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COULD HIBERNATION HELP HUMANS TRAVEL TO MARS?

Abstract

Long-duration space missions, such as those to Mars, pose significant physiological, psychological,
and logistical challenges for crew members. Prolonged exposure to microgravity leads to muscle atrophy
and bone loss, while increased radiation levels elevate the risk of cancer and neurodegenerative diseases.
Isolation and confinement can exacerbate sleep deprivation, psychosocial stress, depression, and cognitive
decline. Moreover, extensive life-support requirements further complicate mission sustainability, making
it essential to develop strategies that optimise resource use. Addressing these challenges is critical for
ensuring astronaut health and mission success. Induced hypometabolism or torpor; a state of significantly
reduced metabolic activity modelled after natural hibernation in mammals, has emerged as a promising
solution to address these challenges.

This study synthesises recent advancements in induced hypometabolism through a comprehensive
literature review, evaluating its feasibility for space travel. Research on natural hibernators and exper-
imental models has highlighted key mechanisms, including hypothermia-induced metabolic suppression,
pharmacological modulation of neuroreceptors, and the role of adenosine in sleep regulation. These find-
ings suggest that synthetic torpor could be a viable approach for preserving astronaut health and mission
efficiency. Furthermore, a quasi-torpor state could help mitigate the challenges of long-duration missions
by reducing metabolic demands, conserving life-support resources, and alleviating psychological stress.
Even in shorter missions, such as those to the Moon, it could serve as a critical countermeasure in emer-
gency situations where life support system becomes compromised. Some of the methods that have been
proposed to induce torpor in humans include controlled cooling, oxygen regulation, and pharmaceutical
interventions designed to replicate the neurophysiological processes observed in hibernating mammals.

Despite its potential, significant challenges remain in ensuring that torpor can be safely induced, sus-
tained and reversed in humans. Extended metabolic suppression may have unknown effects on cognitive
function, immune response, and organ health, requiring further investigation into the long-term physiologi-
cal consequences. Additionally, the integration of torpor into spaceflight systems will necessitate advanced
biomedical monitoring technologies to ensure controlled induction, maintenance, and reactivation.

Beyond space exploration, induced hypometabolism holds promise for medical applications such as
trauma care, cardiac arrest and organ transplantation, where controlled metabolic suppression could
improve patient outcomes. This research expands upon existing literature by exploring the development
of sustainable strategies for human survival in extreme environments, thereby advancing the feasibility of
long-duration space missions and contributing to the foundation for future interplanetary exploration.
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