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Abstract
Background: Angiotensin Converting Enzyme Inhibitors (ACEIs) are beneficial in patients with heart
failure, yet their role after heart failure remains ambiguous. Particularly, the effects of ACEIs on
cardiac function of dilated cardiomyopathy are unknown.
Methods: To establish the cTnTR141Wtransgenic mouse to make an animal model of dilated
cardiomyopathy. 36 cTnTR141W transgenic mice were randomly divided into two groups: the
experimental group and the placebo group. 18 transgene negative mice were used as controls. The three
groups were taken captopril target dose/water as designed. Medications were routinely up-titrated over
a period of 4 to 8 months.
Results: cTnTR141W mice had significantly larger hearts and poorer LV function than normal control
group. LVSDV, LVEDV, LVIDs and LVIDd of mice in the experimental group were lower than those in
the placebo group, while the EF%, FS%, SV and CO of mice in the experimental group were
significantly enhanced than those in the placebo group. The survival rate of the experimental group is
higher than that of the placebo group.
Conclusion: ACEIs is the key enzyme to increase the survival rate and efficiency of heart function
improvement in cTnTR141W mice with heart dysfunction.
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Introduction
Dilated cardiomyopathy (DCM) is a relatively common heart
muscle disease with a prevalence of 1:2500 in adults leading to
heart failure [1,2]. The disease is characterized by the dilation
and thinning of the left ventricle accompanied with left
ventricular systolic dysfunction [3]. The diagnosis is primarily
based on evidence of dilation and impaired contraction of the
left ventricle (left ventricular ejection fraction (LVEF)<45%)
[4]. DCM has a poor prognosis with a five-year survival rate of
approximately 50% after diagnosis [5]. Recent genetic studies
have revealed that mutations in genes for cardiac troponin T
(cTnT) cause DCM [6]. cTnT is a 37 KD protein that binds to
Tropomyosin (Tm) to anchor the troponin complex in the thin
filament and it thus serves as a vital link in the Ca2+ regulation
of striated muscle contraction [7]. The enzyme linked
immunoassay was developed for cTnT and showed its potential
role towards cardiac myocytes as an AMI marker [8,9].
Proteases such as calpains, cathespins and serine proteases
have showed active role in degradation of cTnT [10]. It has
been shown that the calcium activated cysteine proteases such
as μ-calpain and caspase-3 are capable of degrading cTnT in
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vitro [7]. Studies in the rat and mouse have shown that μcalpain activation results in a 27 kDa fragment after ex-vivo
ischemia and reperfusion of the isolated heart [11].
Furthermore, addition of inhibitors of μ-calpain showed a
decrease in degradation of cTnT. Angiotensin Converting
Enzyme Inhibitors (ACEIs) are critical in the treatment of heart
failure as reduce the incidence of Left Ventricular Hypertrophy
(LVH) and the control of high blood pressure which could
several cardiovascular complications [12,13]. Reports have
mentioned that the use of captopril as an ACEIs have shown
benefits in cardiac function [14,15]. In this study, we
established the cTnTR141W transgenic male mice as subjects
to investigate the effect of ACEIs on cardiac function of dilated
cardiomyopathy.

Materials and Methods
Animals models
The cTnTR141W transgenic male mice were established at the
Institute of Laboratory Animal Sciences, CAMS and PUMC,
maintained on a C57BL/6J genetic background. The transgenic

4752

Li/Yu/Na/Liu/Li
mice expressed high levels of the mutant human cTnTR141W
DNA and showed ventricular chamber enlargement, systolic
dysfunction, myocardial hypertrophy, and interstitial fibrosis at
4 months of age. Mice were housed individually in metabolic
cages under standard conditions with free access to standard rat
diet and drinking water ad libitum throughout the study. Eight
weeks old mice were all evaluated by echocardiography.
cTnTR141W transgenic mice with dilated LV and severely
depressed LV function confirmed by echocardiography were
provided for this study. After all, 36 mice completed the study.
The experimental protocols were approved by the Ethical
Committee for Animal Experimentation at the University and
conformed to the Guide for the Care and Use of Laboratory
Animals.

Identification of cTnTR141W transgenic mice
genotyping by PCR analysis
Tail prick whole blood samples (<5 µL each) obtained under
ether anesthesia were spotted onto FTA filter papers (Truelab.
Shanghai, China). The samples were washed twice in 200 µL
of mild buffer (Truelab. Shanghai, China) and then rinsed once
in 200 µL of DNase-free water by 1 min incubation at room
temperature. The washes were discarded after each
centrifugation at 12,000 rpm, 4°C for 10 s. The samples were
then placed directly in 20 µL genomic PCR mixture containing
300 pM of each primer, 2.5 mM of each dNTP, 2.5 mM
magnesium chloride, 20 mM Tris/HCl buffer (pH 8.0) and 1 U
LA Taq polymerase (TaKaRa). Transgene specific primers
were
5’GAACAGGAGGAAGGCTGAGGATGAG
and
5’TATTTCCAGCGCCCGGTGACTTTAG. PCR conditions
were as follows: denaturation at 94°C for 5 min followed by 35
cycles of 98°C for 10 s, annealing at 58°C for 1 min and
extension at 72°C for 3 min 10 s, followed by a final extension
at 72°C for 5 min. PCR products was 369 bp.

Drug administration
36 mice with cTnTR141Wwere randomly divided into two
groups: the placebo group and the experimental group. The
experimental group took captopril target dose between 0.5 and
1.5 mg/kg/day divided every 8 h. the placebo group took water
only. 18 mice with normal genotyping were considered as
control group and taking water for control. Medications were
routinely up-titrated over a period of 4 to 8 months, with
subsequent dose adjustment made on the basis of
hemodynamic tolerance and weight gain.

Echocardiography measurements
Mice were anesthetized with ether and LV function was
assessed by means of echocardiography with a 30 MHz

phased-array transducer (Vevo770, Canada). The following
parameters were measured from B- and M-mode tracing: Left
Ventricular End-Systolic Diameter (LVIDs), Left Ventricular
End-Diastolic Diameter (LVIDd), Left Ventricular EndSystolic Volume (LVESV), Left Ventricular End-Diastolic
Volume (LVEDV), Interventricular Septum during diastole
(IVSd), Interventricular Septum during systole (IVSs),
Posterior Wall during diastole (PWd), Posterior Wall during
systole (PWs), Stroke Volume (SV), Cardiac Output (CO),
percent Ejection Fraction (EF%), Heart Rate (HR) and percent
Fractional Shortening (FS%).

Survival analysis
Overall Survival (OS) was calculated from the date of 4
months old (taking medical) to the date of death or 8 months
old (the last follow-up). Dissections were required when mice
were died during the follow up for exclusion of other cause of
death and recording the pathological changes of cardiac.
Survival rates were calculated using the Kaplan-Meier method,
and statistically significant differences in survival were
identified using the log-rank test.

Statistical analysis
Data are presented as mean ± SE. Mean values for more than
three groups were compared by ANOVA, followed by a posthoc Tukey's multiple comparison test. Survival data utilized
the standard Kaplan-Meier analysis. The statistical analyses
were performed using SPSS (Version 22.0). P values were twosided and a value of <0.05 was considered to be statistically
significant.

Results
The cTnTR141W transgenic mouse models have spread to the
tenth generation which has stable DCM phenotypic and high
positive rate (Figure 1).
Compared the echocardiographic data between baseline and
follow up, cTnTR141W mice had significantly larger hearts
and poorer LV function than normal control group (Table 1).
LVSDV, LVEDV, LVIDs and LVIDd of mice in the
experimental group were lower than those in the placebo
group, while the EF%, FS%, SV and CO of mice in the
experimental group were significantly enhanced than those in
the placebo group.
The median follow-up was 3.6 months (range 0.1-4). There
were 4 mice (22.22%) dead in the experimental group, 9 mice
(50%) were dead in the placebo group, while none dead in the
control group (Figure 1).

Table 1. Echocardiographic analysis.
Variable

The experimental group
Baseline
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The placebo group
8 months

Baseline

The control group
8 months

Baseline

8 months
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IVSd

0.77

0.72

0.76

0.78

0.67

0.66

IVSs

0.96

0.90

0.97

0.98

0.85

0.84

LVPWd

0.74

0.70

0.71

0.72

0.67

0.67

LVPWs

0.85

0.80

0.82

0.83

0.78

0.76

LVIDs

4.67

4.07

4.62

4.63

3.87

3.91

LVIDd

5.28

4.80

5.21

5.22

4.70

4.72

LVSDV

108.02

73.14

107.62

108.62

68.14

67.84

LVEDV

136.32

106.48

134.32

135.44

100.48

99.82

EF%

22.04

33.11

21.04

20.34

35.11

35.01

FS%

10.34

15.21

9.34

9.03

16.27

16.16

SV

27.29

34.32

26.29

25.82

35.32

35.26

CO

13.78

16.21

12.78

11.98

17.78

17.79

to reduce inflammatory reactive oxygen species and reduced
fibrosis in rat hearts early after irradiation, thus mitigate
radiation-induced toxicity [27,28]. It would be the machine of
ACEI in the protection of remodeling and heart failure
development.

Figure 1. PCR analysis of the cTnTR141W transgenic mouse models.

Discussion
cTnT has been known as a marker of heart damage and
myocardial cell death for more than 10 years [16]. In
toxicological studies cTnT has been established as a biomarker
for drug-induced cardiac injury [17,18]. Recently, DCM-linked
mutation R141W was found in cTnT [19]. In this study, we
established this mutation as animal model to investigate the
effect of ACEIs on DCM.
Captopril as an ACEIs plays a role in the treatment for
hypertension [20,21]. As overwhelming evidence implicating
those ACEIs in the protection from adverse cardiac remodeling
and heart failure development [22]. It is commonly used as a
cardio protective drug to inhibit the conversion of angiotensin I
[20]. Angiotensin I as a relatively inactive molecule to
angiotensin II which is the major mediator of vasoconstriction
and volume expansion induced by the renin-angiotensin system
[23]. Captopril has been postulated as a free radical scavenger
because of its terminal sulfhydryl group [24]. In vitro studies it
indicated that the functions of captopril could increase the
activities of antioxidant enzymes such as superoxide dismutase
and glutathione peroxidase [25,26]. In this study we found that
the cTnTR141W transgenic mice which took 4 months of
captopril would significantly enhance cardiac function and
reduce the incidence of heart failure and gradually improve the
survival rate. However, 18 cTnTR141W transgenic mice were
performed without any medicine apart from ethic and the heart
functions were increasingly recession. Interestingly, preclinical
studies have indicated that captopril might act as an antioxidant
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In this study we did not set up a heart failure control group
with no wild type to further compare the therapeutic
effectiveness of captopril on transgenic mice. As one
shortcoming of this study, we need further research to
demonstrate captopril.
To conclude, ACEIs increase the survival rate and efficiency of
heart function of DCM. Captopril may be a promising strategy
to reduce early cardiac complications of DCM in patients.
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