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Knowledge gaps: risk of CVD during spaceflight

• Time of exposure as a factor?
• Recovery possible?
• Age and sex-dependence?
• Mechanisms?
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• Long Evans rats (not the strain in photo)
• Hearts collected and analyzed
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Experimental groups
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Treatment 
and duration

Young female
(3 months)

Young male
(3 months)

Older male
(9 months)

14 days NL 7 7 7
14 days HU 8 6 7
90 days NL - - 3
90 days HU - - 3
90 days NL 

+ 90 days Recovery
- - 4

90 days HU 
+ 90 days Recovery

- - 5

Sex

Time

Age

Recovery

NL: Control
HU: Hindlimb unloading
Rec: Reambulation



• Cell size changes seen in 
some heart pathologies

• In rats, 14 days of spaceflight 
leads to decreased 
cardiomyocyte size 
(Goldstein et al. 1992)

• Measure left ventricular wall 
cardiomyocyte cross 
sectional area (CSA)

WGA | DAPI
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Cardiomyocyte structural changes in response to spaceflight













Structural changes in heart:
• In older males, decreased CSA during short term HU (14 days)
• With prolonged reambulation (90 days HU = ~7 human years in space), CSA can recover fully 

(ventricular wall thickness too?)
- Maybe humans, too?

Gene expression and RNAseq results:
• Females more susceptible to HU-induced oxidative damage at least in short-term

- Targeted countermeasure for females: higher dose of antioxidants?
• Persistent downregulation of nfe2l2 in older males

- Decreased ROS production in HU? Downregulation of nfe2l2 a concern (i.e. SPE’s)?
• Upregulation of complement activation and inflammatory processes in short-term HU

- Dysregulation of local immune response? Needs mitigation?
• Confirms value of rat HU model for human health and countermeasure research

- Shared genes regulated by HU and immunomodulating drugs
- Animal-to-animal variability within group and between specific genes;

like human crew

Summary: Relevance of rat HU findings for humans in deep space missions
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Spaceflight alters most organ systems

Cardiovascular changes
Greater challenges 
during deep space 
missions: 
prolonged exposure to 
microgravity + low 
dose radiation 

Neurovestibular changes

Vision changes

Altered immune function

Muscle atrophy
Perturbed ionic balance

Bone loss
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qPCR results, sirt1
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qPCR results, sod2
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Body weights

• Male HU groups
(regardless of age) show
modest decrease in body
weights vs NL controls

• No differences in body
weight between HU vs NL
controls after
reambulation
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