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ABSTRACT

Resistance training through the changes in muscle mass and
regulating the expression of muscle proteins, cause muscle hypertrophy and inhibit muscle
atrophy. The purpose of this study was to investigate the effect of a detraining and
retraining period on gene expression of ATF4 and P53 in the plantaris muscle of rats after
hindlimb suspension.
In this study, 32 male rats aged 4 to 6 months were assigned
randomly into four groups (N=8): 1- control (G1), 2- training-suspension-retraining (G2), 3-
detraining-suspension-retraining (G3), and 4- training-suspension-detraining (G4). The
duration of resistance training was four weeks, and the duration of the suspension protocol
was two weeks. At the end of the study, the animals were anesthetized using chloroform
and dissected. Then the plantaris muscle was separated. Gene expression was measured
using Real Time-PCR. ANOVA and Tukey's tests were used to determine the difference
between research variables.
Assignificant difference was observed between the research groups in ATF4 and p53
gene expression (F=16.57) (p=0.0001) and (F=55.07) (p=0.0001). In addition, there was a
significant decrease in ATF4 and p53 gene expression in G2, G3 and G4 compared to G1.
- Also, ATF4 gene expression was significantly decreased in G2 compared to G3 (p<0.05).
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Accepted: 13 May 2024 Overall, these findings support resistance training as a very efficient tool to
Available Online: 20 NOV 2024 prevent and inhibit atrophy caused by hindlimb suspension in the skeletal muscle of animal
model. However, more animal and human research is needed in this area.
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Introduction

uscle cells adapt according to stimuli such as
M physical activity or immobility. Resistance
training increases muscle mass and inhibits
atrophy by changing the muscle mass and
regulating the expression of muscle proteins. On the other
hand, the cross-sectional area of muscle fibers decreases
due to removal of mechanical loading. Activating
transcription factor-4 (ATF4) is a protein of the basic
leucine zipper transcription factor family, whose
expression leads to the activation of many genes involved
in cellular responses to stressful conditions. ATF4 mRNA
expression increases in atrophied muscle caused by limb
suspension. Like ATF4, p53 is also a transcription factor
that mediates cellular adaptation to stress. Transgenic mice
expressing p53 have been reported to experience premature
aging and muscle atrophy. Therefore, ATF4 and p53
probably cause immobility-induced atrophy. The purpose
of this study was to investigate the effect of a non-training
and retraining period on the expression of ATF4 and P53
genes in the plantaris muscle of male rats after lower limb
suspension.

Methods

In this study, 32 male rats were randomly divided into 4
groups (N=8): Control group (G1), training-suspension-
retraining group (G2), non-training-suspension-retraining
group (G3), and training-suspension-non-training group
(G4)). In this study, only the lower limb suspension
protocol was applied to the animals of the control group
(G1). Animals in G2 participated in a resistance training
program before and after applying the lower limb
suspension protocol. Animals in G3 participated in a
resistance training program only after applying the lower
limb suspension protocol. Animals in G4 participated in a
resistance training program only before applying the lower
limb suspension protocol. At the end of the research, the
animals were anesthetized, and their plantaris muscles
were separated. To unload the lower limb, the method of
Zhang et al. (2010) was used. The resistance training
program used in the present study was designed based on
the research of Kreamer et al. (2013) with a slight
modification. ATF4 and p53 gene expression levels were
measured by real time-PCR quantitative method. To
determine the difference between research variables,
ANNOVA and Tukey's post hoc test were used.

Results

There was a significant difference between research
groups in ATF4 gene expression (F=16.57)
(p=0.0001). In addition, a significant decrease was
observed in the expression of ATF4 gene in G2, G3

and G4 groups compared to G1. Also, ATF4 gene
expression was significantly decreased in G2 group
compared to G3 (p<0.05) (Figure 1).
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Figure 1: Changes in ATF4 gene expression in
research groups at the end of the study. The sign *
indicates a significant difference between G1 and
other groups. The symbol # indicates significant
difference with G3. G1= Control group, G2=
Training-suspension-retraining group, G3= No-
training-suspension-retraining group and G4=
training-suspension-no-training group.

There was a significant difference between the
research groups in p53 gene expression (F=55.07)
(p=0.0001). In addition, a significant decrease was
observed in the expression of p53 gene in G2, G3 and
G4 groups compared to G1 (p<0.05) (Figure 2).
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Figure 2: Changes in p53 gene expression in the
study groups at the end of the study. The sign *
indicates a significant difference between G1 and
other research groups. G = Control group, G2=
Training-suspension-retraining group, G3= No-
training-suspension-retraining group and G4=
Training-suspension-no-training group.
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Conclusion

Overall, the findings of the present study showed that lower
limb suspension leads to an unusual increase in the
expression of ATF4 and p53 genes. On the other hand,
performing a period of resistance training (before
suspension, after suspension and before and after
suspension) leads to a decrease in the expression of ATF4
and p53 genes. Also, in the training-suspension-retraining
group, a greater decrease in ATF4 gene expression was
observed compared to the non-training-suspension-
retraining group, which shows that training-retraining is
more effective in this regard. According to these findings, it
can be said that resistance training is a very effective tool to
prevent and control atrophy caused by immobility in the
skeletal muscle of the animal model.
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