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A Timeline of Capabilities (Cont.)

2020s

Operating in the Lunar
Now : Vicinity (proving ground)
Using the
International Space Station

Phase 0 Phase 1

Continue research and
testing on ISS to solve
exploration challenges.
Evaluate potential for
lunar resources.
Develop standards.

Begin missions in
cislunar space. Build

Initiate assembly of

Deep Space Gateway.

Deep Space Transport.

After 2030

Leaving the Earth-Moon Systen; .
and Reaching Mars Orbit

" Phase 2 Phases 3 and 4

Begin sustained
crew expeditions
and conduct to Martian system
yearlong Mars and -surface of
simulation mission, Mars.

Complete Deep
Space Transport




Mars Design Reference Architecture 5.0 Mission Profile
NTR Reference Shown

In-Situ propeliant produchon for Ascent Vehacke ° B Crew: Ascent to high Mars
NSO orbdt

Aerocapture / Entry, Descent & Land Ascent Vehicle
ptu wry ° Crew. Prepare for Trans-
Earth Injection
Aerocapture Habtat Lander

nto Mars Ortit 0

Crew. Use Onon to
transier to Habiat Lander,
then EDL on Mars

9 Crew. Jettison drop
tank after trans-Mars mjecton
~180 days out 1o Mars

Q Crew: ~180 days
back to Earth

Crew
Transter
Vehicke

es5-1 Crew Launch
Ares-V Cargo Launches
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Earth retum
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Mars Mission

SPACE LAUNCH SYSTEM: THE NEXT STEP
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Elon Musk’s plans may be too ambitions, but NASA

plans may be too conservative

Entrepreneur Elon Musk’s announcement accelerating plans for manned flights to
Mars ratchets up political and public-relations pressure on NASA's efforts to reach
the same goal. wall street Journal Oct. 4, 2017
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AcC | of radiation, cannot adopt to
leave in space without significant alteration i
which may make us not humans at the end



¥ Human Physiological Adaptations to Long-

Duration Weightlessness in Space Flight
KCardiovascular \ /Immunoloqv \

* resting heart rate ’Srh\g:ja:jli;eactlvatlon &

1 stroke volume early in flight 1 DTH gkin test response /Bodv Fluids \

T PACS & PVCs | Cell mediated immunity T hemoglobin & hematocrit

 fluid volume ! lymphocyte function postflight

v orthostatic tolerance : -- unchanged humoral | total body water

\2 aerqblc & anaerobic capacity immunity ! plasma & urine volumes

{ resting blood pressure \ / postflight

postflight il

{ central venous pressure Catractrmaton R Electrolytes

(indirect) e T urinary Ca, PO, postflight
J plasma K & Mg postflight

\icardio/thoracic ratio postflightJ

J urinary Na, K, Cl, Mg

Hormones
éensorv-motor \ $ plasma ADH, ANF
T vestibular disturbances + urinary aldosterone _
T space motion sickness early urinary ADH, cortisol postflight
in flight { urinary epinephrine,
J postural stability L androsterone postflight
1 sensorimotor function e e plasma ACTH, aldosterone,
T intraocular pressure in flight cortisol
T retinal blood vessel ) Metabolites
constriction e -
: (~ | T plasma glucose, creatinine, BUN
_ postilight Muscle & Bone pp ° stfligﬁt
¥ visual motor task ¥ muscle mass { albumin, cholesterol,
performance | muscle endurance & strength triglycerides, uric acid
{ contrast discrimination ! bone mineral content \ , /
Q/isual field postflight / k¢ bone integrity ) g




Time course of physiological changes in long-duration
weightlessness (notional) based on Skylab data

Neurovestibular System Not shown: Behavioral
Health & Performance

Fluids and Electre ytes
Cardiovaseutar Syr o,

Clinical *
Horizon A

— Red Bluod € 21 Mass

B e nd Calciuw
- -

'/— Lean Body Mass

s {
| | T T |
Time Scale (Months) 1 3 4 5 6

Point of Adaptation
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Strategic Value

The possibility of manipulating metabolic mechanism will provide
solutions to a broad range of NASA mission requirements and
mitigate negative space environment factors on humans, such as
radiation and low gravity associated with long-duration space

_Metabolic Control Technology
r.Human Space Exploration to Mars and Beyond

Ultimate Goal

Development of methodology/technology to achieve metabolic control,
which allows the metabolism of animals and humans te be reduced texa
minimum level for a period of time followed by Subse X

missions. \
y
Potential NASA and Ground-based Applications 2
NASA Biomedical Military
Radiation Protection Paramedics Battlefield Medical Response

Reduction of Payload

Cancer Treatment

Radiation Exposure Protection

Medical Emergency Situations

Organ Transplant Patients

Casualty Reduction/ Healing

Psychological Factors

Surgical Procedures

Bio- Chemical Agents Mitigation

Yuri Griko, Ph.D.
Laboratory Countermeasure

Development NASA ARC/SCR
Yuri.V.Griko@nasa.gov
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Extended space flight duration 'Iogistics-

Lower payloads (reduce the reqwred life- support resources)

Eliminate psychologlcal stressors .assocrated wrth the space envrronment:

- /

Provide emergency resele

- Protection ag’atinst radiation -
Hypomet u Mo o
STASIS T oone
for NASA needs g g

Laboratory of Countermeasures Development,
Life Sciences Division NASA Ames Research Center
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The Hypometabolic Stasis A
TSIV Pt P AT A ARSI

“Stasis Technology will enable Human Long-Duration Space Exploration to Mars and Beyond”

4 L4,

Ultimate Goal

Development of methodology/technology to achieve metabolic control, which allows the metabolism
of animals and humans to be reduced to a minimum level for a period of time followed by
subsequent restoration to normal levels with no apparent effect.

Strategic Value

The possibility of manipulating metabolic mechanism will provide solutions to a broad range of
NASA mission requirements and mitigate negative space environment factors on humans, such as
radiation and low gravity associated with long-duration space missions.

j ' 2008
Project Milestones G
@ Reversible stasis in mice STASIS

1\
@ Demonstration of stasis during space flight N |
@ Induction of stasis in larger animals '

@ Development of stasis system for humans ';_‘g
>
. . . N,/
Potential NASA and Ground-based Applications - "/
Radiation Protection Paramedics Battlefield Medical Response
Reduction of Payload Cancer Treatment Radiation Exposure Protection
Medical Emergency Situations Organ Transplant Patients Casualty Reduction/ Healing

Psychological Factors Surgical Procedures Bio- Chemical Agents Mitigation
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Mice experiments (C57BL/6J)

Phase | Phase Il Phase lll
Arrival [Blood draw 1] Induction of [Blood draw 2] [Blood draw 3] [Blood draw 4] [Blood draw 5
Groups 1-3 Hypometabolic Groups 1-2 Group 3 Group 3 Group 3
Tail bleed State Cardiac Tail bleed Tail bleed Cardiac
puncture & puncture &
Event Implant surgery euthanasia euthanasia
Group 3
— Tail blead
+/- Irradiation
s
A ¥ l L4 ¥ L ¥ Time

(days)

0 | 7-2weeks | min 14\Lmin 14+2h | min14+6 | 99 (not more than 120)

Quarantine / || Post-surgery
pre-surgery || recovery

Condition A -
Hypometabolic | | Recovery to Post-experimental

state nermal state observation 75 days

2-3h







Metabolic parameters K00
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Core body temperature
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Enzyme-linked immunosorbent assay (ELISA) of inflammatory cytokines
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Sample #1

gamm a-H2AX intensity
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Protection against radiation
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OSample #2
T mSample #3

Sample #2 _ Sample #3

Carnegie Mellon.
Innovations Lab




IC mice
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a-skeletal actin mouse PEPCK-C ¢cDNA bGH
promoter poly A
Various length 1.9 kb

=2 vzal

—~19Kb

Z
& s o lr -
PPETR e

£ B & & B 8 & B
D z =z $T 8 =z & =z =
PEPCK-C mRNA —
More Powerful Than " ’ —
a Locomotive? a4
Skeletal Muscle Liver

PEPCK-C™*Supermouse
VS.
Wild Type 18 S rRNA

28 SrRNA —F —

oy v Ty T

RNA gel stained with ethidium bromide

Metabolic role of PEPCK-C N,
Genetic key to super-numans capabilities
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The genetic alteration to a gene involved in glucose metabolism appears
to stimulate the efficient use of body fat for energy production
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CubeSat space flight utilizing the “close loop” rodent-algal
life support system and the metabolic control technology




' F-undamentally red_uce life support_payload cost‘ "

_:'.of Ilfe IS not possrble or practrcal

Commercral platform to perform physrologrcal and pharmacologlcal

experlments on anlmals |n space

Increase mouse survrval in an envrronment where the

Demonstrate stable autonomous operatlon and system performance

% durlng space flight -
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strategy/
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Astrobiology
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