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Abstract

Background and aims: Hypothyroidism leads to a reduction in muscle volume
and mass. Meanwhile, the myostatin and follistatin genes play a
pivotal role in regulating muscle growth, homeostasis, and preventing
atrophy. This study investigated the expression of these genes in
response to a moderate-intensity exercise program in rats with
hypothyroidism.

Methods: In this controlled experimental study, 21 male Wistar rats (8
weeks old, weighing 210 £ 15 g) were induced with hypothyroidism
(150 mg/kg) and randomly divided into three groups: healthy,
hypothyroidism control, and hypothyroidism + endurance training.
The intervention group underwent a 6-week endurance training
program (speed: 10-20 m/min, duration: 20—40 min). After training
and anesthesia, tissue samples were collected, and gene expression
was measured using Real-Time PCR. Data were analyzed using a
one-way ANOVA test (significance level: p < 0.05) and GraphPad
software.

Results: Hypothyroidism induction significantly increased myostatin
levels (p < 0.0001) and also decreased follistatin levels (p = 0.353) in
rats. However, endurance training significantly reduced myostatin
(p < 0.0001) and increased follistatin levels (p = 0.01) in hypothyroid
rats.

Conclusion: Endurance training appears to counteract muscle atrophy
and wasting in hypothyroid rats by inducing beneficial changes in the
expression of the studied genes.
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Introduction

Hypothyroidism (HO) stands as one of the
most prevalent endocrine disorders, characterized
by diminished thyroid hormone levels. The
etiology of this condition is multifaceted, with
contributing  factors including autoimmune
thyroiditis, iodine deficiency, surgical
interventions, or radioiodine therapy [1]. A mild
form of hypothyroidism is identified when
thyroxine (T4) levels remain within the normal
range, while thyroid-stimulating hormone (TSH)
levels are elevated but remain below 10 mlU/L
[3]. The interplay between thyroid hormones,
TSH levels, and muscle structure is well-
documented, underscoring the critical role of
thyroid hormones (THs) as regulators of muscle
metabolism in both health and disease. These
hormones function as potent anabolic and
catabolic agents, making their investigation
pivotal in understanding muscle function [5].

Previous research has explored the effects of
exercise training on myostatin and follistatin
levels, revealing no significant alterations in these
markers across various training sessions [17].
Given this context, the present study sought to
elucidate the changes in myostatin and follistatin
gene expression following a regimen of moderate-
intensity exercise (MIT) in rats with induced
hypothyroidism. This investigation aimed to
address a potential gap in the literature by
examining how exercise influences these
molecular markers in a hypothyroid state.

Methods

The study employed 21 male Wistar rats, aged
eight weeks, with an average weight of 210 £+ 15
grams. After acclimatization to the laboratory
environment, the animals were randomly allocated
into three groups of seven: a healthy control group
(H), a hypothyroid control group (HO), and a
hypothyroid group subjected to endurance
exercise (HO+EX). Hypothyroidism was induced
via intraperitoneal injection of methimazole
powder over a 10-day period [18]. The endurance
exercise protocol was conducted over six weeks,

with sessions occurring five days per week [22].

Two days after the completion of the exercise
protocol, the rats were anesthetized and
euthanized using an intraperitoneal injection of
ketamine (75 mg/kg) and xylazine (10 mg/kg) to
facilitate the extraction of muscle tissue. RNA and
cDNA were subsequently isolated from the
muscle samples, and quantitative gene expression
analysis was performed using PCR with the 2/(-
AACt) method. The Shapiro-Wilk test was
employed to assess the normal distribution of the
data. Statistical comparisons between groups were
conducted using one-way analysis of variance
(ANOVA), followed by Tukey's post hoc test for
pairwise comparisons.

Results

The findings revealed that the induction of
hypothyroidism resulted in a significant increase
in myostatin levels (p < 0.0001) and a non-
significant decrease in follistatin levels (p =
0.353) among the rats. Conversely, endurance
training led to a marked reduction in myostatin
levels (p < 0.0001) and a significant elevation in
follistatin levels (p = 0.01) in the hypothyroid rats.
These results suggest that moderate-intensity
exercise exerts a regulatory effect on the
expression of these genes in the context of
hypothyroidism.

Discussion and Conclusion

The key outcomes of this study include a
substantial reduction in myostatin gene expression
and a notable increase in follistatin gene
expression compared to the hypothyroid control
group. These findings align with prior research by
Carneiro et al.,, who identified myostatin as a
critical regulator of muscle growth. Their work
demonstrated that hypothyroid patients exhibit
elevated myostatin expression, which correlates
with muscle atrophy [10]. This underscores the
therapeutic potential of physical activity in
mitigating muscle deterioration in hypothyroid
individuals.
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Further  supporting these  observations,
Rashidlamir et al. investigated the impact of
endurance training on myostatin  protein
expression in cardiac muscle and reported a
significant decline in myostatin levels post-
exercise [24]. Similarly, Asad et al. observed a
reduction in myostatin concentration following a
combined exercise program in non-athletic men
[26]. Mechanistically, myostatin is known to
inhibit skeletal muscle growth by activating the
MSTN/SMAD signaling pathway [28].

The study also highlighted the role of
follistatin, which exhibited a significant increase
in expression following endurance training. This
finding is consistent with the work of Karimi et
al.,, who documented elevated follistatin gene
expression in response to exercise [34].
Additionally, Elliott et al. reported a rise in
follistatin levels among non-athletic elderly
participants after high-intensity exercise training
[35]. Hansen et al. further demonstrated that
plasma follistatin secretion increases during
physical activities such as cycling, knee bending,
and swimming [36]. Follistatin appears to
function by inhibiting activin and attenuating
myostatin signaling, positioning it as a promising
therapeutic target for muscle growth regulation,
metabolic syndrome, and inflammation.

In conclusion, the study demonstrates that
moderate-intensity endurance training induces
favorable changes in myostatin and follistatin

27

gene expression in hypothyroid rats. These
molecular adaptations suggest that exercise may
serve as a viable intervention to counteract muscle
atrophy and wasting in hypothyroid individuals.
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