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Abstract 

Background: Type 1 diabetes mellitus (DM1) can cause damage to several physiological systems.

Objectives: To compare and characterize the effects of aerobic exercise training (ET) performed by swimming with 
those of ET performed on a treadmill on the skeletal muscle and heart of rats with DM1.

Methods: 41 male Wistar rats were randomized into four groups: nondiabetic control (CTR), diabetic control 
(DMC), diabetic trained on the treadmill (DMT), and diabetic trained by swimming (DMS). The trained groups 
performed aerobic exercise training for 8 weeks, 5 times a week, 60 min per day. Exercise tolerance, blood glucose, 
body weight, wet weight of the skeletal muscles and left ventricle (LV), muscle glycogen, cross-sectional area of 
skeletal muscles, and cross-sectional diameter and collagen volume fraction of the LV were evaluated.

Results: The results were expressed as mean ± standard deviation of the mean and submitted to two-way ANOVA 
with post-hoc Bonferroni test. Aerobic ET protocols applied to animals with DM1, regardless of the ergometer, 
showed satisfactory results (p < 0.05) when compared to the control groups: improved exercise tolerance, increased 
glycogen content of the soleus and extensor digitorum longus (EDL) muscles and increased cross-sectional diameter 
of the left ventricular cardiomyocytes. In some variables, such as exercise tolerance and cross-sectional area of 
the soleus and EDL muscles, DMT showed better results than DMS (p < 0.05). On the other hand, DMS showed 
increased cross-sectional diameter of cardiomyocytes when compared with the DMT group.

Conclusion: Both aerobic ET protocols offered benefits to animals with diabetes; however, due to the specific 
characteristics of each modality, different physiological adaptations were observed between the trained groups. 
(Int J Cardiovasc Sci. 2018;31(6)610-618)
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Introduction

In Brazil, the current overall prevalence of diabetes 
mellitus (DM) is 7.6% and of these, 46% have not been 
diagnosed.1 DM type 1 (DM1) is found in 5% to 10% of 
cases. This type is characterized by destruction of the 
insulin-secreting cells of the pancreas.2 In the long term, 
DM1 can cause damage throughout the body and to 
several physiological systems, especially the kidneys, 
eyes, nerves, heart, and blood vessels.3

Cardiomyocytes are greatly affected by the disease. 

The development of “diabetic cardiomyopathy 1” (DC) 

may occur4 and skeletal muscle can also be affected. 

In fact, a reduction in the muscle fiber size occurs and 

in cases of poor glycemic control, there can also be 

alterations in the distribution of muscle fiber types.5

Silva et al.,4 showed that ET performed in a swimming 

pool increased the amplitude of cardiomyocyte 

contraction in animals with DM1 and controls. On the 
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other hand, ET on a treadmill resulted in increased 
capillary density in Wistar rats and an increase in 
oxidative muscle fibers.6 However, a comparison between 
the effects of ET performed on a treadmill and in a 
swimming pool is scarce in the literature. 

We know that the environment where exercise is 
carried out influences the acquired adaptations. ET in 
water submersion tests requires different physiological 
adaptations than training performed on the ground.7

The main physical properties of water that show 
clinical relevance are density, buoyancy, hydrostatic 
pressure, turbulence, viscosity, surface tension, and 
refractivity.8 Whereas in the swimming pool the 
individual is subject to the action of all of these properties 
to keep the upper airway above the level of water, on the 
treadmill, the gravitational force and the ground reaction 
force are the factors that most influence the movement 
performed out of water.9

Therefore, the aim of this study was to compare the 
effects of ET in animals with DM1 and thus perform 
the characterization of the cardiac and skeletal muscle 
adaptations following an ET protocol performed in two 
different ergometers, a treadmill and a swimming pool.

Material and methods

A cohort of 41 male Wistar rats was studied from 
8 to 16 weeks of age. The animals were housed under 
controlled environmental conditions. The animals were 
assigned to four experimental groups: sedentary control 
(CTR) with 10 rats; sedentary diabetes mellitus (DMC) 
with 11 rats; diabetes mellitus submitted to swimming 
training (DMS) with 12 rats; diabetes mellitus submitted 
to treadmill training exercise (DMT) with 9 rats. This 
study was carried out in accordance with the National 
Research Council’s Guidelines for the Care and Use 
of Laboratory Animals,10 according to the Brazilian 
legislation on animal testing (Federal Law N˚11,794 of 
2008) and was approved by the Ethics and Research 
Committee (ERC) of UNIFESP (ERC #0384/12).

DM1 induction was carried out by administrating 
streptozotocin (STZ) (Sigma Chemical Company, 
St. Louis, MO, USA). A single dose of STZ (70 mg/
kg) dissolved in citrate buffer (0.01 M, pH 4.5) was 
administered through the dorsal vein of the penis.11,12

Fasting blood glucose was estimated using a reagent 
strip and glucometer to confirm the diabetic state 7 
days after the STZ injection. The animal was considered 

diabetic when glycemia was ≥ 200 mg/dL.13,14 Animals 
with glycemia equal to or higher than 500 mg/dL were 
excluded from this experiment. 

The animals in this experiment were trained 
individually with equal intensity in their respective 
tracks of aerobic/anaerobic transition (Lan). To identify 
the metabolic transition zone, a test to measure blood 
lactate during exercise was carried out to determine the 
maximum lactate steady state (MLSS).

Before performing the test cited earlier, the animals 
underwent a 5-day adaptation to their respective 
ergometers for 25 min/day.15

After 48 h of rest, the end of the adjustment period, 
the animals of the DMS group performed 20 min of 
continuous effort in the pool, bearing a load of 3% of 
their body weight on the first test day, 3.5% on the 
second day, 4% on the third day, and 4.5% on the fourth 
test day. Between each test, there was an interval of  
48 h to allow for stabilization of serum lactate levels. 
The incremental load was tied to the back of the animals 
with an elastic band. During the test, blood samples 
were collected every 5 min from a cut in the tip of the 
tail for lactate determination.15

The animals submitted to treadmill training exercise 
(DMT) also underwent a lactate test similar to the group 
submitted to swimming training; however, the test was 
adapted to the treadmill. After 48 hours of rest at the 
end of the adaptation period, the animals performed 
20 minutes of exercise on each test day. The protocol 
consists of 4 days of testing, starting on the first day 
with a velocity of 10m /min, and 5m / min added on 
each day of the test. Between each test day there was 
a 48-hour interval for the stabilization of lactate levels. 
Blood samples were taken every five minutes during 
the test at the distal end of the animals’ tail to measure 
the lactate level of each animal.15

The exercise capacity of all groups was measured on 
the treadmill and estimated by the total distance. It was 
evaluated before the beginning of the exercise training 
protocols and after the end of the exercise training 
protocols on the eighth week, after 24 hours of rest. The 
test consisted of an initial walk with an initial speed of 
3 m/min for 5 minutes for warming-up, with 3 m/min 
being added every 3 minutes until the animal showed 
signs of exhaustion.16

The exercise training protocol was initiated 20 days 
after DM induction.
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Exercise training 

Swimming

In the first week of the experiment, the animals 
from the DMS group were placed in a pool with 700 L 
of water, divided by glass tanks of different sizes. The 
water temperature was maintained at 33 ± 1º C. The 
training protocol consists of 1 session of 60 min/day, 
5 days/week and intensity determined by the MLSS, 
for 8 weeks. At midpoint of the protocol, that is, the 
fourth week of training, there was a new lactate test 
to readjust the intensity of training, as animals suffer 
physiological adaptations and the intensity established 
at the beginning of the protocol would satisfy a lower 
intensity of animal Lan. 

Treadmill

After the week of adaptation and determination 
of MLSS, the animals of the DMT group started the 
ET protocol over 8 weeks, 5 days/week, 60 min/day 
at an intensity corresponding to MLSS. At midpoint 
of the protocol, that is, the fourth week of training, a 
new lactate test was performed in order to readjust the 
intensity of training.

Glucose levels and body weight

Glucose measurement was performed at the tip of the 
tail in the following phases of the trial period: after 12 h 
of fasting; every 7 days during the experimental period. 
For the fasting blood glucose test, reagent strips were 
used and measured by a glucometer.

Body weight was evaluated under the same conditions 
and at the same time as glycemic control on a scale.

Euthanasia of animals

At the end of the experiment, rats were not handled for 
24 h and after that they were anesthetized with ketamine 
(0.2 mL/100 g) and xylazine (0.1 mL/100 g), sacrificed 
by decapitation, and their tissues harvested. Cardiac 
chambers were dissected, and the left ventricle was 
weighed, as well as the right soleus and right extensor 
digitorum longus (EDL) muscles. 

Skeletal muscle cross-sectional area 

Soleus and EDL muscles were cut into 5-µm-thick 
sections using a cryostat and stained with hematoxylin 
and eosin for examination under light microscopy. 

Whole muscle cross-sectional area was evaluated at 200× 
magnification and further analyzed on a digitizing unit 
connected to a computer using the Axiovision program. 
All analyses were conducted by a single observer (EM), 
blinded to the rat’s group.

Skeletal muscle glycogen content 

The soleus and EDL muscles were digested in 30% 
KOH at 100°C and glycogen was precipitated by the 
addition of 100% ethanol. After precipitation, the sample 
was centrifuged at 3500 rpm for 30 min. The supernatant 
was then decanted off and the precipitated glycogen was 
obtained quantitatively by two successive extractions 
with trichloroacetic acid 5%. Glycogen was estimated 
using a colorimetric assay with an anthrone reagent 
(0.2% solution in 95% sulfuric acid). The protocol was 
adapted for skeletal muscle tissue from Balmain et al.,17 
and previously used by Voltarelli et al.18 The values are 
expressed in microgram per gram of fresh weight.

Cardiac structural analysis

The left ventricles were then embedded in paraffin 
for histological processing. Sections (5 µm) were stained 
with hematoxylin and eosin for examination under 
light microscopy. Only nucleated myocytes from the 
transversally-cut muscle fiber areas were included in 
the cross-sectional diameter of cardiomyocyte analysis.19 
Quantification of left ventricular fibrosis was achieved 
using picrosirius red staining. Analyses were performed 
in a computer-assisted morphometric system. 

Statistical analysis

The data are expressed as mean ± standard deviation. 
The normality of the data was verified through the 
Kolmogorov-Smirnov test. The effect of exercise training 
protocols was tested by one or two-way analysis of 
variance (ANOVA), as appropriate. When a statistically 
significant difference was achieved, post hoc comparisons 
between groups were performed using Bonferroni test. 
Statistical analyses were performed using Dell Statistica 
(version 12). The level of significance was set at p < 0.05.

Results 

As expected, the diabetic groups (DMC, DMS and DMT) 
displayed statistically significant (p < 0.05) higher glycemia 
at the beginning of the protocol (Table 1) and the glycemia 
remained high at the end of the protocol. Moreover, DMT 
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Table 1 - Glycemia, body weight and exercise tolerance before (pre) and after (post) 8 weeks of either sedentary status or 
exercise training

Parameter

Glycemia (mg/dL) Body weight (g) Exercise tolerance (min)

Groups

Pre

CTR 70 ± 6 237 ± 15 29 ± 2

DMC 229 ± 24 a 219 ± 8 19 ± 1 a

DMS 282 ± 27 a 234 ± 8 21 ± 1 a

DMT 250 ± 25 a 193 ± 7 20 ± 1 a

Post

CTR 65 ± 8 381 ± 19 * 23 ± 2 *

DMC 284 ± 18 a 196 ± 12 a 16 ± 1 a

DMS 252 ± 12 a 227 ± 8 a 23 ± 2 b

DMT 346 ± 27 abc* 211 ± 10 a 28 ± 2 b*

CTR (n = 10), DMC (n = 11), DMS (n = 12), and DMT (n = 9). a ≠ CTR, b ≠ DMC, c ≠ DMS. * ≠ pre (p < 0.05). Results are presented as mean ± 
standard derivation of the mean; Two-way ANOVA with post-hoc Bonferroni test.
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group showed higher glycemia at the end of the protocol 
when compared to all other groups (Table 1).

In relation to body weight, diabetic groups (DMC, 
DMS and DMT) showed lower body weight when 
compared to the CTR at the end of the protocol. Only 
the CTR group showed a significant (p < 0.05) increase in 
body weight at the end when compared to the beginning 
of the protocol (Table 1). 

Diabetic groups (DMC, DMS and DMT) displayed 
statistically significant (p < 0.05) lower exercise tolerance 
at the beginning of the protocol when compared to the 
CTR group. Only the DMT group showed a significant 
(p < 0.05) increase in exercise tolerance at the end when 
compared to the beginning of the protocol. Although the 
DMS group did not show a significant increase at the 
end compared to the beginning of the protocol, exercise 
tolerance was significantly higher (p < 0.05) than in the 
DMC group (Table 1) at the end of the protocol. The CTR 
group showed a decrease in exercise tolerance at the end 
compared to the beginning of the protocol.

The data related to the analysis performed in the soleus 
and EDL muscles are shown in table 2. The DMC group 
showed similar cross-sectional areas of soleus and EDL 
muscle fibers when compared to the CTR group. Only 
exercise training on the treadmill was able to increase this 
variable, since the DMT group showed greater areas in 
the fibers of both muscles when compared to the CTR, 
DMC and DMS groups (p < 0.05).

Regarding glycogen levels, the DMC showed similar 
levels in soleus but decreased levels in the EDL (p < 0.05) 
when compared to the CTR group. Both ET protocols 
were able to increase the glycogen levels in both muscles 
(p < 0.05). In addition, the DMS group showed a higher 
level in relation to the CTR group. 

When comparing the wet weight of the soleus and 
EDL muscles, the DMC showed lower weights of both 
muscles corrected for tibial length when compared to 
the CTR group. The ET protocols used in this study 
had no effect on this variable, since no differences were 
found between the DMC, DMS and DMT groups. When 
correcting the weight of the muscles by body weight, 
there were no significant differences either and, for that 
reason, these data are not shown.

The data for the analysis carried out in the left ventricle 
are depicted in Table 3. The DMC group showed a cardiac 
cross-sectional diameter similar to that of the CTR group. 
However, the exercise-trained groups (DMS and DMT) 
showed higher (p < 0.05) cardiac cross-sectional diameter 
when compared to the sedentary groups (CTR and DMC). 
Moreover, the cardiac cross-sectional diameter of the 
DMS group was significantly (p < 0.05) higher than that 
of the DMT group. Left ventricular fibrosis assessed by 
collagen quantification was not different between the 
groups. Regarding the wet weight of the left ventricle, 
the DMC group showed a significant (p < 0.05) decrease 
when compared to the CTR group and the different 
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Table 2 - Cross-sectional area, glycogen content and wet weight of the soleus and EDL muscles corrected for tibial 
length after 8 weeks of either sedentary status or exercise training

Skeletal muscle

Cross sectional area (µm²) Glycogen (ug/mg) Wet weight (mg/cm)

Groups

EDL

CTR 82.0 ± 4.9 324.0 ± 23.8 74.8 ± 1.5

DMC 50.9 ± 6.2 105 ± 14 a 26.1 ± 1.7 a

DMS 70.3 ± 5.3 638.5 ± 57.8 ab 29.8 ± 1.2 a

DMT 189.8 ± 17.0 c 500.6 ± 43.5 ab 27.5 ± 1.2 a

Soleus

CTR 103.9 ± 39.3 90.4 ± 11.2 60.1 ± 2.8

DMC 69.0 ± 1.9 46.1 ± 3.3 35.3 ± 1.5 a

DMS 111.1 ± 7.8 162.7 ± 20.2 ab 38.7 ± 1.0 a

DMT 318.4 ± 36.0 c 139.3 ± 8.9 b 36.1 ± 1.4 a

CTR (n = 10), DMC (n = 11), DMS (n = 12), and DMT (n = 9). a ≠ CTR, b ≠ DMC, c ≠ DMS, DMC and CTR (p < 0.05). Results are presented as 
mean ± standard derivation of the mean; One-way ANOVA with post-hoc Bonferroni test.

Table 3 - Cross-sectional diameter, collagen volume fraction and wet weight of left ventricle corrected for tibial length 
after 8 weeks of either sedentary status or exercise training

Left ventricle

Cross-sectional diameter of 

cardiomyocytes (µm)
Collagen (%) Wet weight (mg/cm)

Groups

CTR 18.8 ± 1.0 5.78 ± 0.45 225.8 ± 685

DMC 17.8 ± 1.4 6.34 ± 1.03 162.2 ± 585 a

DMS 34.6 ± 6.8 ab 8.15 ± 0.68 175.8 ± 449 a

DMT 25.7 ± 1.0 abc 7.55 ± 0.69 161.3 ± 298 a

CTR (n = 10), DMC (n = 11), DMS (n = 12), and DMT (n = 9). a ≠ CTR, b ≠ DMC, c ≠ DMS (p < 0.05). Results are presented as mean ± standard 
derivation of the mean; One-way ANOVA with post-hoc Bonferroni test.
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exercise training protocols were not able to change this 
variable (Table 4).

Discussion

Some studies show that aerobic ET aids in controlling 
blood glucose, whereas other studies showed no 
significant improvement regarding this control.14,20 What 
is known and is widely discussed in the literature is that, 
physiologically, ET increases the expression of GLUT4 
transporters, optimizing glucose uptake in muscle cells 
and accordingly, it is argued that this has a significant 

impact on the control of serum glucose, while maintaining 
hepatic glucose production stable.21 However, this glucose 
control was not verified in our study.

Neither ET protocol was able to reestablish the body 
weight of the diabetic groups. Body weight maintenance 
is one of the variables affected by the clinical condition 
of DM1.22 With the diminishing supply of glucose 
into cells, physiological mechanisms degrade other 
substrates that are available as energy sources, such as 
proteins and lipids, resulting in the loss of muscle mass, 
fat reserves, and consequently, loss of body weight. If 
a person has good glycemic control, these mechanisms 
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Table 4 - Demonstration of uncorrected weights in relation to the tibial length; soleus muscle, EDL muscle, left ventricle 
and tibial length

Uncorrected weights and tibial length

Soleus (mg) EDL (mg) Left ventricle (mg) Tibial (cm)

Groups

CTR 250.1 311.0 939.1 4.2

DMC 131.6 97.3 604.5 3.7

DMS 144.2 111.4 655.0 3.7

DMT 134.5 102.8 600.5 3.7
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are not triggered and this prevents progressive weight 
loss.22,23 As the ET was not able to promote better 
glycemic control, the improvement of body weight did 
not occur, either.

The DMC group showed decreased exercise tolerance 
and the trained groups increased exercise tolerance after 
the ET protocol when compared with the DMC group. 
This result allows us to infer that DM1 had a negative 
influence on the exercise tolerance of the animal, and the 
ET, whatever the ergometer used, provided physiological 
adaptations to the diabetic animal, increasing exercise 
capacity. The DMT group was the only one with a 
significant improvement in exercise tolerance when 
compared to the results achieved before the experimental 
period. Adaptability and familiarity with the ergometer 
can explain this result,24 as the exercise tolerance test 
was performed in the same ergometer in which the DMT 
group trained for 8 weeks. 

Regarding the skeletal muscles, the diabetic groups 
showed lower weights when compared with the CTR 
group. This result confirms the activation of biochemical 
mechanisms to increase energy bioavailability in the 
bloodstream, as well as the difficulties of supplying 
energy to maintain the cell, which is caused by the lack 
of insulin caused by DM1.22

On the other hand, when we evaluated the cross-
sectional area of the soleus and EDL muscles, we did not 
observe differences between the DMC and CTR groups. 
However, the ET on the treadmill was able to significantly 
increase the cross-sectional area of both muscles. ET leads 
to differentiation of muscle fiber types and the different 
types of fibers have different diameters. Although the 
soleus muscle has a predominance of type 1 fibers and the 
EDL muscle a predominance of type 2 fibers, there still 
exists a small percentage of other types of fibers that may 
influence this analysis. The histological technique used in 

this study did not allow us to differentiate between fiber 
types.25,26 Furthermore, the biomechanics of movement 
in the ergometer should have favored the DMT group, 
as we analyzed agonist muscles.

Muscle fibers of different types also have different 
metabolic profiles. Thus, the soleus muscle has an 
oxidative metabolism and, consequently, greater 
reserves of glycogen, whereas the EDL muscle has 
a predominantly glycolytic metabolism and lower 
bioavailability of glycogen. As expected, the DMC group 
showed lower glycogen content when compared to the 
CTR group in the EDL because they had not received 
insulin 23. In the soleus muscle, this decrease in muscle 
glycogen levels did not show statistical difference.

Both ET protocols used in this study were able 
to increase glycogen content in both muscles when 
compared with the DMC group. This result corroborates 
the abovementioned data , where researchers claim 
that ET has the ability to increase the expression of 
the GLUT4 transporter.21 This fact may have favored 
the entry of glucose into muscle cells. However, this 
action may not have been enough to affect serum 
glucose levels, which remained high even after the 
exercise training period. Possible explanations for the 
contrast observed in this study include the severity of 
STZ effects, which can vary between animals, and the 
intensity of the effort equivalent to metabolic transition, 
which may not be the most suitable one for obtaining 
the desired beneficial effects.2

Regarding the analysis carried out in the heart, 
although glucose was found to be high in the DMC 
group and to stay high in the trained groups, we found 
no differences in the collagen volume fraction between 
the groups, corroborating the results of Stilli et al.,27 
unlike the findings of other studies.28,29. Sears et al.,30 
also induced DM1 with STZ at similar doses to those 
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used herein. However, they found that diabetic rats had 
increased levels of collagen fibers after DM1 induction, 
which may indicate that there is some variability in the 
cardiac collagen fraction response of rats when DM1 
is induced by STZ.30 It may be possible that the period 
of DM1 may influence this response. Aside from that, 
the different techniques and types of collagen volume 
fraction assessment may also influence this response. 

Bakth et al.,31 induced mild DM1 in canines by 
administering low doses of alloxan for a period of 1 
year. Despite the low doses and mild DM1, this greater 
period of DM1 led to increased collagen volume 
fraction in the myocardium of canines. Silva et al.,28 also 
observed increased collagen in the left ventricle of rats. 
However, in this case, Silva et al. induced DM1 in rats 
by administering STZ, 60 mg/kg, intraperitoneally.28

Another cardiac morphological change that was 
observed in this study was the left ventricular wet 
weight. As expected, the DMC group had a decrease in 
ventricular weight when compared with the CTR group, 
similar to other studies that have found a decrease in 
heart weight30,32 and left ventricular weight.27 Neither of 
the exercise training protocols used in the present study 
was able to change the left ventricular wet weight.

On the other hand, cardiomyocyte hypertrophy 
was not observed in the DMC group, but the exercise 
training protocols used in the present study were able to 
increase the cross-sectional diameter of cardiomyocytes. 
There may have been a physiological hypertrophy since 
it is believed that ET can influence DNA replication 
and mitotic activity, which offsets the larger diameter 
induced by exercise training, compensating for the 
left ventricular weight. Thus, it may have decreased 
the number of cells, while increasing the size of those 
that remained. However, it is important to remember 
that we evaluated the wet weight of the ventricle, not 
the dry weight, which may result in other components 
influencing this remodeling of cardiomyocytes and 
ventricular mass. 

The fact that swimming showed a more prominent 
increase in cardiac cross-sectional diameter may be 
due to the characteristics of this type of exercise, where 
the hydrostatic pressure exerted by water on the 
blood vessels leads to vasoconstriction and therefore, 
promotes increased venous return and preload.33 It 
is known that increasing the preload promotes the 
addition of new sarcomeres in series, leading to an 
eccentric hypertrophy.34 Furthermore, this increase in 
vasoconstriction also promotes increased post-load and 

stimulates the growth of cardiomyocytes by adding new 
sarcomeres in parallel and increasing the thickness of the 
heart wall to produce a stronger contraction to overcome 
this increased resistance.34 In fact, swimming training 
was effective in increasing the width and cell volume of 
cardiomyocytes in rats with DM.4

Another factor that may have contributed to this 
more notable increase in cardiac cross-sectional 
diameter after swimming training is the increased 
adrenergic activity. There are studies in rats showing that 
swimming training leads to higher norepinephrine and 
adrenaline levels than exercise training on a treadmill, 
favoring the activation of the sympathetic nervous 
system.35 It is known that catecholamines exert cardiac 
hypertrophic effects through adrenergic action, especially 
in pathological conditions.36-39 Therefore, perhaps a 
higher cardiac adrenergic action may have contributed 
to increased cardiomyocyte hypertrophy in DMS, 
when compared with DMT. It is likely that this cardiac 
remodeling observed in the trained animals reflected 
an improvement in cardiac function, which must have 
influenced the superior performance in terms of exercise 
tolerance compared with the DMC group. 

However, it is important to note that our study did 
not evaluate the number of cardiomyocytes, or the 
adrenergic activity of each training protocol and its 
association with cardiac hypertrophy is speculative. 
Nevertheless, it is undoubtedly an interesting topic for 
future investigations.

Conclusion

The aerobic ET protocols applied to animals with 
DM1, irrespective of the ergometer, offered benefits in 
some regards: increased glycogen content of the soleus 
and EDL muscles and increased cross-sectional diameter 
of cardiomyocytes. For some variables, such as exercise 
tolerance and the cross-sectional area of the soleus and 
EDL muscles, the DMT showed better results than DMS 
group. On the other hand, the DMS showed increased 
cardiac cross-sectional diameter when compared with 
the DMT group.
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