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China plans to build an underground moon
base using lunar caves

SPACEPORT MAF

Flight Surgeon
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HAecently, Astronaut Satoshi Furukawa has retumed from

Space medicin

What

environment, that is space

igate the effect of space environment
and mental effect, and utilize the
for space development

Although he flew
freely i 155,

He could not walk
by himself after
landing

clarify the mechanism of deconditioning
associated with space environment, to solve it,
and to prevent it

Today’s talk Special environment as space

ironment? R

Acceleration on launch and re-entry

Microgravity
Isolation and confinement

g INHSOFHMR

- Do you want to return to |G
environment on the Earth?

- Yes. Space medicine is
HECESSGP}-’

- No. Please adapt to
microgravity in space
environment.

By =FkSzA
2. AXip

= microgravity
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Change in bady MNuid distribution

Samicircular canals,
launch, pG, adopted, returned —~ vestiBuBE arve
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Changes in human body in space

e motion sickness—neurovestibular
Cardiovascular
Bone metabolism
Musculoskeletal
Hematological and Immunological
Radiation

Isclation and confinement

When you receive unusual sensory stimulation,
sengory conflict will eccur in your bedin , and motion
sickness appears,

fm Vestibular (=3
Cfgans

Otolith is a sensor of gravity and acceleration
(linear acceleration). Asymmetric otolith function
causes vestibular dysfunction,




-

Orientation adaptation theory C@Ut&i’fﬂ%%@f@
LT,

‘LMcmory in the Brain

\Jz& .f— ':;,‘III
L5 *:;:.:‘.‘;J ! i\l .

Visual Somatosensory Vestibular |

Sensory information on earth is imbalanced in
space. SMS is a necessary process to adapt
the microgravity.

Prevention of S5 Cardiovascular

» Drug therapy - ; « Cardiovascular adaptation to uG

* Orientation recognition 1. Blood centralization

* Adaptation to motion FATNER 2 . Cardiopulmonary receptor loading

Suppression on sympathetic nervous system
. Increase in urine volume/Fluid shift to
extracellular to intracellular

Blood volume loss

Sympathetic activity
measurement

+ Parabolic flight * Recording of sympathetic nerve activity:

* Head-out water immersion microneurography

+ Dry immersion * From the tibial or peroneal nerve

. Bed rest * Tungsten microelectrode into the nerve:

Tip diameter of 1 pym, shaft diameter:
100 pm, Impedance of 3-5 ML

Ground-based simulation

+ =6 head-down bedrest

Astronaut Chiakn Muka MDD as a subjec

Set-up of recordings

Sec.

Jet aircraft with ¥z
output would be
thrown at 45

2G->uG-=180G
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Jet aircraft used for parabolic flight

MU-300

T

>

Gulfstream ||

Muscle Sympathetic Nerve Activity during Parabolic Fligh

Gz

i 2.0G Enry
20 =

ges in MSNA during short
period of microgravity
* M3SNA is suppressed during microgravity
produced by parabolic flight
* MSNA is activated during hypergravity
before and after the microgravity
* The changes are dynamic rather than static
(change against to differentiation)

170

Changes in hemodynamic parameler during parabolic fight

s LR B

Intrathoracic h-ulunlu
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i cring
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N — Heart rate

MAP raser
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Ground-based simulation

1‘.
|

- Parabolic flight
ut water immersion

- Dry immersion

- Bed rest

ead-down bedrest



* Capacity for 20 subjects
+ 24 hour care by nursing care staff
« School of Health Science (Daiko Campus)

Centralization of Blood into the Thorax

Facial
EXPAns:nn
Headheaviness

Astronaut Mukai Astronaut Mukai
On Earth under pG

ciated with fluid shift

* Dynamic changes were difficult to be
described during bedrest.

« Water immersion is suitable for dynamic
fluid shift change.

* Head-out water immersion/dry immersion

« Microgravity simulation by hydrostatic
pressure and buoyancy

171

Bedrest
experiment

)

Returned

Bedrest and facial edema




Supp on of muscle sympathetic
nerye activity by, waterimmersion

e
BorEy

B g

tngraiad 5

L e '."u'.-'h Al

Decrease in intravascular
circulatory plasma volume
= Increase in urine volume (27 day max)
» Insensitive evaporation increase due to
low humidity in spaceship
= Stabilized on the 5t day, but 15% of
plasma volume loss
+ Increase of fluid shift from intravascular
to interstitial, interstitial to intracellular.

Centralization of Blood into the Thorax

172

Cardiac dimension during water immersion

Adaptation from edematous state to pG

« Water excretion as urine
« Shift from interstitial space to intracellular
« Increase in hematocrit

Urine volumet

Cardiovascular effect

» Adaptation from microgravity to 1G state

Sympatho
responsiven
Baroref
Cardiop onary reflex sensitivity |-
No change in heart rate

Hyperresponsiveness of HR to orthostatsis
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Sympathetic nerve recording in
space --- Neurolab

Recording of sympathetic nerve activity,
which controls blood pressure by
microneurcgraphy, sticking small needle
into the peripheral nerve in situ.

3
-
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H
w

MSNA and HR after 6 days of
bedrest

[ pre BR : ¥+ 84F e -/

FoudIa = 228 rel

MENA Burst Rate (burstaimin)

,jz/-mw- 18 rein 2

T ] !
ot 20° 40°60* 80* 0* 20° 40°80° 90°
Sine of T Angles Sine of T Angles

Changes in MSNA and HR associated

Fluid Shift

with 1ays of bedrest (n=6)
1
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Problems of Fluid Shift ( 1)
= SANS: Spaceflight associated neuro-
ocular syndrome

ESRETOEY

Nowes life

s W
[ —"—

Countermeasure group

Mhieragrayity-lndeccd Fladd Shift and Ophihalssie Change

a.li | Rty . Bk 4, s Mgt i vy 1. My

A i 0 B . B v, (9 44219, L
.\! . . . g | i, 3450

Alexander et al. 2012 Problems of Fluid Shift

- * Hypoeravity-induced MNeural Pl
Fundus Change s L SR

FERSECTIVE
Brain structural plasticity with spaceflight

........... s | Mgy, Brbrs B i gl o bt 1 b *

J s e o o iy e e St e I et
g

Gla', Matiar {'.l'lﬂrgcr.. Eoem Prio 1o Posl Fight in 27 astronauts
and Iroim Pre 1o Post Bad Fast in 18 sulyscts
Koppelmans et al. 2016

Hypogravity associated
Neuroplasticity

e [P
Fig o v B, e
el . e
e
M .
Foikia ey . » 4 -y
b - . B REVIW ARTICLE
s -
0t s Spaceflight-induced neuroplasticity in humans as measured by
[ :
- MR what do we know so fur?
B Ve O " e Ly Vvt barnes’, B Sovsmbimrdurys’” Pl M. Pt woud Prm & Wyt *
M i e o e e o ey ST e b, g b e g
e ot et e 4 5 e et e 8 P 4 e . g ot e
[y i o i S b Yo ke s o e ernt
o P
L e—rh
§
14 s
Raw b

Frm. e e T e g e sfrmhprlay e v, Yl B me e
oy ety T B ke S ] K VR R

Hypogravity associated Microgravity associated
Neuroplasticity deconditioning

1.Fluid shift
2.Somatosensory maladaptation

3.Musculoskeletal weakness

4 Bone metabolism

5.Hematological and
Immunological problems

6.Autonomic dysregulation
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Microneurography

= Recording
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Electrode

er, 100 wm in shaft

ympathetic nerve activity




Neurolab experiment in 1998

No change in
responsiveness
in MSNA
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Cardiopulmonary receptor
function

+ Baroreflex function mediated by
cardiopulmonary receptor was
suppressed.

Dry immersion in Russa

= Rubber shee wermonevtral waler, and dipped

This suppression is one of the cause of
cardiovascular deconditioning.

BP an
and after
immer:

Irteprater o Nevse Fpole
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Bedrest for 3 weeks

+ Recovery training needs 4 — 6 weeks
» Elongated period in case of elderly

Myatrophy

etal muscle volume loss
+ Skeletal muscle volume loss of 3 kg/10
vears after 35 vears old
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Short Radius Centrifuge vs Long Radius Our Previous Centrifuge
Centrifuge

Centrifuge at Envihab, DLR in
Kéin

Spaceflight deconditioning followed by
microgravity exposure

HG exposure

Purpose of
Space

Medici
e Cardiovascular

Musculoskeletal
Bone metabolism

gmato/immuno
1G

Installation of HTV
as SRC with EX

Environment

AG with Exerncise
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Centrifuge at Envihab, DLR in Spaceflight deconditioning followed by
Kdln microgravity exposure

Hypogravity

UG exposure

(Maoon,

Purpose of
Space p
Medicine Ncur.mstlhula
Cardiovascular
Musculoskeletal

Bone metabolism
16 emata/immung
Environment Environment

AG with Exercise

2001 Space Odyssey, Discovery

-

Amficial Graviry
by Cennifuge

Installation of HTV
as SRC with EX

S S SRR o

T

eme &
Fr NEECED WA i R

-

|a G2ERY

%H{H\LHH}\

Microgravity-induced Conirol g
hypovelemia was
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Everyday step-up protocol ' ESA Centrifuge in Toulouse and DLR
Centrifuge in Koln

with AG+EX for 30 min

Cardiovascular carcing hypotuncton Suppress

AGREE Project

= AGREE proposes the first in-fiight testing of the
eftectivanpss and acceotability of short radlus artificial
gravity [AG) a5 a countermeasure 1o human deconditioning
on orbil

1' e ground based, mulli-cenler rasearch supporting the in

u.l"l Al validalion proposed has bean extansive, and
Acledes reseancn at Ao vd cenlriluges .|:|;I1}. the direchon
of tha mambers of the investi gator team in;

= Magoya) \h}{-wl:-
= Houston/Gahwestan,
— Boston,

= Aflweip,

= K&in

= and Toulouse

2000 TEEFHEIAT—Yay (ISS) #8
Fn e st o P S 7% I ARUTFEHESD Hﬁﬁi&m

|- - nllio “wnan
T e ol e e Ty Ve o r“-..u

Principal imeestigator: Prof &
Taking
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International Space Station

Permanent Multi-Purpose
Modile

International Space Station

Balance mass
{with roomfor

Rotating
Structure
Assembhy

Artificial gravity with argometric exercise device
of a new model

The short radius centrifuge with ergometer
on the IS5 proposed by ESA

Permanent Multi-Purpose Module

Located at the end of
the PMM where 4 racks

The short radius centrifuge with ergometer
on the IS5 proposed by ESA

Permanent Multi-Purpose Module

1.4m

Analysis parformed for worst case mass (95th porcentile American male)
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Summary

Although preliminary;

1. New AG device provided an effectivenass to improve the
orthostatic intolerance during microgravity exposure

2. New AG device prevents arterial stiffness caused by shear
stress lacking.

3. New AG device improved the bone metabolism to some
exbent,

4. Small new AG device of 2.8 m in diameter seemed to be
effective to prevent the spaceflight deconditioning.

Envihab in DLR

Short Radius Centrifuge for 155 installation
Aichi Medical University and Gifu University of Me

The Way to Realization

Sept. 2010 (Tokyo): Kick-off Meeting
Oct. 2010 (Prague): Scientific Meeting

= Jan. 2011 [Tokyo): IWG-1

March 2011 (Paris): Scientific Meeting
April 2011 {Houston): Scientific Meeting
*+ June 2011 (ESTEC, Netherlands): IWG-2
Oct. 2011 (San lose): Sclentific Meeting

+ MNov. 2011, ESR, Experimental Scientific Requirement
submitted

= April 2012 (K6ln) : suspended by budget problem?77
March 2013: Cancelled
March 2014: Mew Proposal?

New Proposal for Large Human
Centrifuge for Space Habitation
* Jack van Loon et al. ESA Team for LHC
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