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sex-related hormones. Identifying effective strategies to modulate these changes has
clinical and research importance. Therefore, the aim of this study was to determine
the effects of swimming exercise, diazepam, and fluoxetine on serum corticosterone
and testosterone levels in mice exposed to LPS.

Methods: In this four-week experimental study, 80 male NMRI mice (aged 80-90
days, weighing 22-25 g) were obtained from the Pasteur Institute of Iran and
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Extended Abstract

Introduction

The hypothalamic—pituitary—adrenal (HPA) axis plays a fundamental role in regulating the body’s response to stress,
maintaining homeostasis, and orchestrating the release of critical hormones such as corticosterone in rodents and cortisol
in humans. Chronic activation of this axis, however, can disrupt hormonal balance and result in negative consequences
for both physical and psychological health. One experimental model that reliably induces stress and inflammatory
responses is lipopolysaccharide (LPS), a bacterial endotoxin commonly used in laboratory studies to mimic systemic
inflammation. Administration of LPS leads to the activation of immune and neuroendocrine pathways, producing elevated
levels of pro-inflammatory cytokines and stress hormones. Importantly, LPS exposure has been shown to increase
corticosterone levels and suppress sex hormones such as testosterone, thereby creating a profile of endocrine disruption
that may have implications for reproductive health, mood regulation, and overall well-being. Testosterone, beyond its
well-established role in reproduction, also contributes to anabolic processes, energy balance, and neurobehavioral
functions, including motivation and mood stability. Both drugs exert their effects on the central nervous system and are
expected to influence stress pathways indirectly. However, their impact on LPS-induced endocrine alterations, specifically
corticosterone and testosterone levels, remains underexplored. Moreover, these medications may not always provide
sufficient protection against the multifaceted consequences of systemic inflammation, highlighting the need for
complementary or alternative strategies. Physical exercise is increasingly recognized as a powerful non-pharmacological
intervention that improves physiological resilience, reduces systemic inflammation, and restores hormonal balance.
Among various exercise modalities, swimming has been extensively employed in rodent models due to its feasibility,
controllability, and strong translational relevance to human exercise. Exercise is known to attenuate stress-induced
elevations in corticosterone, promote neurogenesis, and preserve reproductive hormone balance. Nevertheless, little is
known about the combined or interactive effects of exercise and pharmacological agents in counteracting LPS-induced
stress and hormonal disturbances. Based on this context, the present study was designed to investigate the effects of
swimming exercise, diazepam, and fluoxetine- both independently and in combination- on serum corticosterone and
testosterone levels in male mice exposed to LPS. By employing a controlled experimental design with multiple groups,
this research aimed to clarify whether exercise alone, drug treatment alone, or their combination could mitigate the adverse
endocrine effects of LPS. The findings of this study are expected to contribute to a deeper understanding of how lifestyle-
based interventions, together with pharmacological approaches, can protect against stress- and inflammation-induced
endocrine disruptions. Ultimately, this research may inform novel therapeutic strategies that integrate exercise into
conventional treatment plans for stress-related disorders, thus providing a more holistic approach to preserving hormonal
and psychological health.

Methods

In this four-week experimental study, 80 male NMRI mice (aged 80-90 days, weighing 22-25 g) were obtained from the
Pasteur Institute of Iran and randomly assigned to eight groups (n=10 per group): (1) control (saline), (2) LPS, (3)
swimming + saline, (4) swimming + LPS, (5) diazepam + saline, (6) fluoxetine + saline, (7) swimming + diazepam +
LPS, and (8) swimming + fluoxetine + LPS. Diazepam (3 mg/kg) and fluoxetine (10 mg/kg) were administered orally,
while exercise groups underwent a four-week swimming protocol. After the interventions, animals received an
intraperitoneal injection of either LPS (830 pg/kg) or sterile saline. One-way ANOVA and Tukey’s post hoc test were
used for statistical analysis.

Results

LPS administration significantly increased corticosterone and decreased testosterone levels (p<0.05). Combined
interventions of swimming with fluoxetine or diazepam were more effective in attenuating these hormonal alterations
compared to fluoxetine or diazepam alone (p<0.05).

Conclusion

The findings of the present study demonstrated that LPS administration significantly elevated corticosterone levels while
reducing testosterone levels in male mice, supporting the notion that systemic inflammation disrupts the hypothalamic—
pituitary—adrenal (HPA) and hypothalamic—pituitary—gonadal (HPG) axes. This pattern is consistent with previous reports
indicating that endotoxin-induced immune activation promotes glucocorticoid secretion and suppresses gonadal function.
The elevation in corticosterone reflects an adaptive stress response aimed at mobilizing energy reserves and modulating
inflammation, yet when sustained, such increases become maladaptive, leading to impaired reproductive and metabolic
outcomes. The observed decline in testosterone further underscores the vulnerability of reproductive hormones to
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inflammatory stress, with implications for fertility, libido, and anabolic balance. The absence of significant effects in
drug-only groups may also point to the specificity of LPS-induced immune activation, which acts through cytokine-
mediated pathways not directly targeted by these drugs. In contrast, swimming exercise alone or in combination with
pharmacological agents proved effective in attenuating the adverse endocrine effects of LPS. Exercise has long been
recognized as a modulator of both the HPA and HPG axes, and the present findings reinforce this concept. Regular
swimming exercise likely reduced corticosterone by enhancing resilience of the HPA axis, improving stress-coping
mechanisms, and lowering systemic inflammation. Simultaneously, exercise may have preserved testosterone production
by supporting testicular function, maintaining hypothalamic—pituitary signaling, and promoting anabolic homeostasis.
The synergistic effects observed in the combination groups (exercise + diazepam or exercise + fluoxetine) highlight the
potential of integrating behavioral and pharmacological interventions to maximize therapeutic benefits. The protective
role of exercise observed here aligns with broader literature indicating that physical activity reduces neuroinflammation,
promotes neurogenesis, and improves behavioral outcomes in stress models. Moreover, the capacity of exercise to
complement pharmacological treatments may address the limitations of drug monotherapy, particularly in conditions
where systemic inflammation underlies endocrine and behavioral dysfunction. This integrative perspective is increasingly
valued in translational research, as it emphasizes holistic strategies for promoting resilience against stress-related
disorders. From a clinical standpoint, the results suggest that lifestyle interventions such as structured exercise could serve
as accessible and effective adjuncts to pharmacological therapies for individuals exposed to chronic stress or
inflammation. While diazepam and fluoxetine remain important for managing mood and anxiety symptoms, their inability
to independently prevent endocrine disruptions underscores the importance of considering exercise as part of
comprehensive treatment plans. Such an approach may not only enhance treatment efficacy but also reduce reliance on
pharmacological doses, thereby minimizing potential side effects. Nevertheless, this study is not without limitations.
Additionally, behavioral assessments could be integrated to evaluate whether hormonal normalization translates into
improved mood, cognition, or reproductive behaviors. In conclusion, this study provides compelling evidence that
exercise, particularly swimming, exerts a protective effect against LPS-induced alterations in corticosterone and
testosterone, whereas diazepam and fluoxetine alone do not significantly modulate these hormonal disruptions. The
combination of exercise with pharmacological agents proved more effective than drug treatment alone, highlighting the
potential for integrative therapeutic approaches. Collectively, these findings support the inclusion of exercise as a
complementary intervention alongside conventional pharmacological therapies in mitigating the negative endocrine
consequences of stress and systemic inflammation. Such strategies may ultimately contribute to improved physical,
reproductive, and psychological health outcomes in both experimental models and, by extension, human populations.
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