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Japanese Experiment Module “Kibo”



Centrifuges in Kibo : CBEF
(Cell Biology Experiment Facility or Centrifuge-equipped biological experiment facility)
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An example of gravitational research in
— JAXA Rodent Missions —

Mouse
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JAXA rodent research capability JA4HKA

B Living in space causes various physiological changes _ |
v" Weakened bones and muscles, which are similar to those associated with aging. In A
B Progress of these symptom in space is ~10 times faster than that on Earth.

B Much severer changes in model organisms (animal).
B |SS/Kibo is an accelerated platform for aging research

v" Help us understand the mechanisms of aging-related symptoms
v" Develop methods of prevention

On Earth

.
B Aim to develop new JAXA rodent facility Rl — Centrifuge-
> Support research on human health on Earth éﬂi%ﬁ% =/l ¢ %
» Investigate gravitational effects on mammal in detail (6 mice)
B Unique features of the JAXA facility §£%¥.'éyn

» Comparison between microgravity and artificial

gravity conditions

4 Launch Return 12 ouimess
= 12 mice mice alive ¥z

v’ Provides the world’s first long-term artificial
gravity environment for mammals in space

Launch site Return site



Onboard video images of mice

Artificial-g

(© JAXA; Source http:/liss.jaxa.jp/en/kiboexp/news/190701_mhu-4.html)



SCIENTIFIC REPg}RTS

Development of new experimental
platform ‘MARS'—Multiple
Artificial-gravity Research
System—to elucidate the impacts
of micro/partial gravity on mice

Dai Shiba*?, Hiroyasu Mizuno®?, Akane Yumoto*?, Michihiko Shimomura®?, Hiroe
Kobayashi'?, Hironobu Morita®?, Miki Shimbo.%*, Michito Hamada'**, Takashi Kudo®*:5,
Masahiro Shinohara®”-®, Hiroshi Asahara®?, Masaki Shirakawa™? & Satoru Takahashi®*5®

-
L
D
()
=
>
©
o
O
~
n
-]
@
(@]
w

Artificial gravity
(AG)
(19)

0.

o
()}

o
~

O
Ao

AG MG GC

(Shiba et al.,
Sci Rep, 2017)



Publications on gravitational effect
using artificial gravity environment
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Impact of Spaceflight and Artificial Gravity on the
Mouse Retina: Biochemical and Proteomic Analysis

nawureresearch

| 1 L 1 Impact of spaceflight on the
Xiao W. Mao *", Stephanie Byrum “~ %, Nina C. Nishiyama *, Michael J. Pecaut *, . .. .
Maseki Shirakaa®, Satora Takahashi ¢ and Micheel D. Delp” murine thymu >d n.d mitig _at' on b_Y
exposure to artificial gravity during
spaceflight
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onboard environment :
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Chihire Kato™’, Shunya Sadaki®, Maho Kanai*®, Sayaka Fuseya™, Yuri Inoue™™,
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Ground-based study using centrifuges it

B Feasibility of use of the short-arm (15cm in radius) centrifuge of
CBEF was confirmed by comparing with a 1.5m-radius centrifuge.

©'PLOS | one

RESEARCH ARTICLE

1G 1G

Feasibility of a Short-Arm Centrifuge for
Mouse Hypergravity Experiments

Hironobu Morita™?*, Koji Obata', Chikara Abe', Dai Shiba®, Masaki Shirakawa?,
Takashi Kudo®*®, Satoru Takahashi®*®

B Effect of hypergravity load
(10G x 2min as the worst-case)
in re-entry and splashdown
phase was investigated with
1.5m-radius centrifuge.

(Source: NASA)

Impact of a simulated gravity load for atmospheric reentry,
10 g for 2 min, on conscious mice

Hironobu Morita*( - Aoi Yamaguchi' - Dai Shiba? - Masaki Shirakawa® -
Satoru Takahashi®*

J Physiol Sci
DOI 10.1007/s12576-017-0526-z

SHORT COMMUNICATION

(Source: JAXA/Gifu Univ.)



Ground-based studies using centrifuges A

Partial gravity Unlo?g o Hyper-G

In space Ground-based stud

0G Partial-G 1G 1G+

B Ground-based hyper-G experiments are effective to investigate:

1. Sensitivity to a gravitational change (+ G on the ground; - G in
space)

2. Persistency of effects to confirm the effects last from the time
of splashdown to the hand-over of mice (about 3 days for ISS
mission).

3. Effect of reduced gravity change when prolonged hyper-gravity
was stopped, e.g. change of 2G (hyper-G) to 1G yields -1G.

1.5m-radius centrifuge at Gifu University
(Source: JAXA/Gifu Univ.)

v \ 4

2. Persistency of effects

2G

3. Reduced gravity

1. Gravitational l
sensitivity

1G
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Ground-base gravitational research
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Hypergravity and microgravity Effects of gravity changes on gene expression
exhibited reversal effects on the of BDNF and serotonin receptors in the

bone and muscle mass in mice mouse brain
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RESEARCH ARTICLE G _'i::l'- Biochemical and Biophysical Research Communications
Hypergravity Provokes a Temporary SLSEVIER journal homepage: wiww.elasvier.com/loeatelyhbre
Reduction in CD4+CD8+ Thymocyte Number

and a Persistent Decrease in Medu”ary Long-term hindlimb unloading causes a preferential reduction of

medullary thymic epithelial cells expressing autoimmune regulator

Thymic Epithelial Cell Frequency in Mice (Aire)
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B The system provides both microgravity (ug) and
artificial gravity environments.

»77rpm —» Earth’s gravity (1 g),
48rpm —> Mars’ gravity (0.38 g),
31rpm - Moon’s gravity (0.16 g)

» The System can contribute to risk assessment
and scientific validation of long-term
habitation in partial gravity environment.

Human
N\ Health on
- 4 Earth

= Only “MARS” can
provide Partial-G
environment for
mammal
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In Flight

NASA’s Human Exploration Research
Analogue is used several times per year to
understand and test mitigation strategies
for human performance risks.

studies can be found at https://www.nasa.
gov/mission_pages/station/research/
and http://www.esa.int/Our_Activities/
Human_Spaceflight/Research
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Aquapad: During the ISS Proxima mission,

CNES, in partnership with the bioMérieux
company, tested a technology to detect
microbial contamination of water. The
technology, which is simple and can be
stored in ambient conditions, has been
used on Earth for the detection of cholera
in high-risk locations.
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JAXA's Multiple Artificial-gravity Research
System is a rodent habitat for ISS. The
system includes a centrifuge that allows
studies from 0 g up to and including 1 g.
This capability enables investigations
comparing gravity effects on animals in
the same space environment with gravity
as the only variable.
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(© JAXA; Source http://iss.jaxa.jp/en/kiboexp/news/190701_mhu-4.html) 14



Another example of use of centrifuge: Exploration £z

An investigation named “Hourglass”

» Examine the relationship between
gravity and the behavior of granular
materials such as regolith that covers
the surface of planets and planetary-
like bodies.

» Observe various granular materials
inside an hourglass and a measuring
cylinder under different gravity
conditions.

» Better understanding of the behavior of
these materials supports the design of
spacecraft for future missions landing
on the surfaces of planets and other
celestial bodies.

(c) JAXA; Source: https://iss.jaxa.jp/kibouser/subject/science/70485.html
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Summary

1. Centrifuges on ISS / Kibo provides artificial gravity environment

» Centrifugation capability in Kibo:

v' Centrifuge-equipped incubator : ®0.35m centrifuge + microgravity compartment, and

v" New centrifuge system: 1 large ($0.76m) centrifuge or two ®0.35m centrifuges
» Unigue environment for producing long-term partial-g

2. Rodent missions using the artificial gravity environment.
» Useful for gravitational research on mammal

» Revealed gravitational effects which will be beneficial for aging study on Earth

3. Artificial gravity / partial gravity environment for exploration

» World’s first demonstration of long-term artificial Moon’s gravity (1/6 G) for mammal
» Useful for technological study for exploration
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