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Expanded Abstract

Background and Objective: Weightlessness or microgravity represents one of the major
challenges of long-duration space missions, exerting profound and sometimes irreversible
effects on astronauts’ neurophysiological and psychological functions. Studies have shown that
weightlessness can disrupt cerebral homeostasis, leading to impaired cognitive performance,
memory processing deficits, and alterations in social behaviors. From a pathophysiological
perspective, these disturbances are associated with increased oxidative stress, activation of
neuroinflammatory pathways, and dysfunction of neurons in key brain regions, including the
prefrontal cortex, hippocampus, and amygdala. Such alterations not only compromise
astronauts’ quality of life during spaceflight but may also elevate the risk of long-term
neurological damage. Therefore, identifying safe and effective countermeasures is essential. In
recent years, transcranial low-level laser (photobiomodulation, PBM) therapy has emerged as a
non-invasive approach with the potential to enhance cognitive function and induce
neuroplasticity. PBM exerts its neuroprotective effects by improving mitochondrial function,
increasing ATP production, modulating oxidative stress, and suppressing neuroinflammation.
However, limited data exist regarding the impact of PBM on specific impairments, such as
avoidance memory deficits and social interaction disturbances caused by simulated
microgravity. Accordingly, this study was designed to evaluate the effects of transcranial low-
level laser therapy on avoidance memory and social interaction impairments induced by
simulated weightlessness in male Balb/C mice.

Materials and Methods: This experimental study was conducted in 2025 (Iranian calendar year
1404) at the Neuroscience Research Center of Tabriz University of Medical Sciences. Twenty-
four male Balb/C mice were randomly assigned into three equal groups (n= 8 per group):
control, hindlimb unloading (HU), and HU + PBM. The weightlessness model was induced
using the hindlimb unloading (HU) technique for 14 days. In the HU + PBM group, animals
received daily transcranial irradiation during the HU period using a diode laser with a
wavelength of 810 nm, output power of 200 mW, frequency of 10 Hz, and energy density of
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23.75 J/lcm2, Behavioral assessments included the passive avoidance memory test (shuttle box)
and the social interaction test. Additionally, brain-derived neurotrophic factor (BDNF) levels,
used as a biomarker of neuroplasticity, in the prefrontal cortex were measured by ELISA. Data
were analyzed using one-way ANOVA followed by Tukey’s post hoc test, with statistical
significance set at p<0.05.

Findings: Simulated weightlessness significantly reduced social interaction indices (p<0.001),
impaired avoidance memory (p<0.001), and decreased BDNF levels in the prefrontal cortex
(p<0.001). In contrast, PBM treatment in the HU + PBM group significantly ameliorated these
impairments: sociability index (p<0.05), novelty preference index (p<0.05), avoidance memory
performance (p<0.001), and BDNF concentration (p<0.01) were all markedly increased. No
observable structural damage was detected in mammary tissue or other examined regions.

Conclusion: The findings of this study demonstrate that transcranial low-level laser therapy can
serve as an effective non-invasive intervention against social interaction and avoidance memory
deficits induced by space-like weightlessness, likely through upregulation of BDNF. These
results highlight the high potential of PBM for improving cognitive and behavioral functions
under neurophysiologically stressful conditions and suggest its utility as a novel strategy in
developing supportive protocols for astronauts on future space missions.

Keywords: low-level laser therapy, social interaction, weightlessness, spaceflight, mouse,
avoidance memory, BDNF.
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