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Preface

The Institute of Aerospace Medicine at the German Aerospace Center (DLR) comprises departments
in Cologne and in Hamburg with an internationally unique research expertise and infrastructure.

At DLR, our Institute serves as interface between sophisticated technology and life sciences research
including biology, medicine, and psychology. We conduct our research in close collaboration with
leading national and international research institutions and industry. The long-standing experience
of the Institute in selecting and caring for pilots, air traffic controllers, and astronauts in particular
directly after return to Earth provides a solid foundation guiding our research efforts. Mecha-
nism-oriented human research, which is a particular strength of our Institute, is fostered by the
state-of-the-art research infrastructure at the :envihab facility. Systematic ground-based studies in
radiation, astro- and gravitational biology in dedicated simulation facilities are complemented by
successful investigations in space. Our overarching goal is to conduct research that improves the
human healthspan in space, in aeronautics, and on Earth. Moreover, the knowledge and technolo-
gies generated at our Institute are transferred to applications that address important societal
challenges and foster economic development.

We are proud to highlight some of our research activities in 2021, which addressed important
medical, psychological, and biological issues in space, in aeronautics, and in traffic. Suffice it to
say that planning and executing scientific projects was by no means trivial in the face of the
Covid19 pandemic. Human investigations were particularly challenging and required strict
safety measures for staff members and study participants. However, the pandemic with all its
personal and professional hardships also inspired our research. For example, we applied our
knowledge in aerospace microbiology and astrobiology to better understand the spread of
pathogens and to develop strategies to cope with the current and future pandemic threats in
collaboration with partners at DLR and other leading institutions. We also analyzed how the
pandemic affected psychological selection procedures. Furthermore, many of us experienced
the psychological and medical challenges imposed by isolation and confinement first hand.
This experience provides an impetus to study these unresolved risks to astronauts and people
on Earth, particularly the elderly, and to find technological solutions ameliorating consequences
of isolation and confinement on wellbeing.

In 2021, we carried out the first campaign of the NASA Spaceflight-Associated Neuro-Ocular
Syndrome Countermeasures head-down bed rest study (SANS-CM) at :envihab. The study will
guide the development of preventive measures maintaining eye and brain health during long-
duration space travel. We also conducted sophisticated human studies on cardiac regeneration
in patients following myocardial infarction and on caffeine’s mechanisms of action in the brain.
Furthermore, we conducted investigations on muscle and bone, target tissues affected by
weightlessness, in patients with a rare genetic disease affecting phosphate metabolism.

We completed a study in patients with glaucoma to test whether gravity can be exploited to
ameliorate elevated pressure levels in the eye, a hypothesis that directly arose from our space
medicine research. We also conducted exciting studies in the field be it a sleep investigation
conducted in the bedroom of people affected by traffic noise, radiation measurements on
long-haul airplane flights, or an investigation onboard the International Space Station. ESA
Astronaut Thomas Pesquet initiated experiments testing antimicrobial metal surfaces under
spaceflight conditions. Subsequently, the German astronaut Matthias Maurer successfully
started biomedical experiments including artificial intelligence-based diagnostic testing of eye
health. Our biology program provided new insight in cellular mechanisms responding in gravity
and radiation based on laboratory studies and experiments on various platforms including the
drop tower and Mapheus sounding rockets. Finally, we made great strides in applying
bioregeneration technologies developed for space to dispose biological waste on Earth in

a sustainable fashion.

We are very grateful for all the support from collaborators, funding agencies, and industry which
made this research possible and look forward to tackle future challenges.

Jens Jordan, Head of the Institute of Aerospace Medicine, DLR

Ruth Hemmersbach, Acting Head of the Institute of Aerospace Medicine, DLR
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Cardiovascular Aerospace Medicine

Prof. Dr. med. Jens Tank (Head)
PD Dr. med. Karsten HeuBer (Deputy)

The Department for Cardiovascular Aerospace Medicine investigates gene-environmental
influences on the human cardiovascular system. We focus on real and simulated weight-
lessness, atmosphere conditions, nutrition, and exercise. The major aim is to elucidate
mechanisms of cardiovascular structural and functional adaptation and how these respons-
es are integrated by the autonomic nervous system.

Human space experiments are flanked by highly controlled terrestrial studies in healthy persons
and in patients in close collaboration with leading university medical faculties. Combination of
physiological or pharmacological challenges with high-fidelity human phenotyping and bio-
medical engineering is our particular strength. Moreover, we translate observations in patients
with rare cardiovascular conditions and defined genetic variants to astronauts confronting
spaceflight and vice versa. The ultimate goal is to improve diagnostics, cardiovascular counter-
measures, and treatments in space, in aeronautics, and on Earth.

Teams

Advanced Functional Imaging (Prof. Dr. Jens Tank)

o State of the art neuroimaging methods

e Functional MRI assessment of the brainstem and hypothalamus, the centers
of autonomic control

e Autonomic nervous system testing within the MRI scanner, to characterize
the function and neuroplastic adaptations in response to immobilization,
diseases, and life style

e Cardiac MRI under extreme environments, including hypoxic condition and
im mobilization

e Detection of cardiovascular deconditioning and impairment in immobilization
and diseases
Probing the brain-heart axis with brain and cardiac imaging
Unique combinations of novel methods in the MRI setting such as lower
body negative pressure during neuro imaging

Cardiovascular Control in Health and Disease (PD Dr. Karsten HeuBer)

¢ High fidelity cardiovascular phenotyping including direct measurements of
muscle sympathetic nerve activity in healthy subjects and in patients with
rare autonomic disorders as model for spaceflight conditions
Inflight experiments (parabolic flights and ISS missions)
Validation of certified non-invasive methods under extreme environment
conditions

e Application and development of physiological and pharmacological methods
and challenges, e.g. head-down tilt bed rest studies

o Determine the efficacy of drug therapy as well as nonmedical treatments
including countermeasures and physical training

e Improving early detection cardiovascular disease in space and in terrestrial
medicine

Photo: Preparing a subject with a univentricular heart for magnetic resonance imaging (MRI) under hypoxic conditions.



Limited effect of 60-days strict head-down tilt

bed rest on vascular ageing

S. Méstl', F Hoffmann'2, E. Mulder!, B. Johannes?, J. Jordan*>, J. Tank’

'Department of Cardiovascular Aerospace Medicine, Institute of Aerospace Medicine, German Aerospace Center (DLR),
Cologne, Germany, ?Department of Cardiology, University Hospital Cologne, Germany; >Department of Muscle and
Bone Metabolism, Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany, “Head of
Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany; *Chair of Aerospace Medicine,

University Hospital Cologne, Germany
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Fig. 1: Data acquisition for vascular measurements. Left panel: Recording sites and length (L)

determination for brachial-femoral pulse wave velocity (bfPWV) assessment. Right panel — top:

ECG and Doppler flow curves in the left ventricular outflow tract. We measured isovolumetric
contraction time (ICT) from the R-peak to aortic valve opening indicated by flow onset. Right
panel — bottom: Pulse wave arrival time (PAT) is defined as the time from the ECG R-Peak to
pulse wave arrival at a certain landmark. By dividing L by pulse transit time (PTT) between arm
and thigh cuffs, we obtained bfPW\V. We obtained measurements from every heartbeat

recorded during a 60-s period. For the sake of clarity, PAT and PTT are shown for two consecu-

tive heart beats. We calculated corrected PAT (cPAT) by subtracting ICT from PAT.

Background

Cardiovascular risk may be increased in astro-
nauts after long-term space flights based on
biomarkers indicating premature vascular
ageing. We tested the hypothesis that 60 days
of strict 6° head-down tilt bed rest (HDTBR),
an established space analogue, promotes vas-
cular stiffening and that artificial gravity train-
ing ameliorates the response.

Methods

Within AGBRESA, we studied 24 healthy par-
ticipants (8 women, 24 - 55 years, BMI = 24.3
+ 2.1 kg/m?) before and at the end of 60 days
HDTBR. 16 subjects were assigned to daily
artificial gravity. We applied echocardiography
to measure stroke volume and isovolumetric
contraction time (ICT), calculated aortic com-
pliance (stroke volume/aortic pulse pressure),
and assessed aortic distensibility by MRI. Fur-
thermore, we measured brachial-femoral pulse
wave velocity ( ,PWV) and pulse wave arrival
times (PAT) in different vascular beds by blood
pressure cuffs and photoplethysmography (see
Fig. 1). We corrected PAT for ICT (cPAT).

Results

In the pooled sample, diastolic blood pressure
(+8 £ 7mmHg, p < 0.001) and heart rate
(+7 £ 9 bpm, p = 0.002) increased during
HDTBR. Stroke volume decreased by 14 + 15
ml (p = 0.001). Aortic area tended to increase
(p = 0.05) but ,PWV, aortic compliance and
aortic distensibility remained unchanged. In
contrast, the uncorrected arrival times at bra-
chial and femoral artery, which include the
ICT, increased by 9 + 13 ms (PAT, , p=0.002)
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Fig. 2: Pulse wave arrival times (PAT) increase with greater topological distance from the heart to arm, finger, thigh, and
toe, all indicated by subscripted acronyms. PATArm and PATThigh significantly increased after 60 days HDTBR (black bars)
compared to baseline recordings 6 days before HDTBR (gray bars).

Isovolumetric contraction time (ICT) also increased with HDTBR. Corrected PAT did not change with HDTBR. Results are
represented as mean values from 24 subjects with error bars indicating the first standard deviation, * < 0.05.

and 8 £ 15 ms (PAT,, . p = 0.022), respective-
ly. PAT, .., and PAT,  remained unchanged
(p = 0.898 and 0.957). However, ICT in-
creased by 8 £ 13 ms (p = 0.036) after 60 days
in HDTBR and the corrected PAT values (see
Fig. 2) for the femoral and brachial artery
(cPATThigh and cPAT, ) were unaffected by
HDTBR. In contrast, cPAT, _ and cPAT, _tend-
ed to decrease by 8 = 5and 11 £ 13 ms,
without reaching significance after correction
for the increased ICT. None of the parameters
showed significant interaction between HDT-

BR and artificial gravity training.

Conclusion

60 days HDTBR, while producing cardiovascular
deconditioning and cephalad fluid shifts akin to
weightlessness, did not worsen vascular stiff-
ness. Artificial gravity training did not modulate
the response. We conclude that only ICT cor-
rected PAT values should be used as vascular
biomarkers.

Corresponding author: Stefan.Moestl@dlr.de



Short-term hypercaloric diet decreases hypothalamic
and brainstem functional connectivity in humans

D. A. Gerlach!, J. Manuel?, A. Ewald’, A. Hoff!, R. De Gioannis’, M. Heer?, J. Tank’,

J. Jordan*>

'Department of Cardiovascular Aerospace Medicine, Institute of Aerospace Medicine, German Aerospace Center (DLR),
Cologne, Germany; ?Institute for Neuroradiology, Hannover Medical School, Hannover, Germany, *Human Nutrition,
Institute of Nutrition and Food Sciences (IEL), University of Bonn, Germany; “Head of Institute of Aerospace Medicine,
German Aerospace Center (DLR), Cologne, Germany; *Chair of Aerospace Medicine, University Hospital Cologne, Germany

Fig. 1: Masked independ-
ent component analysis
(mICA) decomposes the
BOLD signal into spatially
independent components
where each independent
component consists of
voxels that show similar
signal fluctuations.
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Hypothalamic and brainstem pathways, par-
ticularly the leptin melanocortin system, reg-
ulate energy balance through adjustments in
autonomic efferent activity. Disordered regu-
lation of the system predisposes to obesity
and obesity-associated arterial hypertension.
We applied high-resolution subcortical func-
tional magnetic resonance imaging (fMRI) to
test whether short-term increase in energy
intake elicit functional connectivity changes
between and within hypothalamus and
brainstem nuclei in human beings.

We submitted 20 subjects (7 women, 26.7+8
years; 22.6+2 kg/m?) to 5 days hypercaloric
(25% increase of energy intake by fat) or nor-
mocaloric diets in a randomized crossover
fashion with a washout period between inter-
ventions. We obtained high resolution brain-
stem and hypothalamus fMRI (3T PET/MRI,
Siemens mMR Biograph). Then, we applied
masked independent component analysis for
resting state measurements and defined func-
tional connectivity changes using dual regres-
sion between and within relevant regions.
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Fig. 2: We observed significantly decreased functional connectivity after hypercaloric compared to normocaloric diet. Connectivity changes obtained
were P < 0.05 and threshold-free cluster enhancement (tfce) corrected. Regions that are involved in metabolic regulation: arcuate nucleus (InfS),
mamillary bodies (ML), and lateral and posterior hypothalamic areas (LH and PH).

We observed significantly decreased function-
al connectivity after hypercaloric compared to
normocaloric diet. In particularly, connectivity
decreased between hypothalamic regions
involved in metabolic regulation such as ven-
tromedial and arcuate nuclei, mamillary bod-
ies, and lateral and posterior hypothalamic
areas. In the brainstem, functional connectivi-
ty decreased between rostral ventrolateral
medulla and the inferior olive; two regions in-
volved in sympathetic regulation. Moreover,
connectivity decreased between hypothala-
mus and brainstem involving several nuclei:
ventromedial, arcuate and supraoptic nuclei in
the hypothalamus; as well as the solitary, ra-
phe and inferior olivary nuclei in the brain-
stem.

We conclude that several days hypercaloric
dieting produces significant resting state
functional connectivity changes within and
between hypothalamus and brainstem areas
known to regulate efferent autonomic activi-
ty. The methodology may have utility in eluci-
dating how metabolic and cardiovascular au-
tonomic control are integrated in human be-
ings and how perturbed regulation contributes
to cardiometabolic disease.

Corresponding author: Darius. Gerlach@dlr.de



Prolonged hypoxia exposure in fully revascularized
patients with prior myocardial infarction

J. Hbnemann'?, D. A. Gerlach?, F. Hoffmann', T. Kramer’, H. Weis?, V. Zaha?, H.
Sadek?, H. Reuter®, S. Baldus’, B. D. Levine®®, J. Jordan”8, J. Tank?, U. Limper?®1°

'Department of Internal Medicine Ill, Division of Cardiology, Pneumology, Angiology, and Intensive Care, University of Cologne,
Germany; Department of Cardiovascular Aerospace Medicine, Institute of Aerospace Medicine, German Aerospace Center
(DLR), Cologne, Germany, *Department of Nuclear Medicine, Faculty of Medicine and University Hospital Cologne, University
of Cologne, Germany; “Clinical Heart and Vascular Center UT Southwestern Medical Center, Dallas, United States of America;

*Head of Cardiologic Department, EVK Weyertal, Cologne, Germany, °Head of Institute for Exercise and Environmental
Medlicine, Texas Health Presbyterian Hospital, Dallas, United States of America,; “Head of Institute of Aerospace Medicine,
German Aerospace Center (DLR), Cologne, Germany; 8Chair of Aerospace Medicine, University Hospital Cologne, Germany;
*Department of Anesthesiology and Intensive Care Medicine, Merheim Medical Center, Hospitals of Cologne, Germany;
"University of Witten Herdecke, Witten, Germany
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Treatments improving cardiac regeneration
could transform clinical management of isch-
emic cardiomyopathy. In mice with experimen-
tal myocardial infarction, prolonged normobar-
ic hypoxia exposure corresponding to around
8,000 m altitude induced myocardial mitosis
and improved left ventricular function. We de-
termined whether a similar approach could be
feasible and safe in patients.

We included four highly selected men with
myocardial infarction in their history (3x
STEMI, 1x NSTEMI). Patients had coronary
1-vessel disease with a fully revascularized
LAD stenosis as culprit lesion. The study, which
was conducted at the :envihab facility, includ-
ed a two-day baseline, 19 days normobaric
hypoxia, and a two-day recovery period. At-
mospheric oxygen was gradually lowered to
11.8% and maintained at that level for 4 days.
We obtained transthoracic echocardiography,
magnetic resonance imaging of the heart and
the brain at baseline, during 11.8% oxygen,
and recovery, and daily 12-lead ECG.

Except for symptoms of acute mountain sick-
ness, which improved over time, hypoxia was
well tolerated and severe adverse reactions did
not occur. Echocardiography revealed hypoxia

5000
4000
3000
2000
1000
— Fig. 1: Gradual adapta-
o tion of subjects to a FiO2
1718 18 35 11 of 11.5% (corresponding
to 4500 altitude meters)
followed by recovery.

induced pulmonary hypertension, which rap-
idly abated during recovery. Mean left ventric-
ular ejection fraction was 50.7+11.0 %
(meanxSD) at baseline, 57.6x11.2 % during
hypoxia, and 57.3+11.2 following recovery
(p=0.045). Cardiac magnetic resonance imag-
ing confirmed the finding. In patients with el-
evated NTproBNP at baseline, the measure-
ment was decreased during hypoxia and fol-
lowing recovery. Troponin | concentrations
remained in the reference range throughout
the study.

In a small number of fully revascularized,
highly selected patients with prior myocardial
infarction, prolonged exposure to substantial
normobaric hypoxia was feasible and safe
despite reversible increases in pulmonary ar-
tery pressure. In fact, left ventricular ejection
fraction and NTproBNP were improved during
and following hypoxia exposure. Our findings
provide critical information for further studies
assessing influences of hypoxia on cardiac re-
generation in human beings.

Corresponding author: JanNiklas.Hoenemann@dir.de
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Sleep and Human Factors Research

Prof. Dr. sc. nat. Daniel Aeschbach (Head)
PD Dr. med. Eva-Maria ElImenhorst (Deputy)

Our mission is to maintain optimal human performance, sleep, and wellbeing for operators
working under the specific challenges and risks of a mobile 24-hour society. Shift work is highly
prevalent in operators working in the field of aeronautics, space, and transport exposing a large
number of persons to its negative short-term (cognitive decline) and long-term (health) conse-
guences. We apply our highly advanced and controlled laboratory environment to systematically
study how homeostatic and circadian processes regulate cognitive performance as well as the
quality, duration, and timing of sleep and how they are impacted by disturbances like acute and
chronic sleep loss or circadian misalignment. In a unique combination of molecular neuroimag-
ing and behavioral research, we strive to uncover mechanistic pathways that help us understand
why some individuals show stronger cognitive decline and negative health consequences due to
sleep loss than others.

Our society’s need for mobility is in conflict with local residents’ need for undisturbed recreation
and sleep. In order to ease this conflict, we investigate how sleep, cognitive performance, and
annoyance are affected by air, rail, and road traffic noise, and share protection concepts with
stakeholders. Aircrews and astronauts work and sleep under conditions of hypobaric hypoxia or
hypercapnia. Thus, we have a specific interest in studying systematically in the lab or inflight
how barometric and atmospheric alterations affect performance, sleep and well-being. This re-
search includes examining aeronautic protective equipment and emergency protocols for avia-
tion industry. Digital health expertise provides medical support for patients and research through
remote applications.

Working Group

Performance and Sleep (PD Dr. Eva-Maria EImenhorst)

o Effects of sleep loss, adverse work hours and workload
e Neuromolecular mechanisms conveying individual (trait) vulnerabilities
e Developing individualized countermeasures

Teams

Baromedicine (Prof. Dr. Daniel Aeschbach)

o Effects of breathing atmosphere on sleep, circadian phase shifting, performance
and cardiometabolic disease
Hypoxia and hypercapnia interactions guiding aircraft design
Fit-for-air-travel testing in diseased individuals
Human proof-of-concept studies (e.g., hypoxia as a potential chronobiotic
intervention, cardiac regeneration)

Digital Health (Dr. Markus Lindlar)
¢ Developing and evaluating biomedical systems and care concepts

Noise Effects Research (Prof. Dr. Daniel Aeschbach)

e Effects of transport noise on sleep, performance, annoyance, and
cardiometabolic health

e Exposure-response relationships and physiologically based noise protection
concepts

e Defining vulnerable groups (e.g. children)

Photo: Neuromolecular testing during acute hypoxia.



Aircraft noise through the lens of social justice

research

D. Hauptvogel’, S. Bartels’?, D. Schreckenberg?®, T. Rothmund’

'Department of Sleep and Human Factors Research, Institute of Aerospace Medicine, German Aerospace Center (DLR),
Cologne, Germany, Work and Engineering Psychology Research Group (Forschungsgruppe Arbeits- und Ingenieurpsy-
chologie), Department of Human Sciences, Darmstadt University of Technology, Darmstadt, Germany, >ZEUS GmbH,
Zentrum fir Angewandte Psychologie, Umwelt- und Sozialforschung, Hagen, Germany; “Institute of Communication
Science, Friedrich-Schiller University Jena, Jena, Germany

Fig. 1: lllustration of
balancing the individual
cost-benefit ratio (Haupt-
vogel et al., 2021).
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Long-term exposure to aircraft noise is associated
with a wide range of adverse effects including
annoyance, sleep disturbance, impaired cogni-
tion, and negative impact on health [1,3,4,7].
Annoyance due to aircraft noise, seen as stress
response, is not only a consequence of noise, but
may also mediate adverse health effects. There-
fore, measures aiming at reducing annoyance
might also mitigate negative health effects. Per-
ceived (un)fairness is seen as an important factor
in the experience of annoyance [5].

Why should aircraft noise exposure be
considered from the perspective of
fairness research?

While some residents benefit from the airport in
the region (easier access to travel, employment
opportunities), a large number of residents living
under the flight paths suffers from the negative
effects of aircraft noise (see Fig. 1). Aircraft noise
through the lens of fairness research reflects a
new way to see the dispute of aircraft noise and
offers novel approaches that could potentially be
effective in mitigating the effects of aircraft
noise. But how can fairness research help to deal
this dilemma?

Distributive fairness

From the point of view of distributive fairness,
the distribution of advantages and disadvan-
tages that the airport brings to the region is
unfair (see Fig. 1). One way to mitigate the
effect of this circumstance is achieving a bal-
ance between costs and benefits for residents
(see Fig. 1).

Procedural Fairness

Research has shown that the perception of
fairness is not only impacted by the outcome,
in this case the amount of noise, but in many
ways by the process that leads to the noise
level. People are more likely to accept and
adopt outcomes that are unwanted, when the
decisions were based on procedures that have
been viewed as fair. Leventhal [6] developed a
set of criteria that determine the perception of
procedural fairness and Hauptvogel [5] newly
applied them to the context of aircraft noise.
Procedural aspects can have an enormous in-
fluence on how people perceive aviation, the
airport, and the noise and to what extent they
are annoyed by noise. Interventions that take
these insights into account can therefore be
very effective.
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Representativeness

The concerns and opinions of all affected residents are represented. Involving independent
and neutral bodies would be a way to applicate this.

Consistency Rule

The decision-making processes at the airport are consistent across all residents.

Bias Suppression Rule

Decisions at the airport, e.g. on night flights, should not only be made on the basis of self-in-
terest, but should also be based on current scientific findings regarding health risks.

Accuracy Rule

Decisions affecting aircraft noise should be made on the basis of sufficient, correct and ap-
propriate information.

Correctability Rule

Every affected group of people has the opportunity to question, adjust and reverse decisions
that have been made.

Ethicality Rule

In general, all processes that have an impact on noise should be able to be reconciled with
ethical and moral standards.

Truthfulness

When the airport communicates with residents, it should always be honest and sincere, even
if the message is unfavorable to the residents. Downplaying the impact of decisions made can
be perceived as lying or deception by affected residents.

Decisions affecting aircraft noise will be perceived as fairer if they are thoroughly and compre-

Justification ) : o o :
hensively explained and adequate justification and reasoning is provided.
Respect The airport should be respectful and courteous in its dealings with residents and take seriously
. every individual concern that is perceived as subjectively important.
In dealing with residents, the airport should refrain from prejudice and inappropriate comments,
Propriety even when residents are upset or angry. This is about recognizing the emotional situation of

residents.

Interactional Fairness

From the perspective of fairness, information-
al and interpersonal aspects are important, in
such a way that people may perceive unfair-
ness, even though they consider the proce-
dure and its results as fair, just because of im-
proper treatment or a lack of justification. Bies
& Moag [2] developed a set of criteria that
constitute interactional fairness. When ap-
plied to the field of aircraft noise research,
they would resemble as follows:

Conclusion and Outlook

Fairness aspects are regarded as potentially im-
portant factors in dealing with the aircraft noise
problem. At first glance, many of these meas-
ures and findings seem plausible and common
knowledge, but in reality, they are rarely or in-
sufficiently implemented. A full integration of
fairness psychology findings into the process of
aircraft noise impact mitigation can be very
successful in reducing perceived annoyance
and improving the quality of residents’ life.
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Hauptvogel et al. (2021).

Table 2: Standards of pro-
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Sleep disturbance may be caused by nocturnal
transportation noise but also by other
non-acoustic stressors, particularly by psycho-
social factors such as work-related stress.
However, few studies have focused on their
synergetic effects on sleep. A survey among
3,460 Swedish working women aged 23-65
years investigated the effect of nocturnal road
noise exposure, work-related stress and their
potential synergetic effect on self-rated sleep
quality. Self-rated sleep quality was assessed
via five questions (general sleep quality, prob-
lems to fall asleep, early awakenings, and
problems to fall asleep again, tiredness in the
morning, and sleepiness during the subse-
guent day). Responses were condensed and
dichotomized differentiating between “poor
sleep” and “no poor sleep”.
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Fig. 1: Odds Ratios (OR) and 95 % Confidence Intervals
for the effect of the L . on the prevalence of poor sleep
(Subsample A).

night

In a subsample A with N = 2,192 respondents,
the equivalent sound pressure level was mod-
elled for the time between 22:00 to 06:00 and
for the most exposed facade (L ), and its
effect on the prevalence of poor sleep was ex-
amined. Exposure classes were < 45 dB(A),
45-50 dB(A), and > 50 dB(A). For a subsample
B with N = 1,764 respondents, we examined
the effect of the facade of the bedroom differ-
entiating between facing either no street, a
low-traffic street, or a medium/high-traffic
street.

Work-related stress was operationalized by
the construct Job Strain [1] that reflects the
ratio between psychological job demands and
job control. We differentiated between low,
medium, and high Job Strain.

L

E
no street ow-traffic medium/
street high-tratfic

siraet
Bedroom fagade
Fig. 2: Odds Ratios (OR) and 95 % Confidence Intervals for

the effect of the bedroom facade on the prevalence of poor
sleep (Subsample B).
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Fig. 3: Odds Ratios (OR) and 95 % Confidence Intervals
for the effect of Job Strain on the prevalence of poor
sleep (Subsample A).

In order to examine the effect of the predic-
tors on the prevalence of poor sleep, we ap-
plied multivariate logistic regression models
including a noise exposure variable each, Job
Strain and a broad range of a priori selected
modifiers and cofounders, such as age, BMI,
and general sensitivity to noise. Synergetic
effects were examined via testing for additive
interaction and applying the index Attribu-
tional Proportion [2].

The L, was not positively associated with
the prevalence of poor sleep as it would have
been expected (Fig. 1). On the contrary, the
prevalence of poor sleep was lowest in the
highest noise exposure class. Possibly, the
noise exposure was misclassified since infor-
mation on the facade of the bedroom and
further relevant variables (story, window
opening behaviour) were not available for this
subsample.

We found a non-significant increase in the
prevalence of poor sleep in respondents with
bedrooms facing medium or high-traffic
streets compared to a quiet facade (Fig. 2).
Future noise impact studies should consider
the bedroom facade in the modelling of noc-
turnal exposure levels.
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Fig. 4: Odds Ratios (OR) and 95 % Confidence Intervals
for the effect of several combinations of levels of Job
Strain and different bedroom facades on the prevalence
of poor sleep (Subsample B).

The prevalence of poor sleep significantly in-
creased with increasing Job Strain (Fig. 3).
Moreover, we found a trend for an additive
interaction between the bedroom facade and
Job Strain (Fig. 4). The Attributional Propor-
tion (AP) that quantifies the extent of the
additive interaction, however, was not signifi-
cant (AP = 0.46, 95 % Cl: -0.09 — 1.00).

Our results suggest that work-related stress and
potential additive interactions with noise expo-
sure can have relevance for self-rated sleep qual-
ity and should be considered more thoroughly in
future (epidemiological) noise impact studies.
Examinations on a population level including
men is recommended to establish generalizabili-
ty and to consider sex differences.
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Caffeine is commonly trusted to counteract
the performance impairing effects of sleep
loss and extended work shifts, conditions
that are frequently encountered by operators
in aviation and space missions. However, the
knowledge on the day-to-day efficacy of caf-
feine in preserving optimal cognitive perfor-
mance under conditions of chronic sleep re-
striction is scarce and complicated by the fact
that caffeine also negatively impacts sleep.
Especially deep sleep duration, a state which
is important for nighttime recovery and con-
sequently next-day performance, is reduced
by caffeine.

To answer the question how caffeine con-
sumption affects sleep and cognitive perfor-

mance under conditions of chronic sleep re-
striction, we investigated the efficacy of caf-
feine in individuals who carry the C/C-allele of
the adenosine A2A receptor (ADORA2A
€.1976), a genotype known to have a high
caffeine-sensitivity. We chose a naturalistic
caffeine administration of brewed coffee con-
sumed twice a day — in the morning and in the
early afternoon. Seventy-one healthy volun-
teers aged 20 to 40 years were examined in
the sleep and simulation area of the DLR :envi-
hab. Participants were randomly (but stratified
by age, sex, and BMI) assigned to one of four
groups. All groups had one adaptation and
two baseline nights with 8 h time in bed (TIB),
followed by 5 experimental nights (E1-E5) and

more Deep sleep duration
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Fig. 1: Deep sleep duration (N3) measured with polysomnography. N3 duration under different experimental condi-
tions is displayed as difference from rested baseline. Significant between-group differences are indicated with horizon-
tal lines. Rested control group (Control, blue), sleep restriction group (Restricted, red), caffeine group (Caffeine, green),
decaffeinated coffee group (Decaff, violet). Experimental night 1 to 5 (E1 to E5), recovery (Rec).



one final recovery night (Rec) with 8 h TIB.
(1) The rested control group (mean age + SD
28 = 6 years, n=15, 5 female) was not sleep
restricted and continued with 8h TIB through
E1 to E5. (2) The restriction group (26 + 4
years, n=21, 9 female) had 5 h TIB through E1
to E5. (3) The caffeine group (30 + 5 years,
n=19, 8 female) had the same schedule as the
restriction group, but received standardized
600 ml coffee per day (in total ~300 mg caf-
feine: morning dose 200 mg, early afternoon
dose 100 mg) double-blind during E1 to E4
and 400 ml coffee (~200 mg caffeine, morn-
ing dose only) on E5. (4) The decaffeinated
coffee group (Decaff, 28 + 5 years, n=16, 7
female) underwent the same schedule as the
caffeine group, but consumed decaffeinated
coffee. Participants of the caffeine (76% C/C)
and Decaff (88% C/C) groups predominantly
carried the caffeine-sensitive genotype. Poly-
somnography was recorded to quantify deep
sleep (N3) duration. A 10-min Psychomotor
Vigilance Task (PVT) was used to calculate par-
ticipants’ mean daytime (at 2h, 5h, 11h, and
15h awake) speed (1/reaction time). Differenc-
es between groups were examined using
mixed ANOVAs with Bonferroni adjusted
~<0.0716.

N3 duration was reduced on E1 in the restric-
tion group and the Decaff group in compari-
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son to the control group (p <0.01). The caf-
feine group had on trend niveau reduced N3
duration on E1 to E4 accumulating a N3 deficit
during sleep restriction of on average -31 min
(n.s.). Speed was faster in the caffeine group
compared to the restriction group during the
daytime after E1 and E2 (p < 0.002). While
participants’ performance in the restriction
and Decaff groups was not different from the
control group after Rec, speed in the caffeine
group was still impaired.

Under conditions of chronic sleep restriction,
~300 mg caffeine per day kept caffeine-sensi-
tive individuals’ cognitive performance at rest-
ed levels for two days. However, the use of
caffeine delayed recovery. The caffeine-in-
duced N3-deficit might be causal for the ob-
served delay in recovery.

Corresponding author: Eva-Maria.Elmenhorst@dir.de
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Fig. 2: Cognitive performance measured as speed on a 10-min psychomotor vigilance task. Mean daytime speed is dis-
played as difference from rested baseline. Significant between-group differences are indicated with horizontal lines.
Rested control group (Control, blue), sleep restriction group (Restricted, red), caffeine group (Caffeine, green), decaf-
feinated coffee group (Decaff, violet). Experimental night 1 to 5 (E1 to E5), recovery (Rec).
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Sleep deprivation impairs individual cognitive
performance [1]. However, effects of fatigue
on team performance and collaborative deci-
sion making are also affected by the social
processes in the group [2,3] and their interac-
tion is poorly understood [4]. We examined
how sleep deprivation affects team perfor-
mance in a simulated control room situation.
We hypothesized that performance is less im-
paired by fatigue when operators work in a
cooperative team than when they work
alone.

Sixty-six healthy volunteers (32 females, mean
age 26 + 5 years SD) were randomly assigned
to groups of 3 members and underwent a
sleep laboratory study for 5 consecutive days.
Each participant performed a simulated control
room task (ConCenT: Control Center Task Envi-
ronment [5]) once following 19 h of wakeful-
ness (sleep deprivation condition) during the
circadian low (02:00 h - 07:00 h) and once
between 08:00 h and 13:00 h following 8 h of

Fig. 1: Example of a simu-
lated control room in the
lab.

scheduled sleep and 1 h awake (baseline con-
dition). Three different team conditions (solo,
i.e. working alone, cooperative team condition
pursuing the same goals, competitive team
condition with conflicting goals) were applied.
Subjective team cohesion was measured by
guestionnaire. Each team member completed
the task on a separate computer (Fig. 1). The
terminals were interconnected and team mem-
bers communicated via intercom during the
team conditions. We analyzed reaction times
and accuracy of the responses in a monitoring
task (monitoring for system failures requiring
sustained attention) and in a diagnosis task
(identifying the cause of system failures by log-
ical reasoning) using linear mixed models. To
investigate the effect of working in a team,
interactions between sleep and team condition
were calculated using data from the solo and
cooperative team condition.

In the monitoring task, participants’ reactions
to system failures were slower under sleep
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Fig. 2: Effects of sleep and team conditions on response accuracy in the monitoring task (left panel) and in the diagnosis

task (right panel).

deprivation than during baseline (p < .001),
and faster in the solo condition than in both
team conditions (both p < .001). We found no
interaction between sleep and team condi-
tion. Furthermore, individuals were less accu-
rate (Fig. 2, left panel) under sleep deprivation
than during baseline (p < .001) and also less
accurate in the solo condition than in both
team conditions (both p < .001). Again, we
observed no interaction between sleep and
team condition.

In the diagnosis task, participants took longer
to solve the task when sleep deprived in com-
parison to baseline (p < .001). We observed
slower reactions in both team conditions com-
pared to the solo condition (both, p <.001), as
well, but no interaction between sleep and
team condition. We found no main effects of
sleep and team condition on the accuracy in
the diagnosis task (Fig. 2, right panel), but a
significant interaction effect (p < .001). Inter-
estingly, in contrast to the solo condition par-
ticipants in the cooperative team condition
were even more accurate under sleep depriva-
tion than in the baseline condition. Subjective-
ly, team members reported higher team cohe-
sion when sleep deprived than at baseline (p =
.004), and in the cooperative team condition
compared to the competitive team condition
(p < .001).

Our findings demonstrate that not only indi-
vidual performance is affected by sleep depri-
vation, but also team performance. Though
team work had no general protective effect, it
seemed to mitigate the effects of fatigue in
one of the two tasks. As such, in the monitor-
ing task, reaction time and accuracy were im-
paired by sleep loss in the solo as well as in the

team conditions. In the diagnosis task, how-
ever, working in a cooperative team in con-
trast to working alone resulted even in higher
accuracy under conditions of sleep depriva-
tion compared to baseline. The knowledge of
the sleep loss induced performance decre-
ments of the other team members may have
motivated them to support each other. This
idea is in line with the reported group cohe-
sion in cooperative teams and under sleep
deprivation.

In conclusion, sleep loss deteriorates group
performance in a control room simulation, but
during specific tasks (logical reasoning) and
team contexts (cooperative teams) operators
may be able to compensate fatigue effects.
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The Department of Clinical Aerospace Medicine is responsible for medical qualification and
individual health prevention strategies in aviation, spaceflight, and other occupational set-
tings. We primarily target private and professional pilots, aircrew members, astronauts as well
as personnel in the other areas of aerospace, air traffic control and transportation. Addition-
ally, we apply our experience in medical qualification examinations supporting the Institute’s
departments in selecting test subjects for various clinical and physiological trials.

Our aim is to maintain flight safety as part of the flight medicine community. One key factor
for flight safety is a healthy and well-trained cockpit and cabin crew. One centerpiece of this
process is the medical qualification examination according to national and international re-
guirements. In addition, we care for other operators with different responsibilities and tasks
contributing to flight safety including air traffic controllers, airplane technicians, mechanics,
and ramp agents. Indeed, flying and non-flying tasks are equally important to maintain flight
safety in aviation. We translate our findings to other occupational settings like spaceflight, ter-
restrial medicine, scientific research, traffic, and transportation among others.

We serve as the occupational health service for DLR sites in the western region (> 3000 em-
ployees), all new DLR Institutes without an occupational health service and the residencies
abroad (Brussels, Paris, Tokyo and Washington D.C.). We are certified for medical specialist
training in occupational health and are responsible for all hygiene related topics.

Our overall goal is to support aerospace safety and maintain the health of aerospace personnel
during their working life time. To attain this goal, we closely collaborate with the Institute’s re-
search departments to foster the translation of science to applications in aerospace medicine.

Teams

Aeromedical Center (Dr. Martin Trammer)

e Examination and certification of aviation personnel, certified physician for
patient information due to the federal genome diagnostic act of electrodes
(Gendiagnostikgesetz GenDG)

Aerospace Ophthalmology (Dr. Claudia Stern)

e Ophthalmological research and examinations of astronauts, aviation personnel
and test subjects

Occupational Medicine (Peter Tuschy)

¢ Prevention and managing health of DLR staff and test subjects, medical
specialist
training in occupational medicine
responsible physician for hygiene related topics
certified physician for patient information due to the federal genome
diagnostic act (Gendiagnostikgesetz GenDG)

Photo: Application of electrodes during an electro-retinogram examination in the SANS CM study.
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Background

As part of an International Space Station (ISS)
Technology Demonstration Experiment,
planned for European Space Agency (ESA)
Astronaut Matthias Maurer’s Increment 66
Cosmic Kiss Mission, Space X Crew 3 was
trained to conduct their own eye examina-
tions in space using a small, lightweight mo-
bile device (see Fig. 1).

Training on eye diagnostic devices is impor-
tant to detect and mitigate against the eye
pathologies that astronauts experience, col-
lectively termed Spaceflight Associated Neu-
ro-ocular Syndrome (SANS) (previously called
Visual Impairment and Intracranial Pressure
(VIIP) syndrome) [1]. Smaller footprint devic-
es, like these, may eventually replace older
eye diagnostics devices, which are currently

Fig. 1: Training SpaceX
Crew 3 for taking optic
disc images by means of
our eye diagnostics device.
Image credit: ESA/INASA.

used in spaceflight, by offering multiple ad-
vantages in size, weight, and diagnostic
capability.

This technology is currently at Technology
Readiness Level (TRL) 6, as defined by the
National Aeronautics and Space Administra-
tion (NASA). Parabolic flight testing to ad-
vance the TRL from 4 to 6 was conducted in
2021 (Fig. 2). Testing aboard the ISS is a nec-
essary step for TRL advancement from 6 to 7.
The technology demonstration experiment
enables human-in-the-loop (HITL) testing of
eye diagnostic devices during spaceflight, as
the final step in TRL advancement. This TRL
advancement would determine feasibility for
long-term use in microgravity for potential
use during the Artemis program, and for TRL
advancement from 7 to 9 [2].
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Fig. 2. Parabolic flight testing for space approvement of our tablet-based eye diagnostic device. Image credit: Nicolas Courtioux/Novespace.

Current status

Astronaut eye medical monitoring is currently
done aboard the ISS using Optical Coherence
Tomography (OCT) scanners (10+ kg, 140 VA).
To monitor these changes during spaceflight,
OCT scanners have been launched to the ISS.
These machines are the gold standard in clini-
cal ophthalmology, but they cost approximate-
ly $100,000 USD, weigh over 10 kg, and have
a power consumption of 140 VA. Assuming
launch costs of $10,000 USD per kg, launch
alone costs $100,000 USD per machine [3].
Previous activities related to this experiment
conducted by DLR include comparison of reti-
nal fundus image and video collection using
several imaging devices, which occurred dur-
ing medical monitoring in the most recent
head-down tilt bed rest studies from 2019-
2020. Anonymized images from both the left
and right eyes of normal retinas and retinas
with degrees of optic disc edema were col-
lected. These and other retrospectively col-
lected images are being used to develop ma-
chine learning models to detect SANS [4].
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Fig. 1: Eye-examination.
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Introduction

Glaucoma is among the most common causes
for blindness worldwide. The prevalence of
the condition in people >65 years of age is
approximately 2-4%. In Germany, approxi-
mately 1,000 people are estimated to become
legally blind secondary to glaucoma each year.
Elevated intraocular pressure is crucial to the
pathogenesis of glaucoma causing secondary
optic disc atrophy and is the only risk factor
amenable to therapy. Intraocular pressure fol-
lows circadian rhythms [1,2] and depends on
body position with an increase in the supine
position [3]. We showed that head down
bedrest partly reproduces some of the chang-
es of SANS (Spaceflight associated neuro-ocu-
lar syndrome), an unresolved challenge to hu-
man spaceflight characterized by optic nerve

head swellling, likely through volume shifts
towards the head. Therefore, we reasoned
that sleeping in the head up tilt position dur-
ing the night could unload the eye and ame-
liorate intraocular pressure.

Study design

We included 16 patients with ocular hyper-
tension, primary open-angle glaucoma, or
secondary open- angle glaucoma. In a cross-
over fashion, patients slept in the supine or in
a 10° head-up-tilt position at the DLR research
ward. We conducted non-invasive intraocular
pressure measurements during day and night.
In addition, we assessed non-invasive blood
pressure and non-invasive examinations of
the optic nerve using Optical Coherence To-
mography (OCT) (Table 1).
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Table 1: Detailed eye examination protocol: OCT = Optical Coherence Tomography, IOP = IntraOcular Pressure.

Activity Description

Arrival/Anamnesis Day 1

Before night 1

Night 1

After night 1
Day 2

Before night 2
Night 2

After night 2
Day 3

End of protocol

Conclusion

Observations and technologies generated in
space medicine can be translated to applica-
tions in terrestrial medicine. The data of the
study are still evaluated. In case intraocular
pressure can simply be reduced by sleeping
with the head tilted up, this would have impli-
cations for the management of glaucoma,
particularly for patients not sufficiently re-
sponding to current therapies or living in
medically underserved parts of the world.
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Humans have evolved as a species that is uniquely capable of long-lasting physical performanc-
es. Long periods of physical inactivity, conversely, lead to deconditioning, to untoward meta-
bolic consequences, and to compromised health. The Muscle and Bone Metabolism depart-
ment therefore examines the effects of physical activity, and of the lack thereof in the context
of mission-related environmental conditions, such as microgravity, atmospheric challenges, nu-
trition, circadian disruption and radiation. Genetic predisposition and the ageing process are
taken into account as well.

Our ultimate goals are the prevention and rehabilitation of immobilization-related musculoskel-
etal disorders. To this purpose, we aim to develop efficient measures to counteract muscle at-
rophy, bone loss and metabolic derailment in space and on Earth. We aim at these goals in a
rational approach that ranges from cellular to organismic levels.

Researching the biomechanics and mechanophysiology of muscles and bones are a prerequisite
to understand the physiological effects of muscle contractions and exercise. This is seconded
by research into skeletal muscle’s metabolism and its systemic interactions. Combining this
knowledge with genetic model systems allows us to develop exercise and other countermeas-
ures that are purpose-optimized for space and specific Earth-based applications.

Working Group

Translational Metabolism Research (Prof. Dr. Dominik Pesta)

e Metabolic studies, euglycemic hyperinsulinemic clamp testing, biosample
management

¢ Evaluation of artificial gravity achieved through short-arm centrifugation alone
or in combination with physical training or virtual reality applications as potential
counter-measure for health issues during space travel

Teams

Mechano-Physiology (Dr. Uwe Mittag)

e Biomechanical testing, biomechanical modeling, technology development,
data management

Training and Countermeasures (PD Dr. Jochen Zange)

e Exercise training studies, musculoskeletal imaging, exercise countermeasure
development

Photo: Investigation of internal muscle mechanics in the Democles study.
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) Introduction

SR T X-linked hypophosphatemia (XLH) is a rare
genetic condition that affects phosphate me-
tabolism, resulting in osteomalacia. Individu-
als with XLH are also at risk of lower limb de-
formities and early onset of hip osteoarthritis.
These two factors may be linked, as abnormal
femoral torsion is a risk factor for hip osteoar-
thritis. The contributions of regional femoral
{ torsion e.g. intertrochanteric torsion (ITT),
, shaft torsion (ST), and condylar torsion (CT) to
F i1 total femoral torsion differ between clinical
Fig. 1: On the left sec- a1\ cT groups and are important when planning
;f:ierggf;rfgsﬁfseﬁ \ ¢- , ' fgmoral osteotomie; to correct 'fr.emoral tor-
sion. Other lower limb deformities such as
. bowing of femur and tibia and lower limb
alignment, have to be considered as well. This
iR study aimed to compare total and regional
. | femoral torsion, lateral and frontal bowing of
[=r=n - the femur and tibia, limb alignment and bone
) ' . - cross sectional area (CSA) between adults

with XLH and controls.
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3 . ’ Methods
13 individuals with XLH (5 male, age 49+9y)
and 12 age, sex, and weight-matched control
Control XLH Control XLH participants (7 male, age 49+8y) were recruit-
ed following ethical approval and informed
o consent. Magnetic resonance imaging (MRI)
ol . = " scans of the left lower limb were obtained,
¥ from which lower limb bone geometry of the
- ] femur and tibia were measured. Data were
i normally distributed; therefore, group differ-
ences were assessed using t-tests.

_ ‘ —_— Results
' b { Total femoral torsion was 29° lower in individ-

" uals with XLH than controls (p<0.005). This

, Control XLH resulted mainly from lower ITT (p<0.001) and
Control XLH in part CT (p<0.05) whereas ST was similar in
Fig. 2: Box plots of Total torsion (FNA) and the regional torsion. the two groups (Fig. 1). Femoral lateral bow-
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ing was higher in individuals with XLH
(13.1+7.0°)than controls(-1.0+2.5°,p<0.001),
as was femoral frontal bowing (31.4+7.3°
XLH, 17.8+1.4° controls, p<0.001). There was
a 2.9° difference in the mechanical axis be-
tween the XLH group (5.6+5.3°) and the con-
trol group (1.5+2.5°, p<0.05). and no differ-
ence in the average of the femoro-tibial an-
gle. Acetabular version was significantly
increased in individuals with XLH (23.6+8.4°)
as compared to those in the control group
(17.5£3.9°, p<0.05). Additionally, acetabular
coverage was 32.6° higher in individuals with
XLH (192.5+£22.6°) than the control group
(159.949.1°, p<0.001). The total CSA of the
femoral shaft was 22% greater in individuals
with XLH (p<0.001). The bone marrow cavity
of the femoral shaft was ~64% greater in in-
dividuals with XLH (p<0.001). In the tibia the
total CSA was similar, but the marrow cavity
was ~40% greater in the XLH individuals.

Conclusion

Adults with XLH have substantial differences
and greater inter-individual variation in lower
limb bone geometry, principally lower femoral
torsion originating in the intertrochanteric re-
gion, and higher lateral and frontal femoral
bowing, whilst differences detected between
the groups in the mechanical axis and tibi-
ofemoral angle are minimal. The observation
of a significantly increased total cross-section-
al area of the femur and proximal tibia is re-
markable, considering the overall reduced
body size of XLH patients as compared to
controls. Looking at it more closely, the differ-
ence results from an enlarged marrow cavity
on all height levels along the femoral axis and
the proximal tibia while cortical cross-section-
al area is not significantly different on these
levels. One may speculate if this is a matter of
childhood rickets with compromised bone
quality and deficient mineralization leading to
increased bone turnover with enhanced en-
dosteal bone resorption and periosteal appo-
sition.

Corresponding author: Joern.Rittweger@dir.de
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Fig. 3 a): visual representation of the average difference between the two groups from
a frontal view. On the control panel the method of the bowing’s measurement is drawn
on. b): visual representation of the average difference from a lateral view. c): visual rep-
resentation of the acetabular geometry, the femoro-acetabular relationship and total
femoral torsion. On the control panel the acetabular version measurement is drawn on
and on the XLH panel we can see the acetabular coverage measurement. d): visual rep-
resentation of lower limb alignment. Also, the mechanical axis is drawn on the control
limb and the femorotibial angle on the XLH limb. e): visual representation of average
CSA of femur and tibia in the respective groups. lllustrations by X. O'Reilly-Berkeley.
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m. gastrocnemius
mediales

m. soleus

Fig. 1: Ultrasound image
of gastrocnemius medialis
muscle and UltraTrack
tracking software inputs.
Region of interest, fasci-
cle and deep aponeurosis
defined for processing
fascicle length and pen-
nation angle.
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50% MVC

Background

Vibration exposure has been used more and
more frequently in recent years in sports,
health, research, preventive medicine, and re-
habilitation. It has been proven to be a useful
training and examination method in a variety
of contexts. In the body, periodic stretching
and shortening cycles of the muscle-tendon
complex occur during vibration, accompanied
by periodic changes in fascicle length (FL) and
pennation angle (PEN). However, little is
known about the extent to which stretching
and shortening depends on muscular preload
and frequency. In the present study, SP was
used to determine the dynamics of fascicles in
human gastrocnemius medialis (GM) muscle.
Therefore, the primary aim was to investigate
the response of FL and PEN in GM to vibra-
tions at different frequencies and contraction
levels. In addition, the influence of long-term
bed rest on FL and PEN deflectability was eval-
uated as well as the change of fascicle archi-
tecture under static conditions due to differ-
ent levels of contraction.

Superficial
Aponeurosis

Muscle
fascicle

Deep

aponeurosis
Pennation
angle
Methods

24 subjects performed the SP protocol before
and after 60 days of bed rest (artificial gravity
bed rest study AGBRESA). Subjects were
grouped into three countermeasure groups:
iAG (6 x 5 min centrifuge drive per day), cAG
(1 x 30 min centrifuge drive per day) and con-
trol group (only bed rest). Ultrasound videos of
GM were recorded during vibration exposure
at ten different frequencies (4 -16 Hz) and four
levels of contraction (isometric plantar flexion
at 0, 25, 50 and 75% MVC). Muscle architec-
ture and deflection of FL and PEN during vibra-
tion were evaluated using a semi-automated
tracking software (UltraTrack, Fig. 1) and cus-
tom-made R-scripts. The peak-to-peak ampli-
tude values (A,,,) were determined by means
of peri-event averaging technique (Fig. 2) and
referred as relative values (relA ) to the initial
FL or PEN value. Linear mixed effects models
with all possible interaction terms were con-
structed and stepwise simplified. Significant
effects observed in the ANOVA were followed
up by a-priori defined treatment contrasts
with 4 Hz, 0% MVC, control group and base-
line data as reference level of contrasts.
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Results

The relA,, for reference level of contrasts was
1.94(0.82) % for FL and 1.30 (0.99) % for PEN.
The relA,, of FL and PEN was statistically signif-
icant smaller when muscle was contracted (FL:
P < 0.001 for 25 and 50% MVC, P < 0.01 for
75% MVC; PEN: P < 0.001 for 25% MVC and
P < 0.01 for 50% MVC). From 7 to 10 Hz there
was a significant increase in relA_, for pre-ten-
sioned muscle, especially in FL. After bed rest,
relA, . was significantly greater at 9 and 10 Hz
(P < 0.05) for FL and at 8 Hz, 10 Hz (P < 0.01)
and 9 Hz (P < 0.05) for PEN, respectively (Fig. 3).

Conclusions

Fascicle deflection decreases as the muscle
contracts. However, no further correlation be-
tween level of contraction and decrease in re-
IA,,, could be found. The main finding of this
study was a significant resonance effect at 7
— 10 Hz vibration in contracted muscle. Reso-
nance was even more evident after bed rest.
There was no alteration of resonance frequen-
cies across the levels of contraction, potential-
ly due to an equivalent increase in damping
properties and stiffness as muscle activity ele-
vates. It is furthermore conceivable that the
increase in relA_, at vibration frequencies
ranging from 7 — 10 Hz is a consequence of
resonance within the natural tremor frequen-
¢y, i.e. the induced vibration causes the physi-
ological tremor to resonate. However, the ex-
act cause of this resonance effect requires
further investigation.

Corresponding author: Nikolas. Thier@dlr.de
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Fig. 2: Development process of peri-event averaging technique. (1) FL processed by
tracking software. (2) Initial length set to zero and high-pass filtered. Start of perturba-
tion (green dotted), start and end of sequence to be analyzed (red dotted). (3) Sequence
of ten oscillation cycles and threshold value (orange dotted). (4) Peri-event averaging
plot. Overlaid oscillations (grey), mean oscillation (blue), maximum and minimum value

(blue dotted).
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Fig. 3: Mean (and 95%
confidence level) relative
peak-to-peak amplitude of
FL and PEN at baseline data
collection by contraction
level and frequency. F and
C denote significant main
effects for frequency and
MVC level, respectively. CxF
denotes significant MVC x
frequency interactions,
with 0% MVC x 4 Hz as
reference level of contrast.
Color represents MV/C level.
(*** P<0.001, ** P<0.01,
*P<0.05).

35



Definition of a combined training protocol for
application on short-arm centrifuges

T. Frett!, L. Lecheler’, M. Arz!, G. Petrat’, W. Pustowalow’, J. Jordan?3, D. A.
Green*>%’ D. Pesta'8?

" Institute of Aerospace Medicine, German Aerospace Center, Cologne, Germany, *Head of Institute of Aerospace Medicine,
German Aerospace Center (DLR), Cologne, Germany; 3Chair of Aerospace Medicine, University Hospital Cologne, Germany;
4 European Space Agency, Cologne, Germany; *King’s College London, London, UK; °KBRwyle GmbH, Cologne, Germany;
’Space Medicine Team, European Astronaut Centre, European Space Agency, Cologne, Germany, éCenter for Endocrinology,
Diabetes and Preventive Medicine (CEDP), University Hospital Cologne, Cologne, Germany; °Cologne Excellence Cluster on
Cellular Stress Responses in Aging-Associated Diseases (CECAD), Cologne, Germany

Fig. 1: Jumping exercises
using a supine sledge
(study: JUMP).

Background

Despite daily training, long term exposure to
zero gravity impairs muscle health, bone min-
eral density, the neurovestibular and cardio-
vascular system as well as ocular health,
known as spaceflight-associated neuro-ocular
syndrome (SANS) [1]. Short-arm centrifuga-
tion is a promising option to simulate an
Earth-like (1 g) gravity and hence prevent
physical deconditioning and reduce orthostat-
ic intolerance and cardiac atrophy.

Fig. 2: Contralateral (left), trunk rotation (centre) and abdominal isometric exercises
(right) performed in upright condition at 1g.
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Only a few ground-based studies investigated
tolerability of exercising during centrifuga-
tion. Intensive cycle training on a short-arm
centrifuge was effective to preserve thigh
muscle volume [2] and peak oxygen uptake
[3] after 20 day bed rest. Squat exercises were
well tolerated even at relatively high rotation
of 20-30 rpm [4]. Furthermore, our group
could show tolerability of jumping exercises
(Fig. 1) at different gravity levels [5, 6]. In the
present study, we evaluated the tolerability
and feasibility of abdominal and back muscle
exercise performance during 1 g centrifuga-
tion at the participants center of mass (CoM).

Methods

Fifteen (8 male: 33.8 + 7 years, 178.4 + 8.2
cm, 72.1 £ 9.6 kg) recreationally active partic-
ipants performed two isometric (“contralater-
al” and “trunk exercise”) and one functional
("wood chopper”) abdominal and back mus-
cle exercise in 3 sessions in a randomized or-
der in a cross-over design (Fig.2). The exercis-
es were performed upright with 1 g at CoM
and in two SAHC sessions with clockwise and
counter clockwise rotation. Cardiovascular
loading (ECG, blood pressure), motion sick-
ness, rating of perceived exertion (BORG), and
surface trunk muscle activity (Mm. rectus ab-
dominis, ext. obliques and multifidii) were
compared between each session, with mean
center of pressure (CoP) evaluated between
SAHC sessions.

Results

No sessions were terminated and no significant
increase in heart rate (Fig. 3) or motion sick-
ness (Fig. 4) were reported in either SAHC ses-
sion compared to exercises in upright position.
No differences in exertion scores (Fig. 5) were
observed between sessions although the iso-



metric exercises induced the highest scores (for
“contralateral”: SAHC 10.5 = 3, Control 11.0
+ 2.9, for “trunk exercise”: SAHC 11.1 + 3.4,
Control 11.5 £ 2.7). A higher systolic blood
pressure (clockwise: +13 mmHg (p = 0.022),
counter clockwise: +21.4 mmHg (p = 0.001)
was found only initially while exercising in su-
pine position during centrifugation. Trunk
muscle activity was comparable between all 3
sessions. However, innervation levels of target-
ed muscle groups for each exercise showed
that only the isometric “trunk exercise” provid-
ed an intensity level of 40-60% for straight
abdominal muscles that would lead to an in-
crease in strength after longer-term applica-
tion.

Conclusion and Outlook

Trunk muscle exercises during centrifugation
appear tolerable and generate comparable
physiological loading and muscle activity com-
pared to upright training on Earth. However,
effectivity of ground-based centrifuge train-
ing is limited by safety aspects. Optimization
of muscular innervation could be expected by
a familiarization phase prior to training on the
centrifuge.

As a next step, an integrated centrifuge train-
ing protocol will be evaluated. In parallel to
current training protocols and systems on the
International Space Station different endur-
ance and resistive exercises (i.e. for rowing,
running and strength training) will be tested.

Corresponding author: Timo.Frett@dlr.de
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Fig. 3: Heart rate when standing upright in natural gravity and during short-arm human
centrifugation when rotated clockwise and counter-clockwise with 1g at the partici-
pants center of mass in supine position before (Baseline), during passive SAHC (Pre-Ex-
ercise), during training (Exercise phase) and after exercises (Post). Data are shown as
mean = (SEM), BPM-beats per minute.
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Fig. 4: Motion sickness
scoring when standing up-
right in natural gravity and
during short-arm human
centrifugation when rotat-
ed clockwise and coun-
ter-clockwise with 1g at
the participants center of
mass in supine position.
Data are shown as mean
+ (SEM).

Fig. 5: Perceived exertion
rating (RPE) when stand-
ing upright in natural
gravity and during short-
arm human centrifuga-
tion when rotated clock-
wise and counter-clock-
wise with 1g at the
participants center of
mass in supine position.
Data are shown as mean
+ (SEM).
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Pilots, air traffic controllers, astronauts, and operators in other skilled professions are, both, an
asset and a liability regarding safety in aerospace. Indeed, proper decisions together with function-
ing human-machine and human-human interactions enhance the reliability of technical system
tenfold. Yet, operators are also responsible for the majority of aviation incidents and accidents. By
developing, validating, and implementing comprehensive selection systems, the Department of
Aviation and Space Psychology makes a significant contribution to safety in aerospace. Research in
the field of virtual reality and passenger comfort in trains and aircraft expands the research range
of the department and promotes cooperation with operators and manufacturers for the benefit of
travellers and crews.

Given the importance of human factors, our work will help attaining the goals of Flightpath
2050, an 80% reduction in accidents Our safety-related research program is of high societal
value, contributes to employment security and job satisfaction of selected candidates, and sup-
ports economic development of aerospace industry by reducing training costs and minimizing
errors. An additional part of our research addressed acceptance of new technologies, which is
a critical barrier for economic success of novel technology.

Working Groups

Air Traffic Control (Dr. Hinnerk EiB3feldt; Dr. Y. Pecena)

Job requirements of controllers and UAS operators
Selection of air traffic controllers

Inter team cooperation

Eye tracking methods

Urban air mobility

Acceptance of aviation systems

Crew Performance and Transport (Prof. Dr. Dirk Stelling)

e Selection of airline pilots

e Development and validation of diagnostic methods
e Cabin comfort

e Virtual reality

e Selection und support of bed rest candidates

Teams

Space Psychology (Dr. Peter Maschke)

e Selection of astronauts
e Psychological inflight support of astronauts

Photo: Mental ability testing facility for candidates applying for ESA astronaut, air traffic controller and pilot position.



Exploring possible effects of cognitive training
on robotic-assisted surgery — A pilot study

V. Oubaid
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Fig. 1: Exercises 1-4 and
experimental setup in the
operation room at T1 and
T2. Exercise 1: Sort as
much blue and gray con-
nectors as possible within
60 seconds. Exercise 2:
Lift two yellow and two
black rings onto the re-
spective screw. Exercise 3:
Thread a yellow rubber
loop through a gray con-
nector and tie and tight-
en the loop. Exercise 4:
Arrange 4 plastic connec-
tors of the same color in
a square and one row be-
hind.
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Robotic-assisted surgery (RAS) is a rising tech-
nology and operation technique with many
potential advantages. RAS necessitates a spe-
cialized, efficient and standardized training,
but nearly all RAS training techniques need to
be carried out on an expensive virtual RAS
simulation [2] or on the RAS device itself in the
operation room. Therefore, a concept should
be designed to reduce time in the operation
room and costs in accessing RAS simulation
training. The resulting aim for this pilot study
was to provide a frame design for a cost-effec-
tive RAS training curriculum with a first proof
of concept: will cognitive training be able to
substitute RAS training, and do personality
characteristics contribute to explain training
gains?

For the current pilot study possible outcomes
of training and acquisition of cognitive skills
are inferred from two areas of research: psy-
chometric research regarding practice and re-
test effects [7], and research concerning the
acquisition of cognitive skills [1]. The scientific
psychological literature reveals a strong effect
of basic cognitive training patterns on skill ac-

quisition and performance in various areas,
such as occupations and sports, music etc. And
skill acquisition is partly dependent on person-
ality traits, e.g. level of conscientiousness and
motivation. A cognitive training of the underly-
ing mental abilities, like memory capacity, con-
centration etc., should therefore result in sig-
nificant improvements in surgical skills and a
lean support of regular RAS-training.

For this study, the validated DLR-cognitive
training modules for pilot & ESA-astronaut
selection were used (see [2]). They were as-
sembled following published job requirement
analysis on surgery: spatial orientation and
concentration (see [5]). The sample of partici-
pants included 25 medical student volunteers,
randomly assigned to three groups: (1) Train-
ing at the da Vinci RAS (N=7), (2) cognitive
training (N=7), and (3) no training (N=10). The
experimental design included an initial base-
line measure on the da Vinci simulator (T1),
see fig. 1. This measure was then repeated
(T2) after the completion of training/non-train-
ing phase. A semi-structured psychological in-
terview (SPI) to self-evaluate performance and
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Fig. 2: Left Training success - Mean (%) and Standard deviations for da Vinci training (N=7, group 1, RAS) and cognitive

training (N=7, group 2, CT); baseline = 100%

Right: Performance gain T1>T2 - Mean (%) and Standard deviations for da Vinci performance gain from T1 to T2;

T1 =100%

mental workload was conducted after T1 and
T2 (see [6] Schoenburg et al., 2021). As a per-
sonality measure the reduced version of the
NEO PI-R questionnaire [4] was administered.
During the training phase group 1 passed
through a set of da Vinci tasks: EndoWrist ma-
nipulation 1 & 2, needle control and needle
driving. The total training time was 6 hours.

Group 2 passed through a set of DLR-CT-mod-
ules, namely spatial orientation and concen-
tration. The total training time was 6 hours.

The results showed that there was a general
performance gain between T1 and T2. The
resulting average training gain of group 1 was
significantly higher than those of group 2&3
(see fig. 3), whereas group 2&3 showed no
significant mean differences. The NEO consci-
entiousness scale showed a moderate positive
correlation (r=.26) with the mean RAS perfor-
mance score in T1, in line with existing re-
search. The SPI measures revealed significant
correlations between RAS measures and both
self-evaluated performance (r=.92, P<.01)
and mental workload scores (r=.90, p<.01).

A conclusive explanation for the higher training
gains of group 1 is that this group has worked
eight times on the device as part of the training.
An unexpected result was that no differences
were found between group 1 and 2 in T2 perfor-
mance. One possible explanation is the low
number (5 trials) of training trials in group 2.
Similarly, [2] observed that successful cognitive
training requires a larger number of repetitions.
Limitations of this pilot study include the small
sample size and the low number of training

trials. Further research should address these
limitations and extend the training design
(e.g., a group 4 with combined cognitive
training and RAS training). Nevertheless, our
findings may help using training capacities in
the operating room more efficiently.
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Fig. 1: Multicopter drone
mission at the DLR Na-
tional Experimental Test
Center for Unmanned Air-
craft System in Cochstedt.
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Objectives

Civil use of remotely piloted aircraft (RPA) is
continuously growing, in quantity, application,
and type and has become increasingly complex,
e.g. operations beyond visual line of sight. RPA
are used for inspection, filming, agricultural
spraying, emergency activities and are also sup-
posed to be used for transport in the future.
This growth of RPA operations underlines the
need of qualification and training concepts for
civil remote pilots, instead of individual in-
house training-by-doing. Under the direction of
the Institute for Flight Guidance, the urban air
mobility project City-ATM aims at developing a
concept for future air traffic management
(ATM) in urban airspace, which will enable safe
and efficient integration of unmanned aircraft
systems. Being part of this interdisciplinary pro-
ject of the German Aerospace Center, this
study for the first-time evaluated competencies
and training needs of professional remote pi-
lots in Germany.

Approach

Based on workshops with 19 subject matter
experts (drone pilots from public emergency
or commercial services, and representatives
of public authorities in the field of
unmanned aviation) task-based requirements
for remote pilots have been explored. The
resulting list of competencies was narrowed
down to 38 key Remote Pilot Competencies
(RPCs), including knowledge, flight skills,
cognitive abilities, interpersonal skills and
personality aspects. In a second step those
RPCs were evaluated in an online survey for
multicopter drone pilots (N = 88), predomi-
nantly working for public authorities and or-
ganizations with security tasks and commer-
cial services. Following participants’ assess-
ment, the competencies were assigned to
either initial or recurrent training, based on
the DIF (Difficulty, Importance, Frequency)
model [1] [2].



Results & implications

Overall, the results add to previous remote
pilot training concepts by highlighting the
importance of interpersonal skills and person-
ality aspects. Table 1 summarizes the compe-
tencies that should be part of initial remote
pilot training as well as those competencies
that should be additionally trained in repeated
refresher trainings. Whereas the initial train-
ing section shows a slight accumulation of
knowledge and cognitive abilities, refresher
training competencies involve a comparably
higher ratio of flight skills and personality as-
pects. On the one hand, the findings endorse
previous training concepts regarding initial
remote pilot training [3] [4], and on the other
hand spotlight skills that need to be trained
repeatedly in order to perform well as remote
pilot. The content of the refresher training
section in Table 1 signalizes that especially
competencies that involve the handling of
critical and unforeseen events need to be
trained more frequently compared to the ba-
sic RPCs in the initial training section. Further-
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more, the results highlight that regular job
performance alone is not sufficient to main-
tain remote pilot competencies, but rather re-
current training is necessary to continuously
ensure safe performance — especially when
dealing with critical events.
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Table 1: Remote Pilot Competencies in initial and refresher training.

Categories of Remote |Initial training
Pilot Competencies

Flight skills
(n=11)

Knowledge
(n=10)

Cognitive abilities
(n=6)

Personality aspects
(n=6)

Interpersonal skills
(n=5)

Refresher training
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Fig. 1: Sneeze guard
used during the group
exercise.
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The COVID 19 pandemic posed great chal-
lenges when resuming the multi-stage selec-
tion procedure for air traffic controller trainees
for the German Air Navigation Service Provider
DFS Deutsche Flugsicherung after an initial
lockdown in 2020. However, the procedure
could successfully be resumed by implement-
ing a strict hygiene concept. This concept
comprised, among others, reducing the num-
ber of candidates per event, wearing a face
mask at all times (with the exception of the
interview, where a spit guard was used), keep-
ing appropriate distance to others, and using
spit guards during the group exercises (see Fig.
1). A selection procedure is an applicant’s first
contact with the involved organization(s). This

first impression influences not only how candi-
dates, regardless of their success in the selec-
tion procedure, perceive the respective organ-
ization but also how they convey it to their
friends and family. Furthermore, it can even
affect their future behavior like accepting a job
offer or later job performance [1]. On top of
this, a candidate’s evaluation of the selection
procedure is an important aspect of social va-
lidity [2], i.e. an applicant’s acceptance of and
satisfaction with the selection procedure. Dur-
ing the COVID 19 pandemic, it was thus espe-
cially important to assess the candidates’ view
on the selection procedure, as they faced spe-
cial circumstances.

A total of 191 applicants were surveyed in
three different selection stages (cognitive
aptitude tests, assessment center, psycholog-
ical interview). The assessment took place
from May to June 2021 and was adminis-
tered contact-free and time-efficiently either
over test computers, or candidates could use
a QR Code to access the online question-
naire. Applicants received statements regard-
ing their view on the selection procedure
(e.g. "I was treated friendly and respectful-
ly.”) and rated these on a 5-point Likert scale
from 1 (completely disagree) to 5 (completely
agree). The questionnaire comprised items
regarding the view on the selection proce-
dure (atmosphere, transparency, treatment
by test administrators), and the hygiene mea-
sures.

Acceptance of treatment by the test adminis-
trators, task transparency, and atmosphere in
general and among the candidates were all
high, as all ratings regarding these aspects
reached at least a mean of 4 ("agree”) or
higher. More variance occurred for the per-
ceived level of demand and stress. While de-
mand was rated somewhat medium with
means ranging between 3 (“partly”) and 4,
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Fig. 2: Candidates’ perceived adequacy of the hygiene measures for all three selection stages in percent.

stress received the lowest ratings with means
below 3, i.e. while participants perceived the
selection procedure as demanding, they did
not perceive it as stressful.

Acceptance of hygiene measures was high
(see Fig. 2): a majority of candidates in all
three selection stages rated the hygiene con-
cept as “exactly right”. Only 1 person of all
191 rated the measures as “not sufficient”
and a minority (ranging between 3% and
15%) of the candidates viewed the measures
as "over-the-top”. The candidates agreed
that they felt safe due to the measures in all
three selection stages, with average ratings
reaching means above 4.

In conclusion, even though a strict hygiene
concept had to be implemented in the selec-
tion procedure, candidates’ acceptance of the
procedure was high and the hygiene mea-
sures were perceived as adequate. The results
of the current study proved high acceptance
of our hygiene concept in place. It is thus sup-
posed to be equally well accepted by candi-

dates in the psychological selection of astro-
naut candidates for the European Space
Agency (ESA), carried out at our DLR test facil-
ity in Hamburg in 2021, where comparable
measures were also planned and strictly im-
plemented.
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One part of the LuFo 2 project EFFKAB was re-
search on the impact of artificial windows on
flight sickness. Artificial cabin windows offer
exciting opportunities for future aviation indus-
try for cost and design reasons. However, little
is known about how displays replacing real
windows in an airplane influence passenger
comfort. Research here mainly focusses on pi-
lots in flight simulators or not flight-related
laboratory virtual environments but not on
passengers. One result in these studies is that
display latencies may cause flight sickness
symptoms which can diminish comfort. There-
fore, the purpose of our study was to evaluate
the impact of latency on passengers comfort.
104 participants were recruited as passengers
in a full-motion cabin simulator. The DLR Air
Vehicle Simulator (AVES) consists of a dome,
which is mounted on an electro-mechanically
driven motion system. For our study, we used a
passenger cabin (1 4.2m; w 3.3m; h 2.4m) with
four seat rows in a 2+2 layout providing space
for 16 passengers which can be rolled into the

Fig. 1: Passenger cabin of
the full-flight Air VEhicle
Simulator (AVES).

dome (Fig 1). As cabin windows we used
high-resolution digital displays (Fig. 2). In three
flights, the delay between actual motion of the
cabin and windows’ outside view was varied (0/
0.5/ 10 seconds) and four flight segments
(take-off, cruise, turbulence and approach)
were compared. Inflight and post-flight sick-
ness measures and realness estimates were
analyzed. The Simulator Sickness Questionnaire
(SSQ) (measured in the post-flight phase of the
three flights) showed that under all three con-
ditions, most participants showed no or just
minimal flight sickness symptoms, with 41% —
51% showing no symptoms at all (Fig. 3). A
close monitoring of sickness symptoms during
each flight indicated that low latency has no
additional impact on passengers’ well-being.
Long latency, in our study 10 seconds, had an
impact on the severity of sickness symptoms in
some passengers (Fig 3, SSQ > 15), mainly
characterized by an increase of oculomotor
symptoms. Remarkably, about one third of the
participants reported sickness symptoms with-
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Fig. 2: Passengers’ view
of cabin window present-
ing the virtual outside
view. Shown is the pho-
to-realistic display of
clouds and terrain during
the flight.
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10 - " SSQ-TS > 20 Fig. 3. Severity of sickness
in percentage based on
the total scores of the
0 - Simulator Sickness Ques-

No latency Low latency

out latency. Passengers who suffered from
sickness reported more symptoms in the late
flight sequences (Turbulence, Approach), espe-
cially under long latency conditions, suggesting
that long latency interacts with certain phases
of a flight. We also found that the subjective
evaluation of realness is correlated with the se-
verity of sickness in the sense that people who
describe the situation as “less real” suffer more
from sickness. Seating, however, had no effect
on severity of sickness under different latency
conditions in our cabin.
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Fig. 1: Individually con-
trollable heating options
and thermo-specific
self-efficacy as influenc-
ing factors for climate
satisfaction.
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In the White Paper on Transport (2011) the EU
defined the goal to shift 50% of passenger
transport from road to other transport modes by
2050. To achieve this goal, passenger rail trans-
port has to become more attractive. One impor-
tant step to enhance attractiveness of a rail trip is
thermal comfort. It is generally assumed that in-
dividual control over indoor climate settings
contributes to the passengers’ thermal comfort.
The two studies presented here examine this as-
sumption by considering the concept “ther-
mo-specific self-efficacy” (specSE) as psycholog-
ical construct in the context of thermal comfort
in a railway car. Furthermore, the effect of per-
sonally controllable infrared panels on thermal
comfort was investigated. The studies were per-
formed in a passenger rail car mock up (see Fig.
1) in cooperation with the DLR Institute of Aero-
dynamics and Flow Technology at Géttingen.

Study 1

In the first study, the psychological construct
of “thermo-specific self-efficacy” (specSE)
was explored. SpecSE describes peoples’ ex-
pectations towards their competence to exe-
cute effective operations to improve thermal
conditions in their environment successfully
[1]. The construct includes knowledge about

identifying and controlling thermal parame-
ters, and the subject’s level of acceptance for
suboptimal thermal conditions. N = 160 sub-
jects participated in 8 test runs. Half of the
subjects were female (N = 79), half male (N =
81). The subjects’ age ranged between 18
and 63 years (M = 34 years, SD = 12 years).

The experimental conditions included three
different ventilation systems and temperatures
between 21 and 29°C. After each condition
the test subjects rated the comfort level of four
indoor climate parameters, namely air temper-
ature, air velocity, humidity and air quality and
their general indoor climate satisfaction. For
the assessment of thermo-specific self-efficacy
in long-distance trains, a new 10-item-ques-
tionnaire was developed. Sample items are:
“On the train, | always have the option of cre-
ating a comfortable temperature” or “My
well-being on the train depends to a large ex-
tent on the quality of the air conditioning”.

Results

Significant correlations were observed be-
tween all thermal comfort ratings and climate
satisfaction. The highest correlations with
climate satisfaction were found for tempera-
ture evaluation (r= .76**), and air draught



evaluation (r= .61**). Also, specSE correlated
with the climate satisfaction with r= .21**,
The higher the subjects’ thermo-specific
self-efficacy, the more satisfied they were. In a
regression analysis with climate satisfaction as
criterion and the climate parameters as pre-
dictors, specSE as a further predictor added a
significant amount of explained variance to
the regression (pchange < .01). That means
specSE was a relevant construct for the pre-
diction of climate satisfaction in the train
passenger cabin mock-up adding to the pre-
dictive power of the thermal comfort ratings.

Study 2

In contrast to Study 1, individual control over
climate settings was possible in one experimen-
tal condition: Four seats were equipped with
remotely controllable infrared (IR) heating pan-
els (see Fig. 1 left side). Twelve subjects (6 fe-
male, 6 male, M= 35 years, SD= 11years) in 3
test runs could individually manage the heating
level by a control device. In the other experi-
mental condition, the climate settings including
IR panels were centrally managed. The effects
of individual control and specSE were analyzed.

Results

The main effects of both independent factors
on climate satisfaction were not significant.
However, the interaction of specSE and avail-
able control had a significant effect on climate
satisfaction: The interaction was significant
with p < .01 and an effect size of n2p = 0.58
(see Fig. 3). When subjects were given con-
trol, those who were predominantly low in
specSE profited significantly more. This is in
line with earlier results showing that subjects
with low specSE preferred having more con-
trol than subjects with high specSE [1].
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Fig. 3. Effects of control and specSE on climate satisfaction.

Conclusions

Study 1 indicated that additionally to thermic
conditions, psychological expectations have
an effect on climate satisfaction. The influence
of the psychological construct “specSE” on
climate satisfaction is as high — that means as
relevant — as the effect of the thermal comfort
ratings for air draught and humidity. Accord-
ing to Study 2, specSE can act as a moderator
for the relation between thermal conditions,
available control and climate satisfaction [2].
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The Radiation Biology department conducts biophysical and cell biological research to elucidate
mechanisms of cell damage and repair following radiation exposure. The goal is to improve individual
risk prediction for space missions, in aeronautics, and on Earth. Radiation exposure can initiate and
promote carcinogenesis and cause cell death, cellular senescence, and genetic defects, or even
acute radiation sickness. Therefore, cosmic radiation remains a major limiting factor for long-term
space missions and an important occupational health issue at aviation altitudes.

Our findings are applied to improve radiation protection in aviation and spaceflight. Moreover,
we closely collaborate with leading medical partners to translate our findings from space radio-
biological research to advance the knowledge of aging-associated diseases and oncologic
radiotherapy. Another focus of our department is microbiology which in addition to providing
cell models for radiation biology research is applied to elucidate biotic and abiotic factors limit-
ing microbiological life and adaptation to extreme conditions. We apply this knowledge to
develop novel approaches to limit the spread of infectious agents, to investigate the human
microbiome, and to support the search for extraterrestrial life and habitable environments on
other celestial bodies.

Working Groups

Aerospace Microbiology (Prof. Dr. Ralf Méller)

¢ Radiation response of microorganisms
¢ Human microbiome research, biofilm formation, antimicrobial materials and
decontamination approaches

Astrobiology (Dr. Petra Rettberg)
e Life in extreme environments and microbiome of confined habitats

Biodiagnostics (PD Dr. Christine E. Hellweg)

e Molecular mechanisms of space radiation effects in CNS and other target
organs, modifiers of radiationresponse and radiosensitivity

Biophysics (Dr. Thomas Berger)
e Space radiation dosimetry and modeling from ISS to Moon and Mars

Genome Maintenance Mechanisms in Health and Disease
(Prof. Dr. Boris Pfander)

¢ DNA break repair and genome maintenance of eukaryotes
¢ Methodology development for quantification of DNA breaks and radiation damage

Team

Radiation Protection in Aviation (Dr. Matthias M. Meier)

e Radiation effects in the atmosphere
e Development of products and services for the aviation industry and the society

Photo: Matthias Maurer on the International Space Station with the DOSIS 3D MINI radiation detectors.
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Questioning the radiation limits of life —
lgnicoccus hospitalis between replication and
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Fig. 1: Black smokers
(here in the East Pacific
Ridge) are the natural
environments of chemo-
lithoautotrophic hyper-
thermophilic Bacteria and
Archaea including Ig-
nicoccus strains © Kristina
Beblo-Vranesevic, DLR.
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Radiation of ionizing or non-ionizing nature
has harmful effects on cellular components
including lipids, proteins, and DNA. Radia-
tion-induced DNA damages can result in po-
tentially harmful mutations, cell death, or, in
higher organisms, in cancer. Nevertheless, ra-
diation tolerance based on several comple-
mentary fast and efficient repair mechanisms
can be found in all three domains of life (Bac-
teria, Archaea, Eukarya). Extreme radiation
tolerance, however, occurs more frequently in
the prokaryotic lineage, and can be found in
the domain Bacteria as well as Archaea. For an
efficient genome maintenance and for the
protection of the proteome, distinct molecular

EL J }"FE 51‘

mechanisms exist in these microorganisms to
resist radiation of non- and ionizing nature
and other genotoxic agents. One prominent
bacterial example for an extremely radiation
tolerant microorganism is Deinococcus radio-
durans. This representative is the most radiore-
sistant bacterium known so far with a D, -val-
ue of 10 kGy. The D, -value is giving the dose
where 90 % of the irradiated population is
killed. Several other Bacteria and Archaea, in-
cluding extremophilic ones, like the hyperther-
mophilic Archaea Archaeoglobus fulgidus or
Pyrococcus furiosus have been investigated in
respect to their radiotolerance as well. Both
showed a comparable high D, -value of



around 1 kGy in comparison to the mesophilic
bacterium Escherichia coli (D, -value
0.25 kGy). The analysis of the ionizing radia-
tion tolerance of the chemolithoautotrophic
(producing H,S by consuming elemental S°),
obligate anaerobic, hyperthermophilic (opti-
mal growth temperature 90 °C; originating
from a black smoker in the Kolbeinsey Ridge)
archaeon Ignicoccus hospitalis showed a
D,,-value of ~3.5 kGy, threefold exceeding the
doses previously determined for other ex-
tremophilic Archaea.

Bacterial viability but non-culturability (VNBC)
and the reversal of this status has already
been known since three decades from patho-
genic and other bacteria; however, nothing is
known in terms of Archaea. Our results
showed the remarkable radiation tolerance of
I. hospitalis, and its ongoing metabolic activity
(visualized by the detection of produced H,S
with a lead acetate test). The genome integri-
ty of /. hospitalis after exposure to ionizing
radiation in relation to its survival was as-
sessed by RAPD and gPCR and we were able
to discriminate between the survival in terms
of reproduction and metabolic activity after
exposure to extremely high doses of ionizing
radiation exceeding 100 kGy. This phenome-
non allowed, for the first time, the postula-
tion of a potential VBNC state in the domain
of hyperthermophilic Archaea.

We hypothesize that an extraordinary fast and
efficient repair system exists in /. hospitalis. In

less than an hour, the highly fragmented ge-
nome is repaired. Nevertheless, it is unclear
how /. hospitalis manages this exceptional
tolerance intracellularly. In other radiation tol-
erant microorganisms, diverse intracellular
protective mechanisms and features are
known, such as polyploidy, the presence of
salt-induced compatible solutes, and a specific
Mn/Fe ratio. All these properties do not seem
to play a role in /. hospitalis. Additionally, only
a few known repair genes are annotated in
the sequenced genome. Therefore, the next
step is to decipher molecular processes during
repair by transcriptomics and metabolomics.
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Fig. 2: Ignicoccus hospita-
lis is metabolizing H2 and
elemental sulfur by pro-
ducing H.,S. Produced H,S
can be visualized by a
lead acetate test. The
presence of H,S is there-
by detectable by brown
color on the lead acetate
paper stripes. Active me-
tabolism can be detected
until high doses of ioniz-
ing radiation exceeding
100 kGy.
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Effect of hypoxia on radiation-induced cell killing and
cell cycle redistribution in A549 lung cancer cells
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Fig. 1: Cell culture samples being positioned in front of the beam exit window at the
heavy ion accelerator ,Grand Accélérateur National de lons Lourds” (GANIL), Caen,
France.

Fig. 2: Work with A549 lung cancer cells in the InVivO2 Hypoxia Workstation.
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The effectiveness of tumor radiotherapy can
be limited by hypoxic areas in the tumor as
they are usually more radio-resistant. The
phenomenon is well-established in radiobiol-
ogy as '‘Oxygen Effect’ whereby the presence
of molecular oxygen during irradiation (nor-
moxia) reduces the radiation dose needed to
produce an effect in comparison to anoxia or
hypoxia. However, the effect of hypoxia on
cell survival in the period after irradiation
largely unknown. Hypoxia tends to pool cells
in the G1 phase of the cell cycle due to slower
proliferation while irradiation is a known
cause of G2 arrest which allows cells time to
repair. Also, data on the combined effect of
hypoxia and irradiation on cell cycle progres-
sion are sparse.

We selected the A549 cell line to characterize
hypoxia-induced radio-resistance in lung ade-
nocarcinoma cells in terms of cell survival and
cell cycle progression by using two hypoxia
protocols based on the presence or absence
of hypoxia after low (X-rays) and high linear
energy transfer (LET) radiation (carbon ions).
We maintained cells in normoxic (20% O,) or
hypoxic (1% O,; InvivO2, Baker Ruskinn, USA,
Fig. 2) conditions and exposed them to doses
of 0-8 Gy at a dose rate of 1 Gy/min using ei-
ther 200 kV X-rays (Gulmay RS225, Surrey, GB)
or 95 MeV/n carbon ions (GANIL, Caen, France;
Fig. 1). After irradiation, we either returned
hypoxic cells to hypoxia (continuous hypoxia) or
transferred them to normoxia (transient hypox-
ia). We then determined radiation-induced cell
killing and cell cycle progression under normox-
ic and hypoxic conditions by performing Puck’s
colony formation assay (CFA) and by flow
cytometry (Cytoflex S, Beckman Coulter, USA),
respectively. For CFA, we seeded cells either
immediately (immediate plating) or 24 h after
irradiation (late plating). Late plating allows
time for DNA repair. For flow cytometry, we
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stained cells with 5 pg/ml 4°,6-diamidi-

no-2-phenylindole (DAPI) after fixing them with

3.5 % formaldehyde at various time intervals

up to 24 hours following irradiation.

After exposure to X-rays and immediate plat- X-rays ey
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Furthermore, the G2 arrest persists one day Time after Irradiation (h)

after carbon ion exposure and might result in & Normoxia Fig. 4: G2 cell cycle phase
a permanent cell cycle arrest and thereby con- @ Hypoxia {1 % 0,)- Transient distribution after exposure
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1000 days of RAMIS science data
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Fig. 1: The count rate
(cnts/s/cm?) for a twelve-
hour time interval for

(a) 1 January 2019 and
(b) 9 September 2019.
Time in UTC.
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The RAMIS instrument is a detector for ioniz-
ing radiation operated on the DLR Eu:CROPIS
satellite mission. RAMIS uses an arrangement
of two silicon detectors in telescope geometry
and maps the radiation environment in the
course of the mission providing baseline data
as count rate in the silicon detectors, but also
dosimetric quantities as absorbed dose and
dose equivalent rate. The Eu:CROPIS satellite
launched on 3 December 2018 into a polar
orbit circling around Earth at an average alti-
tude of around 600 km. RAMIS is located on
the outside of the satellite and was activated
on 5 December 2018 and has continuously
provided data. Due to the polar orbit of the
satellite RAMIS enables to measure: a) the
variation of galactic cosmic radiation (GCR) in
dependence on the orbit location showing the
influence of the shielding of the Earth mag-
netic field; b) the contributions of protons in
the inner Earth radiation belts in the South
Atlantic Anomaly (SAA) and c) variations of
the trapped electron intensity during crossings
of the outer radiation belt at high latitudes.

Typical variations in the radiation environment
are exemplarily shown in Fig. 1 in snapshots of
RAMIS data for twelve-hour time periods on 1
January 2019 (Fig. 1a) and on 9 September
2019 (Fig. 1b). Fig. 1a shows at first the varia-
tion of the GCR environment caused by
changes of the geomagnetic shielding along
the orbit with minimum count rates at the
geomagnetic equator and maxima with more
than 2 cnts/s/cm? at the geomagnetic poles. In
addition, we observed five crossings of the
SAA with count rates reaching close to 2000
ctns/s/cm2 shortly before 14:00 UTC on 1 Jan-
uary 2019. Fig. 1b provides the data for the
same time of the day but 9 months later. At
that time the influence of a geomagnetic
storm increased the number of electrons in
the outer radiation belts. These electrons are



seen as additional horns during the crossings
of the North- and South pole. Just this snap-
shot of data shows, that the radiation envi-
ronment at these high altitudes can change
drastically over time.

The highlights of the mission so far are that on
30 September 2021 (day 1034 of the mission)
we reached an amount of science data equiv-
alent to 1000 days of measurements, corre-
sponding to an average data coverage of 97%
over the whole mission. The summary of this
data averaged over these 1000 days and cor-
related with the location of the measurement
for the Eu:CROPIS orbit is provided in Fig. 2.
Fig. 2a shows the count rates and Fig. 2b the
relevant absorbed dose rates in pGy/min. Both
count rates and dose rates vary by over four
orders of magnitude in dependence on the
location of the satellite. The figures show dis-
tinct features of the radiation environment in
low Earth orbit (LEO): the extremely high dose
and count rates in the SAA centered above the
east-coast of South America, the contribution
from the outer radiation belt visible as bands
in the high latitude regions, and the underly-
ing omni-present GCR background. The com-
parison of the average dose rates (~ 4.5 mGy/
day) with data measured on-board the Inter-
national Space Station (ISS) (~ 0.4 mGy/day)

reveals that the dose at the 600 km orbit be-
hind very low shielding is around 10 times
higher than on-board the ISS. This increase is
almost exclusively caused by the radiation belt
particles.

With RAMIS, we have a radiation detector in a
polar orbit which has been working flawlessly
in the last three years. The mission started to-
wards the end of the previous solar cycle, the
measurements covered the solar activity mini-
mum and corresponding GCR intensity maxi-
mum, which happened in early 2020, and we
are now slowly progressing towards the solar
maximum of the current solar cycle. In addition,
two very small Solar Particle Events (SPEs) could
be observed in late 2020 and early 2021 which
were also seen by the CRaTER instrument flying
in lunar orbit. More SPEs are expected to occur
when the solar activity increases along the evo-
lution of the solar cycle. With this we now have
perfect data for long-term comparison with
similar radiation detectors as flying on-board
the ISS (DOSIS 3D DOSTEL), on other satellites
(SATRAM) but also with instruments in lunar
orbit (CRaTER) and on the surface of the Moon
(LND) and for model validation.

Corresponding author: Thomas.Berger@dlr.de
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Fig. 2. (a) The count rate
(cnts/s/cm?) and (b) the ab-
sorbed dose rate (uGy/min)
measured with the RAMIS
radiation detector be-
tween 5 December 2018
and 30 September 2021.
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DICE DecontamlInation ChambEr: Testing innovative
decontamination systems with common and novel
microbiological indicators (defined bioaerosols)
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Fig. 1: 3D representation
and image, setup of the

hydrogen peroxide treat-

ment, of the Decontami-
nation ChambEr (DICE).
Dried biological samples
were places with differ-
ent distances from the
aerosol generator (front)
within the DICE.
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To prevent the transmission of viral, bacterial,
and fungal disease patterns, there is a need
for innovative decontamination methods.
Such methods should be environmentally and
economically friendly and work in a targeted
manner. Targeted in the sense that the decon-
tamination method should be efficiently
adapted to relevant bioindicator organisms.
To contribute to methods that are effective
against a broad spectrum of microorganisms,
the DecontamlInation ChambEr (DICE) was
designed, built and tested. DICE enables the
testing of decontamination methods to be
nebulized within a closed environment, where
test organisms are exposed.

The chamber consists of three plexiglass walls
with fixtures to hold samples, a plexiglass
front door, a bottom plate and a ceiling made
of polycarbonate. In the front door there were
four cavities covered with rubber, which was
cut crosswise to allow a possibility of interac-
tion with the interior. With the help of the
decontamination chamber, the effect of
nebulized , Atmosphare8” (kindly provided by
Centerline Design GmbH), a hydrogen perox-
ide solution, was tested on bacteria, bacterial,
and fungal spores. Hydrogen peroxide has an
oxidizing effect and can therefore be used as
a topical antiseptic (3 % solution) or sterilant,
disinfectant and sanitizer, depending on its
concentration, exposure time and form of use
[1]. For example, in addition to its use as a
liquid, it can also be nebulized. Hydrogen per-
oxide has a disinfecting effect due to its oxida-
tive action and radical formation (hydroxyl
free radicals) and, thus, damages essential cell
compartments, including lipids, proteins, and
DNA [2]. An advantage of hydrogen peroxide
nebulization is that no residues remain after a
sufficient aeration, so there is no need for
subsequent cleaning. For the experiment,
dried organisms were applied on glass slides
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Characteristics of the MOB:

e  Set of nine bacterial species abundant in
public transportation
e Microbial enriched bioaerosol

Standardized composition

Embedded in artificial saliva, mimicking
a natural setting

Tool for safety assessment

Application in aerosol, aviation

and traffic research

Fig. 2: Scanning electron microscopy of microbial mock-up community. 20.000-fold magnification. (Images: RKI, Berlin, 2021)

at different distances from the aerosol gener-
ator. After the decontamination process, or-
ganisms were recultivated and the colony
forming units per ml were determined by cul-
tivation. The distribution of hydrogen perox-
ide in the DICE could be detected with the
help of hydrogen peroxide test strips and the
leakage of hydrogen peroxide from the cham-
ber could be refuted. In contrast to the liquid
Atmosphare8 solution, the nebulized sub-
stance did not reduce viable cells. Since a
strong disinfecting effect of the liquid sub-
stance on viruses was observed, while no or
only a weak effect was observed in other or-
ganisms, Atmosphare8 could be a suitable
method to reduce the viral load within a room
by nebulization without destroying the useful
skin flora.

A defined MicrObial Bioaerosol (MOB) con-
sisting of a microbial community out of bi-
osafety level 1 bacteria that are most com-
monly found in aircraft cabins [3] was de-
signed and developed, contributing a tool
used to evaluate decontamination methods in
course of the fight against pandemic threats.
It can be laid out on glass slides in the DICE and
gassed with various decontaminating substanc-
es such as hydrogen peroxide. From this, the
effectiveness of the agents used can then be
evaluated via cultivation. Further, the DNA can
be extracted before and after the treatment,
followed by sequencing to detect possible

changes at the metagenomic level. However,
the DICE can also be used for other purposes,
e.g. as an enclosed space for experiments in
which the microbial mock-up community is
aerosolized, which is important with regard to
aerosol research. For instance, the distribution
of the bioaerosol in the room can be measured,
detecting the microbial load on different posi-
tions of the DICE, also in combination with a
dummy from which the bioaerosol is aero-
solized to embody a realistic scenario of a hu-
man breathing and distributing its aerosol to an
enclosed environment. The setup for the pro-
duction of the microbial mock-up community is
ready for implementation.

Acknowledgement: We would like to thank Lucas
Labendsch for his help with the DICE construction and
the creation of its technical sketch.
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Gravitational Biology

PD Dr. rer. nat. Ruth Hemmersbach (Head)

Dr. rer. nat. Christian Liemersdorf (Deputy)

Life evolved in terrestrial gravity, which is the only environmental factor that has remained
constant for billions of years. The lack of gravity during space travel poses health challenges to
astronauts while providing unique insight in the fundamental mechanisms of gravity- and
mechano-sensing. Indeed, biological systems perceive gravity directly and indirectly through
mechanosensitive structures and pathways. The main scope of the Gravitational Biology
Department is to better understand the impact of gravity on biological systems. Moreover, we
assess implications of altered gravity on technology development.

Our goal is to elucidate molecular mechanisms of gravity perception and resulting biological
responses ranging from single cells to human beings. We apply the acquired mechanistic
knowledge to develop and refine countermeasures for space travel. Moreover, we translate
findings on cellular mechano-sensing to terrestrial medicine in collaboration with medical
departments in the Institute and elsewhere.

Another main focus is to improve closed biological life-support systems, which are a prerequisite
for long-term human space missions. With our innovative DLR C.R.O.P.® (Combined Regenerative
Organic food Production) technology we aim at optimizing waste recycling for food production.
The technology is applicable for stations on Moon and Mars, but also for sustainable agricultural
systems on Earth. Our Gravitational Biology research builds the basis for long-term human space
exploration, guides human health research, and contributes to sustainable economic develop-
ment on Earth.

Working Groups

Bioregeneration (Dr. Jens Hauslage)

e Analysis of biogenic waste degradation by microbial trickle filters, optimization
of the filters to generate maximal efficiency in producing plant nutrients

e Conversion of the laboratory set-up to applications in space and on Earth
with the goal to reclaim water while generating fertilizers for space travel
and terrestrial agriculture (urine, slurry)

Cell and Molecular Neuromuscular Research
(Prof. Dr. Christoph Clemen)

e Biochemistry, genetically modified cells and organisms, cellular and animal
studies

¢ |dentification of gravity-sensitive responses of individual cell types that model
various behavioral and physiological deconditioning phenotypes in humans
with the focus on neurons, astroglia and skeletal muscle cells

o \Verification of ground-based studies under hypergravity/simulated microgravity
conditions in real microgravity using various platforms
including DLR Mapheus sounding rockets, drop-tower, parabolic aircraft
flights, and the Biolab-device on the ISS

Photo: Multi-Sample Incubation Centrifuge (MuSIC).



Astrocyte reactivity under altered gravity —
A path towards neuronal regeneration?
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Neural regeneration following injuries to the
central nervous system (CNS) in mammals is
inhibited by several factors. One important
mechanism preventing axonal regrowth and,
thus, healing of CNS injuries is glial scar forma-
tion. Key players in glial scar formation are re-
active astrocytes that migrate into the region
of the injury and produce an inhibitory extra-
cellular environment, rich in chondroitin sul-
fate proteoglycans (CSPGs) and other signaling
molecules. These, in turn, have an inhibiting
effect on axon growth and actively induce ax-
on dystrophy. We observed that exposure to
altered gravity directly affects primary astro-
cytes and that hypergravity in particular might
mitigate glial reactivity.

We exposed primary murine cortical astro-
cytes to altered gravity on our custom-de-
signed experimental platforms. Performing
experiments under altered gravity conditions
requires meticulous controls, as gravity is a
weak environmental factor that needs to be
investigated with vigilance, controlling for
other environmental stimuli that otherwise
might disturb the measurements. Our cus-
tom-built devices to expose cells to defined
gravity conditions were designed to precisely
control gravity levels without generating vi-
brations, temperature fluctuations or osmotic
changes due to media evaporation during ro-
tation. To investigate cellular dynamics and
migration speed live under hypergravity, we
employed our Hyperscope platform at DLR, a
fully automated fluorescent live-cell imaging
microscope installed on the :envihab human
short-arm centrifuge (SAHC).

We aimed to decipher the role of gravity in
astrocyte reactivity induction. Astrogliosis in
vivo occurs in line with induction of reactivity,
a phenotypic change with characteristic fea-
tures, such as hypertrophy, increased cell mi-
gration, hyperproliferation, increased cellular

maintenance (decreased apoptosis), gene ex-
pression profile changes, chromatin remode-
ling and cytokine secretion. Investigation of
these aspects revealed that astrocytes do not
become reactive upon exposure to hypergrav-
ity. On the contrary, several phenotypes could
be efficiently inhibited under hypergravity
conditions, which might lead to future identi-
fications of underlying pathways and signal-
ing molecules that ultimately shall be em-
ployed as targets for novel therapies promot-
ing neuronal regeneration by inhibiting
astrocyte reactivity.

Astrocytes under the influence of hypergravity
in the physiologically relevant range of 2g
could be identified as gravity-sensitive cells.
Astrocyte spreading, a well-known response
of 2D cultures, is significantly reduced by
about 20% in hypergravity (2g), while cell
proliferation and apoptosis rates are un-
changed. Diminished astrocyte spreading in
combination with morphological alterations
indicates an impact of altered gravity condi-
tions on the cytoskeleton. Since cellular mi-
gration depends on a dynamically rearranging
actin and tubulin cytoskeleton, we expected
an impact of hypergravity on astrocyte migra-
tion. To test this hypothesis, we performed in
vitro wound-healing assays (scratch-assays)
on cells exposed to hypergravity enabling an
assessment of the migrational behavior of as-
trocytes live for the first 24h and on fixed
samples for longer durations. As a result, as-
trocyte migration diminished by about 33%
during an initial phase followed by cell adap-
tation with a less substantial but prolonged
reduced cell speed of about 10 % compared
to the 1g control.

We investigated further changes in the
cytoskeleton via live-cell imaging and STED
super-resolution microscopy. For live assess-
ment of actin rearrangements, we employed
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Fig. 1: STED (STimulated Emission Depletion) microscopy images of a primary murine astrocyte cultured under 1g, 2g, and
109 hypergravity conditions immunostained for F-actin using Phalloidin conjugated to an Atto542 dye and for a-tubulin
using a specific antibody and a secondary anti-body conjugated to an Abberior STAR RED dye. Astrocytes were exposed to
normal 1g gravity conditions (A-D), 29 hypergravity (E-H) and 10g hypergravity (I-L) in the MuSIC incubator-centrifuge. The
arrows mark several lamellipodia with additional filopodia extruded from the cell membrane at various points. Shown are
single channels of F-actin (yellow) and a-tubulin (red) and a merged image. Marked with a box is a magnified protrusive ele-
ment. The images are maximum intensity projections of 5 optical sections acquired by a z-stack of 200 nm step size.

LifeAct-GFP expressing astrocytes that feature
a fluorescently labelled dynamic actin net-
work under hypergravity on the Hyperscope
platform. Actin cytoskeleton remodeling was
less dynamic for fast network rearrange-
ments, e.g. in filopodial protrusions, but
stress-bearing structures, such as stress fibers
remained largely unchanged. Only through
STED super-resolution microscopy, fine archi-
tectural changes in both actin filaments and
microtubules could be visualized. Especially
actin filaments were pronounced in cortical
cell regions. Central or perinuclear actin stress
fibers could be observed less frequently under
hypergravity conditions. Microtubules be-
came denser but were still well-structured
under hypergravity conditions with their den-
sity depending on the gravitational load. Mi-
crotubules innervated the lamellipodial pro-

trusions to the edge of the cells under hyper-
gravity rather than on the basis of the
protrusion as under control conditions. Larger,
force-bearing elements, such as actin stress
fibers or microtubules in the cells center re-
mained unchanged, as only dynamic areas
with high turnover showed changes in re-
sponse to hypergravity.

Our further steps are the identification of the
underlying mechanisms on a deeper bio-
chemical level employing proteomic ap-
proaches to generate an advanced model of
astrocyte responses to altered gravity. For the
fine cytoskeletal adaptations, we are currently
testing Kl-based image analysis to facilitate
the microscopic image evaluation process.
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Enhancing synaptic plasticity in vitro using novel
ketamine derivatives
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Fig. 1: (A) VAMP-2 immunostaining of untreated (Control) and cells treated with the novel Ketamine derivative at increasing concentrations. Scale bar:
20 um. (B) Number of pre-synaptic boutons of neuronal cells treated with Ketamine, the active metabolite hydroxynorketamine (HNK) as well as the

novel derivatives HW-252 and HW-774 for 48h at different concentrations.
Higher concentrations of the HW-252 and HW-774 compounds correlate with higher pre-synapse counts. Values shown as mean + SD. The analyzed cells
were derived from 3 individual neuron cultures isolated from 3 gravid mice.
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Loss of synaptic plasticity in the brain has
been linked to aging-associated cognitive de-
cline and neurodegeneration, thus providing
a promising target for therapeutic interven-
tions. Ketamine, a drug applied for analgesia
in emergency medicine and in treatment-re-
sistant depression, and some of its metabo-
lites rapidly induce synaptic plasticity. Howev-
er, ketamine cannot be reasonably applied as
a neuroprotective agent given its side-effect

profile. With the aim to dissociate pro-neuro-
plastic actions from NMDA receptor-mediated
psychotropic side effects we studied novel
ketamine derivatives in vitro.

We applied ketamine and different ketamine
derivatives at various concentrations and incu-
bation durations to primary hippocampal neu-
rons cultivated until maturity of synaptic devel-
opment. VAMP-2 immunostaining served as a
measure for pre-synaptic density (Fig. 1A). For
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treatment with several candidates, e.g. com-
pound HW-273, pre-synapse number was en-
hanced in a concentration-dependent manner
(Fig. 1B). Furthermore, enhanced intensity
measures of post-synapse immunostaining for
GluA2 (AMPA subunit) in compound-treated
cells indicated elevated AMPA receptor activa-
tion at low doses (0.5-1 pM), whereas for keta-
mine a higher dose was required for compara-
ble effects (Fig. 2). In addition, treatment with
high compound concentrations showed no
obvious cytotoxic effects, opposite to treat-
ment with ketamine.

I 1 I ‘ | |
" - ~ e

Fig. 2: (A) GIuA2 immu-
nostaining of untreated
controls and cells treated
with Ketamine and HW-
273 for 48h at different
concentrations. Scale bar:
5 um. (B) Relative fluores-
cence intensity for GIuA2
immunostaining of treat-
ed versus control cells
(Mean + SD, n=12 cells,
n>1000 synapses).

m HW-273

We conclude that novel ketamine derivatives
potently augment neuronal plasticity in a con-
centration-dependent fashion. Our study
provides preliminary evidence that the poten-
tially beneficial effect on neuronal plasticity
can be dissociated from NMDA receptor en-
gagement, which could pave the way for de-
velopment of new neuroprotective therapies
with less unwanted side-effects.
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C.R.O.P® medic: First success in xenobiotics removal
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Fig. 1: Bioregenerative Life Support. Pathways for material cycling in space include urine
as a nitrogen source.
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A significant problem in recent years is the
increase of xenobiotics concentration in
ground- and tap-water. Xenobiotics are main-
ly drug or solvent residuals and their degrada-
tion products that enter the environment via
wastewater. Pain killers, tranquilizers and
hormones are the most abundant representa-
tives of drug residuals present in water bod-
ies. Due to high dilution, they are usually only
detectable in trace amounts, but these con-
centrations are sufficient to change animal
behavior or to impair fertility of individuals. In
contrast to the impact on natural ecosystems,
the highly diluted contaminants often pass
through the biological stages of wastewater
treatment without being removed. Presuma-
bly because the concentrations are not suffi-
cient to select for microbes able to degrade
them in the diverse microbial populations
typical for wastewater treatment. As a conse-
quence, human wastes containing large
amounts of drug residues, e.g. from toilets in
hospitals or nursing homes, should be collect-
ed and treated separately.

Xenobiotics removal by the
C.R.O.P.%filter

In the DLR C.R.O.P® -project (Combined Re-
generative Organic food Production), biofilters
for fertilizer production from urine were devel-
oped. In the filters, the urea contained in urine
is converted to nitrate, which is a readily avail-
able nitrogen source for plants. The filter is
envisioned to be a part of a Bioregenerative
Life Support System in which the urine of a
space crew is recycled as fertilizer for the pro-
duction of fresh food (Fig. 1). We studied the
capability of the C.R.O.P.®-biofilters to biologi-
cally remove drug residues from a synthetic
urine spiked with high concentrations of the
common drugs Diclofenac (17 £ 9 ng/L),
lbuprofen (496 + 254 ng/L) and Sulfamethox-
azol (697 + 73 ng/L). The experiment involved



three differing types of filter units. The first
was completely sterilized and filled with de-
mineralized water instead of C.R.0.P.®-solution
from processed urine. The second was steril-
ized and filled with sterilized C.R.O.P.®-solution
from normally operated urine processing fil-
ters. The third was a normal filter with an ac-
tive biofilm which was filled with unsterilized
C.R.0.P®-solution. Each type was present in
triplicate and spiked with a mixture of the
drugs once. Samples were taken on the first
and the ninth day. In the sterile filter with wa-
ter, removal rates were low for all tested drugs
(Fig. 2). This shows that the drugs are not re-
moved from the solution by adsorption to the
filter media consisting of porous lava rock. In
the sterile filter with the sterilized
C.R.0.P®-solution, removal rates were higher
and lbuprofen was even degraded to 80 %.
Since the system was sterile, removal cannot
be attributed to microorganisms.

It can be assumed that the properties of the
C.R.O.P®-urine solution led to partial chemical
degradation of the drugs. Due to the nitrifica-
tion process that converts the urea in the urine
into nitrate, the solution is acidic (pH 3 - 4)
and highly corrosive. This reactive environ-
ment is likely to support chemical degrada-
tion. Highest removal rates were observed in
the unsterilized filter unit. This shows that the
microorganisms in the C.R.O.P.®-filter also
contributed to the removal of the drugs from
the urine solution.

Implications for future wastewater
treatment

The results imply that a separate collection and
treatment of urine would help to solve the
problem of water contamination with drug re-
siduals on Earth. As the C.R.O.P.®filter is tech-
nically simple, consisting mainly of a filter tube,
a tank and a pump (Fig. 3), it is suitable for the
implementation of a decentralized wastewater
treatment system in which the separation of
different waste streams is realized.
Furthermore, the processed urine can be uti-
lized as a fertilizer for local food production.
This would be a contribution to the closure of
regional material cycles which helps reducing
mineral fertilizer consumption - a step to-
wards a climate-friendly bioeconomy.

Corresponding author: Gerhild.Bornemann@dlr.de
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Fig. 2: Mean degradation
rates [%] of Diclofenac,
Ibuprofen and Sulfameth-
oxazol in the filters as-
signed to different experi-
mental set-ups. N = 3.
MQOs = microorganisms.

Fig. 3: The C.R.O.P®-
biofilter for urine treat-
ment. The blue barrel con-
tains the urine which is
processed by the microor-
ganisms growing on the
lava rock in the red tubes.
A pump in the barrel circu-
lates the urine through the
tube bringing it in repeat-
ed contact with the micro-
organisms.
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C.R.O.P® agrar: Road to scale-up — prepare for a
future with green slurry

TI. Paulke, G. Bornemann, J. Hauslage

Department of Gravitational Biology, Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany

Fig. 1: Nitrate concentra-
tion of two independent
C.R.O.R®-biofilters in Lab-
Scale over 81 days, indi-
cating constant biological
nitrate production; nitrate
is a direct plant available

nutrient.
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Over the past two years we showed that the
C.R.O.P®-biofilter can be applied to process
cattle slurry to a high-quality green fertilizer.
The filter produces nitrate from the ammonia
present in the slurry, thus mitigating problems
with gas emissions and nutrient wash-out
(Fig. 1). The technology initially developed for
closed nutrient cycles in Lunar and Martian
habitats could be successfully transferred to
an application on Earth. For use in agriculture,
the technology must be very robust and resis-
tant to the impacts of weather. Also, cattle
slurry is a challenging substrate being an in-
homogeneous material with high solids con-
tent. For this reason, a measurement and
control system were developed to handle
these difficult conditions and to operate the
plant in a fully automated way.

Technology transfer is carried out in coopera-
tion with DLR Technology Marketing. In the
project, a scale-up of a C.R.O.P.®-biofilter
plant to an industrial scale is planned and will
be built during the year. The goal is to develop
and operate a plant able to process 1 m? of
cattle slurry per day. This plant size is suitable
for small farms with less than 50 cattle. A first
pilot plant for the treatment of 100 | of slurry
per day has been set up at the DLR site in Co-
logne (Fig. 2).

Filtar |
Tiltar |

day

Interest generated in the agricultural
sector

The C.R.0.P®-biofilter is a novel processing tech-
nology based on a very simple process compared
to other technologies. Initial marketing activities
raised considerable interest from farmers, scien-
tists and decision-makers in German agriculture.
Over the first project phase, a network was es-
tablished involving various universities, research
institutions and farmers.

The network enabled an informal exchange
with experts from different fields and poten-
tial users in order to achieve the best possible
product fitting accurately the requirements of
farmers and environmental protection. In ear-
ly 2022, large-scale C.R.O.P.®-systems will be
put into operation on farms for field tests.

A greenhouse experiment testing the fertiliz-
ing effect of a C.R.O.P.% fertilizer solution
produced from cattle slurry in corn cultivation
was conducted this summer.

We showed that the fertilizer solution gener-
ated by C.R.O.P® had 97 % of the effective-
ness of an industrial fertilizer and produced
30 % more yield compared to untreated cat-
tle manure. In cooperation with the North
Rhine Westphalia Chamber of Agriculture, a
larger field study starting in spring 2022 will
evaluate the effects of the C.R.O.P.®-fertilizer
when applied to arable soils.

Value proposition for farmers and
society

Processing cattle slurry with the C.R.O.P.®-
technology enables farmers to fertilize more
efficiently with the resources available on the
farm. The development strengthens the farm-
ers’ independence from fertilizer prices on the
world market, which are directly linked to the
increasing energy prices due to energy-inten-
sive production processes. The environment is
protected by the more efficient use of manure



preventing nutrient washout into surrounding
surface or groundwater. Faster absorption of
nutrients in the plants also leads to reduced gas
emissions from the fields. This includes the
greenhouse gas nitrous oxide as well as ammo-
nia, which triggers the formation of fine dust in
the atmosphere. The society benefits from min-
imized nitrate contamination in ground- and
tap water, which eliminates health risks and the
need for cost-intensive water treatment.

In summary, a space technology for survival
on other planets can significantly improve life
on Earth by making a major contribution to
climate and environmental protection

Corresponding author: Tim.Paulke@dlr.de
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Fig. 2: First scale-up of a
C.R.O.R®-biofilter in out-
door operation for the
treatment of 100 | of cat-
tle slurry per day.
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Muscle wasting in disease and space — Analyses
of mouse and cell models

P Lau, C. Clemen

Department of Gravitational Biology, Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany
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Musculoskeletal deconditioning
under space conditions

Despite vigorous daily exercise routines, astro-
nauts in space develop substantial muscle and
bone loss. During long-term missions, micro-
gravity-induced muscle loss can therefore ac-
count e.g., for up to fifteen percent of calf
muscle mass. As a consequence, there is a
need to optimize the currently applied exer-
cise-based countermeasures. At this point,
Earth-bound analogue studies like head-
down tilt bed rest has provided unique in-
sights into the physiology of deconditioning
of the musculoskeletal system. To further in-
vestigate cellular adaptation and muscle wast-
ing processes, mouse models and immortal-
ized myoblast cultures are employed.

Muscle degeneration in genetically
determined protein aggregate myo-
pathies

Autosomal-dominantly and recessively inher-
ited cardiomyopathies and myopathies
caused by mutations in the desmin gene are
another focus of our research on muscle
wasting. In most patients suffering from de-
sminopathy, a so far non-treatable rare dis-
ease, cardiac involvement comprising cardio-
myopathy, conduction defects, and arrythmi-
as determines prognosis. Skeletal muscle
weakness and pathology may result in distal,
limb-girdle, scapulo-peroneal, and general-
ized myopathy phenotypes. To further deline-
ate the disease pathophysiology inflicted by
either the absence of desmin or the presence
of mutated desmin, mouse and cell models
reflecting the human disease are of impor-
tance.

Determination of common denomi-
nators in muscle deconditioning and
degeneration

There is sustained need to optimize the
currently applied and only partially effective
exercise-based countermeasures as well as
to develop novel treatment concepts for de-
sminopathies and related myopathies and
cardiomyopathies. With regard to both issues,
muscle deconditioning and muscle degenera-
tion, we are conducting corresponding mul-
ti-level analyses comprising clinical, morpho-
logical, biochemical, transcriptomic, proteom-
ic, and microscopic methods [1-5]. Obtained
results will broaden our understanding of the
molecular mechanisms underlying musculo-
skeletal deconditioning and muscle degenera-
tion in desminopathies. Moreover, we aim to
identify relevant factors that may be targeted
by chronic low-strenuous physical exercise,
physiological hypoxia, altered gravity (me-
chanical loading), and drug application. At
this point, we have already completed pilot
experiments by using the chemical chaperone
4-phenyl butyrate in our mouse models and
derived myoblasts (Fig. 1). Further exploiting
our mouse and cell models, we investigate
effects of acute, strenuous versus chronic, low
intensity exercising and of additional drugs
that were already approved for the use in hu-
mans. For example, we subject desminopathy
mice and wild-type siblings that were kept
under standard housing conditions, i.e., living
in a sedentary way, to acute, strenuous tread-
mill running. This strenuous exercise is per-
formed without or with a prior, two-week
period of 4-phenyl butyrate administration.
After exercising to their maximal possible indi-
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R349P Des KI, HOM, 4PEA-treated

R349P Des KI, HOM, PBS-control

Fig. 1: Xin immunofluorescence signal pattern in sections of soleus muscle derived from homozygous R349P desmin knock-in mice treated with 4-phe-
nylbutyrate (4PBA, right image) recorded by confocal microscopy in comparison to vehicle-treated animals (PBS, left image). Note the marked reduction of
the number of Xin-positive spots indicating a possible sarcomer-protective effect of 4-phenylbutyrate that may stabilize or even improve the contractile
function in the desminopathy disease context. The therapeutic potential of this drug on striated muscle tissue will be analyzed in a more detailed way.

vidual performance, their dissected skeletal
and cardiac muscle tissue specimens are, in a
first step, analyzed for the extent of sarcomer-
ic micro-lesions (unpublished work). Such
work is accompanied by in vitro studies em-
ploying our immortalized desminopathy myo-
blasts. Here, mass spectrometry analyses of
differentiated myotubes with and without
drug treatment as well as electrostimulation
of the cultured myotubes will help to identify
disease-related biomarkers which can monitor
effects of drug treatment and mechanical
strain on the muscle cells (unpublished work).
In the context of our cell models, we further
assess putative combined beneficial effects of
altered gravity (hypergravity as well as simu-
lated microgravity) and reduced oxygen levels.
In all scenarios, we aim at analyzing the ef-
fects of these interventions on muscle
strength, muscle wasting, muscle cell degen-
eration, protein aggregate and sarcomeric le-
sion formation, mitochondrial pathology, au-
tophagy induction, and heat shock protein
response (unpublished work). Beyond its high
relevance for spaceflight medicine research,
our work has the potential to pave the way on
Earth for novel treatment approaches of hu-
man musculoskeletal diseases.

Corresponding author: Patrick.Lau@dlr.de
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Study Team

Dr. rer. nat. Melanie von der Wiesche (Head)

Alexandra Noppe (Deputy)

The major objective of DLR’s research facility :envihab is to explore the effects of different
environmental conditions on human beings in long-term studies (e.g. at varying pressure o
atmosphere conditions) and the development of appropriate countermeasures and life sup-
port systems for long-term space missions, for aeronautics, and for patients on Earth. To
guarantee a consistent high quality of all different types of human studies the Institute uses
a functional, interdivisional working group, the Study Team. This Team is an essential unit of
the Central Management of the Institute of Aerospace Medicine. Here, internal and external
human studies are centrally coordinated. With more than 13 years of experience the Study
Team plans, prepares and implements various biomedical as well as clinical studies. The over-
all aim is to ensure rigorous standardization and high quality of the study-management,
with all relevant laws and regulations being adhered to, at the same time providing the re-
quired medical care and monitoring. The main focus is on complex, highly standardized
in-patient studies, e.g., head-down tilt bed rest studies (lasting several months) as well as
clinical studies. Additionally the Study Team plans and realizes ambulant studies, focused on
tests with the Short-Arm Human Centrifuge (SAHC) at :envihab inducing artificial gravity.

Main features of the Working Group

o Application procedure (ethical protocol, insurance of subjects)
Management of subject-recruitment

Management of highly standardized nutrition

Project-Management

Preparation of study documents such as protocol, case report forms, and
informed consent documents

On-site management, with GCP-trained key personnel

Comprehensive internal reporting and communication to ensure high quality
Central Management for scheduling studies in :envihab

General counselling

Photo: Meal preparation in metabolic kitchen



Effects of short-term hypercaloric nutrition on
orthostatic tolerance in healthy individuals
(HyNu-OT-Study)

A. C. Ewald’, R. De Gioannis?, D. Gerlach?, K. HeuBer?, F. Hoffmann?, A. Noppe’,
P Frings-Meuthen?, M. Heer®, J. Tank?, J. Jordan®’

'Study Team, Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany, Department of Sleep
and Human Factors Research, Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany;
*Department of Cardiovascular Aerospace Medicine, Institute of Aerospace Medicine, German Aerospace Center (DLR),
Cologne, Germany; “Department of Muscle and Bone Metabolism, Institute of Aerospace Medicine, German Aerospace
Center (DLR), Cologne, Germany; *Human Nutrition, Institute of Nutrition and Food Sciences (IEL), University of Bonn,
Germany; ®Head of Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany; ’Chair of Aero-
space Medicine, University Hospital Cologne, Germany

Reduced caloric intake lowers blood pressure  the exact same study protocol except for the
through sympathetic inhibition and worsens  nutritional intervention. 20 healthy partici-
orthostatic tolerance within days. Conversely,  pants started with either a strict hypercaloric
hypercaloric nutrition augments sympathetic ~ or normocaloric nutritional plan for four days.
activity and blood pressure. Because dietary ~ After a break of at least 23 days in-between
interventions could be applied in patients  both phases (washout period), the subjects
with orthostatic intolerance we tested the  switched the respective nutritional plan.

hypothesis that short-term hypercaloric diet-  For the dietary intervention we determined

ing could improve orthostatic tolerance. individual total energy expenditure based on
The study was conducted at :envihab inaran-  measured resting metabolic rate and estimat-
domized crossover design. The study was di-  ed physical activity level. We assessed resting

vided into two phases. Both phases followed  metabolic rate as well as substrate oxidation
through indirect calorimetry (Fig. 3). Caloric
content of the normocaloric diet correspond-
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Fig. 1: Heart rate, systolic blood pressure and time to presyncope.
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mental lower body negative pressure while
recording beat-by-beat blood pressure and
heart rate. We conducted the test in the
morning hours after an overnight fast. We
collected blood samples 30 minutes before
orthostatic testing. During the experiment we
measured continuous finger blood pressure,
brachial blood pressure, and electrocardio-
gram. Subjects rested in supine position for
15 minutes and were then tilted head up to a
60° position for 20 minutes. Subsequently, we
applied incremental lower body negative
pressure steps (-20, -40 and -60 mmHg), each
lasting 10 minutes. The test was terminated
when systolic blood pressure decreased below
80 mmHg (or <90 mmHg and rapidly decreas-
ing), when participants reported presyncopal
symptoms, when syncope occurred, or when
subjects requested to abort the test.

The primary endpoint of the study was the
change in time to presyncope. Exploratory
endpoints included blood pressure, heart rate,

Fig. 2: Body composition
measurement.

Fig. 3: Resting metabolic
rate via indirect calorime-
try for nutritional inter-
vention.

heart rate variability and baroreflex sensitivity
before and during orthostatic testing.

The results (Fig. 1) showed, that time differ-
ences to presyncope during combined head-
up tilt and lower body negative pressure were
not significant between hypercaloric and nor-
mocaloric dieting. Moreover, neither in heart
rate nor in blood pressure, heart rate variabil-
ity, or blood pressure variability in the supine
position and during orthostatic testing we
found any significant differences between
both caloric conditions.

We conclude that four days moderate hyperca-
loric nutrition does not significantly improve or-
thostatic tolerance in healthy individuals. Never-
theless, given the important interaction between
energy balance and cardiovascular autonomic
control in the brain, caloric intake deserves more
attention as potential contributor and treatment
target for orthostatic intolerance.

Corresponding author: Ann.Ewald@dir.de
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Scientific activities

Teaching activities

Name

University

Subject

Aeschbach, Daniel

Harvard Medical School

Sleep Medicine

Anken, Ralf

Universitat Hohenheim

Zoology

Berger, Thomas

ISU Strasbourg

Radiation Physics

Berger, Thomas

FH Aachen

Radiation Physics

Berger, Thomas

Universitat Stuttgart

Radiation Physics

Berger, Thomas

Hochschule Bonn-Rhein-Sieg

Radiation Physics

Clemen, Christoph

Universitat Koln

Biochemistry & Molecular Genetics

Clemen, Christoph

Ruhr-Universitat Bochum

Translational Myology

Elmenhorst, Eva-Maria

RWTH Aachen

Aviation and Travel Medicine

Elmenhorst, Eva-Maria

RWTH Aachen

Space Medicine

Gerlach, Darius

Universitat Koln

Cardiovascular Physiology for midwife bachelor students

Gerlach, Darius

Universitat Koln

Physiology practical training for medical students

Goerke, Panja

FH Wedel

Soft Skills

Hauslage, Jens

Tiermedizinische Hochschule Hannover

Gravitational Biology

Hauslage, Jens

Hochschule Bonn-Rhein-Sieg

Gravitational Biology, Botany

Hauslage, Jens

ISU Strasbourg

Gravitational Biology and Biological Life Support

Hauslage, Jens

IPEN Sao Paulo

Gravitational Biology and Biological Life Support

Hellweg, Christine

Universitat Bonn

Radiation Biology

Hellweg, Christine

Freie Universitat Berlin

Immunology

Hellweg, Christine

Freie Universitat Berlin

Pathology

Hellweg, Christine

Universitat Bonn

Radiation Biology

Hemmersbach, Ruth

Universitat Bonn

Zoology & Gravitational Biology

Herzog, Merle Universitat Hamburg Psychology
Heusser, Karsten Universitat Koln Physiology
Kolzer, Ana FH Wedel Soft Skills

Liemersdorf, Christian

Universitat Bonn

Molecular Genetics
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Lindlar, Markus

Hochschule Bonn-Rhein-Sieg

Health Telematics

Lindlar, Markus

Hochschule Bonn-Rhein-Sieg

Literature seminar Digital Health

Mittelstadt, Justin

Universitat Hamburg

Psychology

Moller, Ralf

Hochschule Bonn-Rhein-Sieg

Microbiology

Rittweger, Jorn

Universitat Koln

Seminar paediatrics

Schudlik, Kevin

Int. School of Management (ISM), Hamburg

Psychology & Management

Schulze Kissing, Dirk

Hochschule Fresenius

Psychology

Stelling, Dirk

Hochschule Fresenius

Psychology

Stern, Claudia

Technische Universitat Braunschweig

Luft- und Raumfahrtmedizin

Stern, Claudia

ISU Strasbourg

Human Visual System

Stern, Claudia

Universitat der Bundeswehr Minchen

Raumfahrtmedizin

Stern, Claudia School of Aviation Medicine Ophthalmology
Tank, Jens Medizinische Hochschule Hannover Propaedeutics
Zinn, Frank Universitat Hamburg Psychology

79



Graduations

Supervised Doctoral Students

Bachelor Degrees

University Space Aviation Traffic University Space Aviation  Traffic
. Hochschule Albstadt-
Universitat Bern 1 : ) 1 1 1
Sigmaringen
Universitat Bonn 3 Universitat Bonn 2
Medizinische Hochschule Hannover 3 Hochschule Bonn-Rhein-Sieg 2 1 1
University of Hamburg 3 Universitat Dusseldorf 1
Georg-August-Universitdt Géttingen 1 FH Aachen 1
RWTH Aachen 5 3 Universitat Bochum 1
Universitat Salzburg 1
Diploma Theses/Master Degrees
University Leiden 1
University Space Aviation Traffic
Universitat Koln 5
Goethe Universitat Frankfurt 1
Universitat Dusseldorf 2
FH Aachen 1
Justus-Liebig-Universitat GieBen 1 2 1
OTH Regensburg 1
Ruhr-Universitat Bochum 1
; Universitat Bonn 2 1 1
Universitat Duisburg-Essen 2
; o : University of Zaghreb 1
Technische Universitat Braunschweig 1 1
L Universitat Bonn 1
Universitat Oldenburg 1
Radb iversi 1
Radboud University 1 adboud University
Doctorates
University Space Aviation  Traffic

Medizinische Hochschule Hannover

Darmstadt

GAU Géttingen
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Scientific exchange

Annex

Collura, Salvatore

University of Bologna

Ferre, Elisa

Birkbeck University

Green, David

King’s College

Harris, Laurence

York University

Herpers, Rainer

Hochschule Bonn Rhein Sieg

Hoffmann, Fabian

University Hospital of Cologne, Germany; Department of Cardiology, Pneumology, Angiology and Intensive Care

Honemann, Jan-Niklas

University Hospital of Cologne, Germany; Department of Cardiology, Pneumology, Angiology and Intensive Care

Jenkin, Michael

York University

Kramer, Tilmann

University Hospital of Cologne, Germany; Department of Cardiology, Pneumology, Angiology and Intensive Care

Limper, Ulrich

Hospital of Cologne Merheim, Germany; Clinic for Anesthesiology and Intensive Care Medicine

Sanchez Trigo, Francisco Horacio

University of Seville

Scorcelletti, Matteo

Manchester Metropolitan University

Uy, May LI

International Space University

Weis, Henning

University Hospital of Cologne, Germany; Clinic and Polyclinic for Nuclear Medicine
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Awards

Beblo-Vranesevic, Kristina
Best Presentation Award, European Astrobiology Network Association (EANA) Virtual Conference 2021

Cortesao, Marta
Add-on Fellowship for Interdisciplinary Life Science 2021 der Joachim Herz-Stiftung

Gerlach, Darius A.; Manuel, Jorge; Hoff, Alex; Heusser, Karsten; Jordan, Jens; Tank, Jens
High Impact Paper for Summer 2021 in the category of basic science of the journal “Hypertension”: “Medullary And
Hypothalamic Functional Magnetic Imaging during Acute Hypoxia in Tracing Human Peripheral Chemoreflex Responses”

Magliulo, Maria

Three Minute Thesis competition, University of Essex

Palomeque Dominguez, Hector Hugo
4™ place of the Space Factor Contest, EANA 2021

Rettberg, Petra
International Astronautical Federation Distinguished Service Award

Weber, Laura; Paulke, Tim; Stock, Johannes
3rd place business plan competition KUER.NRW
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Events, lectures, workshops at the Institute

26.1.2021

Institute Seminar: Dr. Renata L.S. Goncalves, Site-specific
mitochondrial ROS production underlies alterations in liver
glucose homeostasis in obesity (online)

5./5.3.2021
Kompetenznetzwerk Immobilisationsbedingte Muskel-
stérungen KNIMS (online)

9.3.2021
Institute Seminar: Hans Kleine-Brliggeney, From Single-Cell
Multi-Omics Technologies to Functional Phenomics (online)

13.3.2021

Erndhrung — nur gesund oder macht sie auch glucklich?
VBIO, DPG, DLR Workshop (online)

27.4.2021

Seminar: Initiative Ldrmwirkungsforschung (online)

11.5.2021
Institute Seminar: Dr. rer. nat. Frank Duschek, Grundlagen
und Laseranwendungen fir die Biostoff-Detektion (online)

12.6.2021
DLR Fliegerarzttage (online)

28.9.2021
Institute Seminar: Prof. Dr. Ben Fabry, Single and collective
cell forces in 3-D hydrogels (online)

26.-27.10.2021
Lehrgang zum Erwerb der Fachkunde im Strahlenschutz im
Zusammenhang mit dem Betrieb von Luftfahrzeugen

29.-30.10.2021
4™ International WAVex Workshop: Whole Body Vibration
as an intervention in physical and mental health (online)

26.10.202
Special Colloquium Maurer Mission, Institute of Material
Physics and Institute of Aerospace Medicine

2.11.2021
Institute Seminar: Carolin Reichert, PhD, Caffeine and
human sleep-wake regulation (online)

4.11.2021
GANDALF — Graduierten Schule ,,Fighting Pandemic
Threats” — Virtuelles Science Kick-off Meeting

9.-19.11.2021

Direct Return Thomas Pesquet

10.-11.11.2021
InnoHealth USA 2021, German R&D Tour (online)

16.11.2021
Institute Seminar: Prof. Dr. Boris Pfander, The cellular decision
of how to repair DNA breaks (online)

30.11.2021

Institute Seminar: Dr. Marta Cortesdo, Adaptation of the
black fungus Aspergillus niger to simulated spaceflight and
Mars-like conditions (online)

4.12.2021
6" Human Physiology Workshop (online)
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Publications

Publications with an impact factor above 10

Bashir, A.K., Wink, L., Duller, S., Schwendner, P., Cockell,
C., Rettberg, P, Mahnert, A., Beblo-Vranesevic, K., Bohmei-
er, M., Rabbow, E., Gaboyer, F, Westall, F., Walter, N., Cabezas,
P, Garcia-Descalzo, L., Gomez, F., Malki, M., Amils, R., Ehrenfre-
und, P, Monaghan, E., Vannier, P, Marteinsson, V., Erlacher, A.,
Tanski, G., Strauss, J., Bashir, M., Riedo, A., Moissl-Eichinger,
C. Taxonomic and functional analyses of intact microbial
communities thriving in extreme, astrobiology-relevant,
anoxic sites. Microbiome. 2021;9(1):50. BioMed Central.

DOI: 10.1186/540168-020-00989-5 ISSN 2049-2618.

Chellappa, S.L., Qian, J., Vujovic, N., Morris, Ch.J., Nedeltcheva,
A., Nguyen, H., Rahman, N., Heng, S.W., Kelly, L., Kerlin-Mon-
teiro, K., Srivastav, S., Wang, W., Aeschbach, D., Czeisler,
C.A., Shea, S.A., Adler, G.K., Garaulet, M., Scheer,
FA.J.L. Daytime eating prevents internal circadian misalign-
ment and glucose intolerance in night work. Science
Advances. 2021;7(49):eabg9910. American Association for the
Advancement of Science (AAAS).

DOI: 10.1126/sciadv.abg9910. ISSN 2375-2548.

Gerlach, D.A., Manuel, J., Hoff, A., Kronsbein, H., Hoffmann,
F., Heusser, Karsten, Ehmke, H., Jordan, J., Tank, J., Beissner,
F. Medullary and hypothalamic functional magnetic imag-
ing during acute hypoxia in tracing human peripheral
chemoreflex responses. Hypertension. 2021;77(4):1372-1382.
American Heart Association, Inc..
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