











André Kuipers during the 2004 DELTA Mission to the International Space Station between 19 and 30 April 2004. ESA photo.

ANDRE KUIPERS PREPARING ISS EXPEDITION 30/31 FOR A LONG-TERM STAY

THE FOURTH EUROPEAN LONG-TERM MISSION WILL LAUNCH TO THE INTERNATIONAL SPACE STATION (ISS)

ON 30 NOVEMBER 2011 AND WILL LAST 6 MONTHS UNTIL MAY 2012. ESA ASTRONAUT ANDRE KUIPERS WILL
CONDUCT THIS MISSION - INCREMENTS 30 AND 31 IN ‘ISS LINGO’. KUIPERS WILL LAUNCH FROM KAZAKHSTAN
ON 30 NOVEMBER IN A SOYUZ CAPSULE, AND COME BACK AS WELL IN THE SAME CAPSULE. A PRELIMINARY
PROGRAMME OF ABOUT 25 EXPERIMENTS IS WAITING KUIPERS, A MEDICAL DOCTOR, IN HUMAN PHYSIOLOGY
DISCIPLINES AND PHYSICAL SCIENCES. ALSO BIOLOGY AND RADIATION MONITORING AND TECHNOLOGY EXPERI-
MENTS WILL BE PERFORMED, AS WILL THE COMPELLING EDUCATIONAL ACTIVITIES.

Here is an account of tentative experiment package that
André Kuipers will perform during his almost six months
on ISS.

HUMAN PHYSIOLOGY

SOLO - Sodium (salt) Loading in Microgravity

Astronauts loose calcium from the skeleton when they

are in space, most likely because of immobilization of the
weight-bearing bones. As a result, bone density decreases
during microgravity.

It has been known since early last century that decalcifica-
tion of the skeleton is stimulated by shifting of the blood
and surrounding fluid pH in direction of acidity. At the
same time, increase in salt intake is known both to accom-
pany increased calcium excretion marginally and to stimu-
late light acidity in the blood. And finally, earlier experi-
ments in Space indicate a higher degree of salt retention in
the body than in normal gravity.

This complex of facts is the basis for the SOLO experiment
to compare bone degradation markers in urine to different
levels of salt intake. Bone markers are the metabolic waste
products found in the urine.

The question raised represents a sharp focus on, when
bone degradation (resorption) starts as an effect of pH and
to which extent it can be linked to the salt level in the body.
Findings in this area are crucial for understanding one of
the central processes in the balance in bone formation and
bone resorption.

Kuipers will follow a special diet of constant low and nor-
mal sodium intake, high fluid consumption and isocaloric

nutrition, i.e. he will eat daily the same amount of carbohy-
drates, protein and fat.

PASSAGES - do | fit through the door?

This experiment has been per-
formed already a number of
times onboard the ISS, latest
by Paolo Nespoli and his crew
mates, and will be repeated
by Kuipers. Normally at least
eight different test subjects
need to do such experiments,
for the necessary statistical
medical calculations.
Each test subject has to do
three sessions of this experi-
ment, one early in-flight, one
in the middle of the stay and
one before return.
The experiment is based on the concept, that in order to
plan appropriate actions relative to dimensions in our
direct environment, it is necessary that each individual has
a self-image of his/her own dimensions, velocity etc. The
question investigated is, if this self-image is influenced
by gravity and thus changes in Space. The image above is
illustrating the judgement our brain does unnoticed every
time we need to pass through e.g. a door.

THERMOLAB - Monitoring long-term exposure to micro-
gravity

The THERMOLAB experiment uses the ESA-developed
Portable Pulmonary Function System to investigate
thermoregulatory and cardiovascular adaptations during
rest and exercise in the course of long-term exposure to
weightlessness. The portable PFS basically uses data from
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breathing gases as
indirect and/or di-
rect measure for the
sought values. The
. Maximum Volume
| Oxygen (VO, Max)
is aimed at measur-
ing oxygen uptake
and cardiac output
in particular, during
= various degrees of

g exercise.

Kuipers testing
the Portable.
PFS trainin 2
Model at ESTEC,
in Noordwijk,
Netherlands.
ESA photo.

EKE - Aerobic responses in space

The preservation of astronauts’ aerobic capacity is a major
goal of exercise countermeasures during space missions.
As one of the parameters indicating exercise capacity and
indirectly of endurance, maximal oxygen uptake during
exhaustive exercise, the VO, max, is measured.

As exhaustive exercise is not under all conditions what you
want to do on orbit, an alternative is to check changes in
oxygen transport at a certain hear rate. Reduced oxygen
uptake relative to the earlier measurement will then indi-
cate a deterioration or the opposite in work capacity. The
protocol uses a stair-case step function, pre-programmed
into the exercise ergometer, so that you exercise for a fixed
time on a certain level, and then step up to next level.

Also this experiment makes use of the Portable PFS.

IMMUNO

The messaging mechanism on the immune cell surface
seems weakened in Space. Internally in the cell, changes
also take place in the way that the actions of critical en-
zymes apparently are less effective.

Earlier studies on diverse animal species indicated that
circulating levels of the stress hormone cortisol, coincides
well with the immune response weakening, and it has
been shown that cortisol is back to normal level after 1-2
weeks in Space. Also other studies indicate that the con-
centration of cortisol is important.

Recent studies continue along these lines in pursuit of a
better understanding, in preparation of longer space jour-
neys and with a clear clinical spin-off for terrestrial condi-
tions. In cardiovascular studies it has been established
that catecholamines are higher than normal in Space. This
seems to act in the same immuno-depressing direction.

Which of these, or combination of which are the important
ones impairing the immune system, at least for a while?
Are the immune cells indeed susceptible to lack of gravita-
tional impact? The IMMUNO experiment is trying to find
answers to these questions.

VESSEL IMAGING - The blood flow

By means of ultrasound waves, images can be formed of
structures in the body. In a certain frequency band, the
higher the frequency used, the more shallow the image
will be formed. This offers the opportunity to investigate
the dimensions of both superficial as well as more deep ly-
ing structures in the body. Thus heart, brain circulation and
superficial vessels are examined.

In response to gravitational stress and exercise, the blood
vessel diameters change. After spaceflight it seems that
vessels that normally should contract to maintain the
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blood pressure do that less good than before the flight.
Onboard, gravitational pull can be created artificially by ex-
posing the lower body to negative air pressure, thus testing
in microgravity, to which extent these reflexes are changed.
The effectiveness of the Lower Body Negative Pressure
exposure, that is used as a countermeasure against the
negative effects of Space, is likewise tested in this manner.

SPACE HEADACHES - Incidence and characteristics

The origin of headache can be many, as most people are
aware. This experiment will screen astronauts for symp-
toms and development characteristics etc. in order to
understand better the reasons for developing headache in
Space, a frequent occurrence amongst astronauts. Head-
ache characteristics will then be analysed and classified
according to the International Classification of Headache
Disorders.

ENERGY

Being in Space evidently loads the body far less on aver-
age than on Earth because of the lack of gravitational pull.
Exercise is prescribed to increase the necessary loading,
and astronauts exercise almost every day in order to keep
muscles and skeleton in good condition.

Astronauts’ body mass in almost all cases is reduced during
a long-term flights, and the reasons are not well under-
stood.

Monitoring of energy consumption as compared to energy
intake in the form of food, is tedious and complex, but this
experiment tries to get as complete a picture of this rela-
tion as possible.

One of the several complicating factors for these measure-
ments is the fact, that the body is composed of around
70% water, so that even small changes in body water will
have a significant effect of the body mass measurements.
The systematic ongoing negative energy balance observed
in flight also contributes certainly to such a loss, in addi-
tion to the effect of disuse of muscles, that leads to lower
overall muscle mass.

This experiment therefore focuses on:

1. Measuring changes in energy balance due to long term
space flight, and

2. Monitoring adaptation in the components of the total
energy expenditure.

3. Finally, these data are hoped to contribute forming an
equation for the reel energy requirements of astronauts.

EPM/NEUROSPAT started
out as the second neuros
| ciences experiment
performed in Columbus,
and the experiment is
near its conclusion.
Itis an experiment con-
cerned with the spatial
and visual perception.
» The experiment was

/ described to some detail
ﬁ\’ in Newsletter September

2010. The test subject for

the NEUROSPAT experi-
ment, will wear an EEG cap for registration of brain activity
during the NEUROSPAT tasks performance, and activity
that is supported by ESA’s European Physiology Modules
rack.

The experiment examines changes in spatial orientation
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Andre Kuipers in NEUROSPAT training.


http://esamultimedia.esa.int/docs/hsf_research/Newsletter_September_2010.pdf
http://esamultimedia.esa.int/docs/hsf_research/Newsletter_September_2010.pdf

and perception during spaceflight. These changes will be
assessed by recording behavioral measures (speed and
accuracy) as well as neurophysiological signals (EEG, EMG)
during performance of a series of visuo-motor tasks. The
pre-frontal part of the brain is of particular interest, as this
is the part of the brain where the effect of stressors such as
fatigue, sleep deprivation or hypoxia can be seen.

MARES-SARCOLAB

The Muscle Atrophy Research & Exercise System - MARES,
is the most advanced muscle research system ever flown in
Space. It was conceived starting in 1993 and is able to give
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NASA astronaut Shannon Walker, Expedition 24 flight engineer, with

the voluminous MARES hardware during installation in the Columbus
laboratory. Courtesy of NASA.

values for all component in the muscle-tendon system, in
almost unlimited experiment settings. All muscle research-
ers involved with Space are excited to see the outcome of
the first experiments.

Many muscle status and performance experiments have
been performed over the last two decades, but sophisti-
cated measurements were mostly made before or after the
flights. This has been interesting enough, and the many
experiments have given good information, but measuring
the same parameters under weightlessness conditions will
yield information that cannot be achieved in normal grav-
ity on Earth.

MARES will be commisioned by Kuipers and experiments
following could well result in a new phase in the under-
standing of how muscle function adapts to Space condi-
tions - a world without gravity, and in addition to which
extent muscle function is related to the sensing of gravity.
These things we simply do not know yet. So MARES will be
a ‘first’ via the experiment activities of Kuipers in 2011-12,
and probably one of the most prominent ESA physiology
experiments for a long time.

Kuipers, before he became selected astronaut, for a time
was Project Scientist on MARES and therefore has an intrin-
sic knowledge of the facility.

GROUND BASED HUMAN STUDIES

In relation to every flight with astronauts, a ground-based
programme is performed, partly as a way to harvest control
data, that can form the basis for an evaluation of the data
that is obtained on ISS, and partly as a set of experiment
activities, which - in particular after the return from a stay
in Space - can ascertain which effect weightlessness has
had on different body functions.

It is therefore natural to focus on areas where experience
tells us that we have ‘problems’, and as such a programme
been conducted over a large amount of years involving a

large number of flown astronauts, we are building up a
significant experience database.

A few of those data collection sessions are identified in the
following.

EDOS - Early detection of osteoporosis in space

“Early Detection of Osteoporosis in Space” (EDOS), is one of
the post-flight activities.

Now, loss of bone mineral density in Space is not to be cat-
egorised as osteoporosis per se, and probably has a more
straight forward reason - etiology - than osteoporosis on
Earth (the evident central difference is the change in grav-
ity regime, but how exactly it works on the skeleton is what
we are looking for).

Nevertheless, Space as such in this manner offers an obser-
vation window for what happens when otherwise healthy
persons are exposed to lack of gravity for a shorter or - in
particular - longer period of time.

Loss of bone mineral can not easily be measured by scan-
ning methods and the like, as significant changes are
needed before such methods reveal the change. On the
other hand, we now have significant experience with the
so-called bone markers from Space crews - the metabolic
waste products that in particular can be observed and
measured in the urine, but also, and for other informative
factors, in the blood.

Bone markers do as early as 24 hours after a change in

the constant gravity direction reveal, that something has
changed in that respect, and we do in this manner get a
picture of the biochemical reality in bone under such condi-
tions, and as a very early indicator of a shift in the status
quo.

The EDOS experiment uses a computer tomography
(3DpQCT) scanning method - a device that has a very good
measurement resolution - one of the key problems in all
scanning methods. With increased resolution we will be
able to see ever smaller changes, so a development in this
sector is of utmost interest.

Space-based loss of bone mineral and osteoporosis evi-
dently must share a number of characteristics, as well as
a significant part must be different, and it is this distinc-
tion between the observations in a person that has been
diagnosed with osteoporosis, and that in healthy astro-
nauts, which eventually may give us a clue as to why bone
mineral is lost overall.

Top osteoporosis researchers claim, that as much as 75%
of the findings in osteoporotic patients may be caused by
their unfortunate genetic profile. Obviously, therefore, for
that reason alone, Space based bone mineral loss must be
explainable in rather different terms.

SPIN

Another area that is of concern and high interest is the ef-
fect that lack of gravity has on the balance organs.

In daily life on Earth, we always know the direction of the
gravity vector, as all movements we do, happen against
that force. Onboard an orbiting spacecraft there is no grav-
ity to be sensed, so when astronauts close their eyes, they
cannot tell what is up and down. Gradually therefore vision
takes over the control whilst in Space.

Coming back to Earth after a longer stay in Space is there-
fore a subjectively violent experience, as the exposure to
sensing gravity has been ‘forgotten’ to a significant degree.
Even though turning, and accelerating onboard the ISS
does give information to the sensory organs, so that astro-
nauts feel that, this happens without the presence of the
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very strong Earth-gravity component, we normally have
as background. The way the body ‘re-learns’ to deal with
gravity, and in particular how the relevant sensor organs
register it, is what the SPIN experiment is after.

Measurements done, address if e.g. the sense of the natu-
ral vertical is disturbed. This could indicate asymmetry in
the balance system, which in itself is an interesting and
important observation. Diverse tests challenging the bal-
ance system are performed, such as tilting the body on a
stretcher, standing upright for a certain period, etc.

Two basic aspects are of interest, namely to gain a better
understanding of the sensor functions, and an operational
one, which for the future astronauts will be of importance,
namely how one prepares in the best way for a land-

ing on another planet after maybe six months in Space.
Understanding the basic mechanisms better will give us
better possibilities for designing efficient countermeasure
programmes in such situations. In parallel with findings

in Space, daily clinical practise can profit from the same
improved knowledge.

BioLoGy

The biology facility that will be available for experiments
during Kuipers’ mission is the self-contained KUBIK, which
is accommodated in the European Drawer Rack (EDR)
incubator.

KUBIK has housed a very large number of experiments
lately, and will during Kuipers’ stay be housing the experi-
ments KUBIK-ROALD2 (ROle of Apoptosis in Lymphocyte
Depression) and PHOTO-ISS.

PHYSICAL SCIENCES
Miller-Urey experiment (MUE)

The MU experiment aims to investigate pre-biotic chemi-
cal pathways for the synthesis of organic compounds in
the proto-solar nebula. This environment will be simulated
in vials filled with various gas mixtures and solid particles.
The particle material (SiO,) and size are those suggested
to be present in the solar nebulae, together with other
Si-based compounds. The particles serve as surfaces on
which thin water-ice mantles are formed. A high-voltage
spark discharge through which particles are repeatedly
moved by a shaker (as slowly as possible) injects energy
into the system and causes chemical reactions analogous
or closely related to the original Miller-Urey experiment.
At low temperatures, a distribution of intermediates and
products is expected to form that provides information
about chemical reaction pathways.

MSG-SODI/DSC

The Selectable Optical Diagnostics Instrument (SODI), sup-
ports research in the field fluid physics.

SODI has at several occasions been in action. It is located
and operated in the Microgravity Science Glovebox (MSQ)
in order to provide containment, as fluids worked with
theoretically could escape.

One earlier experiment was IVIDIL, an experiment that
investigated the influence of vibration and temperature
gradient regimes on the fluid observed.

A further experiment was COLLOID, investigating phe-
nomena linked to colloid solutions. That experiment was
performed in October 2010 and will be done again around
October 201, prior to the arrival of Kuipers.

During his stay, Kuipers will be performing the DSC ex-
periment - Diffusion Soret Coefficient - in the meantime
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upgraded and now called DSC/DSCMIX or DCMIX. The
experiment will investigate the physics of a mixture of
three different fluids, so-called ternary fluids. The objective
is to test thermo-diffusion theories and develop physical
and mathematical models for the estimation of (thermo)
diffusion coefficients.

MSL-BATCH 2A: CETSOL and MICAST.

CETSOL and MICAST were earlier discussed in Newsletter
September 2010, which was the time for uploading sample
material for these experiments to the ISS.

The samples will be processed in the Materials Science
Laboratory

CETSOL - Columnar-to-Equiaxed Transition in Solidifica-
tion Processing, and MICAST - Microstructure Formation in
Casting of Technical Alloys under Diffusive and Magneti-
cally Controlled Convective Conditions are two central
experiments that examine different growth patterns and
evolution of microstructures during crystallization of me-
tallic alloys in microgravity.

Typical parametres looked for in solidifica-
tion in the CETSOL experiment:

Dendritic columnar growth ...

Nucleation of equiaxed grains
Sedimentation, rotation of equiaxed grains
Blocking of columnar structures

CETSOL looks at the microstructure of growth appearances
as indicated above. It is supposed to study the transition
from columnar growth to equiaxed growth that occurs
when crystals start nucleating in the melt and grow
independently. These are parameters that are essential to
understand for the casting industry.

MICAST looks at the microstructure of growth appear-
ances as indicated in the image below.

Typical parametres looked for in solidifica-
tion in the MICAST experiment:

Dendrite tip shape ...

@ Primary dendrite spacing

@ Secondary dendrite arm spacing
@ Macro- and micro-segregation

@ Mushy zone morphology

a-Al cutectic phase

RADIATION

Radiation detection and
recording is a standard
component of modern

| Space missions, due to

e the fact that radiation is
health endangering for
Space crews. Monitoring
and recording can be
done in many ways and
constellations and
different parts of the
radiation spectrum can
be of interest.

Onboard the ISS, presently the ALTEA instrument is moni-
toring radiation events in different locations.
MATROSHKA has now been brought back onboard the last
shuttle flight with the Space Shuttle Atlantis, STS-135.

The ALTEA-SHIELD instrument

As of September 2011, yet another radiation detector


http://esamultimedia.esa.int/docs/hsf_research/Newsletter_September_2010.pdf
http://esamultimedia.esa.int/docs/hsf_research/Newsletter_September_2010.pdf

TRITEL (name indicating the presence of three dosimeter
telec-scopes) will be onboard. This is an active dosimeter
with quite some in-built data processing electronics, that
will process the counted radiation hits and give real-time
dose indiction in three axes. It will in this way be able to
provide the interpretation and conversion into absorbed
dose values for crew onboard the ISS.

TRITEL will distinguish between contributions from galac-
tic radiation and solar radiation, and is supposed to offer
improved dose indications to the ISS crew.

Even though the radiation load environment onboard the
ISS is fairly well known by now, it is of utmost importance
to continue this monitoring, not the least to gain experi-
ence with the effect of the occasional, dangereous solar
flares.

TECHNOLOGY DEMONSTRATORS

The successful VESSEL ID instrument is a technology
demonstration test case that will continue during Kuipers’
flight. A comprehensive account of that was provided in
the March 2011 Newsletter.

EDUCATION

Two educational experiments as part of André Kuiper's
Spaceship Earth educational programme are planned:

1) One experiment on the behaviour of foam under micro-
gravity, the EPO-FOAM-S experiment. On Earth, the fluid
phase of the foam will drain due to gravity, and that will
not happen in Space. This and many other fundamental

ﬂg:ﬂ;_‘,, b
This unique photo of the ISS with
from the ISS. Courtsy of ESA/NASA.

NASA astronaut Randolph Bresnik on 21 November 2009 with the un-

furled AIS antenna, attached to Columbus to be used for experimental
tracking of VHF signals of ships at sea. Courtesy of NASA.

characteristics of foam will be examined and demonstrat-
ed.

2) Another experiment (EPO-Convection) will demonstrate
the role of gravity in the process of heat convection. Didac-
tic links will be made between the small scale convection
experiment and the large scale convection patterns on
Earth, with particular attention to the Earth's atmosphere
and oceans.

With only four months to go, André Kuipers is busily con-
solidating all preparatory activities, including coming twice
to the European Astronaut Centre in Cologne, Germany.

BAck TO TOP
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UPCOMING TOPICS:
Bed rest studies as simulation of Space

Bed rest studies are a well

established ground-based

model for some of the

major changes that hu-

man bodies undergo in

weightlessness. In bed

rest studies, healthy

volunteers are put to bed for periods from 5 days to 3
months. Following the ESA bed rest strategy, recent
studies have addressed vibration exercise, artificial
gravity or nutritional aspects. Currently planned stud-
ies will investigate protein supplementation to en-
hance the effectiveness of exercise.

Space Medicine Workshop

3 SPACE MEDICINE 2011 Workshop for Students & - 8 July

European Space Agency, European Astronaut Centre, Cologne, Germany

Bachelor or Master’s level student of physiology, medi-
cine, sports science, biomedical engineering or any
other life science related field, were invited to apply
for participation in Space Medicine 2011, a workshop
organised by ESA’s Directorate of Human Spaceflight
and Operations.

The workshop took place 4-8 July 2011 in Cologne,
Germany, at the European Astronaut Centre (EAC),
ESA's astronaut training centre and home base of the
European astronaut corps

ESA links to visit ....

Important experiment milestone in Neurosciences
reached on ISS

Even if ESA's three now finalised experiments on
human perception, balance and movement strategy
in the weightlessness -
environment are individu-

ally designed, they share

several focus areas, and

as such complement each

other very well. The experi- w

ments ZAG, Otolith and 3D =

SPACE have been com-

pleted onboard the ISS.

We will bring an account of the preliminary, promising
results.

Summary of

Fourth International Symposium on Physical Sciences
in Space, (ISPS-4), 11-15 July, 2011, Bonn, Bad Godes-
berg, Germany.

ISPS-4 is the major international scientific forum for re-
searchers in physics utilising the space environment, in
particular microgravity. The symposium should inspire
and encourage cross-cutting discussions between dif-
ferent scientific communi-

ties working in the same

environment. Contribu-

tions have been discussing

results of experiments car-

ried out on drop towers,

parabolic aircraft flights,

sounding rockets, un-

manned recoverable cap-

sules and, last but not least, the International Space
Station ISS. We bring a summary of the symposium.

» ESA’s Research Announcement for Airbus A-300 Partial Gravity Campaign
» ESA’s performed experiments in the ERASMUS Experiment Archive (EEA)

» Earlier HSF Science Newsletters - get electronic ‘pdf’ version here:
Link: http://www.esa.int/SPECIALS/HSF _Research/SEM1JV4KXMF_o.html
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