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Extended Abstract

Background and Purpose

Resistance training activates signaling pathways that regulate protein synthesis, protein degradation,
transcription processes, and the behavior of satellite cells. The mTOR signaling pathway plays a central role in
protein synthesis (1). Key downstream proteins of mTOR include P70S6K1 and 4E-BP1, while Rheb serves as
an upstream regulatory factor of mTOR (2). Researches has shown that resistance training can activate the
MTOR pathway. In recent years, considerable efforts have been made to clarify the cellular and molecular
mechanisms triggered by resistance training, with a particular focus on the effects of combining these exercises
with supplements (3). Spirulina, a type of seaweed, has been shown to enhance muscle protein synthesis (4). In
kidney tissue, mTOR can be activated by different pathways. Some studies have shown that TSC is associated
with the enlargement of benign tumors and cysts in the kidneys, which can ultimately lead to kidney failure (5).
Inhibition of MTOR and its related pathways has been found to reduce cyst growth and kidney enlargement in
rats (6). Given the high protein content of Spirulina, the aim of this study is to investigate the effect of eight
weeks of resistance training combined with Spirulina platensis supplementation on the TSC2
(RAGs)/mTOR/4E-BPs signaling pathway in the kidney tissue of male rats.
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Materials and Methods

A total of 32 male rats were randomly assigned into four groups (n=8): 1. Control group, 2.
Supplement group, 3. Resistance training group, and 4. Resistance training + Spirulina supplement
group. The resistance training protocol consisted of eight weeks of resistance exercises using a ladder
with a height of one meter. The protocol included 3 sets of 5 repetitions, with a 1-minute rest between
each repetition and a 2-minute rest between sets.

The initial weight used for the resistance training was set at 30% of the rat's body weight, and this
was progressively increased to 100% by the final week of training. At the beginning of each week,
the average body weight of each group was measured, and the weights for the training sessions were
adjusted accordingly. Both the Spirulina supplement group and the exercise + Spirulina supplement
group received Spirulina supplementation at a dose of 200 mg per kilogram of body weight, combined
with water, administered daily (7). 24 hours after the final training session, the rats were anesthetized
using a combination of 10% ketamine (52 mg/kg body weight) and 2% xylazine (10 mg/kg body
weight) (3). After euthanizing the rats, the kidney tissue was collected, and the gene expression levels
of the study variables were measured using Real-Time PCR. Data analysis was performed using two-
way analysis of variance (ANOVA) followed by Tukey's post hoc test.

Findings

The results of the two-way analysis of variance (ANOVA) indicated that there was no significant
difference in the expression of the TSC2 gene among the research groups (P = 0.618). Additionally,
no significant increase in the expression of this gene was observed in the resistance training group (P
= 0.728), the Spirulina supplement group (P = 0.728), or the combination of resistance training with
Spirulina supplementation (P = 0.804) when compared to the control group. The results indicated
that exercise had a significant effect on increasing the RAGs gene expression (P = 0.001). In addition,
the group that received both resistance training and Spirulina supplementation showed a significant
increase in RAGs gene expression (P = 0.001). Furthermore, Spirulina supplementation caused a
significant increase in mTOR gene expression (P = 0.001), and a significant increase in mTOR gene
expression was also observed in the resistance training group (P = 0.014).

Conclusion

Based on the findings of our study, eight weeks of resistance training, along with Spirulina
supplementation, led to a significant increase in the expression of the 4E-BPs and RAGs genes.
Additionally, eight weeks of resistance training had a significant effect on mTOR gene expression,
although Spirulina supplementation did not significantly affect the expression of this gene.
Considering that RAGs protein acts as a mediator for the activation of the mTOR pathway through
amino acid signaling, and given the established role of mTOR in the progression of kidney diseases
such as polycystic kidney disease and nephropathy, it is likely that Spirulina supplementation could
be beneficial for individuals suffering from these conditions. However, since no significant increase
in mTOR gene expression was observed in the group receiving both resistance training and Spirulina
supplementation, further research is warranted. This is especially crucial given the critical role of
kidney tissue in overall physiological function, and to better understand the potential interactions
between resistance training, supplementation, and kidney health.
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