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» After the Moon surface stay, do
you want to return to 1G
gravity environment on the
Earth?

What 1s Space Medicine!?

b Space Medicine keeps your
capability of your physical
conditions until your return to
1G environment on the Earth.

Gravity on the moon
1.62 misec
Gravity o the Earth
9.807 m/sect

QLG G, 176 G

Today, HYPOGRAVITY is focused

[ E",'l-\'-ulf"__: IT_..‘_..'? ]

Problems on the Lunar

Fluid shift

1. Somatosensory maladaptation
Musculoskeletal weakness

+. Bone metabolism

5. Hematological and
Immunological problems

Shert stay in microgravity to long
stay in hypogravity

231

Spaceflight deconditioning followed by
microgravity exposure

KG exposure m

Mars)

Purpose of
Space

Medicine Neurovestibula

Cardiovascular
Musculoskeletal
Bone metabolism

A demato/immuna
1G o

Environment Environment

AG with Exercese

2. Acceleration on launch and e-niry

3. Microgravity

7 . lIsolation and confinement

And on the Moon surface

Lunar Regolith is the problem,

Fluid Shift




Problems of Fluid Shift(1)
= SANS: Spaceflight associated neuro-
jocular syndrome

LGy

life

A T

Micragravity-Indmoed Fluid Shift and Ophthalmis Changrs

Wty . st 7, Wi Mpdmgrin | amd dery de Mrrn

Alexander et al. 2012
Fundus Change

| Pradige:
loa

Problems of Fluid Shift (2)

= Hypogravity-induced Neural Plasticit

PIRSPECTIVE
Brain structural plasticity with spaceflight

Grary Matier Changes from Pro 1o Posi Flight in 27 asironauts
and from Pre 10 Post Bed Rest in 18 subjects
Eoppeimans of al. 16

:.“‘:aj:l"i- I_.J-'-L o
e ’

Spaceflight-induced neuroplasticity in humans as measured by
MRI: what do we know so Far?

Hypogravity associated
Neuroplasticity

-

Fluid shift

Somatosensory maladaptation
Musculoskeletal weakness
Bone metabolism

T walues

Hematological and Immunological
problems )

Autonomic dysregulation el

I
i

PFryfghi Posl Saghil ool
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Problems on the Moon Physical Frail

= Developing the conditions of FRAIL 1) Orthostatic intolerance
+ 1. Physical frail 2) Myatrophy

= 2 Mental frail 3) Osteoporosis

+ 3. Psychosocial frail 4) Dizziness

+ Space is an analogue of ageing

Mental Frail Psychosocial Frail

= Cognition Hyponutrition, malnutrition

* Mood Poor association

* Motivation Poor participation to regional festival

« Depression Loneliness

» Dementia Decease of the partner
Psychosocial distress in community

Short Radius Centrifuge vs Long Radius
Countermeasures for Deconditioning Centrifuge

+ Artificial Gravity for all modes of

Short Radius Centrifug

Aichil Mackeol Univ el
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Centrifuge at Envihab, Spaceflight deconditioning followed by
DLR in K&ln microgravity exposure

Hypogravity

uG exposure {Maoan,

Purpose of
Space

Medicine Neurovestibula

Cardiovascular
Musculoskeletal
Bang mgtabolism
1G demato/immuna

Environment Environment
MG with Exercese

Question:

»Do you want fo return to 1G
environment on the Earth?

»Yes, AG as CM is necessary

»No. Please adapt to lunar
hypogravity environment.

»Thank you for
your attention.
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Microgravity-Induced Fluid Shilt and Ophikalmic Changes
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Brain structural plasticity with spaceflight

RENIEW AATMCLE
Spaceflight-induced neuroplasticity in humans as measured by
MR what do we know so fur?

e E(ATESD+EE)

s ERKXATIEHEFER
B HELT, TILTA—S—, 2994w
Ta4

235

5 o

-

=

Alexander et al. 2012
REOZE{L

1 Flight in 27 astronauts
= in 18 subjects
Eoppebmans ot &, 2016

Gray Matier Chamges bom |
and from F

"‘""'\.-"“'F"

'“— W 485 (. ~'=‘-.'4-1.f *'.-Jf"

@@ﬂmﬁ A
PEeE

M-‘ 4‘.”% r,‘

27

RNEHBERERET SN

T values

ANYREIRYRL R

| ST HRNMIBEDR

s 20BMEOA~YFF S A9FL AR

w FHAENEOUFO— L

» 88305 D1.4GHOATEHEF +60W
DIILTA—A—z L5 EHERH




20 days of -6° head-down
bedrest

|m 12 subjects
(Countermeasure group &,
Control group 6)
Age: 24 x5 yrs old
= Height. 168.T £3.6 cm
20 days of 8" head down
bedrast
2300 kcaliday

X EHENGENNEIaSTHaW BIUIE
Change in Volume of Water Drunk cm_inguq-@i]ujdynlu_;g@j g [ Costs Foomubal k%

™ [V oF water drisri was more in control tha in CM, o
/ I TH{LT

Microgranvity exposure increases dady uine outout. a5
| AR T P AT T IO A
(] 'I:lem
o % il
i % 1‘{:{ { ™, .r T I{
i Ot (+) w8 CM (-} ANOVA, 0.0t = l‘] HI
G = | Mcrogrvity-induced Caontrol group.
Irypovolemnia was.
preverted by CH
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Cha nge in G-tﬂlEl’anL‘E ge G score  Every other day Protocol

ance i reduoed in control bul no by

165G

Changes in MSA at —6" , 0° “supine , 30°

Sympatheti

Echo-Doppler Cardiography

Change in Maximum Oxygen uptake Everyday Protocol
Everyday Protocol ) N
+
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Lb-nan

Maximium Choygen uplake ()
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Effect on Myatrophy

Cross sectional amea of the quadnicops
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Effect of CM on Myatrophy

_|_
s Effect of CM on myatrophy both in the
iceps femoris and the

gastrocnemius-soleus muscles did not
show the differences between
countermeasure and control groups
when compared the pre- and post-
bedrest measurements

Changes in Heart Rate, HF Power, and LF/HF
Power before and after Bed Re
Coounte
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Everyday step-up protocol
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Short Radius Centrifuge

Agche Medical Univensdy &

New position for
centrifuge
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Concept for operation

Almost the same concept 35 cunrent HTV operation

“Technalogy Deme-Mission”™ will be performed during Technological Demao Phase
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The Martian, The Hermes
equipped with Artificial Gravity
facility during trip to the Mars
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Spaceflight deconditioning followed by
microgravity exposure

Hyp |:|-E|".-j\r|t'g'

pG exposure {Moon,

Mars)

Purpose of
Space

: MNeurovestibula
Medicine " i

Cardiovascular
Musculoskebetal

Bone metabolism
demato/immung

1G
Environment

Environment
AG with Exercise

ESA Centrifuge in Toulouse




NASA centrifuge in
University of Texas, Galveston

Another NASA Centrifuge
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Extravehicular Mobility Unit
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