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Abstract

Background: Currently there are several types of interventions for the treatment of heart failure (HF). Among these are
beta-blocker therapy (BB) and physical training (PT). However, the effects of the combination of these therapies are
poorly studied.

Objective: To investigate the effects of BB treatment with metoprolol (M) and carvedilol (C) associated with PT in mice
with HE.

Methods: We used a genetic model of sympathetic hyperactivity-induced heart failure in mice. Initially, we divided the
HF animals into three groups: sedentary (S); trained (T); treated with M (138 mg/kg) (M); or C (65 mg/kg) (C). In the
second part, we divided the groups into three subgroups: sedentary (S); trained and treated with M (TM); and trained
and treated with C (CT). The PT consisted of aerobic training on a treadmill for 8 weeks. Exercise tolerance was assessed
by maximal graded test, and fractional shortening (FS) was assessed by echocardiography. Cardiomyocyte diameter and
collagen volume fraction were evaluated by histological analysis. Data were compared by one way ANOVA and post hoc
Duncan test. The significance level was set at p < 0.05.

Results: As to FS and cardiac remodeling, we found that, in isolation, T, M, and C showed an improvement of the variables
analyzed. As to therapy combination, after the intervention period, we observed an increase in exercise tolerance in
MT and CT (43.0% and 33.0% respectively). There was also a reduction in cardiomyocyte diameter (10.0% and 9.0%
respectively) and in collagen volume fraction (52.0% and 63.0%) after the intervention. However, only CT significantly
improved FS.

Conclusion: The association of PT with M or C therapies provided benefits on cardiac function and remodeling in HF
mice. (Arq Bras Cardiol 2010; 95(3): 373-380)
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Introduction

Heart failure is the final common pathway for many
cardiovascular diseases. It is a syndrome characterized by
signs and symptoms related to inadequate tissue perfusion’
and cathecolamine excess?. According to the hemodynamic
view, heart failure syndrome is associated with low cardiac
output, with consequent low renal flow, resulting in sodium
and water retention and the appearance of peripheral and
pulmonary edema®. Another common feature of heart failure
is cardiac remodeling associated with loss of cardiomyocytes
and increased collagen fraction**.

In the last two decades, there was a remarkable progress
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in the treatment of HFE. The introduction of beta blockers and
renin-angiotensin-aldosterone inhibitors made a considerable
difference in the clinical evolution of patients, offeringa more
promising prospect for greater survival. Relevant clinical
trials showed an unprecedented mortality reduction in the
treatment of HF*'°,

There are increased possibilities of therapeutic and
clinical optimization when non-pharmacological measures,
such as diet and regular physical activity, are associated with
conventional pharmacological treatment. Actually, physical
training has been increasingly adopted, and its benefits include
improved quality of life and tolerance to physical exertion,
besides a reduction in the hyperactivity of the neurohumoral
system, which is directly related to improved survival rates
and autonomic balance'*".

In previous laboratory studies we demonstrated that
a therapy with the beta-blocker carvedilol significantly
reduced sympathetic nerve activity in patients with HF'.
More recently, we demonstrated that a non-pharmacological
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therapy based on exercise training resulted in additional
reduction in sympathetic activity in HF patients who were
already under therapy with the beta-blocker carvedilol™.
These results suggest that the association of physical training
with beta-blocker therapy can optimize the reduction in the
hyperactivity of the neurohumoral system.

In this study, we used a genetic model of sympathetic
hyperactivity-induced HF in mice to study the effect of the
combination of the beta blockers metoprolol or carvedilol with
aerobic exercise training on cardiac function and structure.

Material and methods

Sample

We used male mice of the C57/BL6 strain with gene
inactivation of the a.,, /o, adrenergic receptor (a,, /o1, ARKO
mice), aged between 5-7 months, from the Laboratory Animal
Facility of the School of Physical Education and Sports of
the University of Sao Paulo (n = 35). These mice develop
clinical signs of HF such as pulmonary edema associated
with severe ventricular dysfunction at 7 months of age, when
the mortality rate is 50.0%'*"". The gene inactivation of the
a,, and o, adrenergic receptors leads to an increase in the
release of circulating noradrenaline'®'. Therefore, the HF
observed in this model results from sympathetic nervous
system hyperactivity.

This study was approved by the Ethics Committee of the
Medical School of the University of Sdo Paulo (897/06).

As a first step in our study, in order to evaluate the effect
of isolated therapies on the variables analised, the animals
were randomly divided into four groups: a,,/a, ARKO
sedentary mice (S); a,,/a, ARKO trained mice (T); a,,/
a, ARKO mice treated with metoprolol (M); and a,,/
a, ARKO mice treated with carvedilol (C). After observing
the isolated effect of the treatments, the effects of combined
therapies were evaluated and, for that end, the animals
were randomly divided into the following subgroups: o,/
a, ARKO sedentary mice (S); a,,/a, ARKO mice trained
and treated with metoprolol (MT); and a.,,/a., ARKO mice
trained and treated with carvedilol (CT).

Control mice without HF (WT) are shown in the figures of
the study with a dashed line to indicate the expected value
in a control group without heart failure.

The treatments were carried out by gavage, and the doses
used were previously tested in order to adjust them and
to obtain equipotent doses for reducing the heart rate of
animals, which corresponded to 135 mg/kg and 68 mg/kg for
metoprolol and carvedilol, respectively?°2'.

Body weight was monitored weekly in a semi-analytical
scale (Gehaka, BG 400 - Sao Paulo, Brazil).

Maximum capacity of physical exercise

Intolerance to exertion was estimated in the groups
studied by quantifying the maximum capacity to perform
physical exercise (total test time in seconds) using a phased
progressive exercise test to exhaustion, which was evidenced

when the animal could not continue running on the treadmill
(manufactured by the Federal University of Sdo Carlos, Sao
Carlos, Brazil) with an initial velocity of 3 m/min, and an
increase of 3 m/min every 3 min'%.

Aerobic exercise training protocol

The groups of trained animals underwent a program of
aerobic exercise training on treadmill for 8 weeks (from 5
to 7 months of age). The exercise sessions were conducted
5 times per week, lasting 60 minutes per session, with an
intensity of 60.0% of the maximum speed recorded in the
progressive test to exhaustion, which, as noted in a previous
study, corresponds to the maximum lactate steady state?? ie,
corresponds to the maximum exercise intensity in which there
is a balance between production and removal of blood lactate
during prolonged exercise.

Indirect measurement of blood pressure and heart rate

We performed an indirect measurement of blood pressure
using the tail plethysmographic method over the 8 weeks of
intervention (Kent Scientific, CODA - Torrington, CT, USA).
By using the pressure pulses recorded, we calculated the
heart rate of the mice, as had already been done in previous
Studies13'20'21’23.

Echocardiographic assessment

The transthoracic echocardiography was performed
before and after the intervention period in all groups. The
echocardiographic examination was performed with the
animals anesthetized with the inhalation of the anesthetic
halothane 1.0%, mixed with an O, flow of 1 I/min. We used
an echocardiograph (Acuson Corporation, Sequoia 512 -
Mountain View, CA, USA) with a 15 MHz transducer. Images
were taken at a frequency of 14 MHz. From the visualization
of the left ventricle (cross section) at the level of the papillary
muscles, M-mode was performed, and the diastolic diameter
(LVDD) and the systolic diameter (LVSD) of the left ventricle
were obtained and used to calculate fractional shortening
(FS). The formula used was: FS = (LVDD - LVSD)/LVDD. The
echocardiographer (R. S.) was blinded to the genotype and
the type of treatment of the animals.

Cardiac morphological and morphometric analyses

After 48 hours of formalin fixation (4.0%), the left
ventricle was subjected to the usual histological processing,
with 2 micron slices and hematoxylin-eosin or picrosirius
red staining for the quantification of the cardiomyocyte
cross-sectional diameter and the cardiac collagen fraction,
respectively. These measurements were performed in a
computerized system (Leica Imaging Systems Ltd., Quantimet
500 - Cambridge, UK, England), with a magnification of
400x and 200x, respectively. The cardiomyocyte diameter
was determined as the mean of 10 measured values for
each animal.

The collagen volume fraction was calculated as the percent
ratio between the myocardial tissue area positively stained for
collagen fibers (the absolute amount of collagen) and the total
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area of myocardial tissue in each ventricular region examined
(absolute amount of collagen and myocytes), field by field.
About 15-20 fields were examined for each animal'32:2123:24,

Statistical analysis

All variables showed normal distribution, when analyzed
using the Shapiro-Wilk normality test, and therefore, the
parametric statistical analysis was used. Data were expressed
as mean = standard error of mean.

The variables were compared among groups by one-way
analysis of variance (ANOVA) (cardiomyocyte cross-sectional
diameter and collagen fraction volume), or one way repeated
measures (exercise tolerance, fractional shortening, and heart
rate). For mortality, log rank analysis was used. For cases in
which some significance was shown, post hoc Duncan’s test
was used. For all analyses, we adopted the significance level
of p < 0.05. The software used for statistical analysis was
Statistica version 6.0.

Results

Isolated effect of treatments (physical training, metoprolol,
and carvedilol on exercise tolerance, cardiac structure, and
contractile function)

In Figure 1, Panel A, which highlights the isolated effects
of the treatments on exercise tolerance, we observed that
exercise training alone leads to a significant improvement
in exercise tolerance, which is not observed in groups
treated with the beta blockers metoprolol and carvedilol.
As to ventricular function, we observed that all treatments
(PT, M, or C) similarly improved the fractional shortening
(Figure 1B).

Regarding the effects on cardiac structure, physical
training alone did not result in a significant reduction of the
cardiomyocyte cross-sectional diameter; however, it had
effects similar to the pharmacological therapies in reducing
the cardiac collagen fraction (Figures 1C and 1D).
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Figure 1 - Isolated effects of treatment on exercise tolerance (Panel A), fractional shortening (Panel B), cardiomyocyte diameter (Panel C), and collagen volume fraction
(Panel D), in a2A/a2CARKO control mice (S), in a,,/o., ARKO trained mice (T), and in o, /o, ARKO mice undergoing pharmacological treatment with metoprolol (M)

or carvedilol (C). WT - wild type.
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Effects of the combination of physical training with
treatment with beta blockers

During the experimental period, the body weight of the
animals was measured weekly. We observed that o, /a., ARKO
animals initially had lower body mass than those of the WT
control group (22.2 = 1.3 gvs 28.3 = 2.2 g, p < 0.05). Neither
group showed a change in mass during the intervention period.

Additionally, we evaluated the mortality curve during the
intervention period and found no significant difference among
groups (40.0% vs 20.0% and 18.0% for groups S, MT, and CT,
respectively, p < 0.05).

Maximum exercise tolerance

In Figure 2, we observe that the association of physical
training with beta-blocker therapy significantly improved the
exercise tolerance when compared to the group treated with
saline (S).

It should be emphasized that exercise tolerance in a.,,/
a, ARKO animals reached the values observed in control
mice without HF (Figure 2, dashed line); also, the groups that
were trained and treated with the beta blockers metoprolol
and carvedilol were equally effective in improving exercise
tolerance (43.0% and 33.0% increase, respectively).

Heart rate and blood pressure

As shown in Figure 3, a,,/0, ARKO mice have resting
tachycardia compared to control WT mice (711 = 3 vs 617
+ 24 bpm, respectively, p < 0.05). The association of physical
training with therapy with beta blockers similarly reduced

the heart rate of a,,/a, ARKO mice, from the 4" week of
intervention, to values similar to the heart rate observed in
control mice without HF (WT, dashed line). There was no
difference in blood pressure between groups over the eight
weeks of intervention (114 = 7.3 mmHg at week 8 of study).

Fractional shortening

By 8 weeks after the intervention, only the a,,/o., ARKO
mice group trained and treated with carvedilol (CT)
significantly improved in values of fractional shortening
(Figure 4) compared to the a,,/o., ARKO mice group treated
with saline (20 = 0.8 vs 15 = 0.4%, respectively, p < 0.05),
reaching values similar to those of the control group without
HF (WT). Interestingly, the association of metoprolol with
PT did not improve fractional shortening. This result was
unexpected because both metoprolol alone and PT alone were
able to increase fractional shortening (Figure 1B).

Cardiomyocyte diameter and collagen volume fraction

The morphometric assessment showed that both cardiac
beta-blockers associated with exercise training were equally
effective in significantly reducing cardiomyocyte cross-
sectional diameter (10.0% and 9.0% for the trained groups
treated with metoprolol and carvedilol, respectively) and
cardiac collagen fraction (52.0% and 63.0% for the trained
groups treated with metoprolol and carvedilol, respectively),
suggesting a possible effect of reverse cardiac remodeling
associated with the combined effects of both beta-blockers
to physical training (Figure 5).

...... WT
2000 m pre-intervention
o post-intervention
1800 #
1600
z
S 1400 [_...oooiieeeeieeeiesssis s e
@
@2
E 1200
s
2 1000
800
0 |
S (4) MT (6) CT (6)
* Significant difference vs. pre-intervention period
# Significant difference vs.S  (p<0,05)

Figure 2 - Total time (seconds) of the progressive test to exhaustion in a.,/o., ARKO control mice (S), and in o,,/a.,, ARKO mice undergoing the association of
pharmacological treatment with metoprolol (MT) or carvedilol (CT) to physical training in the pre-intervention (5 months age) and the post-intervention (7 months) periods.

WT - wild type.
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Figure 3 - Heart rate over the intervention period in c,,/o., ARKO control mice (S), and in o.,,/o., ARKO mice undergoing the association of pharmacological treatment
with metoprolol (MT) or carvedilol (CT) to physical training in the pre-intervention (5 months age) and the post-intervention (7 months) periods. WT - wild type.
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Figure 4 - Fractional shortening before and after the intervention period in o,,/o., ARKO control mice (S), and in o.,/o., ARKO mice undergoing the association of
pharmacological treatment with metoprolol (MT) or carvedilol (CT) to physical training in the pre-intervention (5 months age) and the post-intervention (7 months) periods.

WT - wild type.

In mice with sympathetic hyperactivity-induced
cardiomyopathy as well as in clinical HF, the manifestation
of clinical signs, such as intolerance to exertion, pulmonary
edema, decreased cardiac function, and cardiac remodeling,
is very common. It is important to emphasize that, even
though a cause-effect on sympathetic hyperactivity has not
been established in clinical heart failure, the autonomic
imbalance plays an important role in the patient’s prognosis,

Arq Bras Cardiol 2010; 95(3): 373-380

which makes the mice model used in this study even more
interesting, because it allows for studies evaluating the direct
effect of sympathetic hyperactivity in HE

Following this addendum, the main results of this study in
mice with sympathetic hyperactivity-induced HF were:

1) Both metoprolol and carvedilol, when combined with
physical training, similarly improved tolerance to exertion
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Figure 5 - Cardiomyocyte diameter (Panel A) and collagen volume fraction (panel B) evaluated in o,,/a., ARKO control mice (S), and in o, /o, ARKO mice undergoing
the association of pharmacological treatment with metoprolol (MT) or carvedilol (CT) to physical training in the pre-intervention (5 months age) and the post-intervention

(7 months) periods.

and reduced resting tachycardia in an equipotent manner;

2) Both physical and pharmacologic therapies, individually,
and the association of carvedilol with physical training
significantly improved fractional shortening;

3) Both metoprolol and carvedilol associated with physical
training similarly reduced collagen volume fraction and
cardiomyocyte cross-sectional diameter.

We demonstrated previously that exercise training
improved fractional shortening in heart failure by improving
the calcium transient and the expression profile of proteins
that regulate intracellular Ca** flow'?. The association of
metoprolol with physical training seems to be less effective,
probably because metoprolol has a cardiac effect similar to
that of PT, i.e. it is more associated with the calcium transient
and not with reducing oxidative stress.*’

Although carvedilol and metoprolol in combination with
exercise training produced different effects on ventricular
contractility, both were equally effective in improving tolerance
to exertion when combined with exercise training.

The increased tolerance to physical exertion is not
associated only with an improved cardiac function, but with
the combination of better cardiac performance with beneficial
adaptations in non-cardiac target organs. This may include the
vasodilator response in the vascular endothelium, the cardiac
output distribution, the ventilatory response®, and changes
in skeletal muscles.

Skeletal muscle structure analyses, conducted in the same
genetic model used in this study, with o, ,/a.,. ARKO mice of
7 months of age, using the technique of staining for myosin
ATPase, showed a decreased cross-sectional area of muscle
fibers, a phenotypic change of fiber type I to type Il fibers, and
capillary rarefaction. Besides, the changes described appear
to be accompanied by a change in the metabolic profile,
with a reduced activity of oxidative enzymes?*. This may be

associated with the progressive reduction in exercise tolerance
observed in this study.

With regard to the effects of beta blockers in tolerance
to exertion, several studies in the literature have examined
their use in patients with various heart diseases?”-*. Clinical
trials that have lasted for more than a month have observed
significant improvements in ventricular function, but very
subtle improvement in exercise tolerance??. Therefore,
physical training seems to play a key role in improving
tolerance to exertion in mice with heart failure , corroborating
the results of other studies that show the same effect?°.

Similarly to what was observed for tolerance to exertion,
heart rate reduction had the same outcome pattern in the
groups treated with metoprolol and carvedilol associated
with physical training. Both had equipotent effects on HR,
reducing it to values similar to those observed in WT mice
(dashed line), and thus showing the effectiveness of the
treatment with both beta-blockers in reducing tachycardia in
this model of cardiomyopathy, which is related to an increased
activity of the sympathetic nervous system. Therefore, these
bradycardic effects in mice, may suggest an improvement in
the autonomic balance, which, in turn, is associated with an
improved prognosis and survival in heart failure’®*'. Moreover,
high values of heart rate are also independent predictors of
mortality in the general population®*33.

Besides changes in ventricular function, our results also
suggest the presence of cardiac remodeling in mice with heart
failure (Figure 4). Both beta-blockers in combination with
exercise training had beneficial effects on cardiac structure
and prevented cardiomyocyte hypertrophy and cardiac
collagen increase.

Actually, physical training has an effect on the reverse
remodeling associated with a reduction in the calcineurin
signaling pathway, which is related to pathological
hypertrophy**, or Akt activation, which in turn is related to
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physiological hypertrophy?**. Therefore, the association of
PT to beta-blockers is an approach to be adopted, because
remodeling is highly related to death in patients with HF?¢-3%,

Other effects of physical training on minimizing the process
of myocardial failure have recently been shown and may be
associated with a reduction in proteins associated with fibrosis
and cardiac remodeling, among other factors**4°.

Conclusion

The association of physical training to therapy with
metoprolol or carvedilol similarly improved tolerance to
exertion and also improved the cardiac structure in mice
with HF induced by sympathetic hyperactivity. However, only
carvedilol, when associated with PT, improved contractility.
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