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In this immense cosmos, humankind is but a speck of life.
To venture out into the unknown reaches of outer space,
there are so many things humans first must learn.

For example, what kinds of changes occur in human and
animal bodies under the zero-gravity conditions?

Can plants grow in a world where there's no difference
between up and down?

In this mission, Astronaut Mukai will conduct various kinds
of experiments to solve questions like these. This will be
Mukai's second Space Shuttle voyage.

Astronaut John Glenn will also ride the Space Shuttle. At 77
years old, he will become the oldest astronaut in history.
This is a big step in extending the capabilities of humans.

Though the experiments will only be small, and carried out in
distant outer space, the effects will surely contribute to the

future quality and prosperity of our society.
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Life Science and Space Medicine

Manned flight, the long-lived dream of human beings, has
left many footprints in outer space, beginning from the flight
of Astronaut Gagarin in 1961, and the Moon landing by Neil
Armstrong and his fellow crew members on Apollo 11. Over
200 men and women have made flights, and some of them
have stayed for over one year in outer space. Now, at the
end of 20th century, we are entering an international space
station era.

Space travel has been the special privilege of highly skilled
persons called "Astronauts.” But in the 21st century,
ordinary civilians are expected to routinely travel into outer
space. In fact, space sightseeing and even space habitation
are expected to become realities.

For full-scale, sustained human activity in outer space, the
effects of the space environment on the human body must
first be fully identified. For example, in adapting to the zero-
gravity space environment, astronauts experience symptoms
similar to aging, including deterioration of bones and
muscles, loss of balance, and sleep disorders.

Investigation of the mechanisms of life phenomena in
outer space, where the conditions are free from the control
of gravity, will hopefully clarify the role of gravity in the
processes of birth, growth, and evolution. Experiments
carried out in outer space with these objectives are called
"life science experiments in space."

Astronauts experience space sickness, swollen faces, and
deterioration of bones and muscles. These phenomena supposedly
come from different responses of the body functions critical to
maintain life in the space environment. However, the details of
these phenomena are not well known. It will thus be necessary to
accurately observe these phenomena and investigate the actions of
the brain and nervous system in controlling these functions in the
zero-gravity conditions. These types of experiments are called
"space medicine experiments."

To address these points, experiments on the physiological
phenomena occurring during flight will be conducted on the
STS-95 to obtain fuller knowledge on health control and
aging phenomena in outer space.

To prepare for the space station era and the period
beyond, the life science experiments and space medicine
experiments in outer space must address critical issues for
human beings.
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Mission Overview

STS-95 is a National Aeronautics and Space Administra-
tion (NASA) Space Shuttle Mission. Mission activities will
include life science and microgravity experiments to be con-
ducted jointly by NASA, the National Space Development
Agency of Japan (NASDA), the European Space Agency
(ESA) and the Canadian Space Agency (CSA), deployment
and retrieval of solar observation satellite "SPARTAN'; evalu-
ation of a new orbital replacement unit to be installed in the
Hubble Space Telescope, and astronomical observation
using the International Extreme Ultraviolet Hitchhiker-03.

During the STS-95 mission, Astronaut Mukai will perform
life science and space medicine experiments. This will be
her second flight since the Second International Microgravity
Laboratory (IML-2) mission in 1994,

The 77 years old Senator John Glenn will also board STS-
95. His first venture into space was the Mercury Project 36
years ago in 1962.

STS Mission No. STS-95

October 29, 1998 2:00 p.m. (EST)

Launch Date (estimated)
October 30, 1998 4:00 a.m. (JST)

Launch Site NASA Kennedy Space Center

Mission Duration approx. 8 days, 22 hours (2 additional days possible)

Orbiter Discovery (25th flight) |
Altitude approx. 555 km (300 nautical miles) \

Inclination approx. 28.5 degrees

November 7, 1998 12:04 p.m.
Landing Date (estimated) Y ' p.m. (EST)
November 8, 1998 2:04 a.m. (JST)

Landing Site (estimated) = NASA Kennedy Space Center
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Major Responsibilities of Astronaut Mukai
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The main objective of the STS-95 mission is to acquire vari-
ous kinds of data to identify the physiological effects of the
zero-gravity environment to enable long-term space habita-
tion. Astronaut Mukai is expected to contribute to this mis-
sion an astronaut with a medical background.

Astronaut Mukai will assume the following major responsibili-
ties.

e Vestibular Function Experimental Unit (VFEU/NDAS)

Under the zero-gravity condition, the changes in signals
received by the inner ear of an oyster toadfish will be
observed, and basic data on the causes of space motion
sickness will be acquired.

The changes of the otolith of an oyster toadfish (neural
activity potential data) will be continuously recorded from
launch to landing. To stimulate the internal ear, the water
container holding the oyster toadfish will be moved for once
a day. Astronaut Mukai is assigned to conduct these data
acquisition related activities.

e Plant Growth Experiment

The growth of plants under the zero-gravity condition will be
observed to acquire data on the influence of the gravity to
plants.

Plants are adapting to the gravity environment on Earth in
various ways. In order to grow plants in space in the future,
it is necessary to study these phenomena.

Astronaut Mukai is assigned to conduct plant experiments
such as peg-formation of cucumbers, and will set the sam-
ples and observe and record the plant growth.

e Sleep Experiment (SLEEP-2)

Since the Space Shuttle orbits the Earth in a cycle of about
90 minutes, the sun ray and shade of daytime and nighttime
alternately appear. Accordingly, the body’s biological clock,
which senses day and night can not function correctly, and
presumably induces sleep disorder in astronauts.

Together with Astronaut Glenn, Astronaut Mukai will take
"Melatonin™ (a pineal body hormone reportedly effective for
adjusting sleeping rhythm) every day and will record such as
their breathing rates and electrocardiograms during the
sleeping period. Sleep effect, condition of next day mood
and alertness, will also be checked.

This experiment is expected to add new data on the study
of sleep disturbance in astronauts.

e Protein Turnover Experiment (PTO)

Protein is one of the most fundamental nutrients for humans
to live. The experiment will acquire data on the protein
metabolism in the overall human body and skeletal muscles
during flight.

The experiment is expected to contribute to the study on
nutrients necessary for long-term space missions.

With her experience as a medical doctor, Astronaut Mukai
will take Histidine (an amino acid structuring protein) and
Heparin (a polysaccharide), collect blood samples.
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Astronaut Mukai's STS-95 Mission Time Line
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Four primary payloads of STS-95 are;

IO O0O0O0
Space Hab module(] SPACEHAB
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NASDA will conduct eight kinds of experiments in SPACEHAB.
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Outline of SPACEHAB
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STS-950 0 0 0000000 Layout of payloads on STS-95
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Rack (left) and locker (right) accommodate the experimental units

SPACEHAB is a space laboratory pressurized to about
one atmosphere, flown in the payload bay of the Shuttle.
SPACEHAB is developed and operated by an American pri-
vate company, SPACEHAB, Inc. SPACEHAB has been flown
board the Shuttle since 1993, and the current mission will
mark the twelfth SPACEHAB flight.

There are two types of SPACEHAB; the single-module
type and double module type (about twice the volume of the
single module), applied in accordance with the objective of
each mission. STS-95 will use the single module.

Experimental units are installed in racks and lockers inside
SPACEHAB. Power supply, heat release, vacuum vent, and
communication capability is provided through these racks
and lockers.

Major specification of the single-module SPACEHAB

Weight approximately 4,800 kg (10,584 Ib)
Length approx. 2.8 m (9.2 ft)

Height approx. 3.4 m (11.2 ft)

Diameter approx. 4.1 m (13.5 ft)

Payload accommodates about 2,176 kg (4,800 Ib)

U Power: 3.15 kw

Support function to 0 Cooling air or water

the experimental [ Vacuum venting

units U Transmission of telemetry data, commands, etc.
0 Viewport

Normally two astronauts

Crew capaci .
pacity (Three astronauts temporarily)
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SPACEHAB interior
The small boxes attached to the wall are lockers.
The racks are at the far side.

0000000000000 00 llustration supplied by SPACEHAB, Inc.
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Subject of NASDA Experiments and Outline of Experimental Units
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Subject : Response dynamics of single afferent
nerve fibers of the toadfish otolithic
organs in microgravity

Principal Investigator:
S.M. Highstein, M.D., Ph.D.
Co-Investigator:

Kaoru Yoshida, M.D., Ph.D.
Shiro Usui, Ph.D.

(Washington University)

(University of Tsukuba)
(Toyohashi University of Technology)

Objective:

The otolith organs in the inner ear detect tilt and linear
acceleration of the head and function as a gravity sensor. They
play essential roles in maintaining balance and posture. The
responses of the otolith organs may be quite different from
those on the ground, and this is considered to be one of the
causes for space motion sickness. The purposes of this
research are to study the effects of microgravity on the
response dynamics of the otolithic afferents and to study any
adaptive change of the equilibrium functions related to the
microgravity environment.

Experiment outline:

A vertebrate fish, the toadfish, Opsanus tau is used in this
study. The fish otolith system compares favorably with that of
mammals. The neural signals sent from the otolith organs to
the brain are recorded using specially designed electrodes,
chronically implanted in the otolith nerve, and head-mounted
telemetry system. These signals are continuously monitored
before, during, and after the space flight, to analyze the effects
of reduced gravity in detail.

Expected benefits:

This study will provide basic information about the
performance of the otolith system in normal and microgravity.
Continuous data will give an insight into the etiology of space
adaptation syndrome and may bear upon future therapies for
the equilibrium disorders such as earth bound motion sickness.
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Electric signals generated from the nerve activity of the otolith of oyster toadfish in contact with the
hair cells are recorded and then analyzed after returning to Earth.

goood

Experiments

00ooooooooooonononnVFEUDO NDASO

VFEUONDASO O OOOOOOOOOOOO0OoOO0
sSTS 950 0 0000000000000 0DO0O0O00O0OO
ooo

*VFEUO OOOOOODODOOOOO
oooooooooooocOoOooOoOoOoOooOoOoOooooon
oooooooooooooooocoooo

VFEUO O DO OO

gooooo

0 0oo000oo0o00o200
0o goooo2.8rdo

0ooooo DOOO0O0OO0O0O026000
OO0 0O 0 0000000000000000
000000000000
00 O O 0010025000000 14+ 1CO
00 O 0 0000000000000000
oooo

I 0ooo 483Wx 606Dx 444H0 mmO
I oooo 0 77kg

I oooo

ooo
0o

NDASOOOOO0O0O0DODOOOO
ooboooooooOooOoocOoOoOoOoOoOOoOoOoOoOoOooon
obobobobOOobOobOO0obO0obO0o0O0o0000o00oo0og

good
NDASO O OO0

I oooo gooooo

ooogoo godo0ooooooOooOoOoomblud
000000000 DRO
gobooooooooOoOoOoOooooooooon

00 TDPUO
ooooo OVFEUONDASOOOOO
gooooooooo
0o0000000000000+ 360
ooooo 000000DAT
gooo00ooooo00ooo2000

O
O
O

The neural activity potential data of the oyster toadfish in the VFEU Fish
package are collected and transmitted to the NDAS Data Interface Unit
(DIU). The DIU performs data processing and records the processed
result along with the acquired data in the NDAS Data Recorder (DR).

Experimental unit[ Vestibular Function Experiment
Unit and Neural Data Acquisition System (VFEU/NDAS)

VFEU/NDAS is comprised by the following two units.Dur-
ing the STS-95 mission, experiments will be conducted on
two oyster toadfish.

* VFEU (Vestibular Function Experiment Unit)

This unit is capable of holding aquatic animals in saltwater
during a long duration mission under the zero-gravity
condition, and has functions to conduct experiments on the
nervous system.

Major specification of VFEU

I Iltem Description

Container for Fish packagél two container[]
aquatic animals Volume: approx. 2.8r/container

Life Support [ Life support duration : more than 26 days
system [J Water quality control : activated carbon, coral sand,
and glass beads with nitrifying

bacteria

[ Temperature control : 101 25°C114+ 1°C during
experiment(]

[0 oxygen supply : an artificial lung for gasex-
change to/from cabin air

I Dimension 483 W x 606 D x 444 HI mm

| Weights approx. 77 kg

* NDAS (Neural Data Acquisition System)

This system has functions to collect data by optical
communication such as the neural activity potential data of
the oyster toadfish. Acquired data is recorded and
processed.

Major specification of NDAS

| Item Description

Major [ Data Interface Unitl DIUC]
components [J Data Recordelr] DR[J
O Telemetry Data-Processing Unit] TDPUL
using optical communication system

Data [0 VFEU and NDAS data
0 Neural activity potential data
[ Acceleration datal + 3 GUI

Data recording 00 Recording media: DAT
0 Tape exchange: 2 times/day

0000000000000 0ODOOVFEUO NDAS
VFEULD NDAS installed in SPACEHAB Rack

10



goood

Experiments

11

gooboObObOoo0b0OO0bObOO0oo0O00o0bO0o0o00DOo
oooooooooooooboo

goooogo
goooood goooooogo
“r
ol ¢ I
goooog

ooboooooooOoOoocoOooOoocOoOoOocOoOooooon
ooo0oOoO00oOOo0oOOoOoO0OOOoOobOOoOoOoooOoOoon
oooooom

ooboooooocoOoOooOoOooOoocOoOOocOoOoOoOooon
oooooDboooog

ooooo

ooboooooOooobOoooobOoOoOooooooooon
ocoooocoO0oooOoOOooOoOOOoOoOOoOoOoOOOoOoon
ooo0oOoO00oOOo0oOOoOoO0OOOoOobOOoOoOoooOoOoon
ooooOoooooooOoooooOOoooooOoOoooooon
cooooOoO0oocoOOoocOOoocOOooOOooOoOOooOoOOooon
ooooooOoOoOoOo0oooooOooOooooDoOboOoO

ooboooooOooOooOooooOocOoOooboooOooooon
ooooo0ob0oooobOoOooOoOOoOoOoOoOoOoOoOooOooon
ooooo

gob0oOoOCcOoO0o0oOoooOOoOoOoO0oO0oOoOooOOoOoOoOoOoOoOOoObOOO
goooooooooo

oooooooon
ooboooooooOoOooOoOooocOoO0ooOoocOoOooooon
gbobOobobobobobobobobobobonbg
coooooooooooooo
obobobOobO0obOO0obOO0obO0obO0ob000000000
uboboobobobobOobobobOobOobOobonbog
ooooooooooOoooooooo

Subject : Polar transport mechanism of Phytohor-
mones in higher plants under micro-
gravity

Principal Investigator:

Junichi Ueda, Ph.D. (Osaka Prefecture University)

Objective:

Auxin, one of the plant hormones, is characteristics of its ability
to move unidirectionally in stems from the tip to base along the
vector of gravity, or basipetally, on Earth (This movement is
called "auxin polar transport").

This experiment aims to identify the role of gravity in auxin
polar transport.

Experiment outline:

Seeds of maize and pea are germinated and allowed to grow
in orbit. Stem segments cut from the seedlings are put into
small plastic tubes containing *“C-labeled IAA in an agar medi-
um at the bottom of the tubes. After an appropriate incubation,
the stem segments are frozen and brought back to Earth,
where auxin polar transport is measured. Since auxin is labeled
with radioisotope, the transport is readily determined. In addi-
tion, auxin polar transport activities in stem segments prepared
from the seedlings which have already grown on Earth are also
measured after launching in order to clarify the effect of the
zero-gravity on auxin polar transport by comparing with those
on Earth.

note: Auxin, one of the plant hormones, is a chemical substance that con-
trols the growth and development of plants.

Expected effects:

Auxin, which is considered to regulate the growth and devel-
opment of plants, moves in stem from the tip to base along the
vector of gravity on Earth. In this experiment, the data in rela-
tion to the regulating mechanism of auxin polar transport by
gravity will be obtained as well as basic information of the plant
growth under the zero-gravity.

)
Al
[20~30mm
| 1
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r TS5RF v
st b
plastic tube A
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The cut stems are put into con- . poERDL
tact with an agar medium contain- pea maize
ing Auxin.
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Subject : Growth regulation mechanisms in high-
er plants under microgravity condi-
tions

Principal Investigator:

Takayuki Hoson, Ph.D. (Osaka City University)

Objective:

It is known that higher plants form strong cell walls resistant to
gravity, since they have evolved in 1g gravity environment on
Earth.

The strength of the cell walls is believed to vary with the mag-
nitude of gravity. The experiment aims to validate this hypothe-
sis.

Experiment outline:

Rice and Arabidopsis seeds are planted on agar media and
kept cold. On orbit they are taken out and germinated at room
temperature, cultured for three different periods (3, 4, and 5
days), and photographed at the end of each period. The
seedlings are then frozen and brought back to Earth for
detailed analyses.

Expected effects:

By germinating and growing the plants under the zero-gravity
the effect of gravity on the cell wall characteristics can be ana-
lyzed. These results will give us the basic data for the plant
production in space in the future.

/DDDDDDDDDEIDDDBRICD \

Experimental unit: Biological Research in Canisters (BRIC)
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Several petri dishes can be stored in the BRIC. There are several
types of petri dishes which are stored in the BRIC.

TIRF OB -
petri dish
f&8F seed

15cm

goooooooooooooooobood
In this experiment, four petri dishes will be stored in a BRIC.
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Subject : Response of roots of wild type and aux-
in / gravi-sensitivity mutants of higher
plants to electrical field and gravity

Principal Investigator:

Hideo Ishikawa, Ph.D. (Ohio State University)

Objective:

Plant roots respond to gravity and also to applied electric
fields. This experiment in the zero-gravity will allow an exami-
nation of the response of roots to applied electric fields in the
absence of a competing gravity response.

Experiment outline:

Electric fields are applied under the zero-gravity to roots of
young seedlings, and the root growth patterns are recorded
continuously by a video camera.

Seedlings of mung beans, maize, and different strains of Ara-
bidopsis (both wild type and mutants of gravity responses) are
buried within agarose-filled Petri dishes. The seedlings are
launched into the space in a refrigerator to retard their growth
prior to the experiment.

After the seedlings return to room temperature and fully recov-
er with regard to growth rate, an electric field of about 2 V/cm
(maximum) is applied. The response of the roots is continuous-
ly photographed by using a camcorder. In related experiments,
the response of roots to light applied from one side will be
examined.

Expected effects:

We expect to observe bending of roots in response to applied
electric fields or unilateral light. Due to the constant presence,
on Earth, of gravitational stimulation, the true growth response
of roots to stimulation by other environmental factors such as
electrical fields, light, and mechanical pressure is usually impos-
sible to observe. Because it is known that subtle electrical
potentials across plant cell membranes play a role in controlling
plant growth, this space experiment should provide important
new information on the relationship between natural electrical
phenomena at the cellular level and the growth performance of
plants. This experiment represents the first study of electrical
regulation of plant growth in the absence of a competing gravi-
ty signal.

If the activation of a specific zone of young cells identified pre-
viously is confirmed by this experiment, this will bring us closer
to the possibility of enhancing growth and of improving plant
productivity in the future.

goood

Experiments

oboobbobO0OO0O0O00DbDbOOO00O0ObDDOOOO
ooboboooooboboOoobbOoo

oooooo

ooooooo oooooo

o] R
ooooo
ooboooooooOoOooOoOoOoOoOoOOocOoOooOooOoonoon
o0ooooOooOOoOoOOoOooOoOoOoDOobOoOooOooOoboOoD
oooooooooooooooocoooo
oooooooooOooOoOoOoOOoOoOoOOcOoOooOboOoonoon
oooooDooOoOo0oooOoOooo0oooOoDDoo
ooooooooooooOooOooOoObocOoOooocOooon
oooooooooooooooocooooooon

ooooo
gooooooOoO00ooOoO0ooOOoOooOoOooOoooooo
oooooo
oboobooooooOooOOoOOoOCcOCcOOOOOoOOon
ooooo0ooOoo0oDoOOo0oobOoOoO0oDOoOoOooO0Oooon
oobOooobOooOoOoOoOooOoOoOooOoOoOoobcoonon
oooooao

oooooooo
gooooooOoO00ooOoO0ooOOoOooOoOooOoooooo
oobooooooooboooooooOooooooooon
oobooooOoooOoOOoOoOooOoocOoOoOOocOoOooOocOoonoo
ooooo0ooOoo0oDoOOo0oobOoOoO0oDOoOoOooO0Oooon
oooooocooooooooOoooooooooooooon
ooboooooooOoOoocOoOoooOoOooOoocOoooocooaon
oooOoo0ooOoOooDOOoOo0oOoOoO0ODOoOoO0oOboOoo0n
oooooooocoOooooooco

Subject : Gravimorphogenesis of Cucurbitaceae plants:
Development of peg cells and gravipercep-
tion mechanism in cucumber seedlings

Principal Investigator:

Hideyuki Takahashi, Ph.D. (Tohoku University)

Objective:

Small protuberance called "peg" appear at the transition zone
between stem and root of cucumber seedling immediately after
germination. By hooking the peg to the seed coat, the cucum-
ber seedling peels away the seed coat.

Since the peg always develops on the lower side of the hori-
zontally positioned seedling, gravity is likely to play a role in its
formation of the "peg."

The experiment aims to observe the formation and positioning
of the peg under the zero-gravity condition.

Experiment outline:

Cucumber seeds are germinated under the zero-gravity condi-
tion to observe the peg formation.

The bottom of a plastic container is covered with a highly
water-retentive material, and cucumber seeds are buried and
fixed in the material. Once this seed bed is carried to outer
space, water is fed to the seeds to induce germination. The
state of growth of the cucumber is observed, and the seedlings
are chemically fixed for the analysis of various biological para-
meters.

Expected effects:

The experiment will clarify the role of gravity in the peg-forma-
tion of cucurbitaceous plants such as cucumbers. It will also
enable further study on the mechanism of peg formation as well
as the formulation of a new experimental model to understand
the relation between plants and gravity. These studies will also
help to understand why only the cucurbitaceous plants form
peg, and how the Earth's gravity affects the evolution of plants.
The findings should provide fundamental knowledge for grow-
ing plants in outer space in the future.
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Experimental unit: Biological Research in
Canisters (BRIC)

BRICOOOODOOOOO120000000000

This size of BRIC is shown on page 12.
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The cucumber form "peg" during germination. By the peg, the

cucumber seedling peels away the seed coat.
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Subject : Alterations of oncogenes and tumor sup-
pressor genes caused by space radiation
and microgravity in cultured human cells

Principal Investigator:

Mituo lkenaga, Ph.D. (Kyoto University)

Objective:
The basic data to estimate possible effects of cosmic radiation
on astronauts will be obtained.

Experiment outline:

In space environment, exposure to cosmic radiation is
unavoidable. Human cells are inoculated to cell culture mod-
ules (CCMs) and loaded on the Space Shuttle. After recovery
of cells on Earth, the effects of cosmic radiation and the zero-
gravity on the genes are analyzed.

Expected outcome:

If the frequencies of mutations and of other radiation effects in
the flight samples are essentially the same as those in the con-
trol samples kept on Earth, we can conclude that cosmic radia-
tion and the zero-gravity during a short-term space flight do not
cause significant effects on human genes. In contrast, if the
cells returned from space exhibit a higher rate of mutation com-
pared with ground control, then the effects of long-term space
flight should be investigated in more detail using the coming
International Space Station.

-
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Experimental unit: Cell Culture Module (CCM)
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This unit is designed to study various effects of space flight on

the cells under the zero-gravity condition. The system automati-
cally supplies nutrients to the cells, allowing them to grow for
long periods.
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valve organic crystal
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The OCC is composed of two solution containers and one sol-
vent container. Each of the passages connecting the containers
has an open/close valve. To begin the experiment on orbit, a
crew member opens the valve. Under the zero-gravity condi-
tions, the solutions, each having a different density, diffuse. Over
a period of several days, crystals are formed in the solvent solu-
tion.

Subject : Crystal growth of organic ferromagnet

Principal Investigator:

Shinichi Nakatsuji, Ph.D. (Himeji Institute of Technology)

Objective:
The experiment aims to get a large and high-quality crystal of
an organic ferromagnet utilizing the zero-gravity condition.

Experiment outline:

Two solutions (donor solution and acceptor solution) are dif-
fused and mixed together under the zero-gravity condition, thus
permitting a high-quality crystal of organic ferromagnet grow.

note: The organic ferromagnet is very unique organic material which shows
ferromagnetic behavior.

Expected effects:

On Earth, it is difficult to obtain a high-quality crystal of an
organic ferromagnet due to the convection. Under the zero-
gravity condition, however due to no convection, ideal diffusion
is expected to provide a high-quality crystal in a short time.
Investigation of the structure and physical properties of the
high-quality crystal of organic ferromagnet should yield new
findings on organoferromagnetic materials.

: N
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Experimental unit: Organic Crystal Growth Chamber (OCC)
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The OCC is an experimental unit capable of growing organic
crystals by diffusion of two solutions.

occoad
Overview of OCC

occono

K OCC interior j
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Subject : Clinical Trial of Melatonin as Hypnotic
for Space Crew (SLEEP-2)

Medical data Analyst:
Chiharu Sekiguchi, M.D. (NASDA)

Objective:

Melatonin is a hormone secreted from brain, which has been
reported to regulate the body's biological clock. As the natural
trigger for sleep, melatonin is now available as a supplement for
easing sleeping disturbance. Owing to the very short cycle of
brightness / darkness of only 90 minutes in the low earth orbit,
as well as to the hard work schedule during spaceflight, the
astronauts report that they experience sleep disturbance. We
investigate in this experiment the effect of melatonin administra-
tion on the sleep of astronauts during spaceflight.

Experiment outline:

Melatonin is administered to the astronauts before, during, and
after spaceflight. The effect of melatonin on sleep efficiency
and daytime alertness is assessed through the analyses of
electroencephalogram during sleep and of crew performance
during mission together with the measurement of urine mela-
tonin excretion.

Significant implications:

The results of this study are expected to understand better
sleep mechanisms in spaceflight and possibly to develop a new
treatment for sleep disturbance associated with spaceflight.

-
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Experimental unit: Sleep experimental unit
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Crew undergoing sleep study experiments during the STS-90 mission
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Astronaut John Glenn entering Mercury spacecraft
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Mercury Project(Friendship7)

Space transportation =~ Mercury Atlas

Number of orbits 3
around the Earth

Flight duration 4 hours, 55 minutes, and 23 seconds

I "S?XE\L,}'" acceleration approx. 8G

Landing site Islands,by parachute

Weight approx. 1,928 kg (space ship)
| e e 1

Living space 1.02m?

Intraship air 100% oxygen

composition

Astronaut John Glenn was selected as one of the seven
astronauts of the Mercury Project in April 1959, and became
the first American to orbit the Earth in February 1962. He is
now 77 years old. That makes him not just the oldest crew
member on the STS-95 mission, but the oldest astronaut
ever.

Those physiological symptoms which astronauts experi-
ence in the zero-gravity space environment during their flight
is said to be quite similar to the aging process which can be
seen on earth such as deterioration of bones and muscles,
balance disorders and sleep disturbances. It is expected
that the analysis of the physiological data on Astronaut
Glenn acquired during his flight will make it possible to study
the feasibility of space flight and long-term space habitation
of aged people, which will contribute to clarifying the aging
process.

oooooooooooo
Launch of Mercury spacecraft
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Comparison between the Mercury Project and Space Shuttle Project

Space Shuttle Project (STS-95)
Space Shuttle Discovery
144 (planned)
8 days, 22 hours, and 4 minutes (planned)

approx. 3 G

Atlantic Ocean, about 1300 km Southeast of Bermuda NASA Kennedy Space Center

Shuttle Landing Facility (ranway)
approx. 69,680 kg (orbiter)

7

9.40m? (per person)

Oxygen 21% + nitrogen 79% (similar to the
composition of atmospheric air on the Earth)
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Outline of Other Main Payloads
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Other major payloads include the HOST, SPARTAN 201,
and IEH-03.

Hubble Space Telescope Orbital Systems Test
Platform (HOST)

The HOST was developed to test and verify the new com-
ponents and technology to be used during the Hubble Space
Telescope servicing mission scheduled for May 2000.

The HOST will carry the following experimental units.

NICMOS Cooling System

A new substitute for solid nitrogen, which is currently
used as the coolant for the Near Infrared Camera and
Multi-Object Spectrometerl NICMOSL] will be verified to
enable long-duration operation.
HST 486 computer

As a substitute for the currently used DF-224 central
processing unit (CPU), a new 486 CPU will be con-
firmed to have a superior resistance to space radiation.

Optical fiber
The transmission performance of optical fiber under
high radiation will be confirmed.

Solid States Recorder

The currently used tape recorder will undergo
comparative function testing of Solid States Recorder to
assess resistance to space radiation.

Space Shuttle missions related to the Hubble Space Telescope

Launch date Mission description

April 1991 Launch of the Hubble Space Telescope
December 1993
February 1997

May 2000 (planned)  The Third Servicing Mission

The First Servicing Mission

The Second Servicing Mission

Shuttle Pointed Autonomous Research Tool for

Astronomy (SPARTAN 201)

The main objective of the SPARTAN 201 mission is to
verify the mechanism of acceleration of solar wind generated
from the corona of the Sun and the mechanism of heating of
the corona.

SPARTAN 201 is a reusable, free-flying satellite for solar
physics observation released from and retrieved by the
Space Shuttle. During the STS-87 mission, NASDA Astro-
naut Takao Doi and his crewmate mannally retrieved this
satellite. This is the fifth flight for SPARTAN 201 mission.

Past SPARTAN 201 missions

R~ Time of Description of major observations
Name Of mission observation and experiments

I SPARTAN 201-01  April 1993
Solar physics observation

September (Simultaneous observation with the
SPARTAN 201-02 1994 southern solar observation by the
Ulysses satellite)

Solar physics observation

Solar physics observation

SPARTAN 201_03 September (Simultaneous observation with the

northern solar observation by the
1995 Ulysses satellite)
November Solar physics observation
SPARTAN 201-04 (Planned for simultaneous
1997 observation with SOHO satellite)
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Hubble Space Telescope The First Servicing Mission (December 1993)

International Extreme Ultraviolet Hitchhiker-03:(IEH-03)

IEH is a mission to observe the Sun, Jupiter, and celestial bodies
outside the solar system by extreme ultraviolet rays.

Succeeding flights in September 1995 and August 1997, this will
be the third IEH flight.

The IEH-03 will carry the following experimental units.

 Solar Extreme Ultraviolet Hitchhiker
To study the upper layer of the Earth’s atmosphere, this unit measures
emissions of extreme ultraviolet rays and super ultraviolet rays beamed
from the Sun to the Earth.

 Ultraviolet Spectrograph Telescope
This unit acquires extreme ultraviolet spectra images sent from the
plasma torus of the Jupiter satellite 10, and from the plasma sources
of ultra-high-temperature stars.

e STAR-LITE
This unit observes supernovas remnants, star forming regions
in external galaxies, and etc.

» Solar Constant Experimental Unit
This unit accurately measures variations in the value during a
solar cycle and the Solar Constant.

Several other secondary experimental units are also installed in
the IEH-03.

- Petite Amateur Navy Satellite (PANSAT)

Released from the Space Shuttle into an orbit, the PANSAT
satellite engages in digital communications between ground stations.
PANSAT is a spacecraft polyhedral in shape and 48 cm in diameter.
This spacecraft will not be retrieved.

- CONCAP-IV
Utilizing the vapor migration in the zero-gravity environment, an
experiment will be conducted on the growth of Non-Linear
optional(NLO) organic materials.

- GAS-764
This unit conducts an experiment simulating dust aggregation
the dynamics of dust clouds and the gathering of dust in the

early solar system using small glass particles in a vacuum
chamber.

0000000000000 02010 0000000O199701100
Releasing SPARTAN201 (November 1997)
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Commander
Curtis L. Brown

Born in 1956 in North Carolina. U.S. Air Force
Lieutenant Colonel. Became an astronaut in 1988.
Flyed as Pilot aboard STS-47 (1992,
"SPACELAB J"), STS-66 (1994), and STS-77
(1996), and as Commander aboard STS-85 (1997,
MFD¥*). STS-95 will be his fifth flight.

Pilot
Steven W. Lindsey

Born in 1960 in California. U.S. Air Force
Lieutenant Colonel. Became an astronaut in 1996.
Made his first flight as Pilot on STS-87 (1997),
together with Astronaut Takao Doi. STS-95 will be
his second flight.

Mission Specialist (MS1)
Stephen K. Robinson, Ph.D.

Born in 1955 in California. Ph.D. in mechanical
engineering. Became an astronaut in 1996. Made
his first flight as Mission Specialist on STS-85, and
performed MFD* operations. STS-95 will be his
second flight.

Mission Specialist (MS2)
Scott E. Parazinsky, M.D.

Born in 1961 in Arkansas. Medical doctor.
Became an astronaut in 1993. Boarded STS-66
(1994) and STS-86 (1997) as Mission Specialists.
STS-95 will be his third flight.

Mission Specialist (MS3)
Pedro Duque

Born in 1963 in Madrid, Spain. European Space
Agency(ESA) Astronaut. Selected as ESA
Astronaut in 1992. Alternate crew for Euro-Mir 94
(1994) operated by ESA and Russia. Alternate PS
for STS-78 (1996). STS-95 will be his first flight, as
well as the first flight for Spainish astronauts.

Payload Specialist (PS2)
John H. Glenn

Born in 1921 in Ohio. U. S. Senator. Boarded
Mercury Atlas 6 "Friendship 7" in 1962, and
became the first American to orbit the Earth. STS-
95 will be his second flight (first on the Space
Shuttle).

*) MFDO 0000000000000 00O0ODODODOONASDA's Manipulator Flight Demonstration
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Astronaut Mukai during emergency training

May 1952

March 1977

May 1977 to April 1979
July 1983 to October 1985
August 1985

November 1985

July 1988

June 1987 to December 1988
April 1990

September 12 to 20, 1992

October 1992

July 8 to 23, 1994

April 1997

April 1998

October 1998

Payload Specialist (PS1)

Chiaki Mukai, M.D.

Astronaut, Astronaut Office,

Space Utilization Promotion Department,
Office of Space Utilization Systems,
National Space Development Agency of
Japan (NASDA)

Born in Tatebayashi City, Gunma Prefecture
Graduated from the School of Medicine, Keio University
Residency at Keio University Hospital
Assistant at the Medical Department of
the Keio University Hospital

Selected by NASDA as Payload Spe-
cialist (PS) with Dr. Mamoru Mori and
Dr.Takao Doi

Joined NASDA

Received a Doctorate in Medicine from Keio
University, specializing in cardiovascular surgery
Conducted research activities at the Space Biomed-
ical Research Institute, NASA Johnson Space Center
Assigned as alternate PS for "SPACE-
LAB J"

Performed ground support for "SPACE-
LAB J" (STS-47) as alternate PS
Assigned as PS for the Second Interna-
tional Microgravity Laboratory (IML-2)
Boarded the Space Shuttle Colombia to
performed life science and space medi-
cine experiments as PS of the IML-2
mission (STS-65), the first flight for
Japanese female astronaut

Assigned as alternate PS for the Neu-
roLab mission (STS-90) and prime PS
for the STS-95 mission

Conducted ground support of STS-90
as alternate PS

Scheduled for the second flight on
STS-95 as PS

goobooooooooooboooooboooobooobog
000o0ooooooooooooo

Astronaut Mukai, and Astronaut Duque practice using equip-
ment in the SPACEHAB trainer
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