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Ventricular remodeling is an adaptive response of the heart to
hemodynamic, neurohormone stimuli and to genetic factors. It is
associated with a modification in the shape, size, composition,
and function of the heart 1. Acute myocardial infarction is currently
one of the most important causes of cardiac remodeling and
significantly contributes to ventricular dilation, myocardial fibrosis,
ventricular dysfunction, and development of congestive heart failure.
Postinfarction remodeling is a phenomenon that begins right after
coronary occlusion. In that phase, myocytic necrosis occurs, being
followed by stretching of the infarcted area, which constitutes the
expansion of the infarction. This may result in muscular rupture or
formation of a ventricular aneurysm. Approximately 72 hours after
the acute event, remodeling encompasses the entire heart. During
that period, ventricular dilation, change in geometry, and hypertrophy
of the remaining musculature is evident. The incapability of the
heart to normalize wall stress results in progressive cardiac dilation,
recruitment of the myocardium around the scar, and deterioration
of the contractile function 1.

Although myocardial remodeling is a complex phenomenon
involving several stimuli, the role of the renin-angiotensin-aldos-
terone system has gained special attention in the last decade.
From the therapeutic point of view, the benefits of angiotensin-
converting-enzyme inhibitors and of AT1 receptor blockers are
innumerous 2-4. However, it has not been well defined whether
the effects of the 2 classes of drugs are comparable in regard to
ventricular hypertrophy and interstitial fibrosis in the viable myo-
cardium after acute coronary occlusion.

Lisinopril is an angiotensin-converting-enzyme inhibitor widely used
in clinical practice for treating arterial hypertension, as well as an
adjuvant drug for the treatment of acute myocardial infarction 5-8. It
inhibits the formation of angiotensin II and aldosterone. That drug
has a direct hemodynamic effect on the vessels, reducing the afterload,
and a beneficial effect on ventricular remodeling.

Blockade of the angiotensin II activity may also be obtained by
use of antagonists of angiotensin type 1 (AT1) receptors. Recent
studies have shown the beneficial effects of AT1 antagonists on
myocardial remodeling after myocardial infarction with improve-
ment in cardiac function, as well as an increase in survival 9.
Losartan is an antagonist of angiotensin II receptors. It acts through
direct competition with angiotensin II for only one class of receptors
(AT1), has a significant role in reducing the process of interstitial
fibrosis 3, and in reducing the mortality and morbidity associated
with heart failure after acute myocardial infarction 10.
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Objective
To assess the effect of lisinopril and losartan on myocardial

remodeling in experimental infarction in rats.

Methods
Male Wistar rats underwent myocardial infarction and were

either treated with lisinopril [20 mg/kg/day (LIS, n=13)] or lo-
sartan [20 mg/kg/day (LOS, n=11)], or kept without any treat-
ment (NT, n=11) for 3 months. Their results were compared
with those of a control group (CONT, n=11) comprising nonin-
farcted rats. After euthanasia, the left ventricle was isolated
and weighed. The following measurements were taken: the sec-
tional area of myocytes (AC), interstitial collagen fraction (CVF),
and myocardial hydroxyproline (HOP). The variables were com-
pared by using 1-way ANOVA, with a significance level of P<0.05.

Results
Acute myocardial infarction caused left ventricular

hypertrophy. The treatments with lisinopril or losartan could
prevent hypertrophy, which was quantified by use of left
ventricular weight (LOS=1.06±0.12g, LIS=0.97±0.18g,
NT=1.26±0.17g, CONT=1.02±0.09g; P<0.05), of left
ventricular weight-to-body weight ratio LV/BW (LOS=2.37±
0.21mg/g, LIS=2.41±0.38mg/g, NT=2.82±0.37mg/g,
CONT=2.27± 0.15mg/g), and of left ventricular AC measure-
ment (LOS=210±39µ2, LIS=217±35µ2, NT=256±35µ2,
CONT=158±06 µ2; P<0.05). The CVF was significantly greater
in the left ventricle of the infarcted group, and its increase was
prevented with treatment (LOS=1.16±0.4%, LIS=1.27±0.5%,
NT=1.8± 0.4%, CONT=0.7±0.5%). Myocardial hydroxyproline
was greater in the infarcted group (NT=6.91±2.98mg/g vs.
CONT=2.81± 1.21mg/g) and did not change with treatment.

Conclusion
Myocardial remodeling after infarction is characterized by an

increase in the remaining ventricular mass and in interstitial col-
lagen. The angiotensin-converting-enzyme blockers and the
selective angiotensin II AT1 antagonist prevent hypertrophy of the
myocyte and interstitial fibrosis.
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This study aimed at assessing the role of an angiotensin-
converting-enzyme inhibitor (lisinopril) and an AT1 receptor blocker
(losartan) in myocardial remodeling in the heart of rats experiencing
experimental infarction.

Methods

All procedures were submitted to and approved by the Ethical
Committee on Animal Research and were in accordance with the
ethical principles on animal experiments adopted by the Brazilian
College of Animal Experiments.

This study used male Wistar rats from the Animal Facility of
the University, whose weights ranged from 200 to 250g. The
animals were anesthetized with an intraperitoneal injection of
sodium pentobarbital (50 mg/kg) and underwent left lateral
thoracotomy. After exteriorization of the heart, the left atrium
was pushed aside and the left coronary artery was ligated with a
5.00 mononylon thread between the emergence of the pulmonary
artery and the left atrium. Then, the heart was replaced into the
thorax, the lungs inflated with positive pressure, and the thoracic
wall was sutured with #10 cotton thread. After recovery from
anesthesia, the animals were maintained in cages, fed a standard
commercial food preparation, with free access to water. Three
animals were placed in each cage, with control of light (12-hour
cycles), temperature (approximately 25°C), and humidity.

The 35 surviving animals were divided into 3 groups: group
NT (n=11), comprising infarcted animals, which received no me-
dication; group LIS (n=13), comprising infarcted animals, which
received lisinopril (20 mg/kg/day dissolved in drinking water); group
LOS (n=11), comprising infarcted animals, which received losar-
tan (20 mg/kg/day dissolved in drinking water). The treatment
was initiated 12 hours after surgery and maintained for 3 months.
Noninfarcted animals of the same race, sex, and age, and sub-
mitted to the same environmental conditions were used as controls
(CONT, n=11). After 3 months, the animals were weighed (BW),
anesthetized with intraperitoneal injection of sodium pentobarbital
(50 mg/kg), and underwent euthanasia. Their hearts were removed,
dissected, and the right and left ventricles, including the ventricular
septum, were isolated and weighed.

Samples of the cardiac tissue were fixed in a solution of 10%
formalin for 48 hours. After fixation, the tissue was embedded in
paraffin blocks, and, then, 4-micron coronal histological sections
were obtained. The histological slides were stained with a solution
of hematoxylin and eosin or Masson’s trichrome for assessing the
sectional areas of myocytes (AC). The myocardial interstitium
was assessed on 6-micron coronal histological sections stained
using the picrosirius red technique, specific for visualizing collagen.

The histological sections stained with the hematoxylin and
eosin solution or Masson’s trichrome were used for measuring the
sectional areas of the myocytes with a DM LS LEICA microscope
coupled with a video camera, which sends a digital image to a
computer that has the Image Pro-plus analysis program (Media
Cybernetics, Silver Spring, Maryland, USA). Fifty to 70 cells per
ventricle analyzed were measured. The myocytes selected were
transversely sectioned, had a round shape, a visible central nucleus,
and were located in the subendocardial layer of the right and left
ventricular muscular wall. This aimed at maximum uniformity of

the sets of myocytes of the different groups. The mean areas
obtained for each group were used as an indicator of cell size.

The histological sections stained with the picrosirius red solution
were used for assessing the collagen fractions (CVF) present in
the interstitium of the cardiac tissues of the right and left ventricles.
Reading was performed with polarized light in the LEICA DM LS
microscope coupled with a video camera that sends a digital
image to a computer that has the Image Pro-plus analysis program
(Media Cybernetics, Silver Spring, Maryland, USA). Thirty to 40
fields per ventricle were measured with a 40X objective. The
fields chosen were located far from the infarcted area and from
the perivascular region.

The biochemical quantification of hydroxyproline (HOP) was
performed in a segment of myocardial tissue far from the infarcted
area, according to a previously described method 11. The method
is based on oxidation of a cardiac tissue hydrolysate in 6N HCl by
chloramine T solution, followed by color obtainment by use of the
reaction with the Ehrlich´s solution and reading in optical density
at a wave length of 565 nm.

The variables studied are presented as means and respective
standard deviations, and the comparisons between the groups
were performed using one-way analysis of variance (ANOVA),
followed by the Tukey test, adopting a significance level of P<0.05.

Results

The mean values and respective standard deviations of the
body weights, ventricular weights, ventricular weights corrected
for body weights, sectional areas of the myocytes, and myocardial
concentrations of HOP are shown in table I.

No statistical difference was found in mean body weight (BW)
between the groups of infarcted rats 3 months after treatment
and the control group. No difference was found in the experimen-
tal groups (CONT: 36±7%; LIS: 36±6%; LOS: 39±6%) in regard
to the infarcted area. The statistical analysis showed that the
mean ventricular weights and the left ventricular weight-to-body
weight ratio (LV/BW) were lower in groups LIS, LOS, and CONT
when compared with those in group NT. No statistically significant
difference was observed in the left ventricular weight and in the
LV/BW ratio between the groups LIS and LOS. Acute myocardial
infarction led to an increase in right ventricular mass, which was
prevented by lisinopril, but not by losartan.

The statistical analysis showed that the sectional areas of
the myocytes of the right and left ventricles in groups NT, LIS,
and LOS were greater than those in group CONT (P<0.001).
The areas of the myocytes in groups LOS and LIS were significantly
smaller than those in group NT (P<0.05). No significant difference
in the sectional area in both ventricles was observed between the
groups LOS and LIS.

A statistically significant increase in the left ventricular CVF
was observed in group NT as compared with that in groups CONT,
LIS, and LOS. Group LIS had a left ventricular CVF significantly
greater than that in group CONT, and no difference was observed
between groups LIS and LOS. No statistically significant difference
in the right ventricular collagen fraction was observed in the groups
analyzed. The level of hydroxyproline in the left ventricle was
significantly greater in the infarcted group as compared with that
in the control group, independently of the treatment received.
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ventricular weight-to-body weight ratio is not a good parameter
for assessing myocardial hypertrophy in the presence of infarction.
Therefore, depending on the size of the infarcted area, the mea-
surement of ventricular weight tends to underestimate the presence
of ventricular hypertrophy. Based on the results obtained, we observed
that, in the presence of myocardial infarction, the measurement of
the cellular area of the myocyte is a better index of ventricular
hypertrophy than the parameter of ventricular weight.

The measurement of left ventricular collagen fraction (CVF)
showed an increase in interstitial fibrosis in remote areas of in-
farction (tab. I, fig. 1). In the present study, a smaller CVF was
observed in the infarcted groups treated with lisinopril or losartan.
These results were similar to those found by other researchers,
who reported prevention of interstitial fibrosis in animals treated
with angiotensin-converting-enzyme inhibitors or with antagonists
of the angiotensin II AT1 receptors 3,20-22.

Greater levels of right ventricular CVF were found in infarcted
rats. However, no significant differences were detected between the
groups studied. We believe that the great variability in these data
associated with the small size of the sample may have hindered the
detection of the statistical difference. We have also observed smaller
CVF values than those reported in the literature. The use of linear
polarized light filter (fig. 1) seems to underestimate the CVF value,
suggesting that the ideal method would be the use of a circular
polarized light filter 23. As the same methodology was used in all
groups, the comparison between them could be established.

The HOP value was significantly greater in group NT as com-
pared with that in groups CONT, LIS, and LOS. Unlike CVF mea-
surement, that of HOP was not sufficiently sensitive to detect the
modifications in myocardial fibrosis due to treatment. However,
we cannot exclude the possibility of including peri-infarction tissue
in HOP quantification, which could falsify the effect of the treat-
ment on interstitial fibrosis. Thus, in this model of experimental
infarction and in regard to the analysis of myocardial fibrosis, we
can assume that CVF measurement is more reliable than HOP
quantification, because direct histological viewing allows the de-
finitive exclusion of the scar area.

In conclusion, myocardial remodeling after acute myocardial
infarction results mainly from hypertrophy of the remaining myo-
cytes and interstitial fibrosis. Postinfarction hypertrophy of myocy-
tes and interstitial fibrosis may be prevented by using angiotensin-
converting-enzyme inhibitors (lisinopril) or an AT1 receptor anta-
gonist (losartan). Further studies are required to establish whether

Discussion

Acute myocardial infarction was accompanied by left and right
ventricular hypertrophy as shown by the ventricular weights and
measurements of the cellular areas. The results showed that
muscular growth was highly compensatory, ie, the remaining
myocytes had a hypertrophy that exceeded the area lost due to
myocardial necrosis. According to the literature, this result suggests
that hypertrophy is not due only to the mechanical stimulation of
the elevation in the preload or afterload 12. Local mechanical
stimuli, through stretching and activation of the mechanotrans-
ducers, associated with the inflammatory reaction due to myocytic
necrosis cause release of growth factors that stimulate hypertrophy
and fibrosis 13,14.

The right ventricle showed no infarcted area detected on optical
microscopy, and the presence of right ventricular hypertrophy could
be attributed to 2 factors: the mechanical stimulation triggered
by pulmonary hypertension and activation of the systemic or local
neurohormone system 15. After acute myocardial infarction, different
degrees of left ventricular diastolic dysfunction frequently occur.
The consequences of that dysfunction are as follows: pulmonary
arterial vasoconstriction, and right ventricular overload and hy-
pertrophy. This hypertrophy could also result from the trophic
action of the neurohormone mediators released after acute myo-
cardial infarction, such as angiotensin II, which, by coupling with
specific receptors activate intracellular mediators that cause the
expression of proto-oncogenes, promoters of protein synthesis 16,17.

In the present study, the treatment of rats after acute myocardial
infarction with lisinopril or losartan proved to be effective for pre-
venting the increase in ventricular mass. The reductions in the
right and left ventricular weights and in the ventricular weight-to-
body weight ratio were significant in both measurements as com-
pared with those in the nontreated infarcted group, and the para-
meters were reduced to levels similar to those in the noninfarcted
control group. These results were similar to those obtained by
other authors 18,19, who reported a reduction in the ventricular
mass in infarcted hearts of rats treated with angiotensin-converting-
enzyme inhibitor or with an antagonist of the angiotensin AT1
receptors. In the groups treated, the measurement of ventricular
weight showed lack of mass gain; however, measurement of the
myocytic cellular areas showed the occurrence of myocytic
hypertrophy as compared with that in the noninfarcted control
group. Therefore, the measurement of ventricular weight and of

Table I - Means and standard deviations of the variables studied in the following groups of rats: noninfarcted (CONT). nontreated infarcted (NT). lisinopril-
treated infarcted (LIS). and losartan-treated infarcted (LOS).

CONT (n=11) NT (n=11) LIS (n=13) LOS (n=11)

BW (g) 448±42 448±48 404±44 446±47
LV (g) 1.02±0.09 1.26±0.17* 0.97±0.18# 1.06±0.12#
LV/BW (mg/g) 2.27±0.15 2.82±0.37* 2.41±0.38# 2.37±0.21#
RV (g) 0.29±0.05 0.58±0.17* 0.38±0.14# 0.53±0.18*§
RV/BW (mg/g) 0.65±0.08 1.30±0.41* 0.96±0.36# 1.17±0.37*
LV AC (µ2) 158±06 256±35* 217±35*# 210±39*#
RV AC ( µ2) 154±11 266±34* 206±38*# 216±34*#
LV CVF (%) 0.71±0.49 1.80±0.40* 1.27±0.52*# 1.16±0.41#
RV CVF (%) 0.99±0.44 1.57±0.69 1.52±1.01 1.80±0.77
LV HOP (mg/g) 2.81±1.21 6.91±2.98* 5.63±1.79* 5.59±1.16*

BW: body weight; LV- left ventricle; RV- right ventricle; AC- cell area; CVF- interstitial collagen fraction; HOP- hydroxyproline; * P<0.05 vs CONT; # P<0.05 vs NT;
§P<0.05 vs LIS; ANOVA test followed by the Tukey test for comparison between the groups.
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Fig. 1 - Microphotograph of histological sections of rat myocardium (LV) stained with picrosirius red and analyzed under polarized light. The
collagen fibers are shown in bright yellow (arrow) and the muscular fibers in brown.
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