
TRI-Worthy Projects for the Deep Space Gateway.  V. E. Wotring1, 2, G. Strangman1,2,3, D. Donoviel1, 2. , 
1Translational Research Insitute for Space Health and 2Center for Space Medicine, Baylor College of Medicine, 
3Massachusetts General Hospital/Harvard Medical School. 

 
 
Introduction:  There is no satisfactory analog for 

the deep space environment that provides the isolation, 
confinement, danger, radiation exposure and weight-
lessness that humans will experience in deep space. 
The International Space Station and various space-
flight analogs have been used for decades to provide a 
test bed for the technology development required to 
support ever-longer duration space missions. However, 
we know that each of these analogs successfully mod-
els only a portion of the actual deep space environ-
ment. Even experiments and testing on the ISS aren’t 
exposed to deep space radiation, confinement, and 
communication delays. Certain experiments and test-
ing will require these features of deep space that seem 
only to be available in deep space.  

At the new Translational Research Institute (TRI) 
for Space Health, we have examined potential risks to 
human health on spaceflight missions with deep space 
exploration missions in mind. We also considered the 
charge of our Institute – to translate emerging scien-
tific and biomedical advances, radically disruptive 
technologies, and new engineering capabilities and 
facilities that bridge earth and space health medicine. 
We have identified a small group of projects that re-
quire some aspect of deep space in order to reach use-
ful scientific outcomes or technological deliverables, 
and at the same time, are particularly well-suited to 
how we work.  

TRI-Worthy Deep Space Project Ideas:  
How will deep space radiation  affect human phys-

iology?   
New beakthroughs in engineering and tissue cul-

ture have resulted in the development of  organs -on-a-
chip (OOCs). OOCs incorporate each organ’s various 
cell types  into a three dimensional structure that pre-
serves their indivudal functions as well as the function 
of the organ as a whole. The chips include automated 
mecahsnisms for feeding and waste removal mimick-
ing the organ’s natural blood flow. OOCs are still rela-
tively early in development with no standardized organ 
prototypes agreed upon yet, but development and vali-
dation are advancing quickly. OOCs with lieftimes of 
21-30 days are now in testing. OOCs are being used on 
the ISS, and we think they are an excellent candidate 
for use on deep space missions because they would 
enable exposure of real human cells to deep space ra-
diation. OOCs on a deep space mission would be the 
first human tissues to experience deep space radiation 
since the Apollo  astronauts. Now we have the capai-

bilities to perform far more detailed biochemical anal-
yses to determine impacts on DNA itself, on gene ex-
pression, and on function of the proteins that are each 
cell’s machinery. Use of OOCs permits more invasive 
testing than would be feasible with astronaut subjects, 
and with fully automated feeding and waste removal, 
would even be feasible for unmanned deep space mis-
sions.  All care and maintenance would have to be 
completely automated, as would all analyses of organ 
health; these are technical challeneges but they are 
acheiavble in the coming year. More advanced exper-
iments could include testing of potential countermeas-
ures to prevent or reduce effects of deep space radia-
tion or combination of multiple OOCs into a “body-
on-a-chip”. 

Will stored medications be affected by deep space 
radiation?   

It is known that medications degrade over times, 
and that degradation can be accelerated by environ-
mental exposures that include light, temperature, oxy-
gen and humidity. However, it is not known if deep 
space radiation accelerates any the typical degradation 
reactions exhibited by medication dosage forms. A 
NASA-funded project has recently developed a Raman 
spectroscopy-based device that enable the nondestruc-
tive analysis of medication dosage forms by relatively 
untrained personnel [1]. We propose that this device, 
or something similar, be modified such that it can op-
erate autonomously and then employed to perform 
analyses of mission-relevant medications on a regular 
schedule, and deliver the data to ground for examina-
tion by pharmacists, pharmaceutical scientists and 
physicians.  This automated drug stability device 
would enable the first analysis of deep space radiation 
on medications. Ideally, these experiments could be 
implemented on deep space missions with durations 
similar to those anticipated for crew, but information 
from shorter missions would permit the development 
of degradation modelling similar to that used by phar-
maceutical manufacturers.  

How could we use robotic companions in deep 
space?  

Crewed and robotic spaceflight missions are often 
considered mutually exclusive. However, humans want 
to expand their horizons and will continue to venture 
into space, whereas robots can provide highly com-
plementary capabilities. For example, robots can pro-
vide superior strength and durability, are unaffected by 
continuous or monotonous demands, and are not sus-
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ceptible to illness or the same types of degradation as 
biological systems. As an initial step from current 
technology, a robotic companion could conduct basic 
long-duration situational monitoring without tiring, 
serve as an assistant during medical or other emergen-
cies, or perform basic tasks in dangerous conditions 
(e.g., outside habitats, in toxic environments). Given 
ample strength, a robotic companion could also serve 
as a sherpa to carry significant loads on behalf of 
crewmembers, or become a personal trainer, including 
being part of the exercise hardware itself. Robotic 
companions could have numerous other benefits as 
well. For example, while live pets on long-duration 
flights generate significant logistical challenges, caring 
for even a robotic pet can provide significant mental 
health benefits. Face-to-face interaction with intelli-
gent robots can also be more “personal” than text or 
even video interactions, supporting the concept of ro-
botic therapists. Similarly, a robot could serve as a 
highly impartial mediator to help resolve disagree-
ments among crewmembers. Thus, by combining re-
cent advances in robotics, sensors, emotion recogni-
tion, computerized therapies, and artificial intelligence, 
a robot could provide numerous unique capabilities to 
support crewed space missions. 
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