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Abstract: This experiment aimed to study the effect of trimetazidine combined with perindopril on NT-proBNP levels in rats with dilated cardiomyopathy 
(DCM). 40 SD rats were selected and 10 rats were randomly selected to continue to be fed as the blank group. The other 30 rats were injected with adriamycin to 
establish the DCM rat model. Then they were divided into 3 groups, namely control group (without any drug intervention), trimetazidine group (with trimetazidine 
single-agent intervention) and combination drug group (with trimetazidine combined with perindopril intervention), with 10 DCM rats in each group. After 4 weeks 
of intervention, left ventricular ejection fraction (LVEF), left ventricular end-diastolic dimension (LVEDD) and left ventricular end-systolic diameter (LVESD) of 
rats were measured by echocardiography. The changes of plasma brain natriuretic peptide (BNP) level and n-terminal pro-brain natriuretic peptide (NT-proBNP) 
were detected by ELISA. RT-PCR was used to detect the regulation of angiotensin II type 1 receptor (AT1Rs) and lamin A mRNA expression in rat myocardium. 
After the intervention, the LVEF%, LVEDD and LVESD measured values of the rats in the combination drug group were significantly better than those in the tri-
metazidine group and the control group (P< 0.05). The BNP, NT-proBNP and AT1Rs levels of the rats in the combination drug group were significantly lower than 
those in the trimetazidine group and the control group. The difference was statistically significant (p< 0.05). The lamin A expression of the rats in the combination 
drug group was significantly higher than that in the trimetazidine group and the control group. The difference was statistically significant (P< 0.05). Compared with 
trimetazidine single-agent, trimetazidine combined with perindopril can significantly improve the cardiac function of rats with dilated cardiomyopathy, reduce the 
serum NT-proBNP level and improve the expression of AT1Rs and lamin A in rats.
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Introduction

DCM is a myocardial disease with reduced LVEF 
due to dysfunction of left ventricular dilation and sys-
tolic function (1). DCM is the most common cause of 
heart transplantation and one of the leading causes of 
death in western countries (2). One in 250 adults is ill 
(3). Generally, 40% of DCM patients are hereditary in 
the family. The prevalence rate of males is higher and 
the average age is higher than that of females (4). Stu-
dies have found that the survival rate of DCM patients is 
only about 40% in 5~10 years after onset (5). The extre-
mely high family heritability causes great economic and 
health burden on families and society, so its diagnosis 
and effective treatment deserve social attention (5-10).

The etiology and pathogenesis of DCM are com-
plex. Studies have found that more than 50 single-gene 
mutations are closely related to DCM. Lamin A muta-
tion is one of the common causes of DCM. Lamin A 
is an intermediate filament protein existing in the nu-
clear membrane and nucleoplasm and is a fiber struc-
ture providing support for the nuclear membrane (11, 
12). Lamin A mutation is characterized by atrioventri-
cular conduction block, elevated serum creatine kinase 
level and skeletal muscle involvement in some cases. 

It also increased the risk of life-threatening ventricular 
arrhythmia (13), which has research significance. Echo-
cardiography is currently the commonly used diagnostic 
method for DCM in clinical practice (14). LVEF is one 
of the important examination indexes. BNP and NT-
proBNP, as cardiac biomarkers, are essential tools for 
clinicians, which are helpful to distinguish the causes 
of cardiac and non-cardiac dyspnea, as well as to facili-
tate prognosis and monitor therapeutic effects (15). The 
study found that the expression of BNP and NT-proB-
NP increased in DCM patients (16). BNP is believed 
to be beneficial to heart, vessel and kidney (17). The 
endogenous concentration of BNP can be increased by 
inhibiting neutral endopeptidase (NEP) (18). Since NEP 
also degrades AT1Rs, NEP inhibition must be joint with 
angiotensin-converting enzyme inhibitor (ACEI) (19). 
ACEI can improve left ventricular systolic and diasto-
lic function, improve hemodynamics and significantly 
improve the prognosis of patients (20). Perindopril is 
a long-acting ACEI, which can prevent Ang I from 
converting to Ang II, reduce the effect of Ang II-media-
ted by ATR1s binding and significantly improve cardiac 
function (21). Combined with trimetazidine can restore 
autophagy and prevent cardiac apoptosis (22).

In this study, trimetazidine combined with perindo-
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pril was used to treat DCM rats. Its effect on NT-proB-
NP level in rats was studied to provide an effective refe-
rence basis for clinical diagnosis and treatment.

Materials and Methods

Experimental animals
40 healthy adult male SD rats were purchased from 

the Shanghai branch of Beijing Weitonglihua Labora-
tory Animal Technology Co., LTD. Rats were 10-12 
weeks old, the weight was 200-250 g and the license 
number was SCXK (Shanghai) 2017-0011. They were 
randomly divided into a blank group, combination drug 
group, trimetazidine group and control group with 10 
rats in each group. Rats were given free food intake 
and drinking water for 12h/ 12h light and dark cycles at 
21±2 ℃ for 7 days to adapt to the laboratory environ-
ment. The research was approved by the Animal Ethics 
Committee.

Establishment of DCM rat model
On the 8th day, DCM models were established in 

the combination drug group, trimetazidine group and 
control group rats (23). Adriamycin was injected intra-
peritoneally at a dose of 1 mg/kg twice per week for 
6 weeks. Then cardiac function indexes of rats were 
detected. If left ventricular dysfunction (LVEF≤45%) 
occurred in rats, the modeling was successful, and the 
modeling rats did not die. After successful modeling, 
the rats in the combination drug group were given 4 
mg/kg perindopril (Servier Pharmaceutical Co., Ltd., 
SFDA Approval No. H20034053) and 10 mg/kg trime-
tazidine (Reyoung Pharmaceutical Co., Ltd., SFDA Ap-
proval No. H20066534) by gavage once/d for 4 weeks. 
Rats in the trimetazidine group were given trimetazi-
dine 10 mg/kg by intragastric administration once/d for 
4 weeks. Rats in the control group did not receive any 
drug intervention.

Examination of rats LEVF, LVEDD and LVESD by 
echocardiography

Rats in the blank group, combination drug group 
before modeling and after 4 weeks of drug intervention, 
trimetazidine group and control group were injected 
intraperitoneally with 10% chloral hydrate (200 mg/
kg) for anesthesia. All the animals did not exhibit signs 
of peritonitis. The chest area was shaved to remove the 
body hair, echocardiography was performed (Vivid-
iTM ultrasound system, GE, Vivid E9) and LVEDD, 
LVESD and LVEF values were measured.

Collection and detection of sample
Detection of the expression of BNP and NT-proBNP 
by ELISA

The kit was obtained from Wuhan Moshake Biotech-
nology Co., Ltd. with product number KT45631. After 
echocardiography was obtained for 12 hours, unconden-
sed blood was taken from orbital venous plexus in rats 
of blank group, combination drug group, trimetazidine 
group and control group, anticoagulated with ethylene-
diaminetetraacetic acid and centrifuged at 13000 r/min 
for 10min, and then serum was stored at -80 ℃ for tes-
ting.

The blank holes, standard holes and sample holes 

were tested. Standard SO samples with a concentration 
of 0 were added to the blank wells. The standard sample 
was added to the standard well. First, add the sample 
to be tested in the sample well. Sample diluent and and 
horseradish peroxidase (HRP) were added to all micro-
wells, except for sample wells. Then it rinsed comple-
tely to remove border biotinylated antibody. Then added 
labeled avidin HRP, and re-added the TMB substrate to 
the coating after washing. TMB turned blue and yellow 
under the action of catalyst and acid, respectively. The 
adsorption rate (OD value) was measured with a micro-
plate reader at a wavelength of 450 nm. Then converted 
the corresponding concentration from standard curve.

Detection of AT1Rs and lamin A expression by RT-
PCR

After echocardiography was obtained for 24 hours, 
the rats were anesthetized with 5% pentobarbital (50 
mg/kg; intraperitoneal injection) before sacrifice. Rats 
in blank group, combination drug group, trimetazidine 
group and control group were euthanized with 10% 
potassium chloride (75 mg/kg, intravenous). The heart 
was removed and washed with phosphate saline, and 
then the LV free wall was removed. Myocardium was 
sliced and frozen at -80 ℃. The expression of AT1Rs 
and lamin A were detected by RT-PCR.

The total RNA was extracted from collected myocar-
dial slices with TRIzol kit (Invitrogen, Carlsbad, Cali-
fornia, USA, 15596018). The purity, concentration and 
integrity of total RNA were detected by UV-Spectropho-
tometer and agarose gel electrophoresis. Subsequently, 
reverse transcription was performed according to the 
instructions by using the TaqMan Reverse reverse trans-
cription kit (Invitrogen, Carlsbad, California, USA, 
N8080234). The obtained cDNA was further studied. 
TransStart Green qPCR SuperMix UDG (Beijing Trans-
Gen Biotech Co., Ltd., China, AQ111-01) was used for 
reverse transcription of the extracted total RNA. The 
steps were carried out according to the kit instructions 
and cDNA was collected for PCR amplification expe-
riments. The upstream sequence of primer was 5’-GA-
TACTCACTTTTTGCGGTCT-3’ and the downstream 
sequence was 5’-GTGCAGGGTCCGAGGT-3’. The 
upstream sequence of U6 was 5’-CGCTTCGGCAGCA-
CATATAC-3’ and the downstream sequence: 5’-CAG-
GGGCCATGCTAATCTT -3’. The amplification sys-
tem of qPCR was as follows: cDNA 1μL, primers at 
upstream and downstream 0.4μL each, 2×TransStart® 
Green qPCR SuperMix UDG`10μL, Passive Reference 
Dye (50X) (optional) 0.4μL, finally adding nuclease-
free water for achievement to 20 μL. qPCR amplifica-
tion conditions were as follows: incubation at 94 °C for 
10min, pre-denaturation at 94 °C for 5s, annealing and 
extension at 60 °C for the 30s, and a total of 40 cycles. 
3 repeated wells were set up in every sample. The re-
search was performed 3 times. In this research, GAPDH 
was applied as an internal parameter. 2-ΔΔCt was used to 
analyze the data.

Outcome measures
The survival of rats in each group after 4 weeks 

of drug therapy was observed. The changes of LEVF, 
LVEDD and LVESD before modeling and after drug 
treatment were observed. The changes of BNP, NT-
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group, 1 case died in the trimetazidine group, and no 
rats died in the combination drug group. By drawing 
the K-M survival curve, it was found that the survival 
of the blank group was significantly higher than that of 
the control group, trimetazidine group and combination 
drug group (P< 0.001). The survival of the combination 
drug group and trimetazidine group was significantly 
higher than that of the control group (P< 0.001). There 
was no significant difference between the trimetazidine 
group and the combination drug group (P> 0.05). More 
details are shown in Figure 1.

Echocardiographic examination results of rats in 
each group

By measuring LVEDD, LVESD and LVEF of rats 
in each group after drug treatment, it was found that 
LVEDD and LVESD in the combination drug group 
(5.28±0.81) (2.34±0.29) and trimetazidine group 
(5.59±0.48) (2.62±0.33) were significantly lower than 
those in the control group (7.52±0.56) (5.04±0.92) (p < 
0.001), and there was no significant difference between 
them and the blank group (p > 0.05). LVEF values of 
the combination drug group (55.74±3.23) and trimetazi-
dine group (53.12±2.42) were significantly higher than 
those of the control group (33.27±2.81) (P< 0.001), and 
there was no significant difference between them and 
the blank group (P> 0.05). There was no significant dif-
ference in LVEDD, LVESD and LVEF values between 
the combination drug group and trimetazidine group 
(P> 0.05). More details are shown in Table 1.

Expressions of BNP and NT-proBNP of rats in each 
group

By detecting the expressions of BNP and NT-proB-
NP of rats in each group after 4 weeks of treatment, 
the expressions of BNP and NT-proBNP in trimetazi-
dine group (329.14±53.68) (1612.17±443.92), combi-
nation drug group (274.82±37.53) (1183.71±462.28) 
and blank group (286.74±16.38) (1218.56±324.73) 
were significantly lower than those in the control group 
(457.36±51.24) (2278.34±496.48), and the expressions 
of BNP and NT-proBNP in the combination drug group 
were significantly lower than those in trimetazidine 
group. More details are shown in Figure 2.

Relative expressions of AT1Rs and lamin A of rats in 
each group

By detecting the relative expressions of AT1Rs and 
lamin A of rats in each group after 4 weeks of treatment, 
the relative expressions of AT1Rs in trimetazidine group 
(1.142±0.131), combination drug group (1.016±0.074) 
and blank group (1.012±0.092) were significantly lower 
than those in the control group (1.325±0.178), and the 

proBNP concentrations and the relative expressions of 
AT1Rs and lamin A were observed before modeling and 
after drug therapy.

Statistical analysis
In this study, SPSS20.0 (SPSS Chicago, USA) me-

dical statistical analysis software was used for statis-
tical analysis of the collected data. GraphPad Prism 7 
(GraphPad software inc., San Diego, USA) was used 
to graph the collected data. The measurement data 
were expressed as mean number ± standard deviation 
(Meas±SD). All measurement data conformed to nor-
mal distribution. One-way ANOVA test was used for 
comparison among three or more groups, expressed as 
F. K-M survival was used to analyze the survival of rats 
within 4 weeks after drug intervention, with the log-
rank test. The difference was statistically significant 
with P< 0.05.

Results

Survival of rats in each group
The survival of rats in each group was observed wit-

hin 4 weeks after drug treatment. The results showed 
that no rats died in the blank group, 3 cases died in the 
control group, 2 cases died in the trimetazidine group 
and one case died in the combination drug group wit-
hin 1-2 weeks. In 3-4 weeks, 5 cases died in the control 

Figure 1. 4-week survival curve of drug treatment. The survival 
rates of blank group, control group, trimetazidine group and com-
bination drug group were 100, 20, 70, and 90% respectively. The 
survival of the blank group was significantly higher than that of 
the control group, trimetazidine group and combination drug group 
(P< 0.001). The survival of the combination drug group and tri-
metazidine group was significantly higher than that of the control 
group (P< 0.001). There was no significant difference between the 
trimetazidine group and the combination drug group (P> 0.05).

Grouping LVEDD (mm) LVESD (mm) LVEF(%)
blank group (n=10) 5.28±0.81 2.34±0.29 55.74±3.23
control group (n=10) 7.52±0.56 5.04±0.92 33.27±2.81
trimetazidine group(n=10) 5.59±0.48 2.62±0.33 53.12±2.42
Combination drug group (n=10) 5.25±0.67 2.30±0.37 56.55±3.17
F 28.520 59.050 142.2
P <0.001 <0.001 <0.001

Table 1. Comparison of LVEDD, LVESD, and LVEF of rats in each group.
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relative expressions of AT1Rs in the combination drug 
group were significantly lower than those in trimeta-
zidine group. The relative expressions of lamin A in 
trimetazidine group (0.812±0.126), combination drug 
group (0.992±0.052) and blank group (1.014±0.047) 
were significantly higher than those in the control group 
(0.645±0.147), and the relative expressions of lamin A 
in the combination drug group were significantly higher 

than those in trimetazidine group. More details are 
shown in Figure 3.

Discussion

DCM has high family heritability and mortality, 
which brings heavy economic and health burden to pa-
tients' families. The diagnosis and treatment of DCM 
have attracted extensive attention from all sectors of so-
ciety. Echocardiography is usually used to evaluate left 
ventricular enlargement and LVEF in the clinical dia-
gnosis of DCM. LVEF<50% is considered as left ventri-
cular systolic dysfunction (24). Studies have shown that 
perindopril can reduce ATR1s and improve left ventri-
cular remodeling and systolic function (25). Trimetazi-
dine is a metabolic drug that acts on heart disease and 
has a protective effect on the heart (26). Both are widely 
used in the treatment of cardiovascular diseases. Stu-
dies have confirmed that DCM is related to mutation of 
lamin A (27). In this study, trimetazidine combined with 
perindopril will be applied to treat DCM rats to study its 
effect on the levels of NT-proBNP, AT1Rs and lamin A 
in rats (27-33).

In this study, we first compared the survival of rats 
in each group within 4 weeks of drug treatment. The 
results showed that there was no rat death in the blank 
group, the survival rate of the combination drug group 
and trimetazidine group was significantly higher than 
that of the control group and the survival rate of the 
combination drug group, blank group and trimetazidine 
had no difference. This suggested that both perindopril 
and trimetazidine can treat DCM rats and significantly 
improve the survival rate. Then we examined the car-
diac function of the rats after 4 weeks of treatment by 
echocardiography. The results showed that LVESD and 
LVEDD of the combination drug group and trimetazi-
dine group were significantly lower than those of the 
control group, while LVEF of the combination drug 
group and trimetazidine group were significantly higher 
than those of the control group. LVESD, LVEDD and 
LVEF of the combination drug group and the control 
group had no significant difference. The research results 
showed that perindopril and trimetazidine can improve 
cardiac function and protect the heart in DCM rats. Raj 
et al. (34) also prove that perindopril can improve car-
diac remodeling and reduce systolic dysfunction. The 
combined application of trimetazidine reduces the me-
tabolic burden on the heart of DCM patients and plays 
a role in protecting the heart. NT-proBNP, as a biomar-
ker of heart failure, is highly expressed in patients (35), 
while cardiac cell fibrosis is positively correlated with 
heart failure (36). We measured the BNP and NT-proB-
NP levels of DCM rats after 4 weeks of treatment and 
found that the BNP and NT-proBNP levels in the combi-
nation drug group were significantly lower than those in 
trimetazidine group and control group, and there was no 
significant difference between them and the blank group, 
indicating that perindopril combined with trimetazidine 
is more significant in cardiac function optimization and 
more obvious clinical effect to treat DCM rats.

In this study, the relative expression level of ART1s 
was detected in DCM rats after 4 weeks of treatment. It 
was found that the ART1s level in the combination drug 
group was significantly lower than that in the control 

Figure 2. Expressions of BNP and NT-proBNP of rats in each 
group after 4 weeks of treatment; (A): By detecting the expres-
sions of BNP of rats in each group after 4 weeks of treatment, 
the expressions of BNP in trimetazidine group (329.14±53.68), 
combination drug group (274.82±37.53) and blank group 
(286.74±16.38) were significantly lower than those in the control 
group (457.36±51.24), and the expressions of BNP in combination 
drug group were significantly lower than those in trimetazidine 
group, (B): The expressions of NT-proBNP in trimetazidine group 
(1612.17±443.92), combination drug group (1183.71±462.28) and 
blank group (1218.56±324.73) were significantly lower than those 
in the control group (2278.34±496.48), and the expressions of NT-
proBNP in combination drug group were significantly lower than 
those in trimetazidine group; * indicates P< 0.05, ** indicates P< 
0.01, *** indicates P< 0.001.

Figure 3. Relative expressions of AT1Rs and lamin A of rats in 
each group after 4 weeks of treatment; (A): By detecting the re-
lative expressions of AT1Rs of rats in each group after 4 weeks 
of treatment, the relative expressions of AT1Rs in trimetazidine 
group (1.142±0.131), combination drug group (1.016±0.074) and 
blank group (1.012±0.092) were significantly lower than those in 
the control group (1.325±0.178), and the relative expressions of 
AT1Rs in combination drug group were significantly lower than 
those in trimetazidine group, (B): The relative expressions of lamin 
A in trimetazidine group (0.812±0.126), combination drug group 
(0.992±0.052) and blank group (1.014±0.047) were significantly 
higher than those in the control group (0.645±0.147), and the rela-
tive expressions of lamin A in combination drug group were signi-
ficantly higher than those in trimetazidine group; * indicates P< 
0.05, ** indicates P< 0.01, *** indicates P< 0.001.
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group and trimetazidine group, and there was no signi-
ficant difference between them and the blank group. 
This indicated that the combined treatment had a more 
obvious effect on lowering the ART1s level, which can 
significantly increase LVEF and reduce cardiac dys-
function. In the study of Kawai et al. (37), Ang II has 
an induction effect on the proliferation and migration 
of mouse cardiac fibroblasts. It can promote cardiac 
fibrosis. Perindopril, an ACEI, can inhibit the angioten-
sin-converting enzyme, reduce Ang II and reduce the 
effect of Ang II-mediated by ATR1s combination, thus 
reducing left ventricular hypertrophy, improving hemo-
dynamics, increasing LVEF. Combined treatment with 
trimetazidine can enhance cardiac protection. The etio-
logy of DCM is complex and varied. Mutation of lamin 
A is a common cause of DCM. At the end of the study, 
we detected the relative expression level of lamin A af-
ter 4 weeks of treatment in DCM rats. It was found that 
the relative expression of lamin A in the combination 
drug group and trimetazidine group was significantly 
higher than that in the control group, and the level of 
lamin A in combination drug group was significantly 
higher than that in trimetazidine group, with no signi-
ficant difference from the blank group. It showed that 
the combined administration can significantly increase 
the level of lamin A and reduce the mutation of lamin A. 
The therapeutic effect was more obvious. This is basi-
cally consistent with the study of Narula et al. (38) that 
confirmed the low expression of lamin A in DCM pa-
tients. Maria et al. (39) have also shown that mutations 
in lamin A can cause myocardial fibrosis and impair left 
ventricular systolic and diastolic functions. Nikolova et 
al (29) have also confirmed this point in studies of mice 
with lamin deficiency.

Although this study was carried out under strict ex-
perimental conditions, there are still some deficiencies. 
First of all, due to the small number of samples included 
in each group, the experimental results may have errors. 
Secondly, the inhibition of ACE by perindopril is slower 
than that by other ACEI, so it may also have a certain 
effect on the survival rate of rats. Furthermore, the 
concentration of perindopril used in this study is single. 
Whether it can improve the prognosis by increasing the 
drug concentration has not been further studied. The-
refore, we hope to increase the number of our samples 
in future research and study the improvement of the di-
sease by increasing the treatment schemes with different 
concentrations to supplement our research results.

To sum up, compared with trimetazidine single-
agent, trimetazidine combined with perindopril can 
significantly improve the cardiac function of DCM rats, 
reduce the serum NT-proBNP level and improve the 
expression of AT1Rs and lamin A in rats.
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