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Swim Training Attenuates Myocardial Remodeling
and the Pulmonary Congestion in Wistar Rats with
Secondary Heart Failure to Myocardial Infarction
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OBJECTIVE

CONCLUSION

To evaluate the effects of swimming on pulmonary
water content in animals with heart failure (HF) after
myocardial infarction (MI).

The increase of cardiac mass and pulmonary water
content presented by MIlg-SED was diminished in the
trained animals. The results suggest that the practice
of physical exercise can diminish HF and contribute to
favorable cardiac remodeling.

METHODS
After coronary occlusion, MI size 20%<MI<40% of
the left ventricle (LV) were considered moderate and those
≥40% of the LV large. The animals swam for 60 min/day,
5 days/week for 8 weeks. The wet weight of lung, liver,
atriums, LV and right ventricle (RV) as well as the dry
weight of the liver and lung were determined. ANOVA and
Tukey test were used for statistical analysis.
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RESULTS
An increase in the atrium/body weight ratio was
noted in the sedentary animals with moderate (MImodSED: n=8) and large (MIlg-SED: n=10) infarctions in
comparison to the sedentary control (C-SED: n=14) and
trained (C-TR: n=16) rats. An increase in the RV/body
weight and LV/body weight ratios was noted in the MIlgSED. The heart/body weight ratio was higher in MIlgSED when compared to the other groups. The infarcted
trained animals presented diminished hypertrophy. The
pulmonary water content was higher in MIlg-SED animals
(81±0.4%) than in C-SED animals (79±0.4%). No
differences were found for the other comparisons (CTR: 79±0.4%; MImod-SED: 80±0.3%; MImod-TR:
80±0.6%; MIlg-TR: 79±0.7%).
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The reduced exercise capacity of congestive heart
failure (CHF) patients is directly related to the pulmonary
alterations caused by pulmonary congestion: reduced
vital capacity, lower air flow rates and compromised gas
transfer1-4. Generally speaking, pulmonary congestion
related to cardiopathies is a result of an elevation in the
pulmonary venous pressure caused by the increased left
ventricle (LV) filling pressure which is a consequence
of the chronic LV dysfunction. Similar to humans, the
increased LV filling pressure in rats who develop CHF
after suffering a myocardial infarction (MI) is secondary
to the LV systolic and diastolic dysfunction5-8.
The classic indication of bed rest is one of the standard
measures recommended to CHF patients9. The influence
of physical exercise on myocardial remodeling is a
common study topic5,10-14. Nevertheless, few studies have
investigated the effects of physical training on pulmonary
congestion associated with CHF that develops after a
MI. Bech and associates15 observed an improvement in
physical exercise capacity and diminished pulmonary
congestion in rats that had suffered an infarction and
were treated with captopril and coenzyme Q10, but did
not evaluate the isolated influence of physical exercise.
Libonati16 confirmed that physical exercise on a treadmill
improved the diastolic function of isolated hearts after a
MI and considered that this influence could enable the
prevention of pulmonary congestion. However, he did not
evaluate the pulmonary water content.
The present study evaluated the effects of swim
training on pulmonary water content in animals with
CHF after suffering a MI. The pulmonary water content
in the animals who had suffered moderate and large
infarctions was analyzed during a prolonged period of
swim training.

to induce the MI was based on the work of Johns &
Olson 17 with minor adaptations. The animals were
anesthetized with the intraperitoneal administration of
cetamine (50 mg/kg) and xylazine (10 mg/kg). After
orotracheal intubation, the animal was submitted to
mechanical ventilation using the Harvard model 683
ventilator (frequency: 90 m/min, tidal volume: 2.0 ml).
After a trichotomy, a thoracotomy was performed on
the left hemithorax in the intercostal space of the ictus
cordis and the heart was quickly exposed. The anterior
interventricular branch of the left coronary artery was
identified and occluded between the edges of the left
auricular appendage and pulmonary artery trunk with
Prolene 6-0 sutures. Pulmonary hyperinflation was
induced and the thoracic wall was closed with a purse
string suture that had been made earlier.
Infarction size was determined by planimetry. After
sacrificing the animals, the hearts were dissected. The
atriums, left and right ventricles were weighed. The
left ventricle musculature was isolated and an incision
in the posterior wall enabled analysis in one plane. To
this end, the muscle mass was stretched and placed
between two flat, transparent, glass slides, appropriate
for histological studies. Transillumination, accomplished
by placing a light source behind the set of slides, clearly
differentiated the regions of MI fibrous scarring from the
remaining musculature. The MI fibrous scarring and the
total ventricular mass including the fibrous scarring were
traced onto the slide. Using the software SigmaScan Pro
5.0 (Systat Software Inc., Richmond, California, USA),
the areas of MI fibrous scarring (FS) and total ventricular
mass (TVM) were determined. The MI size, expressed as
a percentage, was determined using the formula:
% MI = FS / TVM x 100

METHODS
Study animals - Healthy, ten week old Wistar-EPM
rats (Current nomenclature of the “International Index
of Laboratory Animals”, 6th Ed., 1993. Lion Litho Ltd.:
Carshalton, Surrey, U.K.) weighing between 170 and 190
grams were used in the study. The animals were kept in
boxes supplied with water and Nuvital animal feed ad
libitum, in a controlled ambient with a temperature of
roughly 22oC, 54% humidity and a 12-hour light/dark
cycle. The animals were distributed into six experimental
groups: Sedentary controls (C-SED, n = 14), trained
controls (C-TR, n = 16), sedentary with moderate
infarction (MImod-SED, n = 8), sedentary with large
infarction (MIlg-SED, n = 10), trained with moderate
infarction (MImod-TR, n = 9) and trained with large
infarction (MIlg-TR, n = 8). The control animals were
submitted to all surgical procedures except the coronary
occlusion. The sedentary animals did not exercise during
the study timeframe.
Myocardial infarction induction - The method used
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After determining MI size, they were classified as small
if the scarring was less than 20% of the total left ventricle
area, moderate if the scarring was greater than 20% but
less than 40% and large if the scarring was greater than
or equal to 40%.
Physical training protocol - In accordance with the
documented timeframe for completion of MI scarring18,19,
physical exercise was initiated three weeks after the
MI. The exercise protocol used was swim training and
included two phases: adaptation and training. The
adaptation phase consisted of the first six days of training.
On the first day, the animals exercised in the pool for
ten minutes. The exercise period was extended by ten
minutes each day until the rats were swimming for sixty
minutes. The training phase consisted of five sixty minute
sessions per week for eight weeks. All the animals were
able to swim for the whole sixty minutes. The training
pool consisted of a fiberglass water tank and the water
temperature was maintained between 32 and 35ºC.
Each swimming group was comprised of a maximum of
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eight rats per square meter of pool surface area. The rats
that had suffered an infarction were separated from the
control animals.
Variables analyzed - Body weights before and after the
protocol were taken. Cardiac mass and the water content
in the lungs and liver were determined. The water content
of the organs was obtained based on wet and dry weights.
After measuring the wet weight, the tissues were placed
in an oven and maintained at a temperature of 80ºC for
72 hours. After measuring the dry weight of the lung and
liver of each animal, the water content (%H2O) of each
organ was determined using the following equation:
%H2O = (wet weight – dry weight) / wet weight x 100
Statistical analysis - The results are presented as
mean ± mean standard errors. One way variance analysis
was used for data comparison between the six groups of
animals. When significant statistical differences were found
(p < 0.05) the Tukey post hoc test was used to identify
which groups presented differences. All analysis was
conducted using the statistical computer program SPSS
12.0 (Systat Software Inc., Richmond, California, USA).

RESULTS
Animals - Thirty rats underwent the false surgery
and all survived (fourteen sedentary controls and sixteen
trained controls). From the 85 animals who underwent
surgery to induce a MI, eleven (10%) died either during
or within 48 hours of the surgery. Thirty-four animals
presented an infarction less than 20% and were
eliminated from the study. From the remaining forty
rats, 21 were included in the sedentary infarction group
and nineteen in the training infarction group. Three of
the sedentary infarction animals and two of the training
infarction animals died during the training protocol. The
three sedentary rats that died had infarctions between
46% and 57%. The two rats in training had infarctions
in the range of 58% of the LV.
Body Weight - ANOVA did not identify significant
differences between the initial weights of the rats in
the six groups. After the twelve week protocol the C-TR
animals (245 ± 4 grams) and MIlg-TR animals (244 ±

7 grams) were significantly heavier (p < 0.05) than the
C-SED (224 ± 8 grams), MImod-SED (224 ± 8 grams)
and MIlg-SED (223 ± 7 grams) animals. The weights for
the MImod-TR animals (239 ± 9 grams) did not differ
from the other groups.
Infarction size - After determining the MI size using
planimetry, it was confirmed that the MI size was 31 ±
2% for the MImod-SED animals, 31 ± 1% for the MImodTR animals, 47 ± 2% for the MIlg-SED animals and 49 ±
4% for the MIlg-TR animals. Only the differences between
the moderate and large infarctions were statistically
significant (p < 0.05). There were no significant
differences between infarction size comparisons for
MImod-SED vs MImod-TR and MIlg-SED vs MIlg-TR.
Cardiac Mass - The data of the above mentioned
cardiac structure weights in relation to body weight are
shown in table 1 and figure 1.
The myocardial mass data clearly demonstrate the
functional repercussions of the coronary occlusion and
the effects of physical exercise. The data demonstrate a
clear tendency in relation to the increase of myocardial
mass in the animals who suffered an infarction and
the attenuation of the cardiac growth in rats that
were submitted to training. This trend is particularly
emphasized in the animals with large infarctions. A
definite example is the cardiac weight/body weight ratio
that was significantly higher in the MIlg-SED animals
in comparison to the other groups (p < 0.05). This
increase was prevented by the physical exercise. The
modifications seen in the atrial musculature and right
ventricle emphasize the secondary physiopathological
repercussions of a myocardial infarction. The significant
increase in myocardial mass identified in the MIlg-SED
group which was not seen in the MIlg-TR group, indicates
the presence of pulmonary hypertension in the sedentary
animals, which was prevented or diminished in the rats
that exercised.
Pulmonary and liver water content - The pulmonary and
liver water content results are summarized in figure 2.
The pulmonary water content was higher in the MIlgSED animals (81 ± 0.4%) than in the C-SED animals
(79 ± 0.4%). No significant differences were found for
the other group comparisons (C-TR: 79 ± 0.4%; MImod-

Table 1 - Data (mean ± standard errors) of the cardiac mass mentioned earlier in relation to the body
weight of the animals from the groups: sedentary controls (C-SED), trained controls (C-TR), sedentary
with moderate infarction (MImod-SED), trained with moderate infarction (MImod-TR), sedentary
with large infarction (MIlg-SED) and trained with large infarction (MIlg-TR)
C-SED

C-TR

MImod-SED

MImod-TR

MIlg-SED

MIlg-TR

Atrium/BW

0.30 ± 0.08a

0.32 ± 0.05a

0.54 ± 0.25bc

0.41 ± 0.14ab

0.91 ± 0.39c

0.46 ± 0.25ab

RV/BW

0.63 ± 0.09a

0.70 ± 0.07a

0.83 ± 0.35a

0.85 ± 0.18a

1.29 ± 0.45b

0.91 ± 0.40ab

LV/BW

a

2.17 ± 0.13

a

ab

a

b

2.29 ± 0.10ab

3.19 ± 0.18

a

b

3.66 ± 0.64a

HRT/BW

2.14 ± 0.27
3.08 ± 0.38

a

2.43 ± 0.28

a

3.80 ± 0.85

2.26 ± 0.21

a

3.53 ± 0.40

2.58 ± 0.22
4.79 ± 0.87

The different letters indicate the significant statistical differences between the mean values (p < 0.05). Data for the right ventricle (RV), left ventricle
(LV), the heart (HRT) and body weight (BW) are expressed in milligrams per gram of body weight.
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Fig. 1 - Ratio between cardiac mass (milligrams) and body weight (grams) after the experimental protocol. Significant statistical differences (p <
0.05) are indicated by the different letters. Data of the sedentary animals (white bars) and trained animals (colored bars) are expressed as mean ±
standard errors.

Fig. 2 - Percentage of liver and pulmonary water content after sacrificing the animals. Significant statistical differences (p < 0.05) are indicated by the
different letters. Data of the sedentary animals (white bars) and trained animals (colored bars) are expressed as mean ± standard errors.

SED: 80 ± 0.3%; MImod-TR: 80 ± 0.6%; MIlg-TR: 79
± 0.7%). In summary, sedentary animals with large
infarctions presented water accumulation – edema – in the
lungs, while the animals that underwent physical training
did not present elevated pulmonary water content.

heart. The results confirmed in this study indicate that nonobservance of traditional therapy methods will not jeopardize
and may even alleviate myocardial remodeling and heart
failure, the most significant physiopathological outcome.

DISCUSSION

In our results, two indicators particularly emphasize the
benefit of physical exercise in the animals that suffered
an infarction: the pulmonary water content and the
myocardial mass of the atriums and right ventricle.

Traditional cardiology therapy has established that it
is beneficial or even necessary to recommend bed rest for
patients with left ventricle dysfunction9. The basis of this
proposal is intuitive: to diminish systemic demands that
can overload the heart. This contradicts the concept that
the regular practice of physical exercise is beneficial for the

Tissue water content in healthy organs is an extremely
stable variable. Our results for the sedentary animals
who did not suffer an infarction, demonstrate minimal
pulmonary water content variations in a normal situation:
78.8 ± 0.4%. It is logical to presume that the increased
pulmonary water content, as seen in the sedentary
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animals with large infarctions, is indicative of pulmonary
congestion1,20-23. Contrary to the condition of the MIlg-SED
rats, the animals submitted to physical training – even
those with large infarctions – did not present an increase
in pulmonary water content, indicating the functional
benefit of adequately programmed exercise routines.
Similarly, the atrium and right ventricle myocardial mass
indicators prove the beneficial action of exercise. The
alterations in the mass of these structures emphasize
the importance of left ventricle dysfunction and the
consequent elevation of diastolic pressure in the LV, left
atrium, pulmonary circulation and right chambers.
Only two literature references15,16 were found that
considered the interactions between myocardial infarction
in rats, pulmonary water content and physical exercise.
Both considered that physical exercise could be beneficial
in the prevention or attenuation of pulmonary congestion,
however, they did not evaluate this parameter.
An inadvertent interpretation of the results, that
indicate reduced myocardial remodeling and pulmonary
congestion, could lead to the equivocal understanding
that it is invalid to recommend that cardiopathy patients
exercise caution in relation to physical training. The correct
understanding of these data includes the recognition that
the cardiac overload along with all its inconveniences
and momentary risks still exist while practicing exercises
due to the overload imposed on the heart and circulatory
system. The benefits generated by regular and repeated
exercise that is adequately intensified are a result of
neurohumoral interferences that are activated during the
physical exercise and are maintained either partially or for
the entire interval between the training sessions.
There are supporting data indicating that the
regular practice of physical exercise results in favorable
modifications for the circulatory system related to:
sympathetic activity24-28; parasympathetic activity29; the
renin-angiotensin system24,27,30; reduced after load31;
endothelial function32,33; and plasmatic concentrations of
aldosterone30,34, endotheline35-38, arginine-vasopressin30,34

and ANP34. Additionally, heart activity caused by physical
exercise promotes improved mechanical function in the
myocardium and positively affects many functions such
as the sarcolemma calcium channels39, sarcoplasmic
reticulum calcium content12, sarcoplasmic reticulum
calcium pump13,40, phospholamban14, sodium-calcium
exchange protein 13,40 , and the responsiveness of
myofilaments to calcium41.
Previous studies42 have documented neurohumoral
data indicative of temporary deterioration of the
congestive stage during physical exercise. The reported
neurohumoral modifications are directly related to exercise
intensity. Additionally, Braith and associates30,34 reported
reduced neuroendocrine hyperreactivity in heart failure
patients who were examined at rest following sixteen
weeks of aerobic exercise. This information emphasizes
the importance of two aspects related to the physical
exercise/heart interaction: the intensity of the physical
exercise and the importance of regular practice.
In summary, the increased cardiac mass and
pulmonary water content, confirmed in the sedentary
animals that had suffered large infarctions, were
attenuated in animals submitted to swim training. These
data suggest that regular physical activity routines after a
myocardial infarction can diminish heart failure indicators
and contribute to favorable cardiac remodeling.
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