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Obesity is one of the most prevalent metabolic disorders worldwide and is
associated with profound alterations in energy regulation, insulin resistance, and
metabolic diseases. Among the molecular pathways involved in metabolic
homeostasis, the AMPK and Akt signaling pathways play critical roles in
regulating energy balance and cellular metabolism. Dysregulation of genes
related to these pathways may contribute to obesity-associated metabolic
impairments. Therefore, the present study aimed to investigate the effects of
high-intensity aerobic training and myo-inositol supplementation on the
expression of AMPKa, Prkaal, Prkaa2, and Akt genes in the adipose tissue of
obese rats. In this experimental study, fifty male Wistar rats were rendered obese
through a high-fat diet and randomly assigned to five groups: healthy control,
obese control, high-intensity aerobic training, myo-inositol supplementation,
and combined high-intensity aerobic training plus  myo-inositol
supplementation. The training intervention was performed for eight weeks, five
sessions per week, while myo-inositol was administered concurrently
throughout the intervention period. Gene expression levels were assessed using
Real-Time PCR, and data were analyzed using one-way and two-way analyses
of variance. The results demonstrated that obesity significantly reduced the
expression of AMPKa, Prkaal, Prkaa2, and Akt genes. High-intensity aerobic
training significantly increased the expression of AMPK pathway-related genes,
whereas myo-inositol exerted a more pronounced effect on Akt gene expression.
Furthermore, the combined intervention produced the greatest increase in the
expression of all investigated genes. These findings suggest that the
combination of high-intensity aerobic training and myo-inositol
supplementation may serve as an effective non-pharmacological strategy for
improving gene expression patterns associated with energy regulation and
metabolic function under obese conditions.
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Extended Abstract

Introduction

Obesity is among the most important metabolic disorders of the contemporary era and has shown
a continuously increasing prevalence worldwide. Beyond excessive accumulation of adipose tissue,
obesity is associated with insulin resistance, impaired glucose homeostasis, dyslipidemia, and an elevated
risk of type 2 diabetes. Alterations in adipose tissue have a central role in the development and progression
of these metabolic disturbances, and the increasing prevalence of obesity has been directly associated with
the growing burden of metabolic diseases (Choi et al., 2019; Kasmass et al., 2023). Metabolic alterations in
adipose tissue can aggravate insulin resistance and disturb whole-body energy balance (Zatterale et al.,
2020), while obesity also disrupts normal adipose-tissue function and the regulation of metabolic pathways
(Barber et al., 2021). Consequently, identifying molecular mechanisms involved in energy regulation in
adipose tissue is important for understanding obesity-related metabolic dysfunction.

The AMP-activated protein kinase (AMPK) pathway is a major regulatory system involved in
cellular energy homeostasis. AMPKa constitutes a key component of cellular energy regulation, and
alterations in its expression may influence tissue metabolic status (Hardie et al., 2012). Genes associated
with this pathway participate in energy utilization, adaptation to metabolic stress, and maintenance of
energy homeostasis (Pollard et al., 2019), and their altered expression can accompany changes in cellular
metabolic conditions (Jeon, 2016). Among these genes, Prkaal and Prkaa2, which encode catalytic
AMPKa subunits, have distinct roles in metabolic regulation (Ashraf et al., 2024). They participate in
glucose utilization, energy balance, and tissue responses to metabolic stress (Rakoubian & Khinchin, 2025),
and their expression in adipose tissue may change in response to metabolic and therapeutic interventions
(Garcia et al., 2020). The importance of different AMPKa subunits in energy metabolism has also been
emphasized (Carling, 2017).

Alongside AMPK, the Akt signaling pathway is particularly important in glucose metabolism and
insulin-related metabolic responses. Akt contributes to insulin-dependent metabolic regulation, and
disturbances in its expression are associated with metabolic abnormalities (Hers et al., 2011). Obesity-
related disruption of metabolic regulatory genes may also reduce metabolic flexibility and exacerbate
metabolic dysfunction (Mingzheng & Yu, 2025). Although AMPK and Akt have different biological
functions, both contribute to metabolic homeostasis, and improvement of obesity-related metabolic status
has been associated with favorable changes in genes involved in energy regulation (Wu et al., 2021).
Energy-regulating and insulin-dependent pathways may also influence overall cellular metabolic function
through interconnected metabolic processes (Mihaylova & Shaw, 2011; Zhao et al., 2017).

High-intensity aerobic exercise represents an important non-pharmacological approach for
improving metabolic health. Such exercise produces extensive metabolic adaptations (Gibala et al., 2012)
and improves metabolic indices in overweight and obese conditions (Van Baak et al., 2021). Aerobic
exercise can also modify AMPK-related gene expression (Kao et al., 2024), while intense exercise has been
associated with reduced insulin resistance and improved metabolic status (Fakhr Fatemi & et al., 2023;
Seyedheidari et al., 2019). Exercise-induced regulation of genes involved in energy metabolism has
similarly been reported (Akbari et al., 2021; Kjobsted et al., 2018; Yazdandoost et al., 2022). Myo-inositol is
another potentially beneficial intervention because of its effects on glucose regulation and insulin
sensitivity (Croze & Soulage, 2013). Evidence indicates that it may improve adipocyte metabolic function
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(Quarta & Ming, 2025), improve metabolic status in animal models of obesity (Long et al., 2024), increase
AMPK- and Akt-related gene expression (Aghajani, 2024), and improve metabolic indices in obesity (Vale
et al., 2025). Previous studies have generally examined exercise or myo-inositol separately, with limited
evidence concerning their combined effects on AMPKa, Prkaal, Prkaa2, and Akt. Accordingly, the
present study examined the independent and combined effects of high-intensity aerobic training and myo-
inositol supplementation on the expression of these genes in the adipose tissue of obese rats.

Methods and Materials

This experimental laboratory study used a controlled interventional design. Fifty male Wistar rats,
approximately 8-10 weeks old and initially weighing approximately 200-250 g, were maintained under
standardized environmental conditions. Following a seven-day adaptation period, obesity was induced in
all animals except the healthy controls by 12 weeks of a high-fat diet providing approximately 60% of
energy from fat, 20% from protein, and 20% from carbohydrates. After obesity induction, the animals
were randomly allocated to five groups of 10 rats each: healthy control, obese control, high-intensity
aerobic training, myo-inositol supplementation, and combined high-intensity aerobic training plus myo-
inositol.

The exercise intervention lasted eight weeks and consisted of five sessions per week. Following
treadmill familiarization, each session included 10 cycles of one minute of high-intensity running at
approximately 25-28 m/min with a 5° incline, followed by two minutes of active recovery at
approximately 10 m/min. Each session lasted approximately 30 minutes, and running speed was
progressively increased to approximately 30 m/min during the later weeks when tolerated. Myo-inositol
was administered for eight weeks as a 1% weight/volume solution in drinking water, which was renewed
every 48 hours.

Forty-eight hours after the final training session and following a 12-hour fast, the animals were
anesthetized and visceral adipose tissue was collected, immediately frozen in liquid nitrogen, and stored
at —80°C. Total RNA was extracted, its quantity and quality were assessed, and cDNA was synthesized.
Relative expression of AMPKa, Prkaal, Prkaa2, and Akt was determined using Real-Time PCR and
calculated by the 2"—AACt method after normalization to a reference gene. Statistical analyses were
performed using SPSS version 27. Normality and homogeneity of variance were assessed using the
Shapiro-Wilk and Levene tests, respectively. One-way ANOVA followed by Tukey post-hoc
comparisons was used to compare the five groups. A 2x2 two-way ANOVA was additionally applied to
the four obese groups to determine the main effects of exercise and myo-inositol and their interaction,
with partial eta squared used as the effect-size index. Statistical significance was set at 0.05.

Findings

High-fat feeding produced a marked increase in body weight. Final body weight was highest in
the obese control group (409.2 + 21.4 g), compared with 281.4 £+ 18.7 g in the healthy control group. Both
interventions significantly attenuated weight gain, with final weights of 338.7 + 19.5 g in the exercise
group and 356.4 = 18.3 g in the myo-inositol group. The combined intervention produced the greatest
attenuation of weight gain, with a final body weight of 309.8 + 17.6 g. Overall between-group differences
were significant (p < 0.001).

Obesity significantly suppressed all AMPK-related genes. Relative AMPKa expression decreased
from 1.00 £ 0.07 in healthy controls to 0.55 + 0.08 in obese controls. It increased to 1.42 + 0.13 with



exercise, 1.15 + 0.11 with myo-inositol, and 1.84 £+ 0.16 with the combined intervention. Similarly, Prkaal
expression was 1.00 + 0.09, 0.49 + 0.07, 1.36 + 0.12, 1.12 + 0.09, and 1.77 % 0.15 across the healthy
control, obese control, exercise, myo-inositol, and combined groups, respectively. Corresponding Prkaa2
values were 1.00 £ 0.08, 0.52 £ 0.06, 1.28 £ 0.11, 1.08 + 0.10, and 1.68 = 0.14. Between-group differences
for all three genes were significant (p < 0.001).

Akt expression showed a comparable pattern, decreasing from 1.00 £ 0.08 in healthy controls to
0.46 £ 0.06 in obese controls and increasing to 1.31 + 0.11 after exercise, 1.43 £ 0.12 after myo-inositol,
and 1.91 + 0.15 after the combined intervention (p < 0.001). Thus, exercise exerted a more pronounced
effect on AMPK-pathway genes, whereas myo-inositol produced a somewhat stronger response in Akt.

Two-way ANOVA confirmed significant main and interaction effects. For AMPKa., exercise (F =
19.74, p=0.001, partial n?> = 0.428), supplementation (F = 7.85, p = 0.009, partial n> = 0.214), and exercise
x supplementation interaction (F = 6.12, p = 0.018, partial n* = 0.184) were significant. Corresponding
effects were significant for Prkaal [exercise: F = 18.26, p = 0.001, partial n? = 0.401; supplementation: F
= 17.22, p = 0.011, partial n> = 0.201; interaction: F = 5.74, p = 0.024, partial > = 0.167] and Prkaa2
[exercise: F=16.91, p=0.001, partial n* = 0.382; supplementation: F =6.84, p=0.015, partial n*=0.193;
interaction: F = 5.26, p = 0.031, partial n?> = 0.153]. For Akt, exercise (F = 10.88, p = 0.003, partial n> =
0.274), supplementation (F = 12.67, p = 0.001, partial n> = 0.317), and their interaction (F = 8.41, p =
0.007, partial n? = 0.226) were also significant.

Discussion and Conclusion

The findings demonstrate that diet-induced obesity was accompanied by increased body weight
and substantial reductions in the expression of AMPKa, Prkaal, Prkaa2, and Akt in adipose tissue. These
changes indicate that obesity was associated not only with excessive weight accumulation but also with
an unfavorable gene-expression profile in two major metabolic regulatory pathways. High-intensity
aerobic training and myo-inositol supplementation each partially reversed these obesity-associated
alterations, although their relative effects differed according to the pathway examined.

High-intensity aerobic training produced particularly strong increases in the three AMPK-related
genes. The larger effect sizes observed for exercise on AMPKa, Prkaal, and Prkaa2 suggest that high-
intensity aerobic activity was the dominant intervention for modifying the gene-expression profile of the
AMPK pathway. The parallel increase in all three genes also indicates a coordinated transcriptional
response rather than an isolated alteration in a single AMPK-related gene.

Myo-inositol significantly increased AMPK-related gene expression as well, although its effects
on these genes were generally weaker than those of exercise. In contrast, its influence on Akt was more
prominent. Akt expression was more strongly increased by myo-inositol than by exercise alone, and the
two-way analysis showed a larger supplementation effect size than exercise effect size for this gene. Thus,
the findings suggest differential sensitivity of the two investigated pathways: AMPK-related genes
responded more strongly to the exercise stimulus, whereas Akt showed greater responsiveness to the
nutritional intervention.

The most notable result was the consistently greater response obtained when high-intensity aerobic
training and myo-inositol were administered together. The combined group displayed the highest
expression of every investigated gene and the greatest attenuation of obesity-associated weight gain.
Significant exercise x supplementation interactions for all four genes further indicate that simultaneous
application of the interventions produced a stronger gene-expression response than either intervention
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alone. Within the scope of the present gene-expression analysis, these findings support a complementary
effect of exercise and myo-inositol on metabolic regulation.

In conclusion, obesity markedly suppressed the expression of genes related to both AMPK and
Akt signaling in adipose tissue. High-intensity aerobic training primarily enhanced the expression of
AMPKa, Prkaal, and Prkaa2, whereas myo-inositol exerted a comparatively stronger effect on Akt. Their
combination produced the greatest improvement across all evaluated genes. Therefore, combined high-
intensity aerobic exercise and myo-inositol supplementation may represent an effective non-
pharmacological strategy for improving obesity-associated gene-expression patterns related to energy and
metabolic regulation. Nevertheless, because the study was conducted in an animal model and evaluated
only a limited number of genes, direct extrapolation to humans should be made cautiously. Future studies
should investigate different exercise intensities and durations, multiple myo-inositol doses, additional
metabolically relevant genes, and corresponding responses in human populations.
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