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OBJECTIVES: The present study was performed to investigate 1) whether aerobic exercise training prior to
myocardial infarction would prevent cardiac dysfunction and structural deterioration and 2) whether the
potential cardiac benefits of aerobic exercise training would be associated with preserved morphological and
contractile properties of cardiomyocytes in post-infarct remodeled myocardium.

METHODS: Male Wistar rats underwent an aerobic exercise training protocol for eight weeks. The rats were
then assigned to sham surgery (SHAM), sedentary lifestyle and myocardial infarction or exercise training and
myocardial infarction groups and were evaluated 15 days after the surgery. Left ventricular tissue was analyzed
histologically, and the contractile function of isolated myocytes was measured. Student’s t-test was used to
analyze infarct size and ventricular wall thickness, and the other parameters were analyzed by the Kruskal-
Wallis test followed by Dunn’s test or a one-way analysis of variance followed by Tukey’s test (p,0.05).

RESULTS: Myocardial infarctions in exercise-trained animals resulted in a smaller myocardial infarction
extension, a thicker infarcted wall and less collagen accumulation as compared to myocardial infarctions in
sedentary animals. Myocardial infarction-induced left ventricular dilation and cardiac dysfunction, as evaluated
by +dP/dt and -dP/dt, were both prevented by previous aerobic exercise training. Moreover, aerobic exercise
training preserved cardiac myocyte shortening, improved the maximum shortening and relengthening
velocities in infarcted hearts and enhanced responsiveness to calcium.

CONCLUSION: Previous aerobic exercise training attenuated the cardiac dysfunction and structural deteriora-
tion promoted by myocardial infarction, and such benefits were associated with preserved cardiomyocyte
morphological and contractile properties.
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& INTRODUCTION

A sedentary lifestyle is known to be a major cardiovas-
cular risk factor predisposing individuals to cardiac events

such as myocardial infarction (MI) (1), which is the most
common etiology of heart failure (HF). In recent years,
studies have provided strong evidence for the benefits of
aerobic exercise training (AET) in cardiac rehabilitation,
which highlights its use as an adjuvant therapy for a variety
of cardiovascular diseases (2-4). Despite the well-known
benefits of AET in terms of the clinical outcomes of cardiac
patients, the potential protective effect of AET performed
prior to cardiac insult remains incompletely understood and
is poorly addressed in the literature.

A small number of studies have evaluated how increasing
physical activity prior to MI affects hemodynamic para-
meters and cardiac function and structure. However,

Copyright � 2013 CLINICS – This is an Open Access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

No potential conflict of interest was reported.

DOI: 10.6061/clinics/2013(04)18

BASIC RESEARCH

549

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Cadernos Espinosanos (E-Journal)

https://core.ac.uk/display/268269006?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


despite distinct experimental designs and exercise regi-
mens, results from different studies seem to be fairly
convergent and suggest that exercise training protects
against the maladaptive remodeling and global function
induced by MI in rodents (5-8). Nevertheless, the mechan-
isms underlying these morphological and functional bene-
fits of prior AET in post-remodeled myocardium are poorly
understood and may be related to the morphological and
contractile properties of cardiomyocytes.

The role played by cardiomyocyte contractile function in
reducing blood pumping capacity after MI is controversial.
Some authors have reported cardiac dysfunction paralleled
by impaired cardiomyocyte contractility (9-12), while others
have observed preserved cardiomyocyte contractility in
infarcted ventricles (13-15). Based on these findings, left
ventricular (LV) remodeling (e.g., increased collagen con-
tent, pathological cardiac hypertrophy and LV dilation) has
been proposed as the main determinant of cardiac dysfunc-
tion after MI; however, further studies are needed to obtain
a more thorough understanding of such a relationship.

As AET improves cardiomyocyte fractional shortening as
well as maximal shortening and relengthening velocities (16-
18), it is possible that improving cardiomyocyte contractile
function by AET could provide protection against MI-induced
cardiac dysfunction. Therefore, the present study was under-
taken to investigate 1) whether AET prior to MI prevents
cardiac dysfunction and structural deterioration and 2) whether
the potential cardiac benefits of AET would be associated with
preserved morphological and contractile properties of cardio-
myocytes in post-infarct remodeled myocardium.

& MATERIALS AND METHODS

Study population
Experiments were performed according to the principles of

laboratory animal care (NIH publication No. 86-23, revised
1985) and the Brazilian College of Animal Experimentation
and were approved by the Institutional Animal Care
Committee (protocol 55/2009). Male Wistar rats (100-120 g)
provided by the animal facilities at the Federal University of
Viçosa, Brazil were randomly assigned to the following
groups: control (SHAM; n = 15); sedentary lifestyle and MI
(SED-MI; n = 20); and exercise training and MI (ET-MI;
n = 20). The large initial number of animals was chosen to
provide at least six rats per group for each of the
measurements, as a high mortality rate is expected for rats
subjected to MI (30-40%). The animals were kept under a
12:12 hour light-dark cycle in a temperature-controlled (22 C̊)
room with free access to standard laboratory chow (Nuvital,
Colombo, Paraná, Brazil) and tap water.

Aerobic Exercise Training and test protocols
The ET-MI group underwent AET on a motor-driven

treadmill (Insight Scientific Equipments, Ribeirão Preto, São
Paulo, Brazil) five days per week for eight weeks prior to MI
surgery. The running speed, treadmill inclination and
session duration were progressively increased throughout
the protocol in such a way that by the 6th week, the rats were
running continuously for 60 min at 18 m.min-1 and a 10˚
grade, which was maintained until the end of the protocol.
The running speed of 18 m.min-1 was chosen because a pilot
study in our lab failed to verify cardiomyocyte adaptations
after AET at lower intensities. To verify the relative intensity
of the training protocol, a subset of five sedentary rats

underwent graded treadmill running tests at a 10˚grade until
exhaustion to measure the maximum running workload.
Treadmill running tests performed until exhaustion in a
separate batch of age-matched rats revealed that 18 m.min-1

corresponded to 55-70% of the maximal running speed in all
animals; therefore, the AET protocol was performed at a
moderate intensity. SHAM and SED-MI groups were placed
on the treadmill twice a week and walked for 10 min at 20%
of the speed of the exercise-trained group to mimic the
running stress associated with the experimental protocol and
maintenance of exercise skills. Forty-eight hours after the last
training session (ET-MI) or adaptation (SHAM and SED-MI),
all animals underwent a graded treadmill exercise test until
exhaustion, as described by Koch and Britton (19). Briefly, the
initial treadmill speed was 10 m.min-1, which was increased
by 1 m.min-1 every 2 min until the rats were no longer able to
run. The tests were carried out by experienced observers
(LHMB and MFS) over the course of three days.

Myocardial infarction
Coronary artery occlusion was performed in the MI

groups 48 hours after the last graded treadmill running test.
Rats were deeply anesthetized with ketamine (50 mg/kg,
ip) and xylazine (10 mg/kg, ip), and a left thoracotomy was
then performed. The mediastinum was accessed by incising
the intercostal muscles between the 3rd and 4th ribs, the
heart was carefully exteriorized, and then the left anterior
descending (LAD) coronary artery was occluded with a 6-0
thread. After LAD ligation, the thorax was closed, and lung
collapse was prevented by rapid withdrawal of air from the
pleural cavity using a syringe. Sham-operated animals
underwent a similar left thoracotomy and cardiac exterior-
ization but did not undergo LAD ligation. The peri-
operative mortality was 30% in sedentary and 15% in
exercise-trained animals. After MI induction, the animals
were kept sedentary, and all measurements were performed
15 days after the surgical procedures. A similar number of
animals from each of the three groups was allocated for
either (1) the in vivo assessment of hemodynamic para-
meters and cardiac structure or (2) isolated cardiomyocyte
structure and function evaluation.

In vivo hemodynamic and cardiac function
measurements

Fifteen days after the surgical procedures, the animals were
deeply anesthetized with ketamine (70 mg.kg-1, ip) and
xylazine (10 mg.kg-1, ip) for LV catheterization. The right
common carotid artery was separated from its connective
tissue and catheterized with a fluid-filled polyethylene
catheter (P50). The catheter was connected to a pressure
transducer (TRI 21, Letica Scientific Instruments, Hospitalet,
Barcelona, Spain) and to a digitalizing unit (Powerlab/4SP
ML750, ADInstrument, Sidney, New South Wales, Australia)
for data recording. After acquiring arterial systolic (SBP) and
diastolic blood pressure (DBP) values, the catheter was
moved to the left ventricle to obtain the following parameters:
heart rate (HR); left ventricular systolic (LVSP) and end-
diastolic pressures (LVEDP); and the maximum rates of
pressure rise (+dP/dt) and fall (-dP/dt).

In situ LV pressure-volume relationship
After hemodynamic measurements were collected, each

heart was arrested with 3 M KCl (0.2 mL, iv), and a double
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lumen catheter (P50 inserted into P200) was inserted into the
left ventricle through the aorta to determine the in situ left
ventricle diastolic pressure-volume relationship, as pre-
viously described (20). Briefly, the atrio-ventricular groove
was occluded, and a small incision was made in the right
ventricular free wall to hinder any compression effect. Then,
0.9% NaCl was infused with an infusion pump (Insight
Scientific Equipments, Ribeirão Preto, São Paulo, Brazil) at a
constant rate of 0.68 mL.min-1 into the P200, and pressure
was continuously monitored through the P50. The pressure
followed a linear pattern during volume infusion from 0 to
5 mmHg, indicating the passive distention of ventricular
wall; therefore, the slope was used to estimate LV dilatation
because no stiffness was observed up to 5 mmHg (20).

Histological evaluation
After in vivo hemodynamic measurements, the heart was

removed, mounted for routine histological procedures,
transversely sectioned in 5 mm-thick sections and stained
with picrosirius red for analysis of infarct size and collagen
content. Endocardial and epicardial circumferences of the
infarcted tissue and left ventricle were determined using
Image J software (NIH, Bethesda, Maryland, USA). Infarct
size was calculated as (endocardial + epicardial circumfer-
ence of infarcted tissue)/(endocardial + epicardial circum-
ference of the left ventricle) and was expressed as a
percentage. The infarcted wall thickness was measured at
the medial point of the scar area. The stereological parameter
of collagen volume density (Vv) was estimated from the
remote region by point counting for collagen according to the
following formula: Vv[collagen] = PP[collagen]/72; where
PP is the number of points that hit the structure and 72 is the
total number of test points. A points test system was used for
analysis in a standard test area of 0.15 mm2 (21).

Cardiomyocyte isolation
Cardiac myocytes from a region adjacent to the MI were

enzymatically isolated as previously described (22). Briefly,
after euthanasia, the heart was removed rapidly, and
extraneous tissue was dissected away. The heat was then
flushed with a modified Hepes-Tyrode solution at room
temperature containing the following ingredients: 130 mM
Na+, 5.4 mM K+, 1.4 mM Mg2+, 140 mM Cl-, 0.75 mM Ca2+,
5 mM Hepes, 10 mM glucose, 20 mM taurine and 10 mM
creatine, pH 7.3. The heart was then blotted dry and weighed
before being mounted on a custom-designed Langendorff
apparatus. After perfusion for 3 min with a 750 mM CaCl2
solution, the heart was perfused for 3-5 min with a Ca2+-free
solution containing EGTA (0.1 mM). Afterwards, the heart
was perfused for 15-20 min with a solution containing
1 mg.mL-1 collagenase type II (Worthington, Lakewood,
New Jersey, USA). After tissue digestion, fragments of the
MI-adjacent region were obtained, and single cells were
isolated by mechanical dispersion and stored at 5 C̊ until use.

Cardiomyocyte contractile function and
morphology

Cellular contractility was measured as previously
described (22). Briefly, isolated cardiomyocytes were placed
in an experimental chamber with a glass coverslip base
mounted on the stage of an inverted microscope. The
chamber was perfused with HEPES Tyrode’s solution
containing 0.6, 1 or 5 mM CaCl2 and field-stimulated at a

frequency of 3 Hz (20 V, 5 ms-long square pulses) at room
temperature (25 - 30 C̊). Cells were imaged using a digital
video camera in partial scanning mode, and these images were
used to measure cell shortening (our index of contractility) in
response to electrical stimulation using a video-edge detection
system (Milton, Massachusetts, Ionoptix, USA). Cell images
were sampled at a frame rate of 240 Hz. Cell shortening
(expressed as a percentage of resting cell length), shortening
velocity and relengthening velocity were calculated as
previously described (22). Only Ca2+-tolerant, quiescent and
rod-shaped myocytes showing clear cross striations were
studied. The same images were also used to determine cell
length and width, which were used to estimate myocyte
volume (23) (130-180 cells per experimental group).

Statistics
The data are presented as the mean ¡ SEM. The Student’s

t-test was used to analyze infarct size and ventricular wall
thickness. The other parameters were analyzed using the
Kruskal-Wallis test followed by Dunn’s test (nonparametric
data) or a one-way analysis of variance (ANOVA) followed
by Tukey’s test (parametric data). Statistical significance
was defined as a p value below 0.05.

& RESULTS

Running performance
To verify the AET efficacy, all animals underwent graded

treadmill running tests until exhaustion at the end of the
training period prior to MI induction. As expected, the time
until exhaustion, i.e., the running capacity, was substantially
increased in exercise-trained rats (Table 1). Importantly, prior
to the surgical procedure, the running capacity of the SHAM
and SED-MI groups was similar, demonstrating homogene-
ity between these two groups at that time point.

Physiological parameters
Fifteen days after infarction, significant LV remodeling

had occurred. MI-induced cardiac macroscopic alterations
were verified by increased heart weights (HW) and heart
weight to body weight ratios (HW/BW) in both MI groups
as compared to the SHAM animals (Table 1). No significant
effect of prior AET was found for HW or the HW/BW ratio
(Table 1). Pulmonary congestion, estimated according to the
lung wet-to-dry ratio, was detected in both MI groups,

Table 1 - Physiological parameters.

SHAM SED-MI ET-MI

BW, g 377¡6 360¡12 345¡12

Running time,

min

8.7¡0.8 9.0¡1.3 19.4¡0.6*{

HW, mg 1.9¡0.1 2.4¡0.1* 2.5¡0.1*

HW/BW, mg/g 5.0¡0.2 6.6¡0.4* 7.5¡0.4*

Lung wet/dry

ratio

4.9¡0.09 5.2¡0.05* 5.2¡0.07*

HR, bpm 246¡7 269¡8 251¡7

SBP, mmHg 116 ¡2 108¡3 110¡3

DBP, mmHg 73¡2 74¡3 75¡2

Data are presented as the mean¡SEM. SHAM, control. SED-MI, sedentary

and given a MI. ET-MI, exercise-trained and given a MI. HW: heart weight.

HW/BW: heart weight to body weight ratio. HR: heart rate. SBP: systolic

blood pressure. DBP: diastolic blood pressure. *p,0.05 vs. SHAM; {p,0.05

vs. SED-MI (ANOVA followed by Tukey’s test).
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without a significant difference between the SED-MI and
ET-MI groups (Table 1). Histological analysis revealed that
MI extension was greater in SED-MI than ET-MI animals
(Fig. 1A and B), and infarcted wall thickness was also
greater in ET-MI as compared to SED-MI animals (Fig. 1A
and C). MI also increased cardiac collagen content in both
groups, although this occurred to a lesser extent in rats that
had undergone AET (Fig. 1D).

Hemodynamic parameters
HR, SBP and DBP under anesthesia were similar among

groups (Table 1). MI decreased LVSP in the SED-MI group,
which was not observed in the ET-MI group (Fig. 2A).
However, AET did not prevent the elevation of LVEDP by
MI (Fig. 2B). Inotropic function, evaluated according to
+dP/dt, was reduced in SED-MI animals, and prior AET

significantly attenuated inotropic dysfunction in MI rats
(Fig. 2C). Accordingly, prior AET partially restrained the
effects of MI on lusitropic function (-dP/dt) (Fig. 2D).

In situ LV pressure-volume relationship
The linear rise in LV pressure up to 5 mmHg in response

to fluid infusion indicates passive chamber filling. Thus, the
LV volume at 5 mmHg was compared among groups and
provided an estimate of LV dilation (20). As shown in
Figure 3, SED-MI animals displayed LV dilation as
compared to SHAM animals, which was prevented by prior
AET.

Cardiomyocyte morphology and contractile
function

As illustrated in Figure 4, increased myocyte length
without any change in cell width was observed in the SED-
MI group. In contrast, the ET-MI group displayed myocyte
length and width values greater than those observed in the
SED-MI and SHAM groups (Fig. 4A and B). Estimated
cardiomyocyte volume was increased only in ET-MI
animals (Fig. 4C). Interestingly, increased cardiomyocyte
dimensions in the ET-MI group were paralleled by
preserved cell shortening at 1 mM and 5 mM concentrations
of extracellular Ca2+ ([Ca2+]e), whereas SED-MI animals
demonstrated reduced cell shortening. No difference in cell
shortening was observed among groups at 0.6 mM of
[Ca2+]e (Fig. 5A), and MI did not impair maximal cell
shortening and relengthening velocities at any [Ca2+]e. In
contrast, prior AET significantly increased both parameters
in MI rats (Fig. 5B and C).

& DISCUSSION

AET is used as an adjuvant therapy in preventive
cardiology. In addition, cardiovascular risk factors are
known to arise in rats artificially selected for inborn low
aerobic capacity, suggesting that there are cardioprotective
effects of increased aerobic capacity (24). The present study
provides strong evidence for the attenuation of MI-induced
cardiac dysfunction by prior moderate-intensity AET, and
this effect was accompanied by diminished deleterious
remodeling and improved cardiomyocyte morphological
and contractile properties. The cardioprotective effect of
prior AET was also confirmed by the reduced peri-operative
mortality observed in exercise-trained animals.

The efficacy of AET is typically demonstrated by
increased exercise performance and resting bradycardia
(25,26). In this context, the AET employed in the present
study was efficient in improving the running performance
of MI rats in a graded treadmill test. Although HR was
unchanged between the treatment groups, it must be
considered that it was assessed under deep anesthesia.

We demonstrated that rats given AET had a smaller
infarct extension compared to SED-MI animals, and this
may reflect exercise-associated improvements in cardiac
vascularity or activation of cardioprotective signaling path-
ways. Improved myocardial capillarization, intracellular
redox balance, increased levels of anti-apoptotic proteins
and downregulation of the MI-induced renin angiotensin
system and sympathetic nervous activity by prior AET may
also have accounted for this observation. Such parameters
are directly involved in MI expansion and the progression
of HF (27-32) and are improved by AET (32-37).

Figure 1 - A Representative photomicrography of cardiac tissue.
B Myocardial infarct extension. C Infarcted wall thickness. D
Cardiac collagen content. SHAM, control. SED-MI, sedentary and
given a MI. ET-MI, exercise trained and given a MI. Vv, volume
density. Data are presented as the mean¡SEM. *p,0.05 vs.
SHAM; #p,0.05 vs. SED-MI (ANOVA followed by Tukey’s test).
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Additionally, cardiomyocyte sliding occurs after MI and the
thinning and elongation of the infarcted area, which
accelerates MI expansion and leads to LV dilation (38).
Therefore, the thicker infarcted areas observed in ET-MI
animals as compared to SED-MI animals may also have

contributed to the smaller MI extension and prevented LV
dilation in rats receiving both exercise training and MI. In
fact, a reduction in infarct area thickness is directly
associated with MI expansion (38). Moreover, the attenua-
tion of LV collagen accumulation in the ET-MI group
confirms the reduced deleterious effects of cardiac remodel-
ing promoted by AET (39).

Attenuated cardiac deterioration by AET was paralleled
by reduced cardiac dysfunction in the ET-MI group when
compared to SED-MI group. Moreover, blunting of ino-
tropic (+dP/dt) and lusitropic (-dP/dt) dysfunction by prior
AET can be explained, at least in part, by the lesser degree of
cardiac tissue deterioration during remodeling observed in
the ET-MI group.

Although other studies corroborate our hypothesis (5,6),
Veiga et al. (40) did not observe any cardioprotective effects
following the administration of a different AET protocol.
These divergent findings might be explained by the fact that
animals in this previous study underwent swimming
training in the absence of an external load, which may not
have provided enough AET intensity to promote cardio-
protection. In fact, it has been shown that exercise-induced
cardioprotection is intensity-dependent, such that low-
intensity exercise does not provide significant protection
against cardiac damage (41). Moreover, further differences
in experimental conditions, such as resting time after MI
and animal gender, may also be responsible for the distinct
findings between our study and that of Veiga et al. (40).

Figure 2 - A Left ventricular systolic pressure (LVSP). B Left ventricular end-diastolic pressure (LVEDP). C Inotropic function (+ dP/dt).
D Lusitropic function (- dP/dt). SHAM, control. SED-MI, sedentary and given a MI. ET-MI, exercise trained and given a MI. *p,0.05 vs.
SHAM; #p,0.05 vs. SED-MI (ANOVA followed by Tukey’s test).

Figure 3 - In situ LV pressure-volume relationship. SHAM, control.
SED-MI, sedentary and given a MI. ET-MI, exercise trained and
given a MI. Data are presented as the mean¡SEM. *p,0.05 vs.
SHAM; #p,0.05 vs. SED-MI (ANOVA followed by Tukey’s test).
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LV remodeling following MI involves structural rearran-
gement of the remaining cardiomyocytes in an attempt to
evenly distribute the increased wall stress (42,43). In fact, we
observed increased cardiomyocyte length in the SED-MI
group as compared to the ET-MI group. It could be argued
that AET aggravated MI-induced myocyte remodeling;
however, several lines of evidence have demonstrated that
physiological cardiomyocyte enlargement associated with a
gain of function occurs after AET (16,18,44). Despite
structural similarities, studies have confirmed that distinct
molecular pathways separate pathological from physiologi-
cal myocyte hypertrophy. While activation of the calci-
neurin-NFAT-GATA4 pathway resulting from MI normally
results in cardiomyocyte dysfunction (45,46), activation of
the cardiac PI3k-Akt-mTOR cascade by AET promotes

cellular hypertrophy associated with functional gains
(47,48). Therefore, despite not measuring hypertrophy
markers, the notion of physiological hypertrophy associated
with a gain of function is supported by our data showing
preserved cell shortening in the ET-MI group, whereas SED-
MI cell shortening was depressed under physiological
(1 mM [Ca2+]e) and stimulated (5 mM [Ca2+]e) conditions.
Extending our findings on cellular function, we also
evaluated cardiomyocyte shortening and relengthening
velocities in response to increasing inotropic stimuli (i.e.,
[Ca2+]e). Of interest, AET prior to MI not only improved

Figure 4 - Cardiomyocyte morphology. A Cell length. B Cell
width. C Cell volume. SHAM, control. SED-MI, sedentary and
given a MI. ET-MI, exercise trained and given a MI. Data are
presented as the mean¡SEM. *p,0.05 vs. SHAM; #p,0.05 vs.
SED-MI (Kruskal-Wallis followed by Dunn’s test). Figure 5 - Cardiomyocyte contractile function. A Cell shortening

(% of resting cell length). B Shortening velocity. C Relengthening
velocity. SHAM, control. SED-MI, sedentary and given MI. ET-MI,
exercise trained and given MI. Data are presented as the
mean¡SEM. *p,0.05 vs. SHAM; #p,0.05 vs. SED-MI. +p,0.05
vs. lower [Ca+2] (Kruskal-Wallis followed by Dunn’s test).
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both parameters but also promoted enhanced responsive-
ness to increasing [Ca2+]e.

Studies reporting impaired Ca2+ handling and decreased
myofilament sensitivity to Ca2+ in post-infarction HF in rats
(10-12) support our findings of reduced responsiveness to
increasing [Ca2+]e in the SED-MI group.

For the first time, we demonstrated that AET performed
prior to MI preserved cardiomyocyte shortening, as well as
the shortening and relengthening velocities. The mechan-
isms underlying such findings could be explained, at least
partly, by preserved or increased myofilament Ca+2 sensi-
tivity (17,49). The reduction in myofilament Ca+2 sensitivity
in infarcted hearts may result from increased reactive
oxidative species (ROS) production, which upregulates
kinases involved in the phosphorylation of troponin T and
I, and culminates in disrupted actin–myosin interactions
(50). In this regard, it has also been shown that AET
improves antioxidant defenses as well as, and also reduces
ROS release by the heart’s major source of ROS, the
mitochondria (51). Therefore, it is reasonable to suggest
that previous AET improved the mitochondrial profile after
MI, which could have reduced ROS release and thereby
preserved myofilament Ca+2 sensitivity. In fact, studies in
healthy and post-MI rats have demonstrated that AET
improves myofilament Ca+2 sensitivity, which was also
associated with improved cardiomyocyte function (17,49). It
is also possible that prior AET promotes a shift in myosin
heavy chain composition (i.e., towards the fast V1 isoform)
in the cardiac muscle (52), which may explain the changes in
the contraction and relaxation velocities. Furthermore,
increases in transient intracellular Ca+2 through increased
SERCA2a expression and activity, as well as NCX activity,
have been shown to be modulated by AET in healthy
animals [16-18,26,53]. Altogether, such exercise-induced
cardiac adaptations may have provided protection against
MI-induced cardiomyocyte dysfunction.

In conclusion, AET performed prior to MI effectively
attenuated LV dysfunction and cardiac remodeling, which
were associated with preserved cardiomyocyte fractional
shortening, improved shortening and relengthening velo-
cities and physiological cellular hypertrophy. Taken
together, our data support the notion that AET provides
considerable cardioprotection against the deleterious effects
of MI, which reinforces the importance of maintaining a
physically active lifestyle.

Study limitations
We cannot exclude the possibility of variations in the

ischemic region between SED-MI and ET-MI animals. To
minimize this potential effect, the surgeries were performed
by an experienced surgeon (MPB) who was blinded to the
animal groupings. Correlations between in vivo global
cardiac function and cardiomyocyte parameters from the
same rats were not possible because such experiments were
performed in distinct subsets of animals; however, our
findings of improved cardiac function and cardiomyocyte
contractility in trained animals suggest an association
between these variables. Although the absence of an
exercise-trained SHAM group did not allow us to directly
confirm that exacerbated cellular hypertrophy in the ET-MI
group was due to physiological cardiac remodeling pro-
moted by AET, this hypothesis is supported by several
previous publications (16,18,44) as well as our data on
cardiac and myocyte function.
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