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Abstract: Background and objective: Angiotensin-converting enzyme (ACE) inhibitors have been reported to de-
crease myocardial remodeling and faciliate cardiac function improvement in the setting myocardial infarction by
affecting bradykinin. The purpose of this study was to evaluate the combination effects of perindopril and bradykinin
(BK) in rats with myocardial infarction. Methods: Wistar Rats underwent to left anterior descending (LAD) coronary
artery ligation were allocated into MI group (n = 6); Perindopril group (n = 7); Perindopril + BK group (n = 7). An ad-
ditional sham operation group (Sham group, n = 6) were also established. After 4 weeks, the left ventricle function,
myocardial tissue morphology, myocardial collagen volume faction, infracted ventricular wall thickness, myocardial
infarction area and neovascular formation were evaluated. Results: Combination treatment with perindopril and
BK were showed significant improvement on LVEDV, LVEF and LVFS than MI group. Moreover, a significant improve-
ment on LVEF was found in Perindopril + BK group than Perindopril group but not on LVEDV and LVFS between
these two groups. Furthermore, neo-vessel density was significantly increased in Perindopril + BK group than other
groups while no significant improvement on vessel density was found after the treatment of perindopril. In addition,
myocardial infarction thickness improvement was found in Perindopril and group than MI group while combination
treatment with perindopril and BK can significant improve the myocardial infarction thickness than perindopril only.
Conclusions: Combination treatment with ACE inhibitor perindopril and BK can significantly improve the ventricle
function in the rat model of myocardial infarction. Our data suggest BK can serve as adjuvant treatment in myocar-
dial infarction treatment.
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Introduction other cardiovascular and renal diseases [1].
Moreover, ACE inhibition has also been con-

Myocardial infarction (M), usually known as a firmed as a novel agent for the macrovascular

heart attack, is an irreversible process of heart
muscle necrosis secondary to prolonged isch-
emia [8]. It is the major medical issues with
high morbidity and mortality worldwide. In the
United States, the occurrence of Ml was approx-
imately 1.5 million cases per year [7]. Due to
the occurrence of industrialization, urbaniza-
tion and life-style changes worldwide, the popu-
lation grows older in relationship with the risks
of cardiovascular diseases [13]. Therefore,
seeking for the appropriate treatments are
urgently needed.

Previous studies have shown that ACE inhibi-
tors are effective therapeutic choice for the
treatment of heart failure, hypertension, and

and microvascular disorders treatment in the
patients with more complicated setting (such
as diabetes) [4]. In addition, activation of the
bradykinin (BK) B (2) receptor signaling pathway
by ACE inhibition could result in increasing of
ischemia induced neovascularization in rabbit
and rodent hind limbs [10]. However, the exact
role of BK has not determined yet in the patho-
logical condition of myocardial infarction.

Here, we presented a study on combination
application with angiotensin-converting enzyme
(ACE) inhibitor perindopril and bradykinin in a
rat model of myocardial infarction and found
that perindopril and BK can significantly
improve the ventricle function, which may impli-
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Table 1. Cardiac function evaluation by echocardiography

taneously at the nape of the

Sham (n = 6) Ml (n = 6)

Perindopril
(n=7)

Perindopril + BK neck to continuously deliver
(n=7) BK (0.5 pg/h) in Ml animals

Lvd (cm) 0.54+0.72* 0.71+0.12 0.64+0.12
LVEDV (mL) 0.30+0.36* 0.87+0.26 0.43+0.13*
LVEF (%) 78.91 +2.95* 50.86 +4.04 64.63 +6.88* 7245+ 2.67*#
LVFS (%) 42.76 £ 3.67* 22.27+1.99 32.3+6.32*

0.56 + 0.08* (n = 7); and perinopril (Sig-
0.39 + 0.09* ma, St Louis, US) at 2 mg/
kg/day was administered in

36.49 + 2.17% drinking water after LAD

LVd: left ventricle diameter; LVDEV: left ventricle end-diastolic volume; LVEF: left ventri-

ligation.

cle ejection fraction; LVFS: left ventricle shortening fraction. *P < 0.05 when compared

with Ml group; #P < 0.05 when compared with Perindopril group.

cate its further employment in the clinical
practice.

Materials and methods
Animals and myocardial infarction model

Male Wistar rats (8-12 weeks old and weighed
from 200-250 g) were obtained from Center of
Disease control in Hubei Providence and were
handled in accordance with the standards set
forth in the Guide for the Care and Use of
Laboratory Animals Edition eight. The protocol
was allowed by the Bioethics Broad of Wuhan
University. Rats were randomly divided into 4
groups as follows: Group 1 underwent saline
injection (n = 6); Group 2 underwent perindopril
treatment (n = 7); Group 3 underwent perinodo-
pril and BK treatment (n = 7); Group 4 was the
rats with sham operation.

Intraperitoneal (IP) injection of 2% pentobarbi-
tal natrium (40 mg/kg) (Shanghai second
chemical reagent company, China) was used to
anaesthetize the rats and endotracheal intuba-
tion was used to maintain the airway. The rats
were placed in supine position. Myocardial
infarction (MI) model was induced by ligation of
the left anterior descending coronary artery
(LAD). After performing the left thoracotomy,
the LAD was ligated by irreversible tightening of
a suture loop at a level immediately below the
bottom of the left atrium. A successful estab-
lishment of coronary occlusion was determined
by the presence of typical S-T segment eleva-
tion on the electrocardiogram (ECG) and region-
al myocardial surface cyanosis which was dis-
tal to the suture. No LAD ligation was performed
in sham operation group.

Drug delivery

Three days post-MI, osmotic mini-pumps (Mo-
del No. 2004, Alzet, CA) were implanted subcu-
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Echocardiographic analy-
ses

After 4 weeks, all rats were anesthetized and
were subjected to echocardiographic analyses.
Transthoracic echocardiography was per-
formed using a Sequoia 512 machine (Acuson,
Moutain View, CA, US) equipped with 6 MHz
cardiac transducer and 7V3 probe. Rabbits
were fixed on four limbs in the supine position
in a non-narcotic state. Two-dimensional
M-mode imaging was taken in the parasternal
short and long axis views apical two-chamber
and four-chamber views, and left ventricular
(LV) long and short axis views. LV end-diastolic
diameter (Dd) and systolic diameter (Ds) were
measured in the LV long axis view; LV ejection
fraction (EF) was determined in the papillary
muscle level short axis view; LV end-diastolic
volume and LV shortening fraction was auto-
matically calculated as: LVEDV = [7.0/(2.4 +
D,)] D 2 LVFS = [(Dd-Ds)/Dd] x 100%. All values
were taken as the mean of triplicate measu-
rements.

Tissue processing

After measurements of cardiac function, the
hearts were arrested in diastole with the injec-
tion of 10% kalium chloride through the right
carotid artery. Then the myocardium was
immersed in 10% formalin. The LV chamber
was perfused with fixative at a pressure equal
to the measured end diastolic pressure in vivo.
The measurement of LV intracavitary axis was
then performed. The heart was cut into three
sections (from the base to the apex of the LV).
The section in the middle was used for LV thick-
ness measurement. The endocardium and epi-
cardium of the entire LV and the lengths of the
endocardial and epicardial surfaces delimiting
the infarcted region were measured in each
section. Then, the heart was cut along the short
axis and chopped. The tissue blocks from
infarct and border zones were separately cryo-
sectioned and embedded in paraffin for later
use.
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Figure 1. Masson’s Trichrome staining of the myocardial tissue. A: Ml group (200 x); B: Perindopril group (200 x);

C: Perindopril + BK group (200 x); D: Sham group (200 x); E: Quantification of Collagen volume fraction. *P < 0.05
when compared with Ml group while #P<0.05 when compared with Perindopril group.

Hematoxylin and eosin (H&E) and Masson’s Masson’s Trichrome staining. For Masson’s
trichrome staining Trichrome staining, collagen was in blue, mus-
cle fibers in red, and nucleus in blue-black. The
The paraffin-embedded sections were cut at a collagen volume fraction was determined
thickness of 3 mm and processed with H&E or according to previous description [5].
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Immunohistochemistry

Immunostaining for the endothelial cell marker
CD31 with frozen section was employed to
determine the extent of capillary formation.
Capillaries was regarded when the presence of
individual endothelial cells or clusters of endo-
thelial cells, with or without a lumen. Five ran-
domly (each section) picked microscopic fields
(400 x) was used for capillaries and surround-
ing cardiomyocytes counting.

Statistical analysis

All the statistical analyses were processed by
SPSS19.0 software (SPSS Inc. Chicago, IL, US).
The data was presented as Mean + Standard
Deviation (SD). One way-ANOVA or Student’s t
test was employed to examine the difference in
two or multiple groups. P < 0.05 was recog-
nized as significant difference.

Results

Combination of perindopril and BK improves
the cardiac function

Echocardiography was employed to evaluate
the cardiac function and the results were shown
in Table 1. Significant improvement on LVd was
found in perindopril + BK group than MI group
(0.56 + 0.08 vs. 0.71 £ 0.12, P < 0.05). On
LVEDV, significant decreasing was found in per-
indopril group (0.43 + 0.13vs. 0.87 + 0.26, P <
0.05) and perindopril + BK group (0.39 + 0.09
vs. 0.87 + 0.26, P < 0.05) than that in Ml group.
A significant increasing on LVEF was also found
in perindopril group (64.63 + 6.88 vs. 50.86 +
4.04, P < 0.05) and perindopril + BK group
(72.45 £ 2.67 vs. 50.86 + 4.04, P < 0.05) than
thatin Ml group. Moreover, a significant increas-
ing on LVEF was also found in perindopril + BK
group than that in perindopril group (72.45 +
2.67 vs. 64.63 * 6.88, P < 0.05). On LVFS, a
significant improvement was found in perindo-
pril group (32.3 + 6.32 vs. 22.27 + 1.99, P <
0.05) and perindopril + BK group (36.49 + 2.17
vs. 22.27 £ 1.99, P < 0.05).

Combination of perindopril and BK improves
the myocardiac repair

As depicted in Figure 1, Masson’s Trichrome
staining demonstrated profound myocardiac
impairment in the infarction region. After perin-
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dopril and BK treatment can significant improve
the myocardiac impairment (Figure 1C). The
CVF quantification showed that a significant
decreasing was found in perindopril + BK group
(1.66 + 0.22 vs. 3.39 + 0.71, P < 0.05) and per-
indopril group (2.21 £ 0.33vs.3.39+0.71, P<
0.05) than that in Ml group. Moreover, a signifi-
cant decreasing was also found between perin-
dopril + BK group and perindopril group (3.39 +
0.71vs. 2.21 + 0.33, P < 0.05).

Combination of perindopril and BK improves
angiogenesis

As shown in Figure 2, an improvement on ves-
sel formation was found after perindopril and
BK treatment than MI group and perindopril
only. Capillaries counting under HPF showed
that a significant more number of capillaries
was found in perindopril + BK group than MI
group (19.6 £ 3.36 vs. 10.4 + 1.14, P < 0.05)
and perindopril group (19.6 + 3.36 vs. 11.6 +
1.52, P < 0.05).

Combination of perindopril and BK improves
LV wall thickness

As shown in Figure 3, a significant improvement
on LV wall thickness was found after perindopril
and BK treatment (Figure 3D) than that in Ml
group and perindopril group. The quantification
data showed the LV wall thickness in perindo-
pril + BK group was significant higher than that
in MI group (0.80 + 0.04 vs. 0.64 + 0.03, P <
0.05) and perindopril group (0.80 + 0.04 vs.
0.69 + 0.04, P < 0.05).

Discussions

In present study, our data revealed that com-
bination treatment with perindopril and BK
offered significant beneficial effect in the con-
dition of myocardial infarction, as manifested
by the improvements as follows: (1) Perindopril
and BK improve ischemic cardiac dysfunction,
as reflected by the magnified restoration of
the enlarged Dd and LVEDV, and decreased
LVEF and LVFS in myocardial infarction. (2)
Perindopril and BK improve ischemic myocar-
dial repairmen, as indicated by the synergetic
effects against cardiac fibrosis and derange-
ment of myocardial morphology/structure. (3)
Perindopril and BK improve angiogensis in the
infarction region. (4) Perindopril and BK improve
the LV wall thickness. All these effects point to
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Figure 2. Immunohistochemistry staining of the myocardial tissue by CD31. A: Ml group (400 x); B: Sham group
(400 x); C: Perindopril group (400 x); D: Perindopril + BK group (400 x); E: Quantification of capillaries counting
under high power field (HPF). *P < 0.05 when compared with Ml group while #P < 0.05 when compared with Per-
indopril group.

the ability of BK to protect the microenviron- amelioration of cardiac function and myocardi-
ment and improve cardiomyocytes leading to al repair in myocardial infarction. Clearly, com-
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Figure 3. Left ventricle wall thickness determined by hematoxylin and eosin (H&E) staining. A: Sham group (40 x);
B: MI group (40 x); C: Perindopril group (40 x); D: Perindopril + BK group (40 x); E: Quantification of left ventricle
wall thickness. *P < 0.05 when compared with MI group while #P < 0.05 when compared with Perindopril group.
Cardioprotection effect exerted by angiotensin-converting enzyme inhibition and bradykinin peptides in rats with
myocardial infarction.

bination treatment with perindopril and BK is a Multiple factors such as mechanical, neurohor-
superior therapeutic approach which may merit monal and genetic factor were reported to be
future preclinical and clinical studies. involved in LV remodeling [12]. Remodeling

3415 Int J Clin Exp Pathol 2015;8(3):3410-3417
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could be considered as a physiological and
adaptive process during normal or pathological
condition. In the setting of myocardial infarc-
tion, an abrupt increase in loading condition
caused by loss of myocardium could result in a
unique remodeling pattern which involved the
infracted border zone and remote non-infarct-
ed myocardium (Data not shown). Myocyte
necrosis and loading increasing trigger a intra-
cellular biochemical signaling cascade, which
include dilatation, hypertrophy, and a discrete
collagen scar formation [3]. Previous studies
have shown that ACE inhibitors could reduce
infarct size after ischemia-reperfusion injury
[6]. The decreased abnormalities in LV relax-
ation and diastolic stiffness as well as attenu-
ated LV hypertrophy and fibrosis could be exert-
ed by perindopril through ACE inhibition.
Moreover, combination treatment with perindo-
pril and BK improve the therapeutic effect by
perindopril only, which showed a significant
improvement on LVEF, some degree of increas-
ing on LVFS and decreasing on LVd and LVEDV.

As a fundamental physiological process, new
blood vessels could be generated from preex-
isting vasculature under the specific microenvi-
ronment [16]. In a pathologic setting such as
myocardial infarction, obesity, and diabetes,
the insufficient or blunted angiogenic response
can be presented [15]. The progression of car-
diac hypertrophy has been suggested to be
related with the development of a mismatch
between capillaries number and cardiomyo-
cytes size which will ultimately lead to myocar-
dial hypoxia [11]. Enhanced or attenuated coro-
nary angiogensis could be appeared during the
acute phase of adaptive cardiac growth or
when the heart undergoes pathologic remodel-
ing [9]. Here, we observed a significant increas-
ing on capillaries counting after perindopril and
BK treatment while no such effect was found
when only performing with perindopril treat-
ment.

For the patients with acute MI, proangiogenic
therapy has shown as a promising strategy as
de novo formation of microvessels because of
its potential for ischemic myocardium salvage
at early stages after MI, and the prevention of
heart failure transition through the control of
cardiomyocyte hypertrophy and contractility
[2]. We also found a significant increasing on LV
wall thickness after perindopril and BK treat-
ment. By comparing with perindopril only, a sig-
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nificant improvement on LV wall thickness was
found by combining perindopril with BK.

In addition, previous studies have shown that
ACE inhibitor induced capillary density increas-
ing is inhibited in mice lacking the bradykinin
B2 receptor [17]. Most of effects of BK was
accounted by the bradykinin B2 receptor that
constitutively expressed in various tissues [14].
The BK treatment we employed here may serve
as signaling amplifier. This may explain the pos-
sible mechanism in our study.

Conclusion

In conclusion, we found here is about combina-
tion effects with ACE inhibitor perindopril and
BK, which can significantly improve the ventri-
cle function in the rat model of myocardial
infarction. Our data suggest BK can serve as
adjuvant treatment in myocardial infarction
treatment and may provide an effective way for
the employment of ACE inhibitors for coronary
angiogenesis stimulation as part of a general
strategy to prevent or reverse the myocardial
infarction.
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