%
Control 6 21.4

%P < 0.05 (comparison between the groups)
Safety

There were three patients with mild liver enzyme
abnormalities in the study group during
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treatment, but there was no further elevation
after resumption of medication. Two patients had
gastrointestinal discomfort (mild nausea and
anorexia), and two patients had mild liver
enzyme abnormalities in the control group during
treatment. However, there was no further
elevation after resumption of medication.

DISCUSSION

Previous studies have shown that AS is closely
related to inflammatory reactions. Due to
stimulation of inflammatory factors, unstable
atheromatous plaques in the intima of coronary
arteries undergo fibrous cap degeneration. Long-
term inflammatory reactions lead to fibrin cap
rupture and ulceration, which in turn cause
platelet aggregation, adhesion and thrombosis in
the plaque rupture in the blood vessel. This
results in coronary artery embolism and
insufficient blood supply, leading to the
development of AMI, and it affects the clinical
outcome and prognosis of AMI patients.

Inflammatory factors and inflammatory cells in
atherosclerotic plaques are the key factors that
cause plaque instability and rupture. They also
cause some irreversible effects such as
degradation of the extracellular matrix, expansion
of the plaque lipid centre and the destruction of
fibrous tissue [7].

MMPs are proteolytic enzymes that rely on zinc
and calcium metal ions. They degrade the
extracellular matrix within the plaque. Indeed,
MMP-2 and MMP-9 are the most potent
degrading factors of the extracellular matrix, and
MMP-2 and MMP-9 are the key factors
responsible for the instability of atherosclerotic
plagues [8]. Type IV collagen is one of the
substrates for MMP-2 and MMP-9. It is a
component of the atheromatous basement
membrane and the fibrous cap of unstable
plagues. Type IV collagen influences the
development of atheromatous plaques due to its
degradation. However, MMP-2 and MMP-9 can
degrade type IV collagen quickly.

With the onset of AMI, the expression of MMP-9
increases under hypoxic conditions, leading to
accelerated degradation of collagen and
myocardial fibrosis, compensatory ventricular
dilation and ventricular remodelling [9].
Leukotriene B4 is an active product of
arachidonic acid metabolism, and it has the
highest content of LTs and the strongest effect
amongst the 20-carbon unsaturated acids. The
inflammatory response involved in LTB4 permits
the occurrence and development of coronary AS.
Related studies have shown that LTB4 increases

the expressions of MMPs in plaques, making the
degradation of fibrous caps faster than their
formation, accelerating the degradation of the
extracellular matrix and plaque rupture, and
ultimately precipitating cardiovascular events
[10].

Rosuvastatin is a selective, competitive HMG-
CoA reductase inhibitor. It promotes the
decomposition and metabolism of low density
lipoprotein (LDL) through inhibition of the
synthesis of cholesterol precursors, and reduces
the synthesis of cholesterol. Rosuvastatin has
potent lipid-lowering, anti-inflammatory, plaque-
stabilising, vascular  endothelial  function-
improving and immune regulatory effects. It can
prevent and treat multiple myocardial and
cerebrovascular diseases such as Ml and stroke.
Research has shown that rosuvastatin can
effectively reduce the incidence of left ventricular
remodelling after MI, and it could also reduce the
risk of MI, delay the progression of heart failure
and reduce cardiovascular mortality [11].

It has been reported that rosuvastatin
significantly reduced serum levels of MMP-2 and
MMP-9 in patients with AMI, relative to
simvastatin [12]. The effects of rosuvastatin were
superior to those of simvastatin, and its side
effects were also fewer. In the current study,
after 3 months of treatment with rosuvastatin in
both groups, serum levels of MMP-2 and MMP-9
were significantly lower than their corresponding
values pre-treatment.

Angiotensin  converting enzyme inhibitors
(ACEIs) block angiotensin Il receptors, reduce
angiotensin Il levels and inhibit the production of
oxygen free radicals by inhibiting angiotensin
converting enzyme (ACE). These effects reduce
the expressions of MMPs and reduce
inflammation,  stabilise plaques, increase
myocardial blood flow, protect against myocardial
ischaemia and reduce the incidence of
cardiovascular events. Angiotensin converting
enzyme inhibitors can improve bradykinin levels,
increase nitric oxide (NO) synthesis, improve
vascular endothelial function, inhibit ventricular
remodelling, exert long-term  myocardial
protection and improve outcomes and prognosis
in patients with cardiovascular disease. Studies
have shown that heart failure caused by coronary
heart disease in patients with exhausted
myocardial cells was associated with increased
expression of MMP-9, and that benazepril
significantly inhibited MMP-9 expression [13].

It has been reported that ACEIs directly inhibit

the serum activies of MMP-9 and MMP-2
[14,15]. The results obtained in this study
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suggest that benazepril downregulates the
activity of MMP-2 and MMP-9. After treatment,
the incidence of left ventricular remodelling was
significantly lower in the study group than in the
control group. It has been demonstrated that
statin therapy can restore coronary function by
increasing the level of endogenous NO and by
significantly improving left ventricular remodelling
after AMI [16].

The recurrence of cardiovascular events in the
observation group was 7.1 %, in contrast to 21.4
% in the control group. The results showed that
rosuvastatin and benazepril effectively reduced
blood contents of MMP-2, MMP-9, LTB4 and
other lipid mediators. These effects reduced the
degradation of matrix components, stabilised
plagues, reduced left ventricular remodelling,
delayed the development of heart failure and
reduced the recurrence of cardiovascular events.
In the current treatment of acute coronary artery
disease, the severity of coronary stenosis is
promptly detected using coronary angiography.
Coronary artery bypass grafting, coronary
thrombectomy and other revascularisation
techniques are used to correct severe coronary
stenosis and improve acute coronary symptoms
quickly and effectively. However, these methods
cannot change the physio-pathological problems
of the blood vessels. Thus, the essential problem
of plaques in blood vessels persist. Therefore, it
is important to determine the effective method for
stabilising intravascular plaques in the treatment
of AMI by investigating the pathological
mechanisms underlying atherosclerotic plaque
formation.

Limitations of the study

Few participants were included in this study.
Moreover, a blank control group was not used in
this research. Thus, there is need to apply the
results and conclusion with caution.

CONCLUSION

The results obtained in this study have shown
that rosuvastatin and benazepril significantly
reduce blood concentrations of MMP-2, MMP-9
and LTB4 in AMI sufferers. Therefore, they can
potentially prevent ventricular remodelling,
improve prognosis and reduce recurrence in
patients with acute myocardial infarction.
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