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Introduction: One of the biggest concerns for pro-

tection of astronaut health and performance during 

future deep space exploration missions is the combined 

effects of radiation and weightlessness. Cardiovascular 

and cerebrovascular diseases, digestive and endocrine 

disorders and immune system dysfunction are docu-

mented following exposure to terrestrial sources of 

ionizing radiation (e.g., gamma rays and x-rays). In 

particular, cardio- and cerebrovascular pathologies 

such as atherosclerosis are of major concern following 

gamma ray exposure. This evidence suggests a concern 

for possible degenerative tissue effects following expo-

sures to ionizing radiation in the form of galactic cos-

mic rays (GCR) or solar particle events expected dur-

ing long-duration spaceflight. The existence, however, 

of thresholds at lower doses, the impact of dose-rate 

and radiation quality effects, as well as mechanisms 

and pathways, are not well characterized. Degenerative 

disease risks are difficult to assess because multiple 

factors, including radiation, are believed to play a role 

in the etiology of the diseases. Data specific to the 

space radiation environment must be compiled to quan-

tify the magnitude of these health risks in order to de-

crease the uncertainty in current Permissible Exposure 

Limits (PELs), to quantify the impact to disease-free 

survival years, and to determine if additional protection 

or mitigation strategies are required. 

In addition to the effects of radiation, 0 G also in-

duces changes predisposing to atherosclerotic disease 

such as structural changes in the upper body cardiovas-

cular system with thickening of the Intima-Media of the 

arterial vessel walls caused by the redistribution of 

blood and increased pressures [1, 2]. Other systems are 

likewise affected by 0 G such as the immune system 

[3], and biomarkers for oxidative stress and damage are 

present [4]. Since radiation and 0 G each exhibit these 

effects, the purpose of this project is to investigate the 

combined effects on basic cellular mechanisms in order 

to evaluate whether it will be a health hazard for astro-

nauts to engage in deep space exploration missions. 

Since these combined effects cannot be simulated accu-

rately on the ground nor in low Earth orbit, Gateway 

research is critical for this purpose.    

Methods: Investigations of mammalian cell cul-

tures as well as organs-on-chips will be done from the 

Deep Space Gateway by telemetry [5]. Cells will be 

monitored regularly for metabolic activity, growth and 

viability, and results compared to data from ground 

simulations in a GCR simulator at NSRL, as well as to 

outcomes of ground based simulations of 0 G (bioreac-

tors) effects. The organs-on-chips with pieces of organs 

will be regularly monitored for changes in selected 

physiological variables and also compared to ground 

simulation effects. 

Resources Required:  Mammalian cell cultures 

will be imbedded in microfluidic cards and the minia-

ture organs supplied by miniature flows. The monitor-

ing equipment will consist of a 3-color LED detection 

system, metabolic dye and fluorescence indicators, and 

microscopy. Provisions for monitoring of specific sol-

uble biomarkers and for stimulation of the mammalian 

cultures by mitogens as well as activation and de-

activation of the organs-on-chips at various time points 

will also be included. Temperature, pressure, humidity 

and partial oxygen and carbon dioxide pressures will 

be monitored in the organs and cell cultures. 

Volume: 3 x (0.40 x 0.25 x 0.15) cm3 =  0.015 m3. 

Mass: 3x 6.8 Kg = 20.4 kg 
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