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Oleg Georgievich @zenko was born on December 12, 1918. His father George G.
biochemist, one of the veterans Of the Institute of aviation medicine in Moscow, had a significant
impact on the formation of his son's interest in science. In 1941 Oleg Georgievich graduated with
honors from the military faculty of the 2nd Moscow medical Institute and together with all issue
went to the front. All the Great Patriotic war served as the battalion chief of hospttahirSarmy.

In the years 1948947 he worked under the guidancenfoutstanding physiologist academician L.
A. Orbeli and Professor M. P. Brestchina in the laboratory of aviation medicine of the Department
of physiology of the Military medical Academy.

In 1947, Oleg Georgievich moved to the Institute of aviation niegliof the Ministry of
defense, where he worked from a researcher to the Deputy head of the Institute for research. Since
1955 in the Institute of aviation medicine of the Ministry of defence O. Gazenko has been actively
engaged in biomedical research untlee flight of missiles in the upper atmosphere and in the
orbital flight on the return ships, satellites and ground simulation of space flightsfadinder the
leadership of 5. Gazenko, important data were obtained, which allowed to justify thebpibgsi
of flying into space. O. Gazenko was a direct participant in the preparation and conduct of the
historical space flight of Yuri Gagarin on 12 April 1961. In 1961, right after the ssfotégght of
Yuri Gagarin, OG. Gazenko became a doctor ofeswie for medical and biological support of space
flights.

In 1969 Oleg Georgievich continued his work at the Institute of biomedical problems, which
he headed until 1988. During this period, O. G. Gazenko's scientific and organizational abilities
were mos clearly manifested, which allowed him to successfully lead the work on the creation and
improvement of a reliable system of medical support and medical safety of space flights. Thanks to
the efforts of O. G. Gazenko, national and international sciectiperation in the field of space
biology and medicine was established, which proved its effectiveness and continues to develop
successfully. On his initiative, IBMP carried out a series of experiments to simulate the effects of
weightlessness, which caittuted to a deep study of the state of the human body in these
conditions, as well as the development and improvement of various methods and means of
prevention. The principles laid down in the framework of the 4daation flight prevention system
were decisive in establishing the medical support system at the Mir and PA orbital Stations of the
International space station. In one of his recent interviews, he said: "I am deeply convinced that
space exploration is one of the main ways of furthgeld@men of human civilization 0

Director of SSC RFIBMP RAS, academician of the RAS DOrlov
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NEUROSPACET NEURONAL REGENERATION INDUCED BY EXPOSURE TO
HYPERGRAVITY

Liemersdorf, C., Lichterfeld, Y., Frett, T. and Hemmersbach, R.
German Aerospace Center DLR, Institute of Aerospace Medicine j@ivo$ Gravitational
Biology, Cologne, Germany

Neuronal activity is the key modulator of nearly every aspect of behavior. Cognition, learning and
memory as well as motion tasks are based on by neuronal transmission. Alterations or even
disruptions of thetransmission of synaptic signals are the main cause of many neurological
disorders.

A fundamental concern in the treatment of most neuropathologies is-itegeation of synaptic

inputs to previously impaired neuronal networks that were affected egpirgl cord injury, head
trauma, epileptic seizures, tumorous tissue or other types of lesions to the nervous system.

The regeneration of injured neuronal fibers is nearly completely inhibited by the scar tissue that
forms upon damage to the surroundiigsue. Especially scar tissue formed in consequence to
spinal cord injuries plays a very decisive role in preventing axonal growth past the scar formation.
Therefore regeneration of axonal projections through the lesion site is nearly impossible resulting
sustained damage of the tissue and consequently in impairments in brain functions including
complete and persistent paralysis.

The novel prospect includes increased gravity (hypergravity) as an innovative and potentially highly
influential measure tortficially stabilize cytoskeletal components of neural cells, enabling them to
counteract the restricted process of neurite outgrowth and therefore enhance axon regeneration and
re-integration in traumatized networks following nervous tissue injuries.

To better understand the regeneration of nervous tissue, primary murine hippocampal neurons are
used as a model closely related to human neural tissue. The influential role of increased gravity on
neuronal development will be investigated by analyses ofdtfierent developmental stages,
including neuritogenesis, neuronal polarization and further in maturation processes like
synaptogenesis or synaptic integration in neural networks. Each of these developmental steps could
play a role at a certain level inurenal regeneration in vivo.

Previous studies have shown an effect of hypergravity to include an enhanced protrusive phenotype
(R°sner et al ., 2006) . |l ndeed, exposure of pr
an increased number of neusittabout 30%) and higher elongation rates (about 20%) compared to
control cells at normal 1g gravity conditions. At later stages of development mature synaptic
contacts were formed under hypergravity conditions. In addition, the formation of glial scastis

could be inhibited by exposure to hypergravity as well. These observations are consistent with an
increase in the tubulirand a decrease in the aetiatwork.

A potentially very important finding was that primary cultured astrocytes, the majotypell
involved in glial scar formations, showed decreased lamellipodial protrusions and a deficit in cell
spreading due to exposure to hypergravity conditions consistent with migratory impairments.
Migratory impairments of astrocytes could aid to the indmcof the regenerative potential of
neuronal projections, since an inhibition of the glial scar formation would counteract the restrictive
environment of the glial scar enabling axons to grow past the lesion and scar site of the injured
tissue.

Our resuls indicate hypergravity as an innovative measure to artificially stabilize cytoskeletal
components of neuronal cells, enabling them to counteract the restricted process of neurite
outgrowth and therefore enhance axon regeneration in previously traumagizeorks. These
potentially beneficial effects of hypergravity on neuronal regeneration could further be transferred
to novel treatments for human patients e.g. following a spinal cord injury or trauma.
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NEUROMUSCULAR AND CARDIOVASCULAR DISORDERS IN ORTHOSTATIC AND
POSTURAL INSTABILITY, CONDITIONED BY MICROGRAVITY

Amirova L.E., Oséskiy N.Y., Kitov V.V, Rukavishnikov I.V.
SSC RF IBMP RAS, Moscow

Disorders of postural stability are a natural consequence of space flights (SF). Orthostatic
stability disorders are also regularly observed after the flight. One of the factors thaa play
significant role in maintaining both orthostatic and postural stability is the muscle tone. It is shown
that the decrease of the muscle tone, that develops in the first minutes of the exposure to
weightlessness, makes a substantial contribution toahel@pment of both of the aforementioned
phenomenon. So, according to G.A. Fomina, the temporal characteristics of changes in the
clearance of the venous channel of the lower extremities in the transition to reduced weight coincide
with those changes in racdle tone. A severe decrease in tone, conditioned in the weightlessness by
deactivation of the posture muscles, also significantly contributes to the development of postural
disturbances observed in the early periods after the exposure to simulatedeseigstt. At the
same time, a certain contribution to the disturbances of orthostatic stability is introduced by the
changes in the mechanisms of regulation of vascular tone. While studies of the effects of
microgravity on the activity of the cardiovascuylaeuromuscular and postural systems have been a
subject to a number of works, the role and the place of neuromuscular and vascular disorders in the
development of orthostatic and postural instability have so far been the subject of thorough study. In
conrection with what has been said, it seemed important to investigate the changes in
neuromuscular and cardiovascular characteristics in humans and their relationship in the
disturbances of orthostatic and postural stability, caused by exposure to theoosnditi
weightlessness and onground models.

Materials and methods. The studies were carried out on healthy volunteer subjects: 10
cosmonauts with an average space flights dura
model experiments 66 A achdewn bed rest (HDBR) and dry immersion (DI).

To assess the orthostatic stability and cardiovascular characteristics of the cosmonauts, an
active orthostatic test was used with sessions on thirty days before the SF, within the first hour after
its compleion, and on the 4th, 7th and 12th days of the recovery period. The test consisted of taking
a vertical stance from the prone position, followed by anfiriute opereye stand, during which
the blood pressure was recorded (Portapres, The Netherlands)yeillby calculation of
hemodynamic parameters. I n the ground series
conducted with negative pressure on the lower half of the body. The recorded parameters and their
processing were similar to that oktbosmonauts.

Before and after the SF, the postural characteristics of the cosmonaut's vertical stance were
determined. The examinations were carried out simultaneously with an active orthostatic test.
During the processing of the record, the amplitudéhefoscillations of the center of pressure (CP)
in the frontal and sagittal planes and the average velocity of the CP displacement were analyzed.

The evaluation of muscle tone was carried out using the method of myotonometry. The
sensor of the MytononPRQedice (Myoton AS, Estonia) carries out 5 short strokes of a stable force
(0.4 N) and duration (15 ms). The buiit accelerometer captures damped oscillations and
calculates the response parameters of the tissue.

Results. In background studies of cosmomngua 3.5minute active orthostatic test did not
cause any difficulties. In the first hour after the end of a-lengn space flight the 7 cosmonauts
who performed orthostatic test successfully completed it. However, after its completion, 3
cosmonauts refesl to continue further testing due to a severe discomfort caused by its
performance, although the test was carried out wearing the "Centaur” suit. On the fourth, seventh
and twelfth days after the completion of the SF, all of the cosmonauts successiybietea the
orthostatic test and the battery of subsequent sensorimotor tests without the use of the "Centaur"
suit. To analyze the time of orthostatic stability in model experiments;milh ut e 80A or t
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test was used before and immediately afterdompletion of the effects, followed by the creation of
LBNP, the maximum duration of which was 39 minutes. The tolerance time of the test was
averagely 27.9 N 8.2 minutes beifbeforeexmsuem8ur e
day DI. Immediatly after the completion of the exposure, a regular decrease in the time of
orthostatic stability was recorded, expressed more severe afigayaifimersion68%) than after

a 2kday HDBR (49%). Hemodynamic parameters that provide orthostatic stadbiliipg vertical
stance, also significantly changed in our study. Immediately after the completion -eétongpace
flights, a decrease in systolic (by 17%) and diastolic pressure (by 10%), stroke volume (by 22%),
total peripheral vascular resistance @3%) and an increase in the heart rate (by 26% ) were
recorded.

Prior to the flight, the average values of the CP amplitude in the frontal and sagittal planes,
whil e maintaining a vertical stance for B.5 m
N 10.2 mm, respectively. The values of the a:
0.22 mm/s. After the end of the lotgrm SF, cosmonauts observed a multiple increase in the
amplitude of PC oscillations, up to 800% in the frontal and UO&0% in the sagittal plane. The
average velocity of PC displacement reached up to 1350% of the background values. Normalization
of parameters was observed only on the twelfth-fliggtt day.The muscular tone of the soleus
muscle before exposureto DIwas7 . 9 N 2.5 Hz. On the first da
4.5% was registered, reaching a peak on the third day of D1.3%. Despite a moderate
quantitative decrease of the tone in our study, a negative correlation was found between the average
rate of displacement of the center of pressure during vertical stance with eyes open and tone of
soleus muscle {= 0.61), not detectable in the background examinatfon((02). The correlation
analysis between the heart rate and the tone of the soleuke slogwed a weak correlation, and the
correlation analysis between the average speed of CP displacement and the heart rate did not revea
any significant relationships.

Conclusion.Thus, the changes recorded after both model experiments were compaiable, bu
a shorter immersion time indicates its sevenfold greater intensity. Presumably, the supportafferent
information is important for orthostatic and postural stability, since in its absence alternative
mechanisms for controlling the posture and cardiovascsygtem are launched. The weak
relationship between the parameters of the tone of the postural muscles and the heart rate both
before and after the gravitational unload probably indicates the independence of the work of the
both systems mechanisms undewestigation in maintaining the vertical posture. Venous
compliance and vetarterial reflex are the possible ways of the neuromuscular system influence on
the cardiovascular system. The relationship between the parameters of the postural muscular tone
and postural stability, revealed after gravitational unload, not detectable in the background survey,
occurs due to gravitational atony and vascular tone disorders.

The study was supported by the Russian Academy of Sciences (subject 63.1)
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PARAMETERS OF METABOLISM IN RED BLOOD CELLS AND THE OXYGEN
TRANSFER EFFICIENCY IN COSMONAU TS AFTER LONG DURATION SPACE
FLIGHTS

Anisimov N.A.
SSC RF IMBP RAS, Moscow, Russia

Earlier it was shown that the factors of prolonged space flight (PSF) cause complex changes
in the erythrocytes of astronauts reduction in their number, hemoglobin temt, a reversible
increase in the number of transformed erythrocytes, shifts in the structural and functional state of
the cell. Under the conditions of PSF and after its completion, reversible changes in the lipid
composition of the plasma membrane wereealed, leading to an increase in its microviscosity
(lvanova S.M., 2002, Ivanova S.M., Morukov B.V., Maksimov G.V., 2001). From the literature
(Maksimov G.V. et al. 2000, Rodnenkovetal O.V. 2005, Lunevaetal O.G. 2007) it follows that the
changes in th shape, volume of cells, viscosity and permeability of the plasma membrane observed
in the neurons of the brain, peripheral nerve cells, muscle cells and vessels of the heart are
accompanied by changes in the efficiency of oxygen transfer, which ledlds tievelopment of
cellular hypoxia.

Preliminary studies conducted in conjunction with the staff of Moscow State University M.V.
Lomonosov (Department of Biophysics, Faculty of Biology) revealed changes in the conformation
of hemoporphyrins and hemoglobmthe ability of hemoglobin to bind oxygen in cosmonauts after
PSF termination, which may be one of the factors responsible for the onset of tissue hypoxia.
(Grigoriev A.l.etal., 2004, Morukov B.V. , lvanova S.M., et al, 2006).

The purpose of this work wsahe study of the morphological pattern of red blood, indicators
of intracellular metabolism of erythrocytes and the state of hemoglobin hemoporphyrins. The
parameters of the energyoducing system in erythrocyteshe content of adenosine triphosphate
(ATP), lactate, lactate dehydrogenase (LDH) activity, and the reduciocgntent of reduced
glutathione, glucosé-phosphate dehydrogenase activity (G6PDG) were studied. The effectiveness
of hemoglobin transfer of oxygen was evaluated by the content bemgglobin and the ability of
hemoglobin to give off oxygen.

The studied indices were determined a month before the PSF, as well as on the first and
seventh day after its completion.

The study of blood morphological pattern revealed a significant decreatte studied
parameters on the 7th day after PSF.

On the 1st day after the PSF, there was a significant decrease in ATP levels. The absence of
changes in the intensity of the main enefgyning process, glycolysis, previously found in
cosmonauts aftehé completion of the PSF, and the invariance of LDG activity, revealed in this
study, led to the conclusion that the observed decrease in ATP level may be due to increased
expenditure of this metabolite at the membrane level (changes in the activityspioiteAT Rases,
phosphorylation of membrane protein and lipid fractions).

Revealed on the 1st day after PSF increase in lactate indicates the prevalence of anaerobic
processes in the body.

There were no significant changes in the content of reducedhytutatand G6PDG activity.

At the same time, on the 1st day after the PSF, individual changes were observed, expressed in a
decrease in the content of reduced glutathione and an increase in the activity of G6FDG, indicating
the possible activation of lipepeoxidation processes.

In the study of indices characterizing the efficiency of oxygen transfer by hemoglobin on the
1st day after PSF, there was only a tendency to increase the content of oxyhemoglobin and reduce
the affinity of hemoglobin to oxygen. Othe 7th day the values of the studied parameters were
within normal values.

The data obtained in this study indicate changes in the morphological pattern of red blood and
the structural and functional state of erythrocytes, which is characteristic dfahges observed in
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cosmonauts who committed PSF at MIR station and the International Space Station. The absence of
significant changes in the content of oxyhemoglobin and the affinity of hemoglobin for oxygen may
indicate a normal efficiency of oxygen tedar by hemoglobin in the surveyed cosmonauts.
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THE HETEROGENEITY OF MULTIPOTENT MESENCHYMAL STROMAL CELLS AND
THEIR FUNCTIONAL ACTIVITY

Bobyleva P.I.
Institute of Biomedical Problems, RAS, Moscow

To date, the results of a number of successful preclinical and clinical trials have shown the
effectiveness of multipotentmesenchymal stromal cells (MSC) for treatment of different conditions
and for recovery foinjured tissues. Their regenerative potential is being implemented due to trophic
and regulatory effects of the paracrine factors contributing to the processes of repair. An important
feature of MSC is the ability to regulate the activity of various megsbf both innate and adaptive
immunity, which could be applied for the treatment of autoimmune diseases and in the case of organ
transplantation. Clinical use of MSC implies the transplantation of the unprocessed cellular
material, as well as cells aftereliminary expansiom vitro.

The use of MSC in clinical practice requires the standardization of cellular material.
However, when using MSC the problem emerges associated with the heterogeneity of the cell
population, and as a consequence, it beconfésutt to predict how the growth dynamics and
functional activity of the cells will change during the expansion of MSC and the addition of
regulatory factors. Variations in properties are observed both within a single population and between
populations ®MSC obtained from different donors. The initial heterogeneity of MSC and the use of
various protocols of cellsb6 preparation can e
in part.

Currently the studies on MSC consider mainly the a@spetated to the application of their
trophic and immunoregulatory properties for therapeutic purposes. At the same time, molecular
mechanisms underlying sek¥newal and the determination of the fate of progenitor cells are
practically not studied. Rectiyy a relationship was found between the metabolic and functional
activity of MSC. Based on the oxidative state of cells Bertolo et al. divided all studied MSC into2
groups: 1. cells with initial low level of ROS, characterized by higher proliferativecaloy-
forming activity and greater expansion potential; 2. cells with initially high level of ROS,
characterized by lower proliferative, coleforming activity, and expansion potential. Data
obtained in our laboratory provide an evidence of the rekstiiprbetween the level of ROS and the
regulation of MSC properties during the immunosuppression. It turned out that MSC with initial
high ROS level was more prone to cytotoxic action of activated allogeneic peripheral blood
mononuclear cells upon interamti in vitro. This observation underscores the importance of
selection of donors, as well as the unification of methods for obtaining and preparing cellular
material for further clinical application.

Thus, in order to increase the efficiency of clinicaht@ques involving MSC, it is necessary
to understand the origin of heterogeneity within the MSC population and the-sjmewfic
differences in MSC, and to develop approaches to obtain a more homogeneous population with the
most suitable characteristiasr ftherapeutic use.

The work was supported by the Grant of the Presidenus$iBn Federation MKR976.2018.
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INFLUE NCE OF THE DURATION OF HYPOXIC EXPOSURE ON THE PHENOTYPE OF
MONOCYTE -DERIVED MACROPHAGES IN CO -CULTURE WITH MESENCHYMAL
STROMAL CELLS

Bobyleva P.I., Alekseeva O.Y.
Scientific supervisor: Andreeva E.R.
Institute of BiecMedical Problems of Russian AcadenfySzience, Moscow

Multipotent mesenchymal stromal cells (MSCs) are one of the most promising tools in
regenerative medicine and cell therapy of human diseases.MSCs are of great scientific interest
due to the an increase of data on their participationuppartingtissuehomeostasisand
reparative remodeling.The interaction of stromal and cellular components in damaged
tissueoccurs under conditions of pnflammatory activation and hypoxia, which plays an
important role in the repair of the damaged site.

In the process of regeneration, cells (immune, stromal, endothelial, etc.) interact with
each other both through the formation of intercellular contacts and contacts with the
extracellular matrix, and through trophic mediators. The involved cells providedifisp
features of the microenvironment governingthe reparative remodeling.

MSCs and monocytderived macrophages (MN/MPhs) are cellular elements that
present in virtually all tissues of the body. MSC population is capable efeseivaland
providethe fomation of more committed cellular elements of mesenchymal origin.At the
same time, macrophages are highly specialized phagocytesandare involved in innate
immunity, maintenance of tissue homeostasis and tissue remodeling in case of damage.Recent
studies poved that phenotypic plasticity and high secretory activityare common for both
populations thatensures participationof MSC and MN/MPhs in physiological and reparative
tissue rearrangements.Adaptation of MN/MPhs and MSC to the microenvironment is
accompanié by a significant change in their metabolic and functional activiiywergent
"polarization".Therefore, further studies of the interaction of thosecells, that are capable to
orchestrate microenvironment look promising within the context of reparatssueti
remodeling.

The goal of this researchwas to study tidependent effects of shdadrm exposure
tohypoxia on the phenotype of MN/MPhsduringadture with MSCs.For this purpose, we
used MN/MPhsthat were isolated from the of mononuclear fractionmodhyeripheral blood
and MSCs from human adipose tissue-ddtiurewas carried out under standard conditions
(5% C02, 37 A Cc) for 6 days, needed for the
mesenchymal stromal cells were exposed to a relatively sBbrh) or prolonged (72 h)
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hypoxia (1% O2).Flow cytometry was applied to analyzeviability and phenotypeof
MN/MPhs. For that purpose,antigens that characterize maturation (CD11lb, CD638), pro
inflammatory activation of M1 cells (CD80, CD86, HLBAR) and polazation of M2 (ant
inflammatory) cells phenotype (CD163, CD206) were detected.

In the presence of MSCs, the maturation of MN/MPhs was not abolished, and the cells
exhibited signs of M2 polarization. The expression of antigens associated wih pro
inflammatay activation decreased upon both contact and paracrine interaction with MSCs.
Shorttime exposure hypoxia (24 hours, 1% O2)of directalbure MSCs with MN/MPhs,
potentiated the effects of MSCs that led to a further decrease in the expression ofesolecul
mediating preinflammatory activation and to an increase in the levels of molecules
characteristic of the M2 phenotype.Under conditions of hypoxic stressMSCs effectively
maintained the viability of MN/MPhs.

An increase ofhypoxicexposure the durationtey2 hours was accompanied by a less
pronounced manifestation of M2 polarization of MN/MPhs in MSCculture. 72 hours
hypoxia led to a more significant suppression of the expression of molecules participating in
pro-inflammatory activation. Direct corth with MSCs neutralized cytotoxic effect of
prolonged hypoxia during eoulture with MN/MPhs. Paracrine interaction was less effective
for maintaining the viability of MN/MPhs.

Thus, in the presence of MSCs, hypoxic stress stimulated tinflathmatorychanges
in the MH/MPhsphenotype. The ratio of pro/anflammatory molecules in the
MH/MPhsexpression profilewas dependent on the duration ofhypoxic exposure.This therefore
may determine the path of their participation in the development of the inflanymeaation.

The work was supported by the RFFI grantQ4700942
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TRANSCRIPTION REGULATION OF THE CONTENT OF MITOCHONDRIAL
ENZYMES AND TRANSCRIPTION REGULATORS IN THE HUMAN SKELETAL
MUSCLE

Bokov R.O., Lyseko E.A., Kurochkina N.S., Popov D.V.
Institute of Biomedical Problems of the RAS, Moscow
Lomonosov Moscow State University, Moscow

When stress factors (physical exercises) are regularly applied to the muscle cell, the adaptive
changes in the content ofespfic proteins occur. We assume that the mechanisms responsible for
these changes may differ for proteins with various functions. The aim of our work is to study at the
transcription level the mechanisms regulating the tratmdgced increase of mitochdrial
enzymes and transcriptional regulators content in the human skeletal muscle.

Multiple biopsy sampling from human skeletal muscles provides an unique opportunity to
assess changes in proteins content and genes expression before and after replidatigtegss
(exercise training), as well as after acute stress (single exercise). Ten young untrained males
performed the ontegged moderate intensity knegtension for 1 h. Biopsies fromn. vastus
lateralis were taken prior to, at 1 h, and 4 h aftex #xercise. This test was repeated after aerobic
training on the cycling ergometer (5/week, 8 weeks). The changes in the content of transcriptional
regulators and OXPHOS proteins aftewB training were evaluated by Western blot. To evaluate
the changesiigene expression after training and after a single exercise qPCR was used.

After 8wk training, the content of OXPHOS proteins at rest (NDUFB8, SDHB, UQCRC2,
MT-CO1, ATP5A1) increased (by 3852%, p<0.05). There were no changes in the expression of
genesencoding these proteins at rest and after a single exercise (both before andwdfter 8
training). An increase in the content of transcriptional regulators was found aftetr@ining for
CRTC2 (60%, p<0.05), NR4A3 (100%, p<0.05) and TFAM (20%, p <OA6he same time, the
expression of thi&lR4A3and TFAM genes increased (p<0.05) after a single exercise, both before
and after 8wk training. An increase in the expression of genes in response to a single exercise was
also observed for other transcriptamegulators PGG1 U, E) SbRtRnére were no increase in
the content of their proteins aftem& training, which may be due to the high proteolysis rate.
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In conclusion, 8wk traininginduced increase in the content of OXPHOS proteins is not
associateavith changes in their gene expression at rest and after a single exercise. On the contrary,
the traininginduced increase in the content of some transcriptional regulators is associated with the
activation of their mRNA expression after a single exercise.

This work was supported by the Russian Science Foundation (grant £6-00468).
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ELECTROMYOGRAPHIC CHARACTERISTICS OF HUMAN MUSCLES ACTIVITY
DURING WALKING AND RUNNING UNDER CONDITIONS OF SPACE FLIGHT

Brykov V.I., Semenov Yu.S., Rukavishnikov 1.V., Saveko A.A., Osetskiy N.Yu., Kitov V.V
RF SSCO Institute of Biomedical Problems of the RAS, Moscow

The human body undergoes a number of changes while staying in space flight, among which
the most pronounced are changes in the sensorimotor system, in partibalanuscular periphery
and he system of movement control (Grigorieva LSacwhor 1983, Kozlovskaya IB 19&908) .

After completion of both short and long space flights (SF), immediately after landing, changes in
the kinematics of locomotion are detected (Kirenskaya AV, KozlowsKBy Sirota MG 1986
Kozlovskaya IB et al 1979 ), alterations of locomotor functions in cosmonauts were revealed
(Melnik KA, et al., 2003; Shpakov AV, et al., 2008). To establish the contribution of space flight
factors to the formation of locomotor diserd and the possibility of their correction, it seemed
rational to investigate the characteristics of locomotions performed in weightlessness on a treadmill.

The study was carried out in the framework of the space experiment "Motocard", performed
with theparticipation of Russian crew members aboard the International Space Station (ISS). 17 ISS
crew members took part in the experiment, the duration of space flight was 5 to 12 months. Before
the beginning of the (SF) and after its completion, two sessiotie @xperiment were conducted.
During the (SF), investigations were conducted at the end of each month of the flight. In each study,
a locomotor test was carried out in two modes of treadmill working: in the passive mode, where the
treadmill surface wasyshed by the strength of the cosmonauts feet, and the active mode in which
the surface was driven by electric drives. The cosmonauts' locomotor training consisted of 5 stages:
warmup walking, slow, medium and fast running and final walking. The cosmochot&e the
walking / running speed independently, according to the state of health, the cyclogram contained
only recommended values. The axial load during running ingexaty conditions is provided by a
special trainingoaded suit, attached to BB system by special bungees, which provides contact
with the treadmill and creates a load on the body of the operator, which is usu@by®b0f the
terrestrial weight of the cosmonaut.

During the test, the walking and running speed, distance traveled, taartand
electromyographic activity of the lateral head of m. quadriceps femoris and 3 muscles of the calf
were recorded: the medial head of gastrocnemius muscle, soleus and anterior tibialis muscle. The
integral myogram (EMG) is calculated: from the ialtirecords with the remote constant
component, the time series of the absolute vadfiglse voltage is calculated, then the smoothing is
performed using a moving average with a window of 15 ms. With the help of the found borders of
the packets for theniegrated myogram, the following is calculated for each burst: the peak
amplitude; the area under the curve of the absolute vafubg voltage versus time (the aredlod
burst); the duration and frequency of the burst.

The analysis of the shin amip muscles electromyographic activity showed that, both under
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terrestrial conditions and during flight experiment sessions, when carrying out locomotions in the
passive mode of treadmill, the amplitude of electromyographic burst activity was highdorthan
locomotions in the active mode of treadmill in all the muscles under study except m. tibialis.
Examination of the normalized EMG amplitude (taking into amount the weight of the cosmonaut on
Earth and the value of axial loading in SF) showed that th& EMst of locomotion in flight
compared with background studies increases significantly in all the muscles under study. Further
analysis of data seems to be significant for correcting the regimes of locomotor training in long
space expeditions and improginehabilitation approaches to musculoskeletal disorders after SF.
The study is supportefépsbnyostehhe state corpor
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FACTORS, THAT MODULATE IMMUNOSUPPRESSIVE ACTIVITY MSCIN VITRO

Gornostaeva A.N., Bobyleva P.1.
IBMP, Moscow

Multipotent mesenchymal stem/stromal cells (MSCs) are of great interest to researchers due
to the umgue properties, such as enhanced proliferation, paracrine activity and multilineage
differentiation. Their noimmunogenicity, in combination with immunomodulatory properties,
opens up the opportunity for the allogeneic application of MSCs. The MSC innmagiudatory
capacity is currently being actively studigdvitro using various experimental designs. However,
the results are not univocal ever. It was found that the outcome of the stromal/immune cell
interaction depends on experimental conditions anth@istate of the cells themselves.

MSC. To date, it has been clearly demonstrated that immunomodulatory effects of MSCs from
different tissue are not similar (Carrade Holt D.D. et al., 2014). MSCs are able to modulate the
activity of both autologous andlageneic immune cells. In some experimental models allogeneic
MSCs inhibited NK cells proliferation more effectively than autologous (Maccario R. et al., 2005).
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Realization of mmunomodulatory effects is specdlespendent . I t 0s rev.
immunosuppession of rodent MSCs involved NO, while I|Bfediated suppression was
demonstrated in all other examined species including humans (Kim D.S. et al, 2014).

The immunosuppressive effect of in vitro expanded MSCs is dependend on growth phase.
Actively growing(log phase) MSCs suppress proliferation of lymphocytes more effectively. This is
due to the fact that growing MSCs expressed genes responsible for proliferation, cell cycle, etc.,
while the expression of proteins associated with the implementation-offlammatory properties
is high in MSCs that reached a 90% monolayer (Kim D.S. et al., 2014).

Another crucial factor for MSC suppression is a number of passages in vitro. It has been
shown that freshly isolated stromal progenitors do not manifest sumer@ssperties, while MSCs
of 1-4 passages have a pronounced immunomodulatory effect. Further, with an increase in passage,
the immunosuppressive potential of MSCs is decreased (Mcintosh K. et al., 2006, Lin C.S. et al.,
2012).

The commitment is an importafactor that may determine the immunomodulatory potential
of MSCs. Le Blanc et al. showed that after induction into estebpe or chondrogenic directions,

MSCs retained the ability to suppress the proliferative response of lymphocytes as effestively a
they did in the nosifferentiated state (Le Blanc K. et al., 2003). For effective immunosuppression,
proinflammatory induction of MSC is required, whickecurs during a "dialogue™" with activated
immune cells. TNFUsecreted by immunocytesimulates the synthesis of PGE2, and ++NIDO,

which are the key mediators involved in immunosuppression. MSCs prmeitto have much

more pronounced immunomoduway properties (Krampera M. et al., 2006).

ImmunocytesThe choice of a stimulator is critical, as MSC immunomodulatory effects may
depend on the nature of the activating agent. For instance, the IFlNr oduct-j oGoob ¢ PH
MLR-activated lymphocytesafter interaction with MSCs was low, on the contrary, by
UCD3/ Ugibdased was increased (Prasanna S.J. et al., 2010; Kronsteiner B. et al., 2011). In
the coculture with MSCs, the CD3/CD2&ctivated Tcells demonstrated a significant increase in
appptotic cells, at the same time, the share of
stimulating lymphocytes (Park M.J. et al., 20{L1s tec dzts ) s @fjHat@Dhl, 2013).

Conditions of interaction The MSCs/ immune cells ratio and duration of iatdon are an
important factors defining the efficiency of MS@ediated immunosuppression. The suppressive
effects of MSCs have been demonstrated to be directly proportional to the MSC number in culture
and duration of interactiorCappellessd-leury S. etal., 2010).

Despite of the immunomodulatory properties of MSCs can be realized only via soluble
factors, direct cellular contacts require for more pronounced manifestefiove D. et al., 2008).

Our laboratory is focusing on the role of oxygen as neisvronmental factor. Its effect on
the immunomodulatory properties of MSCs is almost not investigated. We found that inhibition of
proliferation and amntinflammatory shift of the cytokine profile is enhanced under hypoxic
conditions (5% @). RT PCRanalysis revealed an ugegulation of Tcells genes associated immune
respone suppressigiroxp3, IL10, TGFb, PDCDJletc) after interaction with MSC under hypoxia.
Based on above, we suppose, that the PD1 pathway could be implicated in enhancement of MSC
immuns uppressive potenti al at hypoxi a. It ds act
GO0/G1 phase. Further study will reveal the mechanisms for the implementation of MSC
immunosuppression under reduced oxygen level.

Thus, the microenvironmentald@rs have a significant effect on the realization of the MSC
immunomodulation. Further analysis of the molecular mechanisms of the interaction of stromal
progenitors and immune cells is necessary for more effective application of the immunosuppressive
potential of MSCs in cell therapy.

The work was supported by grant RFBRAE>-00461
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A COMPARATIVE STUDY OF DANIO RERIO FISH EYE STRUCTURE IN
MICROGRAVITY AND LABORATORY TESTING.

Grushina O.A.
State Scientific Center of Russian Federation, Institute of Biomedical Problems of the Russian
Academy of Sciences, Miogw.

Longterm space expeditions require crew to create a life support system comprising of
various autotrophic and heterotrophic organisms, capable of providing human nutrition. Various
animal organisms, including fish, are considered to be heterotrophic link of BLSS (biological life
support systems). The inclusion of fish in the BLSS compositionmjgossible without a
comprehensive study of the space flight factors influence on their mptpfsological state.

The object of research was adult fish Danio rerio, which belongs to the species of freshwater ray
finned fish of the carp family (Cymidae), and is the most studied model among all fish.

The aim of the work was to study the influence of space flight conditions on the eye structure
of Danio rerio fish.

Fixation material for the fish histological studies were transferred to the Rgpsaialists of
SSC RFIBMP RAS in accordance with the Agreement between the Japanese aerospace research
Agency (JAXA) and Russian Federal space Agency (Roscosmos), dated July 5, 2012. The
experiment took place on the International Space Station (ISSewilBeadult fish were kept in a
specially designed container for 36 days. At the end of the research fish were fixed on board in 4%
paraformaldehyde on phosphate buffer (pH 7.2). The fixed material was delivered to earth. Fish
contained in the flight typaquarium in laboratory conditions on Earth served as control, also fixed
in 4% paraformaldehyde in phosphate buffer (pH 7.2). The obtained samples (one in five) were
stained with hematoxylieosin by the Karachchi method. The study and photography ohebtai
material were carried out at the light level using "Unil@s (Japan) microscope and Levenhuk R
C 800 camera.

Fish perceive a large number of signals from the environment, and to perceive them fish has a
highly specialized sensor system, which habkigh sensitivity. The sensor system includes a
receptor apparatus the eye, which has a special role. Habitat left its mark on the morphology
functions of the fish's eye. Therefore, living fish in unusual conditions, namely, in the absence of
earth graviy, can have a certain impact on the organ.

The structure of Danioerio fish eyes is the same as all higher vertebrates have. On
hi stological samples compared with | aborator
of 3 components: firous, vascular and mesh. Additional components of the eyeball are aqueous
chamber, vitreous body and lens. The fiborous membrane is formed by connective tissue, divided into
the rear part the sclera and the front pérthe cornea. The mesh layer cotsisf 10 distinct layers.

The outer wide pigment layer of Danio rerio fish is wide and the cytoplasm of the pigment epithelial
cells are densely filled with pigmentmelanin. The core of the receptor (rods and cones), bipolar
cells are located in sevenaws. The darbasophilic rounded nuclei of the ganglion layer lie-one

row with the formation of small clusters in certain areas of the internal retina. Bundles of nerve
fibers formed from axons of ganglion cells, receiving impulses from underlying reaeptdipolar

cells, form the optic nerve, coming out of the eyeball in the blind spot. Axons of glial cells located
in the ganglion layer form an internal boundary membrane separating the retina from the vitreous
body.

The eye lens is transparent, pusbed in the watery chamber almost to the cornea. The lens
tissue consists of elongated nuctéae fibers surrounded by a dense capsule. The anterior part of
the lens is lined with a singlayer flat epithelium. The lens cells facing the vitreous charabe
elongated. In separate histological samples fibers have the form of longitudinal light and darker
eosinophiliccolored areas.

Vitreous body is a mass of transparent gelatinous, amorphous intercellular substance, which is
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separated by the internal balary membrane of the retina, lens and iris. The vitreous body fixes
the lens and promotes stretching and adhesion of the inner layers of the retina to the pigment layer.
Vitreous moisture plays an important role in the retina metabolis. Togetherhgitbhambers
watery moisture, the vitreous body maintains intraocular pressure. It is known that visual
accommodation of Danio rerio fish, as, of all, Cyprinidae, is performed by lengthening the lens
forward or backward, approaching the cornea or movirgydvom it.

Histological studies of danio rerio fish eye samples, compared with the flight group revealed a
bilateral reduction in the volume of the vitreous body, which resulted in a narrowing of the liquid
cavity of the eyeball, retinal folding, strucélichanges of the lens and the inner layers of retina. The
lens in the front part is closely attached to the cornea, the back surface is pressed to the retina to
form deflections of its layers. In areas of lens pressure and deflection an increasedzeucfahe
ganglion layer can be observed, also nuclei can acquire an oval shape with the weakening of
basophilic characteristics, or they are lysed. Changes were found in one fish from the flight group,
they were characterized not only by compressiorthef inner membrane, optical fibers and
ganglion layer, but also the flattening of the plexiform layers up to the outer nuclear layer consisting
of the nuclei of rods and cones. Lens in this fish group was transparent, however, in some fibers
found small \acuoles and longitudinal folds on the border with a fibrous layer of the capsule were
found. There is also a loss of elasticity of the lens capsule, which manifested itself in the formation
of "waviness" of the outer capsule. In the iris region, the poesefistasis and anemia of choroid
capillaries involved in the formation of a watery liquid was noted. In the connective layer of the
vascular membrane of this area, the grains of black pigment are visible, which is not observed in the
eyes of the fish athe control group.

Thus, the study of danio rerio fish eyes in comparison with the flight group revealed signs of
a decrease in the volume of the vitreous body, which led to a decrease in the cavity volume of the
posterior chamber, focal changes in theture of the internal layers of the retina, the formation of
retinal folds; vacuolization and wrinkling of the lens fibers. Decrease of the vitreous body leads to
drop of intraocular pressure and distortion of the retina metabolism. Compresdierretiria by
the lens, including nerve fibers, leads to transmission disorder of impulses from the receptor cells
(rods and sticks) to the visual lobes of the middle brain.

The reason for such distortion of fish eyes structure of the flight group iy likebe
connected with the decrease blood level dialysate from arterial capillaries of the choroid due to the
drop in hydrostatic pressure in them, or the decrease in the secretion of watery moisture by
epithelial cells in the iris region, which led toethchange in the amount and quality of liquid
moisture, especially in the vitreous body.
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OXYGEN LEVELAS A MODIFIER OF THE ANGIOGENIC POTENTIAL OF
MULTIPO TENT MESENCHYMAL STROMAL CELLS

EzdakovaMI ., ZhidkovaQO.
Research supervisor: Andreeva E.R., Buravkova L.B.
Institute for Biomedical Problems of RAS, Moscow

At nowdays, the application of multipotent mesenchymal stromal cells (MSCs) to restore
functional damages of tissues and organs including those associated with angiogenesis is promising
direction in the cell therapy. The most important therapeutic effects of MSC transplantation is
provided primarily through the production of paracrine medigfdiedonna et al., 2009; Bailey et
al., 2010; Gimble et al., 2011). These cells secrete numerous cytokines and growth factors to
stimulate angiogenesis, proliferation and remodeling of the extracellular matrix, including VEGF,
HGF, PDGF, FGF, 16 (Parfenow et al., 2006; Tractuyev et al., 2006; Rubina et al ., 2009; Locke
et al., 2011; Gnecchi et al., 2016; Hodgkinson et al., 2016). A significant number of researches are
devoted to the examination of the angiogenic potential of MSCs from different ti&fimesr(ko et
al., 2010; Shahpazyan et al.,, 2012; Madonna, 2009; Bailey, 2010; Gimble, 2011). It was
demonstrated that microenvironmental conditions are essential for the manifestation of paracrine.
The oxygen level is one of the most important one detengpifinctional state of cells, including
stem and progenitors The oxygen concentration does not exceed 7% in the tissue niches of MSCs,
thus cells are residing under "physiological" hypoxia conditiongivo (Burravkova et al., 2012,
Fehrer et al.,, 20QMolzwarth et al., 2010, Mohyeldin et al. 2010). Consequently, the cultivation
under such conditions is more physiological than at normoxia conditions (when the oxygen content
is 20% and corresponds to atmospheric oxygen). In a number of experimeatedhef a reduced
oxygen on the morphology and functions of MSCs, including paracrine activity, has been shown
(Buravkova et al., 2009; Rylova and Buravkova, 2013; Potier, 2007; Hu 2008; Estrada et al., 2012;
al., 2012; Chen et al., 2014; Ciapettiadt, 2016). A low oxygen level can also be a signal to
increasing production of growth factors stimulating angiogenesis. The effects of hypoxia on the
production of mediators are most often studied after gbort hypoxic preconditioning combined
with serum deprivation. So far, it is not only a hypoxic effect but limitation of growth factors as
well, which causes transcriptional and translational of various bioactive molecules (Lee et al., 2010,
Chako et al., 2010; Rubina et al., 2010; Busletta e@ll1). Coordinated changes in MSC gene
expression took place under above conditions: MRNA c of proangiogenic factors, including
VEGF, PIGF, HGF, bFGF, PDGBV and TGFb , w4 tinees upregulated, while mRNA of
antiangiogenic factors ( PAl, argiostatin and thrombospondin) were s more than 2 times
downregulated (Rubina et al., 2009).

To clarify the the fundamental mechanisms of MSC therapeutic effects, in particular, their
ability to promote vessel growth, it is necessary to study their amgjiogotential under tissue
oxygen concentration.

MSCs were isolated from human adipose tissue and constantly maintained at 20% and 5% of
oxygen. The expression of genes associated with angiogenesis was analysetirog iR&@R. The
concentration of cytdkes in the conditioned medium (CM) was determined by enzyme
immunoassay method. The effect of MSC conditioned medium (CM) on the growth of blood
vesselsn vitro was evaluated in  wound healing assay (-dioactional migration of endothelial
cells (EQ) and by the formation of capillatike structures in the 3inodel of the basal
membrane (Matrigel). The angiogenic activity of GM vivowas assessed in the model of the
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formation of a vascular tree in the chorioallantoic membrane (CAM) of Japaoageembryo
(Coturnix coturnix japonica)

The upregulation of MSC genes involved in angiogenesis (VEGANGPTL2, PDGF,

FGF, TGF, MCP1) was observed under in tissue oxygen concentration. Analysis of paracrine
profile of MSC revealed an increase metconcentration of VEGF and - compared to MSC
under normal conditions. There were no significant differences in the production ofLNAGE IL-

8. CM from MSC stimulated the migration of E@ vitro and the formation of capillafyke
structures in Matgel under hypoxic conditions. In addition, paracrine factors of CM provided an
increase in the number of vessels in CAklvivo(p<0,05), compared with CM from MSC cultured

at a standard laboratory oxygen (20%).

Thus, the cultivation of MSC at "physiolegl hypoxia" leads to an upregulation of
proangiogenic genes providing an increase in the concentration of proangiogenic mediators in
CM, and elevation of angiogenic potential of M8Cvitro andex vivo These results may be of
considerable interefbr the needs of cellular therapy and regenerative medicine.

The work was supported by a grant from the Program of Scientific Research of the Presidium
of the Russian Academy of Sciences "Fundamental research for biomedical technology”
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THE INFLUENCE OF MICROGRAVITATION EFFECTS ON ADHESIA MOLECULES
EXPRESSION OF MULTIPOTENT MESENCHI MAL STROMAL CELLS IN VITRO

Zhivodernikov I. V., Ratushnyi A. U.
Scientific supervisori Buravkova L. B.
Institute of Biomedical Problems, Moscow

Microgravity is one of the space flight facs that has a significant impact on the human
body and itds eff ect s frotnaorganlsystents rtoaindeidual aells aadl |
organelles. The weightlessness changes bone tissue structure due to a disruption physiological
remodeling- the pedominance of resorption over regeneration, especially pronounced during long
flights. There are several effects of microgravity on bone tisstiee deficit of mechanical
stimulation due to the lack of graviry, the redistribution of body fluids in th@areirection due to
inadequate functioning of hemodynamic mechanisms in conditions of zero gravity, and also the
gravitational sensitivity of cells forming bone tissue

According to the mechanochemical hypothesis, the cell adhesion molecules, thdutaerce
matrix and the cytoskeleton are the structures mediating the medah@ravity sensitivity of
cells. The strains arising in the matrix can transmit signals through associated adhesion molecules to
intracellular intermediaries, causing a corregpog reaction. As is known, adhesion molecules act
as transmitters of chemical signals in addition to the attachment function. These two functions are
crosslinked, realized by changing the conformation of the molecule. Thus, one of the factors
mechanichor chemical, acting on adhesion molecule conformation, potentiates the effect of another
factor. In turn, intracellular organelles depending on the vector and the force of gravity, transmit
through the cytoskeleton mechanical signals to adhesion maemateanchor proteins, changing
itdéds conformation, and hence the ability to t

In particular, CD105 is an element of the TGF receptor mediating the signaling pathway that
induces the transcription of the RUNX2 gene, which in tuim®ortant in regulating the processes
of osteoblast differentiation and proliferation. CD44 acts as a receptor for osteopontin, collagen,
matrix metalloproteinases, hyaluronic acid, and participates in intercellular interaction, adhesion and
migration. Tk U4 and U5 integrin subunits (CD49d an
with the b1l and b7 subunits to form the heter
of the main fibronectin receptors and are involved in adhesion procedbeseixtracellular matrix.
CD51-61 is a vitronectin receptor that mediates adhesion to the extracellular matrix through RGD
motifs, and also participates in transduction of signals and intercellular interaction. There is
evidence that phosphorylated focatlhesion kinase (FAK) can weaken the signal from the
parathyroid hormone receptor, which accelerates resorption by activating osteoclasts, and the Wnt /
Gcatenin signaling pathway plays a role in regulating the development and function of osteoblasts,
in the formation of bone skeleton and its strength , reaching the required level of bone mass.
Therefore, it is important to understand how microgravity conditions affect the adhesion molecules
of bone progenitor cells. Mesenchymal stromal cells (MMSC) ashamsensitive cells capable of
perceiving gravitational stimuli, as well as precursor cells of mesenchymal tissue, including bone
tissue. Accordingly, they were chosen as the object of experiments, in which the influence of
microgravity on adhesion moldes expression of MMSC was studied.

To accomplish this task, adipedee r i ved st r omal cMEMInediuma s ¢
containing 10% fetal bovine serum, 50 U / ml
immunophenotype CD90 +, CD73 +, CBLG, CD45. The studies were carried out in the
experimental series: static control (K), dynamic control (DK), necessary for analyzing the
contribution of medium mixing (the vial was placed on the shaker), and modeling the effects of
microgravity when thevial was placed on the RPM (Random Positioning Machine) platform. To
study the expression of cell adhesion molecules, staining of the corresponding antigens with
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commercial fluorescent antibodies (BD Biosciences, USA) was performed and medium
fluorescenceintensity (MFI) was analyzed. The level of expression of intercellular adhesion
molecules- ICAM-1 HCAM (CD54 and CD44, respectivel y)
U5 (CD49e) , -68l)wadmedsdredUusthd fow cytometry on Accuri C6 BD Barsms,

USA).

After a 10day exposure to RPM, there was a tendency for MFI to decrease in CD90, CD73
and CD105 markers in cultures exposed to RPM compared to cultures under static conditions, it
may indicate a decrease in the expression of these antigémes surface of the cell membrane. The
average viability of the MMSK remained stable and ranged from 96% to 98%. Previously, we
showed a decrease in the expression of IGCAMNd HCAM at a 9%our exposure to RPM
(Ratushnyi et al, 2017). At i@ay exposuresignificant differences in the expression of ICAM
HCAM (CD54 and CD44, respectively), as well as HAMBC and CD29, were not detected
compared to control values. Such leveling of the effect could be caused by adaptation mechanisms
over a longer periodlhere is also a trend towards a decrease in the expression of integrin subunits
CD49a (VLA1l), CD49%b (VLA2). This insignificant difference in the expression of surface
markers in comparison with the 9®ur exposure may indicate the adaptation of MMSC to
microgravity conditions over a iday period.

Thus, longterm modeling of microgravity effects does not lead to pronounced changes in
the expression of intercellular interaction molecules and integrins, which allows progenitor cells to
maintain contact wit other cells and the intercellular matrix.

The work was carried out with the partial support of the fundamental research program of
the IBMP RAS.
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THE FUNCTIONAL PROPERTIES OF MESENCHYMAL STROMAL PRECURSORS
ARE MODULATED BY THE INTERACTION WITH ENDOTHELIAL CELLS

Zhidkova O.V.
Superviser: Buravkova L.B.
Institute of Biomedical Problems RAS, Moscow

Multipotent mesenchymal stromal cells (MSCs) are incrghgibeing used in regenerative
therapy. The interaction of MSCs with endothelial cells (ECs) after injection into the bloodstream
could modify the properties of both cell types. Meanwhile it is still not fully explored whether ECs
could affect the reparat potential of MSCs and what is the role of ECs activation in above effects.

Stromal precursors are considered to participate in reparative remodeling due to the
production of biologically active mediators and immunomodulating properties (Caplan €x1al., 2
Kalinina et al., 2011; Dimarino et al., 2013; Marqu€artis et al., 2015). Both autologous and
allogeneic MSCs are actively used in regenerative medicine. Several ways of MSC transplantation
could be used for therapeutic application: systemic (the bloodstream), local (to the target
organ), and as tisstengineering constructs (Leibacher et al., 2016). The possibility of targeted
delivery of MSCs to the damaged tissue is closely related to their biological properties. These cells
possess the ally to migrate to (home in) damaged tissue from the vessels along the gradient of the
chemokines and cytokines (Nitzsche et al.,, 2017). Homing is a multistage process involving
adhesion to endothelial cells and subsequent transendothelial migration ¢ohhj 2013,
Leibacher et al., 2016, Nitzsche et al., 2017). MSC interact with EC by surface adhesion molecules,
when transmigrate (Henschler et al., 2008, Chamberlain et al., 2011). Variculgronatory
cytokines (TNFalpha, IFNgamma, interleukinsgtc.), secreted by immune cells, activate vascular
endothelial cells in the area damage. Activated EC produce various chemokines that stimulate
MSC chemotaxis (Danese et al., 2007, Teo et al., 2012). When migrating from the vessel to the
tissue, MSC interact with the EC both by directtoetell contact and through paracrine regolat
These interactions could affect regenerative potential of MSCs on their way to the tissue. The
analysis of the influence of various microenvironmental factors on MSC is an important issue of
cellular physiology and regenerative medicine. Many stuelk@snined the influence of molecular
microenvironmental factors ¢@oncentration, cytokines, etc.) on the biological properties of MSCs
(Yamomoto et al., 2013; Choi et al., 2014; Buravkova et al., 2014). However, the influence of the
cellular microenvironrantal components on MSC functions has been studied to a lesser extent.

MSC-endothelial interaction is of considerable interest for cell physiology, because ECs are
a principal component of the perivascular niche. In vitro modeling allows to examindettis ef
intercellular interaction on MSCs, combined with various microenvironmental factors (hypoxia,
proinflammatory cytokines, etc.).

Some publications indicate, that interaction with ECs could modify the MSC proliferation,
differentiation potential, mdity and secretion of extracellular matrix proteins as well (Bidarra et
al., 2011; Lin et al., 201 erfeld-Clausset al.,2014;Choi et al., 2016). However, the data on the
effects of prolonged coultivation with EC on MSC proliferation in vitro aremtroversial. It was
shown, that MSC proliferation increased duringcadtivation with ECs under growth factor
deprivation, as well as at initially low cell plating density. This effect was not observed under
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normal growth factors concentration and atghtcell plating density (Bidarra et al., 2011, Steiner
et al., 2012, Lin et al., 2014).

A change in the transcriptional profile of MSCs after 2 to 15 daysutttvation with ECs
has been revealed, but the list of investigated genes varied between erfeeriim particular,
transcription of myogenic differentiation regulatory genes (myocardin, smooth muscle actin,
cal poni n, transforming growth factor b) and
phosphatase, bone morphogenetic protein, bone sialoprotein, collagé&anscription factor
RUNX2) was changed. Besides transcriptional changes, stromal precursors did not acquire
functional phenotype of smooth muscle cells or osteoblasts. Moreover, precursor cells retained the
ability for adipogenic and chondrogenic diféntiation after longerm cocultivation with ECs (Lin
et al., 2014), which indicated the maintenance of their multipotent state.

It is well known that MSCs possess angiogenic properties. Stromal cells produce growth
factors, which induce endothelial Is2to form and stabilize the vascular network. Thus, secreted
VEGF, IL6, IL8, etc. stimulated the proliferation and migration of endothelial cells (Xu et al., 2017).
At the same time, MSCs produced extracellular matrix proteins, which accumulate aloegvie
formed capillaries, stabilizing the vascular network (MerHelduss et al., 2010). Furthermore,
upon EGMSC interaction, it was shown an increased production of extracellular matrix proteins
required for angiogenesis (Merfeltlauss et al., 2014).

EC also could modulate MSC motility. MSC migrate, secreting enzymes for extracellular
matrix degradation (metalloproteinases), their inhibitors and receptors to chemokines, which create
gradient for cell movement. Paracrine action of ECs caused an ingneasetalloproteinase 2
production and a decrease in integrin alpha 4 expression in MSCs, which enhanced cell migration
rate (Choi et al., 2016).

Thus, the existing experimental data suggest that the EC modulate the proliferation,
differentiation, migratia, angiogenic potential of MSC by direct etdcell interaction and by
paracrine regulation. These effects probably could determine the pattern of MSC realization in cell
therapy and regenerative medicine.

This work is supported by RSCF grant1%10407
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PSYCHOLOGICAL AND CLINICAL -BIOCHEMICALASPECTS OF ADAPTATION OF
HEALTHY PERSONS TO CONFINEMENT CONDITIONS IN HERMETIC OBJECT

Zhuravleva T.V.
Scientific advisofNichiporuk I.A.
SRC RF IBMP RAS, Moscow

In aspect of a strategic planning of interplanetary expeditions a maintenance of activity and
working capacity of cosmonauts should be carried out at new qualitative level taking into account a
biopsychosocial padigm of a mental health.Occurrence in ldagn flight of psychological
problems, undoubtedly, is capable to have negative influence on a physiological condition of whole
organism and its sensory systems in particular, that can lead to failures iroopet&ity and, as
consequence, threats to life and health of participants of interplanetary expeditions (Canan J.W.,
2013).

The interdisciplinary multidimensional approach to studying of adaptable possibilities of a
person in simulated conditions of artificial inhabitancy will allow receiving answers to questions
about optimal quantitative and gender membership of crew, the ergonomics, and necessary modes of
preventive actions in forthcoming interplanetary flights.

A study of psychological and etabolic aspects of adaptation of participants of experiment
"Sirius-17" to conditions of 1-@ay isolation in hermetic object was the goal of research.

Objects, materials and research methods

6 subjectssolunteers (3 men aged -33 years and 3 women aged 27 years) who have
participated in research, previously had passed medical both psychological selection and had signed
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the Informed consent. The program of experiment was confirmed by the commission on biomedical
ethics of SRC RF IBMP of the Russian Aeaty of Sciences.

The withdrawal of blood for biochemical analyses was done in the morning, on an empty
stomach, 7 days before the beginning of experiment;tbnand 14th days of confinement, and on
2 and 7 days after its end. The levels of 45 biochdmnp@eameters in blood serum of volunteers
were determined by means of standard commercial sets of reagents. Measurements were done by
use of the biochemical automatic analyzer "Targa BT 3000 of "Biotechnika Instruments company"
(Italy), the biochemical amgzer "Clima 15" "RAL" company (Spain) and the analyzer of
electrolytes "EasyLite Na/K/Ca/pH" "Medica Co." (USA).

5 volunteers have passed psychological testimgitial 7 days before the beginning of
experiment, repeatednext day after its terminatio he following questionnaires were offered to
crewmembers of "Siriud. 7" for written filling: "Scale of psychological stress”, adapted by N.E.
Vodopjanova (Modopjanova N.E., 2009); the Russian version of the test "Psychological Stress
Measurement (PSM5)" (Lemyre L, Tessier R.Fillion L., 1991); a scale "The mental anguish”,
adapted by T.V. Zhuravleva with @uthors (Zhuravleva T.V., Chistopolskaja K.A., Enikopolov
S.N., 2016); the Russian version of the test "The Psychache Scale" (Holden R.R.KMethé,

2001); a multilevel personal questionnaire (MPQ) of A.G. Maklakova and S.V.Chermjanina
"Adaptability”(Berg T.N., 2005); a questionnaire "Strategy of overcoming of stressful situations"
adapted by N.E. Vodopjanova and by E.S.Starchenkova (Madoyg N.E., 2009); the Russian
version of the test "Strategic Approach to Coping Scale (SACS)" (Hobfoll S. E., Dunahoo C. L. et
al., 1993); the symptomatic questionnaire "State of health in extreme conditions" of A.Volkov and
N.E. Vodopjanova (Modopjanovd.E., 2009); test "The differential estimation of conditions of the
lowered working capacity? adapted by A.B. Leonova and S.B. Velichkovskaya (Modopjanova
N.E., 2009); the Russian version of the test "ErmuedvlogotonieSaettingStress (BMSII)"
(PlathH. E., Richter P, 1984).

The package of applied programs Statistica for Windows, version 6.0 was used for
statistical data processing. Mediafisj, the low and high borders of interquartile intervals (LQr,
UQr) were calculated. Significance of distilocts between results of primary and repeated tests
was defined by means of Wilcoxon Matched Pairs Test. Interrelation between the psychological
and biochemical indicators measured on the next day after the termination of experiment was
assessed by meanshe ar sondés correl ati on.

Results of research

The analysis of the given psychological tests has been begun with processing of results of a
scale "Reliability of results of research" of multilevel personal questionnaire "Adaptability”. All
volunteers have gawithin the given scale from 1 to 4 points both at primary, and at repeated
testing. At quantity of points less than 10 the results can be considered as objective (Berg T.N.,
2005). It is necessary to note, that in scales of tests "Mental anguish”, g$wai@vercoming of
stressful situations" and "The State of health in extreme conditions" significant distinctions
between estimations of primary and repeated tests were not revealed. As to "The Scale of
psychological stress" the integrated indicator ofntak tension (IIMT) measured by it was
increased in volunteers after experiment more than at 1,5 ttei@06). The results of test "The
Differential estimation of conditions of the lowered working capacity" also testify that
crewmembers of "Siriud7" hare experienced stress. The stress index (Sl), measured by one of
scales of the aboweamed test, has been increased after experiment at 1,3 ta@e85). Besides,
the decrease at 1,2 times<Q.05) of neuropsychological stability (NPS) was found by te<afi
test MPQ "Adaptability" while the personal adaptive potential (which component is NPS) has been
not changed.

Values of NPS, Sl and IIMT on the second day of the readaptation period positively
correlated with blood concentrations of free fatty a¢rd9.912,te<0.05; r=0.9631e<0.01; r=0.986,
te<0.01,respectively),b-hydroxybutirate (r=0.888,ta<0.05; r=0.989,1e<0.01; r=0.943,1<0.05,
respectively), higksensitive Greactive protein (r=0.953<0.05; r=0.9641s<0.01; r=0.8851e<0.05,
respectively) and with actitsi of U-amylase (r=0.940tg<0.05; r=0.9691e<0.01; r=0.8821e<0.05,
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respectively). All three aboweamed scales negatively correlated with blood potassium
concentration (r €.906, t&<0.05; r =0.890, te<0.05; r =0.888, t1a<0.05, respectively). Points of
NPS, besides, positively correlated with cholesterol hige nsi t vy |l i poprotein
(r=0.886, t6<0.05) and with apolipoprotein A1l concentration (r=0.8880.05). The revealed
correlations between psychological and biochemical parameters also ctidipresence of stress
in volunteers as it is weknown, that in stressblood concentrations of transmitters of acute phase
answer are raised under the influence of catecholamines, processes of glycolysis and
gluconeogenesis are activated by impaajlo€ocorticoids, there is a liberation from fatty depots of
lipid high-energy substances, blood concentration of transport forms of cholesterol is raised
(Poryadin G. V, 2009), urine potassium excretion under the influence of mineralocorticoids goes up
(Postnikov A.A., 2006),.e. changes of those substrata and products of metabolism occur, which
correlations with estimated psychological indicators are exactly found out by us.

Summary

Theincrease of psychological and biochemical markers of stress atipaatsc of
experiment "Siriusl 7" is revealed. The stress is moderately expressed, adequately compensated by
organism and does not demand correction by experts. The personal adaptive potential of each
crewmember reflects higkevel of the adaptation to sirated conditions of inhabitancy with
preservation of healtkvorking capacity and skills of effective decisions of assigned tasks.
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INFLUENCE OF 17-DAILY ISOLATION WITH SHORT -TERM SLEEP DEPRIVATION
ON THE CELLULAR FACTORS OF THE HUMAN IMMUNE SYS TEM

Kayunova § .
IBMP RAS, Moscow
Scientific adviser: Ph.D. Ponomarev S.A

As known the immune system exhibits a high degree of plasticity and adaptability. Within
the framework of the international experiment "SIR{REEL7", studies were conducted to assess the
effect of 17day isolation with shotterm sleep deprivation and increasexyghoemotional effect
on the system of innate and adaptive immunity. The study was carried out on the blood materials of
6 volunteers (3 women and 3 men) taken in the background before the experiment, during sleep
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deprivation on the 15th day of isolatiand on the 1st day after experiment completion . With the
help of the flow cytofluorimetry method, the subpopulation composition of peripheral blood
lymphocytes was determined: memorgdlls (CD4 + CD45RA +, CD4 + CD45RO +);hElper

cells (CD4 +), monodgs and granulocytes having imageognition Tol like receptors (TLR2),

as well as natural killer cells (EK cells) (ClED16 + / CD56 +). In addition, data on the absolute
and relative content of leukocyte subsets in peripheral blood stabilized PAWEDE obtained. The
statistical estimation was carried out by the method of pairwise comparison of means by the
Wilcoxon test.

Analysis of the content of monocytes, granulocytes and lymphocytes in peripheral blood
revealed no statistically significant difiences between the valuebtained during and after
isolation and background indices.

A key role ininnate immunity activationupon contacts with external and internal pathogens is
played by conservative TLRs, which transmit the signal inside the cell, eventually resulting in a
change in the gene expression profile and the initiation of the inflammation reaction. The data
obtained from the results of shaerm sleep deprivation in the conditions ofday isolation did
not reveal statistically significant changes in the numberaicoytes and granulocytes with TLR
1-9 on their surface. However, on the 1 day after the exit from the isolation volunteers had a
decrease in the number of monocytes expressing membranedTBR6 and intracellular TLR3,

8, 9, as well as granulocytespeessing membrane TR, 2, 4, 5, 6 and intracellular TER, 8, 9.

Based on this data, it can be assumed that staying in in combination with deprivation of sleep has a
negative impact on the system of innate immunity, specifically on the recognitpathafgens and

the initiation of a primary immune response.

One of the first stages of the body's reaction to an external threat, whether bacterial
pathogens (grarpositive, grarnegative or intracellular), viruses or protozoa, is the activation of a
systemof natural cytotoxicity, the main cellular factor of which are natural killer cells (EK cells)
that exhibit cytotoxic activity against tumor and pathegdacted cells. Analysis of the obtained
data demonstrates a authentically significant decreaseeimetative content of EK cells (CB3
CD16 +/ CD56 +), as well as TNgells (CD3 + CD16 + / CD56 +), which have propertieaid
EK-cells, in the peripheral blood of the volunteers onthe 1 dayafter the exit from the isolation in
comparison with backgrourniddices. However, a slight decrease in the relative and absolute values
of EK and TNkecells quantity to baseline valuegs observed at all stages of the experiment.
Similar results may indicate negative changes in the system of natural cytotoxidity tihe
influence of a complex of factors, including isolation in the and gbant sleep deprivation.

At later stages, a specific immune response is triggered, associated with activation of
adaptive immunity, the cellular factors of which are represeitg subsets of -Tand B
lymphocytes. Triggered by-fielper cells, the adaptive immune response develops along the cellular
(T-killers) and humoral (Rell) pathways, resulting in the formation of memory cells and the
prolonged maintenance of the proteettiter of specific antibodies in body fluids. As a result of 17
day isolation in volunteers, there were no significant changes in the content of CD19 + B cells and
CD3 + T cells by relative and absolute values. Analysis of naive T cells (CD4 + CD45&#d+)
memory T cells (CD4 + CD45RO +) also revealed no statistically significant changes during the
experiment. Thus, we can say that, despite the individual variabiligtag4solation with short
term sleep deprivation does not significantly affect ffstesn of adaptive immunity.

In this way, the obtained data indicate that during the early adaptation of the immune system
to the complex of factors associated with-deg isolation with shofterm sleep deprivation and
increased psychoemotional stress,ng&s occur in the system of innate immunity, realized through
the profile of TLR and a system of natural cytotoxicity. The system of adaptive immunity under
these conditions does not demonstrate significant rearrangements.
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THE LEVEL O F PHYSICAL READINESS OF SPACE TOURISTS TO PERFORM SPACE
FLIGHT IN THE PRE -FLIGHT STAGE
OF PREPARATION
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Kovinskiy A.A.
Federal State Organization AYU.A. Gagarin R
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Key words: space, tourism, spaceutism, Russia, cosmonauts, ISS, space vehicles, space tourist,
physical training.

During the 18 years of manned flights on the International Space Station (ISS), ten non
professional cosmonayarticipants in space flights carried out eleven flightRossian manned space
crafts. In the world practice, the development of space tourism is represented by the projects of manned
spacecrafts of the new generation. Thus, in a few years space tourism will be a popular industry in the
world, but in order to acmnplish a space flight one must have a certain margin of "strength", that is, the
body must be physically prepared for overloads, weightlessness and other factors. The goal is to develop
an optimal combination of general and special physical trainingpfrestourists in Russia and the
world to make space flight on various manned spacecrafts.

After the collapse of the USSR and the almost complete cessation of funding for the space
industry, only those space industry enterprises that were competitive asd adtivities could have
applied have gradually "survived" in Russia over the ladtSl@ears. This created conditiomsluding,
for the emergence of commercial space projects. Space tourism can bring and already brings good funds
to "space" countrigd].

Thus, the relevance of research is due to the emergence in different countries of space travel
(whose age ranges from 20 to 65 years), which must be prepared for various cultural, educational,
scientific and other activities, most importantly, ensuitife safety, counteracting unfavorable factors of
space flight and possible its consequences.

Analysis and generalization of literary data of space tourism shows that in the world practice the
development of space tourism presents the projects of maravedenerationvehicles the new
generation manned spaeehicle Federation (Russia), the multipurpose manreduicle Orion (USA),
private spaceehicles Starliner CST100) of Boeing, Dragon's company SpaceX, Dream Chaser from
Sierra Nevada CorporationeW Shepard of Blue Origin. Particular attention is paid to the projects of
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suborbitalvehicles, in particular the creation of rockets "SpaceShipTwo" and carrier "WhiteKnightTwo"
of VirginGalactic [2].

Currently in the US, space tourism is considered thst mignamically developing part of the
space industry. Private corporations invest huge amounts of money in developing their own carrier
rockets, suborbital and orbita¢hicles even orbital hotels for long stay of tourists in orbit. The ground
tourist infrastructure is being created, the first in the world spaceport "America" has already been built. It
Is planned to create a network of spaceports around the world, which will make it possible to increase
the number of people who have been in space hundfdittlses using suborbital space vehicles in the
coming decades.

The development of space tourism in the future is impossible without the creation of an extensive
infrastructure of the space tourism industry.

The problem is also actualized by the fact thatexisting life support program for astronauts, as
well as the results of preparations for flights to the CTC named after Yu.A. Gagarin to perform space
flights by nonprofessional cosmonauts on the ISS can be used to prepare space tourists for other
conmercial programs.

In general, according to the results of the research, it was determined:

— aspace tourist should first of all be interested in, motivated to fly, that is, it is necessary to
promote and develop space tourism more, but at the moment f@ke f@ow about flights, training
and other aspects;

— during physical training in the pifight stage, it is necessary first of all to maintain and
develop physical qualities, abilities such as: static endurance; motor coordination abilities, dexterity
(keep balance, ability to perform precise movements including differentiate effort, ability to relax,
economically perform movements, overcome muscle tension).
all other physical qualities and abilities should also be maintained and developed at the prbfuer lev
the "excellent” physical state of the level, since without special and general physical preparation of the
individual it is impossible to adapt to cosmic overloads, weightlessness, feeling of heaviness and many
other factors.
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EFFECT OF ANTI -ORTHOSTATIC HYPOKINESIA ON SALINE AND WATER APPETITE
IN MICE

Lagereva E.A%, Gorshkova A.A?
17 SRC RF Institute of Biomedical Problems RAS,\.V. Lomonosov Moscow State University

Cardiovascular system adaptation of human to microgravity is known to be initiated by
redistribution of fluid from the lower part of the body to the upper, caused by the disappearance of
the hydrostatic pressure gradient. Hydrostatic pressure gradient in isnicegligible, but
cardiovascular system reactions in mice during microgravity and impgosagravity conditions are
similar to those in humans. This fact indicates the importance of factors which is not affected by
body size in the mammalian cardiovalses system adaptation to microgravity. One of these factors
can be watesalt metabolism, and particularly watalt appetite and the absorption of water and
electrolytes in the intestine, which is undercentral néwrmoral control.Hemodynamic changes
observed during space flight can also contribute to functional changes in the intestine, and vice
versa, intestine can affect changes in cardiovascular system,since the visceralregion may require up
to a quarter of the cardiac output.lt can be assumedthbaintestine can play a great role in
electrolyte balance changes under the microgravity conditions, as it is a single way to get water and
electrolytes into the body. In order to assess the contribution of the intestine in electrolyte balance
changes urel the conditions of simulated microgravity, it was decided to investigate the water and
sodium appetite in mice in the model of amtihostatic hypokinesia.

Male BALB/c mice were subjected to hindlimb unloading (Ferreira J.A. et al, 2011). Two
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control goups were used attached mice (attachment was the same as in unloaded mice), and

isolated mice (without attachment and unloading). All mice were housed in the same cages, n=12 in
group. Background parameters were registered for 6 days during the adap&tad. Then the

water and saline (0.9% NaCl) consumption were registered for 14 days followed by 7 days of
recovery period. A number of morphometric and hematological parameters were evaluated during
the experiment.

It was found that the total volumdconsumed liquid in hindlimb unloadedmice decreased
by203 0 %i n the first 4 days of wunloading, and ht
control mice. During the recovery period this value has increased-6%0 Saline consumption in
contro | mi ce of both groups increased, reaching
unloaded mice saline consumption was unchanged during the entire period of the unloading and
decreased in the recovery peri othe otherhsource afo n s u
sodi um, was the same in the animals of al/l g
unloading out and recovery. Body massand organs weight as well as hematological parameters were
typical for mice in HLU model (Popova A. S @&., 2017). It should be noted a significant decrease
in testes weight in hindlimb unloadedmice (F (2,15) =1,313; P=0,2982) compared with control
animals, indicating a possible decrease in testosterone levels. There were no crucial differences in
the keyparametersbetween attached and isolated animals, indicating a slight effect of the stress
caused by the attachment on the observed parameters.

Reduced sodium appetite in mice as one of the adaptation processes, indicates alterations of
neurohumoral reguteon and correlates well with data obtained on larger animalsand humans under
the influence of antiorthostatic hypokinesia and in the recovery period (Larina I. M. et. al, 2013). In
our further researches it will be found out, whether changes of morptalcmid functional
conditions of intestine could be the basis of the of wsaiirappetite change registered by us for the
first time at hindlimb unloaded mice.
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SANITARY AND CHEMICAL RESEARCH OF POLYMER COMPOSITE MATERIALS
BASED ON CARBON FABRIC AND ENFB BINDER FOR USE IN THE LIVING
COMPARTMENTS INTO FUTURE SPACECRAFT.

Lashukov P.V.,, Tsarko®D.S.
SSC RF IBMP RAS, Moscow

When designing advanced spacecraft oriented to interplanetary flights, special attention is
paid to reducing the weight of products by increasing the proportion of polymeric materials used in
the construction and equipment ships characterized by high wear resistance, low density,
resistance to aggressive media, specific strength and rigidity superior to all widely used structural
polymeric and metallic materials. Such promising materials include polymer composite materials
(PCM), implementation of which requires a sanitary, chemical and hygienic assessment aimed at
reducing the risk to the health of the crew.

In the process of operation and aging of polymer matrix (PM) are releases highly toxic
volatile chemical compound¥CCs) different classes of hazard, and their suitability is regulated by
regulatory requirements.

The purpose of this study was Assessment of the composition in outgassing from PCM and
determines dynamics of composition of outgassing from the investigaestials with aging for
compliance with regulatory requirements GOST R 56894

Climatic accelerated aging method comprises subjecting the PM climatic factors that lead to
physical and chemical transformations in the PCM. Quantitative and Quality coimp&siolved
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VCCs, which are products of physical and chemical degradation of the polymer is one of parameters
for assessing the condition of working characteristics of the material and the possibility of its use in
the spacecraft during use.

Sanitary ancchemical research found that the concentration of the identified substances in
the composition of the outgassing researched PCM were at one, two and three orders of magnitude
below the values the maximum permissible concentration. Extremely toxic chexmimpbunds
were not detected. With increasing exposure temperature up-i0@C, an increase quantitative
composition of outgassing components, but does not change the qualitative composition and similar
substances are released when exposed to a temmpestt(C with exposure duration of 14 days.

Research have shown that the composition of outgassing defines camping polymeric binder
composition.However, the concentrations of these substances,depends onsaturationbinding in PCM
and, therefore, has an liménce onpermissible volumes of use of these materials in the habitable
compartments of the spacecraft.

This situation is confirmed by studies which demonstrated that PCM made on one carbon
tape, but with a different type of binder, differ in chemical position of gassing component. Thus,
using a modified epoxpolysulfone binder, in the outgassing is identified in 3 times more
substances, in contrast to materials with a binder based on modified epoxy resins. This circumstance
is important consider whedeciding the possibility of using PCM in the living compartments of
spacecraft for hygiene indicators. Studies have shown that 10 years she studied aging PCM not
accompanying the advent of highly volatile organic compounds characteristic of binder degradat
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ACTIVATION OF IGF1 AND IGF1-DEPENDENT GENES IN HUMAN MYOBLASTS BY
LEUCINE

Lednev E.M., Kravchenko I.V.Furalyov V.A., Lysenko E.A., Popov, D.V.
IBMP of RAS, Moscow, Russia;
Research Center of Biotechnology RAS, Moscow, Russia;
FFM, Lomonosov MSU, Moscow, Russia

IGF1 plays an important role in the regulation of connective tissue, bone and muscle
homeostasign adults. Experiments in rodents demonstrated that leucine (Leu) intake increases the
systemic IGF1 level (Teodoro G.F. et al., 2012; Pedroso J.A.et al., 2013; Pedrosa R.G. et al., 2013).
Studies in HeLa, HEK293T and COS?7 cells revealed an obligatstépanechanism of mTORC1
regulation: preactivation (priming) by arginine (Arg) and then activation by Leu (Dyachok J. et al.,
2016). The aim of our research was to investigate effect of Leu on expres$@Rlaind IGF1-
dependent genes in human myoblagie have assumed that Leu may regulate the gene expression
in human myotubes, and this effect may be improved bagtigation with Arg.

After starvation (1 h), myotubes were incubated with Arg (0,4 mM, 30 min), or Leu (0,8 mM,
30 min), or Arg and then du. The 4EBP1™*"%® and S6KI"*° phosphorylation (targets of
MTORCL1) was evaluated by Western blot. In the second experiment, after starvation (1 h) myotubes
were incubated with Leu (0,8 mM, 24 h), or Arg (0,4 mM, 24 h) and then Leu (24 h). Exprefssion
IGF1, COL1A1, COL3A1, COL5A1, SREBF1, HMGCR, IgeXes was measured by gPCR.

Arg did not affect the S6K1™° or 4EBP1""*®phosphorylation, whereas Leu increased
proteins phosphorylation (if@ld and 3,5fold, respectively), but the most sigmifint effect was
related with consecutive Argeu stimulation. Leu had little effect on theF1 and IGFtdependent
genes expression. The consecutive -Begl stimulation increased expressionlGF-1Ea, MGF,
COL1A1, COL5ABNdSREBFI(3-fold, 5,8fold, 3,6fold, 1,4fold, and 1,4fold, respectively).

Two-step mMTORCL1 activation by Arg and Leu in human myoblasts was shown. The same
effect for leucinestimulated gene expression was found: the consecutivéugstimulation leads
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to the most significant actiian of genes expression. It means that expressioGei and IGF1
dependent genes is regulated by amino acids via-atepomechanism.

The study was supported by the Science res
research for biomedical technolog s ¢ f-2020yy2 0 1 8
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THE PRODUCTIVE QUALITI ES OF THE JAPANESE QUAILS USING LIGHT IN
VARIOUS SPECTRA

Litvin E.D.
SSC RF IBMP RAS, Moscow

The article presents the results of studying the effect of light in various spectra (yellow, blue
and white) on the productive qualities of Japanese quailsuii@o Cotunix Japonica) as a
component of biological life support systems (BSGO).

The aim of the work was to study the effect of a yellow, blue, white light spectrum of different
wavelengths on egg production and morphological quality of eggs and tligywafla bird.

One of the most important components of the technological process is lighting of poultry
houses.

Investigation of the influence in different illumination spectra on the productivity and
physiological status of the Japanese quail is cuyreglievant, and the main task of developing and
selecting special radiation sources is very paramount.

The experiment was conducted on adult mature quails. At the age of 21 weeks, the females
which selected for the experiment were divided into three grotit8 animals in each group with a
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different spectrum of illumination:

l1gr. il lumination with yell

29gr. Il umination with blue

3gr. control a wide range.

Formation of groups at 3 weeks aige the live weight of birds in all groups was
approximately the same, as the groups were equipped with a bird by the method of pairs of
analogues.

The duration of the experiment was about 8 months.

According to the experimental program, the bird was meosit and monthly bird weighing,
egg production evaluated, laying intensity, weight and components ratio of eggs were carried out.
Results of the study. During the period of research in all groups, the safety of quails was at a high
level. Thus, it can betated that the spectral composition of light did not affect the viability of
quails.

At the age of 2432 weeks, the quail has already completed its growth, upgrowth and differences in
live weight could only be related to the extension of the reproductgens (ovary and oviduct)

and the presence of the egg in the female genital tract at the time of weighing. It should be noted
that the live weight of the quails of the control group in all age periods was higher than the live
weight of the females of thexperimental groups. The greatest differences were observed between
the quail of the control group and quails of group 2, where the illumination of the quail was blue
light.

Daily accounting of egg production allowed to obtain data on the egg producfijtiais.

Since the beginning of observations {&&ekold age), an increase in egg production has been
observed in all groups. The greatest egg lay in females was at the ageSow2gks in the control

group (group 3) and in the 2nd group (blue filt&t)the age of 229 weeks, the greatest number of
eggs was obtained from females in group 2, and in the period38 2&eks the best in laying were

the females in groups 1 and 2. Analyzing the data on the egg production of quail during the whole
observéion period (2133 weeks) it can be seen that a large egg lay was in females in group 2,
exposed to light using a blue filter.

The data on the intensity of oviposition of females during the observation period in all quail
groups were at a high level. Evdaring the period of 225 weeks, the lowest edgying rate in
group 1 was close to 70%. With such egg laying, it is possible to get 253 eggs per year from the hen.
The highest intensity of egg production was 96.4% and was observed in28ew&ek ageroup
in the second group, where the quail was exposed to the light of the blue spectrum.

Data on the quality of eggs obtained from quails at the age of 21 and 29 weeks had the same
density and no significant differences were observed in the qualityegbristein and yolk in the
group, the indices of these indices were the same.

The data of the morphological analysis of eggs from quails of thee2&old age showed
that no significant changes are observed in all groups in density, shape of eggs,ckmassh
relative mass of yolk and protein in all groups.

Of particular interest is the development of reproductive organs in birds kept under
illumination of different spectra. Experimental data on the development of the ovary and oviduct in
females fronthe control and experimental groups, suggest that the size of the oviduct and its mass
in females from the control group were inferior to quails of experimental groups. The length of the
oviduct in the quails that were exposed to the yellow and bluewiisralmost the same, while the
control group was somewhat inferior in this indicator.

Thus, the obtained data allowed to draw the following conclusions:

1. The use of a quail of a yellow or blue filter to illuminate adult females results in a decrease
in the live weight of the bird. Female quails from the control group exceeded the live weight of
females from the experimental groups, respectively, in the control gra8p.3- 215.0 g, in the
experimental group224.5188.3 g.

2. The highest egg produati in the three 4veek periods of the experiment was in a group of
guails illuminated with blue light. The average layer for this period was 71.1 eggs, in the group with
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yellow light- 67.0 and in the control grou©8.3 eggs.

3. Due to the greater edaying and the average weight of eggs from the group of quails
contained with blue light, the average layer was obtained for tlhvwesek periods (84 days)797.5
g of egg mass, from groups with yellow light35.9 g and from the control grou@76.0 g.
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THE STATE OF CHOLESTEROL METABOLISM IN PARTICIPANTS OF THE
EXPERI MENT WITH I SOLATI ON I N HERMETI C CHAM!

E.A. Markina
SSC RF IMBP RAS, Moscow, Russia

Long-term presence of a p®n in conditions of orbital space flight leads to the formation of a
new level of homeostasis, optimal for a given habitat and characterized by shifts in various parts of
the metabolism (Gazenko O.G., Egorov A.D., 1984). In particular, changes in ehalest
metabolism, reflecting the activation of atherogenetic processes due to unfavorable redistribution of
cholesterol fractions, were noted (Marlin, Strogonova L. , Balashov O. et al., 1998). At the same
time, the increase in the concentration of cholesterol and its atherogenic fractions in the blood
correlates with morbidity and mortality from coronary heart disease (Komissarenko I.A., 2014).
Cardovascular diseases are the leading cause of cosmonauts disqualification and the main cause of
their death (Moukhamedieva L.N., Markina A.A., Zhuravleva O.A., 2018).

It is obvious that in the acute period of adaptation to flight conditions, metaboltmresacf
the body determine the further state of metabolism during the expedition. Despite this, the earliest
biochemical studies carried out under theboard medical control program took place only for 25
30 days of orbital flight (Nichiporuk I.A., 20iMarkin A.A., Zhuravleva O.A., Kuzichkin D.S.,
2013). There is no doubt that a detailed study of metabolic reactions in the acute period of
adaptation to space flight conditions is only possible in grdaasgd simulation experiments.

In experiments withhe 120day antiorthostatic hypokinesia, as a model that can simulate the
physiological effects of microgravity (Kovalenko E. A., 1980), at the end of the first week of
exposure, the team of both sexes was observed unfavorable changes of cholestertistmetabo
(Moukhamedieva L.N., Markina A.A., Zhuravleva O.A., 2018).

A model with isolation in a hermetic chamber allows to simulate many factors of space flight,
except for weightlessness, and to recreate the main stages of the expedition to the Moon and Mars
(Stuster J., 2005). In experiments with isolation lasting from 105 to 240 days, it is shown that
hypodynamia, the influence of factors of hermetic volume, such as changed gas composition of the
medium, pressure, humidity, temperature, are the cause dbatietshifts similar to those observed
in real space flight (Markin A.A., Zhuravleva O.A., Morukov B.V., 2010). Among them, there are
changes in cholesterol metabolism with a predominance of blood levels of atherogenic fractions of
lipoproteins.

The crew nembers of the women's experimentwitd& y i sol ati on in the
signs of changes in cholesterol metabolism (Markin A.A., Zhuravleva O.A., Kuzichkin D.S., 2016).

Taking into account the results of earlier studies, the study of the featfust®lesterol
metabolism in adapting humans to space flight conditions is of great interest. The aim of this work
was to study the cholesterol metabolism in volunteers in the dynamics of the experiment with 17
day isolation in the hermetic chamber.

Materials and methods.In an experiment with tday isolation in the hermetic chamber,
conducted on the basis of the Ground experimental complex of the Institute of biomedical problems,
examined the crew consisting of six people of both sexes aged from 27yeaw3 Capture of
venous blood was carried out in the morning, on an empty stomach for 7 days prior to experiment,
on 7 and 14 days of isolation, and also on 2 and 7 days of the recovery period (RP).

Serum concentrations of total cholesterol, high derigtyprotein (HDL) cholesterol, and
triglycerides (TG) were determined wusing sta
Germany. The concentration of low density lipoprotein (LDL) cholesterol, very low density
lipoprotein (VLDL) cholesterol, and #éhvalue of the atherogenicity index (Al) were calculated
using the values of the above indices (Kamuishnikov V.S., 2009).

Results and discussionThe median values of all the studied parameters were within the
range of the physiological norm unified foremand women (cholesterol 28 mmol / L, HDL
cholesterol> 0.91 mmol / L, LDL cholesterol <4.0 mmol / L, cholesterol VLDL-Q.B% mmol / L,
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triglycerides 0.58.30 mmol / |, and 1A 2.2@.50 (Heil W., Schucklies F., Zawta B., 1994). In
single cases, thvalues of the parameters of the cholesterol metabolism exceeded the boundaries of
the reference values.

The valuesof cholesterol concentrations in the blood of volunteers throughout the isolation
increased by -13%, but all the changes were unrelial®ds the 7th day of RP, the the increase in
cholesterol became significantly different from the background level, however, only 4%. The
content of HDL cholesterol did not differ much from the background one, but on the second day of
the RP, the tendency iocrease it by 8%, and on the seventio a significant increase of 10%.
Taking into account the dynamics of the total cholesterol level, it can be assumed that an increase in
the content of the antitherogenic fraction is compensatory.

The level of tle atherogenic fraction of cholestetdDL cholesterol did not change reliably
during all periods of the examination, however it was in the general trend of the previous two
indices: increase during isolation and decrease in the recovery period. Sirthkartgncentration
of the other two components of the atherogenic lipid fradtiaDL cholesterol and TG, but on the
seventh day of isolation increased by 33% and remained at this level until 14 days of the
experiment. It is known that the increase in Taatent is one of the metabolic reaction components
of the body to the stress effect of sufficient force (Kamyshnikov V. S., 2009) and is connected with
their mobilization from fatty depots. The trend towards a decrease in the values of these two indices
was observed in the dynamics of the RP.

Analyzing the obtained data, it can be concluded that when modeling a space flight by
isolating volunteers in a hermetic volume, a sthenn exposure of up to 17 days does not lead to
the development of any significaohanges in the cholesterol metabolism. For the solution of a
question of the nature of metabolic reactions in a acute stage of adaptation to flight conditions, most
likely, it is necessary to use the models creating redistribution of body fluids aratlimg@f anti
gravitational muscle§ a "dry" immersion (Epstein M., 1976) and aatthostatic hypokinesia
(Kovalenko E.A., 1980).
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THE CHARACTERI STICS OF FIBRILLAR EXTRACELLULAR MATRIX OF
MULTIPOTENT MESENCHIMAL STROMAL CELLS IN VITRO

Matveeva D.K.1,2, Zhivodernikov 1.V.2
1- LomonosovwoscowStateUniversityMoscow, Russia;-ABMP RAS, Moscow, Russia

At present, multipotent mesdmngnal stromal cells (MMSCs) are extensively used as a
perspective source of cells in regenerative medicine. It is known that the properties and functional
activity of MMSCs are directly dependent on the microenvironment, supporting their ability-to self
renewal, multilinear potential to differentiation and immunogenic qualities. Extracellular matrix
(ECM) is an important component of the stromascular niche of MMSCs. Matrix molecules form
a strictly defined thredimensional network that supports adhasionigration, proliferation,
differentiation and survival of cells, and also functions as a reservoir of growth factors making them
temporarily insoluble. It is worth noting that the ECM is a dynamic molecular structure that
undergoes a constant restrugtg upon interaction with cellular and naellular factors of the
microenvironment, among which an important role is played by the oxygen level. It has been
established that stem cells for numerous organs are located in the regions with a reduced oxygen
| evel relative to atmospheric in the ¢physi ol
occurs through various molecular mechanisms regulating the expression of genes, whose products
are involved in various biological processes, including imatmodeling.

In order to investigate components of fibrillar extracellular matrix human adipose tissue
MMSC were cultivated under physiological (5%) and standard (20%) oxygen levels. Planting
density was 5000/ cm2 and 15000 cm2 during 3 and 2 weeksctegly. To stimulate a
production of matrix components 50 ug/mL of sodium ascorbate was added in the medium.
Decellularization was provided with 0,5% Tritdf100 in PBS containing 20 mM NH4OH at°g7,
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5 min. The characteristics and structure of matrimmgonents were analyzed by conventional
histology (Sirius Red), immunocytochemistry and scanning electron microscopy (SEM).

The data of the wholgenome array of ECM gene expression revealed a significant
difference between MMSCs under different oxygereleywhile morphological differences were
negligible. The SEM analysis of the extracellular matrix on intact andfreell preparations
revealed ECM fibrillar network that fills on MMSC surface and in the gaps between cells. The
histological staining andmmunocytochemistry helped to identify fibrillar components of ECM.

The immunocytochemical analysis revealed that type | collagen was localized mostly intracellularly
with fragmented fibers on cell surfaces, while fibronectin formed a network of interdeoted
fibres and was localized extracellularly.

Therefore, MMS Cs , cultivated at c¢physiolog
oxygen levels, producea significant amount of fibrillar ECM. The further analysis of MMSC matrix
effects of other cél t ypes at O6physiological & hypoxia i :
extracellular matrix is a perspective source for biocompatible materials scaffold coatings in
regenerative medicine.

The research was supported in part wettogram™ 4 3 o f esidiline of tReRussian
Academy of Science.
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EFFECT OF AEROBIC TRAINING ON BASAL TRANSCRIPTOME
IN HUMAN SKELETAL MUSCLE

MakhnovskiiP.A.}?, LysenkoE.A.*?, Kurochkina N.S.?, PopovD.V.*?,
1 Institute of Biomedical problems of the RAS, Moscow, Russia
2 Lomonosov Moscow State University, Moscow, Russia

Regular exercise (exercise training) leads to expression of specific proteins in skeletal muscle,
which improve its pissiological function. The adaptation to training is related to transitory changes
in gene expression after each acute exercise. However, exercise training may affect the expression
of many genes during the basal conditions (several days after the lasteesession). Importantly,
exerciseelated changes in skeletal muscle transcriptome usually are evaluated before and after
acute exercise, while trainiigduced transcriptome changes are not clear. The goal of our study
was to investigate the effect aerobic training on changes in the transcriptome in the basal
conditions in human skeletal muscle. The transcriptome in the basal conditions was evaluated prior
to and after exercise training (8 wk cycling training, 5/wk, 1 h/day) in biopsy samples from m.
vastus lateralis of 7 males. RNgeq was performed by NextSeq 500. As expected 8 wk training
increased endurance performance, AfRulated mitochondrial respiration in muscle fibers, and
content of proteins related to mitochondrial complexe¥.IOur previous studies showed that acute
exercise affects the expression of several hundred genes. Surprisingly, here, exercise training
changed the expression of 2000 genes in the basal conditions (48 h after the last exercise) and a half
of these genes were waregulated. Many genes, encoding mitochondrial proteins, protein kinases,
and transcriptional regulators, were both apd downregulated, while genes, encoding cytokines
and growth factors, were mainlywpgulated. These bwand downrregulated geneseave associated
with different biological process. In conclusion, the adaptation of human muscles to aerobic training
associates not only with the transitory changes in gene expression after each exercise session, but
also with the marked changes in genpression in the basal conditions.

This work was supported by the Russian Science Foundatietb{Q@768).
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THE ROLE OF MYOGENIN AND CLASS Il HDACS IN THE REGULATION OF E3 -
LIGASES MURF -1 AND MAFBX EXPRESSION IN RAT SOLEUS AT THE EARLY STAGE
OF DISUSE ATROPHY

MochalovaE.P., BelovaS.P.,Nemirovskayalr.L.

Muscle unloading lead to its atrophy development. MuRFand MAFbx E3igases
expression is increasing under this condition. Moresi et al. have shown that the histone deacetylases
4 and 5 signaling cascade (HDACA4/5) may regulate the expression of MURF1 and hidtigh
the myogenin activation in time of musclebs d
may regulates of E3 ligases expression in the early stages of muscle unloading, and the myogenin
may be involve in this process. We checked this hyptdhgytrichostatin A {nhibitor of HDACS)
administration in male Wistar rats in time ofldy hindlimb suspensior24 animals were divided
into 3 groups (n=8n each: C-control, HSThindlimb suspension with Trichostatin A, or placebo
(HS group) adminisaition. HDAC4 content in soleus of HST group have decreased in nuclear
fraction (in contrast to HS group) and increased in cytoplasmic fraction (vs control group (p <0.05)).

On the contrary, nucl ear content of edfDAC &
Control group, while this parameter in HS group was found to be significantly reduced (p <0.05).
Myogenin content in the HST group did not diffesm that of thecontrol group, while its amount
in the HS group was significantly higher (p <0.05). As E3lygases expression, MAFbx level in
the HST group did not differ from those of control, while in the HS group it was significantly
increased (p <0.05). The expression of MuRF1was increased in both suspended groups relative to
the control (p <0.05). Itould be concluded that myogenin regulates the expression of MAFbx E3
ligase in the early stages of unloading. Inhibition of HDAC 4 and 5 does not affect on the regulation
of MURF1 E3 ligase expression. ThisworkwassupportedbyRgBdht™ 17-04-01838).
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THE STUDY OF CARDIAC RHYTHM BAROREFLEX CONTROL USING THE
PHASE SYNCHRONIZATION INDEX OF ARTERIAL PRESSURE AND PULSE
INTERVAL IN LABORATORY ANIMALS AND HUMANS

Negulyaew.O.
M.V. Lomonosov Moscow State UniverngitFaculty of Biology, Department of Human
and Animal Physiology, Moscow

The study of spontaneous oscillations of arterial pressure (AP) and heart rate or pulse interval
(Pl) is an actual task of modern physiology and medicine. The oscillations thexdt risfe
functioning of the arterial baroreflex, an important mechanism of cardiovascular control, are of
primary interest. Signals generated by baroreceptors modulate the influences of autonomic nervous
system on vascular tone and heart activity, whiculte in compensatory change of AP. Due to
time delay in the control loop baroreflex activity results in the generation of oscillations (Mayer
waves). The frequency of Mayer waves is ~ 0,4 Hz in rats and ~ 0,1 Hz in humans.

Spectral and crosspectral angsis methods are usually used to analyze the oscillations of
AD and PI with an attention mainly to the analysis of the amplitude characteristics of the
oscillations. At the same time, the phase characteristics of the oscillatory system are more sensitive
to external influences than its amplitude characteristics, so studying the phase relationships of the
hemodynamic parameters will enable us to understand their regulatory interference in more details.
To estimate the phase relationships of blood pressusieP4 in the crosspectral analysis, the
coherence index is used. The phase synchronization index (PSI) may be also used for this purpose,
but the question of PSI informative value as an indicator of the arterial baroreflex functioning has
not been studakyet.

The aim of this work was to test the applicability of PSI of AD and PI for evaluation of heart
rate baroreflex regulation. The tasks of the study were: 1) to compare the results of the estimation of
baroreflex oscillations with the use of PSI anth@@nce under stationary conditions; 2) to follow
the relationship of baroreflex oscillations during transition processes; 3) to evaluate the functioning
of the baroreflex in humans using PSI.

In conscious Wistar rats (n=25), AP and Pl were recorded thrfmigoral artery catheter. To
study the dynamics of baroreflex oscillations during the hemorrhage, blood was gradually
withdrawn (20 ml/kg during 30 min) through a catheter in carotid artery. In young healthy
volunteers, AP (Finometer technique) and ECGewsntinuously recorded. After 4Bin recording
i n supine position, a passive orthostatic tes

According to our results, the PSI informatively describes the phase relations of AD and PI at
the frequency of Maye waves. PSI spectra calculated from-3Bmin-long recordings
demonstrated a distinct peak at a frequency of ~ 0.4 Hz, and a peak in the coherence spectrum was
observed in the same frequency region. To compare the results of the evaluation of thehigation
between BP and Pl with the use of PSI and espextral analysis, we compared the values of IPS
and coherence at the frequency of 0,4 Hz. It turned out that these indicators correlate well with each
other (Pearson correlation coefficient r = 0.9260p0001), which indicates the applicability of PSI
for the evaluation of the relationship between baroreflex oscillations of hemodynamic parameters.

Along with that, PSI is a more sensitive method for assessing the relationship between
hemodynamic fluctugons than coherence. To prove this, three intervals of 1 min duration (total
duration of the analyzed record was 3 minutes) were taken from recordings of three randomly
selected rats. Such short recording time was not sufficient to estimate the cobense of the
large amount of noise. However, PSI spectra contained no noise and showed a distinct peak at a
frequency of 0,4 Hz, which allowed us to determine the value of the PSI in the frequency range of
the interest. Thus, with the use of PSI, unldaherence, it is possible to evaluate the relationship
between baroreflex oscillations of BP and Pl at short recording intervals.
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Importantly, with the use of PSI it is possible to follow the changes in the relationship
between baroreflex oscillations ofPAand PI during transient processes, this was shown in
experiments with hemorrhage. During the first 10 min of blood loss, AP did not change much but PI
was noticeably shortened, which indicates the activation of the baroreflex. In this case the PSI
increased significantly. With further blood loss, baroreflex effects were not sufficient to prevent a
fall in blood pressure, under such conditions a decrease in PSI was observed.

In addition, PSI was estimated in volunteers in the supine and therupgaakitons. It is
known that orthostasis leads to a change in baroreflex functioning. The value of PSI in orthostasis
was significantly higher than in the supine position, which reflects an increase in baroreflex activity.
This result is one more confirmationthie applicability of PSI for the evaluation of the relationship
between baroreflex oscillations of hemodynamic parameters.

Thus, the calculation of the PSI is an informative approach to the study of the relationship
between BP and PI in the frequency ramjeMayer waves, i.e. this indicator can be used to
evaluate the baroreflex regulation of the heart rhythm.

The study was supported by the RussiOd&n Fol
01943).
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INVESTIGATION OF PAIN SENSITIVITY INDICATORS DURING ISOLATION

Niiazov A.R., Rukavishnikov I.V., Fedyay S.O.
IBMP RAS, Moscow

Introduction. Assessing the intensity of the pain syndrome is very important in the providing
of medial care in spaceflight (SF). One of the main characteristics of pain is the pain threshold
(PT) - the minimum intensity of the stimulus that is perceived as painful.

Purpose:to study pain sensitivity in humans in conditions of prolonged isolation.
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Methodology. The object of this study was the crew and bagk of the international
analogue 1-lay isolation experiment "SIRIUS7" that simulated the impact of SF factors. The
measurement of PT by the methods of terfpoessure pain threshold) and thermoalgomn (heat
pain threshold) was carried out. Measurements were carried out three times a day, before, during
and after isolation.

Results. There were no statistically significant differences between PT values during the day.
Also, there was no differencetieen results before, during and after isolation.

Conclusions.Results may indicate an insignificant effect of the daily biological rhythms on
PT. Also, the values of PT remain quite stable against the influence of the SF factors related to
isolation.Furtherresearchesarerequired
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NUCLEIC ACIDS AS MARKERS OF METABOLIC DISORDERS IN HUMAN IN THE
CONDITIONS OF ISOLATION

Niiazov A.R!, Gimadev R.R?, Fedyay S.3:?
1 IBMP RAS, Moscow; 2 RUDN University, Moscow

Background. Violations of lipid metabolism of the liver, which could lead to the development
of nonalcoholic fatty liver disease (NAFLD) in lorigrm spaceflight (SF) were detectentarding
to a study conducted in mice in SF conditions.

Aim: to investigate the dynamics of some biochemical markers and nucleic acids as predictors
of pathological processes in conditions of isolation.

Methodology. The object of this study was the creM €6) of the international analogue-17
day isolation experiment "SIRIUS7" that simulated the impact of SF factors. Sampling was
carried out 7 days before the isolation, on the 14th day of isolation and 7 days after the end of the
isolation. Biochemical arameters lipid and carbohydrate metabolism parameters: total cholesterol,
triglycerides, high density lipoproteins (HDL), low density lipoproteins (LDL), very low density
lipoproteins (VLDL), atherogenicity index, lipoprotein (a), apolipoprotein Al, apgliotein B,
glucose, insulin, insulin resistance index (HONR) and leptin were measured. The profile and
level of microRNAs expression in blood plasma and samples of buccal scrapings were also
determined. Le¥a, miR21,-22,-34a,-122,-124,-126 and-145 were selected as the investigated
miffoRNAs, which were associated with NAFLD with data from literature sources. MicroRNA
miR-103 was used as an endogenous reference control to normalize the expression data.

Results.All investigated biochemical parameters throughout the experiment remitnéal
reference values. Statistically significant decrease of HDL during and after isolation (<0.05),
increase of atherogenic index during isolation (<0.05) and increase of lipoprotein (a) level (<0.05)
during isolation compared with baseline were obskr#dso there was decrease of glucose after
isolation in comparison with the values obtained before and during it (<0.05).

MicroRNAs let7a, miR103,-21,- 22 -145 were detected in 100% samples of blood plasma
and buccal scrapings. Normalization revealed a statistically significant decrease -d4miR
expression level during isolation (<0.05) and an increase in-1RIR after isolation (<0.05)
compared to theiexpression level prior to isolation in blood plasma. In buccal scrapings samples
significant increase of mH22 expression level during and after isolation was revealed (<0.05).

Conclusions.Revealed results may indicate metabolic changes, capable &6t in
prolonged exposure of SF factors. Obtained results allow to consider microRNA as a potential
predictor of the development of pathological processes. The comparable profile of microRNA
expression in plasma and samples of buccal scrapings allewattr to be used as an alternative
norrinvasive source of biomateridurtherresearchesarerequired
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THE PROBLEM OF MODELING HYPOMAGNETIC FIELD AND ELECTROMAGNETIC
BACKGROUND OF ENVIRONMENT

Onuchina M.R.>?, Artamonov A.A3, Kartashova M.K?*
1. FBGUN Institute of Biomedical Problems the State Scientific Center of Russian Federation,
Moscow
2.NUST MISIS, Moscow
3. Research Institute for Space Medicine, Federal Research Clinical Center of Federal Biomedical
Agency of Russia, Moscow
4, MGMU of I.M. Sechenova, Moscow

Interplanetary missions and missions to the Moon are associated with different factors of the
cosmic environment such as low magnetic field and electromagnetic background, which is differing
from the background of the Earth. The intergl@mny magnetic field has been counted from 5 to 100
nT, magnetic field of the Moon has inconstant structure with the maximal value of the field about
500 nT. The problem of electromagnetic background has been formulated, that electromagnetic
radiation hasan enormous range and it has been proven hard to single out biologically important
frequencies. In the work, on the basis of literary data, the possible design of experiments, with the
help of which the level of the impact on the living creatures willdiermated, was discussed. From
the literature data was found that the shielding of the magnetic field of the Earth leads to changes in
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the ongoing processes in the living organisms. However, the experiments were not classified by the
method of the shieldingnd there are no critical reviews of these experiments. This work fills in the
space. According to nowadays the specter of electromagnetic radiation on the board of the piloting
ships and stations is not sufficiently studied, but it can be said with ahigdence that the
technological frequency is more then 2,4 GHz over other frequencies of the electromagnetic
radiation. This technological frequency appeared as a resonance frequency for molecules of water
and according to this the special design, whidhfully accomplish to estimate the intensity of the
impact, is needed.
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THE NUMERICAL MODEL FOR CALCULATIONS OF THE RADIATION CONDITIONS
OF THE EARTH 6(SATMOSPHERE

Onuchina M.R.%?, Artamonov A.A2, Zemnov K.E* Chaschin E.D*
1. FBGUN Institute of Biomedical Problems the State Scientific Center of Russian Federation,
Moscow
2.NUST MISIS, Moscow
3. Research Institute for Space Medicine, Federal Relsé&zlinical Center of Federal Biomedical
Agency of Russia, Moscow
4 FGBOU VO iAiMoscow Polytechnical Uni v el

The numeri cal model for calculating the ra
been calculated at different height frone thea level to the height of 400 km, is represented in this
wor k. The model iI's based on the numeri cal mo

atmosphere with the using of MorBarlo methods (GEANT4), which makes possible to account
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cascade phemenon during the cosmic rays passing through the atmosphere. The model into
accounts the solar activity and as well geomagnetic circumcision range of the cosmic rays
depending on the geographic location. Model parameters help to calculate every tymge of th
atmosphere. In the work are represented radiation profiles according to the height and also for the
various heights the profile of efficiency function is achieved, which represent the energy of the
cosmic rays, which maximize the total dosage of radiatpectra of the galactic protons and
modified spectra of the alpfarticles were shown during the different levels of the solar activity.
Our model was used to simulate the atmosphere cascade, induced by primary protons, alpha
particles and secondarygbons (neutrons, protons, gamig@antum, electrons, positrons, muons

and charged pions). The powerful impact was made by the solar activity on thealptias.
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CHARACTERISTICS OF INTERACTION BETWEEN PARAMETERS OF CENTRAL
HEMODYNAMICS DURING MUSCLE CONTRACTIONS WITH DIFFERENT
INTENSITY AND FREQUENCY

Orlova EA
SSC RF IBMP RAS, Moscow

Introduction.High performance of endurance athletes depends on the level of blood supply ftc
contracting skeletal muks. With rhythmic contractions, the blood flow is minimal during the
contraction phase and is maximal during the relaxation pefioe.optimal oxygen saturation of these
muscles will depend on their blood supply Therefore, the purpose of this studymaisaot: (1) how the
optimal conditions for blood supply to the working mudeleend othe force and frequency of rhythmic
contractions; (2) whichpatternof muscle contraction provides optimal conditions for the activityof the
"muscle pump”.

METHODS: 15untrained young men with a median age24 (interquartile rang242garticipated in
the study. 9 subjects were trained for 8 weeks (1 hour per day, 5 times per week) on a cycling ergomet
Before and after the training period, subjects performed iner@nemp ondegged knee extension test
(5 W / min) till exhaustion, the remaining 6 subjects performed the same test twice with different
frequencies of 0.5 and 1 Hz (2 Nm / min). During the test, the power output/muscle torque (Biodex
USA), the surfac&EMG activity of m. vastus lateralis (CP5 myograph 11, Grass, USA), changes in the
content of total hemoglobin (CHb) in the working muscle (NIR@, Hamamatsu, Japan)were
recorded.The spectrometsensorwas located on the skin next to the EMG electroB84G activity, the
maximum hemoglobin content (CHbmax), the difference between the maximum and minimunofalues
CHb (@CHb), the normalized value of this differencgCHbN =gCHb / CHb) were determined.

Results: In a test with a frequency of 0.5 cps,pitugortion of CHb that is displacexpelledfrom the
muscle tissue to the venous partooiculation (q@CHbN) as a result of contraction is greater than at a
frequency of 1 Hz, which is apparently associated with a longer duration of the relaxation ¢indse
which the blood vessels can be filled with a larger volume of blood. As muscle activity increases at th
place of registration (EMGn), the absolute blood volume displaced from muscle tissue during contractiol
changes, the maximum of this indeximsthe range of 50% to 60% of the maximum value of EMG
activity. At the same time, the proportion of blood displaced from muscle tissuey digntractions
decreases with an increase in the force of contraction. Untile8 k t r ai ni ng @CHEL
unchanged throughout the test, after training, with low efforts (at the beginning of the test) it increasec
and decreased, with increasingdio Such differences seem to be associated with structural and regulatory
changes in the vascular bed resulting from aerobic training, ensuring blood supply to the trained muscles

Conclusion: Our studies showed for the first time that the portion of tothte muscle tissue that is
displaced into the venous bed with rhythmic muscle contractop@siiyn) depends on the frequency of
contraction: an increase in the frequency of contractions leads to a decrease in this index. It is also sho
for the first time that a decrease in this index occurs when the contraction force increases, and this effe
depends on the aerobic capacity of the muscle (absent in the untrained muscle).
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CHANGES IN THE CHARACTERISTICS OF VOLUNTARY MOVEMENTS AFTER
LONG TERM SPACE FLIGHTS

Osetskiy N.Y., Kitov V.V., Sosnina I.S., Lysova N.Yu., Amirova L.E.,
Rosenberg M., I.V. Rukavishikov I.V.
SSC RF IBMP RAS, Moscow

A long-term space flight exposes a person to a number of factors that adversely affect all the
body systems. Among these factors, weightlessness characterized by a specific influence on the
vestibular apparatus, supporeptivation, and a significant decrease in the proprioceptive
information inflow (Grigoriev Al et al., 2004, Kozlovskaya 1B, 2011) is the first to be noted. These
factors negatively affect the accuracy of performing voluntary movements, in particular, such
complicated, complex processes as precision hand movements and voluntary walking.

The purpose of this work was to study the characteristics of voluntary movements before
and after long term space flights, as well as a description of the restoration dyratniie
investigated parameters.

This study was conducted using data obtained during the RuSsiarican experiment
"Field Test". To date, 11 Russian cosmonauts have taken part in the experiment (data for 4
cosmonauts have so far been processed). Thessef motor tasks performed by cosmonauts
consisted of 2 successive tests: standing from the sitting position, voluntarywalking with avoiding
of the obstacle and performing the task of grading the effort with a hand dynamometer (a series of
dynamometer aopressions that consistently increase in the force with the smallest possible
difference between neighboring efforts). To assess the biomechanical parameters of the voluntary
movements, the Emerald inertial navigation system sensors were used.

In the taskof voluntarywalking with avoiding the obstacles, we assessed the height and
length of the step, and the time from the command to the moment of return in the original position.
In the task of grading efforts, the number of steps (gradations) performedintoer of errors (the
cases in which the subsequent effort does not exceed or equal to the strength of the previous one),
the minimal force (absolute threshold) and the average amplitude of the effort increase were
analyzed.

Background examinations were noucted 60 and 30 days before the start, -figsit
surveys- on the landing day (in the tent at the landing site), on t#th 36:8th and 12th days after
the completion of the space flight.

Analysis of the data of the first four participants of the gtsltbwed that the most profound
changes in the characteristics of voluntary movements are recorded on the day of completion of the
flight. The step length in the task of voluntarywalking in background studi8sl) was 1. 32
m, significantly decreasng on t he day of |l anding to 0.73 K
length of the step was not significantly different from the background study, being withit.326
m. Similar changes were observed with the height of the step it the taskunfavgwalking: in
preflight sessions it was 0.15 N 0.02 m and O
the 4th and 7th days the step height was sl
0.02 m and 0. 16 2y.®hthe 126h2ay wof the resiosafioa petidd,he length of the
0.

step averaged 144 N 0.008 m.
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The number of steps required for avoiding the obstacle was also decreased by 70% after
space flight accomplishment. The results of the test for grading tbesefevealed a visible
decrease in the accuracy capabilities of the motor control system: the differential threshold
increased by 23.7% in the first day after the flight, compared to the background values; the number
of errors increased by 5.6%, the awgrancrease in effort increased by 6.9%. In subsequent
sessions, gradual recovery of the parameters under study was observed; on the 7th day after the
completion of the flight, the test parameters did not differ significantly from the initial ones. Thus,
the performed study demonstrated a visible decrease in functional capacity after long term space
flights, most pronounced in the acute period eddeaptation to terrestrial conditions.

The work is supported by the Russian Academy of Sciences (topic 63.1).
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DEVELOPMENT OF AM EASURING BENCH FOR ADAPTIVE OPTIMIZATION OF LED
LIGHTING OF PLANTS IN A SPACE GREENHOUSE

Ochkov O.A.
Scientific advisofPhD, DScBerkovich Yu.A.
State Science Centeinstitute for Biomedical Problems RAS, Moscow, Russia

At the present time, the concegitlife support systems for spacecraft crews is being actively
developed, designed to realize the immediate task of astronathte®xploration of the moon and
nearmoon space. In a number of works, the necessity of providing the crew witttelong@ce
flights with wellassimilated vitamins, first of all with vitamin C (ascorbic acid) and vitamin A
(retinol), was justified by growing leafy vegetables in a space greenhouse (SG). In modern projects
of space greenhouses, artificial illumination of ptabased on lighémitting diodes (LEDs) with a
number of technical and operational advantages is usually used (Zabel et al., 2016; Berkovich et al.,
2005). Optimization of LED lighting of crops is a difficult task due to the multivalued impact of a
numberof lighting parameters on the growth and development of plants, and also due to a lack of
information on the mechanisms of the effect of various parameters of the light regime on these
parameters. For this reason, up to the present time, universal mathémaidels have not been
developed that describe such mechanisms. It makes impossible to calculate in advance the optimal
parameters for LED lighting (spectrum, intensity, light flux distribution over time, etc.). Data have
been published showing that tbptimal parameters of the light regime in the space greenhouse can
vary significantly with the age of the plants. We propose a method of adaptive optimization of the
level of photosynthetic photons flux density (PPFD) and the spectral composition ¢ibratbha
leafy vegetable crops grown in vitamin SG under a luminaries based on white and red LEDs. This
method consists in the continuous automatic search for optimal PPFD and ratios of light fluxes from
red and white LEDs, corresponding, for exampleh® ¢urrent value of maxgl= (CaM) M/E.

Here M is the increment of dry biomass of Chinese cabbage crop during the experimetite C
content of ascorbic acid in the dry mass of crop tiie energy of the light flux falling on the crop

during the expement. The measuring bench (MB) includes a transparent growth chamber with a
volume of 81 drwith a transparent clodfting lid above over which luminaires with red and

white LEDs are suspended. The luminaire is made on the basis of LEDs with white (colo
temperature 4000K) and red (wavelength 660 nm) radiation. By controlling the current supply of the
LEDs, it is possible to adjust the PPFD at the level of the top leaves of the crop within the limits of
100 to 100&mol/(nfAs ) i nde p e n d eaf LED pnd foehange thecfraction gf ped light

in the radiation spectrum in the range from 0 to 73%, taking into account the content of the red
component in the spectrum of white LEDs. Inside the transparent growth chamber, a horizontal fan
Is installed © equalize the COconcentration across the volume, as well as temperature and
humidity meters. Through the fittings in the side walls, the internal volume of the chamber is
connected by pipelines with a membrane blower and aga® analyzer (GA). InfradeGA brand
"Kedr A" has a range of measurements up to 10
ppm and is used for current measurements of the crop apparent photosynthesis. The pneumatic
circuit with solenoid valves, rotameter and air driervafieeither air flow from the growth chamber

to the GA to return to the chamber, or to ventilate this chamber with enriched; iaitCaiter each
measurement of apparent photosynthesis. During the ventilation of the growth chamber, the
dehumidification circi of the air in the chamber is also switched on by blowing it through a
cartridge filled with silica gel. The characteristics of the dynamics of thecG@entration and the
relative humidity inside the empty growth chamber through the ventilationsarengiven. In the

MB, the duration of transient processes of photosynthesis of Chinese cabbage crop was measured
under red illumination (660 nm) after PPFD switching between &6®I/(n’A's ) and 9
emol/(nfA's ) . Measur ements of atelofecromimptpeaMBevare carpdd out o S y
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as follows. Before the measurements, the microcontroller included a blower and air
dehumidification circuit, and the growth chamber with the plants was ventilated with air from the
room in order to raise GQOconcentréion and remove excess transpiration moisture. Usually the
process of ventilation continued for54minutes till increase of the G@oncentration in the growth
chamber to 600 ppm. Air dehumidification was
10)% to reduce the error of GA readings. The air temperature in the chamber with plants during the
measurements was in the range228u. After aeration, on the signal from the microcontroller the

air electro valves blocked the communication of the gnosttamber with the room and the air flow

from the blower came to the entrance of the GA, followed by a return to the growth chamber. Then,
the light was switched to another PPFD level, from 500 toe®00/(m’As ) or back. For
the microcontrolle recorded from the GA output G@oncentration in the growth chamber with

crop, reflecting the difference between the rates of, @@sorption and respiration (apparent
photosynthesis). Then the solenoid valves, under command from the microcontroller, agai
switched the air flow from the blower from the GA loop to the chamber ventilation mode, and then
the procedure was repeated for the next light regime. The level péd@@entration at the end the
period of measurements of photosynthesis did not dropnb870 ppm for all variants of the
experiments. This decrease did not significantly affect the rate of gas exchange of crops. The
di spersion of apparent photosynt p@sAsmrawkere
CO, drop @) in ppm, and m ishe mass of air inside the chamber in mg at the corresponding
temperature during the measurement period) for five replicates did not exceed 8.1% of the mean
values. It was found that the duration of the light transient processes of photosynthesigatany a
crop and all the investigated variants of the LED radiation jumps did not exceed 90 sec. With an
increase in the plant age from 15 days to 25 days and the crop leaf area index from 3.5 to 12.8, the
apparent photosynthesis of crop under red LEDsdentical PPFD increased by approximately
50%. In general, MB testing showed its suitability for the subsequent adaptive optimization of the
PPFD level and the light spectral composition for the leafy vegetable crops.
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HUMAN CENTRALAND PERIPHERAL HEMODYNAMICS DURING ISOLATION
EXPERI MENT #@BT®I US

Pamova A.P.
Institute of Biomedical Problems of the RAS, Moscow

Our research was carried out as a part of comprehensive study of the adaptation processes
occurring in the human body durimgodeling of space flight. The main condition of this study was
human isolation in a hermetic object with an artificial habitat. Volunteers were in isolation condition
during 17 days and this simulate of space flight to the moon, its circumnavigatioatamdto the
Earth.

The purpose of this studwasto evaluate changes on microcirculation of upper limbs in the
influence of isolation with a joint assessment of changes in central hemodynamic.

Methods:The experimental group consist of nine healthy vigars divided into two paths:
main crewi was in isolation during 17 days (three men and three women) and backup ttreyv
werenodt in i sol ati @he stdte oivtbe cangrah hematyhamas examined
with the help of the bedside monitdVIPR 603, Russia). Systolic and diastolic arterial pressure
(SBP and DBP), stroke output and stroke index (SO, Sl), systolic volume index (SVI), peripheral
vascular resistance (PVR), arterial oxygen saturation (SpO2) and frequency heart rate (HR) were
measired. Functional state of the skin microcirculatiomas checked with a LDF LAK¥2
(ALAZMAO, Russia). Capillary parameters were
by means of a computer capillaroscopy CAPILLAROSCAN ( AAdvancbdoEoegr gy
Ltd, Russia). We estimate pericapillary zone (R#), the number of capillaries (pcs), the
amplitude of the active and passive mechanisms of the vascular tone formation: Ae (endothelial), An
(neurogenic), Am (myogenic) Ac (cardiac), Ar (resporg), PM i the level of microcirculation
perfusion (pf.). The LDF probe was place on forearm on the heart zone (Greenberg S.A., 2003).
Parameters were checked in 3 stages: backgrouiid,42days of isolation and recovery (main
crew), b a ¢ k g rvoeuw riydbackam drew. iNomparametric statistical analyses were
performed via STATISTICA 10 and Excel 2016 (significant level p<0,05). The results are presented
as medians and quartiles: Me [Q25; Q75].

Results and discussiowith MannWhitney U test the maiand backup crews was estimated.
According to the parameters of the central hemodynamics these crews do not statistically
significantly different (N=9), p> 0.05. Microcirculation parameters: the number of capillaries p
<0.001, N =9, the main crew: 102 [8P12]; backup: 74 [58; 88]; LDF parameter: Ad, p <0.001, N
= 9 main: 0.12 [0.11, 0.12]; backup: 0.08 [0.04, 0.09]. Further, by the method of the main
components, we visually assessed the homogeneity of the samples according to the parameters of
the centrhand peripheral hemodynamics. It was revealed that one volunteer from main crew was
exceeded the limits of twd, we excluded him from the further analysis of the microcirculation
parameters. Consequently, in the future we can compare them in the reggexnedy After this,
according to the parameters of peripheral hemodynamics, the statistical value of the/Narey
U test was p > 0,05. After this we use Friedr
crew) for SO, SVI, HR. Wilcoxon's tegtas used as post hoc analysis with Bonferroni correction,
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the level of significance p <0.01. Statistically significant changes in SO (p = 0.003), decreased to
the recovery period compared to the second day of isolation from 89 [76, 99] to 56 [51, 74]. The
same was done with the parameters of peripheral hemodynamics, it turned out that only the value of
PZ was statistically significant, in particular, it increased to 14 days of isolation in comparison with
the second day and returned to the initial values t he recovery period (W
N = 5) from 72 [64; 84] to 84 [78, 117]. There were no other statistically significant changes.
Nevertheless, there were certain trends in some parameters. For example, the amplitude of Ad
increased, with, simultaneously with the increase in PZ, can indirectly indicate a violation of
reabsorption processes in the interstitial space. Simultaneously with the decrease of SO, there was a
tendency for a decrease in Sl and an increase in HR and the ratpirtices for the recovery
period. We also observed, that the number of functioning capillaries in the skin of the nail bad was
decrease on the upper limbs to 14 days of isolation and then an acute increase in the recovery
period. We can say, that in recovg peri od parameters of mai n ¢
values: Wi lcoxsonbés test (p <0.05, N=8) bet we
in the main crew the increase of HR and rate of respiration was statistically significant in
comparison with the backup crew p <0.05 (in backup crew these parameters did not change during
the experiment). The decrease in SO was also stable below background values p <0.05.
Conclusion:Thus, isolation conditions with limited physical activity effect thve state of
central hemodynamics. At the same time, the influence on peripheral hemodynamics, apparently, is
only indirect. It is obvious that changes in central hemodynamics will lead to changes in
microcirculation, it is necessary longer isolation teess these changes. A statistically significant
increase of HR and rate of respiration, as well as a decrease in SO, can be caused by stress and / or
decrease in compensatory regulation mechanisms of the cardiovascular system. Nevertheless, after
14 daysof isolation occurred the physiological compensation of these changes.
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AN INFLUENCE OF PLANTAR MECHANICAL STIMULATION ON A SOLEUS MUSCLE
HDACS5 TRAFFIC AND E3 -UBIQUITIN LIGASE EXPRESSION AT THE EARLY STAGES
OF MECHANICAL UNLOADING

Paramonova I. I. Sharlo K. A. Vilchinskaya N.A.
Scientific advisofprofessoPhD, DSc.B.S.Shenkman
Instituteof Biomedical Problems, RAS

It has been shown, that muscle atrophy develops under hindlimb unloading condition as a
result of decreased protein synthesis and increased protein degradation (Bodine et al., 2013). It is
known, that class lla histone deadasgs (HDAC) are involved in the regulation of the expression
of E3-ubiquitin ligases (Moresi et al., 2010, DuBois et al., 2017), aneuldguitin ligases
expression is increased under gravitational unloading (Bodine et al., 2001). In our laboratory
preMous studies, we have observed the alteration in the nugfemslasmic traffic of HDAC by the
dephosphorylation of AMRctivated protein kinase (AMPK) at the early stages of gravitational
unloading (Vilchinskaya et al., 2017). It is known, that the gtsdtand contractile activity of rat
soleus muscle almostops(Kozlovskaya et al, 1987; Alford et al., 1987; Kawano et al, 2002; De
Doncker et al, 2005) when support loading is removed. Mechanical stimulation of the human
plantar foot surface allows tpreserve tonic contractile activity of postural soleus muscle under
mechanical unloading condition (Grigoriev et al., 2004; Shenkman et al., 2004). The purpose of the
present study was to examine the effect of plantar mechanical stimulation on HDAE5atmef
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E3-ubiquitin ligase expression in rat soleus muscle at the early stages of mechanical unloading. A
standard 4day hindlimb suspension (HS) was performed in order to simulate the effects of
microgravity on rat soleus muscle. One of the HS groups subgected to plantar mechanical
stimulation for 4 hours per day. After that, the contents of pAMPK (Thr172), pPKD (Ser485 / 491)
and HDACS in the nuclear fraction of rat soleus muscle were analyzed by gel electrophoresis
followed by immunoblotting. The gxession level of MURAE mMRNA was determined by RT PCR.
There was a significant decrease in AMPK (Thr172) phosphorylation by 37% (p<0.05) in the HS
group compared to the control group, nevertheless, we did not observe such differences in the HS +
plantar nechanical stimulation group. A significant decrease by 47% (p<0.05) was found for
HDACS content in the nuclear protein fraction of HS group compared to the control group. At the
same time, there were no significant differences in HDAC 5 content in thepldBtar mechanical
stimulation group compared to the control group. A significant twofold increase (p<0.05) was
detected in protein kinase D (PKD) (Ser485/491) phosphorylation aftetag HS relative to the
control group, and plantar foot stimulation yeated this increase. There was also a significant
increase in the expression of E3 ubiquitin ligase MURBY 57% (p<0.05) in the HS group as
compared to the control group, and again, plantar foot stimulation group did not differ from the
control group. fus, the obtained data show that the application of plantar mechanical stimulation at
the early stage of gravitational unloading helps to prevent the fall of AMPK phosphorylation in rat
soleus muscle. Our results also suggest that there may be reciptattahs between AMPK and
PKD at early stages of gravitational unloading: when AMPK activity decreases, PKD activity
increases, which can lead to the export of HDACS5 from the nucleus, which in turn is accompanied
by an increase in the expression of-W8quitin ligase MuRF1. These effects were completely
prevented by maintaining the tonic contractility of the soleus muscle by the plantar mechanical
stimulation.

The work is supported by the Basic Research Program of the SSGBERIP RAS (topic
65.3) and te RFBR grant 1-29-01029. The authors would like to express their deep gratitude to
Sergey Tyganov for excellent technical assistance.
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3D CONE-BEAM COMPUTER TOMOGRAPHY OF THE CRANIOFACIAL SK ELETON
AS DENTAL SELECTION METHOD AND ANNUAL MAXILLO -FACIALASSESSMENT
OF HUMAN INTELLIGENCE OPERATORS AND HIGH THREATS PERSONNEL UNDER
CONDITIONS OF INCREASED OR LOWERED PRESSURE OF THE SURROUNDING
GAS OR WATER ENVIRONMENT, ZERO GRAVITY, OVERLOADS AND OTH ER
EXTREMES

Prokopovich L.S,. M.D.
SSGRF IBMP RAS, Moscow.

According to the article 3 of FedeKFL&dm Law
January, the "9 of 1996, the Principle for Justification of the Prohibition in all kinds of Activity
using of lonizing Radiation Sources, when the Advantage Received for the Person and Society
doesn't exceed Risk of the Possible Harm done by the Radiation Additional to Natural Background
Radiation, and according to the SanRaN point 7.3 2.6.1-029the Paent has the Right to Refuse
medical radiological Procedures, Except for the Preventive Researches conducted for Detection of
the Diseases Dangerous up to Epidemiological Terms. Point 7.9.0f the same Document establishes
the Standard of Annual PreventivadRation Dose when carrying out Preventive Medicala)(

Eval uation and Scientific Research in al most

All Treatment Protocols for various Diagnoses and Diseases of Ddév#olar System
affecting the Mineralized Mouthigsues, excluding Clinical Procedures for the Diagnosis "Teeth
Caries", provide Obligatory Single Diagnostics of dentoalveolar system by Means&Methods of
Beam Visualization Agents. The official comment of Russian Stomatologic Association President
Sadovgy V. V. on holding the Orthopantomography procedure according to the Clinical Procedure
(The Protocol of Treatment) for the diagnosis "Parodontitis” notices that including the Panoramic
Radiography in Clinical Procedures (Protocols of Treatment) servigsasnan Argument for
Justification of this service on the basis of Evidential Medicine.

The order ) 244 from 21.11.2016 of ROSCO
Applicants for the Candidate to Cosmonaut (astronaut) position the Orthopantomogramic
Radography and the Radiography éfinexal Nasal Sinusem NasoeFrontal projection as the
Standard of Preliminary Cranigacial Evaluation. The International Medical Evaluation Rules for
ISS Crew Members as the Standard of Beam Visualization for Dentalagwaldixes the full
Orthopantomogram or full mouth-My series, demanding at the same time data of CT as ENT
assessment (itdés applicable here to mention
Repaired).

From here the Key Role is played by fenciple of Optimization according to article 3 of
Feder al Law ~ 3 " Radi at i-WainteSBaade attAghievalile ahdhPessilityo p u
Low Level of Individual Exposure Doses and Number of the Irradiated Persons using any Source of
lonizing Radigion with much Attention Payed to the Economic and Social Factors.

High Threats Personndle to Human Intelligence Operations and permanent State of Force
Tailoring catch the Acetylcholine Effect. Sp:
Threshdd Increase in Human Pain Sensitivity during Space Missions and Flights. While being
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examined by Doctors These Groups of Workers complain Less than They haweatownhile,

Under Extremal Conditions Acetylcholine Effect stress the Immune System and cz&nTesmih

Decay, Gum Disease or Sore Throat. TheseDamgerous diseases up to Epidemiological Terms

that is why it is Necessary to Provide High Threats Personnel with Modern Radiological
Visualization Method by means of Prophylaxis, because Microbidbélesearches led on ISS, in
Isolation Experiments and in the Theater of War showed Increase in Number of Parodontopathogens
and even Manifestation of the Nosocomial or Hosgheduired Infections (HAI) with their
Exchange inHigh Threats Personndlroopsby Breathing In and Out Ambient Natural Microbic
Aerosols.

According to the Purposes of the Concept for Development of Health Care and Medical
Science in the Russian Federation and the National Concept for Prophylaxis of the Infections bound
to Deliveryof Health Care (IDHC) approved by the Chief Health Officer on November,tud 6
2011, Introduction of Modern Approaches and Optimization of Sanitary and Hygienic Actions for
Diagnostics and Prophylaxis of IDHC in the National Health System, and Dewatbpof
Scientific Research in the field of Epidemiology and Prophylaxis of IDHC can't do without
Adaptation of Methods for Radial Visualization. Replacing Orthopantomography or full meuth X
ray series together with Radiography of Adnexal Nasal SinnsHasceFrontal projectiorapplied
with beaming Anatomic Formations of Temporal Bones according to Implementation of Clinical
Procedures (Treatment Protocols) for Ambulance&Polyclinic Diagnostics by means of Obligatory
Single Beam Visualization of a Crarkadal Skeleton due to State Labor Protection Standard
Demand with the Method of the 3D CeBeam Computer Tomography Shall Allow to TapTime
any Pathology to Provide a Medical Care&SupplyHagh Threats Personnel

The full mouth Xray series consistingf 22 foreshortenings, the Orthopantomogramic and
Panoramic radiographies taken in one day <can
Dentistry Usage Only.

The 3D ConeBeam Computer Tomography allows to diagnose the Density of the Bone
Tissuein CranicFacial area and the Level of Bone Recession on Alveolar Ridge, -Bérdolar
elongations, the number of Teeth, existence and location of Accessory, Rudimental or Persistent
(Primary or Milk) Teeth in the Permanent (Adult) Occlusion, Physioldggh® Dental Occlusion
(which leads to or can cure the Platypodia and Spine Osteochondrosis), lack of Inflammation in
Periapical Tissues or the Parodont, the status of Adnexal Nasal Sinuses, Topography of Radicular,
Follicular or Keratocyst, the TempoeMandibular Joint, the Inner and Middle Ear, the Quality of
the previous Surgical and Endodontic Treatment with Therapeutic or Orthopedic Restoration,
Trauma or a Tumor questions in Craiacial area, the Reconvalescence or the Natural Health
All of Thesewith the Radial Load on the Patient not more than1Z)0 € Sv (t hat mak
1/6 from allowed by the point 7.9 SanRaN 2.6.1.2092 of Russi a fADoseso, W
Requirements are even less strict), depending on the radiological equipméoe @nd the
Phenotypes oHigh Threats Personn&V/orkers. The existing technologies allow to carry out also
diagnostics 4D that is applied at TMJ function research, evaluation and diagnostics of the reasons
for Snore and Apnea while Dream&Sleep.

The ConeBeam Computer Tomography (CBCT) is anray Technology of Beam
Visualization where the Patient turns out in the large number different 2D foreshortenings of
images. The volume 3D image is designed from these 2D projections. These images received can be
viewed through at any angle with applied software: in Axial, Coronary, Sagittal and Transversal
Sections. The good software designs the Panoramic and Orthopantomographic summary sections
for the Dentists independently. At the same time the good softwavesathoexamine all interesting
zones in the finest details, to make a photo and video or tailor the upcoming treatment for all the
Doctors.

Epitomizing the Data as the Security Through Science this Tailoring Radiological Health
Control Method of DiagnostiBeam Visualization with the 3D Co+igeam Computer Tomography
is a Rightin-Time Measure of Ensuring Labor Protection for the High Threats Personnel and
Human Intelligence Operators Under Conditions of Increased or Lowered Pressure of the
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Surrounding Gas @ahWater Environment, Zero Gravity, Overloads and Other Extremes, and Visible
Increase in Their Dependability and {Failure Human Intelligence Operations by Means of
Selection and Annual Medical Evaluation by Maxifacial Surgeon.
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PERSPECTIVES FOR PRACTICAL APPLICATION OF THE BIOLOGICAL 3D
CARRIER -BASED MODEL (LYOPLAST F) AND CHONDROBLAST CULTURE IN SPASE
RESEARCH AND REGENERATIVE MEDICINE

Pugachev E., Nefedova I., Ryazanova T.
Samara State Medical University, Samara

To date, cellular technology is gaining status as one of the most promising areas in biology
and medicine. Such technologies are already used in the treatment of a veryamgdeof
pathologies: degeneratigystrophic and podtaumatic changes in bone and cartilage tissues,
diseases of the cornea, trachea and other organs. An even greater number of studies are now unde
pre-clinical and clinical trials (Volova LT, 2014; Boenok SA, 2011; Gilevich 1V, 2015). In addition
to clinical applications, cell cultures are often used as experimental models to assess the influence of
any factors (gas composition of the medium, electromagnetic radiation, chemical agents, etc.) on the
morphofunctional state of cells.

The Institute of Biotechnology and Experimental Medicine developed and proposed an
experimental model for studying the influence of the orbital space flight factors on cells in vitro.
This model is a combination of an adhesoell culture and a 3D bicarrier from a demineralized
lyophilized spiropic lyoplast To create the model, chondroblasts obtained from hyaline
cartilaginous tissue wéon® appbray3® darriermwitha volumendd u n t
27mm (33717 3 mm). Two such designs were placed
and sealed, leaving no air gap. Samples were delivered aboard the spacecraft for further cultivation
in space flight conditions. In terrestrial conditions, a parallel idengiepériment was conducted.

The model was tested on biosputnikah BMri and PhototM 4.

The analysis of samples arrived from orbit of Earth, as well as samples from the
synchronous groundased experiment, showed that the proliferative activity of cellspace is
comparable to that in the ground group. This is evidenced by the activity of lactate dehydrogenase
of cellular origin in samples of ground and space experiments, which at the time of arrival of the
spacecraft is the same and significantly exseé original value by more than 2 times. Thus, the
viability of the chondroblast culture on the 3D {miarrier Lyoplast was confirmed in a long space
experiment without changing the nutrient medium.

To obtain additional information on the morphofuncéibfeatures of the cell culture in the
proposed biological model, a number of studies were carried out under terrestrial conditions. A
general morphological study, as well as scanning electron microscopy and confocal microscopy,
made it possible to visuak living chondroblasts attached to the beams of the carrier, with
pronounced adhesion to the surface of the carrier. The shape of cells is-spaptd or polygonal,
the cytoplasm is homogeneous or fgrained. The nucleus is large, located in thearenit the cell
and usually has-3 nucleoli.

In order to compare the proliferative potential of cells in the developed biological model (in

101



a hermetically sealed t ube,iatubat® {infa vailated takk atw h e r
5% CGand 3 aBNA@nalysis was performed. According to the results of the study, after 7
days of cultivation, the growth of cells relative to the initial point (2 hours after sowing) was
observed in both test groups and was 29.5% in aif€dbator and 34% in sealéest tubes in a
thermostat. The difference in the growth of culture can be associated with the stimulating effect of
hypoxia in sealed tubes (C. Domm, 2002), which was detected by titrimetric analysis of the nutrient
medium. This method of cultivation & closed vial completely filled with nutrient media can be
used to grow the tissue engineering construction of cartilaginous tissue, the development of which is
currently conducted in the Institute of Biotechnology and Experimental Medicine. Thus, the
proposed biological model (the cultivation of chondroblasts on a 3D carrier in a tube filled with a
nutrient medium without airlayer) is adequate and promising for studying the effect of space flight
factors on cells in vitro.
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SENESCENCE ASSOCIATED SECRETORY PHENOTYPE OF MESENCHYMAL
STROMAL CELLS

Ratushnyy A.
Scientific adviser: Buravkova L.
IBMP, Moscow

The agerelated diseases areassociated with the cellular dysfunction and depleéhieradult
stem cells.Telomere shortening, genome damage, modification of the epigenome, impairment of the
proteostasis, mitochondrial dysfunction lead to cell death or senescence.These processesincrease th
number of senescent cells with age (Wang.e2@D9 LopexOt 2 n et al ., 2013) .

An activation of a number of signaling pathways in senescent cells result in an increased
production of bioactive molecules, including active oxygen species (ROS) (Passos et al., 2010),
wide range of different proflammaory cytokines, chemokines, growth factors and proteases
(Coppe et al., 2008; Coppe et al., 2010; Freund et al., 2010). The senescence associatedsecretor
phenotype (SASP) can influence the survival, proliferation, differentiation and oncogenesis of
neighloring cells (Coppe et al., 2010; Kratolica et al., 2001; Bavik et al., 2006 Liu and Hornsby,
2007). Despite the conservative "core" of SASP, composed eihfmoamatory cytokines, the
secretome may depend on the cell typeand the senescence inductiod (Getinpisi, 2013). One
of the most important effects caused by SASP elements is the inflammatory process acceleration.
The chronic inflammation, supported by senescent cells, is considered to be one of the most
negative factors affecting the aggdated s e ases devel opment (Campi si
2010; Freund et al., 2010; Campisi and Robert, 2014).

The aim of this work was to study SASP of mesenchymal stromal cells (MSCs) and its effect
on cellsin vitro.
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The MSCs have a number of regulatgmoperties, includingmodulation of the functional
status of surrounding tissues. The biological activity of senescent cells is changed. This can
acceleratesenescence of surrounding cellsby forming a positive feedback loop. According to our
data the additio of a conditioned medium from the senescent MSCs to the "young" cells or its co
cultivation in the "Transwell" system | ed to
indicates suppression of proliferative activilly. vitro studies showed thalirect cocultivation of
"young" and "old" fibroblasts leads to an increaseddamaged DNA foci frequencies, one of the pre
senescence signs (Nelson et al., 2012)

An enzymelinked immunosorbent assay (ELISA) of the principal-pritammatory of MSC
SASP reveled a significant increase of 4& concentration at late passages. Thd&ldvel did not
di ffersignificantlybetween fAearl yo and Al ateo
variation of IL-8 production was observed. T®F a n a | y sdstable iprodiigtian aof this
cytokine under longerm cultivation.Evaluation of the geneexpression showed that at senescent
cells IL-6, IL-8, FGF2, BDNF, ANGPT, VEGKkere upregulated antsF-1, BMR6, GDF15,

T GF badd MCP-1 were downregulated. Thus, senedceells can influence the cellular
environment both in direct contact and through paracrine mediators.

This work was suppd4didad by the RFBR -~ 16
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INDIVIDUAL SPECIFIC FEATUR ES OF THE LOCOMOTOR STRATEGY OF
WALKING AND RUNNING IN THE COURSE OF LONG -TERM SPACE FLIGHTS

Saveko A.A., Rukavishnikov I.V., Osetskiy N.Y., Brykov V.l., Ryazansky S.N.
'RF SSC Institute of Biomedical Problems of the RAS, Moscow, Russia
’State Organizaton cQaigaAr.i n Research & Test Cosmi

Locomotor disorders are natural consequence of space flights (Kozlovskaya I.B., 2011;
Smith S.M., 2012). The gait of space flight crew members, even after relatively short space
missions (from72 hours to 16 days) is characterized by marked instability: cosmonauts walk
hesitantly, legs wide apart, swaying from side to side, sometimes spreading out their arms to
maintain the balance (Kozlovskaya 1.B., 1979). Influence of factors of hypogradityygokinesia
on the characteristics of natural locomotion, such as walking and running, is diverse. The most
bright manifestations of this are the decrease in muscle strength and increase of EMG activity and
the cost of muscle work (Jaweed M.M., 1994; &gy A.V., 2008), decrease in the volume and
speed of movements in the knee and ankle joints (Panfilov V.E., 2009, Shpakov A.V., 2016),
decrease in orthostatic stability (Kotov A.N., 2016). If after the short flights these disorders
disappear by 4382 hous after landing, then after the long term space flights (SF) restoration of
locomotive abilities lasts days and weeks (Kozlovskaya I.B., 2013). Since the speed of adaptation of
each cosmonaut is an individual personality measure, depending on many itacéor&e assumed
that the individual specific features of biomechanical characteristics of support reactions, measured
before, during and after the long term SF, will reflect the specificity of the adaptation process of the
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cosmonaut. The aim of the pees work is study of biomechanical characteristics of support
reactions (SR) of cosmonauts during long term space flights, identification of individual features of
the locomotor strategy of walking and running in the active treadmill mode.

The research waonducted as part of the "Motocard" space experiment performed with the
participation of Russian crew members onboard the International Space Station (ISS). In the
Russian segment of the ISS the investigations for the "Motocard" program were performed on
monthly basis during the execution of locomotor training. Two sessions of the experiment were
conducted before and two after the SF. The locomotor task performed by cosmonauts consisted of 5
stages: warrup walk, slow, medium and fast run and hitch wéllhen performing flight sessions,
the axial load, which is usually 6% of the earth's weight of the cosmonaut, is created by the
special trainingoad suit (TLS). When performing the test, the podogram was registered, being
recorded by 19097 sensorsnder the cosmonauts ' feet in the range from 0.1 to 3.0 kgt
an accuracy of N15 %; heart rate (HR) and | oc

15 members of the ISS crews were involved in the experiment; duration of their flights
ranged from 5 to 12 months

Earlier revealed by the authors of the present work, the changes in biomechanical
characteristics of SR during SF were especially manifested at the end of the first month of SF and
on the 8th day after landing. They were characterized by the incredise pace (frequency of
steps) of walking and running, the reduction in step length, as well as the significant increase of SR
at metatarsal areas of the sole (cosmonaut ran "on tiptoe"), while in SF the average total of SR
decreased. New calculations of S8&ues, taking into account the magnitude of retraction created
by TLS of the treadmill and the body weight of cosmonauts, demonstrated that 30.8% participants
of the SR experiment had tendency to the decrease in SF, 38t6%he increase and 30.8%
practically did not change, but on the 8th day after landing there was a clear unidirectional tendency
to their increase (in 28.33 N2.93 %). Also, t
speed during the transition from one stage otdéleto another showed that before the flight, 33.3%
participants of the experiment increased the speed by lengthening the step, 4@y Mereasing
the step frequency, and 20Poby increasing both the length and the step frequency. In SF the
strategyof increase the speed changed at 60% cosmonauts, and on the 8th day afteratanding
46,67%, in comparison with background values. At the same time, the high heterogeneity and
individuality of both the dynamics of changing the strategy of increasing thedsand the
dynamics of duration of the step phases during the flight were registered.

The described phenomena prove the advanced hypothesis, as well as the need for further
study of the individual characteristics of the adaptation process. The studypysstsed by the
ARoscosmosodo State Corporation.
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ANALYSI S PARTI CI PANTS6S BONE STATUS I N EXPE

Servuly E.A.
Institute of Bionedical Problems of RAS, Moscow

Introduction : Previous studies have shown that staying in hypodynamia and limited
conditions leads to changes in the elements of the musculoskeletal system, including bone and
muscle tissues (Servuly E., 2016; Oganov Valgt2014). A unidirectional, although not reliable,
decrease of the bone minerals content in the subjects' body was reported even durtegnshort
isolation. The task of this experiment was to investigate in more detail the changes in bone status
under solation conditions, and also to determine the nature of the changes depending on the bone
structure (the predominance of a compact or trabecular component).

Materials and methods: The examination (before and immediately after isolation) was
performed onhe XCT2000L peripheral Xay computer tomograph (pQCT). Five people were
involved in the study, including 2 men and 3 women. The length of the shank from the condyle of
the tibia to the medial malleolus was measured. Then, a scan was performed at 4% (dista
epiphysis), 38% (diaphysis), 66% (diaphysis), and 98% (proximal epiphysis) of the length of the
tibia. The data reconstruction and construction of CT cuts were performed in these areas
automatically. The content of bone minerals (mg), bone tissue an2a Yeere determined on each
slice (thickness of slice 1 mm), then bone mineral density (BMD, mg / cm3) was calculated. The
bone mineral density data obtained before and after isolation was analyzed, the changes were
calculated as a percentage of the baegharameters. In addition, the aredhaf muscle tissue was
analyzed at the level of the diaphysis (cuts at 38% and 66% of the shank length, the thickness of the
slices was 1 mm) and the muscle area changes were calculated as a percentage ofrthe baseli
values. The total radiation load was up to 0.04 mSv. The sensitivity of the method0i8%.2
(depending on the operator).

Results: In addition to measuring bone mineral content and bone mineral density, the quality
of the obtained images dependingtbe position and condition of the patient was assessed during
analyze of the obtained data. Bone is represented mainly by a compact substance in the diaphysis
region (cuts at the level of 38% and 66%), and mainly by spongy substance in the epiphyses (slice
at the level of 4% and 98%). Observations showed that changes in bone density have a
multidirectional character. The largest change in bone mineral density (at the level of 1%) was noted
mainly in the area of bone epiphysis. In the diaphysis area thegeha bone density was
insignificant, at the level of measurement error of the device.

The increase in bone density in the distal diaphysis and proximal epiphysis area was reported
in participant A; the changes were multidirectional and insignificanartigipant B. Participant C
had most expressed changes in the area of the distal diaphysis (decrease in bone density), participan
D had such changes in the proximal diaphysis (increase in bone density), and participant F had such
changes in the distal ghiysis and diaphysis (bone density increase).

The limiting factor, fixation of the muscles by the leg holder, resulting in their possible
compression, could affect the results (absence of free muscle "hanging") and the analysis of changes
in muscle tissueThe change in the volume of muscle tissue was multidirectional, a decrease in
muscle mass was reported in men, and both decrease and increase were marked in women. The
indices ranged from 0.2% i®.6% in the distal areas, and from 2% to 8.3% in the pralareas.

The change was from 1.6% to 2.2% in the distal areas to 7.1% in the proximal areas in women.

Study with pQCT gives more accurate results compared to densitometry, since the image is
not summative, but sliem-slice, resolution of the device lgher, and advanced reconstruction
algorithms are used (Servuly E., Gordienko K., Novikov V., Vasilyeva G., 2017). Since the
observation period and the number of participants are limited, the data obtained is not statistically
reliable. Further studies thi a longer period of hypodynamia in limited conditions are needed.

The author thanks the participants of the experiment "SIRIDSwho showed great interest to the
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study and took an active part in it ofthe8mdei zat
Physiology Department (DLR, @eany) and his colleagues Uwe Mittag and Patrick Lau for the
opportunity to use DLR hardware and assistance in data analysis.
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INVESTIGATION OF HAND ACCURACY MOVEMENT UNDER THE CONDITIONS OF
SUPPORTLESSNESS

Sosnina I.S., Zelensky K.A.
SSC RF IBMP RAS, Moscow

In investigations, conducted after loteym space flights, it has been shown that cosmonauts
experiene difficulties in performing of precise movement tasks, the reproduction accuracy of dosed
muscle force and differentiation of muscle forces close to each other is decreasing, as well as the
increase of the realization time of motor reactions (Chekirdd9¥1, Cherepakhin M .A, 1969,
Shulzhenko EB, WiWilliams 1976). In the works of Russian researchers (Grigoriev Al, 2004,
Kozlovskaya I.B., et al, 2007), the trigger role of the support unloading in development of these
disorders has been shown, but thentdbution of other sensory systems has not yet been
determined. It was considered reasonable to carry out research in the conditions that exclude the
influence of other accompanying weightlessness factors, i.e. the disturbance of the function of the
vesibular apparatus, changes in the movement biomechanics, and allow for a quantitative
assessment of the contribution of the support stimulus and the role of the axial load in determining
certain characteristics of motor reactions. The Dry immersion modeuged in the studies, when
the subject is immersed in a reservoir of warm water from which he is separated bfl@afreg
rigid elastic waterproof fabric, according to numerous studies, is the quickest and fullest
reproduction of the physiologicalfetts of hypogravity in the motor system (Shulzhenko EB; Wil
Williams IF 1973, Kozlovskaya IB et al 1987, 2006, etc.).

The purpose of this study was to determine the effect of supportlessness and axial loading on
the characteristiomnsf handsd accuracy move

A series of experiments were conducted within which a total of 39 volunteer subjects took
part aged from 18 to 44. Participants in the experiment were divided into two groups, in one of
which (the DI group) the subjects were not exposed to any iotfhiegnces, and in the other (the DI
+ Penguin group) the subjects were wearing "Penguin” axial loading suit for 4 hours daily,
providing the creation of a weight axial load of1® kg on a body. The duration of exposure to DI
was 5 days. The studies wetrarried out twice before the beginning of DI, on the 2nd, 3rd, 5th day
of DI exposure, and alse3hours after its completion.
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The task for the subjects was to perform two tests.

The first test for the gradation ofuscle efforts was the execution asexies of efforts with
a hand dynamometer from minimum to maximum with a minimum difference between
neighboringfforts without visual feedback. The amplitude of the minimum force (absolute
threshold), the average difference between neighboring efforteréitial threshold) and the
number of errors (the cases when the subsequent movement did not exceed the strength of the
previous effort) were analyzed. An analysis of the obtained data showed that there was a tendency
for the increase of the differentitlireshold in the "DI" group during the immersion, while in the
"DI + Penguin” group the differential threshold was reduced by an average of 20%. The absolute
threshold of effort in the DI group during the immersion also tended to increase (on average by
11%), returning after the end of the immersion effect to the initial values. In the "DI + Penguin”
group, that indicator showed a decreased to 50% by the end of the immersion. The number of errors
was also lower in the "DI + Penguin" group compared to thiiteo"DI" group.

In the second test for the reproduction of efforts from memory, the motor task consisted of
executing a series of 5 compressions of the dynamometer with a force of 30% of the maximum
voluntary force determined at the beginning of the. fElse task was carried out initially with the
eyes open, and then with the eyes closed. As a complicated modification of the test, the last series of
reproduction of efforts with the eyes closed was carried out by the tester with a left, "untrained"
hand.

Accuracy of the reproduction of the given efforts by memory in the first days of exposure to
the immersion in the "DI" group was reduced, these changes were reliable only in the task of
reproducing the effort of 30% by the ntmained hand. In the "DI + Rguin" group no significant
differences were found.

The variability of the investigated parameters in background studies in both groups was
lower than the valuesecorded during DI that indicates a stability decrease in the motor control
system under theonditions of support unloading. Reduction of the number of errors during
exposure to DI while carrying out the effort grading test can be the sign of learning processes. An
increase of the accuracy level of voluntary movements in the experimental gioptes an
important role of the weight axial load in the motor control system.

The study was suppor-29€8200fM-mRFBR proj ect
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EFFECTS OF ISOLATION ON THE CREW COMMUNICATIVE BEHAVIOR
(THE PRELIMINARY RESULTS OF THE SIRIUS -17 EXPERIMENT)

Supolkina N.S., Shved D.M.
SSC RFIBMP RAS, Moscow

Isolation experiments are being held in IBMP from the late 60s to the present. This research
format allows scientists to reproduce the space flight factors, both physiological and psychological,
while staying on the ground.

The SIRIUS17 experiment took pte in IBMP in OctobeNovember 2017. The main studied
issues of this experiment were isolation factor effects (such as sensory deprivation, social isolation,
sleep deprivation) on the psychoemotional state of crew.

Assessment of the psycleonotional state f t he person on Earthos ¢
for ensuring safety of cosmonauts, representing the part of medical space flight control. In present
research, crewmembers speech (daily planning conferences with ground services) was studied.
Analysis d conversation between the crew and MCC is an established procedure of assessment of
cosmonautsd psychophysiological state in f1li
method is appropriate for model isolation experiments as well.

Method of conten analysis, applied in SIRIU$7, was used in previous IBMP isolation
experiments HUBES 94, ECOPSY95, SFINCSS99, MARS500). Content analysis is the main
psychee mot i on al state a s s es s mespace erpertimant dhe mnane d [
advantage otontent analysis isits nannv asi veness; al so, It requi
work time (Gushin, Yusupova, 2011). The analysis procedure requires coding semantic units
(statements) in text, using a system of categories marking psychoemotional(firesxample,
efficient and inefficient coping strategies).

A qualitative analysis of SIRIU&7 data shows that isolation factors cause emotional stress
(prior to disadaptation degree) in all crewmembers. The participants having space training

112



backgroundliffered in use of effective stregsping strategies in communication and showed lower

group conformity. Groups of men and women differed in total amount of communication with the

MCC and in use of coping strategies. Women communicated about 2 timetharoreen did, and

used ineffective coping strategies 1.5 times less men did, what may point out to the fact that during

this study isolation factors caused a greater degree of psychoemotional stress in men than in women.
The results obtained in this studye preliminary and need further processing of the initial

data, as well as obtaining of additional data in experimental studies of longer duration.
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HUMAN DYNAMICS OF NEUROPHYSIOLOGICAL REACTIONS AND
PSYCHOPHYSIOLOGICAL FEATURES IN ISOLATION

Schastlivtseva D.V.
SSC RFHMBP of RAS, Moscow
e-mail: scdarya@yandex.ru
Scientific adviser: Kotrovskaya T.I., Ph.D.

Isolation studies are conducted at the SSCIBRW#P RAS research experimental complex
(REC) since 1967. During this time, many experiments were conducted, with various purposes. We
studied the interactions in the "persemvironment" system, while receiving data on the state of
health (physical and mental) and on the performance of a petsorhas been in isolation for a
long time in a hermetically closed space of limited volume. The main factors of space flight:
duration, autonomy, changed conditions for communication with the Eartiielay in
communication, limited use of resources, develept of medical technologies for a long stay in
space were modeled. This was done to support future space experiments on the ISS, as well as to
reduce risks in future space missions. At the moment, in REC the experiments of various duration
(from 2 weeks @ 1 year) are conducted, with a crew differentiated by gender and national
composition.

From the literature data it is known that there is a dependence of neurophysiologic features
from the gender. The alpha range is wider in men, and the variabilite aintiplitude of the alpha
spindle in women; intenemispheric connectivity in women is higher than in men; in men-intra
hemispheric spatiotemporal coherence predominates in the beta range, and in iwortexn
hemispheric coherence in the ranges of allhimg. The main feature of research in the field of
cognitive neurophysiology is the analysis of brain activity in the process of solving cognitive
problems, with a wide range of information conversion processes in the implementation of holistic
forms of belvior i in particular, perception, attention, memory, speech, deemgking,
motivational and affective behavioral regulation.

Objective: to evaluate the dynamics of a complex of neurophysiological reactions and
psychophysiological features (perceptiopgerative memory, voluntary attention) in the process of
modeling the professional activity of an operator in isolation.

Three male volunteers aged 33 to 43 years (
(32.3 N 2.9) whxperimeatifot 17 dayswere i the REC, wheneeoptiraal conditions
were provided (temperature, gas composition of air and humidity). The data were obtained in the
background (before the isolation), and 2 times in the aftereffect on the 1 day after (+h)jten@th day
after the exit from the REC +6. The EEG was recorded unipolar from 19 standard leads by the
international system 1P0% in the state of "eyes closed’he results were processed by spectral
correlation analysis based on fast Fourier tramsfdhe relative power values (RPV) of the main
EEG spectrum bands were computed for all legdS.]| ever Ball sé software
tests aimed at developing skills such as distributed tracking, increasing the speed and accuracy of decisior
making. During the tests, the volunteer used various types of memory (by the nature of mental activity):
motor (memory for movement), imaginative (the memory for representations is characteristic of ideomotor
training) and verbdbgical. The values obtainedere subjected to secondary processing by standard
statistical methods (Statistica, 8).

EEG classical analysis revealed that all volunteers had type | EEG patigganized in
time and space, with the dominance of the zalifiérentiatedU-rhythm with he occipitalfrontal
amplitude gradientThis allows us to state that the composition of the group was very homogeneous in
terms of the type of neurophysiological reactions and the nature of the aticaltical interactions,
despite gender differences

Statistical analysis of RPVs of all ranges did not reveal significant differences in aftereffects (by +1
and +6) with respect to the background.

Another important indicator of the functional changes in cerebral cortical biopotentials is the alpha
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rhythmindex. Normally, it is 685%, and below 50% is regarded as pathology. The decrease in the alpha
index indicates negative dynamics of the EEG, which is associated with an increase in the indices of theta
and delta indices. The multidirectional changethefindicator were observed. Gender differences were
revealed in the aftereffect (+6) at the level of the statistical trend (p = 0.1): for women volunteers, the
alphaactivity index increases, while for men it decreases.

As for the results of the implemexrtion of thec C| evesoBawlase i n the ¢l
the aftereffect (+6), the increase in correct clicks by 10.7% was found, while the error in clicks
decreased by 33.9%Accor di ng to the r ethairumber obright dlidkseis ¢ F I
statistically significantly higher in the aftereffect (+ 6) relative to the background by 40%. When
performing the ¢Sniperé test, the number of va
the decrease of erroneous clicks increase2153%, while the number of passed stages increases by
21.8%. The gender differences in the results of the Sniper test in aftereffects (+6) are at the level of the
statistical trend (p = 0.01): the number of right clicks in female volunteers increasetV/bwpihverage,
while for male volunteers 43.3% compared to the background.

Thus, the differences between the EEG parameters studied after the isolation, and also on the sixth
day after the end of the experiment in comparison with the background, wexesated, which indicates
the similarity of the functional state of the brain of volunteers before and after isolation. Between the
gender samples of statistically significant differences in the EEG indicators studied, none of the sections of
the experimenand the relative index of dynamics were found. A statistically significant improvement in
the results of all the test tasks of the ¢Clev
of the experiment, its participants did not reachekel of the "plateau” based on the results of the tests,
the results most likely should be interpreted as the learning effect prevailing over the influence of
unfavorable isolation factors.

In connection with the fact that in the group of volunteerseinergl, after isolation, the functional
state of the brain (by the EEG parameters studied) did not differ from the background, it can be assumed
that the situation was not stressful for the functioning of the central nervous system of volunteers. This is
indirectly confirmed by the indicators of theC | e v e test, B/aidh Hesnénstrated the phenomenon of
learning, improving the skills to perform the tasks presented.
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EFFECTS OF PLANTAR MECHANICAL STIMULATION DURING HINDLIMB
UNLOADING TO ECCENTRIC CONTRACTIONS ON ANABOLIC RESPONSE IN RAT
SOLEUS
Tyganov SA., Mirzoev T.M., Rozhkov S.V.
Scientific advise-professoPhD, DSc.,B.S.Shenkman

INSTITUTE OF BIOMEDICAL PROBLEMS RAS, Moscow

Support withdrawal is one of the key factors during space flight, which significantly affects
the regulation of the human neuromuscular system. In recent years, afferent mechanisms responsible
for support perception have been revealed and the leading ralppdrs afferentation in control of
the tonic muscle system has been shown (Kozlovskaya et al., 1987; Grigoriev et al, 2004;
Shenkman et al., 2017). The aim of our study was to analyze an anabolic response of the unloaded
rat soleus muscle to a single baftex vivo eccentric contractions (EC) following plantar foot
stimulation. A standard-8ay hindlimb suspension (HS) was performed in order to simulate effects
of microgravity on a rat soleus muscle. One of the HS groups was subjected to plantar mechanica
stimulation for 4 hours per day. After the third day of unloading an isolated soleus muscle was
subjected to a bout of eccentric contractions (EC) (80V, 50HZ, 15% from LO stretch for 3 second).
We found a significant 15% and 13% decrease in absolutesacific force, respectively, in
iIsometric contraction test. Nevertheless, we did not observe such a decrease in force in the HS+
plantar stimulation group. After EC, isolated soleus muscles remained in saline for 30 minutes and
then frozen in liquid ntrgen f or furt her bi ochemical analy
changes in p70S6k content or phosphorylation afgay8HS with or without plantar stimulation.
However, EC resulted in a significant increase in p70S6k phosphorylation in the codttd5an
plantar stimulation groups compared to the HS group. We also observed a similar effect for S6
ribosomal protein and overall protein synthesis measured using SUnSET method. Our data suggest
that the observed effects of the plantar stimulation areedinkith an increase in electric and,
thereafter, unloaded mechanical activity of the rat soleus muscle. The study was supported by the
Basic Research Program of the SSC-RBMP RAS.

117



Jafrriv{euvrR [ [1RUJtR1ILO duvu[Y L [E TIRLOU[[ ?1 8B
Lrtfflr3rsvwy

AJHW?2 oo, 1T ktedzOSE . 5., stlkzecdztso

10lzudz tGIthsalSHcflstzJ: lehdds 1. RrR.
(1 8MkH OteMmise dZer 2Oz yder 2 Wyjdelste { smimd?2 fr
R dzils d Is Iz Iss asfddu Mc¢dn ftetspdg d3 t o1, [ f

Il 7 ftsdzdzgj dedy HtetsW j MdsdzOdz! dets? HJjWIsj dz! gzesigls &,
syJd dz€ d u’fr]q’: "dLdsdasedud M dna f OtcOd3] stetso s j toC
dzj d dze OL d o dz BiL MLHOdY fodikinr d HdMESHBY st
mf smtse § dz ISBJfI’]IIJI{CfISJ ftew sz tsBi jJCIsdodzzy sy dzl |
sctcQfzdzdy ftodor ydese s WhkdzS ydoodzdtetso Odzdvw yJ dzso §j €
Ameri can Academy of Sl eep Medicine 2007) . ]
NASA) 9o t©OLHjd] ¢l MmMdrdumMéitsy LHBKS! ] d tOBBI
ted MC modzd & Hztso jJ dzd W-L G @R N jddzd 2 ) dzO, Hy Mdder tetsdad L

ntosdzd Ui MEts2 EMlsOdztsmisd F20@98405).kIs s dzdzj dzdw ( NASA,
] sdzlz y g dzdzr § 9 BB Hj dz dzr A L1 Sy j tod d3d dzls OR W s
sBMdzj Hso Odzdv, My tsmis Oo dzjedaflzlzty ¢ dipy Jtey L dzlz! ds iPfis d2 i3 5 o
[sd, HbLotsdvlIs sflsddBdL qteso Ols!  toj Stsd3j dgh Oydd ¢
AjdrLEyjddd Mizloydts?2 HoedcOlsj d des?2 0OCIsd o detsfls
ftosedesL qietso OdzdY fMdrWdL dsdzcggrgzhfisd ssfiffigBk® iz
[ Olsj tocd Odzr dJl iBlelOEFEOs 1 ¢ jteddzi dzgs©O© ¢ zdzC Odze
Mlssydzs?2 HO GOl dzt des?2 OCIsdoedesflsd d 6COyj Mlse O
fmMdresWdLdsdzsedyj MSisets MsMmissw dzd W q’ tcOB tslstsMf s

dimdzj Hso Odzgdw o' Miskf ddz &3 Y HEZdZOtesHdzr 2 1 Cd§ Oy, fmt
Mektsydtets LY ydoddesets  CMf jtodd3 dzels© s ddidlsC
CsmMdizd ud MEsets  Hfisrdej. ls O tgtSol &Rl qUISE fy Ctezedzsmizls sydats §
OCIsdlsdets 3y IstsH sd3 @Efisdd3'tcd®F d  BABrdphVSGCBBHTI ts dzlz y j dzdz” |
OCIstsc tc O dzd3" M smis ©o dzv dzd M+ m H Odzdz” o3q | dum
fhdasWdLdsdsedyd M6t Memissw dad W d Uhd duJﬁ
smih j Milso dzv dzO M ftod f sdBthldj fEs@EHDO tgjlw 5

Yyo jlsse" n or Bt (wots BayHSd) W ddS Asyjdiyls g H]_U(ZdeBJtGG’JtGO

YyIssB" t©OLGtOddydls! eoedzdwdedj dmMECEMmMmilse j dedets MsL
WOCltstetse dLBdYydd B' dzd ©BtcOB 5ls Oder fde®.dzdz( g tc O Hf tis|
tojLEdz sOIstse fsdzyjdeder = tcd Hjftede Oydd MmdzO,
BEHjls fMdzjHkzehddk h OC 5.

[ &z EHtBMlsoa ® tBtOBBISCd GCOYHT ] mMelsCd dL sdzw-
SsHT RO d ©OBBYk® Ldkz. ) sH dishd]dstse k] s dld
fsHI jd&3O0 B8 HOdzdzr &3 OCIsdeteOWdd. t OB syow L 5 dz0
iNdHdj odets?2 CtsdaW jtoj dzy®PBQ . § b f teeged dasa @etkds GlsH' -
sBMh OW Hdzdlsj dz' desfpls! ot 3] dzv L tHzalz@ dAs® M IO€ Isdr® dafs i
Ho GOl dz des?2 OCIdodesmisd d HoOJEOIsj dz detsets ff 5Cts
MtcOo dzdls j dz' desds OO&dL j §jtedtsHss dsydkses §s6sw
9" Wodzj degdetsets B ssHEtsdE OCIsdetcO¥Wdd ot otej dzv detsydats

v Ylg[r 8 OW tcOL o3 to 9" BtsteC d d Emdzse dw ted M J dz
MsOlsdmisd yd M 2 sBtcOB BISC j tcjLzdz sOltse dmt tsdz
Gjctej MMdsddzsets O&Od&dL O. [ Odedz' j HtejHlsOo dzj dg
tsls § dzts dzj dad W .

{iLEdlfQistse tzk i @ HOddz' | & Stkedshizlssyds?2 O
~nSH] ftejBr o0dd"w o CjteBBsS OB tcOn .

dtojHdzf MbsOldMmisduimMédy HOdedz" § Y65 ofpj Bz + ¢t

118



tcOBBYJ 2 Ltsder M8fFls Qpdoielz@r 6 8 4f tod Hdzdlsj dz' dais fjlls d  dat
g dzzls. 1 jtoedBH Hdzj odgsets fs5CtsW o Mistolkd Hktogzd zPB Is.
l Lidzg desydetsets tslsH' RO fjtoedsH OCIsdo dasBBd i Bazigl
dlsOlsdMmisdyd MSd L dzOyd BB dzts dztief@ls dizd P tsqj 2H da tsdz' fmtc
sB dzOtolzy j dets p>dBj, 06N dzts Y (e tOL H jdzjdedd tBMdzj HIZj dgr
ftodL dzOC k2 BT dzZs o1 W o dzj dats, Yylsts o tOBBYJ2?2 L tsdzj
HsMisse j todzts Btsdzj J Hdzd Is j dz' dzr 20 dtflz] mdOsHO 5 P tcj dstitalgdr
ftoesHisdydIsj dz desfyls!  jtedsHO f8CW E d&Beyydd mMtsfhis
d3d dzlz Is . l osHisdzY dIsj dz' detsfyls fsCtsw o 1Cdf Oy s
HsfMlstse jtodets o h j jets HBtSBjHJjdede 7 L dzgOyjded?2 (2

Il Movsiyds, Mylsts HOdzdz' | B desDdzcR sk BdzE ] df M Ot
dmedzs yddzd dr dL HOdz dzj 2" jets McOodedlsj dz desec s Odz

r smistse jtedzets o MsCdJ L dzOyJ dedw desydes?2 HodG Olsy
SIsHT RO fsCOL OdEf Fipe G)oz) &  Jj sinptg@f yde@' OCIsdo dztsflis
fMtcjHdey 3 85 N 29 diddzkzls tsls ©Bh jEets 9tej d3j dzd dats y dat
M HdzdJ L dzOyJ ded ™ desydets? OCIdo desplsd MmsMmisOo d dzd
SkH' 2O 395 N 74 d&ddzls. )iddsoin 0] d s j tzs @B & | dizss
MsmMsOa dd&z® 405 N 39, 406 N 43 d 378 N 41
HodGOIsj dz des?2 OCIkdodesflsd L O desy'’ bk tff jtcOlstcO A

g
7
0]

SlsHT R0, B jtOtste B o Mmistsw daY K¢k dddakinis,d @ it
N 6 dddzzls L O otej &3Ww desydetsets SlsH™ 7 O.

[ dumed2 tftthmdadS tyjdkid Mdd k temdjHk] Bses
sB" ydesiie bktetsodzs dzjeCtsfMmisd L OMr §f Oded v, COyd Mlso iz
f tsfydzj ftesBlzy Hj dzadwlzOy pded i dzdsf esmdzd C © MdzO Y J to
ModHjlsjdzt MlsoatsaOdzd B B MIBCB2dtsds fdaj . ]l t©OLHJ
mMesmMisswdadw ftsmdzi GtesBlzyHjddy HOddk j GBMdiHEZj] &
[fjtcOlsste A o [ dHMS A jtsiBtgfdecits 2 sl B Isiytxidz, B t<imjdz0 €
mMsmMisswdadd ftod GtetsBbkyH] ded d, E tfjtcOtstcO B ftots
fsmdzy fJtessBlzyHjddw Btsdzjj Mtsdadzd o d3, Yd @3 BB ydzt
LSCdfoOn0 o fiter j bted Hd'SdjLitdysdddd d3lzce Misls dgje WOt
ftotsyd MM LOMr f Odedwy, BHBRBOCBE HOM]j OS] MsOd dfm
ftosBlz)yHj dd j d3.

[ sistse jtodzs o' MtsC d 4 L dzOyjddwY bkttjoeasscecd s d3j
orwodzjdg@r bk BMdakWEZ OB j E =P tFOIs(ste E § sCO0L Odz k
stcjotsed 5 MOBstsy) desydesdiz s tetsmded S v f ddzB j oG
RILSC B btesody B3 btejotscd s sBjdd KBissHISOR. I
ktcjotsed Hts MiejHd ¢ Ltotsopvj daf up dzt j 5 Misdztbls p tzy ez
OCIsdoe desmisd Mmerhj 60 &ddkzls. 1 0dBtsdz! h 2% ykze mls
ftosHBd) dlsj dz desflsd dsydsets sitY-BfisC@dzOL 8j O
RMYy " IsOlsj dzv 5 Istcj Btso Odzsf! Btsdz' " j , 9 tg finddgddzdf - dze@ztsts)fgir
BN dz d3j dzj jp<ODS)yOMmtse (

Il T 9tsHT sO0Cdd3 tBEOKEH,) dB " eztfMistso jtoedz” | tcOL dzc

Hdzj o dzs?2 HodcEOlsj dz des?2 OCIsdo degsflsd d3j Y HE sy ud dzo
E efmjnrn ydzjdztse 1 Cdf O O & AzO dfjuld hLjdzQ\Qif ddefRdzd to tsee O,
1 Cdf OO0 dqd3dj dzd dzOtlkzh j dzd v, MowL Odedz" § M COyd Mise
tcse j dz stcj o tsc (. 1 sdzlz yj dadz" j§ H Odzdz" J Istcj Blz® Is

ftesojHjddj HOdz dzj 2" dn dmﬁ]d@H@BC@m@deJ*f@BmmfﬁW
otsLHj2MmseadY dJLdYydd (o USIRUEIzS MY tsd)ls GeOdks dad:
GjLkd Is0Ol Ok s disjcHdSiE s =7 dMdj Hise Odzd2 O Bl
fsLocddl sSisdBdL s Ol! ] C s das®GEalsts 6 3 d &

119



MONITORING FEATURES OF THE DAILY HUMAN MOTOR ACTIVITY IN
ISOLATION CHAMBER

Fedyay S., Burlak E., Kruglova A.
Scientific adviser: V.Gushchin
(State scientific center of the Russian Federdtion
Institute of biomedical problems (IBMP) RAS, Bow)

The performance of professional activities, including night time, requires evaluation of the
physiological parameters of the operator, which should be carried odnvasively, without
creating interference and discomfort for the examined. Thé&adedf actigraphy is capable to
provide a direct objective assessment of daily motor activity without restriction of habitual
functioning of the persorSfandards of Practice Committee, American Academy of Sleep Medicine,
2007 . In the c¢cHgmameREsedDASA) Pro the el emen:
Behavior al Perf ormanceo, a separate group of
desynchronization of circadian rhythms, chronic fatigue and overwork (NASR0883405).

The backgroud data of the actigraphy research, obtained in model experiments, compared
with the results of medical and biological research on board of the ISS, will allow to optimize the
recommendations to the mode of work and rest of cosmonauts.

PurposeThe study ofdaily motor activity and sleep quality of crew members for the
prediction of the psychophysiological state and operability of the operator.

Materials and methodsWithin the framework of the "Vulcan" experiment, a study was made
of daily motor activity andsleep quality of crew members to predict the psychophysiological state
and operability of the operator. The object of this study was the international crew consisting of 6
people, 17day isolation experiment to simulate the effects of interplanetary dpgle factors
"SIRIUS-17". A 24hour movement activity measurement was carried out using active bracelets
ActiGraph wGT3XBT. The obtained actograms were compared with the data of the Leeds Sleep
Evaluation Questionnaire. Assessment of psychophysiologfiaid and mental activity of operators
was carried out with the help & E ¢ Hidheacdgnitive assessment battdry, s c her col o
(in L.Sobchik modificatiorandSTAI test by C. Spielberger.

In order to distinguish the influence of artificiallyeated sleep deficit from the influence of
isolation factors on sleep, the data obtained before the deprivation of sleep were processed.
Processing the results obtained from the deprivation of sleep, as well as the data of additional
techniques, will be theext step.

For the convenience of processing every twdaty hours of the isolation was divided into a
night rest area and a work area. By night rest area, we mean the time period between the falling
asleep time and awakening time according to ActiGragT3X-BT data. The work area was
limited to the morning and evening daily planning confergfi@@C). In night rest area, its total
duration and the time of night activity included in it were taken into account. The work area
consisted of periods of motactivity and motor rest. The evaluation of the quality of sleep was
based on a comparative analysis of the periods of night rest and motor activity (anxiety), revealed
by the method of actigraphy during night rest area.

Taking into account the size ofetlsample and the conditions for the solution of the problems,
statistical analysis of the results used the methods of dispersion and regression analysis. The data are
presented as the mean and standard deviation.

Results. For the first time, data were iiged on the 2our activity of crew members during
their stay in the isolation chambers.

Average statistical data for the whole crew showed that the duration of the work a&@dwas
* 33 minutes, with the duration of night rest area $9&1 minutes. The period of daytime rest in
the structure of the work area averaged in19141 minutes. In the zone of night rest area, the
period of activity (anxiety) was 58 28 minutes. There was no statistically sigmificdifference in
the length of the work area among the crew members (p>0,05). When the subjects were divided into
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groups by gender, it was found that in the work area, men were at rest for a significantly longer

period of time than women (p>0,05).Theavegre dur ati on of the dor manc
36 minutes, and in women 69 N 33 minutes. Th
minutes, which is significantly higher thanitsgté nner val ues (27 N 25 mi

Due to the fact that theéata on the night rest area of the test ofcitesv membdd have been
received in part, we excluded them from further comparative analysis.

Reliably high values of night motor activity in the structure of night rest area were shown by
examinedEandfp<0, 05) . The operator E night activity
the total time of night rest area (397 N 51 n
17 minutes with a night rest ar eamaamongagdenatorss o f
A, B, C was 405 N 39, 406 N 43 and 378 N 41
mot or activity per night for operator A was 4
the state of activity spentonaver&@ N 5 mi nutes, and operator C
rest area.

The Leeds Sleep Evaluation Questionnaire for the examined D corresponded to the average
level of ease of falling asleep, quality of sleep, ease of awakening and the state afigr Wadi
average values of the sleep Questionnaire of the operators E and F also testified to a restless sleep
In the sections on the quality of falling asleep, awakening, and the state after awakening, the
subjects surveyed did not notice pronounced chsn@perator A in the Leeds Sleep Evaluation
Questionnaire noted a more restless sleep, however, and a more alert state on waking. Operator B
had a more difficult process of falling asleep and the state after awakening was more drowsy than
usual. Accordingo the Questionnaire the crew member C felt more drowsy during the first three
days of isolation and noted an easier process of falling asleep, but later also began to experience
difficulties with both falling asleep and awakening.

Reliably high values ohnxietyusing the color preferences techniquere revealed in the E
and F subjects (p <0.05). Also operator E showed a moderate level of anxiety on-évalselion
test by C. Spielberger. Crew members D, A, B and C were distinguished by a lowflaagiety
under both methods. According to regression analysis, the increase in anxiety to an average level
and higher was accompanied by an increase in the duration of nocturnal activity beyond 60 minutes.
According to the cognitive tests, the greatesisg&vity from to the duration of the night rest was
shown by the test for the time of the visuabtor reaction. The operators needed more time to carry
out the reaction if their night rest was less than 5 hours (p <0.05).

Conclusion: Thus, authentic ddffences in the duration ofaytime motor activitypbetween
men and women were found. The sleep duration for all crew members was less than the values
planned in the WoHRestRegime.Two of the six crew members had violations related to sleep
quality and hadh concomitant high level of anxiety. The data obtained require further clarification.

It is advisable to carry out further research in this direction, including increasing the duration of the
isolation effect (in particular, within the framework of the BIR project), to compare with the
results of medical and biological research on board of the ISS, which in the future will optimize the
recommendations for the mode of work and rest for cosmonauts.
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VOLATI LE ORGANIC COMPOUNDS I N HEALTHY HUMANS®G
SI MULATI ON OF WEI GHTLESSNESS (ADRYO | MM

t
d

Tsarkov D.S.
SSC RF IBMP RAS, Moscow

The gral of this research was to investigate composition of volatile organic compounds in
human breath during simulation of weight| essi
mass spectrometry (GRIS) in order to determine list of possible biomarkergisgue hypoxia
during hypodynamia and significant reduction of motion activity.

During Adryo i mmersion, the volunteers wer €
cm, separated from water by freely flowing waterproof film. Water temperature hnataest 3234
C. Once a day, the subject is allowed to get out for 15 min for hygiene procedures. For the whole
test period the duration of stay outside bat
which, in seated or upright position (during hgme proceduresj 17,21 minutes per day.
Volunteers were exposed to vertical position for minimal possible time.

With combination of gas chromatography and rresectrometry the composition of lew
molecular volatile metabolites in breath of 12 volunteesspeo s e d t o Adryo
(weightlessness) was investigated.

Breath samples were taken into neutral polymer bags, volume of 5I. Preparation for the
sampling consisted of bags6é flushing With p
repeated 10 time®r eat h sampl es were taken before@the
and 5" day of the experiment and on tH¥ @ay of recovery period. Sample analysis was performed
by gas chromatography mass spectrometry using GC 6890N with MSD 5973N (Agile
Technologies). Identification of the detected compounds was made using mass spectra library of the
National Institute of Standards and Technology. Additionally, selected ions monitoring (SIM) was
used to lower the limit of detection for some compoutiisder these conditions, sampling of 0,5
liters allowed to detect volatile organic compounds in concentration of 512 Hm3 (S:N ratio
5:1)

Biochemical tests included: energy homeostasis ferments strength (creatine phosphokinase,
CPH) and its isofermés: creatine phosphokinase myocardial band and creatine phosphokinase,
muscle band; glycolysis activity was estimated by dynamics of activity of lactic dehydrogenase
(LDH) and glucose concentration. Functional activity of skeletal muscles was estimated by
concentration of creatinine in blood. Biochemical tests was made using commercial panels, made by
ADi aSyso (Germany) . Measurements were perforn
SPAO, ltaly). Malon dial dehy atestithMbidbparbituric acid.] o o d

Up to 50 volatile organic compounds were detected in each breath sample depending on SIM
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parameters. The detected compounds belonged to different classes: aliphatic hydrocarbons,
alcohols, arenes, aldehydes, acids, ketanesothers.

Il n was found that effect of Adryo i mmersio
muscles and myocardia decreases significantly (P<0,05) (CPH myocardial band, CPH muscle band)
since the % day of the experiment. Observable change ccoeflex decrease of cell respiration in
skeletal muscles and in myocardia, as well as, degradation of nervimuscular response in
consequence of inhibitory processes which activate during weightlessness state, and change of
hydrostatic pressure due to liguiedistribution in body.

Adaptation changes in energy exchange of muscular tissue was accompanied with significant
(p<0,01) reduce of isoprene and heptardrie breathi as intermediate metabolites of lipid and
carbohydrates metabolism. Detailed analgdissoprene dynamics showed that during significant
reduction of motion activity, significant decrease of isoprene concentration in human breath can be
observed sincethd®™ ay of fidryo i mmersion.

Dynamics of aliphatic hydrocarbons ethane and propamngenous genesis compounds, was
researched. Ethane and propane are metabolites effteal decomposiotion of pelynsaturated
fatty acids in outer cytoplasmic membrane of
activation of lipid peroxidéon, being an integrated indicator of metabolic processes in body which
occur under effect of adverse factors of different genesis, and disturbance-af pedcesses
regulation in cell, accompanies by proportional increase of saturated hydrocarb@#) @4
breath.

Analysis of volatile organic compounds in breath samples taken dHan@%"'d ay of fAdr
immersion showed the increase of amines concentration (butyl aminecyad@® amide). Increase
of aminecompounds in breath could be possibly catee to negative nitrogen balance which was
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EVALUATION OF THE EFFECTIVENESS OF USIN G SPECIALIZED SOFTWARE FOR
ORIENTATION IN THE MEANS AND METHODS OF MEDICAL CARE IN
HERMETICALLY CLOSED OBJECT

Chernogorov R.V.
IBMP, Moscow

During the i mplementation of space flights
face the impact of inflence of adverse environmental factors, forming a list of medical risks, which
in combination with the possibility of technical equipment failures can lead to the emergence in
flight of emergency medical situations.

In such cases, for medical assistancebooar d t he MSda s provi de
medi cines and medi cal supplies, which the <cr ¢
telemedicine consultation under the direct supervision of the "ground"” medical support group
(MSG) 2. alone, in accoathce with the established regulations, as well as on autonomous sections
of the flight with the impossibility of performing operational medical support from the MSG.

In both modes, in order to search for the necessary medical supplies (MS) on board the
MSC, crew members can use the printed accompanying medical documentation (PAMD) supplied
with the medical kits (MK). However, if in the first mode it can be auxiliary in view of the
possibility of direct instructions from the MSG, then in the second modd&AMD becomes the
only means of orientation in the twoard MS.

In the event of medical situations, the time necessary to find medical solutions and the
corresponding MS on board becomes critically important. When using traditional PAMD, it can be
difficult to do this quickly. So, IMBP developed and created specialized software (SS) for
automated orientation in the means and methods of medical care (MMC) on board the MSC.

For practical estimation of time costs in the implementation of both methods ofatident
in the MMC in various possible medical situations, experimental studies are needed, the first of
which was implemented in the project "SiH2@17". The purpose of this study was to evaluate the
effectiveness of the SS in the conditions of isolatbrthe hermetical closed object, as the most
approximate to the actual operation during the space flight.

Tasks of an experiment included collecting data about use and behavior of SS in various
modelled medical situations during the experiment; asses@hasé of SS in comparison with the
traditional ways applied to orientation in medical tools onboard MSC, in particular on the Russian
segment of the International Space Station and also definition of paths of further perfecting of SS.

The study consistedf 4 different types of sessions, each of which included 2 to 3 sessions,
each of which involved 2 pairs of oppos#tex crew members, and the fifth investigator (crew
doctor) was responsible for the technique. The 6th crew member was not involved in the
experiment. Also, an additional combined session was performed using the SS MMC during the
telemedicine consultation of the crew by specialists of a multi profile medical center in modeling a
medical situation requiring immediate medical assistance, imgudisuscitation.

The volume of the data obtained was ~ 86%. During of their primary analysis, despite a
number of deviations caused mainly by the "human factor", one can note the prevalence of the
effectiveness of the use of SS by the crew over the apiplicof traditional PAMD on board a
simulated spacecraft under various simulated medical situations in the vast majority of sessions of
the experiment.

So, in the course of 1 session, on average for the three crew members, the effectiveness of
theSSwagt 7% N 23%. Based on the results of the 2
of the SS compared to the PAMD for the three
3 crew members showed a more stable result, similar between togetther,effiectiveness of the
use of SS with an average of ~ 43% N 3 %.

Also, the builtin intelligent SS subsystem showed a high potential. Being the prototype of
the medical decisiemaking system, it provided the crew with the possibility of basiedafjrosis
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with the selection of appropriate treatment fromboard medicines, which is especially important
in autonomous areas of space flights in the absence of the possibility of consulting support from
Earth.

This gives grounds for recommending the S@ragffective addition to the existing medical
on-board documentation within the MMC system for the medical support of orbital space flights
and as an alternative to PAMD in letgym interplanetary expeditions.
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DYNAMICS OF STEROIDOGENESIS AND BLOOD CONCENTRATIONS OF THE BASIC
SUBSTRATES OF ENERGY METABOLISM AS THE UNITS OF A STRATEGY OF
ADAPTATION TO THE CHANGED ENVIRONMENT

Chistokhodova S.A.
Scientific supervisas-Nichiporuk I.A.,Ph.D., Zhuravleva O.A.Ph.D.
SRC RF IBMP RAS, Moscow

Numerous researches testify, that the complex of responses of a human body observed in
space flights (SF), basically, is caused by kergn influence of microgravity and its consequences
initiating fluid shifts accompanieldy changes of wateglectrolyte homeostasis (WEH), metabolism
and its regulation, development of hypodynamia, hypokinesia, hypotrophy egrawitational
muscles, demineralization andstucturing of bone tissueall set of gravitydependent metabali
and morpheunctional reorganizations of organs and tissues which indispensable participants are
steroid hormones of 4 basic classes: glucocorticeids-steroids; mineralocorticoids 4 ;-
steroids; androgerisdg-Steroids and estrogenst;g-steroids Dynamics of steroid hormones and
their influence on a state of metabolism in the conditions of microgravity are the subject of steady
attention of researchers due to their direct influence on energy turnover regulation and on a balance
of anabolic and dabolic reactions in a human body, and also on a condition of reproductive system
that is especially important in the light of planned interplanetary flights and building of planetary
constructions for long stay of people in them. In our, and also inrregbent researches of the
foreign colleagues (I.A. Nichiporuk, et al., 1998, 2013; S.M. Smith et al., 2012) the results testifying
to integrity of a physiological parity of concentrations of the main sexual hormones in blood,
mechanisms of regulation angknsitivity of multilevel contours of a feedback regulation in
reproductive system in the conditions of SF and simulating experiments are received. The numerous
results specifying in an involvement of glu@nd mineralocorticoids in all parts of metabailiand
its regulation are received in studying of dynamics of not sexual steroid hormones at
implementation of SF and their simulations (A.l. Grigoriev et al. 1986, 1997, #089;Leach
Huntoon et al., 1989; S.M. Smith et al., 1997; .M. Larina et abp2@003). However, even in the
presence of great volume of knowledgthe intimate mechanisms of adaptive reactions of a human
body to SF conditions with participation of steroid hormones, including their influence on dynamics
of the psychophysiologicatatus, remain insufficiently explored. Therefore, the main objective of
the present work was an acquisition of new scientific data about features of dynamics of steroid
hormones both the basic substrates of energy metabolism and their influences enot [=staty
fluids and composition, WEH, parameters of energy turnover, and on the psychophysiological status
in the conditions of 14lay confinement in hermetic chambers of the mixed crew of 6 healthy
subjectsvolunteers (3 men and 3 women at the age efi2¥ears), who had passed a medical
selection and have signed the Informed consent to participation in research. Before the start of
experiment{7 days, a background), ortf7 and 14th days of the period of confinement, ol 2nd
7-th days of the recove period (RP) a withdrawal of venous blood for determination of hormonal
and biochemical parameters, bioimpedancemetry (measurement of body fluids and composition) by
use of device "SPRUZ" (MEDASS Company, Russia) and registration of psychomotor irmigat
and dynamics of el ements of operator activity
Nichiporuk, 1994) were carried out. During the -pamnfinement period of research, five subjects
have filled psychological testsuestionnaires of R.B. Catt, J. Strelau and R. Lazarus. Lessons on
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training to work with equipment and with the computerized psychophysiological techniques have
been conducted prior to the beginning of experiment, testing during confinement was performed in
the medical block of groundbased experimental complex and on individual laptops in cabins of

the hermetic chamber. It is necessary to point out that in the complex analysis of all file of
experimental data the individual percentage values of parameters comparing toevelsiwere

used for objectification of the character and directivity of changes in mean dynamics of estimated
indicators of hormonal and biochemical status, fluid shifts and body composition, which are highly
deformed and/or leveled by individual distircts, especially by anthropometry and gender.
Estimating results of the performed research, first of all, it is important to note, that the feature of all
period of supervision was the steady trend to increase mean levels in serum blood concentrations of
co ti sol (138,0N16,7; 141,6N27,2; 150,5N8,6; 1
with a basal level), that testifies to activation of steroidogenesis in adrenal cortex in the conditions
of confinement and RP. Results of the analysistbérosteroids have shown, that during the early
period of isolation (7 days) increases of mean values in serum blood concentrations of testosterone
and estradiol were significant (% from a basa
while any significant changes in concentrations of cholesterol, aldosterone and the basic
carbohydrate substrate of energy turnoveglucose were not observed. At the final stage of
confinement (14 days) among with high cortisol levels the growth in serum tdowentrations of
aldosterone has been registered (138,2N17,2 %
caused as the answer to the raised urine losses of sodium within development of moderate
hypohydration of the bodies of the tssibjects( decr ease i n water vol umi
basal level, p<0,05) complex reaction of the system of a maintenance of WEH constants allowed

in the aggregate with other hormones to keep, despite hypohydration, osmolality, blood sodium and
potassium concénr at i ons practi2&3N4g; eBRALKBENL MO8 ;N4
Na@ 141, 1No,7; 140, 3N0,3; 141,"2RdD, B5N0,14;2,8,N2NC
4,3N0,2; 4,2N0,2 mmol/1). Al thougdoncentnagonssdidg n i f
not occur , its high percentage (427,5N251,9 ¥
measured hormonalctive steroids testified that it remained increased. RP was characterized by
significant growth of mean values of bb@oncentrations of cholesterol and glucose, and by the
increase in body fat mass (BFM, growth at 20 % from basal values) with the maintenance of high
al dosterone, cortisol and estradiol concentr
p<0,05) mrcentage of hormonalct i ve st eroi dsbé6 rate to concent
biosynthesisi cholesterol. It is important to note, that considerable growth of blood estradiol
concentrations (996, 3N&®B08),amondgsith fraisedbut msighifeanta | I
values of testosterone concentrations was found at-voalateers within confinement and,
especially, after its end, t hat , obviousl vy,
from a basal level, p<0,05), which adgytes have promoted so considerable aromatization of
androgens into estrogens and, possibly, eyératal and extradrenal biosynthesis of the last
named. Meanwhile the increases, mainly, of blood cortisol during confinement and within RP
increase ofcholesterol were marked in femalelunteers. The results of multiple regression
(correlation) analysis have shown that decrease in physical activity in the conditions of confinement
more than in 72% of cases is influenced by the increase in blood caticerstrof gluce and
mineralocorticoids, cholesterol and and by the decreagein androgens, Kand C&" contents
accompanied by growth of specific rest metabolic rate and by reduction of cellular hydration of
organism, which, in the aggregate, testies t o di spl acement o f a ho
prevalence of catabolic reactions. Meanwhile, the best adaptability to conditions of confinement in
hermetic chambers was shown by women and, in common, by the persons with less level of anxiety.
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Security in the space industry is one of the most important aspects, both in the preparation of
flights and in direct missions to bring satellites into orbit. Safety cannot be nebleots with
reference to small space satellites of the Cubd&8aformat. For this purpose, the devices must
undergo numerous checks on special stands, confirm their performance in critical conditions. The
"Space Systems" laboratory of the "Sirius" Edumadl Center has a set of test benches that allow
testing and testing of small space satellites.

Il &zOBBOIBtedd ¢stmdidd yd MSdres Mdmilsy i3é [ BtLOL B89 C
ftesotsHdIsMW tWwH t©OBBIs s fYtsHEeBIsBa ] dBOdEfRlsot s
9r 9 jJHJddw ¢ dgdmfr sOdzedwdsa d IsjMmlsdtetse Odzd v 3. [ Hd
dzO dzts N §f Z&riimp&te ¢ dz0 ftoesj Clsdets? ftesetcOd3d3zd ¢ 1 sdzd M dJ
Lyoehdjmw [BttOLtS9 O] dzt dgse s YJdelste® cudtedlkzme Mmts

VRRCALU d [[f cufblsddSme MsLHOK] §sdhsekzSsyd:s
Bjes. (BRUHEY] MEB2 LOHOY)]2 MikbddSo MsOdks dLt
pjh jMko O dO460MBEKOS 300

] ftH] ©OBIS!T dZOH M EklsddC sd B QL] R teisdlsiwdjSds o
BOC ) sts, bedsets?2 MCstsmisd d Mo jhy ddshlsd
fBdlsOlste) GOcddlbdses ooy | jddd f djLOsdhdd
RBJSOst BOcddsdses §ody 1] ke §sLo sdyjskszsdsd

fsdzy Hts 180A (120A fJtslsdes yYyOmsets? Mistej dz€ d
BOC M BOdz! detse s SO O COkEhCd o 1 ¢, M dqdzHEkS:
BOdedf Edzv ydd fsLotsdzwels HMisOsydess bktsydas lsCO
f sHBtdEsGcts dLEzyjdedw o jCltstctss BOcddlsdsects § sdv |

ftotsMmistcOdzMmisoe § , O kOGCYJ sBj M jydls: oL ditsy dztsfls
BOcdzd Issd3d Istc ©. b1 tetstf sHo j sBJMfjyude Ojls sBJL
tcOMY sdztsy j dedze’ a3 dz@ Odzjinyy fisf BlisdzfizB dlzts? f sHEZNM Cd d3j ¥ |
OL esf sHO J MO. 49 5B BH MG o tcOn j dzd § otsCtclza 94 to

COdzdtesa Sz HOBYdE O EZedztsots?2 MEttotsMmisd .

1 sfdzj mMBtstcC d ddey J dzj tedztsG 5 sBteOL yo0 M kzlsdzd ¢
odBtotsMisj dzH p ! e Y BIRGgH C dz o MY j ydOdz: dgr 2 Ctsdzlsj 2 dzgj t
f sHe jtcG MW ZOctekzL COBZ d@O MmMddzmtsdH Odz! dz" § 9 dB o
RBJIsdtetse Odzd My EmMdzse dw, otsLded SO dj ftod HEBMISC
¢l tetsce tej M é-detsldOd g€ jj IsgrufitsrileOdzd W  f tetso sH d dzd fiy! IS
1 sfMdzy COyHBEts YdqedzO dmMfrilsOded?2 Myklsdeds ftetso jto
Isjdzj d3d stedd d HtwsLosdzO Mdmlsi 3 k2§ tcOo dzj dzgdw dzO v
ftsdzeyj dets f sHIso j toy H J dedjjc tadz L Isst€ d3, ) § Ugldsslzd i€ ts fifdzin tefOidzw j Ik
fsotedyHjdzd?2 CwodzmMlstezSC ydd dzy B'" dzs tsB dzOtclzy § dzts.

131



{ Oetslstsmf sMe dshls! MfklsddtO Hod) @O MR tcodw s
dzO0 ttwBdlsj, of ftsdzdegj dedd &BIdMMdd. & yjdz@s dddlsO-
COL B o bkjttdkcs OsCO®jt] o ©wOBBY]HE Msmlssw ddd,
{5 COHdES OdzOdzE. 17 &z ML Hekdg. o @B dglsh) u Oozdyj dz®J d
Ciygdsr IsjsfjcOlbetd Au (s Fa&sGidw fylsf jtoj nSHEA 30
Bolls. v &Y jcOktedy | §ittjfOH’ fsdmMisHddd L O
f zOMmisddr , ©OMYfsdsy jdds2 o CO&Bjtej, d Wodwshj2f
MflsddCO. 1 jejHOyd Ijfdko Csdhstkz¢ydj?2 niklsddsS
dzd fjjocd cdgj fosdmioHdds. AdSd (ool ddf! o
M lsdedC MlsOBddz des § jtejHOo Oz MdeE dzOcdr . ) sfdzj 4
0,14%. [Odderj (cCOLOjdd costwl  Issd, ylks
s B jcObtcdd™ o jCitelbtekCydd MklsddSO sd MY h
ROk g dzj Hso Ols j dz' MCE* ©OBGILE.

iﬁdfr]rSOstrJ dimyf " sOdedw WwodzWdzdf)! CoOddW dCoOyd
1 sMdzj kjMmsses o @&OBBteOstedd c¢stshmadud MSda fydmlk
ﬁjljlzlsdsaflﬁsSaﬂUe B' dz ff jtej HONMH @Ay ydftccdy distpf ¥ sOdzad 2 o
10fEME M klsddS O d&O ttBdllkz § &ZOddtolzjlsmw dzj stsd3
odzj CtstcOB j dz' dats 2 HiWlilsjdz dztsfplsd dzO [ jY HEdRZOtSH dzts
CsmdiisdzOo Is O3] .

lteso fJyd dsf dmMOdzdzr = dMmfr sOded?2 By dz 9 O dzts H
Colstster | HBdydr t©OBBIsOI! o Cthmdidud MEtsds ff tetsfisteC
BjLEBY OMdesmisd o MdzEyoOj ttOBlsr M 1Isddid EkMmistets2 Mmls

TESTING AND EXPERIMENTAL BASE OF LABORATORY OF SPACE SYSTEMS
OF EDUCATIONAL CENTER "SIRIUS" ON THE EXAMPLE OF QUALIFICATION
TESTS OF NANO-SATELLITE "SIRIUSSAT -1U"

Shekov IS., Kishkun A.A.
Educational Foundation "Talent and Success", Educational Center "Sirius"

Security in the space industry iseoaf the most important aspects, both in the preparation of
flights and in direct missions to bring satellites into orbit. Safety cannot be neglected even with
reference to small space satellites of the Cubé&8atormat. For this purpose, the devices must
undergo numerous checks on special stands, confirm their performance in critical conditions. The
"Space Systems" laboratory of the "Sirius" Educational Center has a set of test benches that allow
testing and testing of small space satellites.

Inthelaboat or y of the Space Systems of the ASir
a number of works are being done to prepare small Szdehlitesand prototypes for launching and
testing. One example is the development of a rstellite "SiriusSailU" on the "Big Challenges”
project program in July 2017. The students of
laboratory specialists, the Institute of Nuclear Physics of the Moscow State University and
ASputni xo Ltd. cigneardtpayldad fohiteThessaientfic dnd praeticatl task of the
satellite was the study of space weather and particle matter at altitudes4iBRG.

During the work on the satellite, calibrations and tests of such sensors as: magnetometer,
angular véocity and illumination were carried out. These works were carried out on the stand by the
simulator of the Earth's magnetic field with an independent air suspension and simulators of the
Sun. The simulator of the Earth's magnetic field makes it possibtdange the direction of the
magnetic field vectors up to 180 A (120 A co
maximum current to the coils of 1 A, with magnetic field induction up to 200 These
manipulations allow us to accurately calileréhe onboard magnetometer for a detailed study of the
Earth's magnetic field vectors and its induction in outer space, and also to provide the possibility of
satellite orientation according to the magnetometer readings. The aerial suspension prothges fo
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weighing of the working platform with the satellite on it, due to the air cushion between the
platform and the air suspension cup. Free rotation around the vertical axis of the suspension ensures
calibration of the angular velocity sensor.

After assenbling the engineering model of the satellite, tests were conducted on the shaker
table. The satellite was placed in a special container. During the tests, the satellite was subjected to
stresses on sinusoidal vibrations, random vibrations and shocksiti@unavere simulated when
cargo was delivered to orbit aboard the Progress ship on a Soyuz carrier rocket. The tests were
carried out in three coordinate axes. After each test cycle, the satellite was tested for the possibility
of transmitting telemetry ral control signals on the VHF band. As a result of the tests, it was
confirmed that after the loads the satellite remains operational, no damage was found to the
structure.

The satellite’s operability should be maintained even during a long stay intleebitjifillment of

the mission. In order to simulate the flight of a satellite in orbit, it was placed in a tobanter

in working order, telemetry was broadcast over a radio channel. A vacuum was created with a
pressure of 1 * I® mmHg The temperater transition regimes frod 0 A C to + 80
transition of 30 minutes and a retention of 60 minutes were programmed. Temperature changes
occurred due to the temperature change of the copper plate located in the chamber, which is the
reference andantact surface for the satellifEhe transfer of heat by the satellite’'s body passed very
slowly, frostbite or overheating did not occur. The cycles were repeated for 24 hours. During the
tests, the satellite transmitted signals steadily. After testiregmass of the satellite decreased by
0.14%. These indicators indicate that in critical conditions of vacuum and temperature differences in
the design of the satellite, it is able to work and carry out research work.

The tests described were qualifying tbe satellite. After the tests in the laboratory of the
"Space Systems" of th&Si r i us o0 Educati onal CHJhwae handedtoiee s a
for acceptance testinginthe RBEner gi ado. The | aunch of the sat
summer of 2018 during the next session of extracurricular activities at the International Space
Station by Russian cosmonauts.

Carrying out of the described tests is very important for any products and devices that must
work in outer space. Of particulamportance is the level of their safety in the case of working
human with these devices.
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POSTURAL STABILITY OF COSMONAUTS AFTER LONG SPACE FLIGHTS

Shishkin N.V,, Kitov V.V,, Shiguyeva T.A.
SSC RH IBMP RAS, Moscow

Studies of the mechanisms of maintainingticat posture after space flight, carried out by
specialists from different countries for many years, revealed the deep disordaysilddrium
function (Kozlovskaya et al., 1981990; B. Paloski et al., 1992; S. Wood, 2211 5).

In particular, in the wiks of American researchers, who used the method of computer
dynamic stabilometry, developed in the 70s by Nashner (1976), it is shown that the restoration of
the vertical balance function after shorl@day space missions occurs most quickly in the firs
hours after landing, covering up to 50% of the gbght decrease in the comprehensive assessment
of EquiScore equilibrium during the first 3 hours.

Initially, the method of computer dynamic stabilometry included 6 Sensory Organization
Tests (SOT), nasly T the posture with eyes open or closed in a moving visual environment and/or
support surface, during which the motion of the center of mass of the subject is recorded. Later
modified SOT2 tests (posture with eyes closed on a fixed surface) and S&Tfeyes closed,
movable support surface) were added to the series of tests. Modification consisted in addition to the
tasks the dynamic head movements in the sagittal plane with a frequency of 0.33 Hz and an
amplitude of 40. Jain et al. (2010) showed thhe modified tests have greater predictive validity in
identifying postflight violations of vertical balance in cosmonauts.

More recent studies of the postural stability after lergn space flights (Wood, 2015)
showed that the basic recovery of EqSaatte in the original SOT2 and SOT5 tests occurs within
the first 3 days after the flight, decelerating over the next 7 days, while the restoration of stability in
the modified tests is ongoing throughout the-dey study period. The authors assumed that
greater complexity of the tests, including dynamic head movements, is associated with the
readaptation of the vestibular system, expressed in the reassessment of otolith signals and complete
blocking of slow otolith signals.

Postural stability studiesncluded in the Russian scientdieseach program of pefight
studies, do not capture the early recovery period after the flight, focusing on the features of
restoration of posture regulation system in the period from 3 to 10 days after the SF.

26 Rusian cosmonausiembers of the ISS crews took part in the research. The flight duration
ranged from 115 to 199 days. All participants signed an informed consent to participate in the
experiment. The examination was performed using the method of compaditedizeamic
posturography developed by L. Nashner in the 1970s with modifications introduced by NASA
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researchers (Black, Paloski, 198293). During the examination, the cosmonaut was in a vertical
position on the tensometric platform of thee ur o Co m E & MA Rrstallation equipped

with a controlled screen closing the field of vision of the subject from threeisides the front,

right and left.

Test platform can move in sagittal plane in direct line with the vibrations of the body, making
insignificant the contribution of proprioceptive information about the pressure distribution on the
foot and angle in ankle joint in estimating the direction of the gravity vector. The moving visual
environment makes unreliable the contribution of visual informagioout the position of the body
relative to this environment in assessing the direction of the gravity vector. Thus, it is possible to
assess the contribution of different sensor systems in maintaining a vertical posture. The study was
carried out twice éfore flight and on the 3rd, 7th (8) and 10th (11) days after landing.

The analyzed parameter of the tests is the value of Equilibrium Score calculated by the
formula EqScore = FP-Psway / 12, 5] * 1-By, 1 the lamgle detweedh the maximum
deviat ons of the center of gravit yismaximumhi(®s.g agi tt
observed in the normal population. Before flight, this parameter ranged from 91 to 93 during
vertical stance with open eyes, naturally decreasing alongréiwéng complexity of the task: for
example, in the SOT2 test (eyes closed) it was in a range of 88 to 90 points, in the SOTS5 test (eyes
closed, the movable surfacé)from 55 to 65 points. The lowest values of the indicator were
recorded in the SOT5 tesithvdynamic head movements: from 30 to 40 points.

The analysis of the obtained data showed that the gradual decrease in the rate of recovery of
the EqScore index after 3 days after landing is observed only in standard tests, while in the tests
with dynamichead movements this does not happen. Thus, at a vertical posture on a fixed surface
with eyes closed (SOT2), the values of the studied indicator on the 3rd, 7th and 10th days did not
differ significantly, averaging 86L.5 points, and when performing a fian test with dynamic head
movements (SOT2m) on the 10th day (#2 Doints) there was a significant (p<0.05) increase of
this indicator compared to the 3rd and 7th days-27&nd 74,81,5 points, respectively).

In the test of vertical stance with closegles on the movable support (SOT5), EqScore values
increased significantly from 3 to 7 days after the SF completion€32%nd 57.24.8), then did

not change significantly and amounted tot#1l points on the 10th day of the recovery period.
When perfoming the complicated test with dynamic head movements (SOT5m), the values of the
studied indicator were 16t6.4 points on the 3rd day after the SF, progressively increasing in the
course of further studiegp to 25-3.3 on the 7th day and up to 3&.5 onthe 10th day after the
flight.

Thus, the recovery of postural stability index to the initial level in the standard tests was
observed during the first 7 days after the SF, at the same time, in the tests with the addition of
dynamic head movements, the gmessive recovery of the studied indicator continued throughout
the observation periedp to 10 days after the SF. The period from the 7th to the 10th day after the
flight coincides with the period of restoration of the otolith function (Kornilova, Nau@@i?),
that suggests that the restoration of the stability index in the SOT2M test on the 10th day is
associated with the restoration of the CNS ability to quickly track the head orientation in space
associated with the otolith apparatus function.

The wok is supported by the Russian Academy of Sciences (topic 63.1)
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TRANSCRIPTOME ANALYSIS OF HUMAN UMBILICAL CORD BLOOD EN DOTELIAL
CELLS UNDER SIMULATED MICROGRAVITY

Yakubets D.A., Rudimov E.G., Knjazev E.N.
Scientific supervisor: Buravkova L.B.
Institute of Biomedical Problems RAS, Moscow

Endothelial cells form a monolayer inside of blood and lymphatic vessels. Thesareells
mechanosensitive and play an important role in maintaining the integrity and ensuring the functions
of vessels. Space flight conditions, including microgravity, have a significant effect on the
cardiovascular system, so far examination of micrograeifects on endothelial cells is an
important aspect in understanding of the space flight factor effects on the body.

To study the effects of microgravity in groubdsed conditions, various experimental
approaches are used. One of them is the randommzaitithe position of the object relatively to the
gravity vector.

In this study, the primary culture of endothelial cells (HUVEC), derived from the human
umbilical vein, was used according to the method of Antonov et al. (1998). The cells were cultured

in 199 medium containing 2mM-g | ut ami ne, 10% fetal bovine se
factor (endothelial Mitogen), 25 mM HEPES, 1 mM sodium pyruvate, 5 U/ml heparin, 100 U/ml
penicillin, and 100 ¢€g/ ml str ept omyocsimolatehed e r

effects of microgravity, the Desktop random position machine (RPM) was used. Cells were exposed
on RPM for 24 hours. Control cells were cultured for 24 hours in static state (CO2 incubator). To
study the impact of the medium steering, thbital shaker was used as a dynamic control. To
induce proinflammatory activation HUVEC were exposed to -BENE2 ng/ml) for 24 hours.
HUVEC of 34 passages were used in the experiment.

The goal of the work was differentiantial global gene expressiolysasaf HUVEC under
simulated microgravity, prmflammatory activation, and the combination of both factors.
Transcriptomic analysis was performed using GeneChip Human Gene 1.0 ST Array microchips
(Affymetrix) in accordance to the manufacturer's proto@ble evaluation of gene expression was
performed using Affymetrix Expression Console. Limma package of the Bioconductor project was
used for statistical analysis. The data on gene expression was presented in logarithmic mode, a
modified Student -Test wasused to consider the significance of the differences. To describe gene
functions Gene Ontology resources DAVID, GOrilla and KEGG were used.

The analysis revealed a number of genes, the expression of which was significantly changed
more than 1.5 times. The genes were annotated by Gene Ontology and divided into groups. Those
groups include cell cycle and proliferation, cell adhesion, the synthesis of cytoskeleton and
extracellular matrix proteins, the synthesis of various cytokines and signaling molecules,
participation in the immune response, and others. Many altered genes belong to certain signaling
pathways, such as PI3K / Akt, MAPK, p53, &KFB , TGFb, WNT, signaling
receptors and Tolike receptors, and a number of others. The dedempregulation was noted
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among genes of signaling pathways of cellular proliferation growth factors, proinflammatory
cytokines, such as b6 and IL-8, of cell adhesion molecules. The upregulation of these genes may
be a manifestation of endothelial aetiion leading to endothelial dysfunction. In addition, the
multidirectional changes of genes encoding cytoskeleton components may also provoke alteration of
the functional activity of the endothelium.

Thus, the 24 hours exposure to simulated microgravitpflammatory stimulus significantly
affects transcriptional activity of HUVEC. These changes are related to nearly all aspects of
endothelial cell functions. The combined effect of microgravity andirgfammatory activation of
TNF-U pr o v ok endunaedbresponse ondahe transcriptional level.

This research was supported by Russian Science Foundationlgrabt10407
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