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Introduction: Understanding the effects of exercise training and vitamin C, both individually
and in combination, may help to identify ways to reduce complications associated with
hypothyroidism, which is linked to chronic inflammation. The purpose of this study was to
investigate the effects of aerobic training and vitamin C intake on the gene expression of
inflammatory markers in the soleus muscle of rats with experimental hypothyroidism.

Materials & Methods: In the present study, 30 male Wistar rats were randomly divided into 5
groups: healthy control, hypothyroidism, hypothyroidism+training,
hypothyroidism+supplementation and hypothyroidism+training+supplementation.
Hypothyroidism was induced by daily administration of propylthiouracil (6 mg/kg) for eight
weeks The aerobic training consisted of 40 min of running at a speed of 10-25 m/min, 5
days/week for 8 weeks. Supplement groups received daily supplementation with 100 mg/kg
vitamin C. Gene expression of Interleukin-10 (IL-10) and Tumor necrosis factor-a (TNF-a) in
the soleus muscle was determined by real-time PCR following the interventions. Statistical
significance was determined by one-way ANOVA with post hoc tests (Tukey) at P <0.05.

Results: Induction of hypothyroidism significantly decreased the gene expression of IL-10 and
IL-10/TNF-a and significantly increased TNF-a compared to the healthy control group (all, P
< 0.0001). However, aerobic training and vitamin C intake significantly increased the IL-10
and IL-10/TNF-a and significantly decreased TNF-a compared to the hypothyroidism group
(all, P < 0.029). Also, the combination of aerobic training and vitamin C intake was
significantly more effective than the aerobic training and vitamin C intake alone (both, P <
0.012).

Conclusion: Based on these findings, vitamin C supplementation reinforces the effects of
aerobic training on modulating inflammation of the muscle tissue induced by experimental
hypothyroidism.
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Introduction

stressful stimuli is well known (5). According to the
evidence, it seems that modulating inflammation in

Hypothyroidism is one of the thyroid disorders,
which is divided into two types: subclinical and overt
hypothyroidism. Subclinical hypothyroidism is
diagnosed when the serum thyroid-stimulating
hormone level is higher than the reference range and,
at the same time, the free thyroxine is within its
reference range (3). The role of cytokines as key
molecules involved in the coordination of hormonal,
immune, and inflammatory responses to a variety of
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hypothyroid patients helps to control the
complications of this disease (8). However, there is
not much information in this field. Considering the
relationship between hypothyroidism and chronic
inflammation on the one hand and the modulation of
inflammatory markers following exercise training
and vitamin C intake on the other hand (17, 20),
knowledge of the independent and interactive effects
of these two interventions can help to identify the

Publisher: Ilam University of Medical Sciences

Journal of Ilam University of Medical Sciences, Volume 34, Issue 4, 2026


https://orcid.org/0009-0004-1453-8036
https://orcid.org/0000-0003-3668-0266
https://orcid.org/0000-0002-4631-7308

approach to reduce the complications of this disease.
However, so far no research has investigated the
simultaneous effect of aerobic exercises and
antioxidant supplements (such as vitamin C) on
inflammatory factors in hypothyroid patients. The
purpose of this study was to investigate the effects of
aerobic training and vitamin C intake on the gene
expression of inflammatory markers in the soleus
muscle of rats with experimental hypothyroidism.

Methods

In this experimental study, 30 male Wistar rats
(weight 200-220 gr) were randomly divided into five
equal groups (n=6), including healthy control,
hypothyroidism, hypothyroidism+training,
hypothyroidism-+supplement, and
hypothyroidism+training+supplement. In order to
induce hypothyroidism, propylthiouracil (6 mg/kg)
was used daily by gavage for eight weeks. The
aerobic training protocol consisted of 40 min of
continuous running on the treadmill. In the first
week, the training program started with 30 min of
running at a speed of 10 m/min, and every week 2
m/min was added to the speed of the treadmill so that
it reached 25 m/min in the eighth week. Each
training session began with a 5-min warm-up at a
speed of 5-10 m/min and ended with a 5-min cool-
down at the same intensity. During the intervention,
the supplement groups were administered 100
mg/kg of water-soluble vitamin C daily by gavage
(24). After 48 hours of the final interventions
(exercise or supplement administration) and a 12-
hour fast, the rats were anesthetized by
intraperitoneal injection of a combination of
ketamine (100 mg/kg) and xylazine (10 mg/kg).
After confirming deep anesthesia, the animals were
sacrificed, the soleus muscle was isolated, and the
gene expression of interleukin-10 (IL-10) and tumor
necrosis factor-o (TNF-a)) was measured by the real-
time PCR method. One-way analysis of variance
(ANOVA) and Tukey's post hoc tests were used to
evaluate changes between groups at a statistical
significance level of P < 0.05.

Results

The results of the ANOVA showed a
significant difference in the expression levels of IL-
10, TNF-a, and IL-10/TNF in the soleus muscle of
the study groups (P < 0.0001). According to the
results of Tukey's post hoc test, the level of
expression of IL-10 in the healthy control increased
significantly compared to the intervention groups
(all; P<0.003), and in the hypothyroidism group,
there was a significant reduction relative to the other
groups (all; P<0.029). However, expression of TNF-

a in the hypothyroidism group increased
significantly compared to other groups (all; P <
0.0001). While TNF-a expression in the healthy
control group showed a significant decrease
compared to the intervention groups (all; P <0.0001)
and a significant increase in the hypothyroidism
group compared to the other groups (all; P <0.0001).
A significant increase in the expression of IL-10 and
a significant decrease in the expression of TNF-o

were seen n the
hypothyroidism+training+supplement group
compared to hypothyroidism,
hypothyroidism—+training, and

hypothyroidism+supplement (all P < 0.003). Also,
IL-10/TNF-a in the hypothyroidism+training and
hypothyroidism+supplement groups was
significantly lower than in the
hypothyroidism+training+supplement groups (both,
P < 0.016). However, there was no significant
difference between the hypothyroidism-+training and
hypothyroidism+supplement  groups in gene
expression of IL-10, TNF-a, and IL-10/TNF (P <
0.991).

Conclusion

Overall, the results obtained in this research
revealed the anti-inflammatory effects (based on the
increase of IL-10 and IL-10/TNF and the decrease of
TNF-a)) of aerobic training and vitamin C in the
muscle tissue of hypothyroidism model rats.
Furthermore, the simultaneous use of these two
interventions enhanced their anti-inflammatory
effects. Based on these findings, vitamin C
supplementation reinforces the effect of aerobic
training on modulating inflammation induced by
hypothyroidism. Based on these results, aerobic
training and vitamin C are effective non-
pharmacological approaches to reduce inflammation
in the muscle tissue of patients with hypothyroidism.
However, more research is needed to draw accurate
conclusions. Future studies should be conducted
with larger sample sizes, long-term follow-up, and
more biochemical variables (such as oxidative stress
markers) to provide stronger evidence for exercise
and dietary interventions.
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