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Abstract

Background. Resistance exercise is a method designed to increase muscle strength and
endurance, leading to beneficial physiological changes in various tissues. The aim of this
study is to investigate the pathological and structural effects of short-term and long-term
resistance training on various tissues of male rats, including cardiac striatum, quadriceps,
liver, kidney, and lung tissue.

Methods. Forty male Wistar rats were randomly divided into four groups: one-month
control, four-month control, one-month exercise, and four-month exercise. After the
exercise period, the animals were anesthetized and dissected to separate various tissues,
which were then treated with formalin and prepared for analysis.

Results. The study findings showed that liver tissue did not show significant
histopathological changes in response to exercise. However, in the heart tissue, mild
hyperemia and hypertrophy of muscle cells were observed in the exercise groups
compared to the control groups. In the quadriceps muscle, hypertrophy was observed to
a lesser extent in the one-month exercise group and to a greater extent in the four-month
exercise group. There was a significant difference in the diameter of the muscle cells of
the quadriceps muscle between the one-month and four-month exercise groups,
indicating the beneficial effects of long-term exercise. Additionally, an increase in the
size of the epithelial tissue of the urinary tubes was observed in both exercise groups,
which indicates an increase in kidney function due to exercise.

Conclusion. Overall, the results of this study show that resistance exercise can lead to
beneficial physiological changes in various tissues, especially with long-term exercise.
Understanding these changes can increase our knowledge about the benefits of exercise.

Practical Implications. Resistance exercises, through actions such as hyperemia,
hypertrophy of muscle cells, and hypertrophy of the epithelial tissue of urinary tubes,
improve the efficiency of the heart, kidneys and muscles during sports exercises,
especially with long-term exercise.

How to cite this article: Ghaderpour S, Shekarchi A A, Rahbar S, Ashrafi Helan J, Ghiasi F. Pathological and structural
study of cardiac striated muscle and quadriceps along with the study of microscopic changes in liver, kidney and lung
tissue following short-term and long-term resistance exercises in male rats. Med J Tabriz Uni Med Sciences. 2023;45(5):
435-446. doi: 10.34172/m;j.2023.045. Persian.

*Corresponding author; Email: faghiasi2@gmail.com

© 2023 The Authors. This is an Open Access article published by Tabriz University of Medical Sciences under the terms of the Creative Commons
Attribution CC BY 4.0 License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited



https://doi.org/10.34172/mj.2023.045
https://mj.tbzmed.ac.ir/
https://doi.org/10.34172/mj.2023.045
https://orcid.org/0000-0001-5661-1650
https://orcid.org/0000-0001-7923-5715
https://orcid.org/0000-0002-8992-3033

Ghaderpour, et al.

Extended Abstract

Background

Resistance exercise, which includes stretching
and weight training, is a special method designed to
increase muscle strength and endurance. This study
investigates the effects of resistance exercise on
various tissues in male rats, including the heart,
quadriceps, liver, kidney, and lung tissue. The
researchers are interested in both adaptive changes
and pathological/structural changes in these tissues,
comparing the effects of short-term and long-term
resistance exercise. Previous research has shown that
resistance exercise can lead to muscular hypertrophy
in both skeletal and cardiac muscle, but the specific
type of hypertrophy may vary depending on the type
of exercise. In weightlifters, for example, cardiac
hypertrophy is characterized by an increase in the left
ventricular wall, while in runners; it may be
characterized by changes in the diameter of the left
ventricular cavity during diastole. Physical activity
can provide many health benefits; however, it can
also lead to tissue damage and increased levels of
serum enzymes. This study will investigate whether
these changes are limited to skeletal and cardiac
muscle tissue, or whether they also involve other
tissues such as the liver, kidney, and lung.

Methods

Frothy male Wistar rats divided into four groups:
one-month control, four-month control, one-month
exercise, and our-month exercise. The exercise
protocol was based on a model developed by Tamaki
et al, with some modifications. To perform the
exercise; the rats were placed in a squat-training
device cylinder, which allowed them to stand upright
on their hind limbs. An electrical stimulus was then
applied to the rat's tail through a surface electrode,
which served as motivation for the rats to lift a piston
positioned directly over their heads. After one week
of adaptation, the rats in the exercise group were
subjected to four sets of 12 repetitions per day, with a
90-minute interval between each set. This protocol
was followed five times per week for either four or
sixteen weeks, depending on the group. Overall, this
exercise protocol was designed to investigate the

effects of short-term and long-term resistance
exercise on various tissues in male rats. At the end of
the study period, the rats were anesthetized with
intraperitoneally injection of ketamine (50 mg/kg)
and xylazine (5 mg/kg). Necropsy was performed,
and tissues, including the heart, quadriceps muscle of
the right leg, and visceral organs, were separated and
fixed in %10 neutral buffered formalin solution.
After paraffin block preparation, 5-micron thick
sections were prepared and stained with
hematoxylin-eosin (H & E) method. The sections
were then studied using a light microscope. The
grading of histopathological changes was as follows:
For hyperemia, mild degree was described as the
observation of red blood cells in several rows inside
blood vessels, while moderate degree was described
as the accumulation of red blood cells in blood
vessels. The severe degree was described as a severe
accumulation of red blood cells in blood vessels with
severe dilation of blood vessels. For bleeding, mild
degree was described as the observation of small foci
of bleeding in the number of 1 to 2 foci, while
moderate degree was described as the observation of
small foci of bleeding in large numbers in the area.
The severe degree was described as an extensive
bleeding in all or part of the tissue or multiple large
foci of bleeding that are connecting together. For
inflammation, mild degree was described as the
observation of small and limited foci of inflammation
in the number of 1 to 2 foci, while moderate degree
was described as the observation of small and large
foci of inflammation in large numbers in the area.
The severe degree was described as severe and
extensive inflammation in all or part of the tissue or
many large foci of inflammation that are connecting
together. For fibroplasia or fibrosis, mild degree was
described as the presence of connective tissue in the
area and occupying the area more than what is
normally observed in that area.

Results

The study provides valuable insights into the
effects of short-term and long-term resistance
exercise on various organs. The findings suggest that
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while exercise can have positive effects on
cardiovascular health, muscle growth, and kidney
function, there are also potential negative effects on
lung tissue. The histopathological changes observed
in the liver tissue were relatively mild and included
hyperemia, mild reactivity, and slight fat changes.
The heart and quadriceps muscle tissues showed
more significant changes, including hypertrophy,
mild irritation, damage to muscle cells, and small
foci of bleeding. However, these changes were less
severe in the one-month exercise group compared to
the four-month exercise group, indicating that long-
term exercise may lead to more significant
adaptations in these tissues. The study also found that
exercise led to an increase in the size of the epithelial
tissue of the urinary tubes, especially the proximal
tubes, indicating an increase in the kidney's function
to reabsorb primary urine and excrete waste products
caused by exercise. However, there was no increase
in the diameter of renal glomeruli in the four-month
exercise group, suggesting that exercise may not
have a significant effect on this aspect of kidney
function. The most concerning finding was the

chronic interstitial pneumonia observed in the lungs
of rats in the four-month exercise group. This
suggests that despite the positive effects of exercise
on other organs, the lungs may be more susceptible
to damage from exercise-induced pressure. Overall,
the study highlights the importance of understanding
the specific histopathological changes that occur in
response to exercise and the potential positive and
negative effects on different organs. Further research
is needed to optimize exercise regimens and
minimize the potential negative effects on lung
tissue.

Conclusion

The research results provide important insights
into the histopathological changes that occur in
various organs in response to resistance exercise. The
study highlights the positive effects of exercise on
the heart, quadriceps, and urinary tubules, while also
indicating that further research is needed to optimize
exercise regimens and minimize potential negative
effects on lung tissue.
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