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Abstract: Objective: This study aims to investigate the effect of captopril and losartan on the electrophysiology of
myocardial cells parameters in ventricular vulnerable period and effective refractory period of myocardial ischemia
rats. Methods: 96 wistar rats were enrolled in the study and divided into six groups: Captopril myocardial ischemia
group, losartan myocardial ischemia group, myocardial ischemia control group, captopril normal group, losartan nor-
mal group and normal control group (n=16). We observed morphological changes of myocardial tissue in each group.
The cardiac electrophysiological parameters in effective refractory period of each group were measured. Creatine
kinase (CK), alanine aminotransferase (GOT), lactate dehydrogenase (LDH), the expression of Cardiotrophin 1 (CT-
1) and malonaldehyde (MDA) were detected. Results: Compared the losartan and captopril group with the control
group, (P<0.05). Losartan and captopril can shorten the ventricular vulnerable period of the normal group and
ischemic group. There was no interaction effect between losartan and captopril group and the acute myocardial
ischemia group. The effect of losartan and captopril on time window in ventricular vulnerable period showed that
compared with the control group (P<0.05). Losartan and captopril had a significant effect on prolonged effective
refractory period of normal and ischemic rats. There was no interaction effect between losartan and captopril group
and the acute myocardial ischemia group. Compared with the myocardial ischemia control group, CK, GOT, LDH and
MDA decreased in captopril and losartan myocardial ischemia groups (P<0.05). Conclusion: Losartan and captopril
had a significant effect on prolonged effective refractory period and shorten ventricular vulnerable period, they can
also effectively prevent arrhythmias.
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Introduction atherosclerosis formation. Angiotensin Il rece-
ptor antagonists (angiotensin receptor block-
ade, ARB) losartan is an important inhibition

drugs for the renin-angiotensin system (RAS). It

Angiotensin-converting enzyme inhibitor (ACEl)
captopril is a conventional anti-hypertension

and anti-congestive heart failure drug. In addi-
tion, data showed captopril can not only effec-
tively protect the heart through own function,
but also effectively improve the quality of life
and increases survival rate in patients, even
effectively through structural reconstruction of
the left ventricle in the patient to relieve myo-
cardial fibrosis and improve ventricular hyper-
trophy and ultimately improve the survival rate
in patients with heart failure [1-4]. And it can
reduce myocardial ischemia-reperfusion dam-
age, improve ischemic cardiomyopathy fibrino-
lytic system, diastolic blood vessels and anti-

can decrease blood pressure and protect
organs, which is widely used in the treatment of
cardiovascular diseases. Losartan can block
the combination of angiotensin Il (Ang Il) and
AT1, which can help blood vessels to dilate,
relax vascular smooth muscles, increase renal
sodium and water excretion, so as to protect
the target organ and antihypertensive [5-7].

Currently captopril and losartan were mainly
used as antihypertensive and anti-heart-failure
drugs. However, reports on the correlation
between these two drugs and arrhythmia are
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not many. With the development of science and
deep research, there is a direct or indirect inter-
actions between captopril and losartan and
arrhythmias. Related studies showed ACEI can
effectively act on the ion channel of cardiomyo-
cyte, but the report on the interaction between
it and myocardial electrophysiological are not
many. The purpose of this study is to analyze
the effects of captopril and losartan on myocar-
dial ischemia electrophysiological parameters,
biochemical parameters and the expression of
related genes, which providing experimental
and clinical basis for the effective prevention of
cardiac arrhythmias.

Material and methods
Experimental animals

A total of 96 specific pathogen-free male wistar
rats weighing 230-250 were obtained from the
animal experimental center of Peking Union
Medical College. These rats were kept in a
clean and quiet environment with a room tem-
perature and relative humidity at 40-50%. They
had free access to food and drinking water and
allowed to acclimate to the environment prior to
experimental initiation.

Rats were divided into six groups: normal con-
trol group (A), captopril normal group (B), losar-
tan normal group (C), myocardial ischemia con-
trol group (D), captopril myocardial ischemia
group (E) and losartan myocardial ischemia
group (F) (n=16).

Housing and procedures involving experimental
animals were in accordance with the Guide for
the Care and Use of Laboratory Animals. All
experimental procedures were approved by the
Care of Experimental Animals Committee of our
hospital.

Acute myocardial ischemia modeling

The rats were anesthetized with an intraperito-
neal injection of urethane (4 ml/kg, 25%), iso-
lated in each layer after anesthesia to exposure
organs. Tube was leading into the cartilage at
4-5 tracheal rings. Thoracic contour obvious
fluctuate with cartilage frequency is the suc-
cessful intubation. Ventilator respiratory rate is
60 beats/min, respiration ratio is 2:1, tidal vol-
ume 3 ml/mg. A longitudinal incision was made
on the left side of the sternum, the incision
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should be parallel to the sternum. The muscle
of rats was isolated layer by layer, the corre-
sponding ribs were fixed and cut. Outer mem-
brane of left ventricle and heart were gradually
exposed. Found the left coronary artery, ligated
the left anterior descending coronary artery
with No. 7/0 thread. The infarcted area was
pale intraoperative, recorded ECG before and
after surgery. ST elevated and fused with
T-wave into single-phase curve represents the
successful ligation.

The treatment of animal models

Captopril group: After anesthesia, captopril 4
mg/h/mg and isoproterenol 0.32 mg/h/mg
were administrated by intravenous infusion via
micro pump, began stimulation after 30 min of
the treatment. losartan group: After anesthe-
sia, losartan 4 mg/h/mg and isoproterenol
0.32 mg/h/mg were administrated by intrave-
nous infusion via micro pump ,began stimula-
tion after 30 min of the treatment .

Electrical stimulation treatment

After the rats were anesthetized, the left thora-
cotomy was performed. Outer membrane of left
ventricle and heart were gradually exposed.
One end of the bipolar electrodes which used
as the pacing and stimulation electrodes was
fixed to the left ventricle apex. Another end of
the electrode was fixed to the stimulator. The
stimulation started after 5 ml of ischemia.

The detection of physiological indicators

Time window determination in ventricular vul-
nerable period of fixation strength: S1-S2 pro-
grammed electrical stimulation, stimulus inten-
sities were S1: 2V and S2: 8V, pulse width were
2 ms, every time triggered eight S1 and one S2,
S1-S1 interval time was 150 ms. Scanning
order is from end-diastolic in reverse. S1-S2
decremented 2 ms each time. When S2 cause
ventricular tachycardia and ventricular fibrilla-
tion, S2 is the outer margin of time-window,
while when S2 is at cardiac cycle, S2 is the
inner margin of time-window. The difference of
the inner margin and outer margin of S1-S2 is
the time-window of ventricular vulnerable
period.

The effective refractory period measurement:
S1-S2 programmed electrical stimulation, the

Int J Clin Exp Med 2014;7(12):5310-5316



Captopril and losartan and the electrophysiology of myocardial cells

Table 1. The comparison of the effect of captopril and losartan on ventricular vulnerable period time
window and effective refractory period of ischemic rats and normal rats (n=16)

Group item

B D E

Captopril time window (ms)

24.03+8.96

7.14+4.54 35.41+7.89 20.63+6.15

effective refractory period (ms)  39.24+11.35 34.63+8.21 59.32+8.42 45.26+6.74

Losartan time window (ms)

24.03+8.96

35.41+7.89 11.2545.67 22.75+6.63

effective refractory period (ms)  39.24+11.35 34.63+8.21 51.35+12.53 44.32+6.84

A: Normal control group, B: Captopril normal group, C: Losartan normal group, D: Myocardial ischemia control group, E: Capto-
pril myocardial ischemia group, F: Losartan myocardial ischemia group.

Figure 1. HE staining of myocardial tissue in different groups. A: Normal control group, B: Captopril normal group, C
Losartan normal group, D: Myocardial ischemia control group, E: Captopril myocardial ischemia group, F: Losartan

myocardial ischemia group.

Table 2. The comparison of serum myocardial
enzyme in different group (n=16)

group CK(U/L)  GOT(U/L)  LDH (U/L)

A 435+38 8619 208142
B 419+56 9043 180+45
C 421+28 78+10 179458
D 1583+125*  155+33* 520+22*
E 840178  110+25'2  405+22'2

F 902+37*2  108+19'2 3751242

1: Compared with control group, P<0.05, 2: Compared
with ischemic group, P<0.05. A: Normal control group,
B: Captopril normal group, C: Losartan normal group, D:
Myocardial ischemia control group, E: captopril myocar-
dial ischemia group, F: Losartan myocardial ischemia
group.
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effective refractory period is defined as the lon-
gest S1-S2 interval QRS wave which S2 can not
induce. In which S2 stimulus intensity was 2
times of the diastolic threshold, the pulse width
was 2 ms. Scanning order is from end-diastolic
in reverse.

Observation of the myocardial tissue morphol-
ogy

The 1 mmx1 mmx1 mm of myocardial tissues
in left apex ischemia region were taken and
fixed with 4% formalin, then they were stained
with routine HE staining and observed under
light microscope.

Int J Clin Exp Med 2014;7(12):5310-5316



Captopril and losartan and the electrophysiology of myocardial cells

B-actin
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Figure 2. RT-PCR results of CT-1 expression levels in myocardial tissue in different groups. A: Normal control group,
B: Captopril normal group, C: Losartan normal group, D: Myocardial ischemia control group, E: Captopril myocardial

ischemia group, F: Losartan myocardial ischemia group.
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Figure 3. MDA concentration in different groups. A:
Normal control group, B: Captopril normal group, C:
Losartan normal group, D: Myocardial ischemia con-
trol group, E: Captopril myocardial ischemia group, F:
Losartan myocardial ischemia group. *P<0.05.

Determination of serum myocardial enzyme
and MDA

Serum myocardial enzyme CK, GOT and LDH
were determined with automatic biochemical
analyzer. MDA was determined with Thio barbi-
turic acid (TBA) method.

Detection of the expression level of CT-1 in the
myocardium

The total RNA of transplanted tumor specimens
was extracted with an RNA Isolation Kit
(Promega (Beijing) Biotech Co., Ltd., Beijing,
China) according to the manual. The process of
reverse transcription was conducted using
PrimeScript 1st Strand cDNA Synthesis Kit
(TakaRa Biotech (Dalian) Co., Ltd., Dalian,
China). The primers for PCR were as follows:
CT-1 F: 5-GCGTCTTCTCAGCTAAGG-3’, CT-1 R:
5-GAACACACATGGATGACATAG-3’; B-actin F: 5*-
TCAGGTCATCACTATCGGCAAT-3’, R: 5-AAAGAA-
AGGGTGTAAAACGCA-3..
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Statistical analysis

All data was analyzed with SPSS 17.0 software.
Data were expressed as mean SD values. Mean
comparison were compared with t test. P<0.05
has statistical significance.

Results

The effect of captopril on ventricular vulner-
able period time window

Compared the captopril group with the control
group, the effect of captopril on ventricular vul-
nerable period time window result showed
P<0.05. Captopril can shorten the ventricular
vulnerable period of the normal group and isch-
emic group. There was no interaction effect
between captopril group and the acute myocar-
dial ischemia group (F=0.521, P=0.502). The
effect of captopril on time window in ventricular
vulnerable period showed that captopril had a
significant effect on prolonged effective refrac-
tory period of rats in both groups, and there
was no interaction effect between captopril
group and the acute myocardial ischemia group
(F=2.731. P=0.124). Compared the losartan
group with the control group, the effect of losar-
tan on ventricular vulnerable period time win-
dow result showed P<0.05.Losartan can short-
en the ventricular vulnerable period of the nor-
mal group and ischemic group. There was no
interaction effect between losartan group and
the acute myocardial ischemia group (F=0.864,
P=0.356). The effect of captopril on time win-
dow in ventricular vulnerable period showed
that losartan had a significant effect on pro-
longed effective refractory period of rats in
both groups,and there was no interaction effect
between losartan group and the acute myocar-
dial ischemia group (F=1.526, P=0.178) (Table
1).

Int J Clin Exp Med 2014;7(12):5310-5316



Captopril and losartan and the electrophysiology of myocardial cells

Pathological changes of myocardial tissue

No abnormal myocardial tissues were observed
in the normal control group. There was various
degree of necrosis with inflammatory cell infil-
tration in ischemia group. The area of myocar-
dial necrosis reduced and myocardial fibers
arranged neatly in group E and F when com-
pared with group D (Figure 1).

Determination of serum myocardial enzyme

The results were shown in Table 2. Compared
with normal control group, the levels of serum
CK, GOT and LDH increased in ischemia group
(P<0.05), while they decreased in group Eand F
when compared with group D (P<0.05).

The expression level of CT-1 in the myocardium

Compared with normal control group, the
expression levels of CT-1 increased in ischemia
groups, it also increased in group E and F when
compared with group D. The results of RT-PCR
were shown in Figure 2.

Determination of MDA

As shown in Figure 3, the concentration of MDA
in ischemia groups were higher than that of
control group (P<0.05), while the concentration
of MDA in group E and F were lower than that of
group D (P<0.05).

Discussion

Captopril and losartan were mainly used as
antihypertensive and anti-heart-failure drugs,
reports on the correlation between these two
drugs and arrhythmia are not many [8]. With
the development of science and deep research,
there is a direct or indirect interactions between
captopril and losartan and arrhythmias.
Related studies showed ACEI can effectively
act on the ion channel of cardiomyocyte, but
the report on the interaction between it and
myocardial electrophysiological are not many.
The main effect of ACEl is to reducing angioten-
sin Il (Ang Il) content by effective suppression
of the renin-angiotensin system (RAS) and
angiotensin-converting enzyme activity. Data in
this study showed that captopril can effectively
prolong the effective refractory period and
shorten the vulnerable period in rats, so as to
effectively prevent the occurrence of arrhyth-
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mias. The reason is that captopril can reduce
L-type calcium channel current, improve cardi-
ac arrhythmia which caused by the Ca ion over-
load [9, 10].

It can effectively improve the density of sodium
current. Data showed individual guinea capto-
pril irrigation cardiomyocytes can significantly
reduce the current density of Na, and the inhibi-
tion of captopril on Na ions is closely related
with voltages and time [10]. Na current plays a
crucial role in depolarizing current. So captopril
can effectively reduce the excitability of myo-
cardial cells and prolong effective refractory
period of the ventricle. In addition, studies also
show that captopril can change the fast sodium
inward current and slow inward calcium cur-
rent, so as to improve the effect of the inward
current within the myocardium. Captopril can
also control the proliferation of myocardial cells
and vascular smooth muscle cell, which play a
protective role in myocardial cells and smooth
muscle cells, and thus to improve cardiovascu-
lar function in rats and effectively remodel myo-
cardial tissue [11].

Angiotensin system is an enzyme-linked reac-
tion which can transform the angiotensinogen
(AGT) into angiotensin. Angiotensin exists in
various systems of the body, especially in the
cardiovascular system. Losartan is the AT1 sub-
type receptor | blocker of angiotensin Il.
Angioten\sin Il receptor antagonist losartan
can relax vascular smooth muscle and dilate
blood vessels [12-15]. This study showed that
losartan can significantly shorten the ventricu-
lar vulnerable period and extend the effective
refractory period in rats, effectively preventing
arrhythmias. The possible reason is that it can
suppress the generation of Ang Il voltage and
enhance L2 calcium current density. The key
component of the cardiac action potential is
the Ltype calcium currents [16]. Losartan can
extend EPR by inhibiting L-type calcium channel
current abnormal increase which induced by
Ang Il. Ang Il itself can also promote inward rec-
tifier potassium channel current and result in a
reduction time of action potential, so as to
shorten EPR. It can reduce the ATP activity to
inhibit Na-K pump, which lead to the overload
of intracellular calcium and result in a further
decrease of myocardial blood flow, eventually
leading to myocardial ischemia [17]. These fac-
tors ultimately result in the increased incidence
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of arrhythmias, while losartan can effectively
prevent arrhythmia through the inhibition of
Ang Il.

CT-1 could promote the survival and growth of
immature myocardial cells, it has myocardial
protective effect. In this study we found that
captopril and losartan could promote the
expression of CT-1, to some extent it could
reduce myocardial injury. MDA increased after
ischemia while captopril and losartan could
decreased it.

In summary, the results of this study showed
that losartan and captopril have a significantly
prevention and treatment effect on arrhyth-
mias.
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