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The effect of full mechanical unloading has been extensively studied in both rodents and humans using ground-based
models. Recently, rodent partial weight bearing (PWB) models have revealed that partial gravity provides
dose-dependent rescue of the musculoskeletal system as compared to full unloading. Separate work has also shown that
after unloading, an abrupt mechanical reloading to 1g causes additional musculoskeletal injury. Here, we propose to
employ both PWB and hindlimb unloading models sequentially to investigate gravity as a continuum and its impact on
musculoskeletal adaptation to reloading. This work will have critical practical and scientific outcomes, and will provide
for the first time, insights into the musculoskeletal responses to adult to fractional gravity after a period of microgravity
(as would occur when traveling to Mars). It will also provide information on the mitigating effects of partial gravity after
extended unloading. Our Specific Aims are: 1) To determine the physiological adaptations of the musculoskeletal system
in males to the fractional gravity of either the Moon or Mars after experiencing microgravity in transit, 2) To determine
the physiological adaptations of the musculoskeletal system in females to the fractional gravity of either the Moon or
Mars after experiencing microgravity in transit, and 3) To investigate the potential musculoskeletal benefits of artificial
gravity in-flight before returning to Earth. Specifically, we plan to investigate the resulting musculoskeletal alterations in
transitioning from 2 weeks of 0g to 0.2, 0.4, and 0.7g, hypothesizing that there is a dose-dependence to the reloading,
including recovery and associated injury. We will also assess the potential benefit of using these three levels of PWB as
intermediate steps on the way to transitioning back to 1g. Thorough post mortem analyses, we will be able to identify the
different processes that might be involved in reloading injury and its mitigation. Stress levels and metabolic/hormonal
alterations will also be evaluated. Ultimately, we hope to provide the space biology community a deeper understanding
of the musculoskeletal impact of fractional gravity in relation to both microgravity and Earth gravity.

Our research will have important implications for the improved understanding of the effects of prolonged disuse on bone
and muscle due to bedrest or injury and the effects of rehabilitation. Specifically, lessons learned from this work may
help us better understand the negative impact of the re-establishing normal activity after the development of disuse
atrophy and the potential for applying graded rehabilitation approaches so as to ensure effective recovery.

Following the COVID-19 pandemic and laboratory shutdown, in vivo experiments have been delayed in 2020. During
the first semester (July 2020-December 2020), we worked towards completion of the Aim 1, by assessing how males
adjust to partial reloading at 20, 40, and 100% of weight-bearing following an extensive time spent in a microgravity
analogue, and thus disused.

As our goal was to assess the existence of a “reloading injury” following disuse, as would be the case when astronauts
would land on the Moon, Mars, or Earth following a trip in space, animals were re-ambulated for either 4 or 24 hours
and monitored. We did not encounter methodological problems during this experiment and successfully completed all
groups by the end of 2020.

Separately, we assessed the impact of disuse on female rats compared to normally-loaded controls, and analyzed all
results both in vivo and ex vivo. Therefore, we were able to compare if males and females respond similarly to
disuse-induced muscular deconditioning, and submitted a manuscript reflecting our findings in 2021. The manuscript is
currently under revision.

In the second semester (January 2021-June 2021), we focused on “reloading injury” following disuse in female animals
(Aim 2). We used a paradigm strictly identical to what has been done previously with male rats, and successfully
completed the 4 and 24 hours groups for females.

Ex vivo analyses have been completed and a manuscript recapitulating the neuromuscular changes in both sexes is
currently in preparation, and should be submitted for publication shortly.

Moreover, we explored the potential relationship between estrous cycle maintenance and musculoskeletal functions
using both animals from our current project and previous results. The findings have been summarized in a manuscript
that has been submitted for publication in 2021.

Overall, our work this year has aimed to highlight how sex influences animals adaptation to musculoskeletal disuse, and
if partial reloading significantly impacts musculoskeletal health.
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