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Abstract. Effects of trimetazidine combined with berberine
on endothelial function of patients with coronary heart
disease combined with primary hypertension (CCP) were
investigated. A total of 68 patients with CCP were selected
from July 2014 to August 2016 to serve as observation group.
At the same time, 68 healthy people were also selected to
serve as control group (physiological saline). Expression of
endothelial nitric oxide synthase (eNOS) mRNA in the blood
samples of the observation and control groups before and
after treatment was determined by RT-PCR. Levels of NO
in the plasma of the observation and control groups before
and after treatment were measured by nitric acid reductase
method. Brachial artery flow-mediated vasodilation (FMD)
of observation and control groups was detected by brachial
artery ultrasonography before and after treatment. Before
treatment, expression level of eNOS mRNA in blood of the
observation group was significantly lower than that of the
control group (P<0.05). After treatment, expression level of
eNOS mRNA was significantly increased (P<0.05). Plasma
NO content 41.06+3.63 mol/I in blood of the observation
group was significantly lower than that of the control group
53.28+3.09 mol/l1 (P<0.05). After treatment with trimetazidine
and berberine, level of NO 50.75+2.75 mol/l was significantly
increased compared with the level before treatment (P<0.05).
FMD value (5.03+£0.95) was significantly lower in observa-
tion group than that in control group (16.04+1.63) (P<0.05).
After treatment with trimetazidine and berberine, FMD value
(14.02+2.39) was significantly increased compared with the
level before treatment (P<0.05). The results suggested that the
combination of trimetazidine and berberine can increase the
content of NO in blood and promote endothelium-dependent
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dilation function of brachial arteries, which is helpful in the
treatment of CCP.

Introduction

Coronary atherosclerotic heart disease is the vascular occlu-
sion after coronary atherosclerosis, which is caused by external
factors. Vascular cavity narrowing and vascular blockage can
cause myocardial cells hypoxia, leading to myocardial cell
death (1). Recent studies have shown that coronary artery
disease (CAD) is not only caused by vascular endothelial
dysfunction, but also by vasospasm and thrombosis (2). As
important materials with important roles in stimulating
endothelial function, levels of NO and coronary heart
disease (CHD) were significantly lower in CAD patients than
in healthy people (3). Further studies on CAD showed that this
disease is mainly caused by vascular obstruction, so many
diseases such as hypertension and diabetes can cause CAD (4).
Statistical analysis has showed that vascular damage is more
serious in CCP patients than in CAD patients (5). Clinical
studies have shown that trimetazidine can improve systolic
function of CCP patients, but its effect on primary hyperten-
sion is not significant (6). As a type of quinoline alkaloid (7),
berberine has been proven to be able to reduce blood glucose,
improve insulin resistance and reduce blood pressure (8-10).
However, the effects of trimetazidine combined with berberine
on endothelial function of patients with CPP still have not been
reported. In this study, effects of trimetazidine combined with
berberine on endothelial function of patients with CPP were
studied. This study provides theoretical and experimental
basis for further studies.

Materials and methods

General information. In this study, a total of 68 patients with
CCP were selected from July 2014 to August 2016 to serve
as observation group (all patients were diagnosed as primary
hypertension for the first time, and all patients were willing to
participate in this study). The patients included 36 males and
32 females with an average age of 65.3+7.3 years. At the same
time, a total of 68 healthy people were also selected to serve as
control group. Control group included 36 males and 32 females
with an average age of 66.1+7.9 years. No significant differ-
ences in age were found between two groups. All patients
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signed informed consent, and this study was approved by the
Ethics Committee of Beijing Chaoyang Hospital (Beijing,
China).

Inclusion criteria: Patients met the diagnostic criteria of
CAD through coronary angiography and primary hypertension
by monitoring of blood pressure: systolic pressure =140 mmHg
and/or diastolic pressure =90 mmHg.

Exclusion criteria: i) Patients with hypertriglyceridemia;
ii) patients with other forms of hypertension: renal hyperten-
sion, aldosteronism and pheochromocytoma; iii) patients with
CAD combined with hypertriglyceridemia; iv) patients with
CAD combined with type 2 diabetes.

In this study, trimetazidine and berberine were purchased
from Servier (Paris, France). RNA extraction kit was purchased
from Axygen (Shanghai, China). RT-PCR kit was purchased
from Takara Biotechnology Co., Ltd. (Dalian, China). NO
determination kit was purchased from Sangon (Shanghai,
China). FMD was measured by Siemens ACUSON Antares
Color Doppler Ultrasound Diagnostic System. RT-PCR
instrument (StepOne Plus) was from Thermo Fisher Scientific,
Inc. (Waltham, MA, USA). Automatic biochemical analyzer
(LX-20) was purchased from Beckman Coulter, Inc., (Brea,
CA, USA). All other reagents and supplies were from Zhejiang
Baorui Pharmaceutical Co., Ltd. (Zhejiang, China).

Sample collection. Elbow vein blood (5 ml) was extracted
from each participant of both observation and control groups,
and 2 ml blood was used to determine the content of NO in
plasma, and the other 3 ml was used for RNA extraction to
determine the expression of eNOS mRNA.

RT-PCR. Total RNA was extracted from blood samples of
both control and observation groups using RNA extraction
kit. The expression of eNOS mRNA in different samples was
determined by RT-PCR kit. Primers are shown in Table I.

Determination of NO in plasma. In this study, 5 ml of fasting
elbow vein blood was collected from each participant of
observation and control groups. NO content in the blood of the
control and observation groups was determined by nitric acid
reductase method. Nitric acid reductase first reduced NO;™ to
NO,’, and then NO content in each sample was determined by
an automated biochemical analyzer (11).

Brachial artery flow-mediated vasodilation (FMD) deter-
mination. Brachial artery of observation and control
groups was ultrasonically detected by Siemens ACUSON
Antares color Doppler ultrasound system. Inside diameter
of brachial artery was measured (D1), and the artery was
compressed with a sphygmomanometer, and inside diameter
of brachial artery was measured again (D2). FMD of each
participant was calculated according to the following formula:
FMD = (D2-D1)/D1 x 100% (12).

Statistical analysis. All data in this study were processed by
SPSS 20.0 software (Applied Biosystems, Foster City, CA,
USA). Data were expressed as (mean + SD) and processed with
F-test. Differences between the before treatment and the after
treatment groups were compared using a paired Student's t-test,
while differences between the control and observation groups

1319

Table I. Primers used in PCR reaction.

Name Primer sequences

eNOS F: CGATGCTAGCTAGCTATACGATC
R: ATGCTGAGCTGATAGCATCGATG

ACT F: TGAGGCTAGCTAGAGATAGTC

R: CTGGATGCTCAGCTAGATTAGCTC

eNOS, endothelial nitric oxide synthase; F, forward, R, reverse.

P=0.028<0.05
e

Relative expression level
of eNOS mRNA

Control group Observation group

Figure 1. Relative expression level of endothelial nitric oxide synthase (eNOS)
mRNA in CCP patients and healthy people. Results of quantitative RT-PCR
showed that, compared with control group, expression level of eNOS mRNA
in CCP patients was significantly decreased (P=0.028<0.05).

P=0.032<0.05
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Figure 2. Relative expression levels of endothelial nitric oxide syn-
thase (eNOS) mRNA in CCP patients before and after treatment. Treatment
with trimetazidine and berberine significantly increased expression level of
eNOS mRNA in CCP patients (P=0.032<0.05).

were compared using a Student's t-test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Relative expression level of eNOS mRNA in CCP patients and
healthy people. Relative expression of eNOS mRNA in control
group and observation group (before treatment) was deter-
mined by RT-PCR. As shown in Fig. 1, compared with control
group, expression level of eNOS mRNA in CCP patients was
significantly decreased (P<0.05).

Expression of eNOS mRNA in CCP patients before and
after treatment. Expression of eNOS mRNA in observation
group was measured by RT-PCR before and after treatment.
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Table II. Statistical analysis of NO content in blood of CCP
patients and healthy people.

Sum of
Groups squares Mean square F P-value
Between groups 4786.080 4786.080  3985.631 0.027
Within a group 135.694 1.201
Total 4921.774

NO, nitric oxide.

Table III. Statistical analysis of NO content in blood of patients
with CCP before and after treatment.

Sum of

Groups squares Mean square F P-value
Between groups 4894294 4894294  3582.628 0.021
Within a group  154.637 1.31
Total 4483.094
NO, nitric oxide.
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Figure 3. Nitric oxide (NO) content in blood of CCP patients and healthy
people. NO content 53.28+3.09 mol/l in blood of the control group was
significantly lower than that of the observation group 41.06+3.63 mol/l
(P=0.027<0.05, F=3985.631, t=0.1873).

As shown in Fig. 2, after treatment with trimetazidine and
berberine, expression level of eNOS mRNA in CCP patients
was significantly increased (P<0.05), indicating that trimeta-
zidine combined with berberine can significantly increase the
expression of eNOS mRNA.

NO content in blood of CCP patients and healthy people.
Levels of NO in the plasma of the observation group and
control group were measured by nitric acid reductase method.
As shown in Fig. 3, NO content in blood of CCP patients
was significantly lower than that in blood of healthy people
(P<0.05). Those results were consistent with the expres-
sion pattern of eNOS mRNA in CCP patients and healthy
people (Table II).

NO content in blood of CCP patients before and after treat-
ment. NO content in blood of the observation group was
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Figure 4. Nitric oxide (NO) content in blood of CCP patients before and after
treatment (P=0.021<0.05).
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Figure 5. Determination of flow-mediated vasodilation (FMD) value in CCP
patients and healthy people (P<0.05).
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Figure 6. Flow-mediated vasodilation (FMD) in patients with CCP before
and after treatment (P<0.05).

measured by nitric acid reductase method. As shown in Fig. 4,
NO content in blood of observation group was significantly
increased after treatment, and showed no significant differ-
ence to that of healthy people 53.28+3.09 mol/l (P<0.05).

After treatment with trimetazidine and berberine, content
of NO in the blood of observation group was increased to
50.75+2.57 mol/l, which is significantly higher than the level
before treatment 41.06+3.63 mol/l (P=0.021<0.05,F=3582.628,
t=0.01342) (Table III).

Determination of FMD value in CCP patients and healthy
people. FMD values of control group and observation group
were determined by the Siemens ACUSON Antares color
Doppler ultrasound system. As shown in Fig. 5, FMD value in
CCP patients (5.03+£0.95) was significantly lower than that of
healthy people (16.04+1.63) (P<0.05).
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Determination of FMD in patients with CCP before and after
treatment. FMD value of CCP patients was determined after
treatment with tricamazepine and berberine. As shown in Fig. 6,
FMD value of CCP patients was significantly increased to
14.02+2.39 after treatment with tricamazepine and berberine,
which was significantly increased by 63.21+0.35% (P<0.05),
indicating that tricamazepine combined with berberine can
significantly improve endothelial function of patients with
CCP.

Discussion

With the progress in the study of CAD, various factors
including poor diet structure, irregular schedule and other
factors can all contribute to the development of CAD to certain
extent (13). Clinical studies have shown that (14), hyperten-
sion, hyperlipoidemia, smoking and diabetes are the major
causing factors of CAD, but the mechanism is still unknown.
At present, many researchers believe that (15), as the main
factor in the incidence of CAD, vascular diameter narrowing
is now considered to be a direct cause of CAD, and vascular
diameter narrowing is mainly caused by vascular endothelial
cell telescopic dysfunction. As the barrier between blood and
blood vessels, vascular endothelial cells can sense blood pres-
sure, trace elements, and signaling substances in blood (16).
For example, a study has shown that (17), vascular endothelial
cell relaxation factor, as a major cofactor in promoting vaso-
dilatation, plays pivotal roles in regulating the relaxation and
contraction of vascular endothelial cells. It has been reported
that vasodilator factor is mainly composed of NO and other
small molecules (18). After entering vascular endothelial cells,
NO and other small molecules can activate intracellular gene
expression, which in turn stimulate relaxation and contraction
of vascular endothelial cells. Studies have found that (19) the
increased intravascular pressure can lead to the increased NO
content in blood, which in turn promote endothelial cell relax-
ation, and increase the diameter of the blood vessels. However,
NO content in blood of CCP patients was significantly lower
than that in blood of healthy people. Those finding suggested
that the reduced NO content in blood of CCP patients can lead
to vasodilatation dysfunction, and eventually cause vasospasm
or even the formation of thrombosis.

Clinical studies have shown that (20), trimetazidine can
improve CAD, but its effects on primary hypertension is not
significant, while berberine can be used to effectively treat
primary hypertension. This study first combined the 2 drugs
and we found that the combined treatment is superior to the
treatment with single drug, which is the novelty of this study.
In this study, trimetazidine and berberine were used to treat
patients with CCP. We found that trimetazidine and berberine
can significantly increase the expression level of NO synthesis
gene eNOS and increased the level of NO. As an important
factor in promoting the relaxation of vascular endothelial
cells, elevated NO content can increase FMD value. The data
suggest that trimetazidine combined with berberine has good
therapeutic effect in the treatment of CCP.
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