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Pacific Ocean Navigation



Apollo training
on Big Island

Hawaii Tribune Herald recently recovered photo



Mars analogue

“astro-nots”    (U. Mich, JHU, UH Manoa)



Year 2015 Media stories about preparing 
for the mission to Mars



Airport Bookstore



Space Tourism



Original Space Tourists



NASA Spin-offs

• improved sensors for 3D printers to print 
skin grafts

• Wrist UV meters to gauge sun exposure

• improvements in nanotechnology

Robo-glove



International Space 
Station



Trip to Mars

• 520 days of confinement

• cortisol, hydroxytryptamine, dopamine, 
norepinephrine (1)

• cognitive performance, locomotor function, 
circadian rhythm, sleep, taste, alzheimer’s risk

• third quarter phenomenon: depression, lethargy

• compare:  Antarctic, submarine

1. PloS One, 2014;9(4): e87087



Mars Settlement

Mars circa 2032



Microgravity
biological effects

• affects on apoptosis, aging

• alters cytoskeleton, irregular cell shape, 
condensed chromatin, hair cycle changes

• affects transduction pathways, cell 
differentiation, growth, proliferation, 
migration, adhesion, gene expression

• increased mutations independent of 
radiation exposure (1)

1. PLoS One. 2015; 10(4): e0125236



Microgravity Bioastronautics

• osteoporosis, muscle atrophy, back pain

• ophthalmologic changes - light flashes, eye 
flattening; headache, thyroid effects

• cardiovascular alterations, facial edema 
sleep alterations, neprolithiasis, wt loss

• decreased immunity with viral shedding, 
reactivation of latent viruses (1)

• bacterial and fungal potency increases and 
antimicrobial resistance changes, biofilms   

1. Cytokine 2013 Jan;61(1):205-9



Increased bacterial 
growth rate in space



Acclimation to space



Increases in Space Research 
over time



Skin Research in Space

• 1967 Electrode effect on skin

• 2008 first study of skin in space

• Skin B - follow up study - skin space 
physiology



Skin Space Foundation

“These are men with knowledge and experience in space flight and medicine...”



Skin problems in space

• dry skin (39%),  fungal infection (1%)

• abrasions (2%),  lacerations (7%),  sq skin 
infection (0.7%)

• psoriasis, folliculitis, seborrhea (2%)

• erythema of face, hands

• contact dermatitis 



Skin Injury from EVA

• sunburn from malfunctioning suit which 
ripped at cuff

• finger frostbite

• skin breakdown from improper boot fit

• finger ecchymoses from rigidity of glove

• skin puncture through glove 



Personal Hygiene in space

• no shower, rinseless shampoo, edible 
toothpaste

• sponge bath with privacy curtain

• no washing machine

• change underwear q 2 days

• exercise one hour a day

• Russian version of space toilet paper: gauze 
and brown tissue



Medical Care on Mars

• implantable surgi-bot drone, Robonaut

• Cold Plasma surgical sealant pen

• 3D printed surgical instruments

• high intensity focused ultrasound hemostasis

“astro-doc may herself...”

Space Surgical Society

NASA



Medical and Surgical Care in Space

• Suturing more difficult to do (1)

• CPR: need to use more arm strength - 
more difficult for women

• Laparoscopic surgery issues of abdominal 
insufflation. (est. one surgical emerg/14 yrs.)   
(2)

Plasma scalpel

1. Aviat Space Environ Med 2008 Nov;79(11):1065-6
2. Crit Care Med 2009 Feb;37(2)591-7



Space Medical Kit 

• Medication shows more rapid degradation 
in space conditions

AAPS J 2011 Jun;13(2):299-308 

ISS medical kit



Skin rash treatment 
instructions ISS



Robonaut Surgeon

• a robonaut is being trained to perform 
surgery in space, and in the future, operate 
autonomously

robonaut performing 
ultrasound

robonaut performing 
injection



Is there martian life?

• unlikely, but possibility is not zero

• space suits should be decontaminated after 
EVAs

Aviat Space Environ Med 2007 Apr;78(4Suppl):A79-88



Astronaut Microbiome

• future possible - personal probiotic kit.

• ambient micro-organisms may mutate in 
space due to radiation exposure which may  
change their virulence.  

Future Microbiol. 2012 Sep;7(9):1037-46





Radiation Exposure
• One Solar flare can expose an astronaut to 

a year’s worth of radiation exposure limit.

• Cosmic radiation -  high atomic number 
high energy particles - not blocked by the 
space craft -- long term increased cancer 
risk 

• Iron-ion radiation accelerates 
atherosclerosis (1)

1. Antioxid Redox Signal. 2011 Oct 1; 15(7):1945-56



Cancer Risks Increased

Fundamentals of Space Medicine 2nd Ed.,2011
Gilles Clement, Pub. Springer

logarithmic increases in risk



Space Radiation effects 

• cytogenetic damage is additive in repeat 
long duration space missions: FISH used to 
determine chromosome total exchanges 
and translocations (1)

• simulated microgravity and carbon ion 
irradiation induce DNA damage and 
apoptosis

• T cell alterations, cardiac dx

1. Mutat Res 2013 Aug 30;756(1-2):165-9



Space Radiation Exposure
gender differences

• (56)Fe irradiation impairs hippocampus-
dependent contextual fear conditioning in 
female mice, but improves it in male mice

chart of 
particle 
radiation

Hippocampus 2010 Jan;20(1):19-23



Radiation Mitigation

• melatonin protects human cells from DNA damage 
induced by high linear energy transfer radiation 
(970MeV  Fe ions) (1)

• L-selenomethionine protects against space 
radiation induced changes in gene expression (1)

• a synthetic triterpenoid CDDO-Me (bardoxolone 
methyl) was able to protect human colon epithelial 
cells against radiation induced transformation 

1. Life Sci Space Research (Amst) 2014 Apr 1; 1: 10-43



Radiation Prophylaxis
• Hydrogen therapy as an inhalation gas or ingesting 

hydrogen-rich water may prevent radiation 
induced adverse events (1)

• specific radiation determinants are toxins induced 
by exposure to radiation.  A vaccine can be 
prepared in advance to immunize against these 
200-250kDa molecules 

• Melanin nanoparticles protected bone marrow 
from radiation damage (2)

Med Gas Res. 2012; 
Med Gas Res. 2012; 2: 8.  

1. Med Gas Res 2012; Apr 4;2:8
2. Mol Cell Biochem 2015 Jan;399(1-2):59-69



Prevention of 
osteoporosis

• high frequency acoustic wave signals (1)

• Sclerostin can mediate bone loss from 
unweighting by antagonizing Wnt/beta-
catenin signaling (2)

• eicosapentaenoic acid 

1. Ultrasound Med Biol 2013 May;39(5):804-12
2. Int J Women’s Health 2015;7:565-80



Prevention of Muscle 
Atrophy

• animal studies showed allopurinol prevents 
muscle atrophy in a model of hypogravity(1)

• exercise at 4 degrees C    [39 degrees F]

• electrical stimulation(2)

1. PLoS One 2012;7(10):e46668
2. Am J Phys Med Rehabil 2015 Apr 16



Mitigation of immune deficits in 
space   

• protective effect of polysaccharides on simulated 
microgravity induced functional inhibition of 
human NK cells(1)

• Oral fructose increases the numbers of peripheral 
lymphocytes reduced by exposure of mice to 
gamma or SPE-like proton radiation (2)

• Ab or G-CSF as a countermeasure to SPE induced 
impaired bacterial control(3)

1. Carbohydr Polym. 2014 Jan 30;101:819-27
2. Life Sci Space Res (Amst). 2014 Jul;2:80-85
3. PLoS One. 2015 Mar 20; 10(3):e0120126



Cataracts 

• lab animals fed a dietary source of protease 
inhibitor had reduced prevalence and 
severity of lens opacifications with iron ion 
exposure (1)

• venoruton reduced cataract formation in 
rat model (2)

1. Radiat. Res. 2010 Mar;173(3):353-61
2. Acta Ophthalmologica Scandinavia 74:372-378 (1996)



Astronaut Health

(total 7 days in space)



John Glenn 

• study of elderly in space 



Genomics

• Personalized medicine in human space 
flight: genomics may be used to develop 
individualized countermeasures to enhance 
astronaut safety and performance

• Issues include: one carbon metabolism, Fe, 
Mg, and drug metabolism SNP’s 

Metabolomics. 2013;9(6):1134-1156



Nano-technologies and 
Regenerative Medicine
• stem cells to regenerate bone marrow may 

be life-saving in the event of a unplanned 
life-threatening radiation exposure

• tissue engineering

• tunable nanoparticles

Aviat Space Environ Med 2012 Nov;83(11):1025-36



Hibernation

• polar bears do not lose bone mass during 
hibernation, however black bears do.  But, 
black bears recover their bone mass after 
hibernation is over.  



human--

JAMA. 2015 Feb 24;313(8):791-2

NYT Jan27,2014



Tardigrades

Bioinform Biol Insights. 2012;6: 69-96



Brain-Machine interface

Endeavor 2010 Sep;34(3):122-9



Death in Space

• promession by LN2



The Robonaut Will See 
You Now


