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ABSTRACT

Background: Various signaling pathways are involved in causing hypertrophy
in different organs of the body. One of these important pathways is the mTOR
signaling pathway, which, as a key regulator in cellular growth and metabolism
processes, plays an important role in muscle hypertrophy and kidney function.
The aim of the present study was to investigate the effect of resistance training
and Spirulina supplementation on the expression of IGF-1, AKT, Rheb, and
TSC2 genes in male rats.

Methods: 32 male Sprague Dawley rats, 3 months old and weighing 150 + 20 g,
were randomly assigned to four groups: resistance training + spirulina
supplement, resistance training, spirulina supplement, and control. Spirulina
was orally administered to rats in the spirulina and resistance training plus
spirulina groups at a dose of 200 mg/kg body weight per day for eight weeks.
The resistance training protocol consisted of eight weeks of ladder climbing to a
height of one meter. The expression levels of IGF-1, AKT, Rheb, and TSC2
were measured using Real-time PCR.

Results: The expression levels of IGF-1 (p<0.001), AKT (p<0.0001) and Rheb
(p<0.0001) genes showed a significant increase in the exercise + supplement
group. While the expression of TSC2 gene was significantly decreased in the
exercise + supplement group (p<0.0001).

Conclusion: The findings indicate a positive effect of resistance training and
Spirulina supplementation on the expression of IGF-1, AKT, Rheb, and TSC2
genes in kidney tissue.
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Extended Abstract

Background: Various signaling pathways
are involved in causing hypertrophy in
different organs of the body. One of these
important pathways is the mTOR signaling
pathway, which, as a key regulator in
cellular growth and metabolism processes,
plays an important role in muscle
hypertrophy and kidney function. Studies
have shown that resistance training activates
the mTOR pathway, especially mTORC1,
which is crucial for muscle hypertrophy.
Additionally, spirulina, a blue-green
microalga, has gained popularity as a dietary
supplement due to its nutrient-rich profile
and potential health benefits. This is due to
its antioxidant properties, which are
primarily attributed to phycocyanin (a
protein pigment complex that helps scavenge
free radicals and reduce oxidative stress).

Despite the well-known benefits of exercise
training and supplementation on renal
function, there are significant gaps in
understanding the combined effects of
resistance training and specific supplements,
such as spirulina, on renal hypertrophy. The
interaction between exercise-induced
molecular  pathways and  nutritional
supplementation may reveal novel strategies
to improve renal function and prevent
complications associated with hypertrophy.
The present study aimed to investigate the
effect of resistance training and Spirulina
supplementation on the expression of IGF-1,
AKT, Rheb, and TSC2 genes in male rats.

Methods: The present study is a basic and
experimental study that was conducted in the
period 2020-2021. This study was conducted
on 32 Sprague-Dawley rats purchased from
the Animal Laboratory of Marvdasht Azad
University. The inclusion criteria for the
study were 3 months of age, an average
weight of 150 = 20 grams, and male gender.
During the study, the rats were kept in
separate transparent polycarbonate cages in
an environment with a temperature of 22+ 2
degrees Celsius, a humidity of 55+ 4 percent,
and a light cycle of 12:12 hours. All the rats
were fed with a standard pellet which was

provided by Pars Animal Feed Company.
Rats were randomly divided into four
groups: Group 1: Control, Group 2:
Resistance training (without receiving
Spirulina supplements), Group 3:
Supplementation (without resistance training
and receiving Spirulina supplements), Group
4: Resistance training + supplementation
(receiving Spirulina supplements).

The training protocol consisted of 8 weeks of
resistance training using a rodent ladder
designed to be 1 meter high and 4 cm in
height with a vertical slope to the ground.
Before starting the training program, rats
performed three repetitions without weights
and without rest between repetitions to
prepare their bodies. The weight chosen to
start the program was 30% of the rats' body
weight, which was increased to 100% in the
final weeks. In this study, 24 hours before
the start of training, 200 mg/kg/day of
Spirulina was added to the drinking water of
rats in the Spirulina consumption groups
(supplement group and resistance training +
supplement group). This daily intake
continued until the end of the eighth week.
The expression levels of IGF-1, AKT, Rheb,
and TSC2 were measured using Real-time
PCR.

Results: The results showed that the
expression level of the IGF-1 gene increased
in the resistance training group (p<0.01), the
Spirulina supplement group (p>0.05) and the
resistance training + Spirulina supplement
group (p<0.001) compared to the control
group. Also, the expression level of the IGF-
1 gene increased in the resistance training +
Spirulina supplement group compared to the
resistance training group (p>0.05) and the
Spirulina supplement group (p<0.01) and in
the resistance training group compared to the
Spirulina supplement group (p<0.05).

Also, in examining the expression level of
the AKT gene, the results showed that
resistance training (p<0.01), Spirulina
supplementation (p>0.05) and resistance
training +  Spirulina  supplementation
(p<0.001) increased the expression level of
the AKT gene. Also, the expression level of
the AKT gene in the resistance training +
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Spirulina supplementation group was higher
than that in the resistance training group
(p<0.001) and the Spirulina supplementation
group (p<0.0001), and in the resistance
training group was higher than that in the
Spirulina supplementation group (p<0.05).

In the present study, our findings from
evaluating the expression level of the TSC2
gene indicated that resistance training
(p<0.01), Spirulina supplementation
(p>0.05), and resistance training + Spirulina
supplementation (p<0.0001) reduced the
expression level of the TSC2 gene. Also, the
expression level of the TSC2 gene in the
resistance training + Spirulina
supplementation group was lower than that
in the resistance training group (p<0.01) and
Spirulina supplementation group (p<0.0001),
and in the resistance training group
compared to the Spirulina supplementation
group (p<0.01).

Examination of Rheb changes showed that
resistance training (p<0.0001), Spirulina
supplementation (p>0.05) and resistance
training + Spirulina  supplementation
(p<0.0001) increased Rheb gene expression.
Also, Rheb gene expression in the resistance
training + Spirulina supplementation group
decreased compared to the resistance
training group (p>0.05) and increased
compared to the Spirulina supplementation

group (p<0.0001), and in the resistance
training group increased compared to the
Spirulina supplementation group (p<0.0001).
Conclusion: The findings of this study
clearly show that resistance training and
Spirulina  supplementation have positive
effects on the expression of key genes
related to growth and metabolism in male rat
kidneys. The significant increase in IGF-1,
AKT, and Rheb gene expression and the
significant decrease in  TSC2 gene
expression in the resistance training and
Spirulina supplementation groups indicate
the synergistic effects of these two factors on
biological processes that help improve organ
function and metabolism. This study
emphasizes the need for further research to
more accurately investigate the biochemical
mechanisms and long-term effects of the
combination of resistance training and
Spirulina supplementation. These findings
can be a guide to designing optimal training
and nutritional programs to promote the
health and function of body systems. On the
other hand, to more accurately investigate
the positive effects of resistance training and
Spirulina on the kidney, it is necessary to
conduct biochemical factors indicative of
kidney function and its histological
evaluation.
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