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Task Description:

Mechanical loading is required for maintenance of the musculoskeletal system. Thus, exposure to spaceflight or reduced
mechanical loading on Earth induces marked bone loss, muscle atrophy, and degradation of soft-tissue structures in both
the knee (e.g., cartilage, menisci, and ligaments) and hip (e.g., cartilage) joints. This is a major concern for astronauts
during and after long-duration spaceflight, as they may be at increased risk for reduced performance, bone fractures,
and both early-onset osteoporosis and arthritis. Artificial gravity, via centripetal acceleration, is a possible approach to
mitigate these deleterious changes. Yet, the ability of partial gravity induced by centripetal acceleration to inhibit
adverse musculoskeletal changes in spaceflight remains unknown. Given the constraints of studying centrifugation as a
countermeasure on Earth, spaceflight-based studies are needed. We propose to determine the effects of varying partial
gravity levels on bone, muscle, and soft tissues of the hip and knee joints in adult mice flown aboard the International
Space Station (ISS) in the Japan Aerospace Exploration Agency (JAXA) Mouse Habitat Unit. We will examine bone
structure post-flight using high-resolution microcomputed tomography (microCT); bone cellularity using quantitative
histomorphometry; bone function via biomechanical testing and nano-indentation; and bone composition via Raman
spectroscopy and quantitative backscattered electron imaging. We will examine neuromuscular function via pre- and
post-flight Rotorod testing, gait analysis, and grip strength measurements. Post-flight muscle analyses will include
histology and electrical impedance myography. Post-flight analyses of joint soft-tissues will include structural
measurements of cartilage, menisci, and ligaments using both contrast-enhanced high-resolution microCT and
histology; molecular composition of cartilage and menisci using proteomics and Raman spectroscopy; and
biomechanical properties of cartilage using nano-indentation. Cellular and molecular responses for bone, muscle, and
joint soft tissues will also be evaluated via whole transcriptome analyses (e.g., RNASeq). Results from these integrated,
comprehensive analyses will provide information regarding whether partial gravity, either induced by centripetal
acceleration or via Moon or Mars environments, will protect from musculoskeletal deterioration during spaceflight, or
whether additional countermeasures will be necessary. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:
A better understanding of the effects of different levels of mechanical loading via centrifugation on the musculoskeletal
system may inform interventions and rehabilitation protocols for individuals exposed to chronic immobilization or
unloading. 
  

Task Progress:
We have generated a combined study protocol with 3 principal investigators, and have also considered how to make the
study protocol work with the objectives and requirements of our Japan Aerospace Exploration Agency (JAXA)
colleagues. 
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