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Head of Doshisha Research Project for Active Life in Space Engineering and Medical Biology
Professor, Department of Mechanical and Systems Engineering,
Faculty of Science and Engineering

Nobutaka TSUJIUCHI, Ph.D.

The uniqueness of the research conducted here at the Doshisha University lies in its structure to deal with current
problems. While respecting the freedom of research, we strive to interpret the university’s educational philosophies
of “Christian Principles”, “Liberalism”, and “Internationalism”, as well as our founding spirit of “Education of
Conscience” in the context of research. Therefore, our research activities draw great interest and expectations from
various social strata, including the industrial, academic, government, and private sectors.

The “Doshisha Space-DREAM Project” (Doshisha Research Project for Active Life in Space Engineering and
Medical Biology) was launched in April 2018 as a Base for Advanced Education and Research in Doshisha
University. It was organized to integrate various fields of the university working towards improving human health,
including Science and Engineering, Life and Medical Sciences, Sports Health Science, and Neuroscience, to form
an integrated research base and international hub for research cooperation on how to extend healthy life
expectancies based on the study of “Space Biomedical Engineering”. This project has been incorporated in the
research activities of other Bases for Advanced Education and Research, such as the Center for Interdisciplinary
Study of Monotheistic Religions; Institute for Technology, Enterprise, and Competitiveness; Research Center for
Energy Conversion System; and Life Risk Research Center, and approximately 40 other such research centers run
by Doshisha University, as well as one of the university’s research bases for solving the most current issues.

With respect to the current state of external circumstances and social climate and the challenges presented by
them, it is now more important than ever to work towards preventing and ameliorating various syndromes, such as
locomotive syndrome (onset with sarcopenia, osteoporosis, or other movement disorders) and metabolic
syndrome (inducing diabetes and/or high blood pressure), to extend healthy life expectancies in Japan, which has
become a super-aged society.

We focus on observations revealing that the body functions that are responsible for causing these syndromes are
adversely promoted in low-gravity environments like outer space. Using these observations and applying Space
Biomedical Engineering, which investigates how body functions acclimatize to outer space and pursues preventive
measures against that acclimation, we established a plan to extend healthy life expectancies for an average person
on Earth.

In this project, we promote remarkable research activities seeking practical applications for various medical
endeavors, including new kinesitherapies for astronauts and those with trouble walking, developments in
rehabilitation prescription and equipment, and drug development, in addition to contributing to the development of
Space Biomedical Engineering.
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The project logo

The emblem of Doshisha, shown at the center,
symbolizes its educational philosophy that aims
for trinity or harmony of three elements of
education: intellectual, moral, and physical
educations, and four satellites representing four
research groups are endeavoring to their goals.
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Doshisha Space-DREAM Project

Integrated research base and international hub for research cooperation
on how to extend healthy life expectancies
based on the study of "Space Biomedical Engineering"
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Research planning
-Consistency between each research theme

[Research cooperation / Outside evaluations]
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Research progress
-Self-inspection and assessment
-Outside evaluations

-Cooperation with industry
-Regional cooperation

New kinesitherapies Rehabilitation devices
Preventive measures Drug development

Physiology

Regulation mechanism
responsible for neuro-
muscular plasticity

Social Cooperation
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Biomedical
Engineering

Devices to stimulate
antigravity muscle activity

Biochemistry Neuroscience

Metabolic network between
skeletal muscles
and adipose tissue

Effect of antigravity
muscle activity on brain
and nervous system

Education of Conscience

-Establishment of research ethics
-Research based on
life-science literacy
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Implementation of the research plan
-Cooperation between each research group

International Cooperation

Promotion of international joint research <« Human resources development

Joint research:
-University of California, San Diego
-University of Genoa

Experiments in space simulated environments
Joint research with NASA, ESA, and ISA
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Muscle Physiology - Research Group

One of the major purposes of this group is to investigate, as well as to develop suitable prescriptions of countermeasure, the mechanism responsible for the
plasticity of various organs (e.g., skeletal muscles and brain) in response to neural activity, mechanical stress, and/or metabolic activity, which are influenced
by gravity levels.

Detrimental effect of reactive oxygen species (ROS) is a serious medical concern. Being bedridden, in a space flight, or aging can cause chronic inhibition of
physical activities, which stimulates the production of ROS that causes DNA damage. Furthermore, exposure to space radiation during a long-term space
flight is another serious concern in manned space exploration. Hence, we attempt to develop suitable methods against these concerns, including
stimulation of antigravity muscle activity and/or drug therapy.
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Metabolic Network - Research Group

This group studies the effects of aging and the activity or inactivity of antigravity muscles on the expressions and secretions of the bioactive substances that
mediate the crosstalk (metabolic network) between skeletal muscles and adipose tissue. This allows us to learn more about the mechanism(s) underlying
the roles of the bioactive substances in controlling the metabolic network and to identify new modulators. Furthermore, in order to establish the factors
responsible for causing adipose tissue dysregulation and determining body fat distribution, we also study the effects of the aforementioned events on
adipose-derived stem cells differentiation. Thus, we provide foundational knowledge that contributes to preventing obesity by proposing new exercise
regimens or drug developments, thereby developing some strategies to prevent and control the metabolic syndrome.
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Brain Function - Research Group

This group explores how the inhibition of antigravity muscle activity or physical exercise affects the brain and nervous system. Using a combination of
immunohistochemistry and electrophysiology that observes muscular activity, motor function, and neural circuit activity in animals, we elucidate the
interaction between bodily functions and cerebral functions. Furthermore, by analyzing the activity and formation of nerve cells resulting from the load of
physical exercise, we develop physical training methods designed to revitalize declining cerebral functions and propose new kinesitherapies and
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Adipose Tissue Biology, Obesity Research, Adipose Tissue Biology, Exercise Biochemistry Oxidative Stress, Energy Metabolism,

Signal Transduction, Sports Biochemistry Signal Transduction, Biomarker
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The elucidation of molecular mechanism for exercise
training-induced change in oxidative capacity in skeletal muscle

rehabilitation strategies.
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Brain-Machine Interface, Neurophysiology, Basal Ganglia, Neuroanatomy, Neurology Mechanisms of Olfaction, Optogenetics,
Behavioral Neuroscience Neurophysiology, Behavioral Neuroscience
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Mechanisms of Decision Making, Optogenetics,
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Biomechanical Engineering - Research Group

This group conducts distinctive walking and running experiments in a variety of low-gravity simulated environments, such as at the NASA Johnson Space
Center ARGOS, in the parabolic flight of a jet airplane, or on an antigravity treadmill. Using a wearable gait analysis system, we examine the activity of the
lower limb antigravity muscles in closer detail from the perspective of biomedical engineering and kinematics. From the information gathered in these
examinations, we develop a “load-controlled treadmill” that can apply effective stimulation and stress to lower limb antigravity muscles, such as the soleus,
by making the user proactively move the ankles in order to move the walking surface. Through this research, we aim to propose new training methods that
will prove useful as exercise prescriptions during flight or pre-flight gait training for astronauts on manned space explorations as well as to develop strategies
and equipment for rehabilitation.
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Office of Doshisha Research Project

for Active Life in Space Engineering and Medical Biology
1-3 Tataramiyakodani, Kyotanabe, Kyoto 610-0394, Japan

PHONE: +81-774-65-8257 FAX: +81-774-65-7757

e-mail: rc-space@mail.doshisha.ac.jp
WEBSITE: https://space-dream.doshisha.ac.jp/






