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WX FTRANSV MR

1. REHE, EXTHRTARX—MNILE2BERDFH-FEEFORRETHE OERBEC
BIITB-, NE~DOEHE, JAXAHP (http://iss.jaxa.jp/iss/about/benefits/health/2boneloss/).
BNENBRBICET2EERD EREBEROMEIX. RUFERECHRRIRNEIRE
EFED T DICEITFoNTND, ISSTIK, BELT 1 BICK 2 FfE. BIC 6 BEDEFH %
ToTWBH, BERVPPREERAD) XV EZLICFHTETLVARL,

BIEEERZ, WLV LEREODIHE, BEELBHBETEL TS, BlE. BB
EBERIZEDUETI VINfThbh, XXTHAAVWRENEIEIND, BEEHRETIK
FENDRERBEN G 2D 0, BRINFTESEFREIHARI Y, FEFEEHBENK 10
EORETHDT 5, KRBHESHOBEIX, 1 7AHEY 159EPTHDT, 6 AARIDOF
BHRAETH 10%ED T2 L2 Y, REEOEIEIZE 3~4 Ehhd, DL T LOHA
(BERE—HHE) (k. RAAIEELOTH D H. RITHIE-260mg &£ Y, REZERED Y X
76 % 5,

FERTOEBERDICH LT, BHEREAEEL LTI0FFALERASIN, BEEM
EEBMRERETOIET VAN HIES (ERXRTHRX T+ 32— A 2EBEFHEE LT
RAL. 82D ERBEADFHDEEZ JAXA & NASA OHFEMZIEE L THRIEL TS,
T—R2OHE@BITICEINIE, HILSTLPEZRIUDEEBALEBRL, BERET 5:EH
0, BRES/NROEXEZEBRITNE, FERTOFERPDCREHELED Y X T FEBT
ZHAREENH D Lo 1=,

SHMEOEEE. MBOLEARLEVORDICEY ., FB 1~2%5D L. BERAF
BH&Y 30%EDT D EBMBRIECH D, BAEBATIE 1,100 FANEBHREL Y, 70 £
ZHED 2 N1 ANZET S, £/ 15 FANKBEESREITFMEZ (T, HRERICK 3
NEREZEEST S EEEIE—ANIL0O AHEZEEL. BHICHESEER - NEERIIE24KT 6,657
BR/FIZHET 5,

HBERtH2OP TELTALOEBRNEFH T E2-DICEEREEEERRL LT, &
£ B EFOIONEETHD, BEE. RENTVAODRVWEEZLMNIT, AL
L (3., NERE) PERZIUD (BAYENI) 280EBMELONYERES, BEEAR
BABREXRUTHD, BEIE. BENOBREMZ L EHCHHEESHEZEBDOEFENTIEIZE
YRAL I ELKTTHD. BITYRINENGAE, BVAEFEFATLE BIWREEN
THd, COXSICFERITHLELNZHRE, BEOREBECTFHROBETITERT
D EMNFEINTND,

2. Tomoaki Matsuo, Satoshi Seino, Kazunori Ohkawara, Kiyoji Tanaka, Shin Yamada, Hiroshi

Ohsima, Chiaki Mukai, An effective and efficient exercise protocol to prevent deterioration of

cardiac function during long—term space flight: A preliminary study,  7he 28th International
Symposium on Space Technology and Science (preprint), 2011.

In a microgravity environment, the volume load on the left ventricle is reduced and the

cardiac function deteriorates.Consequently, maximal oxygen consumption (VOzmax) decreases
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during spaceflight. Reduced cardiac function can lead to serious health problems such as cardiac
atrophy, diastolic dysfunction, and orthostatic hypotension. Accordingly, exercise such as using a
bicycle ergometer should be a useful countermeasure during spaceflight. On the other hand, many
astronauts also experience weight loss during spaceflight because energy imbalances can occur.
Some researchers indicate that excessive exercise may promote the energy deficit and have a
negative impact on long—term spaceflight. Therefore, we have been devising an original bicyle
erogometer protocol better suited to astronauts experiencing long—term spaceflight. One of our
candidate protocols is the 3 X 3 protocol named J-HIAT, i.e., three times 3—-min intervals with a
2-min active recovery period between intervals. In response to our preliminary experiments, we
hypothesize that J-HIAT may be a potential protocol to control the increase of energy

consumption and to have a significant impact on VOZmax and the cardiac function. To verify the

hypotheses, we are working on full-scale experiments. In future, we will show the results of these
experiments.

3. XEHE, FERTTOREERLEHEDUNE ) T—Y 3 VFERTLOEERD LHE
TEDOXNEND, BUNERET -/ 75X, 49), 11-14, 2011,

BAE®D 65 mUEDOE#HEL. 2007 FIZ21%%5B 2. BAREGF Baipits) 122
ALELE, BEENEEL480FAICEL. I NOEBHEE I ATIASHRICHYEL
fzo NEMRBLEZLEDBRVWERFHESZ, AREARYBILTEZTZ I LIE. £<DHE
AADREWTY, BERFTEHILELAFREARICTS-HICIE. Bl - NEDCXTLD
FEL LDEERBEICHEBT LI LOOEEOTENKYTY, BBOFHEFXTHIFHE
FOMRZE, BabHETELOTARDORBRERFICRITDHCEMAGFSIATLEY, O
Tl FERTLTOBERD EHEMOTERE, HEDONL OEEBEECHEIDIFRER
MNLET.

4. KEE, BHEZRENORE—FERTETOEERDHAEK L SEE DEEIELE, Journal of Clnical
Rehabilitation, 20(10), 922-928, 2011.

BHRIEE. BECEEOETICIYBRENMETL, BFOVRINEXRT 28K
BTHDH, FEARTIEHERELERENAD LT, BFOUVRINSELZLEHBTH
%, BHEBRENDERRE L0 MUBNEE £ HITENT A, FERTOBERD L. BFE
% 30~b0 MRORITLICERET D, BlE. BICTHVEZRINLHFLVEEZRKT 2BH
Z(JETIVUDZE>T, LRTHIPALGVEBEEZHRF LT 5, BARRBHRERECRTT
HEBHRETIE, HEHTOBRNEBEBDT V/NT VA0, BEREISBLAOEMIZEY F
EEELTEH, FERTTEH. BCLELRHEEFMRBAERT 570, FRINOE L NME
MEBEBDETIZCED T UNTVREBHREMBADOEMMAEL, BHREDK 10 F0R
STEEERDT D, FERTICATI2EERPDAEKE. i EOEFHEFRE & RKICRE, &
g, BLUEFHDIONEETHD, XBETIH. FEELEAZ21—2E /T IEICIE. AL
L Vitamin D B EDMBEE WY LD ICEET 5, BLELLERE LT, MLy
RIIJLFERAPRICEN—FREZAVNTHRERLYOWEAWEMABADEY, ATV Ty oL
—ILLA X EDQHNEBLBRAFTET 5, EFITIE. BRNZIH LEE L BREDHR
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DROBDERXTHFRTAX— M EFHIICRAL., TOMREZEND TS, FERTL
DREBREHF LT Y VR ERARICRESELIFHREZE. RBOFHEFETH D,
FHBITOBERD ) XV, +0EKE. DRNGGET. BLVCBEULGERGLEE S EL
HELTHAZAIEBRBTERENETEINDOH D, FHEFORYMAANSESN-EE
BEZMOBMRCIY Az, BEaMHRTELTAKOEROEFICHIITS C MR
ShTW?,

5. AR, FHEZEUNE Y T— 3 VEZEDZRITEE, Journal of Clnical Rehabilitation, 20(10),
904-913, 2011.

DNEYT—=ary (URUN) BEFEE, cREOBEELTD " N OFE.
FTHOLLAFICERELATIEMTHD, AENEICHAH, HEEZHN-FEHTOEEZR
BIoitidx, UNEFLFLAEHEROTONRTNERSBRVDIIBRETH D,

HETOWHLPE “Bf-EY" ICXDEAN. EAICHEL>TIUMNEEY, Kithtxd
WTBE T ENTELRLCLB>EERTHD ETNIE, EAOELBEVFHERTICHE ST
SHBEMET T D THAS ZLIFRBRICH LN, FEEEEDETIZHES ADLIETZE LD,
([CEERT DMLV NEENETORIELCERYBHATELIRENGT - THLIMN. EHEW
SHEENEEMNBELDTHIRY. UNEEN “BN FEHEORRICHESTE S AR
FFHFERKRICEBRBOLENY EFDEVNZ LD,

—H. SOES% [FHTEERETDHLHOUNEF] LVOSBEALEHIC, FHRE
DHAZBLTH EDOUNCHRIDHFLVMEOCEMEZERST L LH. THTHAEHLF
HEBEITEROVLEDELTEETHD, EHEVWSI T4 LEZ—FRMYEY, “BI<" &
WS ZEDARBHWREMICED LT, EHELEHICHEAELTCELZAENECERIZEH
BREFHLEZLINK S,

AR CTREEATHRAREFHEEMROENEHRICOVWTEREZTLEHD EL DI,
B EUNEFOBRREMBML, TATAORE~RITLHEENGEHY HFERET S,

6. FARE, NIFEZR, EEE—, BHFFK IFHRENMEBRFADCREIZEL ZDOERRE
BA~ND7 70 —F-BEZICBE T 2EROMROE RN H-1, HABHEFH, 66(3),
568-572, 2011. EAREE. /NIDFZE. BHE—. AFITH FHERENMBEERFAMICRE

HELTOBERBH~NOT7 TO—F-BEFICTBT2EBNHEROE LN S-1. BAEE
PSS, 66(3):568-572, 2011. (HAGEH:ES)
Many physiological changes associated with spaceflight, including decreases in orthostatic

tolerance, exercise capacity, and blood volume have been reported. Orthostatic intolerance is a
problem affecting many astronauts immediately postspaceflight. In particular, the relationship
between orthostatic intolerance and cerebral autoregulation has been the focus of study in our
research group. Although impairment of cerebral autoregulation was speculated to be one of the
factors resulting in reduced post flight orthostatic tolerance, a 2—-wk spaceflight study revealed
that human cerebral autoregulation is preserved or even improved during and immediately after
spaceflight in nonsymptomatic astronauts. To investigate the influences of the different kinds of
reduction in central blood volume, we performed two ground—-based studies. It is suggested that

the mild intravascular dehydration partly explains the improved dynamic cerebral autoregulation
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observed during and immediately after a short-term spaceflight. Moreover, we also studied the
relationship between orthostatic intolerance and cerebral autoregulation under hyperthermic
conditions, because hyperthermia leads to orthostatic intolerance. Furthermore, we planned to
conduct a study at the International Space Station (ISS) and ground-based studies to elucidate the
influences and factors affecting the circulation system in humans in a space environment.

7. Tomomi Watanabe-Asaka, Maki Niihori, Masahiro Terada, ShojiOda and  Chiaki Mukai,
Technologies to analyze the movement of internal organs by high—-speed movies using medaka,

The 28th International Symposium on Space Technology and Science (preprint),  2011.

Living organisms are always exposed and respond to various stresses from the external
world — the environment, such as temperature, gravity, radiation, circadian. Understanding and
addressing the effects of the environment on human health is a major issue. To clarify this issue,
we are studying both human and medaka, which are good model organisms to verify the effects of
the space environment for their features including their short life cycle, productivity, mapped whole
genome sequences, and transparency even in adults. We are trying to evaluate the heartbeat using
transparent medaka with live imaging. Despite the importance of their functions, observation of
internal organs has been difficult, hence the remarkable development of imaging technologies in a
decade and with the retirement of the space shuttle, experimental procedures without sample
collection such as live imaging will be required.

We established an approach to acquire the images and the methodology of the analysis from
high—-speed movies. We are subsequently going to introduce a method of verifying the movement

of internal organs in medaka experiments using high—speed movies.

8. XBHEX, PHEESR, FHEN BHKE—, EHIEZ, ESBX FHEZ, KZRE, =
AEE, BHFETH, AZHDTA T - A A=CUTIZLBFHEER ML RISEOE, A
Avro00ZE7 7 BFAFERG, 28(3), 55-61, 2011. (HAGEH:)

The full-scale operation of the International Space Station has started. The evaluation of

influences on astronauts under space environmental stresses during space flight is one of the
most important research topics in the space medicine. The aim of this study is to verify the
physiological influences of the space environment such as microgravity and space radiation from a
basic biomedical point of view by using medaka — small teleost, some of the strains with
transparent body and proven the survivability in space. To accomplish the aim, we will conduct
three quantitative physiological evaluations under space environment using the live imaging
technique — muscle atrophy by reduction of muscle activity, alteration of autonomic nervous
system by digestive functions and heart rate analysis, and behavior analysis. This propose is
completed using remote image acquisition on orbit, data transfer and analysis of those image data
on the ground. These data will be expected to be applied to the stress forecast or health care of

astronauts during space missions.

9. Masahiro Terada, FuminoriKawano, Noriakilshioka, Akira Higashibata, Hideyuki J Majima,
Takashi Yamazaki, = Tomomi Watanabe—Asaka,  MakiNiihori, Reiko Nakao,  Shin Yamada,
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Chiaki Mukai, Yoshinobu Ohira, Biomedical analysis of rat body hair after hindlimb suspension
for 14 days, Acta Astronautica, 73, 23-29, 2011.

The levels of 26 minerals in rat body hair were analyzed in control and hindlimb—suspended
Wistar Hannover rats (n=b each). We quantified the levels of 22 minerals in this experiment.
However, we were unable to measure the levels of 4 minerals (Be, V, Cd, and Hg) quantitatively
because they were below the limit of detection. Of the 22 quantified, the levels of 19 minerals
were not significantly different between control and hindlimb-suspended groups. The levels of 3
minerals (Pb, Cr, and Al) tended to be higher in the hindlimb-suspended group than in the control
group; however, this difference was not significant. The concentrations of 3 other minerals (I, K,
and Mg) were significantly different between the 2 groups. The iodine (1) level was 58.2% higher in
the hindlimb—suspended group than in the control group (P<0.05). Potassium (K) and magnesium
(Mg) levels were 55.2% and 20.4% lower, respectively, in the experimental group (P<0.05 in both
cases).

These results indicate that a physiological change in mineral metabolism resulting from
physical or mental stress, such as hindlimb suspension, is reflected in body hair. The Japan
Aerospace Exploration Agency (JAXA) has initiated a human research study to investigate the
effects of long—term space flight on gene expression and mineral metabolism by analyzing hair
samples of astronauts who stayed in the International Space Station (ISS) for 6 months. We
believe that hindlimb suspension for 14 days can simulate the effects of an extremely severe
environment, such as space flight, because the hindlimb suspension model elicits a rapid
physiological change in skeletal muscle, bone, and fluid shift even in the short term. These results
also suggest that we can detect various effects on the body by analyzing the human scalp hair
shaft.

10. Riyo Yamanaka, Shin Yamada, Masahiro Terada, Tatsuya Aiba,  Satorulshida, Hiroshi

Ohshima,  Yoshinobu Ohira,  Hideyuki Majima, ~ Chiaki Mukai,  Peliminary Studies for
“Biomedical Analysis of Human hair Exposed to a Long—term Space Flight (Hair)” Project: An
Analysis of Trace Elements in the Hair, 7he 28th international Symposium on Space Technology

and Science (preprint), 2011.

The analysis of biospecimens from astronauts reveals considerable important information
about their healthcare, but transportation of such samples will become difficult after the
retirement of the Space Shuttles. We focused on hair, which is one of the easiest specimens to
obtain, store and return, and planned this “Biomedical Analysis of Human Hair Exposed to
Long—-term Space Flight (Hair)” study. The main objective of the present part is to verify whether
changes in mineral metabolism can be detected through analysis of hair shafts from astronauts on
the International Space Station.

Ground-based studies were performed to establish an optimum methodology for analyzing
trace elements (e.g., calcium, sulfur and chlorine) on the cross—sectional surface of a hair shaft. By
using Electron Prove Micro Analyzer (EPMA), we could identify the distribution of minerals in human

scalp hairs. In another animal study, a ring—pattern concentration of calcium was observed in hairs
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from the mice exposed to microgravity. In this paper, we will report on the overall research plan
and the progress we have made to date.

11. Shin Yamada, Hiroshi Ohshima, Tomofumi Yamaguchi, Terumasa Narukawa, Masaki
Takahashi, Kimitaka Hase, Meigen Liu,  Chiaki Mukai,  Simulation Studies of Bipedal Walking
on the Moon and Mars, The 28th international Symposium on Space Technology and Science
(preprint), 2011.

To walk upright on the Moon or Mars, optimized walking techniques under altered

gravitational conditions need to be verified. Therefore, we have been studying changes in the
kinematics of walking at different gravitational loads using body weight suspension systems.

Our simulation consisted of three gravitational conditions: Earth, 1 g; Mars, 1/3 g; and the
Moon, 1/6 g. Surface EMG was recorded from leg muscles while subjects walked on a treadmill
and cadence, stance phase duration, and step length were calculated from the walking velocity and
steps. Subsequent studies revealed that the muscle activities and duration of the double support
phase decreased according to the reduction of simulated gravities. These changes seemed to be
caused not only by the direct effects of unloading but also by kinematic adaptations to the same.
It can be said that humans walk slowly with shortened stride and elongated stance phase to adjust
to low gravitational conditions.

One of the major limitations of the previous study was the fact that the suspension system
was fixed to an immovable frame, which might have affected walking stability. We have started
further studies using a newer movable body weight suspension system to achieve more realistic

simulations.

12. HERE, JEIIHE, FARKX, EARE, —ZAEE, BEX R NOEERREE, 2 44% 49(4),
54-59, 2011. (EHARGEHM:E)
The harmful effect of moon dust (regolith) on human from technological and biological point

of view has been reviewed. In physiochemical properties of regolith hazard-related factors are
component fibrous materials and nanoparticles. As for the component of regolith, silicon occupies
about 50%. Animal exposure studies have been performed using simulant of regolith, and it is
suggested that harmful effect of simulant lies between crystalline silica (one of positive control)
and titanium oxide (one of negative control). Fibrous materials may not have low solubility due to
inclusion of alkaline and alkaline—earth metal (ex. Na, K, Ca and Mg). The nanoparticle in regolith
may have harmful potentials due to the titaniumu oxide and silica. In migrograbity, the deposition of
particles with less than 1 u m in human lung did not decrease. These data in deposition of particles
suggested that micron and submicron particles may be accumulated in the lung in microgravity. The
researches on correlation between regolith behavior and microgravity are preliminary and very

much limited, therefore it is necessary to perform lots of researches in this field.

13. Kazuhiro Terasawa, Tadayoshi Doke, Kentaro Miuchi, Toru Tanimori,  Shinichi Sasaki,

Kiwamu Saito, Kazutoshi Takahashi, Hiroko Tawara, Haruhisa Matsumoto, Tetsuhito Fuse,

Tatsuto Komiyama,  Aiko Nagamatsu,  Yukio Uchihori and  Hisashi Kitamura, Response
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of a prototype position—-sensitive tissue—equivalent proportional chamber to heavy ions with
energies of several hundreds of MeV/n, KEK Proceedings, 2011-8, 189-195, 2011.

We began to develop an active dosimeter, a position-sensitive tissue—equivalent
proportional chamber (PS-TEPC), for space radiation. The detector is intended to exhibit good
properties of both real-time radiation monitoring device Il (RRMD-IlI) and tissue—equivalent
proportional counter (TEPC), that is, position sensitivity, tissue equivalency and omni—directionality.
A realistic dosimeter design is achieved by a gas time-projection chamber (TPC) with a micro pixel
chamber (u—PIC) electrode and A-150 tissue-equivalent conductive plastic plates. A second
prototype detector was developed and irradiation tests with heavy ions were performed. An
energy resolution of 4.2% (o) was obtained for Fe beam with the energy of 500 MeV/n. By the
extrapolation to the lower LET region from the results of He, C, Ar, and Fe irradiations, the
measurement error for charged particles in space is expected to be lower than 30%, which is the
NCRP’ s recommended value for space dosimetry.

14. Maki Niihori,  Shin Yamada, Tomoaki Matsuo, Reiko Nakao, Takashi Nakazawa, Yoshito
Kamiyama, Hajime Takeoka, Akiko Matsumoto, Hiroshi Ohshima,  Chiaki Mukai,  Mission

X-Japan ~Education Outreach Program Featuring Astronautical Specialties and Knowledges ~,
The 28th International Symposium on Space Technology and Science (preprint), 2011.

In the science field, disseminating new information to the public is becoming increasingly
important, since it can aid a deeper understanding of scientific significance and increase the
number of future scientists. As part of our activities, we at the Japan Aerospace Exploration
Agency (JAXA) Space Biomedical Research Office, started work to focus on education outreach
featuring space biomedical research. In 2010, we launched the Mission X education program in
Japan, named after “Mission X: Train Like an Astronaut” (hereinafter called “Mission X" ), mainly
led by NASA and ESA. Mission X is an international public outreach program designed to encourage
proper nutrition and exercise and teaching young people to live and eat like astronauts. We
adopted Mission X’ s standpoint, and modified the program based on the originals to suit Japanese
culture and the students’ grade. Using astronauts as examples, this mission can motivate and
educate students to instill and adopt good nutrition and physical fitness as life-long practices.

Here we introduce our pilot mission of the “Mission X in Japan” education program, which
was held in early 2011. We are continuing the education/public outreach to promote the public
understanding of science and contribute to science education through lectures on astronautical

specialties and knowledge.

(CRABMESANIBBELEZT7ITA NI MIHATLYBEFAIEZTTONET,)
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