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Summary
Background: Physical exercise induces hemodynamic stress. 

Objective: To evaluate if voluntary running and forced running induced different levels of stress protein (Hsp72) in the 
myocardium of female Wistar rats. 

Methods: Female rats were randomly assigned to the following groups: forced treadmill running group (FR; n= 6), 
voluntary running group (VR; n=6) and control group (C; n=6). VR group animals had free access to running wheels, 
and those from FR group underwent a running program on a treadmill (18 m/min, 60 min/day, 5 days/wk) for 8 weeks. 
Left ventricle (LV) and right ventricle (RV) fragments were collected at sacrifice, and the relative immunoblot contents of 
stress protein (Hsp72) were determined.

Results: VR animals ran on average 4.87 km/wk, and FR rats ran 4.88 km/wk. Animals from VR and FR groups had less 
body weight gain (p<0.05) than those from C group (81.67 ± 11.95g vs 81.17 ± 10.18g vs 111.50 ± 2.26g, respectively). 
Heart weight/body weight ratio was not significantly different (p>0.05) among VR, FR and C groups (4.54 ± 0.79 mg/g 
vs 4.94 ± 0.89 mg/g vs 4.34 ± 0.87 mg/g, respectively). FR group animals had levels of Hsp72 (p<0.05) higher than 
those from VR, both in LV (287.45 ± 35.86 % vs 135.59 ± 5.10 %, respectively) and RV (241.31 ± 25.83 % vs 137.91 ± 
45.20 %, respectively). 

Conclusion: Voluntary running and forced running induced different levels of Hsp72 in the myocardium of female 
Wistar rats. (Arq Bras Cardiol 2009; 93(5) : 423-429)
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Introduction
Exposure of cells to various stressful situations induces the 

expression of heat shock proteins (HSP), also known as stress 
proteins. These proteins confers cellular tolerance to multiple 
stress agents, provide protection against protein denaturation 
and help remove damaged proteins1,2. 

Both acute and chronic physical exercise are stress 
agents that may induce the Hsp72 expression, which is an 
inducible form of the HSP family with molecular weight of 
70kDa (Hsp70), in various tissues, including skeletal muscle 
and cardiac muscle3-10. There are evidences that exercise-
induced Hsp72 expression in the myocardium is associated 
with cardiac protection from cardiovascular stress events7,11-14, 
despite some opposite results15. However, exercise-induced 

Hsp72 expression appears to be gender specific16-18 and 
intensity dependent6. 

Since forced exercise for animal models cause changes in 
the neuroendocrine and immunological responses commonly 
associated with stress19-21, forced exercise-induced Hsp72 
expression may be affected by stress factors that are unrelated 
to exercise. The voluntary running model, in which the animals 
have free access to the exercise equipment from their cages 
and run voluntarily22, on the contrary, induces lower levels 
of stress in the animals, when compared to forced running 
and swimming4,23. Therefore, the objective of this study was 
to evaluate if voluntary and forced running training programs 
induce different levels of Hsp72 expression in the myocardium 
of female Wistar rats.

Methods 

Experimental animals and animal handling
We used a total of 18 young female Wistar rats (7 weeks 

of age). Three groups were formed at different times, namely: 
voluntary running trained group (VR, n = 6) forced running 
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trained group (FR, n = 6) and control group (C, n = 6). All 
animals were handled identically, but those of group C did 
not exercise. The animals were housed in individual stainless 
steel cages (25 x 20 x 18 cm) and received water and food 
ad libitum. The rats were kept in a controlled environment of 
a fixed 12:12-h light-dark cycle, with the room temperature 
maintained at approximately 22o C during the entire period 
of the experiment. The animals were provided by the Central 
Biotery of the Center for Biological Sciences and Health, 
Federal University of Viçosa, and we followed the rules 
established by the “Guide for the Care and Use of Laboratory 
Animals” (Institute of Laboratory Animal Resources, National 
Academy of Sciences, Washington, DC 1996) and the Ethical 
Principles in Animal Experimentation of the Brazilian College 
of Animal Experimentation (COBEA). 

Voluntary running training program 
The first group to be exercised was the voluntary running 

group, in which the rats had free access to rotating wheels 
attached to their stainless steel cages (25 x 20 x 18 cm), for 8 
weeks. The rotating wheel had an inner circumference of 1.53 
m, and the number of revolutions was recorded by a mechanical 
revolution counter, and the distances traveled by the animals 
were calculated by the number of revolutions. It is noteworthy 
that rodents are nocturnal animals, and, therefore, they normally 
exercise during the dark phase of the light-dark cycle.

Forced running training program
The training protocol for the other group of rats (FR group) 

was established after the total distance and the weekly distances 
traveled by VR rats were recorded, so as to ensure that the 
distances traveled by both groups were similar. Thus, FR rats 
underwent a forced running program for eight weeks (adapted 
from Samelman)5. The animals initiated the running program on a 
motor treadmill (Insight Instrumentos Científicos, Ribeirão Preto, 
SP, Brazil) at an intensity of 15 m/min, 0% grade, for 15 minutes 
on the first day, five days a week. This period was increased by 
five minutes a day, so that in the last day of the second week, the 
animals ran for 60 minutes. So, by the first day of the third week, 
their speed had risen to 17 m/min. From the fourth to the eighth 
week, the exercise sessions lasted 60 minutes a day, at 18 m/min, 
0% grade, five days a week. This running program was applied 
during the dark phase of the light-dark cycle, so as not to differ 
from the VR group. The animals were motivated to run by gentle 
tapping on their backs. It is noteworthy that these animals were 
housed in individual stainless steel cages (25 x 20 x 18 cm), in the 
same way as the VR and C groups. Thus, the voluntary movement 
of the animals in the cages, aside from the training period, was 
not considered sufficient enough to cause adaptations that could 
be confused with those caused by voluntary and forced running. 
Therefore, in none of the three groups was it necessary to take 
account of the movement of the animals in their cages, because 
they were considered similar for all animals.        

Specimen collection
To avoid the acute response to exercise and preserve 

the chronic response, all animals were euthanized 48 hours 
after the last exercise session. Fragments of the left and right 

ventricles were collected, wrapped in aluminum foil, identified 
and immediately frozen in liquid nitrogen, and stored at minus 
80oC for later analysis. 

Protein extraction
Specimen fragments were taken from the freezer and, 

after being weighed, they were macerated to obtain a tissue 
extract to which was added the buffer (composition: 15 
mM Tris HCL, 600 mM NaCl, 1 mM PMSF, pH 7.5). 1200 
µl of extraction buffer were added to 60 mg of extract (1:20 
ratio). The samples were then placed in eppendorfs, which 
were identified and kept on ice for approximately 5 minutes. 
After this incubation period, the cell debris were discarded 
by centrifugation at 14,000 g, at 4°C, for 20 minutes, and the 
supernatant was stored at minus 20°C. Total protein extracts 
were quantified according to the Bradford method24, using 
the 3 recommended repetitions.

SDS-PAGE Electrophoresis
Electrophoreses in polyacrylamide (PAGE) gel containing 

the detergent sodium dodecyl sulfate (SDS) have been 
conducted essentially as described by Laemmli25. The protein 
extract was incubated for 5 minutes at 100OC in sample buffer 
[10% glycerol (v/v), 2.3% SDS, 0.25% bromophenol blue, 5% 
2-mercaptoethanol (v/v) and 0.0625 mol/L Tris-HCl, pH 6.8] 
before it was loaded onto the gel. The electrophoresis was 
conducted for approximately 16 hours, at 48 V, in running 
buffer [0.025 mol/L Tris-HCl, 0.2 mol/L glycine, 1 mmol/L 
EDTA, and 3.5 mmol/L SDS]. This procedure was conducted 
to obtain 3 gels. One of these gels was stained with a staining 
solution [40% methanol (v/v), 7.5% CH3COOH (v/v) and 
0.01% coomassie brilliant blue R-250], for approximately 
12 hours, and decolorized with a decolorizing solution [10% 
methanol (v/v) and 7.5% acetic acid (v/v)]. The immunoblotting 
technique was applied to the other 2 gels to determine if the 
monoclonal anti-Heat Shock Protein 70 antibody against 
animal Hsp72 was able to recognize the protein of interest.

Imunoblotting
The proteins were transferred to a nitrocellulose membrane, 

using the BioRad (USA) transfer system, according to the 
manufacturer’s instructions. After the transfer (for approximately 
1 hour, at a constant amperage of 0.70A), the nitrocellulose 
membrane was immersed in a blocking solution (casein–non-
fat dry milk, BioRad) for one hour. Then, four washes were 
performed for 15 minutes each, at room temperature with TBS-T 
[0.01 mol/L Tris-HCl, 1.5 mmol/L NaCl, 0.1% Tween-20 (v/v), pH 
7.6]. The membrane was incubated with the monoclonal anti-
Heat Shock Protein 70 (SIGMA) antibody at a 1:5,000 dilution 
for three hours under stirring. After the incubation period, the 
membrane was washed four times with TBS-T, for 15 minutes 
each, and then incubated with Anti-Mouse IgG antibody (alkaline 
phosphatase - SIGMA) at a 1:10,000 dilution, for approximately 
two hours. The membrane was extensively washed with TBS-T, 
four times again for 15 minutes each, and subsequently incubated 
with the enzyme buffer (0.1 mol/L Tris-HCl, pH 9.8, 0.1 mol/L 
NaCl, 0.5 mol/L MgCl2) for ten minutes. The alkaline phosphatase 
activity was detected, using the NBT (nitro-blue tetrazolium, 
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GIBCO/BRL) and BCIP (5-bromo-4-chloro-3-indolyl phosphate, 
GIBCO/BRL) substrates. The immunoblot bands were quantified 
by computerized densitometry using a Molecular Dynamics 
Personal Densitometer equipped with the program Image Quant, 
version 5.2 (Molecular Dynamics - USA).  

Statistical analysis
Mean body weights, mean weight gains and mean relative 

heart weights were compared using one-way ANOVA followed 
by post hoc Tukey’s test. Hsp72 level comparisons were 
performed using the Mann-Whitney test because the data 
did not follow the normal distribution (Kolmogorov-Smirnov, 
p <0.05). The tests were performed using SigmaStat (version 
3.0 - Richmond - Ca) up to a 5% level of significance. 

This study was funded by the Foundation for the Support 
of Research of the State of Minas Gerais (FAPEMIG - CDS 
947/2002).

Results
VR group animals voluntarily traveled different distances, 

according to their individual capacities, whereas in the FR 

group all animals were forced to travel the same distance. 
Thus, the distances traveled by the animals in the VR group are 
presented as mean values (mean ± SEM), and the distances 
traveled by the animals in the FR group as absolute values. 
VR group animals traveled 4.87 ± 0.55 km/week and a total 
of 38.96 ± 3.55 km, whereas FR group animals, in the same 
period, traveled 4.88 km/week and a total of 39.03 km, so 
there were no differences between the distances traveled in 
both models. 

After eight weeks of training, VR group and FR group 
animals had significantly lower weight gain than those in the 
control group (Table 1). Relative heart weight, an index of 
cardiac hypertrophy, had no statistically significant difference 
among the groups (Table 1).

Figure 1 shows Hsp72 and Hsp73 accumulation in the LV 
of two Wistar rats of each group. The expression of Hsp73, 
a constitutive Hsp70 family member, was similar in the 
three groups (p> 0.05) and was not affected by the exercise 
programs used in this study. However, there was an induction 
of Hsp72 expression in response to forced and voluntary 
exercise programs, but at different levels. In LVs and RVs of 
control group animals, we observed an expression of small 

Figure 1 - A - Accumulation of stress proteins (Hsp72, Hsp73) in the left ventricle of two Wistar rats, which represented the control group, trained with voluntary and 
forced running. Equivalent quantities of proteins of the ventricles of the animals in each group were separated by SDS-PAGE, and immunoblot was done with Hsp70 
monoclonal antibody. B - Stress protein (Hsp72) levels in the left ventricle (LV) and the right ventricle (RV) of Wistar rats trained to run voluntarily and forced to run, 
compared to those of the control group. Hsp72 levels were obtained by measuring the density of the immunoblots. Values are expressed as percentage of control group. 
* P <0.05 vs voluntary running.
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Table 1 -Body weight (BW), weight gain, and heart weight (HW) / body weight (BW) ratio, in female Wistar rats

Control (n=6) Voluntary running trained (n=6) Forced running trained (n=6)

Initial body weight (g) 134.62 ± 8.11 134.92 ± 6.47 136.20 ± 5.64

Final body weight (g) 245.67 ± 10.14* 216.50 ± 5.37 217.17 ± 10.78

Final body weight (g) 111.50 ± 2.26* 81.67 ± 11.95 81.17 ± 10.18

PCo/PC (mg/g) 4.34 ± 0.87 4.54 ± 0.79 4.94 ± 0.89

Values are expressed as mean ± SEM; n: number of animals; * P<0.05 vs Voluntary and forced running.

amounts of Hsp72, presented as arbitrary units (282.19 ± 
20.02 vs 287 ± 32.05, respectively), probably due to some 
environmental stress. These values were used as a baseline 
for comparison of the effects of the two exercise protocols, in 
percentage. The rats who were forced to run on a treadmill 
showed higher levels of Hsp72 (p <0.05) than those who ran 
voluntarily, in the LV (287.45 ± 35.86% vs 135.59 ± 5.10%, 
respectively) and in the RV (241.31 ± 25.83% vs 137.91 
± 45.20%, respectively). However, there was no significant 
difference in the Hsp72 expression between the LV and the 
RV (Figure 1B).

It was observed that the rats had an interindividual variation 
in total distance traveled of approximately 3.5 kilometers, but 
there was no significant correlation (p = 0.22) between the 
total distance traveled and the induction of Hsp72 expression 
(Figure 2).

Discussion
We investigated if voluntary and forced running training 

programs induced different levels of Hsp72 expression in the 

myocardium of female Wistar rats. The data showed that the 
exercise protocols used in this study induced different levels of 
Hsp72 expression in the myocardium of female rats, both in LV 
and RV, and this expression was higher in the forced treadmill 
running program than in the voluntary running program.

VR group and FR group animals traveled similar distances. 
However, it should be noted that the implementation of the 
running programs was different in each model. In the treadmill 
forced running program, the animals ran on a continuous 
basis because the speed of the treadmill remained constant 
during the whole training session. In the voluntary running 
program, the animals exercised intermittently, by running 
short periods (60-90s) for about 5 minutes, interspersed 
with periods of rest26. Therefore, only in the forced running 
program it was possible to calculate the work done by the rats, 
which is a function of animal body mass, running time and 
treadmill speed and incline27. Although body mass, distances 
traveled and treadmill incline were similar in both models, 
speed and running time were different. We considered this 
lack of precision in the equivalence between the work done 
by VR and FR groups as a limitation of this study. However, 

Figure 2 - Dispersion corresponding to the Hsp72 levels in the left ventricle (LV) and the right ventricle (RV) of Wistar rats trained with voluntary running versus total 
distance traveled. The distance showed no significant correlation with Hsp72 levels by linear regression analysis (P = 0.22).
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the exercise programs reduced weight gain in these animals 
when compared to that of sedentary control animals. This 
indicates that exercise programs affect rat bodily functions 
because weight reduction may reflect an increase in metabolic 
rates or in energy expenditure28. Physiologically it is known 
that similar body weight does not necessarily mean equivalent 
body composition and energy metabolism. However, previous 
studies showed that aerobic exercise training at different 
intensities resulted in different changes in body weight of rats29 
;it also showed that different types of exercise caused similar 
weight gain reductions in rats, in comparison to sedentary 
rats (running on a treadmill versus swimming 30; running 
on a treadmill versus voluntary running)4,31. Therefore, it is 
reasonable to speculate that our voluntary and forced running 
protocols resulted in similar metabolic rates, which enables us 
to make comparisons between the two groups. 

Relative heart weight did not differ in the three experimental 
groups. This suggests that the exercise protocols used in this study 
were not sufficient enough to promote cardiac hypertrophy. 
However, adaptations of cardiac muscle to chronic exercise, 
including the induction of Hsp72 expression were observed in 
animals with and without cardiac hypertrophy12,31. 

The main finding of this study was that the exercise protocols 
used induced Hsp72 expression in the myocardium of female 
rats, differently in LV and RV, and significantly higher in forced 
running than in voluntary running. These increased levels of 
Hsp72 reflect an increase in the level of intracellular stress 
generated by the forced running program, when compared to 
the voluntary running program. Although our data did not specify 
the mechanisms responsible for the observed increase in Hsp72 
expression, several physiological and metabolic events occur at 
cellular level (e.g. increased temperature, hypoxia, oxidative 
stress, increased concentration of calcium and pH reduction) 
during exercise, and they can induce Hsp72 expression10,32.

Some studies have credited the high levels of Hsp72 
expression in response to forced running to the intensity 
of the exercise31. Indeed, Milne and Noble6 showed that 
the induction of Hsp72 expression in cardiac and skeletal 
muscles is dependent on the intensity of the exercise, and 
speeds above 24 m/minute are the most efficient for inducing 
Hsp72 expression. However, since in this study the speed 
during forced treadmill running was 18 m/min, the distances 
traveled in both protocols were similar, and the animals could 
run voluntarily at speeds exceeding 40 m/min33 the increased 
Hsp72 expression observed in FR group animals appears to 
have been caused by other factors besides the exercise load. 
One of these factors could be the level of stress provided 
by the animal model of exercise. There is evidence that 
the level of stress suffered by animals in voluntary running 
is lower in comparison to that of running on a treadmill4,23. 
In the present study, we did not use electric shock to force 
the animals to run on a treadmill, which increases Hsp72 
expression34, but the animals were stimulated with taps on 
the back. Furthermore, chronic forced exercise can cause 
mental stress to the animals35 and other negative changes 
that are indicative of chronic stress (e.g. reduction of serum 
corticosteroid-binding globulin, adrenal hypertrophy, thymus 
involution, suppression of lymphocyte proliferation, and 
antigen-specific IgM)20. In voluntary running, on the other 

hand, the animals were not forced to run. There are reports 
that voluntary running training reduced the levels of oxidative 
damage to the DNA4 and reduced the behavioral depression 
induced by stress in rats36. 

Furthermore, we observed that the rats showed an 
interindividual variation in total distance traveled of 
approximately 3.5 km. However, the distance traveled 
showed no significant correlation with the induction of Hsp72 
expression (Figure 2). This may be an indication that in the 
voluntary running model, the intensity of exercise exposes 
the animals to less stress. In fact, it has been reported that 
voluntary running may counteract the suppression of immune 
function induced by stress and the negative impacts of stress 
on behavior and immune function of rats36,37. Recently, Hill 
et al38 demonstrated that chronic voluntary running increased 
the capacity for GABA synthesis in the brain of rats, which may 
result in changes in sensitivity to stress during exercise.  

We noticed that there was no significant regional 
distinction (LV vs RD) in the induction of Hsp72 expression. 
This observation confirms the results reported in previous 
studies5,31. Despite the changes occurred in the heart 
muscle in response to exercise are more pronounced in 
the left ventricle, which reflects the distinct intracellular 
stress imposed by the mechanical load under which the 
fibers work during the exercise, all myocardial fibers are 
recruited at each heartbeat, and the heart’s workload grows 
linearly as a function of increased contractility and heart 
rate in both ventricles. 

Our results provide evidence that female rats also 
respond to the stress caused by exercise, by increasing the 
induction of Hsp72 expression in the myocardium. It has 
been observed that the induction of Hsp72 expression in 
response to exercise is greater in male rats, suggesting that 
the presence of estrogen in female rats is sufficient to inhibit 
Hsp72 expression16-18. However, the myocardium of female 
Sprague-Dawley rats exhibited two times more Hsp72 than 
those of male rats39, and the heart muscle of rats showed 
no sexual dimorphism in the Hsp72 expression in response 
to electric shock35. 

Finally, even though we did not evaluate  the effects 
of exercise protocols on cardiac protection, the increased 
Hsp72 expression observed here may have physiologically 
significant effects on myocardial protection against stress 
events (e.g . ischemia/reperfusion)16,18. Although some 
studies have reported that the Hsp70 response to acute 
and chronic exercise (running on a treadmill), mediated by 
gender-specific hormones, resulted in cardiac protection, 
preferably in male rats, Chicco et al40 demonstrated that 
female rats that voluntarily ran for eight weeks showed 
elevated levels of Hsp72, which were associated with 
an improvement in the cardiac dysfunction, induced by 
doxorubicin.

Conclusion
We concluded that the training programs with the voluntary 

and forced running programs used in this study induced 
different levels of Hsp72 expression in the myocardium of 
female Wistar rats.
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