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Ouner T'eopruesuu ['azenko poauics 12 nexkadbps 1918 rona. Ero orer I'eopruii ['puropseBuy
- Bpau-OMOXHMMHUK, OKa3aja 3HaYUTeNbHOE BIUsSHUE Ha (OpPMUPOBAHUE Yy ChIHA MHTEpeca K Hayke. B
1941 romy Omer I'eoprueBnd C OTIMYMEM OKOHYMI BOCHHBIM (hakynbTeT 2-0ro MOCKOBCKOTO
MEIMIIMHCKOTO HHCTUTYTa M BMECTE€ CO BCEM BBITYCKOM Yymien Ha ¢poHT. Bcio Bennkyro
OTeuecTBEHHYIO BOWHY MPOCTYXHJ HA4aJIbHUKOM OarallbOHHOTO TOCHUTaus 15-i BO3MyITHOU
apmu. B 1946-1947 romax paboTan moj pyKOBOACTBOM BBIJAIOMIETOCS (PU3HMOJIOTa aKaaeMUKa
JILA. Opb6enu u npodeccopa M.II. bpecTkuna B 1a00paTtopuu aBUAIMOHHON MEIUIIMHBI Kadeapsl
¢buznonoruu BoeHHO-MEIUITMHCKON aKaIeMHUU.

B 1947 rony Omner I'eoprueBuu nepeuien Ha padoty B MHCTUTYT aBUAIIMOHHOW MEIUIMHBI
MunucrepcTBa 00OpPOHBI, B KOTOPOM IMpOLIEN MyTh OT HAayYHOIO COTPYIHUKA IO 3aMECTHUTENS
HauanbHUKa MHCTHTYTA MO HaydHo#l padore. C 1955 roga B MHCTHTYTE aBHAIIMOHHOW MEIUIIMHBI
MunucrepctBa o6oponbl O.I. T'azeHko cTan aKTHMBHO 3aHUMAThCS MEIUKO-OHMOJIOTMYECKUMU
UCCIICIOBAHUSMU TIPU TOJIETaX PAKET B BEPXHHUE CJIOU aTMOC(Epbl M B OpPOUTAIBHBIX IMOJETaX Ha
BO3BpalllaéMbIX KOpaOJsX-CIyTHUKAX, a TakXke IMpPH HAa3eMHOM MOJEIHPOBaHUHN (PAKTOPOB
kocmuueckoro mosera. Ilog pykoBoactBoMm O.I. T'azeHko, OBLIM TMONYYEHBI Ba)KHBIC JTaHHBIC,
KOTOpbIE MO3BOJMWIM 00OCHOBAaTh BO3MOXKHOCTH TojeTa B KocMmoc ueioBeka. O.I. [Mazenko ObL1
HEIOCPEACTBEHHBIM YUYaCTHUKOM IOATOTOBKH U MPOBEIEHUS UCTOPUUYECKOIO KOCMUYECKOTO I10JIeTa
FO.A. Tarapuna 12 ampens 1961 roga. B 1961 rony, cpa3zy mocne ycnewmHoro nojera HOpus
larapuna, O.I". ['a3eHK0 MPUCBOEHO 3BaHKE JOKTOPA MEAMIMHCKUX HAYK 32 MEIUKO-OMOIOTHYECKOE
obecrieueHrne KOCMUYECKHX TOJIETOB.

C 1969 roma Omner ['eoprueBud MPOAOKUI CBOIO ACSATENBHOCTH B MHCTHTyTE MEIUKO-
OuoJIoTHYeCKuX IMpoOsIeM, KOTOphIi oH Bo3miaBmsul g0 1988 r. B ator mepuon Hamboiiee spKo
IPOSIBUIINCH HayyHble UM opranuszaropckue crnocoOHoctu O.I. ['azeHko, KOTOpble MO3BOIWIM €MY
YCIEIIHO PYKOBOAUTH paboTaMH IO CO3/IaHUI0 U COBEPIICHCTBOBAHUIO HAJEKHOW CHUCTEMBI
MEIUIIMHCKOTO OOECIEYeHUS] U MEAMIIMHCKOW Oe30MmacHOCTH KOCMHUYECKHX I0JIeTOB. braromaps
yeunusMm O.I. Tazenko Oblna co3gaHa OTEYECTBEHHAs MU MEXKAyHApOJIHAs HaydHas KOOIEepalus B
00JIaCTH KOCMHUYECKOW OWOIOTMM W MEAMIMHBI, KOTOpas JOoKa3aja CBOIO J(PQPEKTHBHOCTH M
IpOAOIDKaeT ycrmemHo pasBuBarbes. [lo ero umnunumaruse B MMBII Obina mpoBenena cepust
HKCHEPUMEHTOB 10 MOJAEIUPOBAHUIO BO3JEHCTBUS HEBECOMOCTH, YTO CIIOCOOCTBOBAJIO IIIYOOKOMY
U3YUEHHUIO COCTOSIHMSI OpraHu3Ma 4eloBeKa B JTHX YCJIOBUAX, a Takke OTpaboTke u
COBEPIIICHCTBOBAHUIO PA3IMYHBIX METOAOB U CpeAcTB mpodruiakTuku. [IpuHIMIBI, 3aJI0)KEHHBIE B
OCHOBY CHCTEMBbI TPO(MUIAKTUKY MIPH ATUTENbHBIX MOJIeTaX, ObUIA ONMPEIENIIOMUMU MIPH CO3IaHUU
CUCTEMBI MEMIIMHCKOTO OOecrieueHus] Ha OpOUTANbHBIX CTAaHIUIX «Mup» u Ha MexayHapogHon
KOCMUYECKON cTaHiuu. B ogHOM u3 cBoux mnocineaHux UHTepBbio Oier leoprueBud ckaszan:
“Sl rmyboko yOeXJIeH B TOM, YTO OCBOEHHE KOCMOCAa — OJIMH W3 MAaruCTpajbHBIX MyTel
JATbHENIIEr0 pa3BUTHS YEIOBEYECKON IUBUIIN3ALINM .

Jupexmop 'HI] PO-UMBII PAH, akaoemux PAH O.U. Opnos



Oleg Georgievich Gazenko 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 hospital 15-th air army.
In the years 1946-1947 he worked under the guidance of an outstanding 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 medicine of 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 under the flight of missiles in the upper atmosphere and in the
orbital flight on the return ships, satellites and ground simulation of space flight factors. Under the
leadership of O.G. Gazenko, important data were obtained, which allowed to justify the possibility
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 successful flight of
Yuri Gagarin, O.G. Gazenko became a doctor of science 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 most 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 scientific cooperation 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 contributed 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 long-duration 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 further development of human civilization.”

Director of SSC RF-IBMP RAS, academician of the RAS O.I. Orlov
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14




19

NU3MEHEHUSI XAPAKTEPUCTUK TPOU3BOJILHBIX IBUKEHUN
MNOCIJIE JVIMTEJABHBIX KOCMHUYECKHUX ITOJIETOB
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Jlarepesa E.A., Topuikosa A.A.

EFFECT OF ANTI-ORTHOSTATIC HYPOKINESIA ON SALINE AND
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PRESSURE AND PULSE INTERVAL IN LABORATORY ANIMALS
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MOAYJISILIAS ®YHKIIMOHAJIBHBIX CBOVICTB
ME3EHXNUMAJIBHBIX CTPOMAJIBHBIX ITPEJIIECTBEHHHUKOB
TP B3AMMOJIENUCTBUH C YHAOTEJINUAJBHBIMHA KJIETKAMHA
Kuakosa O.B.
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OF MULTIPOTENT MESENCHIMAL STROMAL CELLS IN VITRO
Matveeva D.K., Zhivodernikov I.V.

12:45-12:55

IEPEPBIB/BREAK

JIEMIIUH-3ABUCHMASI AKTUBAIIUSI SKCIIPECCUM 'EHA IGF1
HNIGF1-3ABUCUMBbBIX 'EHOB B YEJIOBEYECKHUX MUOBJACTAX
JeaneB E.M., KpaBuenko N.B., ®ypayes B.A., JIpicenko E.A., ITonos JI.B.
ACTIVATION OF IGF1 AND IGF1-DEPENDENT GENES IN HUMAN
MYOBLASTS BY LEUCIN

Lednev E.M., Kravchenko I.V., Furalyov V.A., Lysenko E.A., Popov D.V.

13:25-13:35

AHAJIN3 TPAHCKPUIITOMA DHAOTEJ/IUMAJIBHBIX KJIETOK,
BBIIEJIEHHBIX W3 TYIIOYHOM BEHBI YEJIOBEKA B YCJIOBHUSIX
MOJIEJUPOBAHHON MUKPOTI'PABUTALIUU

Sxvoen JILA., Pyimmos E.I'., KusizeB E.H.

TRANSCRIPTOME ANALYSIS OF HUMAN UMBILICAL CORD BLOOD
ENDOTELIAL CELLS UNDER SIMULATED MICROGRAVITY

Yakubets D.A., Rudimov E.G., Knjazev E.N.

13:40 — 13:50

10

BJIUSIHUE ADPOBHOM TPEHUPOBKHA HA BA3AJIBHBIN
TPAHCKPUIITOM CKEJETHOM MbIHINObI YEJIOBEKA
MaxnoBckuii I1.A., JIbicenko E.A., Kypouknna H.C., ITonos JI.B.
EFFECT AEROBIC TRAINING ON BASAL TRANSCRIPTOME IN
HUMAN SKELETAL MUSCLE

Makhnovskii P. A., Lysenko E, A., Kurochkina N. A., Popov D.V.

13:55-14:05
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11

TPAHCKPHUIIIIMUOHHBIE MEXAHU3MBbI, PET'YJIUPYIOIIIUE
COAEP KAHUE MUTOXOH/JIPHUAJIBHBIX ®EPMEHTOB U
TPAHCKPUIIIMOHHBIX PEI'YJISITOPOB B CKEJIETHOM MBIIIIE
YEJOBEKA

bokos P.O., JIbicenko E.A., Kypouknna H.C., ITonos JI.B.
TRANSCRIPTION REGULATION OF THE CONTENT OF
MITOCHONDRIAL ENZYMES AND TRANSCRIPTION REGULATORS
IN THE HUMAN SKELETAL MUSCLE

Bokov R.O., Lysenko E.A., Kurochkina N.S., Popov D.V.

14:10 -14:20

12

BO3MOKHOCTH UCHOJIB30BAHUSA BUOJIOIr HYECKON MOJIEJIA
HA OCHOBE 3D-HOCHUTEJIA JUOIIJIACT U KYJBTYPbI
XOHJAPOBJACTOB B KOCMMUYECKUX NCCIIEJOBAHUMSIX U
PETEHEPATUBHOM ME/JUIIUHE

Hyrauyés E.W., Hedénosa U.P., Psizanosa TK.

PERSPECTIVES FOR PRACTICAL APPLICATION OF THE
BIOLOGICAL 3D CARRIER-BASED MODEL (LYOPLAST®) AND
CHONDROBLAST CULTURE IN SPASE RESEARCH AND
REGENERATIVE MEDICINE

Pugachev E., Nefedova |I., Ryazanova T.

14:25 - 14:35

13

BJIUAHUE DOO®EKTOB MUKPOI'PABUTAIINN HA DKCITPECCHIO
MOJIEKYJI AAI'E3NA MYJBTUITIOTEHTHBIX ME3EHXUMAJIBHBIX
CTPOMAJIBHBIX KJIETOK INVITRO

AKusoaepuukoB U.B., Parymnbiii A.1O.

THE INFLUENCE OF MICROGRAVITATION EFFECTS ON ADHESION
MOLECULES EXPRESSION OF MULTIPOTENT MESENCHYMAL
STROMAL CELLS INVITRO

Zhivodernikov 1.V., Ratushnyi A.U.

14:40 -14:50

14

NEUROSPACE - NEURONAL REGENERATION INDUCED BY
EXPOSURE TO HYPERGRAVITY
Liemersdorf, C., Lichterfeld, Y., Frett, T. and Hemmersbach, R.

14:55 -15:05

Ipencenaresn: 1.6.H. M.A. JleBuHckux, K.¢p-M.H. B.A. lllypmakos, k.m.H. [[.M. IlIBen/

PhD, DSc M.A. Levinskih, PhD D.M. Shved, PhD V.A. Shurshakov

Aynuropusi Ne218/Room Ne218

3D KOHYCHO-JYYEBASI KOMIIBIOTEPHAS TOMOI' PA®USI
YEPEITHO-JIUIEBOI'O CKEJIETA KAK METO/l OTBOPA 1
EXET'OAHOI'O OBCJIEAOBAHUA JINMIT OITACHBIX MPOPECCUN
BPAYOM-CTOMATOJIOT'OM

ITpoxonosuy JI.C.

3D CONE-BEAM COMPUTER TOMOGRAPHY OF THE
CRANIOFACIAL SKELETON AS DENTAL SELECTION METHOD AND
ANNUAL MAXILLO-FACIAL ASSESSMENT 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 OTHER EXTREMES

Prokopovich Lyalya, M.D.

11:00 -11:10

YUCJIEHHASI MOJEJIb 1151 PACUETA PAJIMALIMOHHOMN
OBCTAHOBKH B ATMOC®EPE 3EMJIN

Onyunna M.P., ApramonoB A.A., 3emuoB K.E., Yammna E.JL.

THE NUMERICAL MODEL FOR CALCULATIONS OF THE RADIATION
CONDITIONS OF THE EARTH’S ATMOSPHERE

Onuchina M.R., Artamonov A.A., Zemnov K.E., Chaschin E.D

11:15-11:25
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IMPOBJIEMA MOJEJIUPOBAHUSA TNITIOMATI'HUTHOI'O ITOJISI U
JIEKTPOMATIHUTHOI'O ®OHA OKPY)KAIOI.[IEI71 CPE/JbI
Onyunna M.P., ApramonoB A.A., Kapramosa M.K.

THE PROBLEM OF MODELING HYPOMAGNETIC FIELD AND
ELECTROMAGNETIC BACKGROUND OF ENVIRONMENT
Onuchina M.R., Artamonov A.A., Kartashova M.K

11:30 -11:40

INCUXOJOI'NYECKHUE U KIIMHUKO-BUOXUMHNYECKHUE ACIIEKTBI
AJJAIITAIIMA 310POBBIX JIMII K YCJIOBHUSAM U30JSALIMA B
I'EPMOOBBEKTE

Kypasaesa T.B.

PSYCHOLOGICAL AND CLINICAL-BIOCHEMICAL ASPECTS OF
ADAPTATION OF HEALTHY PERSONS TO CONFINEMENT
CONDITIONS INHERMETIC OBJECT

Zhuravleva T.V.

11:45 -11:55

PABPABOTKA U3MEPUTEJIBHOI'O CTEHJA JJIS1 ATAIITUBHON
OIITUMM3AIIMU CBETOJINOIHOI'O OCBEIIEHUSI PACTEHUI B
KOCMWYECKOM OPAHKEPEE

OukoB O.A.

DEVELOPMENT OF A MEASURING BENCH FOR ADAPTIVE
OPTIMIZATION OF LED LIGHTING OF PLANTS IN A SPACE
GREENHOUSE

Ochkov O.A.

12:00 - 12:10

MINPOAYKTUBHBIE KAYECTBA AINIOHCKUX ITEPEITEJIOB ITPU
PABHBIX CITIEKTPAX OCBEIIIEHUA

JIutBuH E.JL.

THE PRODUCTIVE QUALITIES OF THE JAPANESE QUAILS USING
LIGHT IN VARIOUS SPECTRA

Litvin E.D.

12:15-12:25

JTUHAMMUKA HEMPO®HU3UOJOTMUECKUX PEAKLIUA U
NCUXOPU3HOJIOT'MYECKUE OCOBEHHOCTEM OITEPATOPA B
YCJIOBUSX U30JISIIIUA

CuactauBuena JI.B.

HUMAN DYNAMICS OF NEUROPHYSIOLOGICAL REACTIONS AND
PSYCHOPHYSIOLOGICAL FEATURES IN ISOLATION

Schastlivtseva D.V.

12:30 -12:40

BJIUSITHUE ®AKTOPOB U30JISINUMA HA KOMMYHUKATUBHOE
HOBEJIEHHUE OKUIIAKA (ITPEJIBAPUTEJIBHBIE PE3YJIBTATbI
9KCIIEPUMEHTA CUPUYC-17)

Cynoaxkuna H.C., IlIsex JI.M.

EFFECTS OF ISOLATION ON THE CREW COMMUNICATIVE
BEHAVIOR (THE PRELIMINARY RESULTS OF THE SIRIUS-17
EXPERIMENT)

Supolkina N.S., Shved D.M.

12:45 - 12:55

MEPEPBIB/BREAK

CAHUTAPHO-XUMMNYECKHUE NUCCIIEJOBAHUSA TIOJIUMEPHbBIX
KOMITIO3UTHBIX MATEPUAJIOB HA OCHOBE YFJIEPOI[HOﬁ
TKAHHU U CBA3YIOUEI'O DH®B JJJIAA NCITOJIB3OBAHUSA B
OBUTAEMBIX OTCEKAX ITEPCIIEKTUBHBIX KOCMHUYECKHUX
KOPABJIEN

Jlamvkos I1.B., Ilapskos JI.C.

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., Tsarkov D.S.

13:25-13:35
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JIETYUUE OPTAHUYECKHUE COEIUHEHUA B BBIIBIXAEMOM
BO3JYXE 310POBOI'O YEJIOBEKA IIPU MOAEJIMPOBAHUU
HEBECOMOCTH («CYXAS)» UMMEPCHUSI)

10 | Iapskos JI.C. 13:40 -13:50
VOLATILE ORGANIC COMPOUNDS IN HEALTHY HUMAN’S BREATH
DURING SIMULATION OF WEIGHTLESSNESS (“DRY” IMMERSION)
Tsarkov D.S.
HUCCJEJIOBAHME MTOKA3ATEJIEH BOJIEBOM
YYBCTBUTEJBHOCTHU HA ®OHE N30JI5IIIMU B TEPMOOBBEME
11 HuszoB A.P., PykaguininukoB U.B., ®ensii C.O. 1355 — 14-05
INVESTIGATION OF PAIN SENSITIVITY INDICATORS DURING : :
ISOLATION
Niiazov A.R., Rukavishnikov I.V., Fedyay S.O.
OHNEHKA 9OPEKTUBHOCTHU UCITOJTB30OBAHUSI
CIIEUAJIM3UPOBAHHOI'O ITPOI'PAMMHOI'O OBECIIEYHEHUA
JJIs1 OPUEHTUPOBAHMUA B CPEJICTBAX U METOJAX OKA3AHUSA
MEI[I/IIII/IHCKOﬁ MNOMOIIN B TEPMO3AMKHYTOM OBBEKTE
12 | Yepnoropos P.B. 14:10-14:20
EVALUATION OF THE EFFECTIVENESS OF USING SPECIALIZED
SOFTWARE FOR ORIENTATION IN THE MEANS AND METHODS OF
MEDICAL CARE IN HERMETICALLY CLOSED OBJECT
Chernogorov R.V.
YPOBEHb ®U3NUYECKOUN HNOAT'OTOBJIEHHOCTHU KOCMHNYECKHUX
TYPUCTOB K BBINOJTHEHUIO KOCMHUYECKOI'O ITOJIETA HA
MNPEAIIOJETHOM 3TAIIE ITIOAI'OTOBKHA
KoBuHcknii A A.
13 THE LEVEL OF PHYSICAL READINESS OF SPACE TOURISTS TO 14:25-14:35
PERFORM SPACE FLIGHT IN THE PRE-FLIGHT STAGE
OF PREPARATION
Kovinskiy A.A.
HNCIHBITATE/IBHAA U ODKCIIEPUMEHTAJIBHAS BA3A
JABOPATOPUHU KOCMMYECKHNX CUCTEM OBPA3OBATEJIBHOI'O
IHEHTPA «CUPNYC» HA IIPUMEPE KBAJIM®OUKAINOHHBIX
HUCHBITAHUN HAHOCIYTHUKA «SIRIUSSAT-1U»
14 | Ilexos N.C., KumkyH A.A. 14:40-14:45
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 I.S., Kishkun A.A.
IloaBeneHue NTOTOB KOH(pEePEHIIUN, HATPAKIEHHE 17:00 — 1745

no6exuTeseit/Summing up the conference, awarding the winners
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NEUROSPACE — NEURONAL REGENERATION INDUCED BY EXPOSURE TO
HYPERGRAVITY

Liemersdorf, C., Lichterfeld, Y., Frett, T. and Hemmersbach, R.
German Aerospace Center DLR, Institute of Aerospace Medicine, Division of 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 the transmission of synaptic signals are the main cause of many neurological
disorders.

A fundamental concern in the treatment of most neuropathologies is the re-integration of synaptic
inputs to previously impaired neuronal networks that were affected e.g. by spinal 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 surrounding tissue. 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 in
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 to artificially 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 of the different 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 arole at a certain level in neuronal regeneration in vivo.

Previous studies have shown an effect of hypergravity to include an enhanced protrusive phenotype
(Rosner et al., 2006). Indeed, exposure of primary neurons to hypergravity conditions (2g) induced
an increased number of neurites (about 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 scar tissues
could be inhibited by exposure to hypergravity as well. These observations are consistent with an
increase in the tubulin- and a decrease in the actin-network.

A potentially very important finding was that primary cultured astrocytes, the major cell type
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 induction of 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 results 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 traumatized networks. 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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HEFIPOMI)IIHE‘IEII)IE N CEPAEYHO-COCYIUCTBIE HAPYIIEHMS ITPH
OPTOCTATHYECKOHU U IIO3HOU HEYCTOUYNBOCTH, OBYCJIOBJINBAEMBIE
MUKPOT PABUTAIIUEN

Amuposa JI.E., Oceyxuit H..1O., Kumoe B.B., Pykasuwnuxoe H.B.
I'HILI P® — UMBIT PAH, Mocksa

Hapymienus nmo3HoW yCTOMYMBOCTH SIBISIIOTCS 3aKOHOMEPHBIM CJIEICTBUEM KOCMUYECKUX
nosietoB (KII). Ctonp ke 3aKOHOMEPHBIMU I10CJIE OJIETA SABJSAIOTCSA HapyLIEHUS OPTOCTAaTUYECKON
ycroitunBoctd. OnHuM U3  (PaKTOpPOB, UIPAIOUIMM BaXKHYIO pOJb B MOAJEPKAHUU Kak
OPTOCTAaTUYECKOM, TaK M IO3HOM YCTOMYMBOCTH, SIBJIICTCS MBIIIEYHbIM TOHYC. IlokazaHo, 4dro
CHI)KEHHE MBIIIEYHOTO TOHYCA, Pa3BUBAIOIIEECS B IEPBBIC K€ MHUHYTHI JIEHCTBUS HEBECOMOCTH,
BHOCHT CYILIECTBEHHBII BKJIaJ B pa3BUTHE KaK OJHOTO, TaK U Apyroro (penomena. Tak, Mo 1aHHBIM
["A. ®omMuHON, BpEMEHHBIE XapaKTEPUCTUKH HU3MEHEHUH MPOCBETa BEHO3HOI'O PYCia HUKHHUX
KOHEYHOCTEH IpU IEPEXO/e K CHUKEHHOM BECOMOCTH COBIAJAIOT C TAKOBBIMM H3MEHEHUSIMU
MBIILIEYHOTO TOHYca. Pe3koe cHMKeHHe TOHYca, 00yCIOBIMBAaEMOE B HEBECOMOCTH Je3aKTHUBallue
MO3HOW MYCKYJaTypbl, BHOCUT CYILIECTBEHHBII BKJIAJ TaKXe B DPAa3BUTUE IO3HBIX HapyILEHUH,
HAOTIONAIONIUXCSA B paHHUE CPOKU TOCIE BO3JEHCTBUS MOAENUpyeMOWd HeBecoMocTH. B To ke
BpEMsI OIpE/IEICHHbIN BKJIAJ B HAPYLIEHUS OPTOCTAaTUUYECKON YCTOWYMBOCTH BHOCAT U M3MEHEHUS
MEXaHU3MOB PETYISIUU COCYIUCTOrO TOHYyca. VccienoBaHUSM BIMSHUNA MHUKPOTPAaBUTAIUU Ha
JIEATEIIbHOCTh CEPACUYHO-COCYAUCTOM, HEHPOMBIIIEYHON U IMOCTYPaJIbHOM CUCTEM MOCBSIIEH Pl
paboT, OAHAKO pOJIb W MECTO HEWPOMBIIICYHBIX U COCYIUCTBIX HapyIIEHUH B Pa3BUTUU
OPTOCTaTHYECKOM M TO3HOM HEYCTOMYMBOCTH JO HACTOSIIET0 BPEMEHHU OCTAKOTCA MPEIMETOM
u3yueHus. B cBs3u cO CKa3zaHHBIM MPEACTABISIIOCH BKHBIM HMCCIIEIOBATh Y YEIOBEKAa M3MEHEHUs
HEHUPOMBILIEYHBIX U CEPJIEYHO-COCYAUCTBIX XapaKTEPUCTHUK U HUX B3aUMOCBS3b IPU HAPYILICHMSX
OpPTOCTAaTUYECKOM U TO3HON YCTOMYMBOCTH, OOYCIOBIMBAEMBIX MPEOBIBAHUEM B YCIOBHSX
peanbHON HEBECOMOCTU M HA3€MHOTO MOJIEIMPOBAHMSI MUKPOIPaBUTALIUH.

Mamepuanvt u memoowt.ViccnenoBanuss ObUIM TPOBEACHBI HA 3/I0POBBIX HCIBITYEMbBIX-
no0poBosbiax: 10 KOCMOHABTOB CO CPEIHEH JTUTEIBHOCTHI0 KOCMUYECKHX MOJIETOB 168+22 cyTok
U 46 UCHBITYeMbIX, YYaCTHUKOB MOJEIBHBIX JKCIEPHUMEHTOB B YCIOBUAX aHTHOPTOCTATUYECKOU
runokunesuu (AHOT') u «cyxoit» ummepcuu (CH).

JUis OLEHKHM OpTOCTaTUYECKOW YCTOMYMBOCTM M TIE€MOJMHAMUYECKMX XapaKTEPUCTHK
KOCMOHABTOB IIPUMEHSUIN aKTUBHYIO OPTOCTAaTHUECKYIO MTpo0y 3a Tpuauarthk cytok a0 KII, B nepblit
yac TOCJe ero 3aBeplieHuss M Ha 4-e, 7-¢ u 12-e cyTku mnepuoja BoccraHoBieHHs. IIpoba
IpeJICTaBIsIa MPUHATHE BEPTUKAIBHOM CTOMKU W3 MOJOXKEHHS JIeXKa Ha >KMBOTE C MOCIeAyIoLei
CTOWKOW C OTKPBITBIMHU IVIa3aMH JJIUTENBHOCTBIO 3,5 MHMHYTBI, B TEYEHHE KOTOPBIX IPOBOIMIHN
peructpanuio aprepuanbHoro naeieHus (Portapres, Humepmanmubl) ¢ MOCIEIYIONIUM pPacuyeToM
reMOJMHAMHYECKUX IapaMeTpoB. B Ha3eMHBIX CepUsX SKCIIEPUMEHTOB MPOBOAMIACH NACCUBHAS
oproctaruyeckass npoba (80°) ¢ oTpuUATENbHBIM JaBICHHEM Ha HIKHIOIO I[IOJIOBUHY Tela.
Perucrpupyembie mapameTpsl 1 UX 00paboTKa ObLIM aHAIOTHYHBI MTOJIETHOM TpyIIIE.

Ho u nocne KII onpenensimn nmoctyporpadudeckie XapakTepUCTUKA BEPTUKATBHON CTOMKH
KocMoHaBTa. OOcle0BaHUS MPOBOJMIN OAHOBPEMEHHO C aKTHMBHOH OpPTOCTAaTHYECKON MPOOOH.
[Ipu oOpaboTke 3amucu aHAIMW3UPOBAIM aMIUIHTYAy Kojebanuit meHtpa pasienus (ILIJ]) Bo
(GpOHTATIBHOMN U CarUTTAILHON MIIOCKOCTSIX M CPEIHIO CKOpocTh nepemenienus L1

OneHKy MBIIIEYHOTO TOHYCa MPOBOAWIM MeToJ0M MHoToHoMeTpuu. CeHcop mnpubdbopa
«MytononPRO» (Myoton AS, DcToHHS) OCYIIECTBIISET 5 KOPOTKUX YAApoB cTabuiabHOM cuibl (0,4
H) u mnnutensrocT (15Mmc). BerpoeHHBI akcenepoMeTp (DUKCHpYET 3aTyxXaromue KoJieOaHus U
IIPOU3BOJUT pacyeT NapaMeTpOB OTBETA TKAHU.

Pe3ynomamepr.B QOHOBBIX UCCIIEJOBAHMUSIX KOCMOHABTOB 3,5-MHUHYTHas aKTHUBHAs
opTocTaThyeckas Mpoba He BbI3bIBajla 3aTpyJHeHMH. B mepBblii uyac mocne 3aBepiuieHUs
JUINTETILHOTO KOCMHUYECKOTO I0JIeTa BCE 7 BBIMOIHIBIIMX OPTONPOOY KOCMOHABTOB YCIIEIIHO €€
3aepunuid. OJHAaKo TMoOcjie €€ MPOBEAECHHA 3 KOCMOHAaBTa OTKAa3alMCh OT JaJbHEHIINX
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TECTUPOBAaHUN B CBSI3U C CHJIbHBIM HEJOMOTAaHUEM, BBI3BAHHBIM €€ BBIMOJHEHHUEM, JAXKE MpU
YCIIOBUU MPOBEIEHUU NpoOBl B IpoTUBOMeperpy3ouHoMm koctiome «KenrtaBp». Ha uyerBeprtsie,
celbMble U JIBEHaAUarble cyTku nocie 3aBepuieHuss KII Bce KOCMOHABTHI yCHELIHO 3aBepIaid
BBIMIOJIHEHHE OpTONpoObl W Oarapen MOCHEAYIOIUX CEHCOMOTOPHBIX TECTOB 0€3 NpHUMEHEHUs
koctioma «KenrtaBp». Jlyig aHanu3a BpEMEHM OPTOCTATUYECKOM YCTOMUMBOCTH B MOJCIIBHBIX
JKCIIEPUMEHTaxX J0 Hayaja M cpa3y JKe Ioclie 3aBepIlICHUs BO3JEHCTBUN HCMHOIb30BaIUA 15-
MuHyTHYI0 80° oprocrarnueckyro mnpoOy c nocieayroumm cosganuem OJIHT, makcumanpHas
JUIMTETILHOCTh KOTOpOM cocTaBisiia 10 39 MuHYT. Bpemsi mepeHOCMMOCTH IPOOBI COCTaBISIO B
cpeanem 27,9 + 8,2 mun 1o Bosaeiicteus AHOI u 27,1+4,2 mun no 3-cyrounoit CU. Cpasy xe
mocjie  3aBEpLICHUS BO3ACHCTBHII PETUCTPUPOBATIOCH 3aKOHOMEPHOE CHIDKEHHE BpPEMEHU
OpPTOCTAaTUYECKONW YCTOWYMBOCTH, BBIPAKEHHOE CHIIbHEE Iocie 3-cyTouHo ummepcuu (-68%), uem
nocne 2l-cyrounoir AHOI' (-49%). I'emonumHamuyeckue IMoKaszareiad, oOecrneuuBaroline
OPTOCTATHYECKYID) YCTOMYMBOCTh MPH BEPTUKAIBHOM CTOWKE, B HAIIEM HCCICIOBAHUU TAKKE
BBIpQXEHHO M3MeHsuIUCh. Cpaszy e Ioclie 3aBepLICHUS UIUTEIbHBIX KOCMHYECKHX I10JIETOB
PErucCTpUPOBATIOCH CHIKEHHUE cucTorueckoro (Ha 17%) u auactonuyeckoro gasieHus (Ha 10%),
ynapHoro oowema (Ha 22%), oOmiero nepudepruueckoro cornpoTuBieHus cocynoB (Ha 20%) u
YBEJIMYCHHUE YaCTOThI CEPACUHBIX COKpalieHuit (Ha 26%).

Jlo monera cpeaHue 3HaUCHUs aMIUIUTYAbI Konebanuii L/] Bo ppoHTanbHOI U caruTTanbHON
IUIOCKOCTSIX MPH NOJAEpKAaHUH BEPTUKAIBHONW CTOMKHM B T€UEHHE 3,5 MUHYT C OTKPBITHIMU IJ1a3aMuU
coctaBmsuit 7,3 = 2,0 mm u 50,5 = 10,2 MM, COOTBETCTBEHHO. 3HAY€HHS CpEIHEU CKOPOCTH
nepememienust L[J] cocraBmsim 0,46 +0,22 mm/c. ITlocme 3aBepmienust miurensHoro KII y
KOCMOHABTOB Ha0I10/1a7I0Ch MHOTOKpAaTHOE yBenndeHue aMiuiutyabl konebanuit L[, 1o 800% Bo
¢dponrtansaoit u 10 1080% — B carutransHoi. Cpennsisi ckopocth nepemerenus /] nocturana go
1350% ot ¢oHoBBIX 3HaYeHM. HopManu3aius napaMeTpoB HaOMIOAaNach JIUIIL Ha JBEHAIAThIC
[IOCJICIIOIETHBIE CYTKH.

MBpiie4HbIi TOHYC KaMOATOBUIHOM MBIIIIBI roJieHH A0 Bo3naercTBus CU cocrasnsin 17,9 +
2,5 Tu. B mnepBele CYyTKM HMMEPCHOHHOTO PETUCTPUPOBAIOCH €ro cHuxenue Ha 4,5%,
jpocrturaroniee nuka Ha Tperbu cytku CHU - 11,3%. Hecmorps Ha ymMepeHHOE KOJIMYECTBEHHOE
CHI)KEHHE TOHYCA B HAIllEM MCCIIE0BAaHUH, BbISIBIIEHA OTPULIATENIbHAS KOPPETSALUSA MEXY CpeaHeN
CKOPOCTBIO MEpeMEeIEeHUs [IEHTPa JaBJICHHs MPU BEPTUKAIbHOU CTOMKE C OTKPBITHIMU IJ1a3aMH U
TOHYCOM KaMOaJIOBUIHOM MBIIIIIbI TOJIEHH (r2 =0,61), He BbIsIBIsIeMas B (POHOBOM 0OCIIE€I0BAaHUH (r2
=0,02). KoppenauuoHHBIH aHaIM3 MEXAY 4YacTOTOM CEepJEYHBIX COKpAIIeHHH U TOHYCOM
KaMOaJIOBUHOW MBIIIIBI TOKa3ajd clladyl0 B3aUMOCBS3b, a KOPPEJSLMOHHBIM aHalIu3 MEXIy
CpenHeN CKOpoCThIO nepeMenienus L/ 1 4acToToil cepieYHbIX COKpAICHUI HE BBIABUII €€.

3akntouenue. Takum 00pa3oM, HU3MEHEHMs, pPErHCTpUpyeMble Iocie O0O0MX MOJAEIbHBIX
SKCHEPUMEHTOB, OBUIM CONOCTaBUMBI, OJHAKO Oojee KOPOTKOE BpeMs HMMEPCHOHHOIO
BO3/ICICTBUSL CBUJAETEILCTBYET O €ro CEMUKpAaTHO Ooibliedl uHTeHCUBHOCTU.Ilo-BuaMMOMY,
oropHasi “H(OpMaIKs BaXKHa Kak JJIsl OPTOCTATUUYECKOM, TaK M JUIsl TOCTYPadbHOW yCTONYHUBOCTH,
MOCKOJIBKY MPHU HUX OTCYTCTBHH 3aIlyCKalOTCs allbTe€pHATUBHbIE MEXAHU3MBbl yNpaBICHHS MO30M U
cepAeyHO-cocyaucToil cucremoil. Cnabas B3aMMOCBS3b IapaMETPOB TOHYCAa IOCTYPaJIbHOMN
MYCKYyJaTypbl W YacTOThl CEpJCYHBIX COKpallleHuH Kak [0, TaK U I0CJI€ IPaBUTALMOHHON
pasrpy3Ku, BEPOSTHO YyKa3bIBaeT HA HE3aBUCHUMOCTh pPabOThI MEXaHHM3MOB IBYX HMCCIEIYEMBIX
CUCTEM BO BpeMs TMOJACPKAHUS BEPTUKAIBHOW CTOMKWA. BO3MOXHBIMH MyTSIMU BIUSHUSA
HENPOMBIILIEYHON CUCTEMBI Ha CEPJIEYHO-COCYAMCTYIO SIBIISIOTCS BEHO3HAs MOJATIMBOCTh U BEHO-
apTepualibHbIN pediekc. B3anMocBsa3b MeXIy nmapaMeTpaMu TOHYCa MOCTYPalbHOM MYCKYIaTypbl
U TOCTYpaJbHOW YCTOMYMBOCTBIO, BBISIBIsiEMasi IOCIE€ TPABUTAMOHHOM pasrpy3KH, He
obHapyxuBaeMass B (OHOBOM O0OCII€TOBaHWH, OOYCIIOBIMBAETCS TPaBUTAIIMOHHOW aTOHUEH U
HapyIIEHUAMH COCYIUCTOrO TOHYCA.

UccnenoBanue nomnepskano Poccuiickoii akagemueit Hayk (Tema 63.1).
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NEUROMUSCULAR AND CARDIOVASCULAR DISORDERS IN ORTHOSTATIC AND
POSTURAL INSTABILITY, CONDITIONED BY MICROGRAVITY

Amirova L.E., Osetskiy 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 that play a
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 to the development 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 muscle 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 simulated weightlessness. 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 cardiovascular, neuromuscular 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
connection 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 the conditions of
weightlessness and onground models.

Materials and methods. The studies were carried out on healthy volunteer subjects: 10
cosmonauts with an average space flights duration of 168 + 22 days and 46 subjects, participants in
model experiments of -6° head down 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 completion, 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 a 3.5-minute open-eye stand, during which
the blood pressure was recorded (Portapres, The Netherlands), followed by calculation of
hemodynamic parameters. In the ground series of experiments, a passive orthostatic test (80°) was
conducted with negative pressure on the lower half of the body. The recorded parameters and their
processing were similar to that of the cosmonauts.

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 amplitude of the oscillations 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 MytononPRO device (Myoton AS, Estonia) carries out 5 short strokes of a stable force
(0.4 N) and duration (15 ms). The built-in accelerometer captures damped oscillations and
calculates the response parameters of the tissue.

Results. In background studies of cosmonauts, a 3.5-minute active orthostatic test did not
cause any difficulties. In the first hour after the end of a long-term space flight the 7 cosmonauts
who performed orthostatic test successfully completed it. However, after its completion, 3
cosmonauts refused 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 successfully completed 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, a 15-minute 80° orthostatic
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test was used before and immediately after the completion 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 + 8.2 minutes before exposure to HDBR and 27.1 + 4.2 min — before exposure to 3-
day DI. Immediately after the completion of the exposure, a regular decrease in the time of
orthostatic stability was recorded, expressed more severe after a 3-day immersion (-68%) than after
a 21-day HDBR (-49%). Hemodynamic parameters that provide orthostatic stability during vertical
stance, also significantly changed in our study. Immediately after the completion of long-term space
flights, a decrease in systolic (by 17%) and diastolic pressure (by 10%), stroke volume (by 22%),
total peripheral vascular resistance (by 20%) 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,
while maintaining a vertical stance for 3.5 minutes with the eyes open, were 7.3 £ 2.0 mm and 50.5
+ 10.2 mm, respectively. The values of the average velocity of movement of the PC were 0.46 +
0.22 mm/s. After the end of the long-term SF, cosmonauts observed a multiple increase in the
amplitude of PC oscillations, up to 800% in the frontal and up to 1080% 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 post-flight day.The muscular tone of the soleus
muscle before exposure to DI was 17.9 + 2.5 Hz. On the first day of immersion, its decrease by
4.5% was registered, reaching a peak on the third day of DI - 11.3%. Despite a moderate
guantitative 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 (r* = 0.61), not detectable in the background examination (r* =0,02). The correlation
analysis between the heart rate and the tone of the soleus muscle showed a weak correlation, and the
correlation analysis between the average speed of CP displacement and the heart rate did not reveal
any significant relationships.

Conclusion. Thus, the changes recorded after both model experiments were comparable, but
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 cardiovascular system 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 under investigation in maintaining the vertical posture. Venous
compliance and vein-arterial 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)

MOKA3ATEJIN METABOJIN3MA B OPUTPOLIUTAX U DOPDOEKTUBHOCTD
IHEPEHOCA KUCJIOPOJA Y KOCMOHABTOB INIOCJUIE JJUTEJIBHBIX
KOCMHNYECKUX ITOJIETOB

Anucumoe H.A.
I'HII P® MUMBIT PAH, rrMocksa

Panee ObuT0 TOKa3aHO, 4TO (haKTOpPHI IIUTENbHOTO KocMmuueckoro moneta ([IKII) Bei3biBatoT
KOMIIJIEKCHbIE M3MEHEHUSI B JPUTPOLUTAX KOCMOHABTOB - CHUIKEHHE HMX KOJIMYECTBA, COACpPKAHUSA
reMorioOnHa, oOparuMoe  yBEIMYEHHE YHclIa TPaHCHOPMUPOBAHHBIX JPUTPOLIMTOB, CIABUTH B
CTPYKTYpHO-(pyHKIIMOHAIEHOM cocTosiHuu kieTku. B ycmoBusx JIKII u mocme ero 3aBepieHms
BBISIBIICHBI 00OpaTUMble M3MEHEHHUS JIUMUIHOTO COCTaBa IJIa3MaTHuyecKoil MeMOpaHbl, MPUBOJIAIINE K
yBenuueHU0 ee MukposszkoctH. (MBanoa.C.M, 2002, NUBanoBa C.M., MopykoB b.B., Makcumon
I'B., 2011.).U3 nuteparypubix manubix (MakcumoB I.B. u coasr. 2000, RodnenkovetalO.V. 2005,
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LunevaetalO.G. 2007) caenyer, uro HaOmomaeMble B HEMpOHAX MO3ra, KJIETKax mepudepudeckux
HEPBOB, MBIIIEYHBIX KJIETKaX CEp/lla U COCYIOB CIBUTH (POPMBI, 00beMa KIIETOK, a TaKKe BA3KOCTH U
NPOHHUIIAEMOCTH  IJIa3MAaTHYECKOW MeMOpaHbl CONPOBOXKIAIOTCS W3MEHEHHEM 3((EKTUBHOCTH
NepeHoca KUCIOPOAA, YTO MPUBOIUT K PA3BUTHUIO KJIETOUHOMN TUITOKCHH

[IpenBapurenbHble HUCCIENOBAHUSA, IPOBEICHHBIE COBMECTHO C coTpyaAHuKamu MIY  wum.
M.B.JlomonocoBa (kadenpa Ouodusuk Ouosornueckoro QaxyiabreTa) BBIIBWIM HW3MECHCHHS B
KoH(oOpMauu reMonopGUPUHOB TeMOITIOONHA M B CHIDKEHUU CIIOCOOHOCTH TeMOIIOOMHA CBSI3bIBATH
KHUCTIOpOJ, y KocMoHaBTOB mocie 3aBepiieHus JIKII, uyto moxer ObIThb oaHuUM u3 (HaKTOPOB
BO3HMKHOBeHHS TKaHeBoil rumokcuu. (Grigoriev A.l.etal., 2004, Morukov B.V., Ivanova S.M., et al,
2006).

Llenpto naHHOM paboTHI SIBHJIOCH HCCIEAOBAaHHE MOP(OJIOTHUECKONH KapTHHBI KPACHOW KPOBH,
nokaszaresnieii BHyTPUKIECTOUHOTO OOMEHa 3PUTPOIIUTOB U COCTOSIHUS TeMONOp(GUPUHOB reMOIIo0nHa.

HccnenoBanu MOKa3aTeNid  JHEprooOpasyromieil CUCTEMbl B DPUTPOLMTAX  —COAEpIKaHUE
aneHosuntpudochara (ATD), nakrara, aKTHUBHOCTh nakraraeruaporeHassl  (JIIAI), wu
BOCCTAHOBHUTEJIBHON - COfIep)KaHHE BOCCTAHOBJICHHOTO TIyTaTHMOHA, AKTUBHOCTh  TIIFOKO30-6-

docdarneruaporenassl (I'6DMAI). O6 r3pdexTrBHOCTH MEpeHOCca FTeMOTTTIOOMHOM KUCIOPOa CYIUIIU 110
COJIEpKAHUI0 OKCUIeMOITIO0MHA U CIIOCOOHOCTH reMOITIO0MHa OTAABATh KUCIOPO/.

N3yuaembie nokaszarenu onpenensuim 3a Mecsi 1o JKII, a Takxke Ha nepBble U ce€AbMBbIE CYTKH
MOCJIE €r0 3aBEPIICHHUS.

[Ipu wuccnenoBaHuu MOPGOIOTUYECKON KApPTUHBI KPOBU OBLIO BBISBICHO JOCTOBEPHOE
YMEHBUICHUE U3y4aeMbIX IIOKa3arenei Ha 7-¢ cyTku nocie JKII.

Ha 1-e cyrku nocne JIKII 6bu10 oTMeueHO JocToBepHOe cHukeHue ypoBHs AT®. OrcyrcrBue
W3MCHEHUH B MHTCHCHBHOCTH OCHOBHOTO 3HEProo0Opa3yIoIIero mporecca, MIUKOIN3a, 00HApYKEHHOE
paHee y kocMoHaBTOB nocie 3asepuieHust JKII, u nHemsmennocts aktuBHOCTH JI/II, BBIsIBIEHHOE B
JAHHOM WCCIICIOBAaHUH, IO3BOJIMJIO CJeaTh 3aKIIOYCHHE, YTO HAOII0IaeMOE YMCHBIICHUE YPOBHS
AT® wMoxeT ObITb OOYCIOBICHO MOBBIIICHHBIM PACXOJOBAHMEM JTOr0 MeTaboJuTa Ha YPOBHE
MeMOpaHbl (M3MEHEHHE AaKTHBHOCTU TpaHcHopTHbIX ATd-a3, ¢docdopunupoBaHue OEIKOBBIX U
JUTIUTHBIX (DPAKIIHi).

Brisinennoe Ha 1-e cytku mocne [IKII moBwimeHue copepskaHus JiakTara yKa3bIBaeT Ha
peBaMPOBaHUE aHAIPOOHBIX MPOIECCOB B OpraHU3ME.

He 6b110 00Hapy>X€HO JOCTOBEPHBIX M3MEHEHUH B COACPIKAHWU BOCCTAHOBJIECHHOTO IITyTaTHMOHA
u aktuBHoctu ['6DNI. B Toxe Bpemss Ha 1-e cyrku mocne [JIKII wabGmromanu wHIMBUIyaTbHBIC
M3MEHEHUS, BBIPAXKABIINECS B CHIDKEHUU COJIEP’KaHMsI BOCCTAHOBJICHHOTO ITyTaTMOHA W TMOBBIIIEHUN
aktuBHOCTH ['6D/II, yka3piBarouye Ha BO3MOKHYIO aKTUBAIMIO MPOIIECCOB JIUTIONEPEOKUCICHUSI.

[Ipu wuccnenoBaHuu TMOKa3zarened, XapakTepusyromux 3(PEGEeKTUBHOCTh TEPEHOca KHUCIOpoJa
remorioouHoM Ha 1-e cytku mocie JIKII, Obta oTMedeHa IWIIb TEHICHIHS K TOBBIIICHUIO
COZIep>KaHMUsI OKCUTEMOIJIOOMHA M CHWDKEHHUIO CPOJICTBAa TemornoOuHa kK kuciaopony. Ha 7-e cyTku
BEJIMYMHBI UCCIEAYEMBIX MMOKa3aTeNield HaXOAWINCh B MPEeIaX HOPMaJIbHBIX BEIUYHUH.

[Tonmy4yeHHblE B HACTOAIIEM HCCIIEIOBAHWU JaHHBIE CBUIETEIHCTBYIOT 00 H3MEHEHHUSX B
MO(OJOTHIECKON KapTHHE KPACHON KPOBH U CTPYKTYPHO-(PYHKIIMOHAIBHOM COCTOSIHHH 3PUTPOIIUTOB,
YTO XapaKTEepHO MJisi U3MEHEHUM, HaOIogaeMbIX y KocMoHaBToB, coBepmuBmux JIKII Ha craniuun
“MUP” n MexayHapoqHOH KOCMHYECKOW CTaHUMU. OTCYTCTBHE CYIIECTBEHHBIX H3MEHEHHMH B
COZIep>KaHUHM OKCUTEMOTIIOOMHA U CPOJICTBA TEMOIIOOMHA K KHCIOPOAY, BO3MOXHO, CBUICTEIHCTBYET
0 HOpMaJbHOU A(PEKTUBHOCTH MEPEHOCA KUCIOPOIa TEMOTIIOOMHOM Y 00CIeTyeMbIX KOCMOHABTOB.
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PARAMETERS OF METABOLISM IN RED BLOOD CELLS AND THE OXYGEN
TRANSFER EFFICIENCY IN COSMONAUTS 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 - a reduction in their number, hemoglobin content, 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 were revealed, 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 the 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 leads to the development 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 hemoglobin in the 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. , Ivanova S.M., et al, 2006).

The purpose of this work was the study of the morphological pattern of red blood, indicators
of intracellular metabolism of erythrocytes and the state of hemoglobin hemoporphyrins. The
parameters of the energy-producing system in erythrocytes - the content of adenosine triphosphate
(ATP), lactate, lactate dehydrogenase (LDH) activity, and the reducing - content of reduced
glutathione, glucose-6-phosphate dehydrogenase activity (G6PDG) were studied. The effectiveness
of hemoglobin transfer of oxygen was evaluated by the content of oxyhemoglobin 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 decrease in the 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 energy-forming process, glycolysis, previously found in
cosmonauts after the 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 activity of transport ATP-ases,
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 reduced glutathione and 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 lipopereoxidation 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. On the 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 of the changes 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 transfer by hemoglobin in the surveyed cosmonauts.

I'ETEPOI'EHHOCTDb MYJIBTUITIOTEHTHBIX ME3EHXUMHBIX CTPOMAJIbBHbBIX
KJIETOK 1 OCOBEHHOCTH UX ®YHKIIMOHAJIBHON AKTUBHOCTH

boovinésa I1.U.
I'HI[ P® — UMBIT PAH, Mocksa

K Ttekymemy MOMEHTY pe3ylnbTaTbl Psiia YCHEIIHBIX AOKIMHUYECKHMX M KIMHUYECKUX
UCHBITAHUH  TOKa3zaau  SPQPEKTUBHOCTb  NPUMEHEHHs  MYJIBTHIIOTEHTHBIX  ME3€HXMMHBIX
ctpomanbHbiX KieTok (MCK) B Tepanuu pasnudHbIX 3a00J€eBaHUNA W JUIE BOCCTAHOBJIICHHS
HNOBPEXIEHHBIX TKaHeW.MX pereHepaTuBHBIM mMOTeHIMan OOYCIOBIEH TPOPHUECKUM U
PETYISTOPHBIM JIEHCTBHEM MPOAYLHPYEMBIX HMH TapaKpHHHBIX (DaKTOpPOB, CIIOCOOCTBYIOIINX
nporeccaM penapauuu. Baxnoit ocobenHoctbto MCK siBisiercss X CIIOCOOHOCTb PeryaupoBaTh
AKTUBHOCTh Pa3JIMYHBIX 3BEHbEB KaK BPOXKJIEHHOIO, TAK M aJallTUBHOIO MMMYHMTETA, YTO MOMKET
HalTW NpUMEHEHUE NpU JICYCHUHM ayTOMMMYHHBIX 3a00J€BaHUIl M B cily4yae TpaHCIUIAaHTALUU
OpraHoB. Kimmnanueckoe HCIIOJIB30BaHUE MCKnoapa3zymeBaet TPaHCIIAaHTALUIO
HEIPOLECCUPOBAHHOIO KJIETOYHOIO Marepuaja, a TakKe BBEACHHE NALUMEHTY KIETOK IIOCie
HpeIBapUTEIbHOM IKCIIAaHCHH INVILro.

[Ipumenenne MCKB kinMHHUYeCKOM npakTuke TpeOyeT CTaHJapTH3alUM KJIETOYHOIO
marepuana. Opnako mnpu wucnoids3oBanun MCK  Bo3Hukaer mpobiema, CBA3aHHAs C
HEOJHOPOJHOCTBIO KJIETOYHOW MONYJISALMH, W KakK CIEICTBUE, CTAHOBUTCS 3aTPYJHUTEIIBHO
npeackasartb, KakuMm oOpasom mnpu  skcnaHcun MCK u gononHuTensHOM — Bo3JeicTBUU
NPUBHECEHHBIX PETYISTOPHBIX (PAKTOPOB OyAET M3MEHSATHCS JAWHAMHKA POCTa U (PYHKIIMOHAIbHAS
aKTUBHOCTh KJIETOK. Bapuanuu cBOMCTB HaOIIOJarOTCs KaK BHYTPU OJHOW MOMYJSILMU, TaK MU
mexay nomymsauusMu MCK, mosiydeHHbIMH OT pa3HbIX JTOHOPOB. M3HauanbHasi reTeporeHHOCTh
MCK u wucnonp3oBaHue Uil NOATOTOBKM KIJIETOK pPa3jM4YHBIX INPOTOKOJIOB, MO KpalHEH Mepe,
OTYaCTH MOTYT OOBSCHUTH UMEIOLINECS Pa3InyMsl pe3yIbTaTOB KIMHUYECKUX UCCIIeI0BaHUI.

Ha texymmii MomeHT uccienoBanus, noceaméHHsle MCK, 3arparuBaroT, B OCHOBHOM,
aCIeKThl, CBA3aHHbBIE C NPUMEHEHHUEM HX TPO(PUUYECKUX M HMMYHOPETYISTOPHBIX CBOMCTB IS
TEpaNeBTUYECKUX Lesel. B TO ke BpeMs, NPaKTUYECKH HE M3YUYEHBl MOJIEKYISIPHBIE MEXaHU3MBI,
KOTOpBIE JIe)KaT B OCHOBE CaMOOOHOBIJIEHUS U OIpPEAETCHHs CyIbObl KIETOK-NPEAIIECTBEHHUKOB.
HenaBHo Obuta OOHapy)xeHa 3aBHCUMOCTb MeEXAYy MeTabonudecko U (QyHKIMOHAIBHON
aktuBHocTsiMu  MCK. Tak, mo okucnutensHomMy crarycy Bertoloetal. Beimenunu cpenu
uccienoBanHbix MCK 2 rpymmer: 1. KJIETKM € HCXOOZHO HHM3KMM ypoBHeM ADK,
Xapakrepusymouecs Oosbliell Mpoau(epaTUBHON U  KOJIOHMEOOpasyrollel aKTUBHOCTBIO U
OONBIIMM MOTEHIMAJIOM S3KCIAHCHM; 2. KIETKH C HCXOAHO BBICOKMM ypoBHeM AODK,
XapaKTEPU3YIOIINECsT MEHbBIIeH mpoaudepaTUBHON W KOJOHHEOOpPa3ywIliel aKTUBHOCTBIO |
MEHBIIUM TOTEHIMAIOM »JKcraHcuu.B  Hamedt naGoparopum ObUTM  MOJIyYeHBl JIaHHBIE,
cBujeTenbcTByommMe o cBsizu ypoBHSI ADK u perymsauun csoiictB MCK mnpu peanuzanuu
MMMYHOCYTIpeCCUBHON akTuBHOCTH. Okazanoch, uro MCK ¢ ucxomHo BeicokuM ypoBHeM ADK
0oJee MoaBEp:KEHbl IUTOTOKCUUYECKOMY JIEWCTBUIO aKTUBUPOBAHHBIX aJUIOT€HHBIX MOHOHYKJIEAPOB
neprdepryeckoil KpOBU NPU B3aUMOJCHCTBHH INVItr0. D10 HalmoneHne moT4EPKUBAET BaKHOCTD
nogdoopa JOHOPOB, a Takke YHU(PUKAUKU METOJOB IOJYyYEHUS W TIOATOTOBKM KJIETOYHOIO
Marepuaiia, KOTOpbIM B JaIbHEUIIEM MPEATIONAraeTCsl UCII0JIb30BaTh IS KIMHUYECKHUX LENEH.

Takum  oOpazom, s  TOBBIIEHUS  NPOXYKTUBHOCTH  KJIMHHUYECKHX  METOIUK,
3ageiicTByronmxMCK, HeoOXoauMO TOHUMaHUE MPOUCXOKICHHUS TeTePOreHHOCTH BHYTPH
nonymsimun MCK u nonop-3aBucumbix pazmmuuii MCK, a takxe pa3paboTka TOIXOMOB ISt
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dbopmupoBanusi Ooiee TOMOTEHHOW TMOMYNSIMK, oOONajaromeid Hawboiee MOAXOASIIMMU
XapaKTePUCTUKAMU JIJIsl TEPANIEBTHYECKOTO MTPHUMEHEHHSL.

Paboma evinonnena npu nooodepoicke Ipauma Ilpesuoenma Poccutickoii ®edepayuu MK-
2976.2018.4

THE HETEROGENEITY OF MULTIPOTENT MESENCHYMAL STROMAL CELLS AND
THEIR FUNCTIONALACTIVITY

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 of injured 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 members of 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 after preliminary expansion in 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 becomes difficult 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 of MSC obtained from different donors. The initial heterogeneity of MSC and the use of
various protocols of cells’ preparation can explain the differences in results of clinical trials at least
in part.

Currently the studies on MSC consider mainly the aspects related to the application of their
trophic and immunoregulatory properties for therapeutic purposes. At the same time, molecular
mechanisms underlying self-renewal and the determination of the fate of progenitor cells are
practically not studied. Recently, 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 proliferative and colony-
forming activity and greater expansion potential; 2. cells with initially high level of ROS,
characterized by lower proliferative, colony-forming activity, and expansion potential. Data
obtained in our laboratory provide an evidence of the relationship between 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 interaction 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 clinical techniques involving MSC, it is necessary
to understand the origin of heterogeneity within the MSC population and the donor-specific
differences in MSC, and to develop approaches to obtain a more homogeneous population with the
most suitable characteristics for therapeutic use.

The work was supported by the Grant of the President of Russian Federation MK-2976.2018.
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BJIUSIHUE JJIATEJIbHOCTHU T'MIIOKCUYECKOM SKCIIO3UIIUN HA ®EHOTHII
MOHOIIUT-ITPOU3BOAHBIX MAKPO®ATI'OB ITPU COKYJIBTUBUPOBAHUMU C
ME3EHXNMAJIBHBIMHU CTPOMAJIBHBIMU KJIIETKAMHM

Bboobvinesa I1.H., Anekceesa O.1O.
Hayunwtii pykosooumens: 0.0.n. Anopeesa E.P.
['HI] PO-MBIT PAH, . MockBa

MynbTUIIOTEHTHBIE Me3eHXMMallbHble cTpoMasibHble KieTku (MCK) sBistorcs oqHUM U3
HauOoJiee MEpCIEeKTUBHBIX OOBEKTOB B PEreHepaTMBHOM MEOULMHE M KIETOYHOW Tepanuu
3aboneBanuii yenoBeka. MCK BbI3bIBalOT 0OJIBINON HAYYHBIH WHTEPEC B CBSI3U C MOSIBICHHEM BCE
HOBBIX [JaHHbIX 00 HMX y4YyaCTMM B 0OECHEYeHHMM IOMeOCTa3a B TKaHIX U penapaTUBHOM
peMonenupoBaHud. B MOBPEXIEHHON TKAaHM B3aMMOJECHCTBUE CTPOMAJIBHOIO M KIIETOYHOIO
KOMITOHEHTOB IIPOMCXOJUT B YCJIIOBUAX IPOBOCHAIUTENBHON aKTUBALMM U TMIIOKCHH, YTO MIPAcT
BaXXHYIO POJIb B pENapallvy MOBPEKICHHOIO y4acTKa.

B mponecce perenepanuu kieTkd (MMMYHHbIE, CTPOMAJIbHBIC, SHJOTEINAIbBHbBIE U IPYTHUE)
B3aMMOJIEUCTBYIOT JIpYI C JPYroM Kak 3a cueT oOpa3oBaHMsI MEXKJIETOUHBIX KOHTAKTOB MU
KOHTAKTOB C BHEKJIETOUHBIM MaTPUKCOM, Tak M 4epe3 Tpoduueckue (axropsl. Ilpuyem xapaxrep
MUKPOOKPYXEHHUSI, CO3[/aBaéMblii UMMYHHBIMH KJIETKaMH, BO MHOTOM OIpeAeNseT AajbHEeNIni
XOJ1 penapaTuBHOIO PEMOJEINPOBAHUS.

MCK u moHouuT-nipounsBogasie Makpodarn (MH/M®) — kieTouHble 371€MEHTHI, KOTOpPhIE
IpPEACTaBICHbl MNPAaKTUYECKHM BO BceX TKaHAX B opranuzme. MCK mnpencraBisorT coboif
KJIETOYHYIO HOIYJSALHMI0, CHOCOOHYI0, C OJHOM CTOpOHBI, K CaMOOOHOBIJIEHHUIO, a C JIPYrod —
oOecnieunBarolyo (GopMupoBaHue 0ojee KOMMUTHPOBAHHBIX KJIETOYHBIX 3JIEMEHTOB TKaHEH
ME3EHXUMAJIBHOIO  IpoucXoXkaeHus. B To  Bpemsa, kak  Makpodarun  sBISAIOTCA
BBICOKOCIICIIMAIM3UPOBAHHBIMUA KJIETKAMHU, CIIOCOOHBIMU K (harouuTo3y, M YYacTBYIOUIMMU B
peakuuax BpPOXKICHHOIO MMMYHUTETA, NOJAEpPKAHUM TKAHEBOIO IOMEOCTa3a U BOBJIECUCHHBIEC B
peMoienupoBaHue TKaHeW Mpu mnoBpexaeHuu. AktuBHoe wucciegoBanne MCK u MH/MO®
M0KAa3aJI0, YTO OOIINM IS HUX SIBJISIeTCS (DEHOTUIMYECKAs TNITACTUYHOCTh M BBICOKAsi CEKPEeTOpHAs
aKTUBHOCTb, OOeCIeunBaroIias UX ydyacTue B (PM3MOJOIMUYECKOM M pernapaTUBHON IepecTpoiike
TkaHed. Apantauuss MH/M® u MCK K MHKPOOKPYKEHHIO CONPOBOXKIAETCS 3HAYUTEIbHBIM
U3MEHEHHeM HX MeTa0oauueckod W (YHKUMOHAJIbHOM AaKTMBHOCTM — JMBEPreHTHOMH
«IIOJISIPU3ALUET.

Ocoboe BHMMaHUE B 3TOM KOHTEKCTE MPHBIEKAET U3yYeHHE B3aUMOACHUCTBUS 3TUX KIETOK,
dbopmMupyroree MUKPOOKPYKCHHE.

Ilenpto naHHOM paboOTHI SABIAETCS M3Y4YEHHE BIMSHUSA JJIUTEIBHOCTH TUIOKCHYECKOM
9KCMO3UIUMU Ha (PEHOTUN MOHOIMT-NIPOU3BOJHBIX MaKpo(aroB MHpH COKYIbTUBHUPOBAHUH C
ME3EHXUMAJIbHBIMU CTPOMAJIbHBIMU KIIETKAMHU.

Jns  sroro mnpoBoawiu cokynbTuBUpoBaHue MH/M®, BblIeNeHHBIX U3 (Qpakuuu
MOHOHYKJeapoB mnepudepuueckoir kpou yenoBeka, # MCK u3 XHpoBOH TKaHM dYeJIOBEKa B
crangapTHeIX ycinoBusax (5% CO,, 37°C) B Teuenue 6 gHell — mepuo, 3a KOTOPBIA TPOUCXOIUIIO
co3peBanre MH/M®, nociie yero KJIeTKHU MOABEPrajuch KOPOTKOMY (24 1) 1ubo anutensHomy (72
4) runokcuyeckomy BoszaeictBuio (1% Oz). B MH/M® u3 ucxogHoi mHOmyimsiquu W MOcie
KYJIbTUBUPOBAHUS METOIOM MPOTOYHOM IIMTOMETPUM OBUIM MPOAHATU3UPOBAHBI HKCIPECCHS
AQHTUTEHOB, Xapakrepusytonmx co3peBanue (CD11lb, CD68), mpoBocmanuTeNbHYIO aKTHBALUIO
(CD80, CD86, HLA-DR) u mnonspuszanuto B M2 (antuBocmamutenbHbiii) ¢Genotun (CD163,
CD206), a Takxe )KH3HECTIOCOOHOCTb.

B nmpucyrcteun MCK co3pesanne MH/M® He OTMEHAIOCH, IPU 3TOM KJIETKH MPOSBISLITN
npuzHaku M2 nomsgpuzanmu. B pe3ynprare Kak KOHTAaKTHOIO, TaK M ITapaKpUHHOIO
B3aumonericteuad ¢ MCK cHukanace dKCIIpECCHsi aHTUT€HOB, CBA3aHHBIX C ITPOBOCHAIMTEIBLHOU
aktuBanueil. Kopotkuii runokcnueckuii crpecc (24 gaca, 1% 02) norennmposain r3¢dextsr MCK,
npu npsMoM KoHTakte ¢ MH/M®, 4uro mpuBOIMIO K AajbHEHWIIEMY CHHUKEHHIO SKCIPECCHH
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MOJIEKY, OMOCPENYIOIINX MPOBOCHAINTEIBHYIO aKTUBALUIO, U K IOBBIIIEHUIO YPOBHSI MOJIEKYII,
xapakTepHbIx 111 M2 dpenotuna. MCK s>¢dextuBHO nmompnepxuBaiu xxu3Hecrnocoonocts MH/M®
B YCJIOBUSIX TMIIOKCHYECKOIO CTpecca.

VYBenuyeHue AIUTENbHOCTH TUIIOKCHYECKON AKCMO3MLIMU 10 72 4acoB COMPOBOXKAAIOCH
MeHee BbIpa)KEHHBIM IposiBIIeHHEeM Mpu3HakoB M2 nomsipuzain MH/M® B npucyrctBun MCK u
0ojee 3HAYMMBIM TOJABIIEHUEM OSKCIIPECCUU MOJEKYN, Y4YacTBYIOUIUX B IPOBOCHAIUTENbHOM
aktuBanuu. HemocpencrBeHHbiii koHTakT ¢ MCK HuBenmupoBanm TUTOTOKCHYECKUN ekt
JUINTEJILHOTO THUIIOKCHMYECKOro KyiabTuBupoBanuss MH/M®, B To ke BpeMs NapakpUHHOE
B3anMoielicTBHEe ObLIO MeHee (D (HEeKTHBHBIM IS TOACPKAHMS )KU3HEecmocooHoctu MH/M®.

Takum o6pazom, B mnpucyrctBud MCK  THIOKCHMYECKHMH  CTpecc HHAYIUPYET
NPOTUBOBOCHIANIUTENBHBIM Xapakrep u3MeHeHus ¢enoruna MH/M®. B 3aBucumoctd ot
JUIUTEILHOCTH THUIIOKCUYECKOTO BO3/CHCTBUS U3MEHseTCS COOTHOLICHHE
PO/aHTUBOCTIATIUTEIBHBIX MOJIEKYT B mpodmiie sxcnpeccun MH/M®, 4To MOXeT OnpeaemsTh
XapakTep UX y4acTHs B Pa3BUTHUU BOCHAIUTEIHHON PEaKIIHH.

Paboma svinonnena npu noodepoicke epanma PODHU 17-04-00942

INFLUENCE OF THE DURATION OF HYPOXIC EXPOSURE ON THE PHENOTYPE OF
MONOCYTE-DERIVED MACROPHAGES IN CO-CULTURE WITH MESENCHYMAL
STROMAL CELLS

Bobyleva P.1., Alekseeva O.Y.
Scientific supervisor: Andreeva E.R.
Institute of Bio-Medical Problems of Russian Academy of Science, 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 participation in supportingtissuehomeostasisand
reparative remodeling.The interaction of stromal and cellular components in damaged
tissueoccurs under conditions of pro-inflammatory 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 provide a specific
features of the microenvironment governingthe reparative remodeling.

MSCs and monocyte-derived macrophages (MN/MPhs) are cellular elements that
present in virtually all tissues of the body. MSC population is capable of self-renewaland
providethe formation 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 proved 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
accompanied by a significant change in their metabolic and functional activity - divergent
"polarization".Therefore, further studies of the interaction of thosecells, that are capable to
orchestrate microenvironment look promising within the context of reparative tissue
remodeling.

The goal of this researchwas to study time-dependent effects of short-term exposure
tohypoxia on the phenotype of MN/MPhsduring co-culture with MSCs.For this purpose, we
used MN/MPhsthat were isolated from the of mononuclear fraction of human peripheral blood
and MSCs from human adipose tissue. Co-culturewas carried out under standard conditions
(5% CO2, 37 ° C) for 6 days, needed for the MN/MPhs to mature. After thatMN/MPhs and
mesenchymal stromal cells were exposed to a relatively short (24 h) 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, CD68), pro-
inflammatory activation of M1 cells (CD80, CD86, HLA-DR) and polarization of M2 (anti-
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 with pro-
inflammatory activation decreased upon both contact and paracrine interaction with MSCs.
Short-time exposure hypoxia (24 hours, 1% O2)of direct co-culture MSCs with MN/MPhs,
potentiated the effects of MSCs that led to a further decrease in the expression of molecules
mediating pro-inflammatory 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 duration up to 72 hours was accompanied by a less
pronounced manifestation of M2 polarization of MN/MPhs in MSC co-culture. 72 hours
hypoxia led to a more significant suppression of the expression of molecules participating in
pro-inflammatory activation. Direct contact with MSCs neutralized cytotoxic effect of
prolonged hypoxia during co-culture with MN/MPhs. Paracrine interaction was less effective
for maintaining the viability of MN/MPhs.

Thus, in the presence of MSCs, hypoxic stress stimulated to anti-inflammatory changes
in the MH/MPhsphenotype. The ratio of pro/anti-inflammatory 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 inflammatory reaction.
The work was supported by the RFFI grant 17-04-00942

TPAHCKPUIIINMOHHBIE MEXAHU3MbI, PEI'YVIMPYIOIIUE COIEP KAHUE
MUTOXOHAPUAJBHBIX ®PEPMEHTOB U TPAHCKPUIIITAOHHBIX PEI'YJIATOPOB
B CKEJIETHOU MbBIIILE YEJIOBEKA

bokos P.0O., JIvicenxo E.A., Kypoukuna H.C., Ilonos /I.B.
I'HL Pd-MIMBIT PAH, Mocksa
MI'Y nmvernn M.B. Jlomorocosa, Mocksa

[Ipy MHOTOKPATHOM BO3ICHCTBHH Ha MBINICYHYIO KJIETKY CTPECCHPYIOMHMX (HaKTOpoB
(pusnyeckue HaArpy3Ku) MPOUCXOAST aJalTallMOHHBIE CIBUTH, CBS3aHHbIE C HW3MEHEHHEM
conmepxanus crenuduueckux OenakoB. [Ipeamonaraercsi, YT0 MeXaHU3MbI, OTBETCTBEHHBIC 33 ITH
U3MEHEHUS, MOTYT Pa3jIMyaThbCsl y OENKOB, BBINOJIHSIOMNX pa3iauuHble ¢pyHKuuU. Llenp paboTel —
U3yYNTh HA YPOBHE TPAHCKPHUIIIUK MEXaHU3MBI, PETYIUPYIONIHE YBEIUYECHUE COACPIKaAHUS
MUTOXOH/IPUAIBHBIX (PEPMEHTOB U TPAHCKPUILIMOHHBIX PETYIATOPOB B CKEJIETHOMW MBIIILE
YeJIoBeKa.

N3 ckeneTHBIX MBI YCJIOBEKA BO3MOKXHO MHOTOKPAaTHOC TMTPUIKHU3HCHHOC B3ATHUC
OUMOMCHIHBIX MPOO TKaHW. DTO JaeT YHUKAIbHYIO BO3MOXHOCTb OICHHBAaTh HW3MEHCHHUS
cozepKaHusi OEJIKOB M OJKCIPECCHI0O TEHOB JIO M TIOCIE PETYISAPHBIX (H3MYECKHX HArpy3ok
(TPEHUPOBOK), a TAKKEIMOCJIE OCTPOrO CTPECCOPHOTO BO3IACUCTBHS (OOHOKpaTHOE (U3NUIECKOe
ynpaxHeHue). JlecsTb MOJI0AbIX HETPEHUPOBAHHBIX MY)KUMH B T€UeHHE | 4 BBIMOJIHSIN pa3rudbanue
OJIHO¥ HOTH B KOJICHHOM CYCTaBe C Harpy3Koi YMEPEHHOM HHTEHCHBHOCTH. bruomncuyeckre oopasiibl
u3 m. vastus lateralis 6pamu 10, yepe3 1 4 u 4 4 moCie BBIMOJHEHHUS TECTa. ITOT TECT OBLI
MIOBTOPEH TOCIIE a3pOOHOM TPEHUPOBKH Ha Bestoapromerpe (5/uen, 8 Hem). Jjis OlleHKH H3MEHEHU
COACPIKAHUA TPAHCKPUIIIUOHHBIX PETYIATOPOB U 6e.]'IKOB, BXOAIIMX B COCTAaB MUTOXOHAPHAJIBHBIX
JIBIXaTeIbHBIX (DEPMEHTOB, IMOCIE PETYISAPHBIX CTPECCOPHBIX BO3AEHCTBUE (8-HEm TPEHHUPOBKH)
UCIIONB30BasICsl  MeTon BecrepH-0moT. JIyist OIEHKM W3MEHEHHsI OSKCIIPECCHH TEHOB TIOCIE
TPEHUPOBKH U JIJISl OLIEHKH 3KCIPECCHU T€HOB MOCIe OMHOKPATHOTO (PM3MUYECKOTO YIPaKHEHHS ObLT
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ucnonb3oBad metof I[P B peanbHOM BpeMeHH.

B mokoe mocne 8-HenenpHOM adpoOHON TpeHHpoBKH coaeprkanue o6enxkoB (NDUFBS8, SDHB,
UQCRC2, MT-CO1, ATP5A1), BXOOsIIKX B COCTaB MUTOXOH/JPUAIBHBIX JbIXaTeIbHBIX (DEPMEHTOB,
3HaUMMO yBenuumioch (Ha 35-162%, p<0,05). IIpu sTom He ObUIO OOHAPYKEHO 3HAUYUMBIX
U3MEHEHUH OJKCIIPECCHH TEHOB, KOAUPYIOIIMX JaHHble O€lKH, Kak B IIOKO€, TaK M IOCIe
OJTHOKPATHOTO yHpaxHEeHHs (KaKk B HETPEHUPOBAHHOM, TaK U B TPEHUPOBAHHON MBIIIIIE). 3HAUUMOE
YBEITUYEHUE COJEPKAHUS TPAHCKPUIIMOHHBIX DETYISTOPOB TMoOCie §-Hel TPEHUPOBKU ObLIO
oOHapyxeHo g 6enkoB CRTC2 (ma 60%, p<0,05), NR4A3 (na 100%, p<0,05) u TFAM (na 20%,
p<0,06). IIpu sTomM mocne ogHOKpaTHOW Harpy3ku dkcrpeccus reHoB NR4A3 u TFAM 3naunmo
(p<0,05) BO3pocia, Kak B HETPEHHPOBAHHOW, TaK W B TPCHUPOBAHHOW MbImme. Jas apyrux
TpaHCKpUNIHUOHHBIX perynaTtopoB (PGCla, ESRRG) takke Habm0qan0Ch yBEIHUCHHE YKCIIPECCUH
X TEHOB B OTBET Ha OJHOKPAaTHOE YIpa)KHEHHE, HO MPU 3TOM He ObUI0 HANACHO YBEIUYCHHS
coziep)kaHus uX OCJIKOB Mocie §-HeJ TPEHUPOBKHU, YTO MOXKET OBITh CBSI3aHO C BBICOKOH CKOPOCTBIO
UX MPOTEOU3A.

Takum  oOpa3oMm, BbI3BaHHOE  8-HeJ  TPEHUPOBKOW  yBEIMUYEHHE  COIEPIKAHHA
MUTOXOHIPHANBHBIX (DEPMEHTOB HE CBSI3aHO C U3MEHEHHUEM HKCIIPECCUU F'€HOB B [TIOKOE U B OTBET Ha
OIHOKpaTHyl0 Harpy3ky. Hamportus, BbI3BaHHOE 8-Hel TPEHHPOBKOH YBETHYEHHUE COJCpPKAHUS
HEKOTOPBIX TPAHCKPUIILIMOHHBIX OEIKOB-PETYISTOPOB CBI3aHO C akTUBaIuel skcrnpeccuu ux MPHK
MOCJI€ OTHOKPATHOM Harpy3KHu.

Pabora nmomnepskana Poccuiickum HaydHbiM (oHoM (Tpant Ne 14-15-00768).

TRANSCRIPTION REGULATION OF THE CONTENT OF MITOCHONDRIAL
ENZYMES AND TRANSCRIPTION REGULATORS IN THE HUMAN SKELETAL
MUSCLE

Bokov R.O., Lysenko 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 of specific 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 training-induced increase of mitochondrial
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 regularly applied stress
(exercise training), as well as after acute stress (single exercise). Ten young untrained males
performed the one-legged moderate intensity knee-extension for 1 h. Biopsies from m. vastus
lateralis were taken prior to, at 1 h, and 4 h after the exercise. 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 after 8-wk training were evaluated by Western blot. To evaluate
the changes in gene expression after training and after a single exercise gPCR was used.

After 8-wk training, the content of OXPHQOS proteins at rest (NDUFB8, SDHB, UQCRC2,
MT-CO1, ATP5A1) increased (by 35-162%, p<0.05). There were no changes in the expression of
genes encoding these proteins at rest and after a single exercise (both before and after 8-wk
training). An increase in the content of transcriptional regulators was found after 8-wk training for
CRTC2 (60%, p<0.05), NR4A3 (100%, p<0.05) and TFAM (20%, p <0,06). At the same time, the
expression of the NR4A3 and TFAM genes increased (p<0.05) after a single exercise, both before
and after 8-wk training. An increase in the expression of genes in response to a single exercise was
also observed for other transcriptional regulators (PGC-/a, ESRRG), but there were no increase in
the content of their proteins after 8-wk training, which may be due to the high proteolysis rate.
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In conclusion, 8-wk training-induced increase in the content of OXPHOS proteins is not
associated with changes in their gene expression at rest and after a single exercise. On the contrary,
the training-induced 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 no. 14-15-00768).

ANEKTPOMUOI'PAONYECKHUE XAPAKTEPUCTUKN AKTUBHOCTHU MbIIIL]
I'OJIEHH Y YEJIOBEKA ITPU BBIIIOJIHEHHUU XO/JAbbbI 1 BET'A B YCJIOBUAX
KOCMHMYECKOI'O ITIOJIETA

bpuikoe B.U., Cemenos 10.C., Pykasuwnuxos U.B., Casexo A.A., Oceyxuit H.IO., Kumoe
B.B.
I'HI[ PO-IMBII PAH, . MockBa

OpranusM denoBeKa MpHU MPEOBIBAHUU B KOCMHUYECKOM IMOJIETE TIOABEPracTcs psay
U3MEHEHUH, cpelrd KOTOpBIX Haubojiee BBIPAKEHHBIMH SBISIOTCS HU3MEHEHHUS B CEHCOMOTOPHOMU
CUCTEME, B YaCTHOCTH — MBIIICYHOH MepUPeprur M CUCTEME YIPABICHUSIMH JIBH)KCHUSIMU
(I'puropwesa JI.C. ¢ coaBt. 1983; Koznosckas M.b. 1983-2008). ITocie 3aBepiieHust Kak KOPOTKHUX,
Tak # JUIATENbHBIX KocMuueckux rmonetoB (KII), HemocpencTBeHHO moOcCie MPU3EMIICHUS
oOHapyXMBalOTCsI M3MeHeHUs KuHeMaruku Jsokomonuii (Kupenckas A.B., Kosnosckas W.b.,
Cupora M.I. 1986; Kosnosckas 1. b. u np. 1979), peructpupyrorcst HapyleHus: JJOKOMOTOPHBIX
¢byukumii y xocmonaBToB (MenbHuk K.A. c¢ coaBt. 2003; IllmakoB A.B. c¢ coaBt. 2008). [lns
YCTaHOBIICHHSI BKJIaJa (AKTOPOB KOCMHYECKOTO IojieTa B (OPMHUPOBAHHE JIOKOMOTOPHBIX
HapylIEeHUH M BO3MOXXHOCTH MX KOPPEKUMHU MPEACTABISIOCh pPAllMOHAIBHBIM HCCIEI0BaTh
XapaKTEPUCTUKHU JTOKOMOIIMH, BHIITOJIHIEMBIX B HEBECOMOCTH Ha OCTYIICH TOPOKKE.

UccnenoBanre mnOpoBEeOEHO B paMKax KOCMHUYECKOro s3kcnepumeHTta «MoTokapay,
BBITIOJIHAIONIETOCS TIPU YYaCTHMM POCCHUUCKHX UIEHOB OJKUNaxked Ha Oopry MexmyHapomaHou
kocmuueckoit cranuuu (MKC). B skcniepumente npussiin ydactue 17 unenoB skunaxeidr MKC,
JUTUTEIIBHOCTh TOJIETOB KOTOPBIX cocTapisiia oT 5 g0 12 mecsues. o nagama KII u mocne ero
3aBEPILICHUS MPOBOIUIIOCH 1O ABE ceccuu 3kcnepumenTa. B xone KII uccnenoBanus npoBOAMINCH
B KOHIIE KaXJOro Mecsla TojieTa. B  KaXJIOM HCCIEIOBAaHUHU BBITIONHSIICS CTYIEHUYATHIN
JIOKOMOTOPHBIA TECT B JABYX peXKuUMaxX pabOThl OEroBOW JOPOXKKHU: B MACCUBHOM, MPU KOTOPOM
MOJIOTHO TMPOTAJKUBAIOCH CHUJIOM HOI KOCMOHABTa, U aKTUBHOM PEXKHUME, NMPU KOTOPOM IOJIOTHO
MPUBOJIUIIOCH B JIBHJKEHHE 3JIeKTponpuBogaMu. OcylecTBisgemMas KOCMOHABTAMH JIOKOMOTOpPHAast
TPEHUPOBKA COCTOSIA U3 5 3TANOB: Pa3MUHOYHOMN XOJbObI, MEIJIEHHOTO, CPEAHETO U ObICTpOro Oera
U 3aMUHOYHON X0nbObl. CKOpOCTh XOJbOBI/OETa KOCMOHABTHI BHIOMpAd CaMOCTOSITENBHO, IO
CaMOUYYBCTBHIO, IHKJIOTpaMma CoJepKajla TOJbKO OPUEHTUPOBOYHBIC 3HAYCHUS. AKCHAJIbHAs
Harpy3ka mpu Oere B YCIOBHUSIX HEBECOMOCTH OOECMEUMBAETCS CHEIHAIbHBIM TPEHHUPOBOYHO-
Harpy304HbIM KOCTIOMOM, TIOJICOEIMHCHHBIM KapaOWHaMHM K CHCTEME TPUTITa, KOTOPBIHA
obecrednBaeT KOHTAKT ¢ OEroBOi JOPOKKOW M CO3[AeT HArpy3Ky Ha TeJie oreparopa paBHYIO, Kak
npasuiio, 50-70% oT Ha3eMHOro Beca KOCMOHAaBTA.

[Ipy BBIMONHEHWH TECTa PETUCTPUPOBAIN CKOPOCTh XOABOBI W Oera, MPOHIACHHYIO
JTUCTAHIIMIO, YacTOTy CEpPACYHBIX COKpPAIIEHWH U  DIIEKTPOMUOTPAQUUECKYI0 aKTUBHOCTh
JaTepalbHON TOMOBKU YETHIPEXTIIABON MBIIIIEI Oeapa U 3-X MBI TOJEHU: MeIUaIbHOU TOJOBKH
WKPOHOXKHON MBIIIIIBI, KaMOAJIOBUIHOW W TIepeaHeil OonbiieOepIioBoil MBI, PaccuuTeiBaeTcs
MHTErpaJibHasi MHUOTpaMMa: MO HUCXOJHBIM 3alUCAM C YAQJICHHOW MOCTOSHHOW COCTaBJISIOLIEH
BBIYHCIIIETCS BPEMEHHOW psifi  aOCONIOTHBIX 3HAYEHWUW HAINPSDKEHUsS, 3aTeM POU3BOIAUTCS
CIIaXXKMBaHUE C MOMOIIBIO CKOJIB3AIIEro cpeAHero ¢ okHOM 15 mc. C moMoIIbIo HaIEHHBIX TPaHHUIL
MavyeKk [0 HHTETPUPOBAHHOW MHOTpamMMe Il KaKJIOW TIMa4Kyd BBIUMCISETCA: MaKCHUMAaJIbHOE
3HAYCHHE HAMPSDKEHUS — aMILTUTYA; MJI0MAAb MO KPUBOM aOCONIOTHBIX 3HAYSHHUH HAMIPSIKEHUS OT
BpEMEHHU — TUIOMIAb MAYKH; JUTUTEILHOCTh MAYKW; TIEPHO CICIOBAHUS TAueK ISl KaKIOH IMaphl
HalJICHHBIX TTaueK, IO HEMY BBIYHCIIIeTCs 0OpaTHas BeTMUMHA - YACTOTa CJICJIOBAHUS MaueK.
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AHanu3 3J1eKTpOMUOrpahUIecKoil aKTUBHOCTH MBI TOJIGHU MOKa3all, 4TO KaK B 3€MHBIX
YCIOBUSX, TAK M B XOAE IIOJICTHBIX CECCUM DKCIEPUMEHTA IIPU BBINOJIHEHHH JIOKOMOLMH B
NACCUBHOM pEXHME Oerymeid JOpOXKKH aMIUIUTy[a dJIEKTPOMHOrpaduueckod  madyeyHon
aKTUBHOCTH Oblja BBIIIE, YEM IPH JIOKOMOLMAX B PEKHUME AKTUBHOM Ui BCEX HCCIEIyEeMBbIX
mbI, kpome M. Tibialis. Paccmorpenne HopmupoBanHoii aMmuuTyasl DMIT (BHECEHHE MOMPAaBKU
Ha BEJIMYMHY BECOBOM HArpy3KH — IMPUTAT) MOKa3ajo, 4To0 DMI-CTOMMOCTh JOKOMOIMI B XOie
1oJieTa 1O CPAaBHEHUIO C (POHOBBIMH HCCIEIOBAHUSMHU CYHIECTBEHHO YBEIMYUBACTCS BO BCEX
UCCIIEAyeMBbIX MbIINAx. JlanpHEeHIIMKA aHamu3 JaHHBIX MPEICTaBISIETCS 3HAYUMBIM - JUIA
KOPPEKTHUPOBKU PEXKHUMOB JIOKOMOTOPHBIX TPEHHPOBOK B IPOMOJDKUTENBHBIX KOCMHUYECKHX
SKCHEIUIMAX U YAy4IIEeHUs peaOMINTAllMOHHBIX MOAX00B K HapYyLUIEHUSM OIOPHO-ABUIaTeIbHOIO
annapara nociue KII.

HccnenoBanue noaaepkaHo rocynapcTBEHHON Kopriopanueil «PockocMocy.

ELECTROMYOGRAPHIC CHARACTERISTICS OF HUMAN MUSCLES ACTIVITY
DURING WALKING AND RUNNING UNDER CONDITIONS OF SPACE FLIGHT

Brykov V.1., Semenov Yu.S., Rukavishnikov I.V,, Saveko A.A., Osetskiy N.Yu., Kitov V.V.
RF SSC — 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 particular - the muscular periphery
and the system of movement control (Grigorieva LS, co-author 1983, Kozlovskaya IB 1983-2008) .
After completion of both short and long space flights (SF), immediately after landing, changes in
the kinematics of locomotion are detected (Kirenskaya AV, Kozlovskaya IB, Sirota MG 1986
Kozlovskaya 1B 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 disorders 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 the participation 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 sessions of the experiment 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 was pushed 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:
warm-up walking, slow, medium and fast running and final walking. The cosmonauts chose the
walking / running speed independently, according to the state of health, the cyclogram contained
only recommended values. The axial load during running in zero-gravity conditions is provided by a
special training-loaded suit, attached to BD-2 system by special bungees, which provides contact
with the treadmill and creates a load on the body of the operator, which is usually 50-70% of the
terrestrial weight of the cosmonaut.

During the test, the walking and running speed, distance traveled, heart rate and
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 initial records with the remote constant
component, the time series of the absolute values of the 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 the integrated myogram, the following is calculated for each burst: the peak
amplitude; the area under the curve of the absolute values of the voltage versus time (the area of the
burst); the duration and frequency of the burst.

The analysis of the shin and hip 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 higher than for
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 the EMG cost 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 improving rehabilitation approaches to musculoskeletal disorders after SF.
The study is supported by the state corporation «Roscosmosy.

PAKTOPBI, MOAVYIUPYIOINUE UMMYHOCYIIPECCUBHYIO AKTUBHOCTD
MYJBTUIIOTEHTHBIX ME3EHXUMAJIBHBIX CTPOMAJIBHBIX KJIETOK INVITRO

T'opnocmaesa A.H., boowvinesa I1. 1.
I'HILI P® — UMBII PAH, Mocksa

MCK (My/IbTUIIOTEHTHBIE ME3€HXHUMaJIbHbI€ CTBOJIOBBIE KIJIETKH) MPEACTaBIAIOT OOJIbLION
UHTEpeC s HccienoBarened Omarogaps TakuM YHUKaJIbHBIM CBOWCTBaM KakK BBICOKas
napakpuHHas W nponudepaTtuBHass ~— aKTMBHOCTb,  CIIOCOOHOCTh K MYJIBTHJIMHEHHOMN
muddepennupoBke. X HU3Kas HMMYHOT€HHOCTh B COYETaHHHM C HMMYHOMOIYISATOPHBIMHU
CBOWCTBaMHM JieaeT BO3MOXHbBIM IpuMeHeHune ajutoreHHsix MCK. OpHako, HeCMOTpsl Ha TO, 4YTO
UMMYyHOMOAY/IATOpHbIN noreHian MCK akTHMBHO M3ydaeTcs, MUMEIOLIMECsS JIaHHbIE J0CTAaTOYHO
pPa3sHOPOAHBL. AHaJIW3 JMTEPATYPHbIX NaHHBIX IIOKa3aj, 4yTo ucxox B3aumozeictBus MCK u
MMMYHOLIUTOB B 3HAUUTEJIbHOM CTENEHU 3aBUCUT OT 3KCIEPHUMEHTAJIbHBIX YCIOBMH, a TaKXKe OT
COCTOSIHUSI CAMUX KJICTOK.

MCK. K mnHacrosumeMy MOMEHTY YOEIUTENIBHO II0Ka3aHO, YTO HMMYHOMOIYJISTOPHbIE
3P PEeKThl CTPOMAIBHBIX KIETOK W3 Pa3HBIX TKaHed moryT ommdyarbes (Carrade Holt D.D. et al.,
2014). MCK cnocoOHBI MOAYIUPOBATh OTBET KAK ayTOJIOIMYHBIX, TAK U aJUIOT€HHBIX HMMYHOLIUTOB.
B HEKOTOpBIX 3KCIepHUMEHTANBHBIX Mojensx amwtoreHHsle MCK Oonee s¢ddexkrnBHO monmaisroT
nponudeparuBHyto aktuBHOCTh EK, ueM ayronornunsie (Maccario R. et al., 2005). CymectBytot
olpesieNIeHHbIE pazuyus B peanu3aluu 3PQPeKToB B 3aBUCUMOCTH OT BHUJIOBOW MPUHAIJICHKHOCTU
CTPOMAJIBHBIX KJIETOK. YCTAHOBIIEHO, YTO Yy MBILIEH cynpeccust peanusyercs nocpeactsoM NO, B TO
BpeMsl Kak JJis 4eJIOBEKa U BCEX U3YUEHHBIX BUJOB KUBOTHBIX Noka3aH MJ[O-3aBucumbiii MexaHu3M
(KimD.S. et al, 2014).

NmmynocynpeccuBHbiil 3pdpext MCK, Haxonsmmxcss B pa3HbIX (azax pocTa, OTINYAETCA: B
COCTOSIHUM MOHOCJIOSI OHH MOJABIAIOT nponudepannto muMponuToB sppexTuBHEe. ITO CBA3AHO C
TeM, yTo pactyume MCK skcrnpeccupyloT B OCHOBHOM T'€Hbl OTBEYAIOILUe 3a MpoiuQeparuto,
KJIETOYHBI IUKJI U TA., @ 3KCIpeccHus OENKOB, CBA3aHHBIX C peanu3anueidl MpOoBOCHAIUTEIbHBIX
CBOMCTB, HaxoauTcsi Ha BbicOKoM ypoBHe Yy MCK mocturmux 90% monocnost (Kim D.S. et al.,
2014).

Eme ogaumM ¢akropom, BIUSIOMNUM Ha cynpeccuBHble cBoiicTBa MCK, siBiisleTcs KOIMUECTBO
naccaxeil in Vvitro. Iloka3aHo, YTO CBEKEBBIICICHHBIC CTPOMAbHBIC MPEAINICCTBEHHUKH HE
MIPOSIBIITIOT CYIIPECCUBHBIX CBOMCTB, B TO Bpems kak MCK 1-4 maccaxkeir 0071a1ar0T BBIPaKEHHBIM
UMMYHOMOZYIISATOPHBIM 3(PQeKToM, fanee, C YyBEIMUYECHHEM Iaccaka, MMMYHOCYIPECCHUBHBIN
norernuan MCK cumxkaercst (McIntosh K. et al., 2006, Lin C.S. etal., 2012).

BaxubiM  QaxkTopoM, CHOCOOHBIM BIMATH Ha HMMYHOMOXynATOopHbIe cBoicTtBa MCK,
ABJISIETCSl CTENEHb MX KOMMHUTHpoBaHHOCTH. Le Blanc ¢ coaBropamu mnokaszanu, 4To MoOCIeE
UHAYKIMH TUGGEpEeHIIMPOBKH B OCTE0-, aUIO- U XOHAporeHHoM HampasieHnrn MCK nopasistor
nponudepaTuBHbBIA OTBET JUMQOIUTOB TakK k€ APQPEKTUBHO Kak U B HenuddepeHIpoBaHHOM
cocrosnuu (Le Blanc K. et al., 2003). Ins s¢dexTuBHONl MMMyHOCYyNpeccun HeoOXoauma
npoBocnanutenabHas nHAykuuss MCK, koropasi mMpoHCXOAUT MpU «IHATOTe» C aKTUBHPOBAaHHBIMU
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MMMYHHBIMH KJeTKamu. Boiaensembrii ummyHHouutamu TNF-a ctumynupyet cunres [1T'E2, a IFN-
vy — 1O, KoTopbI€ ABISIOTCS KIIOUEBBIMU MEIUATOPAMU, 3a/ICICTBOBAHHBIMU B UMMYHOCYIIPECCHH.
[MpaiimupoBannsie iNVitroMCK o0nagatot ropasno 6osiee BhIpaKEHHBIMA HMMYHOMOAY/ISITOPHBIMH
csorictBamu (Krampera M. et al., 2006).

Hmmynoyumer.Ot BpIOOpa CTUMYNIATOpPA JUMQPOLUTOB, MOXET 33aBUCETh BBIPAKCHHOCTD
nuMmyHocynpeccuBHbIX cBoiicTB MCK. Tak, mocie B3aumoneiictBus ¢ MCK mponykums [FN-y
mumporuramu, aktuBupoBaHHbIME B CKJI, ®I'A u KoHA ymeHbInanach, a CTUMYJIMPOBAHHBIMH
aarurenamu (0CD3/aCD28) - yBenmnumBanachk (Prasanna S.J. et al., 2010; Kronsteiner B. et al.,
2011). Ilpm axtuBammum CD3/CD28 amonto3 T-KIIETOK CyIIECTBEHHO VYBEIWYUBAJICS TOCIE
cokynbTuBUpoBanus ¢ MCK, B To Bpems kak cpeau JUM(OIUTOB, aKTUBUPOBAHHBIX MHUTOT€HAMU
KoHA u ®I'A, He ObUIO W3MEHEHHsS JONM amomoTotudyeckux kierok. (Park M.J. et al., 2011,
I'opuocraesa A.H. u np., 2011, 2013).

Ycnosua e3aumoodeitcmeusn. BaxupiM (PaKTOpoM, OT KOTOPOTO 3aBUCHUT BBIPAKEHHOCTD
uMMmyHomoayisitopaoro 3ddexra MCK, sBnsercs cootHomenne MCK/MMMYyHOIIUTBI W Bpemst
B3aumozeicteud. CynpeccuBHble cBoiicTBa MCK ycnnmBaroTcs mpsiMo NpoONoOpLUUOHAIBHO UX J10J1€
B COKyIbType H jmtensbHocTH B3aumogzeiictus (Cappellesso-FleuryS. etal., 2010). Xots
cynpeccuBHble cBoiicTBa MCK MoOryT peanu3oBbIBaThCsl TOJIBKO Yepe3 pacTBOPUMBIE (DaKTOPBI, AJIs
0oJ1ee MOIHOrO MPOSIBICHHS HEOOXOAUMBI IIPSIMbIE KJIETOUHbIe KOHTAKTHI (SuvaD. etal., 2008).

B nameii maboparopun OCHOBHOE BHMMAaHHE YACTSETCS W3YYCHHIO POJIM KUCIOpOJa, Kak
dakTopa MUKpPOOKPYXKEHHS, BIMSHHE KOTOPOrO Ha HUMMYHOMOAYIATOpHbIe cBokictBa MCK
IPAKTUYECKH HE MCCIEA0BAaHO. MBI BBIBWIM, YTO INPU MOHMKEHHOM COJIEpP’KaHUU KHCIOpOJa
nojaBieHue mponudepani W MPOTUBOBOCHAIUTENbHBIA COBUT LUTOKMHOBOTO Mpoduis
yeunuBaercs. OT 1P noka3an, 4ro npu B3aMMOAEUCTBUN B TUIOKCUU B T-KJIETKaX CyIIECTBEHHO
BO3pacTaeT TPAHCKPUIILIMOHHAS AKTUBHOCTh TI'€HOB, YYaCTBYIOIIHUX B MOJABICHUH HWMMYHHOTO
orseta (Foxp3, 1L10, TGFb, PDCD1 u ap). OcHOBBIBasCh Ha 3THX JAaHHBIX, MbI [TOJIaraeM, 4TO B
addekre ycuneHuss uMmyHocymnpeccuBHoro noreHimana MCK B rumokcuu 3ajeiicTBoBaH MyTh
PD1, akTuBanusi KOTOPOro MPUBOIMT K O10KHMpoBKe KieTounbld mukia B GO/G1 daze. JanbHeiimee
M3yUeHHUE MO3BOJIUT BBIIBUTh MEXaHU3MBbI peanu3anuu ummyHocymnpeccurn MCK nmpu noHnxeHHOM
COJIEpKaHUH KUCIIOPO/a.

Takum 00pa3oM, GakTOpsl TKAHEBOTO MUKPOOKPY>KEHUSI OKAa3bIBAIOT CYLIECTBEHHOE BIUSHUE
Ha peaju3alfilo UMMYHOMOIYIATOpHBIX cBoiicTB MCK. JlanpHeHImui aHamu3 MOJIEKYISIPHBIX
MEXaHU3MOB B3aUMOJAEHUCTBHS CTPOMAJIbHBIX MPEAIIECTBEHHUKOB U UMMYHHBIX KJIETOK HEOOXOIUM
115t 6osiee 3¢ (HEKTUBHOTO MCIIONB30BaHUA UMMYHOCYTIpeccuBHOro noteHnuata MCK B kieTodHOM
Tepanuu.

Pabora BemonaeHa npu nogaepkke rpanta PODOU 18-015-00461 A

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 unique properties, such as enhanced proliferation, paracrine activity and multilineage
differentiation. Their non-immunogenicity, in combination with immunomodulatory properties,
opens up the opportunity for the allogeneic application of MSCs. The MSC immunomodulatory
capacity is currently being actively studied in vitro 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 and on the state 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 and allogeneic 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 species-dependent. It’s revealed, that the
immunosuppression of rodent MSCs involved NO, while IDO-mediated 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 of pro-inflammatory 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 suppressive properties, while MSCs
of 1-4 passages have a pronounced immunomodulatory effect. Further, with an increase in passage,
the immunosuppressive potential of MSCs is decreased (Mclntosh K. et al., 2006, Lin C.S. et al.,
2012).

The commitment is an important factor that may determine the immunomodulatory potential
of MSCs. Le Blanc et al. showed that after induction into osteo-, adipo- or chondrogenic directions,
MSCs retained the ability to suppress the proliferative response of lymphocytes as effectively as
they did in the non-differentiated state (Le Blanc K. et al., 2003). For effective immunosuppression,
proinflammatory induction of MSC is required, which occurs during a "dialogue™ with activated
immune cells. TNF-a secreted by immunocytes stimulates the synthesis of PGE2, and IFN-y - IDO,
which are the key mediators involved in immunosuppression. MSCs primed in vitro have much
more pronounced immunomodulatory properties (Krampera M. et al., 2006).

Immunocytes.The choice of a stimulator is critical, as MSC immunomodulatory effects may
depend on the nature of the activating agent. For instance, the IFN-y production by PHA-, ConA- or
MLR-activated lymphocytes after interaction with MSCs was low, on the contrary, by
aCD3/aCD28-stimulated — was increased (Prasanna S.J. et al., 2010; Kronsteiner B. et al., 2011). In
the co-culture with MSCs, the CD3/CD28-activated T-cells demonstrated a significant increase in
apoptotic cells, at the same time, the share of apoptotic cells did not change among ConA and PHA -
stimulating lymphocytes (Park M.J. et al., 2011, T'opaocraeBaA.H. uap., 2011, 2013).

Conditions of interaction. The MSCs/ immune cells ratio and duration of interaction are an
important factors defining the efficiency of MSC-mediated immunosuppression. The suppressive
effects of MSCs have been demonstrated to be directly proportional to the MSC number in culture
and duration of interaction (Cappellesso-Fleury S. et al., 2010).

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

Our laboratory is focusing on the role of oxygen as microenvironmental factor. Its effect on
the immunomodulatory properties of MSCs is almost not investigated. We found that inhibition of
proliferation and anti-inflammatory shift of the cytokine profile is enhanced under hypoxic
conditions (5% O,). RT PCR analysis revealed an up-regulation of T-cells genes associated immune
respone suppression (Foxp3, 1L10, TGFb, PDCD1, etc) after interaction with MSC under hypoxia.
Based on above, we suppose, that the PD1 pathway could be implicated in enhancement of MSC
immunosuppressive potential at hypoxia. It’s activation leads to a blockage of the cell cycle in the
GO/G1 phase. Further study will reveal the mechanisms for the implementation of MSC
immunosuppression under reduced oxygen level.

Thus, the microenvironmental factors 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 RFBR 18-015-00461
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CPABHUTEJIBHBIE UCCJIEJOBAHUS CTPOEHUS ITIA3A Y Pblb DANIORERIO,
HAXOAUBHINXCHA B YCJIOBUAX MUKPOT'PABUTALIUN U JTABOPATOPHOT' O
KOHTPOJIA.

ITpywmuna O.A.
I'HII P® — UMBIT PAH, Mocksa

JinTenpHple KOCMUYECKHE OKCHEIUIMKA TPeOYyIOT [UIs JKUIMAXa CO3JaHHs CUCTEM
AKHU3HEOOecIeueHus, BKIIIOYAIOIIMX B CBOM COCTaB pPa3jM4Hble aBTOTPO(HBIE U reTepoTpodHbIC
OpraHu3MBbl, CIOCOOHBIE O0ECIeYUTh YeNOoBEeKa MUTAaHHEM. B KadecTBe rerepoTpoHOro 3BEeHa
6uosiornyeckoit cuctemsl xuzHeoOecneuenus (bCXO) paccmarpuBaroTcs pasjinyHbIe KUBOTHBIE
OpraHu3Mbl, B TOM uucie u pbiObl. Briouenune pei6 B cocraB BCXKO HeBo3MokHO 06e3
BCECTOPOHHETO HCCIEI0OBaHUS BIUSAHMS (DAKTOPOB KOCMHYECKOrO TojleTa Ha HX Mopdo-
(U3NOTIOTHYECKOE COCTOSHUE.

OOBEKTOM HCCIEOBaHUI SBISUTUCH B3pOCible pplObl Daniorerio, mpecHOBOgHbIC JTydenéphie
pBIOBI cemericTBa kapmoBbix (Cyprinidae), Hanbosee U3y4eHHbI MOJEITbHBIA 00BEKT Cpeu phIO.

Llenpto paboThl OBUIO UCCIEIOBAHUE BIMSHMS YCIOBUM KOCMHYECKOTO IOJIeTa Ha CTPOEHUE
r1a3a y peiosr Daniorerio.

[ToaroroBneHHble JUIsl MPOBEAEHUS TMCTOJIOTMYECKOTO HCCIIEAOBAaHUN Mpenaparsl ppld Obun
nepenansl B [THI[ P®-UMBII PAH B coorBerctBum ¢ CornameHueM Mexay SnoHcKum
AIPOKOCMUYCCKUM  HCCIIeNoBaTeNbekuM — areHTcTBoM  (JAXA) u  DepepaibHbIM  KOCMHYECKUM
areHTcTBoM (Pockocmoc), ot 5 utonst 2012 r. DxcnepruMeHT MpoXoauit Ha 60pTy MexyHapoaHOM
kocmuueckoit cranuuu (MKC), rae B Teuenue 36 CyTok B CHEIMaIbHO pa3pabOTaHHOM aKBapuyMme
comepxanock 18 B3pochbix pei0. [l0 OKOHYAHHIO KOCMHUYECKOTO AKCIEPUMEHTa PHIOBI OBLIN
3aukcupoBanbl Ha ©Oopty B 4% mnapadopmanpaerune Ha docharnom Oydepe (pH 7.2).
3adukcupoBaHHblll Ouomarepuan Obul jgocraBieH Ha 3emito.KoHTponem cimyXunu pbiObl,
COIep)KaBUIMECS B akKBapuyMmMe  IIOJIETHOIO THMAa B J1a0OpaTOpHBIX YCIOBUSAX Ha 3emie.
3adukcupoBaHHbIe PHIOBI W3 TOJETHOW M KOHTPOJBHOW Tpynn ObutM 3aimuThl mapaduaom. C
napauHOBBIX OJIOKOB C/€Jajld TOTaJbHBIE MONEPEYHbIE CPe3bl PbIO TOMIMHOW B 5-7 MKM (W).
Kaxxip1i mAThIN npernapar OKpalruBald TeéMAaTOKCUIMH-303UHOM 110 Metony Kapaqun. M3yuenue u
¢dororpadupoBaHye MpenaparoB MPOBOAMIN Ha CBETOBOM YPOBHE C IOMOIIBI0 MHMKpPOCKONA
«Unilus-12» (SInoumust) i kamepsr  Levenhuk™C 800.

PpiObl BOCHpUMHMMAIOT OONBIIOE KOJIMYECTBO CHUTHAJIOB M3 BHEIIHEH cpenpl, W A
BOCHPUATHS UX PbI0a UMEET BHICOKOCIIELINAIN3NPOBAHHYIO CEHCOPHYIO CUCTEMY, KoTopasi o0ianaer
BBICOKOI UyBCTBUTENIbHOCTBIO. (CeHCOpHas cucTeMa BKJIIOYaeT B ce0sl pelenTOpHBIN anmapar —
I71a3, KOTOPOMY TPHHAICKHUT 0cobast poib. Cpena oOuTaHus HAJIOXKIIIA OTIIEYaTOK Ha (YHKIIUU U
Mopdosoruio masza peiobl. [loaToMy, HaxoXaeHHEe phIObl B HEOOBIYHBIX YCIOBHUSX, @ UMEHHO, B
OTCYTCTBHM 36MHOM I'pPaBUTAIlMU, MOXKET OKa3aTh ONPEACIEHHOE BO3ICHCTBUE U OpPraH 3pEHHUSL.

Crpoenue a3 peiObl Daniorerio, umeer Te ke 0OOLIME CTPYKTYpPBI, YTO U Yy BBICIIHX
03BOHOYHBIX. Ha rucronornyeckux mnpenaparax gab0paToOpHOrO KOHTPOJS BUIHO, YTO IJia3a phiO
cocTtosIT u3 3 obonouek: GUOPO3HON, COCYIUCTON M ceTyaroil. J[OMOTHUTENbHbIE KOMIIOHEHTHI
[JIa3HOTO sI0JI0Ka - BOJISIHUCTBIE KaMephl, CTEKJIOBUIHOE TeJIO U XpycTanuk. @udbpo3Has o0osiouka
o0pa3oBaHa COETUHHUTEIbHON TKaHbIO, JETUTCS Ha 3aIHIOI0 YacTh - CKIEPY U MEPEAHIOI0 YacTb —
poroBuny. Ceruarslii cioil coctouT u3 10 oT4€rnuBbIX ciioeB. HapyKHbIM NUTMEHTHBINA CIOW Y
pe1Obl Daniorerio mupokuii M IUTOIUIa3Ma OTPOCYATHIX KIIETOK IMMIMEHTHOTO SIUTENHS TYCTO
3aloJIHeHa MUTMEHTOM - MEJaHHHOM. flipa pelenTopHbIX (Majodek U KOoJOOo4yeK), OMMOISPHBIX
PAcIIONOKEHBI B HECKOJIBKO PsAI0B. TeMHOOa30(hniIbHbIE OKPYIJIbIE sI/Ipa TAHITIMO3HOTO CJIOS JIe)KaT
OJTHOPSIZTHO ¢ 00pa3oBaHHEM HEOOJbIINX CKOIIEHUH Ha OTAENBHBIX Y4acTKaX BHYTPEHHETO OTAelNa
ceryarku. Ilydku HEpBHBIX BOJOKOH, C(HOPMHPOBAHHBIX W3 AaKCOHOB TaHIIMO3HBIX KIETOK,
NPUHUMAIOIIUX HMMITYJIbChl OT HIDKEIEKAIMX PELEeNTOPHbIX W OUMOJSPHBIX KIETOK, 00pa3yroT
3pUTENbHBIN HEPB, BBIXOAALINHA U3 TIIA3HOTO A0JI0Ka B 00JaCTH CIIENOro MATHA. AKCOHBI INIHATbHBIX
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KJIETOK, PACHOJIOKEHHBIX B TAHIIIMO3HOM CJIO€ 00pa3yloT BHYTPEHHIOIO MMOTPAHUYHYI0 MEMOpaHy,
OTAEISIONLYIO CETYATKY OT CTEKJIOBHIHOTO Tea.

XpycTanuk ria3a mpo3padHblii, BBIIACTCSA B BOJIHUCTYIO KaMepy IMOYTH O POTOBHUIIBL. TKaHb
XpyCTaJlUKa COCTOUT U3 BBITSHYTBIX O€3bAJEPHBIX BOJOKOH OKPYXEHHBIX IUIOTHOM KarcCysou.
[lepennsist vacTh XpycTajnKa BbICTIIaHA OJHOCIOWHBIM IUIOCKUM snuTenreM. KieTku xpycranuka,
oOpalleHHble K KaMepe CTEKJIOBHUJHOIO Teja, BBITAHYThl. Ha OTIEeNBHBIX TI'MCTOIOIMYECKHX
npenaparax ~— BOJOKHAa  HMMEIOT  BUJA  NPOJOJBHBIX  CBETIBIX W Oolee  TEMHBIX
503MHO(QWIBHOOKPAIIECHHBIX YYaCTKOB.

CTeKI0BUAHOE TEJO MPECTABISAET cO00M MacCy MPO3pavyHOro CTyIHEe0Opa3HOro, aMop(hHOro
MEXKJIETOUHOTO BELIECTBA, KOTOPOE OTPAaHUYEHO BHYTPEHHEH MOrpaHUYHON MEeMOpaHO#l ceTyaTky,
XPYCTAIMKOM U paayXHOU 000510ukoifl. CTEKIOBUIAHOE TEIO (PUKCHPYET XPYCTAIUK U CIIOCOOCTBYET
PACTSKEHUIO U IPWIETAaHHUI0 BHYTPEHHUX CJIOEB CETYaTKU K MUIMEHTHOMY ciior. CTekIoBUAHAS
BJIara MrpaeT BaXHYIO pOJb B MeTa0oiaM3Me ceTyarku. Bmecre ¢ BOISHUCTOH Biaroii kamep
CTEKJIOBHJIHOE TEJIO MOJAEP)KUBACT BHYTPUIIA3HOE JaBiieHUe. VI3BEeCTHO, 4TO 3pUTENIbHAs
akkomonaius y peio Daniorerio, kak y Bcex KapIoBbIX, COBEPIIACTCS MYyTeM YIUTMHEHHS XPYCTalInKa
BIIEpE WIM Ha3aj, NpUOIMKasACh K pOTOBUIIE MITH YIAIAACH OT HEe.

['mcTonornyeckue MCCiIeIoBaHKs MpenaparoB mia3 peiobl Daniorerio u3 moyieTHO# Trpymibl
BBISIBUJIO JIByXCTOPOHHEE YMEHBLICHUs 00beMa CTEKJIOBHIHOTO TeJla, YTO BBIPA3UJIOCh B CY)KEHUU
KHUJIKOCTHOM TIOJIOCTH TJIA3HOTO SI0JIOKA, CKIAMYaTOCTH CETYATKH, CTPYKTYPHBIX HW3MEHEHUSX
XpyCTalMKa U BHYTPEHHHMX CJIOEB CETYaTKU. XPYCTAJIUK B MEpPEeJHEH 4YacTU TECHO IpPUJIETraeT K
poroBuIle, 3aJHSAA TOBEPXHOCTh MpHXKATa K ceTyarke ¢ oOpa3oBaHuMeM HporuOoB ee cioeB. Ha
y4yacTKax [JaBJIEeHUs XpYyCTaJMKa M MporuOoB HaOmrofgaercs MO0 yBEIMYEHHE pPa3MEpoB sep
TaHTJIMO3HOTO CJIOsf, JINOO sapa MPHOOPETaoT OBAIBHYIO GopMy ¢ oclabiieHneM 0a30(UIBLHOCTH,
WIA OHU JIM3UPOBaHbl. Y OAHON pBHIOBI U3 OMBITHON I'PYyMIbl OOHAPYKEHBI, PE3KO BbIPA)KEHHBIE
U3MEHCHHUS, XapaKTEePHU3YIOIIUECS CKaThueM HE TOJbKO BHYTPEHHEH MeMOpaHBl, ONTHYECKUX
BOJIOKOH U TaHIVIMO3HOTO CJIOS, HO M YIUIOILEHHEM IUIEKCU(OPMHBIX CIOEB BIUIOTH O HApy>KHOI'O
AJIEPHOTO CJI0sl, COCTOSIILIETO U3 sIEp MaJoYeK M KOJOOo4YeK. XPYCTalIUK Y 3TOH phIObl IPO3pauHbIii,
OJIHAKO, B OT/JEJIbHBIX BOJIOKHAX OOHAPY)KEHBI MEJIKME BaKyOJIH U MPOJIOJIbHbBIC CKIIQJKH Ha TPaHUIIe
C BOJIOKHUCTBIM CJI0€M Karcyibl. HabmonaeTcst Takyke moTepsi ynpyrocTd Karcyibl XpyCcTalliuKa, YTo
IPOSIBUJIOCH B 00pa30BaHUU «BOJIHUCTOCTH» HapY)KHOM Karcyibl. B obmactu pagyXku OTMEYEHO
HAJIMYHME CTa3a W MaJIOKPOBHE KaMWILIIPOB XOPOHWA, YYAaCTBYIONIMX B OOpa30BaHWU BOASHHUCTOU
KHUJIKOCTU. B COeMHUTENBHOM ClI0€ COCYIUCTON O0OJIOYKU ATOM 00JIACTH BHJIHBI 3€pHA YEPHOTO
NUTMEHTA, YTO HE HAOIIONAeTCS B TIa3aX PIOOK KOHTPOJIBHOM TPYIIITEI.

Takum oOpa3om, mpu HcClienoBaHUH 11a3 pbid Daniorerio u3 moneTHOW TpyIIIbl BHISBICHBI
NPU3HAKHA CHIDKEHHsI 00beMa CTEKJIOBHIHOTO Tella, YTO TMPHUBENIO K YMEHBIICHHIO MOJIOCTH 3aIHEH
KaMephl, OYaroBble M3MEHEHUS CTPYKTYphl BHYTPEHHHUX CJIO€B CETUaTKH, 0Opa30BaHUIO CKJIAJI0K
CeTUaTKW;, BaKyOJHM3allMd W CMOPIIMBAHHWE XPYCTAJIMKOBBIX BOJOKOH, W3MEHEHHIO KOHTYpOB
Kamncyiasl Xpycranuka. CHuXeHHe oObeMa CTEKJIOBHAHOIO Teja BIeYeT 3a coOOW majeHue
BHYTPHIJIA3HOTO JIABJICHUS U HApYIIEHUIO MeTabonn3Ma ceTdarku. CxkaThe XpyCTalIuKOM CeTYaTKH
B TOM YHCJIE HEPBHBIX BOJIOKOH BJICUET 3a OO0 HapylIeHHe Nepeiaul UMITYJIbCOB OT PELENTOPHBIX
KJIETOK (KOJIOOYEK U Majov€eK) B 3pUTENIbHBIE 10U CPETHETO MO3Ta.

[TprurHOI MOAOOHBIX HAPYIIEHUH B CTPYKTYpE IV1a3 phl0 U3 MOJIETHON I'PYIIIbl CKOPEe BCEro
SBJSIFOTCSL CHIDKEHHME YPOBHS TOCTYIUICHHs JMaji3ara IUia3Mbl KPOBH W3  apTepUABHBIX
KalWUISIPOB XOPOWAA 3a CYET MaJeHHs THAPOCTATHYECKOrO AABICHHMS B HHUX, WM YMEHbIICHHE
CEKpelMu BOJSHHUCTOW BIIATW SMUTECIHAIBLHBIMU KIETKAMHA B OOJIACTH PAJYKKH, YTO MPHUBEIO K
U3MEHEHUIO KOJIMYECTBA U Ka4eCTBA )KUKOCTHON BJIarv, 0COOEHHO B CTEKJIOBHTHOM TEJI€.
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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, Moscow.

Long-term 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 composition is impossible without a
comprehensive study of the space flight factors influence on their morpho-physiological state.
The object of research was adult fish Danio rerio, which belongs to the species of freshwater ray-
finned fish of the carp family (Cyprinidae), 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 Russian specialists of
SSC RF-IBMP 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 (ISS) where 18 adult 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 type aquarium 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 hematoxylin-eosin by the Karachchi method. The study and photography of obtained
material were carried out at the light level using "Unilus-12" (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 has a high 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 gravity, can have a certain impact on the organ.

The structure of Danio-rerio fish eyes is the same as all higher vertebrates have. On
histological samples compared with laboratory control it is visible that the small fishe’s eye consists
of 3 components: fibrous, vascular and mesh. Additional components of the eyeball are aqueous
chamber, vitreous body and lens. The fibrous membrane is formed by connective tissue, divided into
the rear part - the sclera and the front part — the cornea. The mesh layer consists of 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 pigment - melanin. The core of the receptor (rods and cones), bipolar
cells are located in several rows. The dark-basophilic 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 receptor and bipolar
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, pushed out in the watery chamber almost to the cornea. The lens
tissue consists of elongated nuclear-free fibers surrounded by a dense capsule. The anterior part of
the lens is lined with a single-layer flat epithelium. The lens cells facing the vitreous chamber are
elongated. In separate histological samples fibers have the form of longitudinal light and darker
eosinophilic-colored areas.

Vitreous body is a mass of transparent gelatinous, amorphous intercellular substance, which is
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separated by the internal boundary 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. Together with the chambers
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 moving away from 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, structural changes 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 increased nuclei size of the
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 compression of the 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 vacuoles 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 presence of stasis 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 of the 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 the structure 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. Compression of the retina 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 is likely to be
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 to the change in the amount and quality of liquid
moisture, especially in the vitreous body.

YPOBEHb KNCJIOPOJA KAK ®PAKTOP MOAYJIAAIUU AHI' MOTEHHOI'O
IMNOTEHHHUAJIA MYJIBTUIIOTEHTHBIX ME3SEHXUMAJIBHBIX CTPOMAJIBHBIX
KJIETOK

E30axoea M.U., Kuokosa O.0.
Hayunsbie pyxoBogurenn: Auapeesa E.P., bypaskosa JI.b.
['HI] P® — Unctutyt Menuko-o6uonorudeckux npodnem PAH, Mocksa

B Hacrosmme BpeMsl NEPCIEKTHBHBIM HAIPABIECHUEM B KJIIETOYHON TEpanuu, sBISETCS
IPUMEHEHHE MYJIBTUIIOTEHTHBIX ME3eHXUMAaJIbHBIX cTpoMalbHbIX KieTok (MCK), c¢ uenbto
BOCCTAHOBJICHHMSI CTPYKTYPHBIX M (DYHKIMOHAQJIBbHBIX HApyIIEHUH TKaHell M (WJIM) OpraHoB INpHU
JICUEHUU Pa3IMyYHbIX 3a00JIEBaHMI, B TOM 4YHCJIE CBA3aHHBIX C aHTHMoreHe3oM. Haubosnee BaxkHbIE
TepaneBTuyeckue 3¢ ¢extsl npu Tpancmantaimu MCK obecneunBaroTcs B MEpByIO odepelb 3a
CUET MPOJIYKIUHU MapakpuHHBIX MeauaropoB (Madonna et al., 2009; Bailey et al., 2010; Gimble et
al., 2011). DTH KIETKH CEKpPEeTUPYIOT MHOTOYHMCICHHbIE ITUTOKHHBI U POCTOBbIE (PAKTOPHI,
CTUMYJIMPYIOIIME AaHTMOTEHE3, OTBETCTBEHHbIE 3a TMposudepanuio U PeMOAECTUPOBaHUE
BHekIeTouHoro marpukca, Bkiwodas VEGF, HGF, PDGF, FGF, WUJI-6 (ITapdenoBa u ap., 2006;
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Tpakryes u ap., 2006; Rubina et al., 2009; Locke et al., 2011; Gnecchi et al., 2016; Hodgkinson et
al., 2016). 3HaYuTENBHOE KOJIMYECTBO OKCICPUMEHTAIBHBIX pa0OT TMOCBSIICHO W3YYCHHUIO
aaruorenHoro mnorennuana MCK, BeigeneHHbIX U3 pa3Hbix TkaHed (Edumenko u ap., 2010;
[Maxmazsa u ap., 2012; Madonna, 2009; Bailey, 2010; Gimble, 2011). YcraHoBieHo, 4TO It
OpOSIBIICHUSI ~ TApaKpUHHOM  aKTMBHOCTH  CYIIECTBEHHOE  3HAYEHHE  HUMEIOT  YCIIOBUS
MUKpOOKpyxeHus. Ocoboe BHUMaHuE CTOUT YAEIUTh YPOBHIO KUCIOPOAA, 3TOT (PaKTOp, SIBISETCS
OJHUM W3 BAKHEHIIMX ONPENENAIoNX (QYHKIHMOHAIBHOE COCTOSHHE KJIETOK, B TOM YHCIE
CTBOJIOBBIX M MPOreHUTOpHBIX. B TkaneBbix Humax MCK koHIIEHTpaIs KUCIOpOoAa He MPEBbIIIaeT
7%, TakuM 00pa3oM KIETKH IN VIVO CYIIECTBYIOT B YCIOBHSX «(U3UOIOTUYECKON» THUIOKCHH
(BypaBkoBa u ap., 2012; Fehrer et al., 2007; Holzwarth et al., 2010; Mohyeldin et al., 2010).
CrnenoBarenbHO, KYJBTUBUPOBAHHE B TaKUX YCIOBHUSX SIBIseTCS Oosiee (DU3MOIOTUYHBIM, YeM B
YCIOBUSIX HOPMOKCHM (KorJa coiepkaHue kuciopona cocrtaBiasier 20% U COOTBETCTBYET
arMocdepHoMy). B psizie SKCIIeprMEeHTOB MTOKAa3aHO BIMSHUE MTOHIKEHHOTO COJIEPKAHUS KHCIOPOaa
Ha MopdodyHkioHanpHble Mokazatenn MCK, B ToM uuciae M Ha NapakpUHHYIO aKTUBHOCTh
(Bypaekosa u ap., 2009; PeutoBa u bypaskosa, 2013; Potier, 2007; Hu, 2008; Estrada et al., 2012;
Wei et al.,, 2012; Chen et al., 2014; Ciapetti et al., 2016). Cunraercs, YTO HH3KHI YpPOBEHBH
KHCJIOPOZIa MOXET TAKKe SIBISTHCS CHTHAJIIOM M JIJIsl TOBBIIMICHUS MPOMYKIHH (AKTOPOB POCTa,
CTUMYIIUPYIOIUX aHTHOreHe3. D(PQPEeKThl TUIIOKCHMH Ha MPOAYKIHIO PACTBOPUMBIX MEAHATOPOB
Yame BCEr0 M3YYaloT I0CHE€ KOPOTKOTO THIIOKCHYECKOTO IPEKOHAWIIMOHMPOBaHUS, Ha (oHe
CBIBOPOTOYHOM JICTIPUBAIIMH, TO €CTh PEUb HAET HE TOJIBKO O TMIIOKCHYECKOM BO3CHCTBHUH, HO U O
BIIMSIHUU PE3KOTO YMEHBIIEHHS KOHIICHTpauu (PakTOpOB pOCTA, YTO BBI3BIBAET TPAHCKPHUIILIUIO U
TpaHCISANKI0 (AKTOPOB POCTa, XEMOKHHOB M IPOTHBOCHAIMTEIRHBIX IuTakuHOB (Leeetal., 2010;
Chakoetal., 2010; Pyouna u np., 2010; Buslettaetal., 2011). YcranosieHo, 94T0 B TaKUX YCIOBUIX
IMPOUCXOTUT KOOPJAUHHPOBAaHHOE H3MeHeHue skcrpeccun reHoB B MCK: conmepkanne MPHK
npoanruoreHHbix (akropos, Bkimtodas VEGF, PIGF, HGF, bFGF, PDGF-BB u TGF-f, Bo3pacraeT B
2-4 pa3a, a MPHK aHTMaHrmoreHHeix ¢akTopoB, Takux, kak PAI-1, anrumocrarun u
TPOMOOCIIOHAVMH, CHIXKaeTcs Oosee yeM B 2 pa3a (Rubina et al., 2009).

Jns noHumaHus (QyHAAMEHTAIbHBIX MEXaHU3MOB, OOECIEUMBAIOLIUX TEPAIEBTUUECKUE
cBoiictBa MCK, B 4acTHOCTH, UX CIIOCOOHOCTh CTUMYJIUPOBATH COCYI000pa3zoBaHue, HEOOXOAUMO
UCCJIEJIOBAHNE UX aHTMOTEHHOTO MOTEHIINAIa B YCIOBHIX TKAHEBOM KOHIIEHTPAIUH KUCIOPO/a.

B wnacrosimeit padore ucnomb3oBasii MCK, BbIZICIEHHBIE W3 CTPOMaTbHO-BaCKYISPHOM
(Gpakuuu >KUPOBOM TKAaHU 4YeNOBEKa M MOCTOSHHO KynbTuBUpyemble mpu 20% O u 5% Oo..
DKCIPECCUIO psifia TEHOB, CBS3aHHBIX C aHTHOTEeHE30M, uccienoBainu metogoMm [P B peambHoM
BpeMeHU. KoHIeHTpauuio LHUTOKMHOB B KoHauuuoHupoBaHHou cpene (KC), ompenensim ¢
HOMOIIIbI0 MMyHOGepMenTHoro ananu3a.Biusaune KC or MCK Ha pocT KpOBEHOCHBIX COCYIOB IN
Vitro oreHuBanu mo 3pQexkraM Ha HEHAMPABICHHYI) MHIPAIUI0 SHIOTENHanbHbIX KieTok (DK) B
MOJIEJIM MEXAaHUYECKOTO TMOBPEKICHUS MOHOCIOS M 1O OOpa30oBaHMIO KalWJUISPOINOI0OHBIX
cTpykTyp B 3D—Monenu 6a3anbHoil MemOpansl (Marpurens). OueHKy aHruoreHHoi aktuBHoct KC
eXViVO MpoBOAMIM Ha MOJeNU (OPMUPOBAHUS COCYIMCTON CETH B XOPHUOAIJIAHTOMCHOM 000JI0YKe
(XAO) smbpuoHoB simonckoro nepenena (Coturnix coturnix japonica).

[To cpaBuenuto ¢ MCK, kynpruBupyemsix npu 20% Oz, y MCK B ycnoBusix TKaHEBOH
KOHIEHTpAIlMM KHUCIOpPOAa, OOHApYKEHO YBEJIMYEHUE OHKCIPECCHMM TEeHOB, Yy4YacTBYIOIUX B
cocymoooOpazoBanuu: VEGF-4, ANGPTL2, PDGF, FGF, TGF MCP-1. Anaim3 mnapakpuHHOTO
npopmis MCK, BwisiBun ysenuuenue koHuentpauuu VEGF u IL-6 ortHocutensHo MCK B
HOPMOKCHYECKUX ycIoBusX. JlocTtoBepHBIX pasmuunii B mpoaykiuu MCP-1 u IL-8 oOHapykeHO He
obuto. KC or MCK B THNOKCHYECKHX YCIOBHUSX CTHMynupoBaia wmwurpammio DK invitro u
(dopMHpOBaHUE STHUMH KIETKAMH KalMUIIPOIIONOOHBIX CTPYKTYp B Marpuremne. Kpome Toro,
napakpuHabie Qakropel KC oOecreunBamu mpupocT KonmdecTBa cocymoB B XAO exvivo
(toctoBepHo B 1,5 paza), mo cpaBHeHuio ¢ KC or MCK KyabTUBHpYEMBIX MPH CTaHIAPTHOM
nabopaTtopHOW KOHIIEHTpanuu kucnoponaa (20%).

Takum o00pa3zom, mnoctosHHOe KynbTHBHUpoBaHMEe MCK B ycrnoBusx «(pU3HOIOTHYECKOM
TUIIOKCHM» TPUBOAMT K BO3PACTAHUIO AKTUBHOCTH OJKCIIPECCHUM TEHOB, YYacCTBYIOIIMX B
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COCyI000pa30BaHuy, YTO 00ECIeYnBaCT YBEIMUCHUU KOHIICHTPAIMH POAaHTMOTEHHBIX MEAHATOPOB
B KC, u anrnorernoro norenimana MCK invitro u exvivo. DT pe3ynbTarbl MOTYT MPEACTABIIATH
3HAYUTEJIbHBIA UHTEPEC I HYX]I KJICTOYHOM Teparuy U pereHeparuBHON MEIUIIUHBI.

Paboma ewvinonnena npu noooepoicke epanma Ilpoepammol nayunvix ucciredosanuti lIpezuouyma
PAH«@ynoamenmanvhoie ucciedo8anus 0Jis OUOMEOUYUHCKUX MEXHON02ULLY

OXYGEN LEVEL AS AMODIFIER OF THE ANGIOGENIC POTENTIAL OF
MULTIPOTENT MESENCHYMAL STROMAL CELLS

EzdakovaM.l., ZhidkovaO.O.
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 mediators (Madonna 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, IL-6 (Parfenova 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 tissues (Efimenko 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 determining functional 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 conditions in vivo (Burravkova et al., 2012,
Fehrer et al., 2007, Holzwarth 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 experiments, the effect of 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; Ciapetti et al., 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 short-term 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 et al., 2011). Coordinated changes in MSC gene
expression took place under above conditions: MRNA c of proangiogenic factors, including
VEGF, PIGF, HGF, bFGF, PDGF-BV and TGF-B, were 2-4 times upregulated, while mRNA of
antiangiogenic factors ( PAI-1, angiostatin 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 angiogenic potential 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 analysed by real-time PCR. The
concentration of cytokines in the conditioned medium (CM) was determined by enzyme
immunoassay method. The effect of MSC conditioned medium (CM) on the growth of blood
vessels in vitro was evaluated in wound healing assay ( non-directional migration of endothelial
cells (EC)) and by the formation of capillary-like structures in the 3D-model of the basal
membrane (Matrigel). The angiogenic activity of CM ex vivo was assessed in the model of the
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formation of a vascular tree in the chorioallantoic membrane (CAM) of Japanese quail embryo
(Coturnix coturnix japonica).

The upregulation of MSC genes involved in angiogenesis (VEGF-A, ANGPTL2, PDGF,
FGF, TGF, MCP-1) was observed under in tissue oxygen concentration. Analysis of paracrine
profile of MSC revealed an increase in the concentration of VEGF and IL-6 compared to MSC
under normal conditions. There were no significant differences in the production of MCP-1 and IL-
8. CM from MSC stimulated the migration of EC in vitro and the formation of capillary-like
structures in Matrigel under hypoxic conditions. In addition, paracrine factors of CM provided an
increase in the number of vessels in CAM ex vivo (p<0,05), compared with CM from MSC cultured
at a standard laboratory oxygen (20%).

Thus, the cultivation of MSC at "physiological 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 MSC in vitro and ex vivo. These results may be of
considerable interest for 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"

BJIMAHUE DOPEKTOB MUKPOI'PABUTALIUU HA DKCHHPECCHUIO MOJIEKYJI
AAT'E3UN MYJIIBTUIIOTEHTHbBIX ME3EHXUMAJIBHBIX CTPOMAJIBHBIX KJIETOK
INVITRO

/Kueooepnukoe U.B., Pamywnuiii A.1O.
Hayunuwii pykosooumens: 0.m.H., npogh., unen-xopp. PAH Bypaexoea JI. b.
T'ocynapcTBenHbI HayuHbll HeHTp Poccuiickoit denepanyu — MHCTUTYT MeaUKO-
ouonornueckux npodiaem PAH, Mocksa

MukporpaButanus SBIs€TCS OIHUM U3 (DPAKTOPOB KOCMHUYECKOIO IMOJETA, OKa3bIBAIOLIUM
3HAYUTEIIFHOE BO3JICHCTBHE HA OPTaHU3M YeloBeKa, F3PPEKTh KOTOPOTO MPOCISKUBAIOTCS Ha BCEX
YPOBHSIX — OT CHUCTEM OPraHOB JI0 OTIENbHBIX KJIETOK U opraHeiul. IIpeObiBaHMe B HEBECOMOCTHU
MEHSIET CTPYKTYpy KOCTHOW TKaHU M3-3a HapyleHHUs €€ (PU3HOJIOrMUecKOro peMOAETUPOBAHUS —
npeoOnaganus pe3opOIMK HaJl pereHepanueil, 0COOEHHO BBIPaKEHHOTO MPU JIUTEIbHBIX MOJIETAX.
Briensiror Heckonbko 3(p(hekToB MUKpOTrpaBUTALINH, JEHCTBYIONIMX HAa KOCTHYIO TKaHb — JEQUIUT
MEXaHUYECKON CTHUMY/SLMHM BCIEICTBUE OTCYTCTBHUS OINOPBI, IepepacrpesielieHue KHUJIKOCTHBIX
Cpell OpraHuM3Ma B KpaHUAJIbHOM HAalpaBICHUU U3-3a HEaJeKBAaTHOrO (YHKIIMOHWPOBAHUS B
YCIOBUSAX HEBECOMOCTH MEXaHU3MOB IeMOIMHAMMKH, a TAK)Ke TPAaBUTALIMOHHYIO YyBCTBUTENBHOCTh
KJIETOK, 00pa3yIoluX KOCTHYIO TKaHb.

CornacHO MeXaHOXMMHUYECKOW THMIOTe3€, MOJEKYJbl KJIETOYHOM aare3uH, MeXKIETOUHBIH
MaTpukc U LHUTOCKENET  SIBIAIOTCS ~ CTPYKTYpamH,  ONOCPEAYIOIIMMH  MEXaHO- U
I'PaBUYYBCTBUTEIBHOCTh KJIETOK. BO3HMKale B MaTpUKce HampsykeHHs JedopMalud MOTYT
nepeaaBaTh CUTHAJIBI Y€pe3 CBA3AHHBIE C HUM MOJIEKYIbI aiT€3UH BHYTPUKIETOUYHBIM [TOCPETHUKAM,
BBI3BbIBAs COOTBETCTBYIOIYIO peakiuio. Kak W3BECTHO, MOJEKYNIbl ajre3uu Kpome (QYHKLIUU
NPUKPETUICHHS] BBITIONHSAIOT POJIb TIEPEIaTYNKOB XHMHUYECKHX CHTHAJIOB. OJTH JBe (YHKIUHU
NEepeKpECTHO B3aMMOCBSA3aHBl, PEATU3YICh 3a CUET M3MEHEHHs] KOH(POpPMAIMK MOJIEKYIbl. Takum
o0Opa3oM, oauH U3 (DaKTOPOB — MEXAHHMYECKUN WIM XUMHYECKHH, NEHCTBYs Ha KOH(OpMAIUIO
MOJIEKY/Ibl aATe3uH, MOTEHIUPYeT IeHcTBHE Apyroro ¢aktopa. BHyTpHKIETOUHbIE OpraHeibl, B
CBOIO oOuepellb, MOTYT B 3aBUCUMOCTH OT BEKTOpa M CHJbl TpaBUTAIlMM IepelaBaTh 4Yepes
IIUTOCKEJIET MEXaHWYEeCKHE CUTHAJbl Ha MOJIEKYNIbl aJIre3ud W SKOpPHble OCNKH, H3MEHSSI HX
KOH()OpMalIHIO, a CIE0BATENBHO, CIIOCOOHOCTD K Iepeiaue XUMUYECKUX CUTHAJIOB.

B wactHoctu, CD105 sBnsercs snementom peuentopa TGF, mocpenHuka CUrHaJIbHOTO
yTH, UHAYLUUpYytomero Tpanckpumnuuioo reHa RUNX2, kotopslil, B CBOIO ouepeb, UMEET BaXXKHOE
3HaYE€HUE B PEryJSALUM IPoLeccoB Au(QepeHIMpoBKH U npoiudepannn ocrteodnactoB. CD44
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BBICTYIIA€T B POJM pELENTOpa OCTEONOHTHHA, KOJUIAareHa, MATPUKCHBIX METaJUIONpPOTEHHa3,
THATypOHOBOM KHCJIOTHl U Y4acTBYET B IPOLIECCAX MEXKKJIETOYHOIO B3aMMOJECIHCTBHSA, aare3uu u
murpanuu. Cyobenunuiel a4 u oS5 waTerpuHa (CD49d u CD49e, cOOTBETCTBEHHO) CITOCOOHBI
B3auMojiericTBoBath ¢ Bl u B7 cyObeauHUIITAMU C 00pa30BaHUEM TE€TEPOIUMEPHBIX OenkoB a4,
0437 n a5B1, koTopbIe ABISIOTCS OMHUMH U3 OCHOBHBIX PELENTOPOB (GHUOPOHEKTHHA U BOBJICYCHHI B
Ipolecchl aare3sud K BHEKJIeTouHoMy warpukcy. CDS51-61 mnpencraBisier co0oil  penentop
BUTPOHEKTHHA, KOTOPBII OMOCPEAYET aAre3uI0 K BHEKJIETOYHOMY Marpukcy yepe3 RGD moruBsl, a
TaKXKe y4acTBYET B TPAHCAYKLMH CUTHAJIOB U MEKKJIETOUHOM B3aUMOJEHCTBHM.

CymiecTByIOT JaHHBIE, COIJIACHO KOTOPBIM (hochopmiipoBaHHas KHHa3a (POKAIBHOM
aaresun (FAK) Moxer ocnaOmsTh CHUrHaJl OT pelentopa MaparropMoOHa, KOTOPBIM yCKOpsieT
Pe30pOLHI0 TTOCPEICTBOM aKTUBAIIMHM OCTEOKJIAcTOB, a WNU/B-kareHHH CHTrHAJIBHOTO MYTh WUIpaeT
pOJIb B PErysiliMM Pa3BUTUSA M (PYHKLIHUU OCTE00JacTOB, B (POPMUPOBAHUM KOCTHOIO CKEJIETa U €ro
IPOYHOCTH, AOCTIKEHHsI HEOOXOIMMOTO YpPOBHS KOCTHOM Macchl. Mcxons W3 3TOro, Ba)XKHO
IIOHUMAaTh, Kak YCIOBHMS MHKPOTPaBUTALMU BIMAIOT HA MOJEKYJIbl aare3uu  KIJIETOK-
IPEIIIECTBEHHUKOB KOCTHOM TKaHU. Me3eHxuMaibHble cTpoMasibHble KieTku (MMCK) sBistorcs
MEXaHOYYBCTBUTEIBHBIMU KJIETKAMM, CIIOCOOHBIMHM BOCIHPUHUMATh I'DAaBUTALIMOHHBIC CTUMYIbI, a
TaKXe KJIETKaMHU-TIPEAIIECTBEHHUKAMH TKaHEH ME3eHXHMMAIBHOTO TPOHUCXOXKICHUS, B TOM YHCIE U
KocTHOU. [ToaTOMY MMEHHO OHM OBLIM BBIOpaHBI B KaueCTBE OOBEKTA HKCIIEPUMEHTOB, B KOTOPBIX
M3y4alid BO3/IEHCTBHE MUKPOTPABUTALIMH HA dKCTIpeccuto MoJiekyn aaresnu MMCK.

JUis BBINOJHEHUS 3TOM 3a/auyd ObUIM MCIIOJIb30BaHbl BbIIEICHHBIE M3 XKUPOBOM TKaHU
MMCK, xortopsle KynbTHBHpOBamu B cpeae o-MEM, comepxkameir 10 % d¢eranpHON Oblubei
chIBOpOTKH, 50 ex/mn meHumpuuivHa, 50 MKr/miu crpentomuuuHa. [lodydeHHble KIeTKM UMeNu
ummyHoenotun  CD90+, CD73+, CD105+, CD45-. MWccrenoBaHusi TNPOBOIWINCH B
9KCIEMMEHTAJIBHBIX cepusax: crarndeckuit koutposb (K), munamumueckuit xontposs (HAK),
HEOoOXOAMMBIN JJIs aHaJuM3a BKJIaJa MEepeMelIMBaHus cpelpl ((IakoH MOMELaNIM Hallelkep), u
MoAeIUpoBaHus 3((EeKTOB MUKpPOrpaBUTAMM, Korna (iakoH momemanu Ha mwarpopmy RPM
(RandomPositioningMachine). /Ijis n3ydeHust SKCIPECCUH MOJICKYT KIIETOYHOM are3un MpOBOIMIIH
OKpaIllMBaHUE Ha COOTBETCTBYIOIME AHTUIE€Hbl KOMMEpPUYECKMMHU (IIyOpECUEHTHBIMU aHTHUTEIaMHU
(BD Biosciences, CIIIA) u aHAIM3UPOBAIA CPEAHIO HHTCHCHBHOCTH Quryopecuenuuu (CHUD).
OneHuBanu ypoBeHb dKCIpeccHH Moliekyn Mexkietounoi aaresuun - ICAM-1, HCAM (CD54 u
CD44, cooTBeTCTBeHHO), U cyoreauuuil uuterpuroB a4 (CD49d), a5 (CD49e), aV/B3 (CD51-61) ¢
UCIIOJIb30BaHUEM IPOTOYHOM nuTodayopumerpun Ha npubdope Accuri C6 (BD Biosciences, CILA).

ITocne 10-mHeBHOI >kxco3unmu Ha RPM Onuia BeIBiIeHA TeHneHnusa K cHkeHno CUD mo
mapkepam CD90, CD73 u CDI105, B kynbTypax, skcnoHupoBaHHbIX Ha RPM mo cpaBHeHMIO ¢
KYIBTYpaMH{, HaxXOISAIIMMHUCS B CTAaTUYHBIX YCJIOBHUSX, YTO MOXKET YKa3blBaTh Ha CHIDKCHHE
OKCIPECCHM  JIaHHBIX AHTHUICHOB HA  TIOBEPXHOCTHM  KJIEeTOYHOM  MeMOpanbl.  Cpemsss
xu3HecriocoOHocth MMCK ocTaBanack cTtabuiibHON M cocTaBisuia oT 96% 1o 98%. Panee mbl
nokazanu cHuwxkeHue B skcnpeccun ICAM-1 u HCAM npu 96-uacoBoit skcnosunuun Ha RPM
(Parywmneiii u ap., 2017). Ilpu 10-aHEBHON SKCIMO3MIMHU 3HAYUTEIBHBIX PA3JIUYUI B IKCIIPECCUU
ICAM-1, HCAM (CD54 u CD44, cootBercTBeHHO), a Takxke HLA-ABC u CD29 no cpaBHeHUIO ¢
KOHTPOJIbHBIMU 3HA4CHUSIMH HE ObUIO BBIsABIEHO. Takoe HuBenmpoBaHue d(pdeKTa MOTIo OBITh
BBI3BAHO MEXAaHM3MaMH aJanTaluy Ha Oojiee JUIMTENbHOM Cpoke. Taike MOoKazaHa TEHACHLUS K
CHIDKCHUIO JKcmpeccun cyowbenuuul; uHTerpuHoB CD49a (VLA-1), CD49b (VLA-2). Takoe
HE3HAYUTEIbHOE OTIIMYHE B HKCIIPECCHU MOBEPXHOCTHBIX MAapKEpOB IO CPABHEHUIO ¢ 96-yacoBOU
JKCIIO3MIMEN MOXeT ykaspiBarh Ha agantauuo MMCK k ycnoBusM MukporpasBuranuu 3a 10-
CYTOUHBIN NIEPUOL.

Taxkum obpazom, AuTenbHOE MoaenupoBaHue 3(h(HEeKTOB MUKPOrpaBUTALMN HE IPUBOAUT K
BBIP)KEHHBIM M3MEHEHHSIM SKCIIPECCUU MOJIEKYJ MEXKJIETOUHOTO B3aUMOACHUCTBUS U UHTEIPUHOB,
YTO TMO3BOJISIET TIPOTCHUTOPHBIM KIIETKAM COXPAHSTh KOHTAKTHI C JPYTUMH KJIETKaMH W
MEKKIJIETOUHBIM MaTPUKCOM.

Paboma evinonnena npu uacmuuHol noO0OepxcKe NPocPAMMbL  PYHOAMEHMATbHBIX
uccneo08anuil.
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THE INFLUENCE OF MICROGRAVITATION EFFECTS ON ADHESIA MOLECULES
EXPRESSION OF MULTIPOTENT MESENCHIMAL STROMAL CELLS IN VITRO

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

Microgravity is one of the space flight factors that has a significant impact on the human
body and it’s effects can be traced at all levels - from organ systems to individual cells and
organelles. The weightlessness changes bone tissue structure due to a disruption physiological
remodeling - the predominance of resorption over regeneration, especially pronounced during long
flights. There are several effects of microgravity on bone tissue - the deficit of mechanical
stimulation due to the lack of graviry, the redistribution of body fluids in the cranial direction 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, the intercellular
matrix and the cytoskeleton are the structures mediating the mechano- and gravity sensitivity of
cells. The strains arising in the matrix can transmit signals through associated adhesion molecules to
intracellular intermediaries, causing a corresponding reaction. As is known, adhesion molecules act
as transmitters of chemical signals in addition to the attachment function. These two functions are
cross-linked, realized by changing the conformation of the molecule. Thus, one of the factors -
mechanical or 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 molecules and anchor proteins, changing
it’s conformation, and hence the ability to transmit chemical signals.

In particular, CD105 is an element of the TGF receptor mediating the signaling pathway that
induces the transcription of the RUNX2 gene, which in turn is important 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. The a4 and a5 integrin subunits (CD49d and CD49e, respectively) are able to interact
with the B1 and B7 subunits to form the heterodimeric proteins a4B1, a4B7 and a5p1, which are one
of the main fibronectin receptors and are involved in adhesion processes to the extracellular 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 focal adhesion kinase (FAK) can weaken the signal from the
parathyroid hormone receptor, which accelerates resorption by activating osteoclasts, and the Wnt /
3-catenin 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) are mechanosensitive 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 molecules expression of MMSC was studied.

To accomplish this task, adipose-derived stromal cells was cultured in a-MEM medium
containing 10% fetal bovine serum, 50 U / ml penicillin, 50 pg / ml streptomycin. The cells had the
immunophenotype CD90 +, CD73 +, CD105 +, 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 the vial 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
fluorescence intensity (MFI) was analyzed. The level of expression of intercellular adhesion
molecules - ICAM-1, HCAM (CD54 and CD44, respectively), and integrin subunits a4 (CD49d),
a5 (CD49e), aV / B3 (CD51-61) was measured using flow cytometry on Accuri C6 BD Biosciences,
USA).

After a 10-day 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 antigens on the 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 ICAM-1 and HCAM at a 96-hour exposure to RPM
(Ratushnyi et al, 2017). At 10-day exposure, significant differences in the expression of ICAM-1,
HCAM (CD54 and CD44, respectively), as well as HLA-ABC and CD29, were not detected
compared to control values. Such leveling of the effect could be caused by adaptation mechanisms
over a longer period. There is also a trend towards a decrease in the expression of integrin subunits
CD49a (VLA-1), CD49b (VLA-2). This insignificant difference in the expression of surface
markers in comparison with the 96-hour exposure may indicate the adaptation of MMSC to
microgravity conditions over a 10-day period.

Thus, long-term 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 with other cells and the intercellular matrix.

The work was carried out with the partial support of the fundamental research program of
the IBMP RAS.

MOJIYJISIAA ®YHKIIMOHAJBHBIX CBOMCTB ME3EHXWMAJIbHBIX
CTPOMAJIBHBIX IPEJIIECTBEHHUKOB ITPHU B3BAAUMOJAEUCTBHUHU C
SHAOTEJIHNAJBHBIMHU KJIETKAMHU

Kuokoea O.B.
Hayunwii pykosooumens: bypaekosa JI.b.
I'HI[ P® — UMBIT PAH, Mocksa

MynbsTUTIOTEHTHBIE ME3eHXHMalbHbBIE cTpoMalibHbIe KiteTkn (MCK) Bece vate mpuMeHsroTes
B pereHepaTuBHON Tepanuu. IIpu BBeA€HMHM B CHCTEMHBIH KPOBOTOK CTPOMAJIbHBIE KIIETKH
B3aMMOJIEUCTBYIOT € SHAOTENHaIbHBIMU KieTkaMu (OK), uro mMoxer MoauuuupoBaTh CBOWCTBA
00ouX THMOB KJIEeTOK. OHAKO IO CHUX MOpP OCTaeTcs HEPELIeHHBIM BOIPOC O ToM, MoryT jqu OK
MOJyIHpoBaTh penaparuBHblii noreHman MCK.

AKTHUBHOE HCIIOJIb30BAHUE B PEreHEpaTHBHOM METUIIMHE ayTOJIOTMYHBIX M aJIJIOT€HHBIX
MYJIBTHIIOTEHTHBIX ME3€HXHMAJBHBIX CTPOMAQJIBHBIX KJIETOK OOYCIIOBIEHO WX Yy4YacTHEM B
pernapaTuBHOM PEMOJIEIMPOBAHUH 3a CUET MPOAYKIMHM OMOJIOIMYECKH AaKTUBHBIX MEAMATOPOB U
umMMmyHOMoyupytromux coiicts (Caplan et al., 2011; Kalinina et al., 2011; Dimarino et al., 2013;
Marquez-Curtis et al., 2015). Ins moctmxkenuss TtepaneBTuyeckoro sddexkra MCK BBogsT
CHCTEMHO, JIOKAJIbHO (MHTPAOPTaHHO) WIIM TPAHCIUIAHTHPYIOT HAa PA3IUYHBIX OPTaHUYECKHX W
Heoprannueckux Hocutensx (Leibacheretal., 2016). Bo3moxHocts 1eneBoii qocraBku MCK B
TIOBPEXXJCHHYIO TKaHb TECHO CBSI3aHA C WX OMOJOTMYECKUMH CBOMCTBAMHU. DTH KIETKH CITOCOOHBI
MHUTPHPOBATh B IOBPEXKAECHHYIO TKaHb M3 IPOCBETa COCyla MO TPAIMEHTY COOTBETCBYIOLIMX
xemoknHOB W 1mTokuHOB (Nitzsche etal., 2017). Hampaenennass murpanuss MCK (xoymuHT)
NpeACTaBiIsieT cO00OM MHOTOCTYIEHYAThId MpoIecC, BKIIOYAIOMUN aare3uio K SHA0TEIHATIbHBIM
KJIeTKaM M TOCICIYIONIYI0 TpPaHCOHIOTEIMAIbHBIA mepexon B TkaHb (Sohnietal.,, 2013;
Leibacheretal., 2016; Nitzsche etal., 2017). B npouecce xoymuara MCK B3aumozetictytot € DK ¢
MOMOIIIbIO TTOBepXHOCTHBIX Mosiekyn anre3uun (Henschler et al., 2008; Chamberlain et al., 2011).
OHAO0TeNUaIbHbIe KIETKH COCYJI0B B 00JaCTH MOBPEKICHUS MOJBEPraloTCs ICHCTBUIO Pa3IMYHbBIX
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OpoBOCHANUTENbHBIX — IUTOKMHOB (DPHO-anmpda, WDH-ramma, wuHTEpAeWKHUHBI U 1p.),
CEKPETUPYEMbIX MMMYHHBIMU KjeTKamu. [lpu meiCTBHM TPOBOCHAIUTENBHBIX HUTOKHUHOB OK
NEPEXONAT B AKTUBUPOBAHHOE COCTOSHHUE U NPOAYLMPYIOT pPa3jIMYHbIE XEMOKHHBI, KOTOpbIE
crumyiupyror xemorakcuc MCK (Daneseetal., 2007; Teoetal., 2012). Takum obpazom MCK mpu
IIEPEX0/IE€ M3 COCYJUCTOr0 pycia B TKaHb B3aUMOAEUCTBYIOT ¢ DK He TONBKO MyTeM MpsSMOTro
MEXKJIETOUHOTO KOHTaKTa, HO U C MIOMOIIbIO MApaKpUHHON perynsauuu. Bee Bo3aeicTBus, KOTOPbIM
noasepratorcss MCK Ha cBoeM nyTH B TKaHb MOTYT IOBJIMSTh Ha UX PEr€HEPATUBHBIN MOTEHIUAL.
W3ydyeHue BIUSHUS pa3IMUHBIX (akTopoB MUKpookpyxkeHuss Ha MCK sBisercs BaXHOW 3amadeid
KJIETOYHOH (DPM3MOJIOTHM W PETeHEepPaTUBHOW MEIUIMHBI. MHOTO BHUMAHHS YAETSETCS HU3Y4EHUIO
BIIMSIHUSL MOJIEKYJISIDHBIX (DaKTOPOB MHMKPOOKpYXeHHUs (koHUeHTpauuss Oz, HUTOKUMHBI M JAp.) HA
ouonornyeckue croiictBa MCK (Yamomotoetal., 2013; Choietal., 2014; Buravkovaetal., 2014). B
TO K€ BpeMs BIMSIHHME KJIETOYHBIX KOMIIOHEHTOB MHUKPOOKpYXeHHus B perymsauun Qynkuuii MCK
U3Y4C€HO B MEHBIIIEH CTEIICHHU.

[Tockonbky DK sBIAIOTCS KJIFOYEBBIM KOMIIOHEHTOM IE€PUBACKYISIPHON TKAaHEBOM HHUILU
MCK, B3auMOJEHCTBUE 3THUX KJIETOK IPEICTABISET 3HAYUTENbHBIM MHTEpPEC C TOYKHU 3pEHUs
KJICTOYHOH (Qu3nonoruu. MopenupoBaHHe MEKKIETOYHOTO B3aUMOJCHUCTBHUS INVItro mo3BossieT
uccnenoBars dpdextsl Ha MCK B coueranuum ¢ pa3iauyHbIMH (DaKTOpaMH MHUKPOOKPYKEHHS
(TUIOKCHS, TPOBOCTIATIUTENbHbBIE IMTOKUHBI U JIP.).

B nwureparype ectb ykazaHus, 4Tto B3aumozeiicteue c¢ OK MoxkeT MomaynupoBarb
nposudepaTuBHbii, AuddepeHIuPOBOYHBIM NOTEHIMAN, a TAKXKe MOJBUKHOCTh U CIIOCOOHOCTh
MCK cekperupoBarh Oesiku BHeKJIeTouHOro Marpukca (Bidarra etal., 2011; Lin etal., 2014;Merfeld-
Claussetal., 2014; Choi etal., 2016). OxHako, JaHHBIC O BIUSHUH JUTUTEIBHOTO COKYIBTHBUPOBAHUS
¢ OK na npomudeparusubiii norernnuan MCKinvitro nporuBopeunssl. [1okazaHo, 4T0 CTUMYISIIHS
nposudepanuy IpOUCXOJUT NMPU KOHTAKTHOM B3aumopencTBuu ¢ DK mpu nenpuBanuu GakTopoB
pocTa, a Takke Mpu UcXoaHo HU3KoH tioTHocTH nocaaku MCK. [1pu BhICOKOM MIIOTHOCTH MOCAIKH
U HOPMaJIbHOM KOHIIeHTpaluu (hakropoB pocra Takoro s¢¢ekra He Habmomaercs (Bidarra etal.,
2011; Steiner etal., 2012; Lin etal., 2014).

BrisiBiieHo u3menenue TpaHckpumniuonHoro npopuis MCK  nocie cokylbTUBUPOBAaHUE C
OK or 2 no 15 nHell, HO mNepeyeHb HCCIEAYEMBIX T€HOB OTIMYAETCS B pa3jInyHbIX padorax. B
YaCTHOCTH, IIOKa3aHbl TPAHCKPHUIILIMOHHBIE HM3MEHEHUS T'€HOB-PEryIsITOPOB  MHOTEHHOM
T depeHIMPOBKU (MUOKapIUH, [IaJAKOMBIIIEYHBbIH aKTHH, KaJbIOHHUH, TpPaHCHOPMUPYIOMIUN
dakTop pocta ) M ocreoreHHOM auddepeHIpoBKH (1enouHas (Qocdaraza, KOCTHBIN
Mop(doreHeTnyeckuii OenoK, KOCTHBIM CHaJONpOTENH, KoyylareH 1, TpaHCKPUIIMOHHBIM (akTop
RUNX2).OnHako,  TpaHCKpUITOMHBIE  W3MEHEHHsS  HE  CONpPOBOXKJIAIMCH  IOSBICHUEM
(GYHKIIMOHATBHOTO (DEHOTHIA TIAIKOMBIIICUHBIX KJIETOK mian ocreobnactoB (Bidarraetal., 2011,
Merfeld-Claussetal.,  2014;Lietal., 2015). boaree Toro, MCK mocie JIMTEIBHOTO
cokynpTuBUpOoBaHus ¢ OK coxpaHsuii crnocoOHOCTh K aJUIIOTEHHOM M XOHJIPOT€HHOM
nupdepenuposke (Linetal., 2014), 4To roBOpUT 0 COXpaHEHUH MYJIBTHIIOTEHTHOTO MTOTCHIIHAA.

Xopomuio u3BectHOo, yTo MCK 001a1atoT aHTHOT€HHBIMH CBOWCTBAMU 3a CYET MPOAYKLUU
(GakTOpoB pocTa, CTUMYIUPYIOIIHUX (OPMHPOBAHHE M CTAOWIM3ALUIO COCYIUCTOH CeTH
SH/IOTENMAFHBIMU  KJIeTKamMu. Tak, cekperupyembie ¢(akroper VEGF, WJI6, WNJI8 wu np.
CTUMYJIUPYIOT Tponudepanno ¥ MATPALUI0 dHI0Tenra bHbiX kietok (Xuetal., 2017). IIpu atom
B/0JIb HOBOOOPA30BaHHBIX KaMWIISPOB IIPOUCXOIUT HAKOIUJIEHHE TSKEl BHEKJIETOYHOIO MaTpuKca,
npoxnyuupyemoro MCK, 3a cuet 4ero ocymiectBisieTcs crabmimsanus cocyaucroit cetn (Merfeld-
Claussetal., 2010). IToka3ano, yro mpu B3aumoneiictBur ¢ DK MCK yBenmuuMBarOT MPOIYKIHIO
0eJIKOB BHEKJIETOYHOTO MaTpHuKca, HeooxomuMbix it aHruorenes3a (Merfeld-Claussetal., 2014).

OK Takke crnocoOHbI MOIYIHpoBaTh Murpanuonnytro aktuBHocTh MCK. Murpamus MCK
peamu3yeTcst 3a CuUeT CeKpeuudh (PEepMEHTOB, JAETPAAUPYIOIMIMX BHEKJIETOUHBIH MAaTpPUKC
(MeTayuIonpoTerHAa3bl), UX MHTMOUTOPOB M PEHENTOPOB K XEMOKMHAM, IO TPAaJUEHTY KOTOPBIX
OPOMCXOIUT JBIMKeHHE KieTok. OK mapakpuHHO BBI3BIBAIOT  yBEIMYCHHE MPOIAYKLUUHU
METaJJIONPOTENHA3bl 2 U CHIKEHUE dKcrpeccuu Oenka uHrerpuna anbda 4 8 MCK, uto npuBoauT
K yBenuueHuto ux nmoasmwxaocTu (Choi etal., 2016).
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Takum 06pa3om, HUMEIOLTUECS SKCIIEPUMEHTAIBHBIE JAHHBIE TTO3BOJISIOT PEANIONIOKHUTh, YTO
OK MonynupyrT aKTUBHOCTb CTPOMAJIBHBIX MPEIIIECTBEHHUKOB IMPU MPSIMOM MEXKIETOYHOM
B3aUMOJICCTBUM M IyT€M  IApPaKpUHHOW  PEryisiluHM, U3MEHss  npoiudepaTuBHBIN,
nudGepeHIMPOBOUHBIN, MUTPAlMOHHBINA, aHrHoreHHbli mnoteHnmuan MCK. Bo3moxHO, 3TH
3pQeKThl MOTYyT OIpeaeuTh NYTH peanu3anuud pemnapatuBHoro mnoreHnuana MCK  npu
WCIIOJIB30BaHUU IS HYXK]I KJIETOUHOM TEpaINiy U PEreHEepaTuBHON MEIULIMHBI.

Pabota BemonHena npu nogaepxke rpanta PHO Nel6-15-10407.

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 increasingly being 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 reparative 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 et al., 2011,
Kalinina et al., 2011; Dimarino et al., 2013; Marquez -Curtis 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 (into the bloodstream), local (to the target
organ), and as tissue-engineering 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 ability 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 (Sohni et al., 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). Various pro-inflammatory
cytokines (TNF-alpha, IFN-gamma, interleukins, etc.), secreted by immune cells, activate vascular
endothelial cells in the area of 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 direct cel-to-cell contact and through paracrine regulation.
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 studies examined the influence of molecular
microenvironmental factors (O, concentration, 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 microenvironmental 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 examine the effects of
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, motility and secretion of extracellular matrix proteins as well (Bidarra et
al., 2011; Lin et al., 2014; Merfeld-Clauss et al., 2014; Choi et al., 2016). However, the data on the
effects of prolonged co-cultivation with EC on MSC proliferation in vitro are controversial. It was
shown, that MSC proliferation increased during co-cultivation 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 at a high cell plating density (Bidarra et al., 2011, Steiner
etal., 2012, Lin et al., 2014).

A change in the transcriptional profile of MSCs after 2 to 15 days co-cultivation with ECs
has been revealed, but the list of investigated genes varied between experiments. In particular,
transcription of myogenic differentiation regulatory genes (myocardin, smooth muscle actin,
calponin, transforming growth factor f) and osteogenic differentiation regulatory genes (alkaline
phosphatase, bone morphogenetic protein, bone sialoprotein, collagen 1, transcription 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 differentiation after long-term co-cultivation 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 cells to 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 along the newly
formed capillaries, stabilizing the vascular network (Merfeld-Clauss et al., 2010). Furthermore,
upon EC-MSC interaction, it was shown an increased production of extracellular matrix proteins
required for angiogenesis (Merfeld-Clauss 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 increase in metalloproteinase 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, migration, angiogenic potential of MSC by direct cell-to-cell 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 grant 16-15-10407.

INCUXOJOI'MYECKUE U KIIMHUKO-BUOXUMHNYECKHUE ACIIEKTBI AJAIITAIIUU
310POBBIX JINIL K YCJIOBUAM N30JIAHIUU B TEPMOOBBEKTE

/Kypaenesa T.B.
Hayunwiit pykoeooumens- Huuunopyk U.A., k.m.H.
I'HI[ P® - UMBII PAH, Mocksa

B acmekre cTparernyeckoro IMJaHUPOBAHUS MEXKIUIAHETHBIX HKCHEAUIUN obecreueHue
aKTUBHOCTH M pabOTOCIIOCOOHOCTH KOCMOHABTOB JOJDKHO — OCYIECTBIATHCS HAa HOBOM
KaueCTBEHHOM  YPOBHE C€  y4yeTOM  OMONCHUXOCOLHMAJbHOW  MapagurMbl  ICHUXHUYECKOTO
310pOBbs.BOZHUKHOBEHHE B JUIMTEILHOM TOJIETE ICUXOJOTMUYECKUX MpoOieM, HECOMHEHHO,
CIIOCOOHO OKa3bIBaTh HETAaTUBHOE BO3JECHCTBHME Ha (U3MOJIIOTMYECKOE COCTOSIHME OpraHu3Ma B
IEJIOM M €r0 CEHCOPHBIX CHUCTEM B YaCTHOCTH, YTO MOXKET NMPHUBOAUTH K COOSM B ONEpPaTopcKoi
JESTENIbHOCTH M, KaK CIEACTBHE, K Yrpo3aM JKM3HM M 370pPOBbI0 YYAaCTHHUKOB MEXKIUIAHETHBIX
skcniequnuii (Canand.W., 2013).

MexaucuuIMHapHbId MHOTOMEPHBIN MTOIX0/ K M3YYEHHIO aJalTalllOHHBIX BO3MOKHOCTEN
4eJoBEeKa B MOJCIUPYEMbIX YCIOBHMAX HCKYCCTBEHHOM cpesibl OOMTaHUS TO3BOJIUT MOJIYYUTh
OTBEThl Ha BOIPOCHI OO0 ONTHMAJIbHOW YHCIEHHOCTH 3KHIaXKa, TE€HIEPHOW NPUHAMIEKHOCTH,
HPrOHOMHKE, HEOOXOIUMBIX pEeKUMaX MNPOPUIAKTHUECKUX MEPONPUATHH B HPEACTOALIMX
MEXIUTaHETHBIX mosietax. Llenb nccnenoBaHus - M3ydyeHUE MCHUXOJIOTMUECKUX M METabOoIMuYeCKHX
aCIIEKTOB a/IallTalliy YYaCTHUKOB 3KcriepumenTa "Cupuyc-17" k ycinoBusM 17-cyrouHoi nzonsauuu
B FeépMOOOBEKTE.
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O0BbeKTbI, MaTEepPHAIbl M METOABI HCCICOBAHUS

B nccnenoBannu yuyacTBoBaiu 6 HCIBITATENCH-T100pOBOIIBIIEB (3 MYy>KUYUHBI B BO3pacTe oT 33
no 43 nmer m 3 >keHUMHBI B Bo3pacte OT 27 g0 37 7eT), NpOIEIIINX METULIUHCKUN U
MICUXOJIOTHYEeCKUi 0TOOp U moanucasmux MupopmupoBanHoe cornacue. [IpoTokon skcrnepuMenTa
ObLT yTBEepKIeH Komuccuen mo omomenumuuackoit atuke 'HI[ P® - MBIl PAH. Bastue kpoBu
JUIsT  OMOXMMHMYECKHX AaHallM30B IPOBOAWIOCH YTPOM, HATOIIAaK, 3a 7 CYTOK JO Hayaia
HKCIIEPUMEHTA, Ha 7-€ U 14-e CyTKHU U30JISUHU, a TAKXKE HA 2-€ U 7-€ CYTKH IMOoclie ee OKoH4YaHus. B
CBIBOPOTKE KPOBH HCIIBITATENCH C MOMOIIbIO CTaHAAPTHBIX KOMMEpPUYECKHX HaOOpOB peareHTOB
omnpeaensiM  3HaueHuss 45 OHOXMMHYECKMX TMOKaszarene. I3mepeHus mnpoBoaMaM Ha
OMOXHUMHYECKOM aBTOMarndeckoM anaimusarope "TargaBT 3000" ¢upmser "Biotechnikalnstruments”
(Uranust), ouoxumudeckom ananuzarope "Clima 15" ¢upmer "RAL" (Mcnanus) m aHanmusarope
snextponutoB "EasyLiteNa/K/Ca/pH" ¢pupmer "Medica" (CILA).

IIcuxonornyeckoe TECTUPOBAHME IPOLUINA 5 MCHBITATENIEH, IEPBUYHOE IPOBOAMIOCH 3a 7
CYTOK JI0 Hadaja 3KCIepHUMEHTa, TOBTOPHOE - Ha CIEAYIOUINE CYTKHU MOCie ero okoHyaHus. Ynenam
skunaxa "Cupuyc-17" 118 NHCBMEHHOrO 3alOIHEHMs] IPEUIaralyuch CIEAYIOLUME METOAUKU:
"[lIxama mcuxonoruyeckoro crpecca", anantupoBanHas H.E. BomonesnoBoit (BogombsinoBa H.E.,
2009) pycckoszpiuHas Bepcus tecta "PSychologicalStressMeasurement (PSM-25)" (LemyreL.,
TessierR., FillionL., 1991); mkana "JlymeBnas Oons", amgantupoBannas T.B. Xypasnesoii ¢
coasropamu (XKypasnesa T.B., Uuctononbckas K.A., Enukononos C.H.., 2016), pycckosi3pluHas
Bepcuss Tecta "ThePsychacheScale” (HoldenR.R., MehtaK. etal., 2001);MHOrOypOBHEBBII
andHocTHBIA onpocHUK (MJIO) "AnantuBHocts" A.I. MaknakoBa u C.B. Uepmsnuna (bepr T.H.,
2005); ompocHuk "Crparerus NIpEOIOJIEHUSI CTPECCOBBIX cHUTyauuil" - amantupoBanHHas H.E.
Bopomnbsinosoit u E.C. CrapuenkoBoii (BomonbsinoBa H.E., 2009) pycckosi3biuHas Bepcus TecTa
"StrategicApproachtoCopingScale  (SACS)" (HobfollS.E., DunahooC. L. etal, 1993);
cUMIOTOMaruyeckuil onpocHuk "CaMouyBCTBHE B 3KCTpeMaibHbIX ycioBusx" A. Bonkosa u H.E.
BononbsuoBoit (BogonbsiHoBa H.E., 2009); meronuka "uddepeHunanbHas OIEHKA COCTOSHHUI
CHIKEHHOM pabotocmocobnoctu" - amantupoBanHas A. b. JleonoBoit m C. b. BenuukoBckoii
(Bomomesinoa H.E., 2009), pycckosiseranas  Bepcus tecta "Ermuedung-Monotonie-Saetting-Stress
(BMSII)" (PlathH. E., RichterP., 1984). ns craructuyeckoir 00paOOTKH JaHHBIX HCIOJIb30BAIIH
nakeT MpuKiIagHbix mporpamm StatisticaforWindows, sepcus 6.0. Beruuciasiiu menuany (Me),
HIDKHIOIO W BEPXHIOIO TPAaHUIBI WHTEPKBApTHIBHBIX oTpe3koB (LQr, UQr). [locroBepHOCTh
pa3Iuyunil MeXy pe3yabTaTaMy IEPBUYHOIO U TOBTOPHOIO TECTUPOBAHUM ONIPEIEIISIIN C TIOMOILBIO
kputepus BuikokcoHa. B3auMoOCBA3b  MEXJy IMCHXOJOTHYECKUMH M OMOXMMHUYECKUMU
MIOKa3aTesIMU, U3MEPEHHBIMH Ha CIEAYIOLIUE CYTKU MOCIE OKOHYAHUS SKCIIEPUMEHTA, OLIEHUBAIN
¢ moMoIIsio kodhdurrerTa koppensinu [Iupcona.

PesyabTarsl nccaenoBanus

AHanu3  J1aHHBIX MCHUXOJIOTMUECKUX TECTUPOBAHWN HaYMHAJIU C 0O0pabOTKU pe3yabTaToB
mkasl "J[0CTOBEpHOCTh PE3YNBTAaTOB UCCIEAOBAHNA" MHOTOYPOBHEBOTO JTMYHOCTHOTO ONPOCHUKA
"ApantuBHocTh". Bce wucnbiTarenu HaOpanu nmo naHHOM mikane oT 1 mo 4 6amioB U npu
NEpBUYHOM, U TPH MOBTOPHOM TecTupoBaHMsAX. [Ipu koiamuectBe O6amnoB meHee 10 pe3ynbrarhl
MoryTt cuutarbes oobekTuBHBIMU (bepr T.H., 2005). Cienyer oTMeTUTh, YTO MO LIKaJdaM TECTOB
"IIymeBHas Oonp", "Crparernu mnpeojoieHus cTpeccoBbiXx cuTyauuil" u "CamouyBcTBHE B
JKCTPEMAIIBHBIX YCIOBUSX'" JOCTOBEPHBIX Pa3IMUUil MEXKIY OLIEHKaMU MEPBUYHOTO M IMOBTOPHOTO
TECTUPOBAaHUM He BbIBIEHO. UTo Kacaercs "llIkaabl ICUX0IOTHYECKOTO cTpecca', TO U3MEPSEMBIN
€10 HWHTETPAIBHBIA TIOKa3zaTenb mncuxuueckor Hanpspbkennoctu (MIINIH) y  wucmeitareneit
YBEJIMYWIICS TIOCNIe dKcrnepuMenTa Oonee ueM B 1,5 paza (p<0.05). O ToM, 4TO WIEHBI dKHUIIaXa
"Cupnyc-17" ucnbITBIBaIM CTpECC, CBUAECTENBCTBYIOT U PE3YyJIbTAThl TECTUPOBAHUS IO METOJINKE
"NuddepenumanbHas oLEHKAa COCTOSHUM CHMXeHHOW paborocrnocobHocTH". MHIekc crpecca
(MC), n3mepsieMplil OTHOM M3 IIKaJ BBIIMIEHA3BAHHOIO TECTA, YBEJIUYMIICS MOCJIE SKCIIEPUMEHTA B
1,3 paza (p<0.05). Kpome Toro, no pe3ynsraraM TectupoBaHus ¢ nomouisio MJIO "AnantuBHocTs"
BBISIBIIEHO CHIDKeHue B 1,2 pasa (p<0.05) nepBHO-ncuxuyeckoi ycroitunBoctu (HITY). Onnako
IIPY 3TOM JIMYHOCTHBIM aJalTUBHBIN MOTEHIMAJ, COCTABHOM 4acThi0 KoToporo ssisercs HILY, He
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WU3MEHUIICS.

bamnsr HITY, UC u UIIIIH Ha 2-e CyTKH BOCCTaHOBUTEIBHOIO MEPUOA MOJOKHUTEIHHO
KOpPpeNIUPOBAIM C  KOHIIGHTpalued B KPOBH CBOOONHBIX >KUPHBIX kuciaoT (r=0.912, p<0.05;
r=0.963, p<0.01; r=0.986, p<0.01 coOTBETCTBEHHO), KOHIICHTpAIHEH [-rUApOKCHOyTHpaTa
(r=0.888, p<0.05; r=0.989, p<0.01; r=0.943, p<0.05 COOTBETCTBEHHO), KOHIICHTpAIHCH
BBICOKOUYBCTBUTENbHOTO C-peaktuBHoro oOenka (r=0.953, p<0.05; r=0.964, p<0.01; r=0.885,
p<0.05 cOOTBETCTBEHHO) M AKTHBHOCTHIO o-ammiiassl (1=0.940, p<0.05; r=0.969, p<0.01; r=0.882,
p<0.05 coorBercTBeHHO). C KOHIEHTpalKel Kanus B KpOBU Oajlibl BCEX TPEX BbIIICHA3BaHHBIX
mKajg kKoppenuposanu orpurarensHo (r= -0.906, p<0.05; r= -0.890, p<0.05; r= -0.888, p<0.05
cooTBeTcTBeHHO). bamnbr HITY, kpome TOro, moiaoXUTETbHO KOPPETUPOBAIM C KOHIIEHTpAIUEi
XOJIECTEpUHA JIMIONPOTEHI0B BbICOKOM MmioTHocTH (1=0.886, p<0.05) u KOHIIEHTpauUen
anonumnoniporenHa Al (r=0.893, p<0.05). BeisiBIeHHBIE KOPPEISAIMOHHBIE CBS3U MEXKIY
IICUXOJIOTUYECKUMHU U OMOXMMUYECKUMU [TOKA3aTeNsIMU TaK )K€ MOATBEPKIAAIOT HAJIMYKUE CTpecca y
UCHbITaTeNIel, OCKOIbKY U3BECTHO, YTO MPH CTPECCE MO/ BIMSIHUEM KaTEXOJaMUHOB MOBBIIIAETCS
KOHIIEHTpAIMsi B KPOBH MEIMATOPOB OTBETa OCTPOW (hasbl, BO3ACUCTBHE IITFOKOKOPTUKOUIOB
AKTUBUPYET IPOLECCHl MIMKOIU3a U IIIIOKOHEOTeHe3a, MPOUCXOIUT BHICBOOOXKICHUE U3 YKUPOBBIX
JIEN0  JIMMUJIHBIX DHEPreTHYECKUX CYOCTaHIMH, B KPOBM TIOBBIMIAETCS  KOHIIEHTpAIUs
TpaHcropTHbIX  ¢opm  xonectepuHa  (Ilopsmua  I'B., 2009), moxm  Bo3acicTBHEM
MUHEPATIOKOPTUKOUIOB yCUIIMBaeTCs SKckpenus kanus ¢ Mmool (IloctaukoB A.A., 2006). UubiMu
CIIOBaMH, TMPOUCXOASIT HW3MEHEHUS HUMEHHO TeX CyOCTpaToB U TMPOAYKTOB MeTaboiu3Ma,
KOpPEJSILUU KOTOPBIX C OLIEHUBAEMBIMU IICUXOJIOTUYECKUMHU I1OKa3aTeIsIMM HAMU OOHapYKEHBI.

BriBOabI

VY yuactHukoB 3kcnepuMeHTa "Cupuyc-17" BbISIBIEHO NOBBILIEHHE ICUXOJOTUYECKUX U
OMOXMMHMYECKUX MapkepoB cTpecca. CTpecc yMEpEeHHO BBIPAXKEH, a/leKBATHO KOMIEHCHPYETCs
OpraHU3MOM M He TpeOyeT KOpPpeKUMH crenuanucTaMu. JIMUHOCTHBIA alanTUBHBIM NOTEHIHAI
Ka)X/IOT0 U3 YICHOB SKHIIa)Ka OTPaXaeT BBICOKUI YpOBEHb MPHUCIOCOOTICHUS K MOJEIUPYEMBIM
YCIOBUSIM Cpelbl OOUTAaHUS C COXPAHEHUEM 3/10pOBbs, PAOOTOCIIOCOOHOCTH U HaBBIKOB
3¢ (EeKTUBHBIX PEIICHUN TOCTABIEHHBIX 3a]1ay.

PSYCHOLOGICAL AND CLINICAL-BIOCHEMICAL ASPECTS OF ADAPTATION OF
HEALTHY PERSONS TO CONFINEMENT CONDITIONS IN HERMETIC OBJECT

Zhuravleva T.V.
Scientific advisor-Nichiporuk 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 paradigm of a mental health.Occurrence in long-term 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 in operator activity 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 an 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 metabolic aspects of adaptation of participants of experiment
"Sirius-17" to conditions of 17-day isolation in hermetic object was the goal of research.

Objects, materials and research methods

6 subjects-volunteers (3 men aged 33-43 years and 3 women aged 27-37 years) who have
participated in research, previously had passed medical both psychological selection and had signed

52



the Informed consent. The program of experiment was confirmed by the commission on biomedical
ethics of SRC RF IBMP of the Russian Academy 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, on 7-th and 14-th days of confinement, and on
2 and 7 days after its end. The levels of 45 biochemical parameters 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 analyzer "Clima 15" "RAL"™ company (Spain) and the analyzer of
electrolytes "EasyLite Na/K/Ca/pH" "Medica Co." (USA).

5 volunteers have passed psychological testing - initial 7 days before the beginning of
experiment, repeated - next day after its termination. The following questionnaires were offered to
crew-members of "Sirius-17" 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 (PSM-25)" (Lemyre L., Tessier R., Fillion L., 1991); a scale "The mental anguish”,
adapted by T.V. Zhuravleva with co-authors (Zhuravleva T.V., Chistopolskaja K.A., Enikopolov
S.N., 2016); the Russian version of the test "The Psychache Scale” (Holden R.R., Mehta K. et al.,
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 (Modopjanova 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 (Vodopjanova N.E., 2009); test "The differential estimation of conditions of the
lowered working capacity” — adapted by A.B. Leonova and S.B. Velichkovskaya (Vodopjanova
N.E., 2009); the Russian version of the test "Ermuedung-Monotonie-Saetting-Stress (BMSII)"
(Plath H. E., Richter P., 1984).

The package of applied programs Statistica for Windows, version 6.0 was used for
statistical data processing. Medians (Me), the low and high borders of interquartile intervals (LQr,
UQr) were calculated. Significance of distinctions 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 means of Pearson’s correlation.

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 got within 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”, "Strategy of overcoming 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 of mental tension (IIMT) measured by it was
increased in volunteers after experiment more than at 1,5 times (p<0.05). The results of test "The
Differential estimation of conditions of the lowered working capacity” also testify that
crewmembers of "Sirius-17" have experienced stress. The stress index (SI), measured by one of
scales of the above-named test, has been increased after experiment at 1,3 times (p<0.05). Besides,
the decrease at 1,2 times (p<0.05) of neuropsychological stability (NPS) was found by results of
test MPQ "Adaptability” while the personal adaptive potential (which component is NPS) has been
not changed.

Values of NPS, SI and IIMT on the second day of the readaptation period positively
correlated with blood concentrations of free fatty acids (r=0.912, p<0.05; r=0.963, p<0.01; r=0.986,
p<0.01,respectively), B-hydroxybutirate (r=0.888, p<0.05; r=0.989, p<0.01; r=0.943, p<0.05,
respectively), high-sensitive C-reactive protein (r=0.953, p<0.05; r=0.964, p<0.01; r=0.885, p<0.05,
respectively) and with activity of a-amylase (r=0.940, p<0.05; r=0.969, p<0.01; r=0.882, p<0.05,
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respectively). All three above-named scales negatively correlated with blood potassium
concentration (r =-0.906, p<0.05; r =-0.890, p<0.05; r =-0.888, p<0.05, respectively). Points of
NPS, besides, positively correlated with cholesterol high-density lipoproteins’ concentration
(r=0.886, p<0.05) and with apolipoprotein Al concentration (r=0.893, p<0.05). The revealed
correlations between psychological and biochemical parameters also confirm the presence of stress
in volunteers as it is well-known, that in stress - blood concentrations of transmitters of acute phase
answer are raised under the influence of catecholamines, processes of glycolysis and
gluconeogenesis are activated by impact of glucocorticoids, 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), i.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 at participants of
experiment "Sirius-17" 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 high level of the adaptation to simulated conditions of inhabitancy with
preservation of health, working capacity and skills of effective decisions of assigned tasks.

BJIMAHUE 17-CYT9‘IHOI71 N30 10U HU B TEPMOOBBEKTE C KPATISOBPEMEHHOFI
JENNPUBAIIMEN CHA HA KJIETOYHBIE ®PAKTOPbI UMMM YHHOU CUCTEMbI
YEJOBEKA

Kaionoea C.M.
I'HIl P® — UMBII PAH, Mocksa
Hayunblit pykoBoaurein: k.M.H.Ilonomapés C.A.

Kak u3BeCTHO, MMMyHHasi CUCTeMa MpPOSBISET BBICOKYIO CTEHNEHb IUIACTUYHOCTU M
amantuBHOCTH. B pamkax wmexayrapomHoro skcrmepumenTta «SIRIUS-2017» mnposommimck
UCCIICIOBAHUS 10 OLEHKE BIMAHUA 17-CyTOYHOHM H30JIALUM B T€PMOOOBEKTE C KPATKOBPEMEHHOMN
JIETIpUBAllMEd CHA W TMOBBIIICHHOW MCUXO03MOIMOHAIBHON HArpy3Kod Ha CUCTEMY BPOXKIEHHOTO U
aJlanTUBHOIO HMMyHHUTeTa. Pabora mnpoBonunack Ha Marepuanax KpoBH 6 J0OpOBOJIBLEB-
ucneltarenei (3 JKeHIIMH U 3 MY)K4YUH), B3STOH B (DOHOBOM Mepuoje 0 Hayaia SKCIEPUMEHTa, BO
BpeMsl JeTpUBallUd CHa Ha 15-CyTku mnpeObIBaHHMsS B repMooObEeKTe M Ha 1-e CyTKHM Iocie
3aBepiieHust 17-cyrouHoro mpeObiBaHus B repMooObekTe. C TOMOIIL METoAa MPOTOYHOM
UTOGIIYOPUMETPUH OBLIO TPOBEAECHO ONpEAETICHHE CYONOMYISIMOHHOIO COCTaBa JIUM(OIUTOB
nepudepuyeckoit kKpou, a UMeHHO T-kitetok namsatu (CD4+CD45RA+, CD4+CD45R0O+), kierox
T-xennepoB (CD4+), MOHOIMTOB W TpaHYJIOILMTOB, HeCylIux oOpa3-pacnosHaromme Toll-like
peuentopsl (TLR1-9), a Takxe ecrectBenHbix kuuiepoB EK-knetok (CD3-CD16+/CD56+). Kpome
TOTO, TMapaJjieNbHO OBLIM TOJNyYeHbl JaHHbIE 00 aOCONIOTHOM W OTHOCHUTEIBHOM COJEpXKaHWUU
HNOMYJSAIUN JIEHKOIUTOB B nepudepuyeckoid kposu, cradbminsupoBanHon DJ[TA. Crarucrtudeckas
OLIEHKA ITPOBOIMJIACH 110 METOY ITAPHOTO CPABHEHMS CPENHUX 10 KpUTEPHIO BHIIKOKCOHA.

AHanu3 cogepxaHus B nepudepruueckoil KpoBU KJIETOK MOHOIIUTAPHOTO, TPaHYJIOIUTAPHOTO
U JIUM(QOIMTAPHOTO pPSAJAOB HE BBIIBHJ CTaTUCTHYECKH JIOCTOBEPHBIX OTIMYUI 3HAYCHMH,
MOJTyYEHHBIX BO BpEMS U MOCJe U30JSAIUH, U (POHOBBIX MMOKa3aTeseH.

KittoueByto posb B 3alyCKE CUCTEMBI BPOXKAEHHOTO UMMYHUTETA P KOHTAKTE OPraHu3Ma ¢
BHEIIHUMH M BHYTPEHHUMH MaTOr€HaMu HWIpaloT KoHcepBaTuBHBIE TLR, mepenaromue curaan
BHYTPb KJIETKH, BbI3bIBasi B KOHEYHOM HTOre MU3MEHEHHE NPOQHIIS SKCIPECCHH T€HOB U 3aIlyCK
peakuuu BocnaneHus. /laHHble, TOJy4YeHHBIE 110 PE3y/IbTaTaM KPaTKOBPEMEHHOM JIeNpUBallK CHA B
ycIoBUAX 17-CyTOYHON M30IALMU B TepMOOOBEKTE, HE BBIIBWIM CTaTUCTHUECKU 3HAYMMBIX
U3MEHEHNH B KOJIMYECTBE MOHOIINTOB M T'PaHYJIOIMTOB, HECYIIINX Ha cBOeH moBepxHocTH TLR 1-9.
OpnHako Ha 1 cyTKH mociie BhIX0Jla U3 TepMO0OBEKTa Y UCIIBITAaTeNe HabI01aI0Ch CHUKEHUE YUCIia
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MOHOIIMTOB, SKCHpeccupyronmx mMemOpannsie TLR 4, 5, 6 u BHyTpuknerounsie TLR 3, 8§, 9, a
TaKKe TPaHYJIOIMTOB dKCIpeccupyromux memopannsie TLR 1, 2, 4, 5, 6 u BHyTpuKiaeTounbie TLR
3, 8, 9. Onupasce Ha MONyYEHHBIE JAHHBIE, MOXKHO IIPEAIOJIOKUTD, YTO IPEObIBAHUE B U30JIALIUU B
repMooObeKTEe B KOMIUIEKCE C JeNpuBalMell CHAa OKa3blBa€T HETaTUBHOE BIMSHHME HAa CHUCTEMY
BPOXIEHHOTO UMMYHUTETA, @ UMEHHO Ha 3Tall pacllO3HABaHUs IIATOI€HOB U 3allyCKa NEPBUYHOTO
UMMYHHOI'O OTBETA.

OnHuM W3 TepBBIX OTAloOB peakud OpraHM3Ma Ha BHEUIHIO yrpo3y, Oyae To
OaKTepHaIbHbIE MATOI€HbI (IPaMMIIOJIOKUTENbHBIC, TPAMMOTPHULATENIbHBIE WIIM BHYTPUKIETOYHBIE),
BUPYChl WJIM MPOCTEHIINE, SBISETCS AaKTUBALU CHCTEMbl E€CTECTBEHHOM IIMTOTOKCUYHOCTH,
OCHOBHBIM KJIETOYHBIM (PAKTOPOM KOTOPOM SBJISAIOTCA KIETKH ecTecTBeHHbIe kuuiepsl (EK-kneTkn),
NPOSIBIISIONINE LUTOTOKCHYECKYIO AaKTHBHOCTh IIPOTUB OIYXOJEBBIX M  HMHQOUIIMPOBAHHBIX
[aTOT€HOM KJIETOK. AHAJU3 MOJYyYEHHBIX JaHHBIX IIOKa3bIBAE€T JOCTOBEPHO 3HAYMMOE CHUXKEHUE
otHocuTenbHOTO comepxkanust EK-kimerok (CD3-CD16+ /CD56+), a Ttaxke TNK-kierok
(CD3+CD16+ /CD56+), obnamaronux cBoiictBamu T- m EK-kneTok B mepudepruyeckoil KpoBu
ucnpITaresnieid Ha 1 CyTKM mociie 3aBeplieHHs NpeObIBaHUS B TePMOOOBEKTE MO CPABHEHHUIO C
(GoHOBBIMU TOKa3aTessiMU. OHAKO HE3HAYUTENILHOE CHUXKEHUE IOKa3arellell OTHOCUTEIBHOIO U
abcomotHoro conepxkanusgs EK u TNK-kimetok mno oTHomeHuio K (OHOBBIM 3HAuUEHUSIM
HaOII0aI0Ch HA BCEX 3Tamax skcrepuMeHTa. [1oq00HbIe pe3ynbTarbl MOTYT CBUAETEIBCTBOBATH O
HapyLICHUAX B CUCTEME €CTECTBEHHOW UTOTOKCHYHOCTH IMOJ] BO3JEHCTBHEM KOMILIEKCa (haKkTOPOB,
BKJIIOYAIOIIUX M30JIALHUIO B TepPMOOOBEKTE U KPATKOBPEMEHHYIO JACTIPUBALIMIO CHA.

Ha Oonee mo3gHux »dTamax 3amyckaercss crneuu(uyueckuidi HMMMYHHBIA — OTBET,
aCCOLIMMPOBAHHBIA C aKTHBAaLlMEH aJalTUBHOIO HMMMYHHUTETa, KJIETOYHbIE (DAKTOPbl KOTOPOTO
npeacTaBieHbl nonymsanusMu T- u B-mumdonuToB. 3amyckaemblii T-XeNmepHbIMH KIICTKaMH,
aJlanTUBHBI MMMYHHBIH OTBET pa3BuBaercs mo kierouHoMmy (T-kusuiepsl) u rymopaipHoMy (B-
KJIETKH) TYTH, IPUBOSA B UTOTE€ K (POPMHUPOBAHUIO KJIETOK MaMSTH U JUTUTEIBHOMY IMO/ICPKaHUIO
3aLIUTHOIO TUTPA CIIEHU(PUUECKUX AaHTUTE B OMOJIOTMUECKUX KUAKOCTIX opranu3ma. B pesynbrare
17-cyrounoil wu307SAUMM Yy J0OpPOBOJIBLEB-UCHBITATENCH HE OBLIO BBISBICHO CYIIECTBEHHBIX
u3MeHeHuil B conepxanun CD19+ B-knerok u CD3+T-k1eTok 110 OTHOCUTENBHBIM U a0COJIFOTHBIM
3HaYeHUSAM. AHaM3 conepanus HauBHBIX T-kierok (CD4+CD45RA+), a Taoke T-Ki1eTOK nmamsiTu
(CD4+CD45RO+) Takke HE BBISIBUWI CTaTUCTUYECKH JIOCTOBEPHBIX M3MEHEHHMH B XOIe
JKcIepuMeHTa. TakuM oOpa3oM, MOXKHO TOBOPUTH O TOM, YTO, HECMOTPS Ha WHIAUBUAYAIbHYIO
BapuabeIbHOCTh, | 7-CyTOUHAs 301U B T€PMOOOBEKTE C KPATKOBPEMEHHOM JIenpUBaliieil cHa He
OKa3bIBAa€T CYLIECTBEHHOTO BIUSHUS Ha CUCTEMY aJallTUBHOIO UMMYHUTETA.

Takum oOpa3om, NMpHUBENEHHbIE BbIIIE JAaHHBIE CBUAETENBLCTBYIOT O TOM, YTO B IEPHOA
paHHEH ajanTaluyl UMMYHHOM CHCTEMBI K KOMILJIEKCY (DAKTOPOB, aCCOLIMUPOBAHHBIX C 17-CyTOUHOMN
U30JIMe B TIepMOOOBEKTE C KpPAaTKOBPEMEHHOM JempuBalMeil CHa W TOBBIILIEHHON
NICUXO03MOIMOHAJILHOW Harpy3Kou, MPOUCXOJAT U3MEHEHUS! B CUCTEME BPOKIEHHOIO MMMYHHUTETA,
peanmusyemble uepe3 mnpoduiab TLR u cucremy ecrtecTBeHHOM LMTOTOKCMUHOCTH. CuHcrema
aJIalITUBHOTO MMMYHHUTETA B JAHHBIX YCIOBUSX CYHIECTBEHHBIX IIEPECTPOEK HE IEMOHCTPUPYET.

INFLUENCE OF 17-DAILY ISOLATION WITH SHORT-TERM SLEEP DEPRIVATION
ON THE CELLULAR FACTORS OF THE HUMAN IMMUNE SYSTEM

Kayunova S.M.
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 "SIRIUS-2017", studies were conducted to assess the
effect of 17-day isolation with short-term sleep deprivation and increased psycho-emotional 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 isolation and on the 1st day after experiment completion . With the
help of the flow cytofluorimetry method, the subpopulation composition of peripheral blood
lymphocytes was determined: memory T-cells (CD4 + CD45RA +, CD4 + CD45RO +), T-helper
cells (CD4 +), monocytes and granulocytes having image-recognition Toll- like receptors (TLR1-9),
as well as natural killer cells (EK cells) (CD3-CD16 + / CD56 +). In addition, data on the absolute
and relative content of leukocyte subsets in peripheral blood stabilized by EDTAwere 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 differences between the values obtained 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 short-term sleep deprivation in the conditions of 17-day isolation did
not reveal statistically significant changes in the number of monocytes 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 membrane TLR- 4, 5, 6 and intracellular TLR- 3,
8, 9, as well as granulocytes expressing membrane TLR- 1, 2, 4, 5, 6 and intracellular TLR- 3, 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 recognition of pathogens 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 (gram-positive, gram-negative or intracellular), viruses or protozoa, is the activation of a
system of natural cytotoxicity, the main cellular factor of which are natural Killer cells (EK cells)
that exhibit cytotoxic activity against tumor and pathogen-infected cells. Analysis of the obtained
data demonstrates a authentically significant decrease in the relative content of EK cells (CD3-
CD16 +/ CD56 +), as well as TNK-cells (CD3 + CD16 + / CD56 +), which have properties T- and
EK-cells, in the peripheral blood of the volunteers onthe 1 dayafter the exit from the isolation in
comparison with background indices. However, a slight decrease in the relative and absolute values
of EK and TNK-cells quantity to baseline values was observed at all stages of the experiment.
Similar results may indicate negative changes in the system of natural cytotoxicity under the
influence of a complex of factors, including isolation in the and short-term sleep deprivation.

At later stages, a specific immune response is triggered, associated with activation of
adaptive immunity, the cellular factors of which are represented by subsets of T- and B-
lymphocytes. Triggered by T-helper cells, the adaptive immune response develops along the cellular
(T-killers) and humoral (B-cell) pathways, resulting in the formation of memory cells and the
prolonged maintenance of the protective titer 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 + CD45RA +) and
memory T cells (CD4 + CD45R0O +) also revealed no statistically significant changes during the
experiment. Thus, we can say that, despite the individual variability, 17-day isolation with short-
term sleep deprivation does not significantly affect the system 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 17-day isolation with short-term sleep deprivation and
increased psychoemotional stress, changes 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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YPOBEHb ®U3NYECKO MOATOTOBJIEHHOCTH KOCMUYECKHUX TYPUCTOB K
BBINOJHEHUIO KOCMUYECKOT'O TOJIETA HA PEJAMOJETHOM DTAIIE
MOATOTOBKH

KoBunckuii A.A.
OI'bY «HUUM HUIIK umenu FO.A. I'arapunay,
3BE3HBIN ropook, Poccus

KuioueBble cj0Ba: KocMoC, Typu3M, KocMHYecKuid Typusm, Poccus, kocmonaBTel, MKC,
KOCMHUYECKHE aImapaThbl, KOCMUYECKUI TYPUCT, PU3HIECKas TOJTOTOBKA.

3a 18 ner mUIOTHpPYEeMBIX IMOJIETOB Ha MexayHapoaHoit kocmuueckor cranmuu (MKC)
JeCAThIO  HENMPO(PECCHOHAIBHBIMA KOCMOHABTAMH — YYaCTHUKAMH KOCMHUYECKHUX IIOJIETOB
BBIIOJIHEHO OAMHHAJALATh IIOJETOB HA POCCUHCKUX HWJIOTHPYEMBIX KOCMHYECKHMX armnaparax
(IIKA). B MupoBoil NpakTUKE pa3BUTHE KOCMHYECKOTO TypHU3Ma IPEACTABIEHO IPOEKTaMHU
NWIOTHPYEMBIX KOpabiei HOBOro rnokosieHus. TakuM oOpa3oM, 4epe3 HEeCKOJIbKO JeT KOCMHUYECKUI
Typu3M OyZieT MONYJISAPHOM OTpaciibio B MUPE, HO JUIsl TOTO YTOOBI COBEPIIUTH KOCMUYECKUMN MOJIET
HY)KHO 00JIaaTh OIpPEAEICHHBIM 3allacoM «IIPOYHOCTH», TO €CTh OPraHHU3M JOJDKEH OBITh
¢u3nUeckn MOATOTOBICH K Ieperpy3aM, HEBECOMOCTH W JpyruM daxrtopam. [locTaBieHa nenb
pa3paboTark ONTHMaJbHOE COYETaHHE OOIIeH M CleUUuaJIbHOW (U3NUECKON IOArOTOBKH IS
KOCMHMUYECKHX TypUCTOB B Poccun u mMupe A COBEpUIEHHUs] KOCMUYECKOTO I0JIETa Ha Pa3iMYHbIX
[TKA.

[Tocne passama CCCP u mpakTH4ecKH TIOJNHOTO TMpeKpamieHus: (pUHAHCHPOBAHUS
KOoCMHYecKOM oTpaciu B Poccum «BBDKWIM» M CTalM IHOCTeneHHO mnociueanue 10-15 ner
pa3BUBaTbCsl  TOJIBKO ~ T€  MPEANPHUSATHS  KOCMHUYECKOM  OTpaciu,  KOTOpble  ObuIM
KOHKYPEHTOCIIOCOOHBI, U JAEATENbHOCTh KOTOPHIX MOIJVIa UMETh IPUKJIAJHOE HPUMEHEHHEe. ITO
CO3JaJI0 YCJIOBMS, B TOM 4YHCIIE€ U, JUId TOSBJIEHUS KOMMEPUECKHX KOCMHUYECKHX IPOEKTOB.
Kocmuueckuii Typu3sM MOXXET NMPUHOCUTh U YK€ MPUHOCUT HEIUIOXUE CPENICTBA «KOCMUYECKHM)»
cTpanam [1].

TakuMm 00pazoM, aKTyaJbHOCTh MCCIIEIOBAaHUI OOYCIIOBIICHANOSBICHHUEM B pa3HbIX CTpaHax
KOCMUYECKHX TYpPUCTOB(BO3pACT KOTOPBIX Kojebiercss oT 20 1o 65 neT), KOTopbie JOKHBI OBITh
IIOJTOTOBJIEHBI K PA3JIMYHOMN KYJIBTYPHO-IIO3HABATEJIbHOM, HAYYHON U JPYTOil JEATEIBHOCTH CaMOe
IJIaBHOE, 00eCIeYeHNnI0 0€30IIaCHOCTH KU3HEESATENbHOCTH, POTUBOICHCTBUIO HEOIArOoNpUsTHBIX
(bakTOpPOB KOCMHUYECKOTO T0JI€Ta M BO3MOXHBIM €0 MOCIEICTBUSM.

AHanu3 1 000011IeHNe TUTEPATYPHBIX JaHHBIX KOCMHUYECKOTO TypU3Ma CBUAETEILCTBYET, YTO
B MUPOBOHM NPAaKTUKE pa3BUTHE KOCMHMYECKOIO TypU3Ma IPEICTABICHBI IIPOEKTHI MHJIOTHPYEMBIX
KopabJeil HOBOTrO MOKOJIEHMSI: TUIOTHPYEMbIi kopabibs HoBoro nokojeHus «denepauus» (Poccus),
MHOTO(QYHKIMOHAIBHBIM muiaoTupyeMblii  kopabinb «Orion» (CIIA), wyacTHele KOCMHUYECKHE
kopabmu: Starliner (CST-100) komnanuu Boeing, «Dragon» komnanuu SpaceX, «DreamChaser» ot
SierraNevadaCorporation, «NewShepard» xommnanuu BlueOrigin. Ocoboe BHUMaHHE YIEICHO
IpoeKkTaM cyOOpOUTaNbHBIX Kopaliei, B 4aCTHOCTH CO3JaHUI0 pakeToruiaHoB «SpaceShipTwo» u
Hocutensa «WhiteKnightTwo» kommanun VirginGalactic [2].

B nannoe Bpemss B CIIA kocMHuYecKHil Typu3M CUHMTACTCS CaMOW JUHAMHUYHO
pa3BUBAIOILEHCS YaCThI0 KOCMHUYECKOW oTpaciu. YacTHblE KOPIOpAaLMM BKJIAABIBAIOT OTPOMHBIE
JEHbI'H B Ppa3pabOTKy COOCTBEHHBIX pPAKET-HOCUTENEH, CYOOpOUTAIbHBIX W OpPOUTAIBHBIX
KOCMUYECKHX Kopaliel, faxke opOUTaIbHBIX TOCTHHHUIL AJIS ATTUTEIBHOTO NMpeObIBaHUs TYPUCTOB Ha
opbute. Co3naercss U Ha3eMHasl TypUCcTUYeCKash UHPPACTPYKTypa, yKe MOCTPOEH MEpPBbIl B MUpE
KOCcMOTIOpT «Americay. [lnanupyercst co3ganue ceTu KOCMOIOPTOB 110 BCEMY MHPY, UYTO MO3BOJIHT C
HCIIOJIb30BaHUEM CYOOpPOUTAIBHBIX KOCMOJAMHEPOB YK€ B ONkailliue AecATHIIETUS YBEIUYUTH
KOJIMYECTBO JItO/IeH, MOOBIBABIIMX B KOCMOCE B COTHU pas3.

Pa3BuTtHe kocMHueckoro TypusMa B OyaylleM HEBO3MOXKHO O€3 CO3/1aHus Pa3BETBICHHOI
UHPPACTPYKTYpPbl KOCMUYECKON MHIYCTPUU TypU3Ma.
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[TpobneMa Takke aKTyaJIu3upyeTcsi TEM, YTO CYLIECTBYIONIAS IPOrpamMmMa KU3HE0O0eCeyeHHs
KOCMOHABTOB, a Takxke pe3ynabrarbl nmoarotoBku K mojeram B LIIK wmmenn FO.A. T'arapuna
BBINOJIHEHUIO KOCMHYECKUX TI0JIETOB HerpodeccuoHanbHbIMU kocMoHaBTaMu Ha MKC MoryT ObITh
WCITI0JIB30BaHbI JJIs1 HOATOTOBKM KOCMUYECKHUX TYPUCTOB IO IPYIrUM KOMMEPYECKUM IIPOrPAMMaM.

B nenom, no pesynsraraM ucciieIOBaHUI ONPEIEICHO:

- y KOCMHYECKOTO TypHUCTa B IMEpPBYIO OYEepeb JAODKHA ObITh 3aMHTEPECOBAHHOCTD,
MOTHUBUPOBAHHOCTh K TIOJETYy, TO €CTb HYXHO OOJIbIIe MOMYJIPU3UPOBAaTh M Pa3BUBATh
KOCMHUYECKHUI TYpU3M, HO Ha JaHHBII MOMEHT O I0JIETaxX, HOATOTOBKE U IPYIUX ACHEKTax 3HAOT HE
MHOTHE;

- BO BpeMs (pU3MUeCKON MOATOTOBKH Ha MPEANOJIETHOM dTare HYXKHO B MEPBYIO Ouepeib
NOJNJIEPKUBAaTh M pa3BUBaTh (PU3MUECKHE KauyecTBa, CIOCOOHOCTH TaKuWe Kak:CTaThdeckas
BBIHOCIIUBOCT; JIBUTATEIIbHO-KOOPAMHAIIMOHHBIE CIOCOOHOCTH, JIOBKOCTh (COXPAHUTh PABHOBECHE;
CIIOCOOHOCTH  BBINIOJIHATH TOYHBIE JABWXKEHHA B T.4. JuddepeHIpoBaTh yCUIUS; YMEHUE
pacciiadiaTbes, SKOHOMUYHO BBIIOJIHATH IBUKEHUS, IPE0/10JIEBATH MBIILIEYHYIO HAIPSDKEHHOCTD);

- BCE OCTalbHbIE (PU3NYECKUE KAuecTBa, CIIOCOOHOCTH TOXKE HYXKHO MOJICPKUBATH U
pa3BUBAaTh HA JIOJDKHOM [UIS «OTJIMYHOTO» (PU3MYECKOrO COCTOSIHUS YpPOBHS, Tak Kak 0e3
CHEeNHATbHON M O0mel (U3NYECKOH MOArOTOBKHM JIMYHOCTH HEBO3MOXKHO aJallTUPOBATHCA K
KOCMHUYECKHM Ieperpy3KaM, HEeBECOMOCTH, YyBCTBY TsDKECTH U MHOTHM JIPYTHM (pakTopam.

THE LEVEL OF PHYSICAL READINESS OF SPACE TOURISTS TO PERFORM SPACE
FLIGHT IN THE PRE-FLIGHT STAGE
OF PREPARATION

Kovinskiy A.A.
Federal State Organization “YU.A. Gagarin Research & Test Cosmonaut Training Center”
Starcity, Russia

Key words: space, tourism, space tourism, 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 cosmonauts-participants in space flights carried out eleven flights on Russian 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 accomplish 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 training for space tourists 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 and whose activities could have
applied have gradually "survived™ in Russia over the last 10-15 years. This created conditions, including,
for the emergence of commercial space projects. Space tourism can bring and already brings good funds
to "space" countries [1].

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, ensuring life 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 manned new-generation vehicles: the new-
generation manned space vehicle Federation (Russia), the multipurpose manned vehicle Orion (USA),
private spacevehicles: Starliner CST-100) of Boeing, Dragon's company SpaceX, Dream Chaser from
Sierra Nevada Corporation, New Shepard of Blue Origin. Particular attention is paid to the projects of
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suborbital vehicles, in particular the creation of rockets "SpaceShipTwo™ and carrier "WhiteKnightTwo"
of VirginGalactic [2].

Currently in the US, space tourism is considered the most dynamically developing part of the
space industry. Private corporations invest huge amounts of money in developing their own carrier
rockets, suborbital and orbital vehicles, 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 hundreds of times 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 that the existing 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 non-professional cosmonauts on the ISS can be used to prepare space tourists for other
commercial 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 few people know about flights, training
and other aspects;

—  during physical training in the pre-flight 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 proper level for
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.

BJIMSTHUE AHTUOPTOCTATUYECKOM T'MIIOKUHE3NUU HA KAXKTY U COJIEBOI
ATIIIETHUT Y MBIIIENA

Jlarepesa E.A.L TI'opmkosa AAZ
1 - T'HI] P® — UMBII PAH, Mocksa, 2 — MI'Y um. JlomoHocoBa, MockBa

Ananranys = CepAEYHO-COCYIUCTOM  CHUCTEMBI  4YeJIOBEKa K  MUKpPOTpaBUTALUH,
MHULUUpYETCANIepepacpeielieHMeM  KUAKOCTH B BEPXHIOIO 4YacTh Tejla M3  HIDKHEH
IIPUMCYE3HOBEHUHM T'MAPOCTATUYECKOrO TpaJueHTa JaBleHMs. [MapocTarnyecKuid TpajueHT
JIABJICHUS Y MbIIIEH MpPaKTUYECKHU HE BBIPAXKEH, OJIHAKO PEAKIUU CEplIeYHO-COCYIUCTON CHUCTEMBI
MBIIIEN B KOCMUYECKOM I10JIETE U B MOCIIETIONIETHBIN NEPUO CXOXKH C U3MEHEHUSIMU Y JIFOEN. ITOT
(dakT yka3plBaeT Ha BaXXHOCTb HE3aBHUCAILIUX OT pa3MepoB Teia (PaKTOpPOB B aJalTallMM CEPAECYHO-
COCYIMCTON CHCTEMBl MIIEKONMTAIOIINX K MHKporpaButanuu. OZHMM M3 TaKUX OTHOCUTEIIBHO
HE3aBHCHUMBIX OT pa3Mepa Tejla MEXaHU3MOB MOXKET SBJIATHCS BOJHO-COJIEBOM OOMEH, B YaCTHOCTH,
HaXO[ALIUICA MO LEHTPAIbHBIM HEMPO-TYMOPAJIBHBIM KOHTPOJIEM BOJHO-COJIEBOM alNEeTUT U
BCAChIBaHME BOJbl U AJIEKTPOJIUTOB B KUIIeyHUKE. VI3MEHEHHs TreMoIuHaMHUKU,HAOII0IaI0ecs
Opyd  BO3ACUCTBUM  (AKTOPOB KOCMHMYECKOTO TIOJ€Ta, MOTYT TakKe BHOCHUTh BKJIAJ B
(GyHKIMOHANbHbIE U3MEHEHUS KUIIEYHHKA, 1 HAa00OpOT, TaK KaK MPUMEPHO YETBEPTh CEPIEUHOTO
BbIOpOCA MOCTyHaeT B YpeBHYIO 001acTb. MOXHO MNPENNojOKUTh, YTO B IEPECTPOUKE BOIHO-
cojeBoro oOMeHa B YCIOBHSX KOCMHYECKOTO II0JIeTa MOXET y4acTBOBarTb B TOM YHCIIE U
HKEITyJOYHO-KUIIEYHBIA TPAKT, KaK €IMHCTBEHHBIN IyTh MOCTYIUIEHUS BOABI U coyiell B opranusm.C
LENbI0 OLIEHKHMBKJIA/a KEJIyAOYHO-KUIIEYHOTro TpakTa B W3MEHEHHs BOJHO-COJEBOro oOMeHa B
YCIOBUSX, MOJEIUPYIOINX BO3JEHCTBUE MUKPOTPAaBUTALIMHU, MbI PEIINIIN UCCIIEN0BaTh N3MEHECHMUS
BOJTHO-COJIEBOTO AIMIETUTA Y MbIIIEH MPUAaHTHOPTOCTATUYECKOM BbIBEIIMBAHUU.
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CammoB wMeimeir jguaun BALB/C momepramu aHTHOPTOCTaTHYECKOMY BBIBEIIMBAHHIO
(Ferreira J.A. etal, 2011).Mcrnonp30Banu aBe TPYIIBI KOHTPOJBHBIX MBIIICH: 1) «IIPUKPEITICHHBIEY,
U 2) cozeprKaluecss U30JUpOBaHHO B KieTkax Juid BoiBemnBanusa (N=12 B rpymnme). Perucrpanuto
(GOHOBBIX MMOKa3aTelell MPOBOAWIM B T€UEHHE 6 CYTOK aJalTalli K YCJIOBHSIM SKCIIEPUMEHTa, a
3areM peructpupoBanu norpedienue Boasl u 0.9% pactBopa NaCl B ycrnoBusix cBOOOAHOTO BEIOOpPa
B TeueHue 14 cyTOKBO3IEHUCTBUSA U 7 CYTOK BOCCTAHOBJICHHS, BO BPEeMsI SKCIIEPUMEHTA OL[CHUBAJIU
psia MOpHOMETPUIECKUX U TeMaTOIOTUIECKIX TapaMeTPOB.

OOHapyXWid, YTO CyMMapHbli o00beM NOTpeOIsieMOl JKUIKOCTH Yy BBIBEIIEHHBIX
YKUBOTHBIXBIIEPBbIE 4 CyTOKBbIBEIIMBaHUs cHUKaics Ha 20-30%, a B JanbHENHIIEM HE OTIIMYAJICA OT
noTpebIeHNs] Y KOHTPOJIbHBIX MbIIIeH. B meproa BoccTaHOBIIEHHUS STOT MOKa3areilb BO3pacTal Ha
50-60%. Ilorpebnenne NaCl y wmplmeii 00enX KOHTPOJIBHBIX TPYI MOCTEIIEHHO BO3pPAacTalo,
nocturasi ~150%o0t ¢oHoBoro 3HaueHuss Ha 2le CyTKH, a y BBIBEIIEHHBIX — OCTaBajoCh
HEM3MEHHBIM B TEUEHHE BCErO MEpPHO/A BHIBCIIMBAHHMAN CHIDKAJIOCh B MEPUOJ BOCCTAHOBJICHUS.
[Torpebnenue xopma (=150 r/kr/cyT), BTOpOro MCTOYHUKA HATPHs, OBLIIO OJIMHAKOBBIMY JKHBOTHBIX
BCEX TPYNNI W HE MEHAJIOCh B TEUYEHHE BCEro IEpHUOJa BHIBCIIMBAHHMS U BOCCTAHOBIICHUS.
M3MeHeHuss Macchl Telna MU BHYTPEHHHMX OPraHOB, a TaKKe IeMaToIOTMYECKHE IMOKa3aTesd ObLIN
TUMHAYHBI JUIsi Mozienn aHTuoproctarnueckor runokunesun (Ilomosa A.C. u ap., 2017). Cnenyet
OTMETUTH CYIIECTBEHHOE CHU)XEHHE MAacChl CEMEHHUKOB Y BbIBEIICHHBIX XUBOTHBIX(F (2,15)
=1,313; P=0,2982)) mo cpaBHEHHIO ¢ KOHTPOJBHBIMU XKHUBOTHBIMH, YTO YKa3bIBA€T HAa BO3MOXKHOE
CHI)KEHUE ypoBHS TectocTepoHa.llo kiroueBbIM mapaMeTpam pa3indus MeKIYy MPUKPEIUICHHBIMU U
M30JIUPOBAHHBIMU YKMBOTHBIMH OTCYTCTBOBAJIH, YTO CBUCTEIHCTBYET O HE3HAYUTEIHHOM BIHSHUU
00yCIOBIEHHOTO MPUKPEIITICHUEM CTPECCa Ha PETUCTPUPYEMBIE TOKA3aTEIH.

CHM)XEeHUE COJICBOTO amlleTHTa Yy MBIIIEeH, KaK OJUH M3 aJaNnTalOHHBIX MPOLECCOB,IPH
BO3CMCTBUM aHTHOPTOCTATMYECKOM TMIIOKMHE3UM U BOCCTAHOBJICHHH IOCIE,CBUIETEIHLCTBYET 00
U3MEHEHUSAX €ro HeWpOo-TYMOPaJbHOW pETYISIIMM M XOPOLIO COOTHOCHUTCS C JaHHBIMH,
HOJIy4eHHBIMH Ha Oosiee KpymHbIx skuBoTHbIX(Larinal.M. et. al, 2013).B nammx gambHEHIINX
UCCIICIOBAHUAX OyleT BBIICHEHO, JIeKaT JIM WM3MEHEHHs MOP(PO(YHKIHOHATBLHOTO COCTOSHUS
KHILIEYHUKA B OCHOBE 3apPETUCTPUPOBAHHOIO HAMHU BIIEPBbIE U3MEHEHUSI BOJHO-COJIEBOTO aleTHTa
Y «BBIBEIICHHBIX)» MBIIICH.

EFFECT OF ANTI-ORTHOSTATIC HYPOKINESIA ON SALINE AND WATER APPETITE
IN MICE

Lagereva E.A.}, Gorshkova A.A.2
1 — SRC RF Institute of Biomedical Problems RAS, 2 —M.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 mice is negligible, but
cardiovascular system reactions in mice during microgravity and in post-microgravity conditions are
similar to those in humans. This fact indicates the importance of factors which is not affected by
body size in the mammalian cardiovascular system adaptation to microgravity. One of these factors
can be water-salt metabolism, and particularly water-salt appetite and the absorption of water and
electrolytes in the intestine, which is undercentral neuro-humoral 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 assumed that the intestine 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 under the conditions of simulated microgravity, it was decided to investigate the water and
sodium appetite in mice in the model of anti-orthostatic hypokinesia.

Male BALB/c mice were subjected to hindlimb unloading (Ferreira J.A. et al, 2011). Two
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control groups 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 adaptation period. 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 volume ofconsumed liquid in hindlimb unloadedmice decreased
by 20-30%in the first 4 days of unloading, and hereinafter wasn’t different from the consumption of
control mice. During the recovery period this value has increased by 50-60%. Saline consumption in
control mice of both groups increased, reaching ~150% of the background values to the day 21. In
unloaded mice saline consumption was unchanged during the entire period of the unloading and
decreased in the recovery period. Chow consumption (=150 g/kg/day), as the other source of
sodium, was the same in the animals of all groups and didn’t change during the whole period of
unloading out and recovery. Body massand organs weight as well as hematological parameters were
typical for mice in HLU model (Popova A. S. et al., 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 key parametersbetween 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 regulation 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 morphological and functional
conditions of intestine could be the basis of the of water-salt appetite change registered by us for the
first time at hindlimb unloaded mice.

CAHUTAPHO-XUMHNYECKHUE UCCIIEJOBAHUA ITIOJIMMEPHBIX KOMITIO3UTHBIX
MATEPHAJIOB HA OCHOBE YIVIEPOJHOM TKAHU U CBA3YIOIIETO DH®FE 1A
HNCITOJIB30BAHUSA B OBUTAEMBIX OTCEKAX IIEPCIIEKTUBHBIX
KOCMHWYECKHUX KOPABJIEMN.

Jawykos I1.B., I]lapvkos /1.C.
I'HI[ P® — UMBII PAH, Mocksa

IIpu mpoexkTHpoBaHMM NEPCHEKTHBHBIX MUIOTHPYEeMbIX KocMudeckux ammaparoB (I1KA),
OPHUEHTHPOBAHHBIX HA MEKIIJIAHETHBIE ITOJIETHI, IPUOPUTETHOE BHUMAHUE YAEIAECTCS CHUKEHUIO
BeCa M3JEIMH 3a CUYeT pacCUIMpEeHHs JOJIW IOJMMEPHBIX MAaTrepualioB, HCIOJIb3YyEMBIX B
KOHCTPYKIMSIX M 000pYAOBaHUU KOpaOiel, OTIMYAIONINXCS BBICOKOM M3HOCOCTOMKOCTBIO, HU3KOM
IIJIOTHOCTBIO, YCTOMYMBOCTBIO K BO3JCHCTBUIO arpeCCUBHBIX Cpe€l, IO YAEIBHBIM I10Ka3aTelIsIM
IIPOYHOCTH M JKECTKOCTH, IPEBOCXOMSIIMX BCE UIIMPOKO HCIIOJIb3yEeMbIe KOHCTPYKI[MOHHBIE
NOJIMMEPHBIE M MeTaJuIMdeckue marepuansl. K uucily TakuMX NEpCHEeKTHBHBIX MAaTepualioB
OTHOCSITCSL TOJIMMEpHbIE KoMIo3ulmoHHble Marepuanbl (IIKM), BHenpeHue KOTOpbIX Tpedyer
CaHUTAPHO-XUMHWYECKONM U TMTMEHUYECKON OLEHKH HAlPaBJICHHON HAa CHWKEHMS PHUCKa 310POBBIO
SKHUIMaXA.

B mpormecce skcrutyatanMu M NpH cTapeHUM mnoiaumepHoi matpuusl (IIM) BbLAEnSIOT
BBICOKOTOKCHYHBIE JieTyune opranndeckue coequHenus (JIOC) pa3nuuHbIX KJIacCOB OMAcHOCTH, U
UX TPUTOJHOCTh PErIaMEHTHPYETCS HOPMATHUBHBIMH TPEOOBAHUSMHU MPENEIbHO JOMYCTUMBIX
xoHuenTpauuii (ITJIK).

[lenp 1aHHOrO MCCIIENOBAHUS - OLICHUTHh COCTAaB XMMUYECKUX BEILIECTB B Ta30BBIICICHUU U3
[IKM wu onpenenuTs JUHAMUKY U3MEHEHHS COCTAaBa ra30BBIJCICHUS U3 UCCIIEIYEMBIX MATEPHAJIOB
IpY CTApEeHUH Ha COOTBETCTBUE HOpMaTuBHBIX TpeboBanuit 'OCT P 50804-95.
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Merton yCKOPEHHOTO KJIMMAarM4YeCKOro CTAapeHHUs BKJIOYaeT BosxaeiictBue Ha [IM
KIIUMAaTU4YeCcKUX (PaKTOpOB, KOTOPhIE MPUBOIAT K (PUINYECKUM M XMMHUECKHM MIPeoOpa3oBaHusiIM B
[IKM. KonuuecTBeHHBIM M KaueCTBEHHBIM cocTtaB Bwiaeistomuxcs JIOC, koTopele SBISIOTCS
OPOAYKTaMHU (HU3UKO-XUMUYECKOW NECTPYKLUU IOJIMMEPOB, SBISETCS OJHUM U3 IapaMeTpoB,
MO3BOJISIONIMN OIICHUTh COCTOSIHUE pPabouMX XapaKTEpHUCTUK Marephalia U BO3MOXKHOCTH €ro
ucnonb3oBanus B [IKA B mpouecce 3kcrutyaTanuu.

CaHuTapHO-XUMUYECKUX HCCIIEIOBAaHUSIMU YCTaHOBJICHO, 4TO KOHLICHTPALIUU
UACHTU(UIIMPOBAHHBIX BEIIECTB, B COCTABE Ta30BBIICICHUSI W3 HCCIECJOBAHHBIX YIVIEIIACTUKOB
ObUTM Ha OJAMH, JIBA M TPU MOPSAJKA HIDKE 3HAYCHUM MPEACIIbHO JOMYCTUMBIX KOHIICHTPALIUM.
UpesBblYailHO TOKCHYHBIX XUMHUYECKHUX COeIMHEHUN He oOHapyxkeHo. Ilpu yBenuueHuu
BO3ZICHCTBHAX Temmeparypsl 10 90-100 °C HaGmionaercsi yBeTMUEHHE KOTHYCCTBEHHOrO COCTABA
KOMIIOHEHTOB TAa30BBIJICJICHUN, OJHAKO KaueCTBEHHBI COCTaB HE HU3MEHSIETCS M aHaJIOTHYEH
BEILIECTBAM, BBIJIEISEMBIM IIPU BO3ACHCTBUU TEMIIEPATYPhI 40°C ¢ JIMTEIBHOCTBIO YKCIIO3HIIHH [0
14 cyTox.

UccnenoBanuss moxkazanu, 4to CocTaB Ta30BBIACICHUNA ONPENENseTCS IMOJTUMEPHBIM
COCTaBOM cCBs3yromiero. OAHaKO KOHLEHTpPALMU 3THUX BEIIECTB, 3aBUCAT OT HACBIILIEHHOCTH
cessyromero B [IKM wm, ciemoBareinbHO, OyAeT BIMATH HA JOMYCTUMBIE OOBEMBI HCITOJIb30BAHUS
3TUX MaTrepuaioB B obutaeMeix orcekax [1KA.

OTO TMOJOXKEHUE TMOATBEPKIACTCS MCCIEIOBAHUAMH, B KOTOPHIX IOKazaHo, uro [IKM
M3TrOTOBJIEHHBIE HA OJIHOM YITIEPOAHOM JIEHTE, HO C Pa3HBIMU BUJAMH CBSI3YIOIIET0, OTIUYAOTCS 10
XAMHYECKOMY  COCTaBYy  KOMIIOHEHTOB  Ta30BblAENEHUA. Tak, NOpU  HCHOJb30BAaHUHU
MOIUGUIUPOBAHHOTO AMOKCUIHO-TIONUCYIIH()OHOBOTO CBSI3YIOIIETO, B COCTAaBE Ta30BBIICICHUN
unacHTuuIupyercs B 3 paza OoNbIlle BEIISCTB, B OTIIMYUE OT MAaTepUaloB CO CBSI3YIOIIMM Ha
OCHOBE MOAM(PHUIIMPOBAHHBIX SMOKCHIHBIX CMOJ. DTO OOCTOATENHCTBO BAXKHO YUUTHIBATH MU
pelieHun BO3MOXKHOCTH ucnoib3oBanus [IKM B oOurtaembix orcekax [IKA mo rurmeHnyeckum
nokazarensiM. HMccnepgoBanusi, mokazaiu, uto, 10-netHee crapenue wuccinenoBaHHbix I[IKM nHe
CONIPOBOKJIAETCS  TMOSABJIEHUEM  BBICOKOTOKCMYHBIX  JIETYyYMX OpPraHUYECKUX  COEIMHEHU,
XapaKTEPHbIX IJIs1 JECTPYKLIMH CBSA3YIOLLIETO.

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,, Tsarkov 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 of 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 compounds (VCCs) 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 investigated materials with aging for
compliance with regulatory requirements GOST R 50804-95.

Climatic accelerated aging method comprises subjecting the PM climatic factors that lead to
physical and chemical transformations in the PCM. Quantitative and Quality composition evolved
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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 and chemical 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 chemical compounds
were not detected. With increasing exposure temperature up to 90 -100°C, an increase quantitative
composition of outgassing components, but does not change the qualitative composition and similar
substances are released when exposed to a temperature of 40°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 influence 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 composition of gassing component. Thus,
using a modified epoxy-polysulfone 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 when deciding 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 degradation.

JEWIAH-3ABUCUMAS AKTUBAIIMS DKCIIPECCHUM I'EHA IGF1 UIGF1-
3ABUCHUMBIX I'EHOB B YEJIOBEYECKHUX MHUOBJIACTAX

Jleonee E.M., Kpasuenko HU.B., @ypanee¢ B.A., /lvicenko E.A., Ilonog /].B.
I'HIL] P®-UMBII PAH, r.Mockga;
®I'bYH «®UII buorexnonoruu PAH», r.Mocksa;
OOM MI'Y umenn M.B. JlomonocoBa, r.MockBa

VY B3pocCIiioro 4yenoBeka MHCYJIMHONOA0OHBIH (akTop pocta 1 (IGF1) urpaer BaxHyto poib B
pETyJISIMA TOMEOCTa3a COCIUHHUTEIbHOM, KOCTHOM M MBIIIEYHOW TKaHEW. M3 SKCIEpUMEHTOB C
yuactueM rpei3yHoB (PedrosolJ.A.etal., 2013; TeodoroG.F. etal., 2012; PedrosaR.G. etal., 2013)
M3BECTHO, YTO MTPHEM JICUIINHA IPUBOJNT K yBenndeHuto conepxkanns IGF1 Ha cucteMHOM ypoBHE.
Ilenplo JaHHOTO MCCeNOBaHUS OBLIO M3YyYUTh BIMSHUE JIeHIMHAa Ha skcnpeccuto reHa IGF1l u
IGF1-3aBUCHMBIX TEHOB B KYJIBTYPE YEIOBEUCCKUX MHOOJIACTOB. VI3BECTHO, YTO B KJICTOYHBIX
kynbrypax HelLa, HEK293T u COS7 neiinun-3aBucuMas aktuBanus komruiekca mTORCI moxer
OBITh MHOTOKpAaTHO yCHJIEHa 3a CUET MPEIMHKYOallMu KJIETOK ¢ HEKOTOPHIMM aMHUHOKHCIOTaMH,
Hanpumep, ¢ aprunuHoMm (Dyachokl. etal., 2016). Mbl mnpeamonoxuiu, 9to JEHIUH MOXET
aktuBupoBarh dkcnpeccuto reHa |IGFl m IGF1-3aBHCHMBIX TE€HOB B KYJIbTYpPE YeEIOBEYECKHX
MHOOJIACTOB, M 3TO BJIMSHUE MOXKET OBITh YCHJIEHO 3a CYeT MNpeIuHKYOaluu MHOOIACTOB C
ApPTUHUHOM.

Mmuob6nacTsl ObUIM BbIIETEHBI M3 OMONCHYECKOM MpPOObI, B3ATOW W3 JaTepabHOW T'OJOBKH
YEeTBIPEXIJIaBOM MBIl Oefpa (HETPEHUPOBAHHBIM MOJIONON MyxXkuuHa). JuddepeHunaiuio
MHO0JIaCTOB B MHOTYOBI (>70% conepxaHus) MHUIMUpOBaIU cMeHoi cpeasl Ha DMEM ¢ 2%
coJiep’KaHueM JIOIIaIuHOM ChIBOPOTKH (5-7 nueil). B skcnepumente 1 mocne crapBaiuu (pacTBop
Kpebca-Punrepa, 1 1) muotyosl nHkyOoupoBanu B pactBope Kpebca-Punrepa ¢ aprununom (0,4
MM, 30 mun), 6o ¢ neinuaom (0,8 MM, 30 MuH), TMO0 ¢ aprUHUHOM, a 3aT€M C JICUIIMHOM; B
KOHTPOJIHOM  OIBIT€ KJETKM HHKyOupoBanmu B pactBope KpeOca-Punrepa. YposeHb
docdoprmposanns mumeneil komrexkca MTORCL — 4EBP1™3746 1 S6K1™3 onpenensimm ¢
nomotsio Bectepn 6nota. B sxcnepumente 2 nocne crapBaiuu (pactBop Kpebca-Punrepa, 20%
YeJI0BEYEeCKO! I1a3Mbl, 1 1) KJIeTKH MHKYyOupoBaiauch B cpene ¢ aeitiuHoM (0,8 MM, 24 9) nunm ¢

63



apruanHoM (0,4 MM, 1 4) u 3arem c neiuunom (0,8 MM, 24 4); B KOHTPOJILHOM OMBITE€ KIETKU
poJobKau MHKyOupoBath B pactBope KpeOGca-Punrepa ¢ 20% coxepxanuem muiasmsl (24 9).
Okcnpeccuto reHa IGFl u IGFl-zaBucumeix renoB COL1A1, COL3Al1l, COL5Al1, SREBF1,
HMGCR, LOX onenuBaiu ¢ nomornpio [TI[P B pearpHOM BpemeHH.

ApruHUH HE TOBJIMUI Ha YpPOBEHb (hochopHIupoBaHHS S6K1™M3 rorna xak neiinun
yBenuuui ero B 10 pa3. Muky0aius ¢ apruHUHOM U 3aT€M C JICUIIMHOM YBEJIUYMIIa 3TOT MOKa3aTelb
Ha HECKOJIBKO TMOPSJIKOB. APTMHUH TaK)Ke HE OKa3aJl BIMSHUS Ha YpoBeHb (hochopmmmpoBanus
Genxa 4EBP1™3 rorna kax neifuun MpUBEJI K POCTY JAaHHOIO ToKasarens B 3,5 pasa, a
noclie0BaTebHast HHKYOaIus ¢ 00eMMH aMUHOKHUCIIOTAMH YBEIHYMIIA ero B 6 pa3. JlelnuH okasan
cnaboe BimusiHue Ha dkcnpeccuto IGF1 u IGF1-3aBucumbix reHoB. OHAKO WHKYyOAIus MUOTYO B
pacTBope ¢ aprMHUHOM U 3aTeM C JIeHIIMHOM npuBena K pocty skcnpeccurt MPHK IGF-1Ea B 3 pasa
u MGF B 5,8 pa3u x yBenmuenuto skcnpeccun reHoB COL1AL B 3,6 pa3, COL5AL1 B 1,4 pa3a,
SREBF1 B 1,4 pa3za, COOTBETCTBEHHO.

B nameit pabore a3¢pdexr apyxcrynenuaroit akruaruu komruiekca MTORC1 (cencutuzanus
ApPTUHUHOM W TIOCTEAYIONIas €ro aKTHBAIMs JCWIIMHOM) ObLT TIOKa3aH Ha KYJIbTYpe MHOTYO
yelioBeKa. AHAJNOTWYHBbIE pPe3ylbTaThl ObUIM TMOJYYEHBI MAJS JIEHIMH-3aBUCUMOMN PpEryisiiuu
OKCIIPECCHUU T€HOB: HanboJsee BeIpakeHHas aktuBanus 3kcnpeccuu reHa |IGF1 u IGF1-3aBucumbix
FeHOB HaONIoAanach MpPHU MOCIEN0BaTeNIbHOM HMHKYyOalMu ¢ apruHMHOM U ¢ JeiinuaoM. [lo-
BuaANMOMY, aktuBanus skcnpeccun reHa |GFl u IGFl-3aBucMMBIX TE€HOB, MO aHAJIOTHH C
aktuBarueit komriekca MTORC1, MoxkeT MpouCcXoauTh B JBa dTara.

Pabora BeimonHeHa B pamkax Ilporpammbl HayuHbIX uccienoBaHuil npesuauyma PAH
«DyHIaMeHTaIbHbIE UCCIEAOBAHUS ISl OMOMETUIIMHCKUX TexHomorui» Ha 2018 — 2020 rr.

ACTIVATION OF IGF1 AND IGF1-DEPENDENT GENES IN HUMAN MYOBLASTS BY
LEUCINE

Lednev E.M., Kravchenko 1.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
homeostasis in 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 COS7 cells revealed an obligate two-step mechanism of mTORC1
regulation: pre-activation (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 expression of IGF1 and IGF-1-
dependent genes in human myoblasts. We have assumed that Leu may regulate the gene expression
in human myotubes, and this effect may be improved by pre-activation 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 Leu. The 4E-BP1™"*"%¢ and S6K1™*¥° phosphorylation (targets of
mTORC1) 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). Expression of
IGF1, COL1A1, COL3Al, COL5AL, SREBF1, HMGCR, LOX genes was measured by qPCR.

Arg did not affect the S6K1™8® or 4E-BP1™3"*¢ phosphorylation, whereas Leu increased
proteins phosphorylation (10-fold and 3,5-fold, respectively), but the most significant effect was
related with consecutive Arg-Leu stimulation. Leu had little effect on the IGF1 and IGF1-dependent
genes expression. The consecutive Arg-Leu stimulation increased expression of IGF-1Ea, MGF,
COL1A1, COL5A1 and SREBF1 (3-fold, 5,8-fold, 3,6-fold, 1,4-fold, and 1,4-fold, respectively).

Two-step mTORCL1 activation by Arg and Leu in human myoblasts was shown. The same
effect for leucine-stimulated gene expression was found: the consecutive Arg-Leu stimulation leads
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to the most significant activation of genes expression. It means that expression of IGF1 and IGF1-
dependent genes is regulated by amino acids via a two-step mechanism.

The study was supported by the Science research program of RAS presidium «Fundamental
research for biomedical technologies» for 2018-2020 yy.

IMPOAYKTUBHBIE KAYECTBA AIIOHCKUX ITEPEIIEJIOB IIPU PABHBIX CIIEKTPAX
OCBEILIEHUSA

Jlumeun E./JI.
I'HII P® — UMBII PAH, Mocksa

B pabome npeocmasnenvl pezyiomamsl usyueHus 6IUAHUSL CEEMA PAIUYHO20 CNeKmpda
(orcenmultl, cunuil, Oenvill) Ha NPoOyKmMueHvle Kayecmea snoHckux nepenenos (Coturnix Cotunix
Japonica), kax komnonenma buonocuueckux cucmem dxcuzheobecneuenus (BCXKO).

[lenpto pabGoThl OBUIO M3y4EHUE BO3JEHCTBHUS KENTOrO, CHHEro, Oeloro CcrekTpa CBeTa
pa3MYHON JJIMHBI BOJHBI HAa SIMYHYIO MPOXYKTHBHOCTH, MOP(OIIOTMYECKHE KauyecTBa SIMI U
KU3HECIIOCOOHOCTh MTHIIBI.

OpHOl W3 BaKHEHIIMX COCTABIISIIOIIMX TEXHOJIOTMYECKOIO IpoLecca SBIISETCS OCBELICHHE
NTUYHUKOB.

HccnenoBanue BIMSIHMSL — pa3HbIX  CIEKTPOB  OCBELIEHUS HAa  IMPOAYKTUBHOCTh MU
dbusnonornyeckuil craryc SIMOHCKOTO Tiepereja B HAcTosllee BpeMs akTyajdbHO, a 3ajgada
pa3paboTKy U BbIOOpA CHELMATIbHBIX UICTOUHUKOB U3JIYy4€HHUS ABIISETCS IIEPBOCTEICHHOM.

DKCIIEpUMEHT MPOBOAMIICS Ha B3POCIBIX MOJIOBO3pENbIX rmepenenax. B Bospacre 21uenenu
O0TOOpaHHBIC JJISi DKCIIEPUMEHTa CaMKH OBUIM IMOJENICHBl Ha TPH TPYNNbl MO 18rooB B Kakmoi
TPYIIIE C Pa3IMYHBIM CIIEKTPOM OCBEIICHUS:

Irp. OCBemIEHNE JKENTHIM CBETOM, JiTMHA BOJHBI 570 <A> 590;

2Tp. OCBEIICHHE CHHUM CBETOM, JyIMHA BOTHBI 450 <A> 500;

3rp. KOHTPOJIb — LIMPOKOTO CHEKTPA.

DopMHUpOBaHUH TPYII B 3-HEAECTHHOM BO3pAcTe KHMBas Macca MTHIl BO BCEX IpyMmax Oblia
IPUMEPHO OJIMHAKOBOM, TaK KaK I'PYyMITbl KOMIUIEKTOBAIMCH ITULIEH METO/IOM Iap aHaJIOTOB.

JUTNTeNnbHOCTh SKCIIEPUMEHTa COCTaBUIIa OKOJIO 8 MECSIIEB.

[To mporpamme 3KcriepuMeHTa 3a NTUIEH BEJIOCh HAOJIOAEHNE, OCYIIECTBIISIICS €KEMECIUHOE
B3BEUIMBAHUE MTHUIBI, OIEHKA SHIIEHOCKOCTH, WHTEHCUBHOCTh SMIEKIagKu, Macca sila u
COOTHOIIIEHHE KOMIIOHEHTOB SIUIIA.

Pezynomamer uccnedosanus. 3a Tmepuo] HUCCIENOBAHUNH BO BCEX TPYMNAX COXPAHHOCTb
nepernesoB Obljla Ha BBICOKOM YpoBHE. Takum 00pa3oM, MOKHO KOHCTaTUPOBATh, YTO CIIEKTPaIbHbIN
COCTaB CBETa HE OKa3aJjl BIUSHMS HA )KU3HECIIOCOOHOCTH MEPernesoB.

B Bo3pactHo#t nepuox (21-32 Henenp) nepemnena yke 3aKOHUYHIA CBOM POCT W pa3BHUTHE, U
pasnnyMs MO >KMBOM Macce MOINIM ObITh CBSI3aHBI TOJIBKO C Pa3BUTHEM OPraHOB pPa3MHOXEHUS
(AMYHMKA W SUIEBO/A) M MPUCYTCTBUEM SHIa B IMOJOBBIX ITYTSX CAMKH B MOMEHT B3BEIIMBAHMS.
Cnenyer OTMETHUTH, 4YTO JKMBas Macca IIEpPENENIOB KOHTPOJIBHOW TIpyNIbl BO BCE BO3pPACTHbIE
nepuo/ibl ObUIA BBILIE )KMBOM MAcChl CaMOK ONBITHBIX rpynn. Hanbonbime paznuuus HabIo0AaIuch
MEXy INepeneaMyu KOHTPOJIbHON TPYINIBl U TEpEenelaMy TPYyNIbl 2, I1€ OCBELICHUE NEPENENOB
OBLIIO CHHUM CBETOM.

EsxenHeBHBINA ydeT SWIEHOCKOCTH MO3BOJIMI MOJYyYUTh JaHHbBIE O SIMUHOW MPOAYKTUBHOCTH
nepereioB. C MoMmMeHTa Hayasna HaOmopeHud (21-HenmenbHBIH BO3pacT) BO BCEX TIpymmax
HaOMI0anoCch yBeInYeHue siieHockocTd. Hanbonbmas sSillleHOCKOCTh y caMOK Oblila B BO3pacTte
21-25 Hepenb B KOHTPOJIBHOM Tpymme (rpymma 3) u Bo 2 rpynmne (cuHuil cBeToQuibsTp). B Bo3pacte
25-29 Henenb HAMOOMBIIIEE KOTMYECTBO ULl OBUIO MOJYYEHO OT CaMOK B TpyIie 2, a B nepuop 29-
33 Henenu JIy4IIMMH 110 SUIIEHOCKOCTH OKa3aJIMCh CAMKH B Irpynnax 1 u 2. AHaInu3upys JaHHBIE 110
SMLIEHOCKOCTH TEpEeNnesioB 3a Bech nepuoj Habmronenus (21-33 Hemenw) MOXHO YBHUIETb, YTO

65



Oonbliast sIMIIEHOCKOCTh OblJIa Y CaMOK BO 2 TpyIIe, COACPIKABIIMXCS MO BO3AECHCTBHEM CBETA C
MCIIOJIb30BaHUEM CHHETO CBETO(UIIBTPA.

JlanHble IO MHTEHCHUBHOCTH SIULEKJIAJKU CaMOK 3a MEpHoj HAOMIOACHHI BO BCEX TpyIax
nepenesoB ObUTH Ha BRICOKOM ypoBHE. Jlaxke B mepuox 21-25 Henenb camasi HU3Kas HHTEHCUBHOCTD
siinexaanku B rpymmne 1 6puta 6muska k 70%. [Ipu Takoii SileHOCKOCTH 3a O/l OT HECYIIKHA MOYKHO
nonyuuth 253 sitna. Camasi BbICOKass MHTEHCHBHOCTb SIMIIEHOCKOCTHU cocTaBisuia 96,4% wu
HaOmrofanach B BO3pacTHOU mepuos 25-29 Henmenb BO BTOPOHU TpyIiNe, I/Ie Meperena HaXxOAWINCh
0JT BO3/ICHCTBUEM CBETa CUHETO CIEKTpA.

JlanHble 10 Ka4yecTBY sMII, MOJIYYEHHBIX OT IepenesioB B Bozpacte 21 u 29 Henenb, UMenu
OJIMHAKOBYIO IJIOTHOCTh M IO KAa4eCTBY O€JIKa U KENTKA CYIIECTBEHHBIX Pa3IMYUil MOTpyIna He
00HapyXeHO, MHJEKCHI ATUX MOKa3aTeNiel ObUTH OUHAKOBEI.

JlanHble MOP(HOIIOTUYECKOTO aHaIM3a SUI] OT MepernenoB 29-HeaebHOro Bo3pacTa, MoKa3au,
YTO MO IUIOTHOCTH, (OpPME SIUI, TOJIIMHE CKOPIYIbI, OTHOCUTEIBHOM Macce >KelTka M Oenka
3HAYUTEIbHBIX U3MEHEHUI BO BCEX I'PYINax HEe HAOII0AaeTCs.

OnpeneneHHblil  MHTEpEC MPENCTaBIsIET pa3BUTHE OPraHoB PAasMHOXKEHMSI Yy ITHIL,
COJICPKABIIMXCS MPU OCBEUICHUM CBETOM PAa3HOTO CHEKTpa. DKCIIEPUMEHTaJbHbIE JAHHBIE I10
Pa3BUTHIO SIMYHUKA U SIMIIEBOAA Y CAMOK M3 KOHTPOJIBHOM M ONBITHBIX T'PYII, CBUAETEILCTBYIOT O
TOM, YTO pa3Mep SANIIeBO/Ia M €ro Macca y CaMOK M3 KOHTPOJBHOM TPYIIbI yCTyMald Meperneiam
ONBITHBIX Tpymni. JivHa fiilieBoa y NEpernenoB, HaXOAMUBILUXCSA IO/ BO3ACHCTBUEM KEITOrO U
CUHETO CBETO(UIIBTPA, ObLIA MPAKTUYECKH OJMHAKOBOM, TOT/Ia KAK KOHTPOJIbHAS TPYIINa HECKOJIBKO
ycTynaja o 3ToMy I0Ka3areito.

Taxum 00pa3oM, MOTYUECHHBIE TaHHBIE TO3BOJIMIIH CIENATh CIEAYIONIUE BBIBOIBI:

1. Ucnonp3oBaHue i OCBELICHHS B3pPOCIBIX CAMOK IIEPEIENOB JKEITOr0 WIM CHHETO
cBeTOo(UIBTpa MPUBOAUT K CHUKEHUIO )KMBOW Macchl NTUI. CaMKU MepernenoB U3 KOHTPOIbHOMN
Ipynnbl MPEBOCXOJWIM IO KMBOW Macce CaMOK M3 ONBITHBIX TPYII, COOTBETCTBEHHO, B
KOHTpOIBHOM rpymme - 233,3 — 215,0 1, B onbITHBIX Irpynnax -224,5-188,3 1.

2. HauBpicmias siflieHOCKOCTh 32 TpH 4-HEeIEIbHBIX IMEPHOIOB HKCIIEPUMEHTA ObLIa B TPYIIIE
MIeperesioB, OCBEUIABIINXCS CHHUM CBeTOM. Ha cpeHIo HecyliKy 3a 3TOT IepUuojl ObLIO MOIYYeHO
71,1 siiiio, B TPYIINE C KEITHIM CBETOM — 67,0 1 B KOHTpOJIbHOM rpymie — 68,3 siiia.

3. 3a cuer Oonbluel SIMIIEHOCKOCTH W CpeIHEH MacChl SUI] OT TPYIIbI MEpernesoB
COJIEPKABIIMXCSI C CMHUM CBETOM, Ha CPEIHIOI0 HECYIIKY OBbLIO IMOJy4YEHO 3a TpHU 4-HenenbHX
nepuoza (84 nus)— 797,5 r sMUHON Macchl, OT TPYII C KEJITHIM CBETOM — 735,9 T ¥ OT KOHTPOJILHOU
rpynmnsl — 776,0 T.

THE PRODUCTIVE QUALITIES 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 quails (Coturnix 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 the viability of a 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 currently relevant, 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 groups of 18 animals in each group with a
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different spectrum of illumination:

1 gr. illumination with yellow light, wavelength 570 <A> 590;

2gr. illumination with blue light, wavelength 450 <A\> 500;

3gr. control - a wide range.

Formation of groups at 3 weeks of age 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 monitored 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 be stated that the spectral composition of light did not affect the viability of
quails.
At the age of 21-32 weeks, the quail has already completed its growth, upgrowth and differences in
live weight could only be related to the extension of the reproductive organs (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 the experimental 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 productivity of quails.
Since the beginning of observations (21-week-old age), an increase in egg production has been
observed in all groups. The greatest egg lay in females was at the age of 21-25 weeks in the control
group (group 3) and in the 2nd group (blue filter). At the age of 25-29 weeks, the greatest number of
eggs was obtained from females in group 2, and in the period of 29-33 weeks the best in laying were
the females in groups 1 and 2. Analyzing the data on the egg production of quail during the whole
observation period (21-33 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. Even during the period of 21-25 weeks, the lowest egg-laying 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 in the 25-29 week age group
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 quality of the protein and yolk in the
group, the indices of these indices were the same.

The data of the morphological analysis of eggs from quails of the 29-week-old age showed
that no significant changes are observed in all groups in density, shape of eggs, shell thickness,
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 from the 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 blue filter was almost 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 group - 233.3 - 215.0 g, in the
experimental groups -224.5-188.3 g.

2. The highest egg production in the three 4-week periods of the experiment was in a group of
quails illuminated with blue light. The average layer for this period was 71.1 eggs, in the group with

67



yellow light - 67.0 and in the control group - 68.3 eggs.

3. Due to the greater egg-laying and the average weight of eggs from the group of quails
contained with blue light, the average layer was obtained for three 4-week periods (84 days) - 797.5
g of egg mass, from groups with yellow light - 735.9 g and from the control group - 776.0 g.

COCTOSHME XOJIECTEPUHOBOI'O OBMEHA Y YYHACTHHKOB 3KCIIEPUMEHTA
C M30JIAIUENA B TEPOMOOBBEME “CUPAYC 17

Mapkuna E.A.
['HILI P® UMBII PAH, Mocksa

JluTenbHOE HAXOXKIEHUE 4YEJNOBEKa B YCIOBUSX OpPOUTAILHOTO KOCMHUYECKOTO IIOJIETa
NPUBOIUT K (OPMHUPOBAHHIO HOBOTO YPOBHS TOMEOCTAa3a, ONTUMAIBHOTO JJISi JaHHOW CpPeIbl
o0WTaHUsl M XapaKTEepPU3YIOLIErocsi CIBUraMHU pa3UYHbIX 3BeHbeB MeTaboim3ma (['azenko O.I,
Eropos A.Jl., 1984). B yacTHOCTH, OTMEUYCHBI HU3MEHEHUS XOJIECTEPUHOBOTO OOMEHA, OTPAKAOIINE
AKTUBAIMIO aTePOreHETHYECKUX TPOIECCOB 3a CYET HEeOMarompusTHOro MepepacipeesieHus
¢dpakuuii xomectepuna (Markin A., StrogonovalL. ,BalashovO. etal., 1998). B 1o ke Bpewms,
MOBBIIICHHE B KPOBH KOHIIGHTPAIIMH XOJIECTEPHHA U €r0 aTepOreHHbIX (pakiuil KOppEeIupyer c
3a00J1€BaEMOCTBIO 1 CMEPTHOCTBIO OT uiemudeckoit 6onesnu cepana (Komuccapenko MU.A., 2014).
CepaeuHo-cocymucTele  3a0oyieBaHUs ~ ABISIOTCA  BEAyIIEH NPUYMHOM  IUCKBaIU(UKALUN
KOCMOHABTOB M OCHOBHOI nmpuuuHoil ux cmeptu (Myxamenuesa JI.H., Mapkuna E.A., XKypasnesa
O.A. u zp., 2018).

OueBHIHO, YTO B OCTPOM IEpUOJE AJaNTalUU K YCIOBHUSM IIOJeTa, MeTaboJInYecKue
peakiuu OpraHu3Ma  ONPEAeNsIoT JalbHellee COCTOsHHE OOMEHa BEIIEeCTB Ha MPOTSIKEHUU
skcniequuuu. HecMotpst Ha 910, Hanbosee paHHUEe OMOXMMUYECKHIE NCCIICAOBAHMS, TPOBOAMBILINECS
B paMKax Iporpammbl OOpTOBOTO MEIUIIMHCKOTO KOHTPOJIsS, OBbUIM MpPOBEAEHBI TOJbKO Ha 25-30
cyTku opOutanbHoro nojera (Huuunopyk M.A., 2011;Mapkun A.A., Kypasnesa O.A., Ky3uukun
A.C., 2013) . Het comHeHHi, 4TO JeTallbHOE M3y4yeHHE METa0ONMYECKUX peaklMii 4YeloBeKa B
OCTPOM IEPHOAE AJANTALUU K YCIOBUAM KOCMHMUYECKOTO I0JIETa BO3MOXHO TOJIBKO B Ha3€MHBIX
MOJIETIbHBIX SKCIIEPUMEHTAX.

B oskcnepumentax co  120-CyTo4HON aHTHOPTOCTATHMUECKOM THMIIOKMHE3UEW, MOJEIbIO,
NO3BOJISIIONIEH BocmpousBecT Qusnonorundeckue 3pdexrsr neiictBus HeBecomocT (KoBaneHko
E.A., 1980), yxe B KOHIIe IepBON HEJENH BO3ACUCTBUS y HCTIbITaTeNel 000€ero mnosia HaOMIOIAINChH
HeOlMaronpusTHBIE CIOBUTU XoJjecTepuHoBoro obmeHna (MyxamenueBa JILH., Mapkuna E.A.,
XKypasiesa O.A. u np., 2018).

Mogens ¢ wu3onsAnUel B repMooObeMe MO3BOJSET BOCHPOM3BECTH MHOTHE (aKTOPbI
KOCMHUYECKOI'0 I0JIETa, KPOME HEBECOMOCTH, U CMOJIEIMPOBATh OCHOBHBIE 3TAalbl IKCIEIUIUN K
Jlyne u Mapcy (Stusterd., 2005). B skcnepuMenTax ¢ H30IsLMeH ATUTENbHOCTHIO OoT 105 mo 240
CYTOK TOKa3aHO, 4YTO TUIIOJAMHAaMUs, BIMsAHUE (AKTOPOB repMOOObEMa, TAKMX KAaK MU3MEHEHHbIE
ra3oBblii COCTaB CpE€Ibl, JABJIEHUE, BIAXXHOCTb, TEMIIEPATYpA, SIBISIIOTCS NPUYMHOM  CIABUIOB
oOMeHa BEI[eCTB CXOJHBIX C TEMH, YTO HAOIIOAAIOTCS B pealbHOM KOCMHUYECKOM rosere (MapkuH
A.A., KypasneBa O.A., MopykoB b.B., 2010). Cpenn HuX HaOm0JalOTCs W3MEHEHHsS OOMeHa
XOJIECTepUHA C NpeolIalaHueM CoJiep>KaHusl B KPOBH  aTEPOTE€HHBIX (hpaKiuil JIUITONPOTEHUIOB.

VY 4jleHOB 3KHUMa)Kka XEHCKOro JKCIEpUMEHTa ¢ §-CYTOYHOH Hu3oysiLueil B repMooObeMe
“Jlyna 20157, oOHapy>XeHBbI NMPU3HAKK H3MEHEHHI XoJieCTepuHOBOro oomeHa [Mapkun A.A.,
Kypasnesa O.A., Ky3snukun J1.C., 2016].

C y4yeToM pe3ynbTaTOB MPOBEICHHBIX paHEe UCCIEAOBaHUHN, N3YUEHHE OCOOCHHOCTEH OOMeHa
XOJIECTEpUHA MpU aJaNTaluy YeJlIOBEKa K YCJIOBUSAM KOCMHYECKOIO II0JIeTa MPEACTABISAET
HECOMHEHHBIN uHTepec. Llenpio gaHHON padOTHl OBIIIO M3yYEeHHE I[OKa3aTelel X0JIeCTepUHOBOTO
oOMeHa y HCHBITaTeNei-q00pOBOJIbIEB B TUHAMUKE HKCIEpUMEHTa C 17-CyTOuHOU H30JsAIUel B
repMooOBeEMe.
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Matepuaabl U MeToAbl. B »skcnepumente ¢ 17-cyTouyHol M30MsIHMeld B repMooObeme,
IPOBEJCHHOM Ha 0a3e Ha3eMHOI0 OHKCIEpPUMEHTalIbHOro Komiuiekca WHCTUTyTa Menuko-
Ouonornyeckux mpoOieM, OOCIeAOBANIM HKUMAXK, COCTOSALIMIA MIECTH YeIOBEeK 000ero rmoina
Bo3pacTe OT 27 1o 43 ner. B3arue BEeHO3HOM KPOBU MPOBOAWIOCH YTPOM, HATOIIAK 332 7 CYTOK IO
Hayaja »JKCIlepuMeHTa, Ha 7 W 14 CyTkM H30JSMM, a TaKkkKe Ha 2 M 7 CYTKM Iepuoja
BocctanoBieHus (I1B).

B cbIBOpOTKE KpOBH OIpPENEsUIM KOHLIEHTPALMIO OOIIEro XOJECTEpHHA, XO0JIECTEPUHA
aunonpoTenoB  Beicokor TuiotHocTd (JIIIBIT) m Tpurmunepumo (TI) ¢ ucnonbs3oBaHueM
CTaH/JapPTHBIX KOMMEPUYECKHX Ha0OpoB mpou3BojcTBa ¢upmbl “DiaSys”, ®PI. Kouuenrparmio
XoJiecTepuHa JunonporenioB Hu3kon rmiotHoctu (JIITHII), xonectepuna AumonpoTrenioB O4YEHb
Huskoi miotHoctu (JITIOHII), a taxke BenuuumHy uHAEKca areporeHHocTd (MIA) paccuuThiBainy,
WCITOJIB3Ysl 3HAUCHHUS BBINICTIepeunciIeHHbIX mokazateneit (Kampimaukos B.C., 2009). M3mepenus
NpoBOAMIM Ha OuoxuMuueckoM anaimuszarope “TargaBT 30007, Biotecnicalnstruments, Wranwus.
Cratuctudeckyro 00paOOTKy TMOJY4YEHHBIX JaHHBIX MPOBOAMIM METOJaMU BapUAllMOHHOMN
CTaTUCTHKH C IpUMEHEHnEeM Kpurtepus Yumikokcona (Peéposa O.10., 2006).

Pesysabrarbl M o0cyxkaeHMe. 3HAYCHUS MEAMAH BCEX MCCIECIOBAHHBIX IIOKa3aTeyen
HAXOAMJINCh BHYTPH [HMama3oHa (QHU3MOJIOTUYECKON HOPMBI, €IUHOW /IS MYKYMH W SKEHIIUH
(xomecrepun 2,8-5,2 mmonw/n; xonecrepun JIIIBIT >0,91 mmons/n; xonecrepun JIITHIT <4,0
mmode/J; xonecrepud JITTIOHII 0,10-1,35 mmons/n; Tpunmnepuast 0,55-2,30 mvons/n; MA  2,20-
3,50 (HeilW., SchuckliesF., ZawtaB., 1994). B oTAenpHBIX EAMHUYHBIX CIIydasX BEIUYUHBI
apaMeTpPOB XOJIECTEPUHOBOTO 0OMEHA BBIXOWIIH 33 TPAHHIIBI pEPEPEHTHBIX BEIINYHH.

3HaueHus1 KOHLIEHTPALMM XOJECTEpUHA B KPOBU UCIBITaTeNel Ha MPOTSIKEHUU U3OJISIIUU
noBelasiuch Ha 7-13%, , omHako Bce WM3MEHeHUs Obu HenoctoBepHbiMU. Ha 7 cytku 1B
MOBBILICHHE XOJIECTEPUHA CTAJ0 JOCTOBEPHO OTIMYATHCS OT ()OHOBOTO YpPOBHS, OJHAKO BCETro Ha
4%. Conepxanue xonectepuna JIIIBII ckombko-HHOYIb 3aMETHO HE OTIMYAIOCH OT (POHOBOTO,
oJHaKo Ha BTopble cyTkHu [IB cTtama mpocnexuBarbCcsi TEHAEHUUS K €ro yBenudeHuro Ha 8%, a Ha
celbMble — K J1I0cTOBepHOMY moBbliieHHt0 Ha 10%. [IpuHuMas BO BHUMaHuEe JAMHAMUKY YpPOBHS
o011ero xoyiecTepruHa, MOXKHO MOJIaraTh, YTO YBEJIMYCHHUE COJCPIKAHUSI aHTUATEPOTeHHOW (pakuuu
ABJISIETCS. KOMIIEHCATOPHBIM.

VYpoBeHb areporeHHol (pakiuu xojecrepuHa — xojecrepuna JITTHIT nocroBepHo HE MEHSIICS
BO BCE€ CPOKM O0CII€ZIOBaHHUS, OTHAKO HAXOAMJICS B 00IEM TPEeH/I€ MPEAbIAYIINX ABYX MOKa3aTesei:
MOBBILIECHUE B XOJE M30JSILIUU U CHI)KEHUE B IIEPUOJIE BOCCTAHOBIICHUS. AHAJIOTUYHO H3MEHSIIACh
KOHILIGHTpalMsl JBYX JPYI'MX KOMIIOHEHTOB aT€pOreHHOW (paKIMM JIMIKUJI0B — XOJIECTEPHHA
JIIIOHIT n TI, HO Ha ceapMble CYTKH M3OJISILIMU MOBBIMIEHHUE cOCTaBMWIO 33% M COXPAHSIIOCh Ha
STOM YypOBHE BIUIOTH 10 14 cyTok 3kcnepumeHTa. M3BecTHO, uTO yBenuueHue coaepkanust TI
SBJISIETC OAHMM M3 KOMIIOHEHTOB METa0OJMYeCKOW peakUud OpraHu3Ma Ha CTpPeccoBOe
BozneicTBue nocrarouHort cwibl (KambimmaukoB B.C., 2009) u cBa3aHo ¢ ux mMoOunu3amueil u3
XKUpOBbIX Jeno. B gunamuke I[IB ormeuancs TpeHJ K CHW)KEHHIO 3HAYEHMM OJTUX JBYX
IIOKa3aresie.

JluHaMKKa MHAEKCA aTepOT€HHOCTH, KaK MHTErpajJbHOIO MOKAa3aresl, OTpakaeT TeHIACHIINH,
HabOmonasuecs B xoze akcriepumenTa. K 14 cyrkam nsomnsiuu BennunHa A nmena TeHaeHINIO K
BO3pAacTaHMIo, a Ha 7 cyTku 1B ero 3HaueHne NOHMKAJIOCh BIUIOTH 710 (POHOBOTO YPOBHS.

AHanu3upysi TOJNy4YeHHBbIE JlaHHblE, MOXHO 3aKJIIOYWUTh, YTO TpPH MOJECIUPOBAHUU
KOCMHUYECKOIo TIoJeTa IIyTeM H3O0JSAIUM UCHbITaTeNied B TepMooObeMe, KpaTKOBpPEMEHHOE
BO3/ICMCTBHE MPOAODKUTENBHOCTBIO 0 17 CyTOK HE NPUBOAUT K Pa3BUTHIO CKOJIBKO-HUOYIb
3HaYMMBIX HW3MEHEHHMH XoJecTepuHOBOro oOMmeHa. [y pemieHuss Bompoca O Xapakrepe
METa0OIMYECKUX PEaKIMii B OCTPOM CTaJUM aJanTalliyd K YCJIOBHSIM TOJIETa, MO BCEH BUJIUMOCTH,
ClIeyeT HCIOJIb30BaTb MOJEIH, CO3JAIOUINE IEepEpACIPENEICHUE JKUIKUX Cpel OpraHu3Ma u
pasrpy3Ky  aHTHTPAaBUTAIIMOHHBIX MBI —  “‘CyXyl0~ ummepcuto  (EpsteinM.,1976)
nantTuoprocrarudeckyrorunoknaesnto (KosanenkoE.A., 1980).
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THE STATE OF CHOLESTEROL METABOLISM IN PARTICIPANTS OF THE
EXPERIMENT WITH ISOLATION IN HERMETIC CHAMBER “SIRIUS 17”

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

Long-term presence of a person 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 cholesterol
metabolism, reflecting the activation of atherogenetic processes due to unfavorable redistribution of
cholesterol fractions, were noted (Markin A., 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).
Cardiovascular 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, metabolic reactions of
the body determine the further state of metabolism during the expedition. Despite this, the earliest
biochemical studies carried out under the on-board medical control program took place only for 25-
30 days of orbital flight (Nichiporuk I.A., 2011; Markin 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 ground-based simulation experiments.

In experiments with the 120-day 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 cholesterol metabolism
(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 of metabolic shifts 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 members of the women's experiment with 8-day isolation in the “Luna 2015", found
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 features of cholesterol
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 17-day 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 27 to 43 years. 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 density lipoprotein (HDL) cholesterol, and
triglycerides (TG) were determined using standard commercial kits manufactured by “DiaSys”,
Germany. The concentration of low density lipoprotein (LDL) cholesterol, very low density
lipoprotein (VLDL) cholesterol, and the value of the atherogenicity index (Al) were calculated
using the values of the above indices (Kamuishnikov V.S., 2009).

Results and discussion. The median values of all the studied parameters were within the
range of the physiological norm unified for men and women (cholesterol 2.8-5.2 mmol / L, HDL
cholesterol> 0.91 mmol / L, LDL cholesterol <4.0 mmol / L, cholesterol VLDL 0.10-1.35 mmol / L,
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triglycerides 0.55-2.30 mmol / I, and 1A 2.20-3.50 (Heil W., Schucklies F., Zawta B., 1994). In
single cases, the values of the parameters of the cholesterol metabolism exceeded the boundaries of
the reference values.

The values of cholesterol concentrations in the blood of volunteers throughout the isolation
increased by 7-13%, but all the changes were unreliable. On 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 to increase it by 8%, and on the seventh - to 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 anti-atherogenic fraction is compensatory.

The level of the atherogenic fraction of cholesterol-LDL 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. Similarly, the concentration
of the other two components of the atherogenic lipid fraction — LDL 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 TG content 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 short-term exposure of up to 17 days does not lead to
the development of any significant changes 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 and unloading of anti-
gravitational muscles — a "dry" immersion (Epstein M., 1976) and anti-orthostatic hypokinesia
(Kovalenko E.A., 1980).

XAPAKTEPUCTHKA ®UBPULISIPHBIX KOMIIOHEHTOB BHEKJIETOYHOI'O
MATPUKCA MYJIGTUIIOTEHTHBIX ME3EHXUMAJIbHBIX CTPOMAJIBHBIX
KJIETOK (MMCK) INVITRO

Mameeesa /I.K.1,2, ’Kusooepnuxoe H.B.2
1 - MockoBckuii rocygapcTBeHHbI yHUBepcuTeT iMeHnu M.B.JlomonocoBa, bruonornueckuii
¢axynpret, Kadenpa knetounoi 6uonoruu u rucroiaoruu, Mocksa, Poceus; 2 - I'ocynapcTBeHHBIH
Hay4uHbI eHTp Poccuiickoit ®enepanun — MHCTUTYT Mequko-Onoiaornueckux mnpoodnem PAH,
MocksBa, Poccus

B Hacrosiiee Bpemsi MyJIbTUIIOTEHTHBIE Me3eHXMMalibHble cTpoMaibHble ket (MMCK)
LIIMPOKO HM3Yy4YarOTCSA KAaK IIEPCHEKTUBHBIM HMCTOYHMK KIETOK Il PEreHEpaTUBHOM MEIULMHBIL.
W3BectHo, uro cBoiictBa MMCK Hampsimyio 3aBuUCAT OT (DakTOpPOB MHUKPOOKPYKEHMUS,
HOAJICPKUBAIOIUX MX CIIOCOOHOCTh K CaMOOOHOBJIEHHIO, MYJIBTHIMHEHHOMY IOTEHLUATY
T depeHIIMPOBKY 1 UIMMYHHOT€HHBIM cBoMcTBaM. OJTHUM U3 BaKHBIX KOMIIOHEHTOB CTPOMaJIbHO-
BackysipHoit Humn MMCK saBnsercs BHekneTounblii marpukc (BKM). Monekynbl marpukca
COEIMHEHBI B CTPOIO ONPEIEICHHYIO TPEXMEPHYIO CE€Th, KOTOpasi MOAYIUPYET aAre31UI0, MUTPALIUIO,
nponudepanuio, TupGEepeHIIMPOBKY U BBDKMBAEMOCTb KIETOK, a Takke (YHKIHMOHUPYET Kak
pe3epByap i GaKTOPOB POCTA, Jeias UX BPEMEHHO HEPacTBOPUMBIMHU. CTOUT OTMETUTH, uT0 BKM
- 3TO AVHAMHUYHAS MOJIEKYJISIpHAsl CTPYKTYpa, MOABEprarolascs MOCTOSHHONM peopraHu3aluu Ipu
B3aMMO/JIEUCTBUU C KJIIETOYHBIMU U HEKJIETOYHBIMU (DaKTOpaMH MHUKPOOKDPYKEHHUS, CPeIu KOTOPBIX
BAXHYIO POJIb UI'PACT YPOBEHb KUCIOpona. M3BECTHO, YTO B OpraHu3Me KIIETKH HAaXOAATCS IpU
MOHWKEHHBIM 10 CPAaBHEHUIO ¢ aTMOC(EpPHBIM COep:KaHUeM KHUCIopoJa — B «(HHU3HOIOTHYECKOI»
TUIIOKCHU. Ajantanus KIETOK K TaKUM YCIOBUSAM IIPOMCXOIUT IOCPEACTBOM pa3IUYHBIX
MOJIEKYIISIPHBIX MEXAHU3MOB, PETYINUPYIOIIMX 3KCIPECCUIO TEHOB, MTPOAYKTHI KOTOPBIX Y4acCTBYIOT B
Pa3IMYHBIX OMOJIOTHYECKUX MpOoLieccax, B TOM YHCIIe U PEMOACITUPOBAHUN MaTPUKCA.
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Jlnst vccaeqoBaHusl KOMIIOHEHTOB (huOpmiuisipHoro BHekierodHoro marpukca MMCK u3
JKUPOBOM TKaHW YeJIOBEeKa KYyJIbTUBHpOBAIW TNpu ¢usnonornyeckoM (5%) u nans cpaBHEHUS
armocdeproM (20%) ypoBHE KHCIOPOIA B CTAHZAPTHOM KOHIEHTpamuu KIeTok (5000/cm’) - 3
HEJIETM W BBICOKOU (15000/CM2) - 2 Henmenu. JlJisi CTUMYIMPOBAHUS NPOIYKIIMHM KOMIIOHEHTOB
Marpukca J00aBIsii B cpeay  ackopOar Harpus B KOHUeHTpamuu S50  MKr/miL
Jenenmtonspu3npoBaHHble Mpenaparsl BHeKiIeTouHoro marpukca MMCK monyyanu ¢ moMoIIbio
obpabotku pactBopoM aereprenta (0,5% Triton-X100 B PBS, conepxkaiero 20 mM NH40H) B 37
‘C 5 muH. [Ii1 KOMIOHEHTOB MaTpHUKCa MPUMEHSUIM METOJbl THCTOJIOTHYECCKOTO OKpPAlIMBAaHUS
SiriusRed, UMMYHOIIUTOXUMHH U CKAHUPYIOIIEH IEKTPOHHONW MHKPOCKOITHH.

[IpenaBaputenbHblii  aHAIM3 HKCIPECCUU MaTpUKC-accoluupoBaHHbiX reHoB MMCK,
KYJIBTUBUPYEMBIX MPU PA3IUYHOM COAEPKAHUU KHUCIOPOJa, MOoKa3and 3HAYMMBbIC Pa3iuyus MEXAY
JIBYMsI TpynnamMu KieTok. OZHaKO MUKPOCKOIMHMYECKH MOP(OJIOTHUECKUE OTINYHS BHEKJIETOUHOTO
MaTpukca ObLIM HE3HAYUTEIbHBIMU. YIBTPACTPYKTYPHBIM aHalnu3 BHEKJIETOYHOTO MAaTPHUKCa C
IIOMOIIIbIO CKAHUPYIOLIETO JIEKTPOHHOI'O MHUKPOCKONA Ha KJIETOYHBIX U JIELEJUTIOIS3UPOBAHHBIX
mpernaparax MO3BOJWI BBIBUTH CETh BOJIOKOH MaTpPUKCA, 3aHMMAIOIIETO MPOCTPAHCTBO MEXKIY
KJIETKaMHU M Ha HUX MOBEPXHOCTH. B X076 MNMMYHOLIUTOXMMHYECKOTO M TMCTOJIOIMUECKOrO aHaIu3a
BBISIBIICHBI OCHOBHBIE (pubpmsipubie komnoHneHTsl BKM - ¢ubponekTrH u kojutareH. bosbimas
yacTb KoylareHa | Ttuma nokanusyercss BHYTPUKJIETOYHO M INPU UMMYHOLUTOXMMHUYECKOM
OKpAILIMBAaHUU BBISBIISETCS TOYEUHO B OKOJIOSIEPHOM 30HE, TOTAa Kak (GUOPOHEKTHH 00pas3yeT CeTh
[IEPECEKAIOIINXCS ITTMHHBIX BOJIOKOH, PAcIIOIaraloluXcsi BO BHEKJIETOYHOM IPOCTPAHCTBE.

Takum  00pazoMm, MYIBTUIOTEHTHbIE  ME3€HXHMMAaJbHBIE  CTPOMAJbHBIE  KJIETKH,
KYJIGTUBUPYEMBbIE B YCIOBHAX (U3UOJIOTMUYECKON THUIOKCHM M TPH HOPMAIBHOM COACP)KaHUHU
KHUCIIOpOJa, MPOAYLHPYIOT XOPOIIO BBIPAKEHHBIM (UOPUIUIAPHBIA BHEKJIETOUHBIM Marpukc. ITO
MOYKET MPEACTABIATh UHTEPEC C TOUKU 3peHus uzyueHus BiausiHus marpukca MMCK Ha akTUBHOCTB
JIPYTUX THUIOB KIETOK, a TaKXe MOXET ObITh NPUMEHHMO B pPEreHepaTuBHOM MEIUIIMHE, Kak
HCTOYHUK OMOCOBMECTHMBIX OKPBITUH IS MOTy4eHuUs cKap@oIoB.

PaGora Bemmonnena npu nopaepxkke [porpammer [pesnauyma PAH No 4311.

THE CHARACTERISTICS OF FIBRILLAR EXTRACELLULAR MATRIX OF
MULTIPOTENT MESENCHIMAL STROMAL CELLS INVITRO

Matveeva D.K.1,2, Zhivodernikov 1.V.2
1- Lomonosov Moscow StateUniversity, Moscow, Russia; 2- IBMP RAS, Moscow, Russia

At present, multipotent mesenchymal 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 stromal-vascular niche of MMSCs. Matrix molecules form
a strictly defined three-dimensional network that supports adhesion, migration, 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 restructuring upon interaction with cellular and non-cellular 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
level relative to atmospheric in the «physiological» hypoxia. Adaptation of cells to such conditions
occurs through various molecular mechanisms regulating the expression of genes, whose products
are involved in various biological processes, including matrix remodeling.

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 weeks, respectively. To stimulate a
production of matrix components 50 ug/mL of sodium ascorbate was added in the medium.
Decellularization was provided with 0,5% Triton-X100 in PBS containing 20 mM NH4OH at 37°C,
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5 min. The characteristics and structure of matrix components were analyzed by conventional
histology (Sirius Red), immunocytochemistry and scanning electron microscopy (SEM).

The data of the whole-genome array of ECM gene expression revealed a significant
difference between MMSCs under different oxygen levels, while morphological differences were
negligible. The SEM analysis of the extracellular matrix on intact and cell-free preparations
revealed ECM fibrillar network that fills on MMSC surface and in the gaps between cells. The
histological staining and immunocytochemistry helped to identify fibrillar components of ECM.
The immunocytochemical analysis revealed that type I collagen was localized mostly intracellularly
with fragmented fibers on cell surfaces, while fibronectin formed a network of intersected long
fibres and was localized extracellularly.

Therefore, MMSC:s, cultivated at «physiological» hypoxia as well as at standard laboratory
oxygen levels, producea significant amount of fibrillar ECM. The further analysis of MMSC matrix
effects of other cell types at ‘physiological’ hypoxia is a promising area of research. Moreover,
extracellular matrix is a perspective source for biocompatible materials scaffold coatings in
regenerative medicine.

The research was supported in part with Program Ne43 of the Presidium of the Russian
Academy of Science.

BJIMSHUE ADPOBHON TPEHUPOBKHU HA BA3AJIbHBII TPAHCKPATITOM
CKEJIETHOHM MBIIIIbI YEJIOBEKA

Maxnoeckuii H.A.l’z, JIvicenko E.A.l’z, Kypoukuna H.C. 1, Ilonoe jI.B.l’2
1 T'HIl P® — UMBII PAH, MockBa
2 MI'Y umenu M.B. JlomoHnocoBa, MockBa

Perynsaphsbie ynpaxHeHUs! (TPEHUPOBKA) BBI3BIBAIOT U3MEHEHHUE KCIIPECCUU ClielU(pUUecKux
0EJIKOB B CKEJIETHBIX MBIIIIAX, KOTOPbIE YIy4IlaloT crenupuieckue Gpu3nonoruyeckue GyHKIUU.
Apnanranusi K TPEHUPOBKE CBSI3aHA C KPaTKOBPEMEHHBIMH MU3MEHEHUSIMU 3KCIIPECCUHU T€HOB IOCIE
KaXJ0ro ynpaxsHeHus. OnHAKO TPEHUPOBKA MOXKET MOBIMATH HA 3KCIPECCUI0 MHOTHUX T'€HOB B
0a3abHOM COCTOSHUM (Yepe3 HECKOJIbKO AHEH Mocie nociaeaHel Harpy3ku). BaxHo oTMeTuTh, 4To
U3MEHEHUs B TPAHCKPUITOME CKEJIETHBIX MBILIL OOBIYHO OLIEHMBAIOTCSA IOCJIE OJHOKPATHOIO
yIpaXHEHUs], B TO BpeMsl KaK BJIMSHUE TPEHUPOBKH Ha U3MEHEHHe 0a3ajabHOro TPaHCKPUIITOMA HE
u3ydeHo. llenbio Hamiero wucciefoBaHHs ObUIO M3yd€HHE BIMSIHUS a’pOOHOM TPEHMPOBKH Ha
U3MEHEHUs1 0a3aJIbHOr0 TPAHCKPUIITOMA B CKEJIETHOM MBIIIIE YeloBeKa. TpaHCKPUITOM B
0a3aJbHBIX YCIOBUAX OLEHHUBAIHU JI0 U MOCJIe TPEHUPOBKHU (8-HeaenbHast TPEHUPOBKa, 5 pa3 B HEZl.,
1 4 B 1eHb) B OMOINICHYECKUX TPOOaxX, B3ATHIX U3 HapYKHOU TOJIOBKH YETHIPEXITIABOM MBI Oesipa
(m. vastuslateralis) y 7 myxunn. CexBenupoBanne PHK BBIMONHSUIM ¢ MOMOIIBIO IATHOPMBI
NextSeq 500. Kak w oxupmanoch, 8-HemenpbHas TPEHUPOBKA TOBBICKIA  adPOOHYIO
paboTocnocoOHOCTh, cKOpocTh AJ[P-3aBUCMMOTO MHMTOXOHIPHAIBHOTO JABIXaHUS B MBIIIEYHBIX
BOJIOKHAX U coJiepKaHue OeJKOB, BXOJSAIINX B COCTaB MUTOXOHpUaIbHBIX KomIuiekcoB | — V. Hamn
IPEIBIIYIINE UCCIEAOBAaHUS IOKa3ajad, YTO OJHOKPATHOE YIPAXKHEHHUE BIMAET Ha JKCIIPECCHUIO
HECKOJIbKUX COT€H TIeHOB. HeoxunaHHO, B JAaHHOM HCCJIEIOBaHMM, TPEHHUPOBKA H3MEHMIIA
skcrpeccuto 6onee yem 2000 reHoB B 0a3aimbHBIX YCIOBUAX (uepe3 48 4acoB Imociie MOCIEAHEro
yIpaXHEHUs ), TPUUEM MOJIOBHHA 3TUX F€HOB CHU3UJIO CBOIO AKCIpeccuio. [l reHoB, KoAUpyolne
MHUTOXOH/IpHAJIbHBIE OENKH, MPOTEUHKWHA3bl M PETYISATOPhl TPAHCKPUIIIUH, OOHApYKEHO Kak
CHI)KEHHE, TaK M TOBBIIIEHUE 3KCIPECCHH, B TO BpeMsl KaK T'€Hbl, KOAUPYIOUIME LHUTOKUHBI U
(axTopbl pocTa, ObUIM B OCHOBHOM aKTUBUPOBaHBI. [Ipu 3TOM reHbl, yBeTHMUMBIINE U CHU3HUBILUE
JKCIIpeCcCHI0, OBLIM CBSA3aHbl C Pa3IMYHBIMU OWOJIOTMYECKMMHU TMpolreccamu. B 3akitouenue,
aJanTalnys  MBIIII] YeloBeKa K a’poOHOM TPEHUPOBKE AaCCOLMUPYETCSs HE TOJNBKO C
KpPaTKOBPEMEHHBIMU U3MEHEHHUSIMH SKCIIPECCUU TEHOB MOCIE KaX10T0 OTAEIBHOTO YIpPaKHEHUs, HO
U C BBIPQ)KEHHBIMU U3MEHEHUSIMH SKCIPECCHH I'€HOB B 0a3aIbHOM COCTOSIHUU.

Pa6ora nmonnepxana rpantom PH® (14-15-00768).
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EFFECT OF AEROBIC TRAINING ON BASAL TRANSCRIPTOME
IN HUMAN SKELETAL MUSCLE

MakhnovskiiP.A.,*?, Lysenko E.A.,*?, Kurochkina N.S.,}, Popov D.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 physiological 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 last exercise session). Importantly,
exerciserelated changes in skeletal muscle transcriptome usually are evaluated before and after
acute exercise, while training-induced transcriptome changes are not clear. The goal of our study
was to investigate the effect of 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. RNA-seq was performed by NextSeq 500. As expected 8 wk training
increased endurance performance, ADPstimulated mitochondrial respiration in muscle fibers, and
content of proteins related to mitochondrial complexes | — V. Our 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 downregulated. Many genes, encoding mitochondrial proteins, protein kinases,
and transcriptional regulators, were both up- and down-regulated, while genes, encoding cytokines
and growth factors, were mainly up-regulated. These up- and down-regulated genes were 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 gene expression in the basal conditions.

This work was supported by the Russian Science Foundation (14-15-00768).

POJIb TPAHCKPUITINOHHOI'O PAKTOPA MUOT'EHUHA U TUCTOHAEALETUJIA3
4/5 B PETYJISAIUU SKCIIPECCHUM E3-JIMT'A3 MURF1 U MAFBX TTPU
®YHKIIMOHAJBbHOM PA3I'PY3KE M. SOLEUS KPBICHI

Mouanoea E.II., benosa C.II
I'HIL P® — UMBIT PAH, Mocksa
e-mail: mochalova_ekaterina@lenta.ru
Hayunslit pykoBonurens - Hemuposckas T.JI., 1.6.H.

OyHKIMOHANbHASL pa3rpy3ka CKEJIETHBIX MBIl MPUBOAUT K HMX MPOrpeccupyrouieit
arpoun. KaraGonnueckue mpouecchl B MbIIIE B 3HAYUTEIbHON CTENEHH O0YCIOBIEHBI paboTOM
yOUKBUTHH-TIPOTEACOMHON CHUCTEMBbI, OCHOBHBIMU KOMIIOHEHTaMH KoTopoil siBisitoTcsi E3-yOuk-
BUTHHIUTa3bl, B yactHoctd MuRF1 u MAFbx [1]. MBI uccienoBany TpUITEpHbIE MEXaHU3MBI,
3amyckarouie skcrnpeccuto E3-nura3 npu pasrpyske Mbiil. Moresi ¢ coaBTopaMu MOKa3ajiH, YTo
curHanbHbI Kackaa ructonaeaneruias 4 u 5 (HDAC 4 u 5) MoxeT perynupoBaTh 3KCIPECCHUIO
MuRF1 nu MAFbx yepe3 akTuBallMIO TPaHCKPUIIIMOHHOTO (hakTopa MHOTE€HHHA MPHU JeHEepBalluU
[2]. MBI BriepBbIe HccaenoBaiu Bonpoc, perynupyror i HDAC 4 u 5 skcnpeccuto E3-nuraz Ha
paHHUX 3Tanax (yHKIMOHAJIBHOW pa3rpy3KH MBIIIL, U IPUHUMAET JIM TPAHCKPUIILIMOHHBIN (hakTop
MHUOTEHHUH B 3TOM y4acTue. J{s IpoBEpKH 3TOM rMnoTe3sl Mbl HCIIOJIB30BAIN MOZIEIb BBIBEIIMBAHUS
[3] u uarubuposann HDAC 4/5 tpuxoctarunom A. 24 xpbsickl Bucrap Obliu pasieneHsl Ha TpU
rpymmsl o 8 kpeic: KoHTpouib (C), 3X-1HEeBHOE BhIBELIMBaHUE ¢ BBeZieHHeM TpuxoctatiuHa A (HST),
u BeiBemmBanue (HS) ¢ mmane6o. Ilocne 3 cyrok BeiBemmBanusi B rpymnmne HST oGHapyxeno
cymiectBeHHoe cHIbkeHue conepxkanust HDAC 4 B sanepHoii ppakiuu (B omimuue ot rpymnmsl HS) u
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YBEJIMYECHHE B IUTOIUIa3Marnueckoi (orHocurtenbHo KoHTposs (p<0,05)). HampoTtus, ypoBeHb
HDAC 5 B sanepnoit ¢ppakuuu HST rp. He ommmuancs ot rp. Kontposs, Toraa kak B rp. HS on Obut
cyumiectBeHHO cHWkeH (p<0,05). Ypoenp muorenusna B rpynne HST He omimuazncs oT rpymmsl
KOHTPOJIs, Toraa B rpymme HS -3nauntensHo ero npesiman (p<0,05).

Okcnpeccuss MPHK MAFbx B rpynne HST He ornmyanack oT KOHTpois, a B rpymme HS
Obu1a cymiectBeHHO noBbImeHa (p<0,05). Oxcnpeccuss MPHK E3-nurazst MuRF1 Gbuta moBbliena
B 00€MX BBIBEUICHHBIX I'PYNIaxX OTHOCHTEIBHO TPYIIbI KOHTPOJS (BHE 3aBUCHMOCTH OT BBEICHUS
npenapara). BeiBoa: TpaHCKpUIIIIMOHHBIN (aKTOp MUOT€HHUH Ha paHHUX CPOKax (PYHKIMOHAIBHOMN
pasrpy3Kk MbIIIL perynupyer skcnpeccuio E3-nurasst MAFbx. Uaru6uposanue HDAC 4 u 5 He
BIUSET Ha perymsiuio skcnpeccuu E3-nmurazer MuRF1. Pabora nonnepxana rpantom PODU Nel7-
04-01838

WcTounuku u muteparypa:
1. BodineS.C., BaehrL.M. Skeletal muscle atrophy and the E3 ubiquitinligases MuRF1 and
MAFbx/atrogin-1//AmJPhysiolEndocrinolMetab., 2014.Ne 307(6).P. 469-484.
2. Moresi V., Williams A.H., Meadows E. Myogenin and Class Il HDACs Control Neurogenic
Muscle Atrophy by Inducing E3 Ubiquitin Ligases // Cell. 2010. Ne 143. P.35-45
3. Morey-Holton E.R., Globus R.K. Hindlimb unloading rodent model: technical aspects // J. Appl.
Physiol. 2002. No. 92.P.1367-1377.

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

Mochalova E.P., Belova S.P., Nemirovskaya T.L.

Muscle unloading lead to its atrophy development. MuRF-1 and MAFbx E3-ligases
expression is increasing under this condition. Moresi et al. have shown that the histone deacetylases
4 and 5 signaling cascade (HDAC4/5) may regulate the expression of MuRF1 and MAFbx through
the myogenin activation in time of muscle’s denervation. We hypothesized that the HDAC 4 and 5
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 hypothesis by trichostatin A (inhibitor of HDACS)
administration in male Wistar rats in time of 3-day hindlimb suspension. 24 animals were divided
into 3 groups (n=8 in each): C-control, HST-hindlimb suspension with Trichostatin A, or placebo
(HS group) administration. 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, nuclear content of HDAC 5 in the HST group didn’t differ from those of
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 differ from that of the control group, while its amount
in the HS group was significantly higher (p <0.05). As for E3-lygases 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). It could 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. ThisworkwassupportedbyRFBR (grant Ne 17-04-01838).

75



UCCJEJOBAHUE BAPOPE®JEKTOPHOI1 PETYJISIIUU CEPJEYHOT' O

PUTMA C IOMOIIbIO UHIEKCA ®A30BOI1 CHHXPOHU3ALIUU

APTEPHAJIBHOI'O JABJEHUS U IYJIbCOBOI'O UHTEPBAJIA Y
JIABOPATOPHBIX JKUBOTHBIX U YUEJIOBEKA

Hezynaee B.O.

Mockoeckuii cocyoapcmeennwtit ynugepcumem umenu M.B./Tomonocosa,
buonozuueckuii haxynomem, kagheopa uzuonocuu uenosexa u rsncueomuvix, Mockea

W3yueHne CHOHTAaHHBIX KoJIeOaHUHU apTepuanbHOro AasieHus (AJl) ¥ 4acTOTHI cepledHbIX
COKpamieHuil win mynbcoBoro uHTepBana (IIM) sBaseTcs akTyanbHOM 3amadeil COBPEMEHHOMU
dusnonornu U MeauuHBL. OCOOBI WHTEpEC MPEACTaBISAIOT KoJeOaHUs, OTpakaromue padoTy
6apopediiekca - 0HOrO0 U3 BAKHEMIINX MEXaHU3MOB PETYJISALUHU CEPICUHO-COCYAUCTON CUCTEMBI.
Curnansl oT 0apopenenTopoB MOIYJIHPYIOT BIUSHUS aBTOHOMHOM HEPBHOW CHUCTEMBI HAa TOHYC
COCyll0B U paloTy cep/la, 4To MPUBOIUT K KoMieHcaropHOoMy u3MeHeHuto AJl. ITockonbky 3Ta
peakiysi pa3BUBACTCA C HEKOTOPOW 3aJEpPKKOH, B 0OapopedieKTOpHOM KOHTYpE BO3HHKAIOT
KoJIeOaHus1, KOTOpbIe Ha3bIBalOT BoIHaMu Maiiepa. YactoTa BoiH Maiiepa y kpbic coctasiuser ~ 0,4
'y, ay mogeit ~ 0,1 I'w.

B GonbmmHcTBe pabor ans comocraBieHus konebanudt AJl m IIM ucnonb3yroT MeToabl
CHEKTPAJIbHOTO U KPOCC-CHEKTPAJIbHOIO aHalMu3a W YAENAI0T BHHUMaHUE, IJIaBHBIM 00pa3oM,
aHaJM3y AaMIUIUTYAHBIX XapakTepUCTUK KojeOaHuil. Bmecre ¢ TeM wu3BecTHO, 4TO (ha30BbIE
NoKa3aTean KoJIeOATENbHOW CHCTEMBl SBISIOTCS 00J€e UyBCTBUTENBHBIMA K BHEIIHUM
BO3CUCTBUSAM, YE€M €€ aMIUIMTYJIHbIE XapaKTePUCTUKU, [MO3TOMY H3y4YE€HHE HUMEHHO ()a30BBIX
COOTHOILLIEHUIN TIOKa3aTesied TeMOJUHAMHUKU IO3BOJIMT IOHSATh TOHKHE OCOOEHHOCTH HX
perynaropHoro B3auMmoBnusiHusA. Jlng ouenku ¢a3zoBeix cootHomenuid AJl m IIM mpu kpocc-
CIIEKTPAJIbHOM aHAJIM3€ HCIIOJIB3YIOT II0Ka3aTelb KOIepeHTHOCTH. Kpome TOoro, ¢ 3TOM LEbIO
MOXXET OBITh HCIIOJIB30BaH WHAEKC (a3zoBoii cuuxponusanuu (MDC), omnako Bompoc 00
uHpopmatuBHOocTH MDC Kak mokazarenst GyHKIIHOHUPOBAHUS apTEePUAIBLHOTO Oapopediekca moka
W3Y4EH HEJOCTAaTOYHO.

[lenpro maHHO# pabOTHI ABISIOCH SKCIEPUMEHTAIBHOE 000CHOBaHME HcToyib3oBaHusa NDC
Al u TIN nns oneHku GapopedyeKTOPHON peryisiuu CepAedyHoro purMa. bbuin mocTaBieHbI
cleayloluye 3afadu: 1) COMOCTaBUTh pe3yNbTaThl OLIEHKU OapopeduieKTOpHBIX KojieOaHul ¢
noMomiplo UPC M KOrepeHTHOCTH B CTAllMOHAPHBIX YCIOBHSX; 2) MNPOCIEAUTh JUHAMUKY
U3MEHEHHUs B3aUMOCBSI3U OapopedyeKTOpHbIX KOJeOaHWH BO BpeMsl MEPEXOAHBIX MPOIECCOB; 3)
oLleHUTH (PyHKIIMOHMpPOBaHUE Oapopediekca y mojei, ucrnonszys MDC.

B oskcnepumentax Ha Kpbicax Bucrtap (n=25) perucrpaumio AJ[ u IIM npoBoaunu B
OOAPCTBYIOLIEM COCTOSIHUM C MOMOIIBIO BXXHUBJIEHHOTO B OEIPEHHYIO apTepuio Katerepa. UToObl
IPOCIIEIUTh TMHAMUKY U3MEHEeHUs OapopedekTopbiX KosuebaHuil BO BpeMs KPOBOIIOTEPH, Y KPbIC
nocie (GoHOBOM 3amucu 3abupanu KpoBb (20 Mi/kr B TeueHne 30 MUHYT) yepe3 KaTeTep B COHHOM
aprepud. B sKkcrepuMeHTax C ydacTHEM MOJIOJBIX MPAKTHYECKU 3/I0POBBIX HCHBITYEMBbIX-
nobposonbieB (N=10) npoBoauium HempepbsiBHOe u3MepeHue A/l (MeTooM pasrpykeHHOH
aprepun) u OKI'. Tlocne 15-MuHYTHON perucTpaiuu B MOJIOKEHUU JieXkKa MPOBOJIUIN TMACCUBHBIM
OpTOCTaTUYECKUI TeCT (MEePEeBOAMIM OpPTOCTOJN B THoJokeHue 60° 10 OTHOWIEHUIO K
TOPU30HTAILHOMY) U ITPOBOMINA U3MEPEHHUS ellle B TeueHUe 15 MUHYT.

beuto nokazano, yto UOC uHpopmatuBHO oTpaxkaer (azoBsle cooTHomenus AJl u 11 Ha
yactote BoiH Maiiepa. [1o sxcnepumentanbabiM 3anucsam AJl u [IN pnurensHocThio 20-30 MUHYT
ObuTK BBIYKCIIEeHBI crieKTpsl MDPC 11t rpynbl SKCIIEPUMEHTAIBHBIX KPBIC, HA KOTOPBIX OBLT BUAECH
OTYETIUBBIN MUK Ha yacTote ~ 0.4 ['11, B 9TOi e 9acTOTHOM 00s1acTu HAOI01AJICs MUK Ha CIIEKTPE
KorepeHTHocTH. /{1151 cpaBHEHHs pe3ynbTaToB oleHkH B3auMocBs3u AJl u I[N ¢ nomompro UDC n
KpOCC-CIIEKTPaJIbHOTO aHaiu3a Mbl conoctaBuiu 3HaueHus UPC u korepenTHocTH. OKa3anock, 4YTo
9TH TO0Ka3aTelId XOPOIIO KOPPETUpPYIOT Mexay coboi (koddduuument xoppemsuuu ITupcona
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r=0.920, p<0.0001), uyro roBopur o mnpumeHumoctd MDC s OLEHKH B3aUMOCBS3H
OGapopedIeKTOPHBIX KOeOaHMi MoKa3aTeIe reMOJMHAMUKH.

Bmecte ¢ tem UDC sBusercs Oosiee UyBCTBUTENBHBIM METOAOM OLEHKH B3aUMOCBSI3U
KoJIeOaHUH MoKa3aTesiell réeMOJMHAMUKH, YeM KOI'€peHTHOCTb. UYTOOBI J0Ka3aTh 3TO, HA 3aIUCIX
Al u II1 Tpex ciyyailHO BBIOpAHHBIX KpBIC BBIIEISIN KOPOTKHWE MHTEPBAJBI, & UMEHHO — TPH
UHTEpBaJIa JJIUTEIbHOCThI0 | MuHyTa (T.e. CyMMapHas IJIMTEIbHOCTb AHAIU3MPYEMOW 3alucu
cocraBisuia 3 MuHYTHI). J{ns oneHkn korepeHTHOCTH KonebOanuit AJ[ u [IM takas mimMTenbHOCTH
3allUCH O0Ka3aJlaCh HEJAOCTATOUHON: BBIYMCIUTh 3HAYEHUE KOI'€PEHTHOCTU ObIJI0 HEBO3MOYKHO H3-32
OonbiIoro xosmyecrsa myma. OHaKo NpU aHAIM3E JakKe TaKOM KOPOTKOM 3alMCH Ha CIEKTPax
N®C 61 BuaeH oT4eTnMBBIA NUK Ha vactore 0.4 I, CIEKTpsl HE COAEp)KalW IIyMa, YTO
N03BOJIIO omnpeaensaTe 3HaueHue MPC B uHTepecyrolleM Hac 4acTOTHOM Jauaras3oHe. Takum
obpazom, ¢ nomoimpo MPC, B omaMuMe OT KOI€peHTHOCTH, MOYKHO OLIEHHBATh B3aMMOCBS3b
OapopednexropHbix konebanuit AJ] u [T Ha KOPOTKHUX MHTEpBAIax 3aMuCH.

Baxno, 4ro ¢ wucnonb3zoBanueM HW®PC MOXKHO HpPOCIEKUBATh IUHAMUKY HW3MEHEHUS
B3aUMOCBs3M Oapopeduekropubix kojebanuii AJl u I Bo Bpems MmepexoJHbIX MPOIECCOB, YTO
OBLIIO TIOKA3aHO B DKCIIEPUMEHTAX ¢ KpoBonoTepei. B Teuenue nepsbix 10 MunyT KpoBomnotepu A/
NpakTUYeCKH HE W3MeHsIoch, a [IM 3aMeTHO yKOpayuBaJCs, YTO TOBOPUT OO AaKTHBALUU
6apopeduexca; MDPC mnpu 3TOM 3HauuTeNbHO Bo3pactan. llpum npanbHelmell KpoBomoTepe
O6apopedIeKTOPHBIX BIUSHUI OBUIO HEJOCTATOYHO IS TMpeAoTBparieHus nageHus AJl, npu sTom
HaOmronanocs cHmkenue UDC.

Kpome Toro, Obuin mpoBeAeHbI IKCIIEPUMEHTHI Ha JIIO/ASIX, B KOTOPBIX perucrtpupoBanu AJl u
YCC B monokeHuu Jexa U npu oprocraze. M3BECTHO, UTO TaKO€ U3MEHEHHUE IIOJIOKEHUS Tena
NPUBOJIUT K U3MEHEHHIO0 paboTsl Gapopeduiekca. Okasanock, yro 3Hadenne UDPC mpu oprocraze
CYLIECTBEHHO BBILIE, YE€M IIPU T'OPU30HTAIBHOM IIOJOKEHUHM TEJla, YTO OTPa)kacT IOBBIIICHUE
O6apopedeKTOpHOH aKTUBHOCTH. OTOT pe3yiabTaT SBISETCS €mle OIHHM IOATBEPKIACHUEM
npumenumocty MOC i oueHKH B3aUMOCBSA3U OapopedeKTOpHBIX KoJIeOaHUM IoKa3zaTeneit
reMOJUHAMUKHU.

Takum ob6pazom, Bbrunciaenne UPC sapnsercs MHOOPMAaTUBHBIM MOAXOJOM K H3YYEHHUIO
B3aumocBs3u A/l u I1IM B yactoTHOM nuana3zoHe BosH Mailepa, T.e. 3TOT [OKa3areiab MOXKET ObITh
UCIIOJIb30BaH /715l OLIEHKH 0apopeduIeKTOPHON PEryisiliuy CepAeYHOro puTMa.

PaGora BeinonHena npu noxanep;xkke Poccuiickoro ¢onna GyHnaMeHTadbHBIX HCCIEA0BaHUN

(rpanT Ne 17-04-01943).
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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

Negulyaev V.O.
M.V. Lomonosov Moscow State University, Faculty 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 that reflect the
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, which results 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 cross-spectral analysis methods are usually used to analyze the oscillations of
AD and Pl 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 pressure and Pl in the cross-spectral 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 studied yet.

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 and coherence 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 PI were recorded through femoral 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 ECG were continuously recorded. After 15-min recording
in supine position, a passive orthostatic test was performed (60° head up tilt for 15 min).

According to our results, the PSI informatively describes the phase relations of AD and PI at
the frequency of Mayer waves. PSI spectra calculated from 20-30-min-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 the relationship
between BP and PI with the use of PSI and cross-spectral 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 = 0.920, p <0.0001), 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 fluctuations 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 coherence because 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, unlike coherence, it is possible to evaluate the relationship
between baroreflex oscillations of BP and PI 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 of AP and 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 then head-up positions. 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 confirmation of the 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 range of Mayer waves, i.e. this indicator can be used to
evaluate the baroreflex regulation of the heart rhythm.

The study was supported by the Russian Foundation for Basic Research (grant Ne 17-04-
01943).

HCCJEIOBAHUE IMOKA3ATEJIEN BOJIEBOH YYBCTBUTEJIBHOCTHU
HA ®OHE M30JIs11UU B TEPMOOBBEME

Huszo6 A.P., Pykaguwnuxos U.B., ®eoai C.O.
I'HII P® — UMBII PAH, Mocksa

Beenenue. IIpobGnema oueHku O0JIEBOrO CHUHApPOMA KpaiHE BakKHA IIPU OKa3aHUU
MeauIMHCKOM moMomu B kocmuueckoM mosere (KII). OnHoit u3 OCHOBHBIX XapakTepUCTHUK Ooin
aBisieTcss nopor OosneBoi uyBcTBUTENbHOCTH (I[IBY) — MuHMManbHas cuia pazapakuTelns, Npu
KOTOPOM OH BOCIIPUHUMAETCSI, KaK 0OJIE3HEHHBIH.

Hean: wuccienqoBanue OOJIEBOM UYYBCTBUTEIBHOCTH y 4YEJIOBEKAa B YCIOBUAX JJIMTEIHHOMN
M30JISIUH.

Meroauka. OOBEKTOM [@HHOTO UCCJIENOBAaHUSA BBICTYNHJIM OKHUMAX U JyOsIepsl
MEXIYHAPOIHOIO aHAJIOrOBOr0 17-CyTOYHOTO H30JSALMOHHOTO JKCHEPUMEHTAa [0 HWMHUTALMU
Bo3neicTBHus (akTopoB kKocmmyeckoro moiera «SIRIUS-17». IlpoBommnock m3mepenne I[1BY
METOAaMU TEH30- U TepMOAIbroMeTpun. M3mepenus npoBOAWINCH TPUKIBI B JIEHB, /10, BO BpeMs U
MOCIIE U30JIALUY.

Pesyabrarbl. CTaTucTUYECKH 3HAYUMBIX pa3ivuuid Mexnay nokaszarensmu [1BY B Teuenue
JTHSI BBISIBJICHO HE ObUT0. Tarke He MONMYYeHO pa3inuuii MEXIY pe3yiabTaTaMu U3MEPEHHH 10, BO
BpEMsI ¥ TIOCJIE U30JISALIMH.

BoiBoabl. [lomydueHHbIE pe3ynbTaTbl MOTYT CBUIETEIBCTBOBATh O HE3HAUYUTEIIBHOM BIMSHUU
nupkonuanueix puTMoB Ha [1BY. Takke, 3Hauenus [1BY octaroTcst 70CTaTOYHO CTAaOMIIBHBIMHM Ha
done Bnusaus daxropoB Kll, cBa3anubix ¢ uzomnsmueit. B To e BpeMs Bompoc BIHMSHUS (PaKTOPOB
U30JIAIUU TpeOyeT NaabHEeHIIero yrTouHeHusl.

INVESTIGATION OF PAIN SENSITIVITY INDICATORS DURING ISOLATION

Niiazov A.R., Rukavishnikov 1.V., Fedyay S.O.
IBMP RAS, Moscow

Introduction. Assessing the intensity of the pain syndrome is very important in the providing
of medical 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 back-ups of the international
analogue 17-day isolation experiment "SIRIUS-17" that simulated the impact of SF factors. The
measurement of PT by the methods of tenso- (pressure pain threshold) and thermoalgometry (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 difference between 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.

HYKJEWHOBBIE KUCJIOThI KAK MAPKEPBI METABOJIMYECKUX HAPYIIEHUI
Y YEJIOBEKA B YCJIIOBUSAX N30JIA11MU B TEPMOOBBEME

Husa3zoe A.P.l, Tumaoues P.P.Z, ®eosii C.0.M
1 I'HII P® — UMBII PAH, Mocksa; 2 PY/IH, Mocksa

BBenenue. [1o n1aHHBIM HccIeI0OBaHMs, TPOBEACHHOIO HA MBIIIAX B YCIOBUAX KOCMHYECKOTO
nosera (KII) Obuti BBISIBICHBI HApyHICHUsS JIMIIMAHOTO OOMEHa IEYEHH, CIIOCOOHBIE MPHUBECTU B
nmutenbHoOM KII k pa3BUTHIO HEaTKOTOIBHOM sxupoBoii 6osie3nu neuenn (HAXKBIT).

Hesb: uccrenoBarh TWHAMHUKY HEKOTOPBIX OMOXMMHYECKHX MOKa3aTesiel W HYKJIEHHOBBIX
KHCIIOT B KauecTBE IMPEIUKTOPOB MATOJOTHYECKHX MPOILECCOB B YCIOBHUSX H3OISALUU B
repMooObeMe.

Metoauka. OObeKTOM TaHHOTO HCcieaoBaHus BeICTYmI Skunax (N =6) MexIyHapomaHOTO
aQHAJIOroBOro 17-CyTOYHOro M30JSLMOHHOIO SKCIEPUMEHTa IO UMHUTAIMU BO3JACHCTBUS (PAKTOPOB
KIT SIRIUS-17». 3abop 00pa3ioB OCyHIECTBISUICA 3a 7 CYTOK OO0 HW30IsALMU, Ha 14-e cyTku
M30JIALIMM M Yepe3 7 CYTOK IIOCi€ OKOHYaHMs u3oisauuu. I[IpoBoawsiocs omnpeneseHue
OMOXMMHMYECKUX TMapaMeTpoOB — IOKa3areleil JUMHAHOTO W YIIEBOAHOTO MeTa0oau3Ma: OOIIero
XOJIECTEPHHA, TPUDIMIIEPUIOB, JUMONPOTEHHOB BBICOKOW MotHocTu (JIIIBII), nmumomporenHoB
Huzkor tmotHoctu (JIITHIT), mumomporewHoB ovens Huskod miaotHoctu (JITIOHIT), wunekca
aTepOreHHOCTH, JUIONpoTenHa (a), amonunomnpoTenHa Al, amonmumomnpoTenHa B, TIIOKO3HI,
UHCYJIMHA, uHAekca uHcynuHopesucteHTHocTH (HOMA-IR) u nentuna. Takke mNpoBOAMIOCH
onpeneneHue mpoduist u ypoBHs skcnpeccurt MUKpoPHK B mmazme kpoBu 1 oOpasiax OyKKaabHBIX
cockoboB. B kauectBe ucciaenyembix MukpoPHK Obutn BeIOpansl let-7a, miR-21, -22, -34a, -122, -
124, -126 wu -145, accounupoBaHHBIE TO JNAHHBIM JHTEpaTypHbIX HcTouHWKOB ¢ HAXKBIIL. Jlns
HOpMAJIM3AIMH SKCIPECCHOHHBIX JIaHHBIX B KA4eCTBE OSHJOTEHHOTO pedepeHCHOro KOHTPOISL
ucnonb3oBantack MEKpoPHK miR-103.

Pesyabrarbl. Bce wuccriemyempie OHOXMMHMYECKHE TapaMeTpbl HAa BCEM MPOTHKECHUH
SKCIIEPUMEHTA OCTaBaJHUCh B Mpefenax peQepeHCHBbIX 3HaYeHHH. Bbl10 BBISBIEHO CTaTUCTUYECKU
3Haunmoe cHuxkenue JIIIBII Bo Bpems uzonsauuu u mocne Hee (<0,05), yBennyeHwe HHIEKCa
areporeHHocTd BO BpeMs m3oisanuu (<0,05) u nmoselieHue ypoBHs aunonpotenHa (a) (<0,05) nmo
CPaBHEHHMIO C HCXOAHBIM YypOBHEM. Take OTMeYajoch CHIKEHHE YPOBHS IVIFOKO3bI IOCIIEe
W30JISIIIUU B CPAaBHEHUHU CO 3HAYCHHSIMU, TIOJyYEHHBIMU 70 U BO Bpems Hee (<0,05).

B 100% 00pa3uoB mia3mMbl KpoBU M OYKKaJIBHBIX COCKOOOB eTekTupoBainck MUKpoPHK let-
7a, miR-103, -21, - 22 u -145.1lpu HOpMajHM3alWKX B IUIa3M€ KPOBH BBIABJICHO CTATUCTHUYCCKU
3HAYMMOE CHI)KEHHUE YPOBHS 3Kcripeccud MiR-14580 Bpemst uzossiiuu (<0,05), u mosimenne MiR-
122 nmocne uzomsinmu (<0,05) Mo cpaBHEHHIO C UX YPOBHEM IKCIPECCUU JI0 M30JIAIMU, B 00pa3iax
OyKKaJIbHBIX COCKOOOB BBISIBJICHO CTAaTUCTHYCCKU 3HAYMMOE TIOBBINIEHHE YPOBHS dKcrpeccuu MiR-
22 Bo Bpems u nocite usossiun (<0,05).

BoiBoabl. [lomydeHHble pe3ynbTaTbl MOTYT CBHJIETENBCTBOBATH O META0OIMYECKUX
W3MEHEHUSX, CIOCOOHBIX TPH IMTENbHOM Bo3aecTBuu (akropoB KII mpuBomutes k' HAXBII.
[TonmydeHHble pe3ynbTaThl MO3BONAIOT paccMarpuBaTth MUKpoPHK B pomm moTeHIMANbHBIX
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NPEAUKTOPOB Pa3BUTHS MATOJIOTHYECKUX TpoueccoB. CoONoCcTaBUMBIA MPOPHIL 3KCIPECCUU
MukpoPHK B mmasme kpoBu u oOpasmax OyKKadbHBIX COCKOOOB IIO3BOJISIET HCIOJIb30BaTh
MNOCICAHUC B KAUCCTBC aAJIbTCPHATUBHOI'O HCHHBA3MBHOI'O HWCTOYHHKA 6HOMaTepI/IaJIa. I[JISI
YTOUHEHUS JAaHHBIX M OTpPaOOTKM METOAMKHU IIeJIeCOO0pa3HO MpPOBEACHHE AallbHEHIIHNX
HCCIIEIOBAaHUIA.

NUCLEIC ACIDS AS MARKERS OF METABOLIC DISORDERS IN HUMAN IN THE
CONDITIONS OF ISOLATION

Niiazov A.R.}, Gimadiev R.R.2, Fedyay S.0."?
1 IBMP RAS, Moscow; 2 RUDN University, Moscow

Background. Violations of lipid metabolism of the liver, which could lead to the development
of non-alcoholic fatty liver disease (NAFLD) in long-term spaceflight (SF) were detected according
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 crew (N =6) of the international analogue 17-
day isolation experiment "SIRIUS-17" 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 parameters 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, apolipoprotein B,
glucose, insulin, insulin resistance index (HOMA-IR) and leptin were measured. The profile and
level of microRNAs expression in blood plasma and samples of buccal scrapings were also
determined. Let-7a, miR-21, -22, -34a, -122, -124, -126 and -145 were selected as the investigated
microRNAs, 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 remained within
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 observed. Also there was decrease of glucose after
isolation in comparison with the values obtained before and during it (<0.05).

MicroRNAs let-7a, miR-103, -21, - 22 u -145 were detected in 100% samples of blood plasma
and buccal scrapings. Normalization revealed a statistically significant decrease of miR-145
expression level during isolation (<0.05) and an increase in miR-122 after isolation (<0.05)
compared to their expression level prior to isolation in blood plasma. In buccal scrapings samples
significant increase of miR-22 expression level during and after isolation was revealed (<0.05).

Conclusions. Revealed results may indicate metabolic changes, capable lead to NAFLD 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 allows the latter to be used as an alternative
non-invasive source of biomaterial. Furtherresearchesarerequired.
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ITPOBJIEMA MOJAEJIUPOBAHUA T'NITIOMATI'HUTHOI'O IIOJIS K
JIEKTPOMATHUTHOI'O ®OHA OKPYXAIOIIEU CPE/IbI

Onyuuna M.PY?, Apmamonos AAS Kapmauwiosa M.K.*

'®BI'VH T'HI[ P® HNuctutytr Meauko-buonornueckux IIpodaem PAH, . Mocksa
2drAOY BO Hauunonansubiii UccnenoBarensckuii Texnonornyeckuit Yuusepcuter MUCHUC,
r. MockBa
SHUM kocMuyeckoii Mmeaunuael OI'BY OHKI ®MBA Poccun, r. Mockgpa
*MI'MY umenu U.M. CeueHoBa, I. MockBa

MexmiaHeTHble MHUCCHM M MHUCCUU Ha JIyHy CONpsDKEHBI € pasIudHbIMU  (aKTOpaMu
KOCMHUYECKOH CpEelbl.

B uucne »tux (akropoB — crnaboe MAarHUTHOE TMOJIE M IJICKTPOMATHUTHBIA (DOH, CHIIBHO
oTnuyaronuiics ot ¢oHa 3emud. MeXIIaHETHOE MarHUTHOe mojie Bapeupyercs oT 5-100uTn,
MarHuTHoe Mosie JIyHbl MMEeT HEMOCTOSHHYIO CTPYKTYpPY C MaKCHUMaJbHbIM 3HAY€HUEM TMOJIs
paBHbIM S00HT. [Ipobnema snekTpoMarHUTHOTO (hOHA 3aKIFOYAETCS B TOM, YTO AIEKTPOMAarHUTHOE
U3ITy4eHUE UMEET IIIMPOKUH TUANa30H U CII0KHO BBIWICHHTH OMOJIOTUYCCKU 3HAYNMBIC YaCTOTHI.

B nannoii pabGore, Ha OCHOBE JIUTEPATYypPHBIX JAHHBIX, OOCYXIaeTCs BO3MOXHBIM AH3aiH
HKCIIEPUMEHTOB, KOTOPHIE MO3BOJIAT OIEHUTH CTENEHb BIUSHUSA Ha KUBBIC OPTaHU3MBbI KaXJI0TO U3
MEPEYNCICHHBIX BbIIIE ()aKTOPOB.

W3 nutepaTypHBIX MaHHBIX YK€ H3BECTHO, YTO SKPAHMPOBKA MArHUTHOTO TMOJS 3eMIIH
NPUBOJIUT K H3MEHEHHUSIM B IMPOIECCaX NPOTEKAIIUX B KUBbIX opranu3zMax. OJHaKO 3TH
HKCIIEPUMEHTHI HE KJIACCU(PHUIIMPOBAHBI MO METOAY JKPAHUPOBKHM M HA CETOAHSIIHUN JICHb HET
KPUTHYECKHX 0030pOB TaHHBIX SKCIIEPUMEHTOB. JlaHHas paboTa BOCIOMHAET TaHHBIH MTPOOel.

Ha ceropnsimiauii neHb, HEJOCTATOYHO M3YUEH CHEKTP SJEKTPOMATHUTHOTO HM3JIy4YeHUs Ha
0OpTY MUIOTUPYEMBIX KOpaliel U CTaHLUN, HO MOXKHO C YBEPEHHOCTBIO CKa3aTh O MpeodiIaiaHuu
TexHoJornueckoi 4vactotel 2,4I'T1 Hag BceMH OCTaJbHBIMH YacTOTAMHU AJIEKTPOMArHUTHOTO
U3JIy4eHHs. DTa TEXHOJIOIMYECKask 4YacTOTa SIBISETCA PE30HAHCHOM 4acTOTOM JUIsl MOJIEKYJ BOABI U
M0 JTOW MpUYMHE TpeOyeTcss OCOOBIA NM3aiiH HKCIIEPUMEHTA, KOTOPBIM TMO3BOJIUT OIEHUTH
MHTEHCHUBHOCTb 3TOT0 BO3/1CHCTBUSI.

THE PROBLEM OF MODELING HYPOMAGNETIC FIELD AND ELECTROMAGNETIC
BACKGROUND OF ENVIRONMENT

Onuchina M.R. *2, Artamonov A.A. 3, Kartashova M.K. 4
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 interplanetary 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 has an 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 will be estimated, 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 shielding and 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 the confidence 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, which will fully accomplish to estimate the intensity of the
impact, is needed.

YNCJIEHHAS MOJEJD 151 PACYETA PATUAIIMOHHOI OBCTAHOBKH B
ATMOC®EPE 3EMJIU

Onyuuna MP.l’Z, Apmamonos A.A.3, 3emnoe K.E.4, Yawun E.ZI.4
'®BI'VH T'HI[ P® WNuctutyr Menuko-buonoruueckux Ipodnem PAH, . Mocksa
2drAOY BO Hauunonanwsubiii UccnenoBarensckuii Texnonornyeckuit Yuusepcurer MUCHUC,
r. MockBa
SHUM kocMuyeckoii Mmeauuuael OI'BY OHKI ®MBA Poccun, 1. Mockpa
*®I'BOY BO «Mockoscknii ITomuTex HIUeCKuit YHusepcurer», . Mocksa

B pabote npezncraBieHa 4uciIeHHAs MOAETh KOTOpPask MO3BOJISIET PACCUUTATh PaTUAIHOHHYIO
00CcTaHOBKY B arMoc¢epe 3emMiu Ha J1r000i BbICOTE, HaYMHAasl OT YPOBHS MOpPSI U KOHYasl BHICOTOM
400 kM. Mozenp OcHOBaHAa Ha YMCJIEHHOM MOJEJIMPOBAHUU MPOXOKJEHUS KOCMUYECKUX JIydel B
armocepe 3emun, ¢ wucnonb3oBaHueM MeTonoB MonTte-Kapino (GEANT4), yto mnosBossier
YUUTHIBATh KaCKaIHBIC SIBICHUS IPU MTPOXOXKICHHH KOCMHYECKUX JTydeid uepe3 armochepy. Monenb
YUUTBIBAET KaK COJHEYHYIO aKTHMBHOCTb, TAaK M F€OMAarHUTHOE OOpe3aHHe CHEKTpa KOCMHUYECKHX
Jy4ed B 3aBHCHMOCTH OT Teorpaduueckoro monoxkeHus. I[lapamerpsl Momenu MO3BOJSIOT
YUUTBIBaTh JII0OOH THIl arMocdepsl. B pabore npuBeneHsl npoguin paaualioHHONH 0OCTaHOBKH B
3aBHCUMOCTH OT BBICOTBI, a TaK € Uil Pa3IUYHBIX BBICOT TMOKa3aH Npopmib (HyHKIUU
3GGEKTUBHOCTH, KOTOpas II0Ka3blBa€T HSHEPrUI0 KOCMUYECKHX JIyuel, KOTOpBIE  JIAIOT
MaKCHMAJIBHBIA BKJIQJ B CYMMapHYIO 703y H3ITyUSHHS.

PaccMoTpeH crekTp rajakTHYecKuX MPOTOHOB M MOAM(DUIIMPOBAHHBIN CHEKTP alib(ha-4acTHIl
P  Pa3IUYHBIX YPOBHSIX COJIHEYHOW AaKTHBHOCTH. lcmonb30BaHHAas MoOjeIbh IO3BOJIHIIA
CMOJZIEIMPOBaTh aTMOc(epHbI Kackal, WHIYLUPOBAaHHBIH MEPBUYHBIMU HPOTOHAMU U ayb(a-
YacTUIIAMH U BTOPUYHBIMH YacTUIIAMU (HEUTPOHAMHU, TPOTOHAMH, TaMMa-KBaHTaMH, SJIEKTPOHAMH,
MO3UTPOHAMH, MIOOHaMU M 3apsbKeHHbIMU NTMoHaMu). HanOosnee cuinbHOE BO3AEHCTBHE COTHEUHAs
aKTUBHOCTh OKa3bIBA€T Ha alb(a-qacTHUIBI.

THE NUMERICAL MODEL FOR CALCULATIONS OF THE RADIATION CONDITIONS
OF THE EARTH’S ATMOSPHERE

Onuchina M.R. *2, Artamonov A.A. 3, 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 Research Clinical Center of Federal Biomedical
Agency of Russia, Moscow
4. FGBOU VO “Moscow Polytechnical University”, Moscow

The numerical model for calculating the radiation conditions of the Earth’s atmosphere has
been calculated at different height from the sea level to the height of 400 km, is represented in this
work. The model is based on the numerical modeling of the cosmic rays passing in the Earth’s
atmosphere with the using of Monte-Carlo methods (GEANT4), which makes possible to account
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cascade phenomenon 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 type of the
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 radiation. Spectra of the galactic protons and
modified spectra of the alpha-particles 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 secondary protons (neutrons, protons, gamma-quantum, electrons, positrons, muons
and charged pions). The powerful impact was made by the solar activity on the alpha-particles.

OCOBEHHOCTH B3ANMOBJIMAHUA TIOKA3ATEJIEM L[EHTPAJ'IBHOIZI
I'EMOJNHAMMHWKHA ITPH MBIHIEYHbBIX COKPAIIIEHMAX C PA3JINMYHOU
MHTEHCUBHOCTBIO U YACTOTOM

Opnosa E. A.
I'HLI P® — IMBII PAH, Mockga

Beenenue. Bricokas  paOoTOCOCOOHOCTH  CIOPTCMEHOB, TPEHHPYIOIIUX  adpOOHYIO
BBIHOCJIMBOCTb, 3aBUCUT OT YPOBHSI KPOBOCHAO)KEHHUS aKTUBHO COKPALIAOLIUXCS CKEJIETHBIX MBIIILI.
[Tpu pUTMHUYECKUX COKpAIEHUSIX KPOBOTOK MUHHMMAJIEH B a3y HANPSKEHUs] 1 MAaKCUMAJICH B TIEPUOJT
paccnalieHusi.  ONTUMAIBHOE  HACHIMIEHHE  KUCIOPOJOMATHX  MBIII]  OylaeT  3aBHCETh
otuxkpoBoobecrieuenus.[loatomy nenpro naHHOW paboThl OBUIO BBIACHUTH: (1) Kak BIUSET CWiIa U
4acTOTa PUTMUYECKUX COKpPALLEHUIN CKEJIETHBIX MBILIL] HAa 00eCleYeHne ONTUMAJIbHBIX YCIOBUHM JUIs
KpOBOCHaO)keHUs1 paboTaromield MBIIIIbI; (2) KakoW pPeKUM MBIIIEYHBIX COKpalleHui obOecredrnBaeT
ONTHUMAJIbHBIE YCIOBUS JIJIs1 pa0OThI «MBILIEYHOTO HACOCa.

Meronpl:B  uccnenoBaHUUNIPUHUMANM Y4acTHE 15 HETPEHUPOBAHHBIX MOJOABIX MYXKYUH
(cpennuii Bo3pact 24 (ot 22 1o 26 ser) roja. 9 UCIBITYeMbIX TPEHUPOBAIUCH B TeueHue § Hexenb (1 4
B JIGHb, 5 pa3 B HeAenio) Ha Benodpromerpe. Jlo u mocie mepuosa TPEHUPOBKH HCIBITYEMbIE
BBITIOJIHSUTA TE€CT pa3rudanue ogHoi Horu B kojeHHOM cyctaBe (PHKC) ¢ moBsimaromieiicst Harpy3koi
1o otkasa (5 Br/mun). Octanbhble 6 ucnpityeMblx BoeinonaHsuin (PHKC)Baxx bl ¢ pa3HbIMM YacTOTaMu
0,5 u 1 I'm (2 Hw/mun). Bo BpeMsi Tecta perucTprpoBaid MOIIHOCTh Harpy3ku (Biodex, CIIA);
noBepxHOCTHYt0 OMI -aktuBHOCTE M. vastuslateralis(muorpad CP511,Grass,CIIA);u3MeHeHus
comepkanusi obmero remormobuna (CHb) B paGotatomeit mbrmie (MK-cnekrpomerp NIRO-
200,Hamamatsu, SInonust), 1aT4uK COEKTPOMETPA pacnojiarajiy Ha Koxe psaaoMm ¢ OMI -anexkrpogamu.
Jlis KaXa0ro IMKJIAa MBIIIEYHBIX COKpPAILEHUN ompenensnau: cpeaHee 3HaueHne OMI-akTuBHOCTH,
MakcuManbHoe cozepkanue remMorioOuHa (CHbDmax), pasHOCTh MakCHMaabHOTO M MHHHMAIBHOTO
snauenuit CHb (ACHDb), nopmupoBanHoe 3HaueHue 310it paznoctu (ACHby = ACHb/CHD).

Pesynerarel:B Tecre ¢ wactotoit asmwxkenuit 0.5 rip gonms CHb, kotopas B pesymbrare
COKpAIICHUSI BBITECHSACTCS W3 MBIIICYHONW TKAHU B BEHO3HYIO 4YacTh KpoBeHOCHOro pycia(ACHby),
Oosblie, YeM MpH 4yacToTe ABMXKEHHH 1 T, 4TO, MO-BUAMMOMY, CBA3aHO C OOJbIIEH ATUTEIBHOCTHIO
¢da3pl paccrnabineHusi, B TEUYEHHUE KOTOPOW KPOBEHOCHOE pYCJIO YCHEBAaeT HAIMOJHUTHCS OO0JbIINM
oobemMoM KkpoBu.llo Mepe yBenMueHHs] MBIIIEYHOH aKTUBHOCTHM B MecTe peructpauuu (OMIn)
U3MEHsETCs a0CONIOTHOE 3HAYeHHEe 00beMa KPOBHU, BBITECHSIEMOM W3 MBIIIEYHON TKaHU, MAKCUMYM
ATOro TmoKazaredas HaxoauTcs B auanazoHe oT 50% no 60% makcumanbHOro 3HaueHuss OMI -
aKTUBHOCTH. B TO ke Bpems J0isi KPOBH, BBHITECHSEMOW M3 MBIIIEYHOW TKAaHWU NPU COKPALIEHUSIX,
CHIDKAETCSI IPUYBEIMYCHUS CHITbl cokpamienus. [lo 8-uenenpHoit TpenupoBku ACHbDy mpaktuuecku He
U3MEHAJAcCh B T€UEHUE BCEro TECTa, MOCie TPEHUPOBKHU, MPU HEOONbUINX YCUIUAX (B Hayajue TecTa)
OHA YBEIMYMIACh, a [0 MEpPE YBEIMYEHHUS HArpy3Ku 3aMETHO yMEHbIIAjach. Takue pasiauuus, Io-
BUJMMOMY, CBsI3aHbl C BO3HUKAIOIIMMHU B pPE3YylbTare a’dpoOHBIX TPEHUPOBOK CTPYKTYPHBIMH U
PETYIATOPHBIMH U3MEHEHUSIMH B COCYIUCTOM pycje, 00ecleunBalolMMi  KpOBOCHAOXKEeHUE
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TPEHUPYEMBIX MBILIII.

3akimouenune: Hamm nccnenoBanus BriepBbie MOKa3aa, YTO JOJISI CONEPIKAIEHUCS B MBIIIEYHOM
TKaHU KPOBH, KOTOpPAsl BBITECHSETCS B BEHO3HOE PYCIIO MPU PUTMUYECKUX COKPAIICHUSIX MBIIIIIBI
(ACHby), 3aBUCHT OT 4aCTOTBHICOKPAILECHH: YBEIMYCHHE YaCTOThI COKPAIICHHUI BEAET K YMCHBIICHHIO
3TOro ToKasaress. Takke BIEPBbIE MOKA3aHO, YTO YMEHBIICHHE 3TOTO IMOKAa3aTess MPOUCXOAUT TPHU
YBEJIMYCHUH CHJIbI COKpAIEHUH, TpUUeM ITOT 3PPEKT 3aBUCUT OT a3pOOHBIX BO3MOKHOCTEH MBIIIIIIBI
(OTCYTCTBYET B HETPEHUPOBAHHOM MBIIIIIE).

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 to
contracting skeletal muscles. With rhythmic contractions, the blood flow is minimal during the
contraction phase and is maximal during the relaxation period. The optimal oxygen saturation of these
muscles will depend on their blood supply Therefore, the purpose of this studywas to find out: (1) how the
optimal conditions for blood supply to the working muscledepend onthe force and frequency of rhythmic
contractions; (2) which patternof muscle contraction provides optimal conditions for the activityof the
"muscle pump".

METHODS: 15 untrained young men with a median age24 (interquartile range: 22-24) participated in
the study. 9 subjects were trained for 8 weeks (1 hour per day, 5 times per week) on a cycling ergometer.
Before and after the training period, subjects performed incremental ramp one-legged 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 surface EMG activity of m. vastus lateralis (CP5 myograph 11, Grass, USA), changes in the
content of total hemoglobin (CHb) in the working muscle (NIRO-200, Hamamatsu, Japan)were
recorded.The spectrometersensor was located on the skin next to the EMG electrodes. EMG activity, the
maximum hemoglobin content (CHbmax), the difference between the maximum and minimum values of
CHb (ACHD), the normalized value of this difference (ACHbN = ACHb / CHb) were determined.

Results: In a test with a frequency of 0.5 cps, the proportion of CHb that is displaced/expelled from the
muscle tissue to the venous part of circulation (ACHbN) 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 phase , during
which the blood vessels can be filled with a larger volume of blood. As muscle activity increases at the
place of registration (EMGn), the absolute blood volume displaced from muscle tissue during contraction
changes, the maximum of this index is in the range of 50% to 60% of the maximum value of EMG
activity. At the same time, the proportion of blood displaced from muscle tissue during contractions
decreases with an increase in the force of contraction. Until 8-week training ACHbn is virtually
unchanged throughout the test, after training, with low efforts (at the beginning of the test) it increased,
and decreased, with increasing load. 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 blood in the muscle tissue that is
displaced into the venous bed with rhythmic muscle contractions (ACHbn) depends on the frequency of
contraction: an increase in the frequency of contractions leads to a decrease in this index. It is also shown
for the first time that a decrease in this index occurs when the contraction force increases, and this effect
depends on the aerobic capacity of the muscle (absent in the untrained muscle).
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W3MEHEHUS XAPAKTEPUCTHK ITPOU3BOJIBHBIX JIBUKEHUM ITOCJIE
JJIUTEJBHBIX KOCMHMYECKHUX ITOJIETOB

Oceuyxkun H.IO., Kumoe B.B., Cocnuna H.C., JIvicosa H.I0., Amuposa JL.E.,
Pozenobepz M., Pykasuwinukos HU.B.
I'HI[ P® — UMBII PAH, Mocksa

JlnutenbHBIE KOCMUYECKUI TOJET MOJBEpPraeT 4YeloBeKa BO3JEHCTBUIO psaa (aKkTOpOB,
HEraTUBHO BIUSIOMIMX HAa BCE cUCTeMbl opranm3ma. Cpenu 3THX (DakTOpOB B IMEPBYIO OdYepenb
CTOUT OTMETHTh HEBECOMOCTb, XapaKTEPU3YIOUIYIOCS CHenu(pUYEecCKUM BO3JCUCTBUEM Ha
BECTUOYJSIDHBIM  ammapar, OMNOpPHOW  JempuBalMeld W 3HAYUTENBHBIM  CHIJKCHHUEM
npornpuonentTuBHoro uHpopmamnuonnoro nputoka (I'puropeeB A.M. u coast. 2004, KosnmoBckas
N.b., 2011). Jannasie GakTopsl HETATUBHO CKA3bIBAIOTCS HA TOYHOCTHU BBITIOJIHEHUS POU3BOJILHBIX
JBUKEHHM, B YaCTHOCTHU - TAKUX CJIOKHBIX, KOMIUIEKCHBIX MPOILIECCOB, KAK TOYHOCTHBIC JIBHKEHUS
PYK U IPOU3BOJIbHAS XOb0A.

Llenpto HacTosAlmIe pabOThl SBISUIOCH HMCCIEAOBAHUE XapaKTEPUCTHUK MPOU3BOJIBHBIX
JIBIDKEHUM 7O W TOCTE JUTUTEIbHBIX KOCMHUYECKHX IIOJETOB, a TaKXKe OINUCAHWE JIUHAMUKHU
BOCCTAHOBJICHHSI UCCIIEIYEMBIX TapaMeTpPOB.

Hacrosiiiee uccienoBanyie npoBoJMIOCh C UCHOIb30BAHUEM JIAHHBIX, IIOJYYEHHBIX B XOJ€
poccuiicko-amepukanckoro skcrepumenta «llomeBoir Tect». K Hacrosmiemy BpeMeHH B
OKCIIEPUMEHTE NPUHUIO YydacTue 11 pOCCHHCKMX KOCMOHABTOB (K HAcCTOSIIEMY BpPEMEHHU
oOpaboTanbl naHHbie 0 4 KocMoHaBTaM). CepHsl BBIIOJIHSAEMBIX KOCMOHABTaMH JBUTATEIbHBIX
3aa4 COCTOsUIa M3 2-X IIOCIEAO0BATENbHO BBINOJHAEMBIX TECTOB: IPOM3BOJIbHAas XoAbba ¢
ornbaHveM TMPemsITCTBUA U BBIMOJHEHUE 3a/la4dl Tpajalliil YCHIMH C TOMOIIbIO PYYHOTO
JMHaAMoOMeTpa (cepusl MOCJIEeN0BAaTEIbHO BO3PACTAIOIIMX MO0 YCHIHIO CXKAaTHH JAMHAMOMETpa C
MUHUMAJIbHO  BO3MOXXHOH  pasHHUIIE  MEXIy COCeIHMMU  ycwiuamu). s OIeHKHu
OMOMEXaHMYECKUX IMapaMeTPOB MPOU3BOJIBHBIX ABHKEHUHN UCIIOJIB30BAIUCH JATYNKN HHEPIIMOHHON
HABUTALMOHHOU cucteMbl Emerald.

B 3amaue npon3BoIBHON X010BI C OTHOAHNEM MPETIATCTBUS OLCHUBAIH CPETHIOIO BBICOTY U
JUIMHY 1Iara, a TakkKe BpeMs OT KOMaH/bl Ha Hayajao JO MOMEHTa BO3BpAalllEeHUS B M3HAYaJbHOE
noJjio’keHue. B 3amaue Ha rpajanuio yCUIMM aHAIM3UPOBAIN KOJIMYECTBO BBIMOJIHEHHBIX CTYNEHEH
(rpamanuit), KOJHYECTBO OMMOOK (CIy4yaeB, B KOTOPBIX MOCIEAYIOIEe IBUKEHUE HE TPEBOCXOIUT
WIM PaBHO MO CHJIE NPEIbIIyIIEMY), MUHHUMaJIbHOE ycuiine (aOCOJIOTHBIM MOpPOr) M CPEAHION
aMIUTUTYY TIPUPOCTA YCUTTHSI.

®onoBbie 00cnenoBaHuss TpoBoawiIuCh 3a 60 u 30 cyTok m0 crapTa, MOCIENOJIETHBIS
o0clieZIoBaHUs — B IEHb BO3BpAllleHUs (B MajaTke Ha MeCTe MOCcaaku), Ha 3-4-e, 6-8-e u 12-e cyTku
1oCJie 3aBEpILEeHUsI KOCMUYECKOI0 MOJIeTa.

AHanu3 NaHHBIX TMEPBBIX YETHIPEX YUYAaCTHUKOB HCCIEAOBaHUs TOKa3ad, 4To Haubolee
IyOOKHME W3MEHEHHUS XapaKTePUCTHUK TMPOU3BOJIBHBIX JIBIDKCHHM PErHUCTPUPYIOTCS B JCHB
3aBepuIeHus noJeTa. JrHa 1mara B 3a/1a4e IpOU3BOIbHON X060bI B (POHOBBIX HccaenoBanusx (L-
30) cocraBmsuta 1,32+0,10 M, ngoctoBepHO CcHmWXKasch B neHb mocanku g0 0,73+0,08m. B
MOCNEAYIONUX CEeCCHsIX CpeHss MAIMHHA [Iara JOCTOBEpHO HE OTjiIndYaiach OT (HDOHOBOTO
UCCJIeIOBaHMs, HaxXxoJsch B mpenenax 1,26-1,32 M. AHanoruvHble U3MEHEHHUs HAOIIO/IATUCh B
CpeIHeU BBICOTE IIara: B MPEeANoJeTHhIX ceccusix oHa cocrasisia 0,154+0,02 m u 0,085+0,01 M - B
JIeHb 3aBeplieHus nojiera. Ha 4-e u 7-e cyTku mocie mojeTa BhICOTa Iara Obljia HE3HAUUTEIbHO
BBIIIIC UCXOMHBIX 3HaueHui, cocTaBiasa 0,168 £ 0,02 m u 0,162 + 0,02 M, coorBeTcTBeHHO. Ha 12-¢
CYTKHM IIE€PHOJIa BOCCTAHOBJICHM JIIMHA 11ara B cpeaHeM coctasuina 0,144 + 0,008 m. Konnuectso
[1aroB, TPEOYIOUMXCS KOCMOHABTY ISl OTHOAHUS MPEMSATCTBUS, TAKXKE BO3PACTANIO B CPEIHEM Ha
70% mnocne 3aBepuienus KII. PesynbTaTsl Tecta Ha rpajanuio yCUIMM TakKe BBIIBUIM BUIUMOE
CHI)KEHHE TOYHOCTHBIX BO3MOJKHOCTEH CHCTEMBI yNpaBJICHUs ABMKCHUSIMU: NuepeHnanbHbIi
MOpOr B MEpBble CYTKU IOCJIE 3aBEpILIEHHUs MojeTa mnoBbimaics Ha 23.7 % 1o CpaBHEHUIO C
(OHOBBIMH 3HAYCHHSIMH, KOJMYECTBO OMIMOOK YBEIMYMIOCH Ha 5.6 %, cpemHUN MPUPOCT YCHITHS
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yBenuumics Ha 6.9%. B mocienyromux ceccHsX HaOMI0anoch MOCTENEHHOE BOCCTaHOBJICHUE

UCCIIElyEMBIX [TapaMeTpOB; HA 7-€ CYTKH I10CJIE 3aBEPILICHHUS [10JIeTa T0KA3aTeNIN TeCTa JOCTOBEPHO

HE OTJIMYAIIUCh OT UCXOJHBIX. Takum 00pa3oM, BEINOJIHEHHOE HCCIIeI0OBAHUE TPOAEMOHCTPUPOBAIO

BUAMMOE CHMXEHHE (DYHKIIMOHAJIBHOW pabOTOCIOCOOHOCTH MOCHE JUIMTENIBHBIX KOCMHUYECKHX

MI0JIETOB, HanboJIee SIPKO BBIPAKEHHOE B OCTPOM IIEPHOJIE pealanTallii K 3€MHBIM YCIOBUSIM.
Pabora nonnepkana Poccuiickoitl akanemueit Hayk (Tema 63.1).

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., 1.V. Rukavishnikov .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, support deprivation, 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 dynamics of the
investigated parameters.

This study was conducted using data obtained during the Russian-American experiment
"Field Test". To date, 11 Russian cosmonauts have taken part in the experiment (data for 4
cosmonauts have so far been processed). The series of 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 compressions 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 task of 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) performed, the number 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 conducted 60 and 30 days before the start, post-flight
surveys - on the landing day (in the tent at the landing site), on the 3-4th, 6-8th and 12th days after
the completion of the space flight.

Analysis of the data of the first four participants of the study showed 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 studies (L-30) was 1.32 £ 0.10
m, significantly decreasing on the day of landing to 0.73 £+ 0.08 m. In subsequent sessions, the mean
length of the step was not significantly different from the background study, being within 1.26-1.32
m. Similar changes were observed with the height of the step it the task of voluntarywalking: in
preflight sessions it was 0.15 + 0.02 m and 0.085 + 0.006 m on the day of completion the flight. On
the 4th and 7th days the step height was slightly higher than the initial values, amounting 0.158 +
0.02 m and 0.162 + 0.02 m, respectively. On the 12th day of the restoration period, the length of the
step averaged 0.144 £ 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 the efforts revealed 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 average increase 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 of re-adaptation to terrestrial conditions.

The work is supported by the Russian Academy of Sciences (topic 63.1).

PASPABOTKA USMEPUTEJIBHOI'O CTEHJIA IS AJTATITUBHOU ONTHUMHU3ALIMA
CBETOIMOJHOT'O OCBEHIEHUSA PACTEHUU B KOCMHNYECKOU OPAH’)KEPEE

Oukos O.A.
Hayunwiit pykoeooumens-bepkosuu F0.A., 0.m.n.

I'HII P® UMBII PAH, Mocksa

B HacTosiiee BpeMsi aKTUBHO MpopadarhiBaeTCs KOHIEMIMS CHUCTEM >KM3HEOOEeCIeueHus
SKUMAKEW KOCMHYECKHX alllapaToB, MpeIHa3HAaYEHHBIX I pead3aluu OmmKaiiend 3amadu
KOCMOHABTUKU — OCBOeHHUsI JIyHBI U OKOJIOJYHHOTO MPOCTpaHcTBa. B psne pabot Obuta 000cHOBaHA
HEO0OXOAMMOCTh O0ECIIEUCHUS IKUTAKA B JUTUTEIILHBIX KOCMHUYECKUX TOJIETAX XOPOIIO YCBOSIEMBIMHU
BUTaMUHAMU, B MEpBYI0 oyepedab BUTaMHHOM C (acKOpOMHOBON KHUCIOTOW) MU BUTaMUHOM A
(peTuHONIOM) 3a CU€T BBbIpAllMBaHMs JMCTOBBIX OBOIIEW B KocMmuueckoil opanxepee (KO). B
COBPEMEHHBIX ITPOEKTAaX KOCMUYECKUX OpaHKepel 0OBIYHO MPUMEHSIOT UCKYCCTBEHHOE OCBEIICHUE
pactenuii Ha ocHoBe cBetonuoaoB (CJl), obmagaromux psioM TEXHUUECKUX M IKCIUTyaTallHOHHBIX
npeumyiiects (Zabeletal., 2016; Bepkosuu u ap., 2005). OnTUMHU3aIKS CBETOTUOIHOTO OCBEIICHHS
IIOCEBOB SIBJISIETCSl CJIOKHOM 3aJadell M3-32 MHOTO3HAUHOCTH BO3IEMCTBHS psiia MapaMeTpOB
OCBEIIIEHHU Ha TIOKa3aTelIy POCTa M Pa3BUTHUS PACTEHUH, a TaKkKe M3-3a HeJOCTaTka HHPOPMAIIH O
MEXaHU3Max BO3JEHCTBUS Pa3IMUHBIX MApaMETPOB CBETOBOTO peXXMMa Ha AT nokazarenu. [1o stoi
OpPUYMHE /10 HACTOSIIEr0 BPEMEHHM HE pa3padoTaHbl YHUBEpCAIbHBIE MaTeMaTHYECKHUE MOJIENH,
OTMCHIBAIONINE TAaKHE€ MEXAHWU3MbBI, YTO HE JMAET BO3MOXKHOCTH 3apaHEee BBIUUCIATH JIJIST TTOCEBOB
ONTUMaJIbHBIE MapaMeTpPbl CBETOAMOAHOTO OCBEUIEHUS (CIEKTP, MHTEHCHUBHOCTB, paclpenesieHue
CBETOBOTO TOTOKA MO BpeMeHH U Jip.). OnmyONMKOBaHbI JIaHHBIE, CBUIETEIbCTBYIOIIUE O TOM, YTO
ONTUMAJIbHBIE TTapaMeTPhl CBETOBOTO pexkruma B KO MOryT CyliecTBEHHO U3MEHSATHCS ¢ BO3PacTOM
pactenuii. Hamu npeioskeH MeTol1 aJanTUBHON ONTUMHU3AIMN YPOBHS TUIOTHOCTH MOTOKAa (POTOHOB
(IITI®D) u criekTpabHOTO COCTaBa U3IYUYEHUs /IS JIMCTOBBIX OBOIIHBIX KYJIBTYp, BHIPAIIIMBAEMBIX B
ButaMuHHOM KO mox cBeTWIBbHUKOM Ha OCHOBe Oenbix M KpacHbIx CJI. DTOT MeTon COCTOUT B
HEMPEPHIBHOM aBTOMATHYECKOM IIOMCKE ONTUMAIbHBIX BEJTUYMH M COOTHOIIEHUW IIJIOTHOCTHU
CBETOBBIX TOTOKOB OT KPAaCHBIX M OENBIX CBETOAMOAOB, COOTBETCTBYIOIIUX, HAPUMED, TEKYIIEMY
3HayeHuto BenuuuHbl max Q= (Ca-M) M/E, rne M — npupoct cyxoit 6romaccsl moceBa KUTaiCKon
KamycThl 3a Bpemsi dkcrepumeHTa, Co — cojepxkaHue acKOpOMHOBOM KHCIOTHI B CyXOi Macce
noceBa, E — oHeprus cBETOBOro IMOTOKAa, MAJalOLIEr0 Ha IOCEB 3a BpPeMs SKCIEPUMEHTA.
W3mepurensubiii creny (MC) BkmodaeT B ceOs Mpo3padHyo0 POCTOBYIO KaMepy o0béMom §1 e ¢
MPO3PAaYHON TUIOTHO 3aKPBIBAKOIIEHCS KPBIIIKOM, HAJl KOTOPOU MOABEIIEH CBETHJIBHUK C KPACHBIMU
u 6enpiMu cBeToaroaamMu. CBETHIILHUK U3TOTOBIIEH Ha ocHOBe CJ] ¢ 6enmbiM (1[BeTOBast TeMIieparypa
4000K) 1 kpacHbIM (mrHA BOJTHBI 660 HM) n3nydeHneM. C MOMOIIBIO YIIPABICHUS] TOKAMH ITHTAHUS
CBETO/INO/I0B MOKHO peryaupoBarh [1IIMD Ha ypoBHE BepxHUX JMCTHEB MoceBa B npeaenax or 100
o 1000 MKMOJ‘IB/(MZ'C) He3aBUCHUMO I Kakaoro Buaa CJl M M3MEHSATh JOJI0 KPAacHOTO CBETa B
cnekTpe uznydeHus B npenenax ot 0 g0 73%, ¢ y4é€rom copepxaHus KPacHOM COCTaBISIONIEH B
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cunekrpe Oenbix CJI. BHyTpum mnpo3padHoil pOCTOBOM Kamephl YCTAaHOBJIEH T'OPU3OHTAIbHBIN
BEHTWJISATOD U1l BhIpaBHUBaHUS KOoHIeHTpauuu CO; o 06bEMy, a TaKkkKe U3MEPUTENIH TEMIIEPaTyphl
U BIQXHOCTH Bo3ayxa. Yepe3 mrymepsl B OOKOBBIX CTEHKAaX BHYTPEHHHH 0O0BEM KaMepbl
coemuHsETCS TpyOompoBogaMu ¢ MeMOpaHHOW Bo3ayxomayBkon u COs-razoananuzaropom (I'A).
Wndpakpacusiit A mapku «Kenp A» ¢ amanazonom m3mepenuit g0 1000 ppm u ommbkoit
W3MEPEHUsI, HE MPEBBIMIAIOIIEH +25 PPM HCHONIB3YyeTCd I TEKYIIUX H3MEPEHUN KaKyIIEerocs
¢dorocunTe3a mocepa. [ITHeBMaTHueckass cxema C AJIEKTPOKJIAaHaMH, POTaMETPOM M OCYIIUTEIEeM
BO3/yXa IO3BOJISIET JUOO MOJaBaTh MOTOK BO3JyXa U3 POCTOBOM kamephl Ha ['A ¢ Bo3Bparom B
Kamepy, MO0 MPOBETPUBATH ATy KaMepy BO3AYXOM C IOBBIIIEHHBIM coaepskanuem CO; mocie
Ka)JI0ro ceaHca u3MepeHuit Bugumoro ¢porocuHresa. Bo Bpems mpoBeTpuBaHUS POCTOBOM KaMepbl
BKJIIOYAETCA TAK)KE KOHTYp OCYILEHHUs BO3[yXa B KaMmepe IyTEM IPOAYBKH €ro 4epe3 IMaTpoH C
HaIlOJIHUTENEM U3 cuiukarens. [IpuBeneHpl XapakTepUCTUKU TMHAMUKY U3MEHEHUs KOHLICHT paluu
CO; 1 OTHOCUTEIIBHOW BIQXHOCTH BO3/yXa B POCTOBOHM Kamepe B pexume nponayBku. B IC Obiia
U3MepeHa JJIMTENBHOCTh MEPEXOJHBIX MPOLECCOB KaXKyIIerocs (OTOCHHTE3a MOCEBa KUTaMCKON
KaIlyCThI IPU OCBEIIEHUU KpacHBIM cBeTOM (660 Hm) npu nepexioueHusix IO 500 MKMOJIB/(MZ'C)
u 900 MKMOJ’IB/(MZ'C) u obparHo. M3mepenns ckopoctu ¢orocunresa nocesa B MC npousBoauam
cienyomuM odpaszom. Ilepen u3mMepeHUsIMHU MUKPOKOHTPOJUIEP BKJIIOYAJ BO3AYXOAYBKY M KOHTYP
OCYILIKM BO3yXa, U POCTOBas KaMepa C PacTEHUSMH IPOBETPUBAJIACH BO3AYXOM M3 KOMHATHI,
00OraIéHHBIM YITIEKUCIIBIM [a30M, C LENbI0 yAAJIECHUs M3JIMILNHEH TPAaHCHUPALMOHHOM BIAaru U
noBbleHus: koHueHTpauun CO;. [Ipouecc mpoBeTpuBaHuUs MPOAOIIKAICA, KaK MPAaBUIO, B TEUCHUE
4-5 MuHyT A0 mnoBbleHus KoHueHTpauun COzB BoO3ayxe pocroBod kamepbl a0 600 ppm.
Ocyuienne Bo3ayxa MPOBOAWIIHN J0 3HAYCHUH OTHOCUTENbHOU BiaxHoCTH (60+£10)% 11 cHIKEHUs
norpemHocTH nokasanuil ['A. Temmeparypa Bo3yxa B Kamepe ¢ pacCTEHUsMH BO BpeMs U3MEPEHUN
Haxoawiack B mpenenax 26-28 °C. Ilocie mpoBeTpuBaHMs O CHUTHAly € MHUKPOKOHTpOILIEpA
BO3JYIIHBIE 3JIEKTPOKJIANAHbI IEPEKPHIBAIA COOOIIEHHE POCTOBOM Kamephl ¢ KOMHATOH M ITOTOK
BO3/lyXa OT BO3AYXOAYBKM IOCTYNaJl 4epe3 OCYLIMTENb BO3ayXxa Ha Bxox ['A ¢ mocienyroumm
BO3BpAIllEHHEM B POCTOBYIO KaMepy. 3areM IMepekiodaii cBeT Ha japyroe 3HaueHue [II1D
(mampumep, ¢ 500 mo 900 MKMOJ‘IB/(MZ'C). Hanee B Teuenue 20 MUH. MUKPOKOHTPOJIJIEP 3aMMChIBAJ C
Bbixona ['A nunamuky koHuentpanuu CO; B pOCTOBOM KaMepe ¢ MOCEBOM, OTPaXKAIOIIYI0 Pa3HOCTh
Mexay ckopoctamu noriomienuss CO, U IpIXxaHUS pacTeHud B Kamepe (BUIUMBIA (POTOCHHTE3).
3arem 3JeKTpOKJIanaHbl 10 KOMaH/I€ C MUKPOKOHTPOJIEpa CHOBA MEPEKIII0Yaiy MOTOK BO3yXa OT
BO3AYXOLYBKU ¢ KOHTypa [’A Ha pekuMm npoBeTpuBaHus KaMmepsl. Jlaiee mpoueaypa mOBTOpSAIach
JUISL CIIEAYIOIIETO BapuWaHTa CBETOBOTO peXrMMa. YpoBeHb KoHIleHTpanuu CO;B KOHIIE Tepuosa
u3MepeHuil ¢orocuHTe3a He omyckaics Hiwke 370 ppm Juis BceX BapHaHTOB OIBITOB. Takoe
MOHMKEHUE HE OKa3bIBAJIO CYIIECTBEHHOI'O BIMSIHUSI HA CKOPOCTh ra3000MeHa 1noceBoB. Jlucnepcus
3HaYE€HUIl CKOPOCTH BHUAMMOTO (OTOCHHTE3a, BbIUMCIEHHBIX MO ¢opmyae D=30-AC-m (rae
pasmepHocTh Tmepenana kouueHtpamuun CO, (AC) B ppm, a m— wmacca Bo3ayxa B MI B
U3MEPUTENbHOM KaMepe MpU COOTBETCTBYIOIIEH TeMIEparype B IMEpUOJ] M3MEPEHUH.), MO MATU
MIOBTOPHOCTSM He mpeBblana 8,1% oT cpeaHuX 3HaYeHWl. YCTAHOBIIEHO, YTO JIMTEIBHOCTH
CBETOBBIX IEpPEXOJHBIX IpoueccoB (OTOCHMHTE3a IMpH JIIOOOM BO3pacTe IOcCeBa U BCEX
VICCJIEZIOBAHHBIX BApPMAHTAX CKAuYKOB I1APaMETPOB CBETOAMOMHOIO U3Iy4eHHs He npessimana 90 c. C
YBEJIMYEHUEM BO3pacTa pacTeHUi oT 15 cyTok 70 25 CyTOK, a IMCTOBOTO MHAEKca 1mocesa oT 3,5 10
12,8 xaxymuiicss ¢orocunTe3 nocesa noj kpacHbiMu CJI mpu cranvoHapHbIX 3HadeHusx [IT1D
Bo3pactan npubnu3utenbHo Ha 50%. B memom, tectupoBanue MC mokaszano ero mpurogHoCTh IS
nocieayoue agantuBHoi ontumuzanuu ypoBHs I111®D u criekrpanbHOro cocraBa W3JIy4eHUs s
MIOCEBOB JIUCTOBBIX OBOIIHBIX KYJIBTYP.
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DEVELOPMENT OF AMEASURING BENCH FOR ADAPTIVE OPTIMIZATION OF LED
LIGHTING OF PLANTS IN A SPACE GREENHOUSE

Ochkov O.A.
Scientific advisor-PhD, DSc Berkovich Yu.A.
State Science Center — Institute for Biomedical Problems RAS, Moscow, Russia

At the present time, the concept of life support systems for spacecraft crews is being actively
developed, designed to realize the immediate task of astronautics - the exploration of the moon and
near-moon space. In a number of works, the necessity of providing the crew with long-term space
flights with well-assimilated 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 plants based on light-emitting 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
number of 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 mathematical models 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 the optimal 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 of radiation for
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 example, to the current value of max Qg = (Ca'M) M/E.
Here M is the increment of dry biomass of Chinese cabbage crop during the experiment, Ca - the
content of ascorbic acid in the dry mass of crop, E - the energy of the light flux falling on the crop
during the experiment. The measuring bench (MB) includes a transparent growth chamber with a
volume of 81 dm?® with a transparent close-fitting lid above over which luminaires with red and
white LEDs are suspended. The luminaire is made on the basis of LEDs with white (color
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 1000 umol/(m*s) independently for each type of LED and to change the fraction of red 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 to equalize the CO, concentration 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 a CO; gas analyzer (GA). Infrared GA brand
"Kedr A" has a range of measurements up to 1000 ppm and a measurement error not exceeding + 25
ppm and is used for current measurements of the crop apparent photosynthesis. The pneumatic
circuit with solenoid valves, rotameter and air drier allows either air flow from the growth chamber
to the GA to return to the chamber, or to ventilate this chamber with enriched in CO; air after each
measurement of apparent photosynthesis. During the ventilation of the growth chamber, the
dehumidification circuit 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 the CO, concentration and the
relative humidity inside the empty growth chamber through the ventilations runs are given. 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 500 upmol/(m%s) and 900
umol/(m?s). Measurements of the apparent photosynthetic rate of crop in the MB were carried out
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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 CO, concentration and remove excess transpiration moisture. Usually the
process of ventilation continued for 4-5 minutes till increase of the CO, concentration in the growth
chamber to 600 ppm. Air dehumidification was carried out till relative humidity values of (60 +
10)% to reduce the error of GA readings. The air temperature in the chamber with plants during the
measurements was in the range 26-28 °C. After aeration, on the signal from the microcontroller the
air electro valves blocked the communication of the growth chamber 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 to 900 pmol/(m?-s) or back. For 20 minutes,
the microcontroller recorded from the GA output CO, concentration in the growth chamber with
crop, reflecting the difference between the rates of CO, absorption and respiration (apparent
photosynthesis). Then the solenoid valves, under command from the microcontroller, again
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 of CO, concentration at the end the
period of measurements of photosynthesis did not drop below 370 ppm for all variants of the
experiments. This decrease did not significantly affect the rate of gas exchange of crops. The
dispersion of apparent photosynthesis rate calculated by the formula F = 30 « AC *« m (where the
CO; drop (AC) in ppm, and m is the 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 photosynthesis at any age of
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 LEDs for identical 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.

HEHTPAJIBHASA U IIEPUDPEPUYECKAA 'EMOJANHAMUKA YEJIOBEKA B XOJE
N30JAHUOHHOI'O SKCIIEPUMEHTA «CUPUYC-17»

Ilamosa A.IL
I'HI[ P® — UMBII PAH, Mocksa

Hame wuccnenoBanne mNpoOBOAMIIOCH B paMKax KOMIUIEKCHOTO H3YyY€HHUs aJanTallMOHHBIX
IIPOLIECCOB, MPOUCXOIALIMX B OpPraHM3ME 4YeJIOBEeKa IpPU MOJECIUPOBAHUMU OTIENIBHBIX (DaKTOPOB
KOCMHYECKOTO TOJETa B YCIOBUSIX, OCHOBHOM M3 KOTOPBIX SIBIISIIACH U3OIALUS B T€PMOOOBEKTE C
HCKYCCTBEHHOH cpenioil ooutanus. Bo Bpems skcneprMeHnTa 100poBoJbIbl 17 CyTOK HaXOIUINCh B
YCIOBUAX M30JISIMU, YTO COOTBETCTBOBAJIO HMUTAIIMU KOCMUYecKoro nonéra 1o Jlynsl, e€ o0néry u
BO3BpAILIEHUIO Ha 3eMJIIO.

Lenv uccneoosanus: ONEHUTh U3MEHEHHS B COCTOSIHUN MUKpouupkyastopaoro (MLIP) pycna
BEPXHHUX KOHEYHOCTEW MOJI BO3AECHCTBUEM YCIOBUM M3OJISLIHUH C COBMECTHOM OLEHKOW U3MEHEHUH
LHEHTPaIbHON reMOJIMHAMUKHU.

Memoouka: B WCTIBITAaHUSIX NPUHSAIN ydacTue JeBATh uenoBek. lllecTh udenoBek, KOTOpbIe
MOJIBEPIVIUCH M3O0JIALIMU, SIBISUIMCh OCHOBHBIM 3KHIAXEM (TpOo€ MYXYMH U TPO€ JKEHIIUH). Tpu
YyelloBeKa SIBIISTUCH TyONHPYIOIIUM SKHUMaKeM M W30JIALMU HE TOABEPrajiuch (JIBOE MYXUYUH U
JKEHINMHA). Bce wucmplTaTenu uMeENH CpeaHUl ypoBeHb (U3UYECKOTO pa3BUTHI. COCTOsSHHUE
IIEHTPATLHOW TEMOTUHAMHUKHN WCCIIEOBAIM C MOMOIIBI0 MOHHTOpa peanmmaronora (MITP 6-03,
Poccus). Usmepsinmu cucronmyeckoe U auacronuueckoe aprepuansHoe naeneHue (CAI u JAN),
yaapHbiid 00beM u ynapublil uuaekc (YO, YU), cucronnueckuit uaaexc u Beiopoc (CH, CB), obmiee
nepudepudeckoe comporuBierne cocyaoB (OIICC), HacelllleHHe apTepHAIbHON  KPOBU
kuciopoaoM (SpO;) m dactory cepaednbix cokpamenuii (HCC). CocrosHue mnepudepudeckon
TeMOJMHAMUKH HCCIIEOBAJIN C TOMOIIBIO KOMITbIOTepHON Kanmuisipockonuu (Kanumnspockan-01,
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OOO «Hosbie Dnepretuueckue Texnomorum», Poccus), a Takke C TNOMOLIBIO JIa3epHOU
Honmueposckoit  dmoymerpun - JIJID (JIAKK-02 «JIA3BMA», MockBa, Poccus). Hzmepsiau
nepukanuuisipHyo 301y (I13) (MkM), KoaM4ecTBO KamuiuisapoB B 1 MMZ(IIIT.) B KOXE HOITEBOTO
BaJIMKa BEPXHUX KOHEUHOCTEH, aMIUIMTYAy aKTUBHBIX U MACCHBHBIX MEXaHHW3MOB (hOPMHUPOBAHUS
TOHYyca cocynoB: A (3HaoTenuanbHas), AH (HeliporenHas), Am (MuoreHsas), Ac (cepaeunas), A
(nprxarenpHas). Jaruuk JIJI® ycranaBnuBaau Ha MpEAIieybe B MOJOKEHUHU JIEkKA HA CIIMHE B 30HE
3axapeuHa-l'ena (30Ha cepina). Al OLIEHUBAIA CTPOTO B COOTBETCTBUU C YACTOTOM ABIXaTENbHBIX
newxkennid (Y1), Ac B coorBerctBun ¢ UCC. Tak xe wm3mepsuin [IM (nd.en.) — mokasarenb
Mukpouupkyisinuu (JII®). Msmepenue napameTpos npousBoAwIn B 3 3tana: 10, Bo Bpems (2, 7, 14
CYTKHM) M TOCJ€ H3O0JSIUH Y OCHOBHOIO JKMIAXa, a TaKkKe J0 M Iocie y ayonepoB. AHanu3
pe3yabTaToOB MPOBOAMIM C momombio nporpammuoro nakera STATISTICA 10 u Excel 2016, c
UCIIOJIb30BaHUEM OOMICTIPUHATHIX HEMapaMeTPUUYECKUX METONOB CTAaTUCTHYECKOTO aHalu3a.
VYposens 3naunmoct p< 0,05. Pe3ynbTarsl mpencTaBleHbl 1ajiee B BUIE€ MeIuaH U KBapTuieit Me
[Q25;,Q7s].

Pezynomamor u o6cysicoenue: BHadane ¢ nomoubio U — kputepust ManHa — YUTHH OLIEHUIIN
MPUHAJJICKHOCTh JBYX BBIOOPOK HCIIBITATENeH K OIHOM TeHepalibHOM COBOKyMHOCTH. OKa3alloch,
YTO I10 MapaMeTpaM HEeHTPaIbHON TeMOANHAMUKY JIaHHBIE UCTIBITATENIA CTATUCTUYECKHU 3HAYMMO HE
paznuyatorca p> 0,05, Ho paznuuarorcs no napamerpam MIIP, Tak 15 konvuecTBa KanuusipoB P<
0,001, N=9, ocuoBHo# skumax: 102 [82;112]; 3amachoii: 74 [58;88]; mo Am, p< 0,001, N=9
ocHoBHoit: 0,12 [0,11;0,12]; 3amacuoii: 0,08 [0,04;0,09]. B menom, MOXKHO CKa3aTh, YTO BBIOOPKHU
UCTIBITaTeNIeH MOJ00paHbl OTHOPOIHO, 32 UCKIIFOYEHUEM HECKOJIBKHUX mapameTpoB. CienoBarebHo,
B JIaJIbHEWIIEM MBI MOKEM CPAaBHHUTh MX B NEPHUOJE BOCCTaHOBJIEHUs. Jlanee, M0 METONy INIaBHBIX
KOMIIOHEHT Mbl BHU3YaJIbHO OLIEHWJIM OJHOPOJHOCTH BBIOOPOK IO MapaMeTpaM LEHTPaJIbHOH U
nepudeprudeckoil reMOAMHAMUKH. BbITO BBISIBIIEHO, UTO Y OJIHOTO MCHBITATENs OCHOBHOTO SKHITaXKa
nokasareau MIIP Beixonuinu 3a mpeaesnsl 2 CUTM, TTO3TOMY, Mbl UCKJIIOUWIIA €T0 U3 JAJIbHEHUIIEro
ananu3a mnapamerpoB MIIP. Ilocne sToro, mo mapamerpaM mnepu(epUUICCKOd T'eMOIMHAMHUKH
craructuyeckoe 3HadueHne U — kputepus Manna — Yutuu cocrasuiio p> 0,05. Jlanee napamerpsl
LHEHTPaIbHON reMOAMHAMUKN OCHOBHOTO KHIaXXa Mbl OLIEHWJIM C IMOMOIIbIO KpuTepust Opuamana,
p< 0,05 npu N = 6 qia YO, CU, UCC. B xauecTBe aniocTepMOPHOTO T€CTa UCIOIb30BAIN KPUTEPUI
Bunkokcona ¢ BBefeHHeM nonpaBku boHbeppoHH, ypoBEeHb 3HAYUMOCTH, MPU 3TOM, MEHBIIE WIH
p< 0,01. Craructuyecku 3Haunmo wu3MeHuics YO (p = 0,003), o magan K mepuomy
BOCCTaHOBJIEHUSI 110 CPABHEHUIO CO BTOPBIMU CyTKaMH M30ssIuu ¢ 89 [76;99] no 56 [51;74]. To xe
MBI BBIIOJIHSUIM C MapaMeTpamMu nepudepudeckoil reMoIMHaMUKH, 0Ka3al0Ch, YTO CTaTUCTHYECKU
3HQYMMO M3MEHsJIach TONbKO BenuunmHa [13, B yacTHOCTHM, OHa yBenuuMBaidach K 14 cyTkam
M30JIALIMY TI0O CPAaBHEHUIO CO BTOPHIMM CYTKAMH M BO3Bpallla/iach K NEpPBOHAYaIbHBIM 3HAUECHUSM B
nepuone BoccraHoBieHus: (Bumkokcon, p = 0,004, N=5) ¢ 72 [64;84] no 84 [78;117]. Hpyrux
CTaTUCTUYECKU 3HAYMMBIX U3MEHEHUH BBIBICHO HE OblI0. TeM He MeHee, UMENNCh OIpelelICHHbIE
TEHJEHLUMU Yy HEKOTOpbIX MokKa3arened. Hampumep, yBenuuuBanach amIuiMTyaa Ag, d4ro,
OJTHOBPEMEHHO ¢ yBenuueHueM [13 MoxkeT KOCBEHHO CBHJIETENbCTBOBATh O HAPYLIEHUH MPOLIECCOB
peabcopOIuu B MHTEPCTUIMATBHOM MpocTpaHcTBe. OmHOBpeMeHHO c majeHneM YO umenach
teHaeHus K cHmkenuto YU u yBenuuenuto YCC u YJIJ] x mepuoxy BocctanoBieHus. HaGmronanm
U YMEHbIIIEHUE KONu4ecTBa (YHKIIMOHUPYIOMINX KAMWULIPOB B KOXKE€ HOT'TEBOTO BallMKa BEPXHHX
KOHEYHOCTEH K 14 cyTkam H30JS1UH, a TAK)KE PE3KOe YBEIMUEHHUE B NIEpHOie BoccTaHOBIeHUs. Jlis
OIIEHKH TOTO, HACKOJIBKO YCTOMYMBO MOMEHSUIMCH IMapaMeTphbl K MEPUOAY BOCCTAHOBJIEHUS, MBI
ucroyb30oBa  kputepuii Bunkokcona (P<0,05) s rpynmbl OCHOBHOTO W AYOJHPYIOIIETO
skunaxed. Okazajaoch, YTO y Tpynmbl OCHOBHOro skunaxa ysenuuenue YCC u Y/ Obuto
CTaTUCTUYECKU 3HAYMMO IO CpaBHEHHUIO ¢ nyonupyromed rpynmnoid p< 0,05 (y KOTOpBIX IaHHBIE
MOKa3aTeNu 3a BpeMs HCCienoBaHus He moMmeHsunch). CHmkeHne YO Tak ke ObUIO YCTOMYHMBO
Hrxke p< 0,05.

3akntouenue: TakuM 00pa3oM, OJHO3HAYHO MOXKHO YTBEP)KIaTh, YTO YCJIOBHUS H3OJSILUH C
OTpaHMYEHHOM JBUTATENIbHONM aKTUBHOCTHIO OKAa3bIBAIOT BIUSHUE HAa COCTOSHUE ILIEHTpaIbHON
remMoguHaMuku. [Ipu 2TOM, BIUSHUE HA COCTOsSHUE TepudepruvyecKoil TeMOIWHAMUKU, TIO0 Bcel
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BUJIUMOCTH, JHIIb KOCBEHHOE. OUYEeBUHO, YTO U3MEHEHUS LIEHTPATbHOM TeMOJJMHAMUKYU TTOBJIEKYT
3a co00¥ M3MEHEHUS MUKPOLMPKYISINK, HO JUIsl 3TUX MPOLIECCOB HEOOXOAMMO OoJiee JINTENbHOe
BpeMsi, TO €CTh HEOOXOAMMO H3Yy4YE€HHE B YCIOBUAX OoJjiee MPOIOJDKUTEIBHON N30SI,
Craructuueckn 3HauuMmoe yBenmdyenue UYCC wm YJJI, a Taxke cHmwxkeHue YO Moryr ObITh
00yCIIOBIIEHBI BO3/ICHCTBUEM CTpECCa W/WIIH CHIDKEHUEM KOMITICHCATOPHBIX MEXaHU3MOB PErYIISIIUN
CepICUHO-COCYIUCTON cucTteMbl. Tem He MeHee, mocie 14 CyTok, cyas IO BCEeMy, Hadajaach
dusnonornyecKkas KOMIICHCAIUS JAHHBIX WU3MEHEHHH, TO €CTh MOSBUINCH MPHU3HAKU aJanTalliu
CEpICUHO-COCYIUCTON CUCTEMBI K HOBBIM YCIIOBHUSIM.

HUMAN CENTRAL AND PERIPHERAL HEMODYNAMICS DURING ISOLATION
EXPERIMENT “SIRIUS —-17”

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 during modeling 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 circumnavigation and return to the
Earth.

The purpose of this study: wasto 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 volunteers divided into two paths:
main crew — was in isolation during 17 days (three men and three women) and backup crew — they
weren’t in isolation (two men and woman). The state of the central hemodynamics was examined
with the help of the bedside monitor (MPR 6-03, 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
measured. Functional state of the skin microcirculation was checked with a LDF LAKK-02
(“LAZMA”, Russia). Capillary parameters were assessed in the nail fold at the same time with LDF
by means of a computer capillaroscopy CAPILLAROSCAN-01 (“Advanced Energy Technologies”
Ltd, Russia). We estimate pericapillary zone (PZ, um), 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 (respiratory), PM — 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: background, 2-7-14 days of isolation and recovery (main
crew), background and “recovery” — backup crew. Nonparametric 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 discussion: with Mann-Whitney U test the main and 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 [82; 112]; 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 central and peripheral hemodynamics. It was revealed that one volunteer from main crew was
exceeded the limits of two o, we excluded him from the further analysis of the microcirculation
parameters. Consequently, in the future we can compare them in the recovery period. After this,
according to the parameters of peripheral hemodynamics, the statistical value of the Mann-Whitney
U test was p > 0,05. After this we use Friedman’s test for all parameters, p <0.05 for N = 6 (main
crew) for SO, SVI, HR. Wilcoxon's test was 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 in the recovery period (Wilcoxon’s test, p = 0.004,
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, which, 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 rate of respiration 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 recovery period parameters of main crew didn’t returned to normal
values: Wilcoxson’s test (p <0.05, N=8) between group of main and backup crews. It turned out that
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 on the 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 to assess 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 a
decrease in compensatory regulation mechanisms of the cardiovascular system. Nevertheless, after
14 days of isolation occurred the physiological compensation of these changes.

W3YUYEHUE BJAUSHUSA MEXAHUYECKOW CTUMYJISAIIMA OITOPHBIX
A®DEPEHTOB KAMBAJIOBUATHOM MBIIIIBI KPBIC HA TPA®UK HDAC5 |
3KCIPECCHIO E3-YBUKBUTUHJINTA3 HA PAHHUX DTAITAX MOJEJIMPYEMOU
TPABUTAIIAOHHOM PA3I'PY3KH.

Ilapamonosa H. Hlapno K.A. Bunvuunckaa H.A.
Hayunwtit pykosooumens-0.0.H., npogpeccop Illenkman b.C.
I'HI[ P® — UMBIT PAH, Mocksa

[Tpu neficTBMM T'paBUTALMOHHOM pa3rpy3ku HaOJIOAAeTCsl pa3BUTHE MBIIIEYHON aTpoduu B
pe3yabTare yBEJIWYEHHs] MHTEHCHUBHOCTHU IPOTEOJUTHYECKUX IPOLECCOB U CHUKEHUSI YPOBHS
cunte3a Oemka (Bodineetal., 2013). MsBectrno, uto ructonmaeanetwiassl (HDAC) kmacca Ila
Y4YaCTBYIOT B peryisiuu skcnpeccuu E3-youksurunnuras (Moresietal., 2010; DuBoisetal., 2017).
Okcnpeccusi E3-yOMKBUTHHINMIa3 yBEIMYMBAETCS NpU JEMCTBUM TPABUTALMOHHOW pPa3rpy3Ku
(Bodineetal., 2001). Panee B Hameii jgaboparopuu OBLJIO TOKa3aHO WM3MEHEHHE SACPHO-
muroriazmarnyeckoro  tpapuka HDAC kimacca Ila nmpu  gedocdopunupoBanuun  AMOD-
akTuBupyeMoil mnporenHkuHa3bl (AMPK) Ha paHHuUX »JTamax TpaBUTAIMOHHOM pas3rpy3ku
(Vilchinskayaetal., 2017). M3BecTHO, YTO TpHM YCTPaHEHHH ONOPHI dJJIEKTpUYECKas W,
CJIEIOBATENIbHO, COKpATUTENbHAs aKTUBHOCTb M. soleus KpbIChl MPAaKTHUECKH IpeKpaiiaeTcs
(Kozlovskaya et al, 1987; Alford et al., 1987; Kawano et al, 2002; De-Doncker et al, 2005).
Mexanndeckasi CTUMYISLHUS ONOPHBIX 30H CTONBI y 4eJoBeKa Ha (OHE OMOpPHOW pas3rpy3Ku
MO3BOJISIET COXPAHUTh TOHUYECKYIO COKPAaTUTENbHYIO aKTUBHOCTBH MOCTYpalbHON KaMOaJIOBHUIHON
mbiie! (I'puropses u np., 2004; Hlenkman u ap., 2004). Llens Hamero uccienoBaHus cocTosiia B
U3yYCHUU BIMSHUS MEXaHUUECKOW CTUMY/SLMU OMOPHBIX addepeHToB Ha (OHE IpaBUTALIMOHHOMN
pasrpy3ku Ha Tpadpuk HDACS u sxcnpeccuto E3-yOouxkButunnuras B m. soleus kpbichl. J{is aToro
IIPOBOJMJIOCH 1 CYyTOYHOE AHTHOPTOCTATUYECKOE BBIBEIIMBAHME 3aJHMX KOHEYHOCTEH KpBIC IO
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meronuke WMneuHa-HoBukoBa B Momudukanuu Mopei-XoaToH ¢ NPUMEHEHHEM OIOpPHOU
CTUMYJISIIMA MEXaHUYECKUM JaBiieHneM 104 MM PT CT. MPOJOJKUTEIBHOCTHIO 4 Yaca ¢ 4actoToi 1
ri. [Tocie wero conepsxkanue pPAMPK(Thrl72), pPKD(Ser485/491) u HDACS B sinepHo#t (pakuuu
m. soleus KpbIChl OIICHMBAJIM C TOMOIIBIO MeETOAa TIelib-3MeKTpodopesa ¢ MOCIETYIOIUM
UMMYHOOIOTTUHTOM. YpoBeHb skcnpeccut MURF-1 ompenensiin metonom PCR-RT. B pesynbrare
1-cyrounoro BBIBEIIMBAHUS Ha0JI01aNI0Ch JIOCTOBEPHOE CHUKEHHE cofiepKaHus
dochopunuposannoit AMPK (Thr172) Ha 37% OTHOCHTENFHO KOHTPOJIBHOM TPYIIIBI, @ B TPYIINE C
OTIOPHOM CTUMYJISIIIMEH JIOCTOBEPHBIX OTIWYHI OT KOHTPOJILHOM Ipyniibl He oOHapyskeHo. [Tocne 1-
CYTOYHOTO BBIBEIIMBAHMS BBISBICHO JIOCTOBepHOE cHIbkeHue conepxkanus HDACS B sanepnoii
dpaxun OenkoB Ha 47% MO CpaBHEHHUIO ¢ Trpynnoi kKoHTposs. [Ipu sTom B rpynme ¢ omopHOH
CTUMYJIILIMEN HE HAOMIOAAIOCh TOCTOBEPHBIX OTIMYUI 3TOrO MOKa3aTels OT YPOBHS KOHTPOJIbHON
rpynmnbl. OOHapyXeHO JAOCTOBEpHOE JIBYKpAaTHOE IMOBBIINIEHUE coepxaHus (ochopuirnpoBaHHON
nporeunkuHaszsl D (PKD) (Ser485/491) oTHOCHTENBHO TPYIIbI KOHTPOJS TMOCie 1-CyTOYHOTrO
BBIBEILIMBAHUS, [IPU ATOM TPYIIIEe BBHIBEUIMBAHUS C OMOPHON CTUMYISIIMENH JTOCTOBEPHBIX OTIMYUIN
OT TPYMIIBI KOHTPOJIS He BbIsiBIIEHO. [Tocne 1-cyTouyHOro BhIBEIIMBAHUS HAOIIONATIOCH JOCTOBEPHOE
yBenuueHue skcnpeccuu E3 youksutun aurassl MURF-1 Ha 57% oTHOCHTENBHO IpyMIbl KOHTPOJI,
a B IpyIIE C ONOPHOM CTUMY/SLMU OTIMYUN OT KOHTPOJIBHOW IpymNIbl HE OOHapyxkeHo. Takum
o0pa3oM, IOJlyYE€HHBIE JIaHHBIE [IOKa3bIBAIOT, YTO MPUMEHEHHE MEXaHOCTUMYIALUU CTOIbI
KUBOTHOT'O HA paHHEM OJTale MOJEIMPYEMOM TIpaBUTALMOHHONW pasrpy3Kd  IO3BOJISET
npenorBparuth  naaenue  gocdopmiupoBanus AMPK.  Takke monydeHHble — JaHHbBIE
CBUJIETEJILCTBYIOT O TOM, YTO HAa pPaHHUX CpoKax IpaBuTannoHHOW pasrpysku AMPK u PKD
HAXOMATCS B PEHUIPOKHBIX OTHOLIEHUSAX: npu mnaaeHun axTuBHoctu AMPK nHabmromaercs
yBenuueHue axtuBHOcTH PKD, koropoe mpuBomaut k skcmopry HDACS w3 spep, KOTOpBIi
COMpoBOXKAaeTcss ycuieHueM oskcnpeccun E3  youkButuH mwmrazsl MuRF-1. Ot addexts
IIOJIHOCTBIO TMPEAOTBPAILAIOTCA IPHU TOAJEP)KAHUU TOHUYECKON COKpAaTUTEIbHOM aKTHBHOCTHU
KaMOaJIOBUHOW MBIIIIIEI C TOMOIIBIO MEXaHOCTUMYJISIIUH OMOPHBIX adhepeHToB.

Pabota nonnepsxana [Iporpammoii ¢pynnamentanpabix uccienosanuii ['HL[ PO UMBIT PAH
(tema 65.3) u rpantoM POOU 17-29-01029. ABTOpHI BhIpaxaroT NIyOOKYIO Mpu3HaTenbHOCTh C.A.
TeiranoBy 3a 3(p(pekTHBHYIO GHOTOrO-TEXHOIOTHYECKYIO MOJICPIKKY SKCIIEPUMEHTA.

AN INFLUENCE OF PLANTAR MECHANICAL STIMULATION ON ASOLEUS MUSCLE
HDACS5 TRAFFIC AND E3-UBIQUITIN LIGASE EXPRESSION AT THE EARLY STAGES
OF MECHANICAL UNLOADING

Paramonova I. 1. Sharlo K. A. Vilchinskaya N.A.
Scientific advisor-professorPhD, DSc.,B.S. Shenkman
Institute of 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 Ila histone deacetylases (HDAC) are involved in the regulation of the expression
of E3-ubiquitin ligases (Moresi et al., 2010, DuBois et al., 2017), and E3-ubiquitin ligases
expression is increased under gravitational unloading (Bodine et al., 2001). In our laboratory
previous studies, we have observed the alteration in the nuclear-cytoplasmic traffic of HDAC by the
dephosphorylation of AMP-activated protein kinase (AMPK) at the early stages of gravitational
unloading (Vilchinskaya et al., 2017). It is known, that the electrical and contractile activity of rat
soleus muscle almost stops (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 to preserve 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 HDACS traffic and
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E3-ubiquitin ligase expression in rat soleus muscle at the early stages of mechanical unloading. A
standard 1-day hindlimb suspension (HS) was performed in order to simulate the effects of
microgravity on rat soleus muscle. One of the HS groups was subjected to plantar mechanical
stimulation for 4 hours per day. After that, the contents of pAMPK (Thrl172), pPKD (Ser485 / 491)
and HDACS in the nuclear fraction of rat soleus muscle were analyzed by gel electrophoresis
followed by immunoblotting. The expression level of MuRF-1 mRNA 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 mechanical 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 the HS +plantar 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 after a 1-day HS relative to the
control group, and plantar foot stimulation prevented this increase. There was also a significant
increase in the expression of E3 ubiquitin ligase MuRF-1 by 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. Thus, 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 reciprocal relations between AMPK and
PKD at early stages of gravitational unloading: when AMPK activity decreases, PKD activity
increases, which can lead to the export of HDACS from the nucleus, which in turn is accompanied
by an increase in the expression of E3-ubiquitin ligase MuRF-1. 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 SSC RF - IBMP RAS (topic
65.3) and the RFBR grant 17-29-01029. The authors would like to express their deep gratitude to
Sergey Tyganov for excellent technical assistance.

3D KOHYCHO-JYYEBASI KOMIIBIOTEPHASI TOMOI'PA®US YEPEITHO-
JIMOEBOI'O CKEJIETA, KAK METOJ OTBOPA ! EZKEI'OJHOI'O OBCJIEAJOBAHUA
JIUI] OTACHBIX ITPO®ECCUKN BPAYOM-CTOMATOJIOTOM.

Ilpokonosuu JI.C.
I'HII P® -MIMBII PAH, . MockBa

Crarbsa 3 @3 «O panuanuoHHoi Ge3onacHocTy HaceneHUs» Ne3-D3 ot 9 guBaps 1996 rona
IOPEINUChIBAET NPUHLUMI OOOCHOBAaHMSA — 3alpelIeHHs] BCEX BUIOB JESATEIBHOCTH IO
MCIIOJIb30BaHUI0 MICTOUHUKOB MOHU3HUPYIOLIETO U3TYYEHHUS], TPH KOTOPBIX MOJIyYE€HHAs JJIs 4EJI0BEKA
U 00LIeCTBa MOJb3a HE MPEBBILIAET PUCK BO3MOXHOTO BpeAa, MPUUUHEHHOTO JOMOJHUTEIbHBIM K
€CTECTBEHHOMY paJHaluOHHOMY (oHy oOiyueHuem, a nyHkr 7.3 CanlluH 2.6.1.1192-03 racur,
YTO NAIMEHT HMMEET NPaBO OTKa3aTbCcsd OT MEIMLMHCKUX PEHTICHOJIOTMYECKUX MpoLenyp, 3a
UCKJIIOYEHHEM MPOPHIAKTHUYECKUX MCCIIeI0OBaHNH, POBOMMBIX B LIEJIAX BBIABICHUS 3a00JI€BaHU,
OMACHBIX B O3MHJIEMHUOJOTUYECKOM OTHOIIEHUHU. IIyHKT 7.9.TOr0 X€ JIOKyMEeHTayCTaHaBJIMBaET
HOPMaTHB TOJOBOTO MNPOQHUIAKTHUECKOrOo OOJMydYeHUs NpU TPOBEACHUU MNPO(UIAKTUIECKHX
MEIMIMHCKUX PEHTI€HOJIOTUYECKUX HCCIEeIOBaHUM M HaydHBIX MCCIEIOBAaHUN TNPAKTUYECKU
3n0poBbix il 1 M3B (1000 MK3B).

Bce KIMHMYECKHE PEKOMEHIAIMH NPH PA3JIMYHBIX JMAarHo3ax 3a00JeBaHUK 3yOO4ENFOCTHON
CUCTEMBI, 3aTparuBalOlIMX MHHEpPAIM30BaHHbIE TKAHW PTa, 32 MCKIIOUYEHUEM KIMHUYECKUX
peKoMeHanuy npH auarnose «Kapuec 3y00B», NMpelycMaTpUBaOT 00SA3aTEIbHYHO OJHOKPATHYIO
JIMaTHOCTHKY COCTOSHHUS 3yOOYENIOCTHOM CHCTEMBI C TMOMOIIBGIO METONOB M CPEICTB JIy4EBOU
Busyanuzannn. OQuuuanbHbid  KoMMeHTapud Ilpesugenta CTOMaroJoruueckoil Accouuaryu
Poccun Canosckoro B. B.o mpoenenun npouenypsl «Opronantomorpadus» B COOTBETCTBUU C
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Knuanueckord pexkomenganued (IIpOTOKOIOM JedeHHs) NpPH JMATHO3€ «HAPOJOHTHT» 3a CUET
cpencts ®OMC or 1 mapra 2016 naeT pazbacHenus TpeGoBaHMHM K JUArHOCTHKE aMOyIaTOpHO-
NOJMKJIMHUYECKOM, BBOIAS B CTaHAApT Jyd4eBOM [MArHOCTUKA B CTOMATOJOTUM HMMEHHO
OpPTOIIAaHTOMOTpaMMy, HO IIPH 3TOM — OTMEYaeT, YTO BKJIOUYEeHHE B KiMHMUECKHE PEKOMEHAALUU
(ITpOTOKOIBI JIEYEHHS) TOU WM MHOU JIEYEOHOH MPOLELYPhl WIH JHATHOCTHYECKOTO JIEMCTBHS HE
MMEET DKOHOMHUYECKOTO OOOCHOBAHUS M CIY)KHMT JIMIIb ApTyMEHTOM Ajis OOOCHOBAHMS JAHHOM
YCIIyTM Ha OCHOBE JOKa3aTelbHOM Mmeauuuubl. Ilpukaz Ne244 or 21.11.2016 Tockopmopauuu
“PockocMOC” Kak CTaHIapT JMArHOCTHKH COCTOSHHS 3yOOUYENIOCTHOHM CHUCTEMBI C IOMOIIBIO
METOJIOB M CPEJICTB Jy4E€BOHW BH3yalM3alldd Takke TpeOyeT OT NPETEHIEHTOB Ha JODKHOCTH
KaH/1/1aTa B KOCMOHABThl OPTOIMAHTOMOTPAaMMY U PEHTTEHOIPAMMY OKOJIOHOCOBBIX Ma3yX B HOCO-
10A00POJOYHOM TIPOEKIIUH, @ B KAYECTBE CTAHIAPTA CTOMATOJIOMYECKOTO JTy4€BOr0 00CIEI0BaHNS
CIEIMaJIbHBIE JOKYMEHTHI 3aKPENUIM OPTOIIAHTOMOTPAMMY WJIM K€ CEpUI0 PEHTI€HOIpaMM pTa B
pasnuuHbix npoekiusax (fullmouth X-rayseries), qomoaHuTENpHO TpeOys npudToM aanHbie KT mpu
o0ciel0oBaHUM  BpauoOM-OTOpUHOJapuUHrosioroM. W 31ech KIIOYEBYIO pOJIb WIPAaeT IPUHLHUII
ontuMuzanuu u3 cratbl 3 O3 «O paguanroHHON 0€30MacCHOCTH HACEJICHUA» - MOAJIEpKaHue Ha
BO3MOXKHO HHM3KOM W JOCTH)KMMOM YPOBHE C YYETOM SKOHOMHUYECKHUX M COLUATBHBIX (haKTOPOB
UHAMBUAYAIBHBIX 103 OONyYyeHUs W Yuciaa OOMy4yaeMBIX JIMII TMPH HCIOJB30BAHUM JFOOOTO
MCTOYHHMKA HOHU3UPYIOLIETO U3JIy4EHUS.

CornacHo nensmKoHnenmuu pa3BuTus 3IpaBOOXpaHeHHs] U METUIIMHCKON Hayku B Poccuiickoi
Oenepannn 1 HarmonanpHol KoHnenmuu mpo@riakTuku WHOEKIHA, CBI3aHHBIX C OKa3aHHEM
meaununackoit momouy (MCMII), yrBepknénHoi [1aBHBIM TrOCyIapCTBEHHBIM CAHUTAPHBIM BPauoM
P® 6 wnHos0ps 2011 r, BHeIpeHHWE COBPEMEHHBIX IIOIXOJAOB M ONTHMH3AIUSA CAHUTAPHO-
TUTHUCHUYCCKUX MEPOIPHUATHIA 10 JuarHocTuke W mnpodwmiaktuke VMCMIT B opranusammsx
3[PABOOXPAHEHUS, U PpA3BUTHE HAYYHBIX UCCIEAOBAaHUNA B OONACTH HOUAEMUONIOTUUA H
npodmiaktuku MCMII He moryt oOoiiTuch0e3 amanTali METOAOB JIyueBOW BH3yaiu3anuu.B
paMKax TOCYIapCTBEHHBIX HOPMATMBHBIX TpeOOBaHMM 110 OXpaHe Tpyla 3aMeHa MeTo/a
opTornanToMorpaduu BKyle C CEpHeil NPHUILETbHBIX WU BHYTPUPOTOBBIX CHHUMKOB, a TaKke
PEHTTEHOJIOTUYECKOTO HCCIIEIOBAHUS OKOJIOHOCOBBIX Ta3yX MW AaHAaTOMHYECKHUX O00pa30BaHUiA
BHCOYHBIX KOCTEH NMPH BHIIOJHEHHH TPEOOBAaHUH aMOYJIaTOPHO-TIONMKIMHMYECKOH IHATHOCTHKH C
TIOMOIIBIO  00SA3aTEIbHOM OIHOKPATHOM JIy4€BOH BH3YaIU3alldM COCTOSHHS HYEPENHO-JIUIEBOTO
ckeseTa MeTofoM 3D KOHYCHO-Ty4E€BOHW KOMIILIOTEPHOHM TOMOTPa(MU IO3BOJHMT CBOEBPEMEHHO
BBISIBJISITH T1aTOJIOTHMI0 M OKa3bIBaTbMENMLIMHCKYIO TIOMOILb JIMIIaM ONAacHbIX MHpodeccuil B
HE00X0MMOM 00BEME.

[TonmHast cepusi PpPEHTrEHONOTMYECKUX CHHUMKOB pTa COCTOMT U3 22  paKypcOBH
OPTONAaHTOMOIPAMMBI, B3ATBIX 3a | J€Hb, YTO IO JIy4eBOW HArpy3ke MOXeT cocTaBuTh 10 600
MK3B.3D KOHYCHO-JIy4eBasi KOMIBIOTEpHAsE ToMOrpadusi O3BOJSET MPOAUATHOCTUPOBATH CTENEHB
IUIOTHOCTH KOCTHOM TKaHM YEepErmHO-JIUIEBON 00JIaCTH U YPOBEHb PELECCUU KOCTH aJIbBEOJIIPHOTO
OTpPOCTKa, 3y00-ambBEONIAPHBIC YIUIMHEHHs, KOJMYECTBO 3yOOB, HAlW4YHe U PACIHOJIOKEHHE
CBEPXKOMITJIEKTHBIX WJIM K€ MOJIOYHBIX 3yOOB B NOCTOSHHOM IPUKYCE, MPAaBHJIBHOCTh MPUKYCA,
OTCYTCTBHME BOCHAJIEHUS MEPUANTUKAIBHBIX TKAHEW WM MapOIOHTa, COCTOSIHUE MPUAATOYHBIX Ma3yxX
HOca,Tonorpauio  pajuKyIsipHbIX, (QOJUIMKYISPHBIX, W KEPaTOKUCT, COCTOSHHUEBHCOYHO-
HVDKHEUYENIOCTHOTO CyCTaBa, BHYTPEHHEIO M CpPEOHEr0 yxa, KauecTBa IIPOBEIEHHOIO paHee
CTOMAaTOJIOTUYECKOTO SHIOAOHTUYECKOTO, PECTaBPALIMOHHOI0, OPTONEANYECKOTO U XUPYPTUUECKOTO
J€YeHUs, TPaBMbIM OITYXOJHUYEIIOCTHO-IHMIIEBOM 0O0JAaCTH, PEKOHBAJECLUEHIUIO M MPUPOIHOE
3I0POBBENPH JTyd4eBOM Harpy3ke Ha manuenta He 6omee 120-150 mMx3B (4uTo cocraBiser meHee 1/6
ot pazpeménHoi myHkToM 7.9 CanlluH 2.6.1.1192-03 no3s1), B 3aBHCUMOCTH OT 000pyAOBaHUs U
¢deHotuna pabOTHUKOB omacHbIX Mpodeccuil. CyllecTBYIOIINE TEXHOJIOTHHM TO3BOJISIIOT TaKXke
MPOBOIUTh JUArHOCTHKY 4D, dro mnpumensercs mpu wuccienoBanun Qyakinun BHUC,
YCTaHOBJICHUH MPUYMH Xpana 1 arHod BO CHE.

KonycHo-nydeBass xommbtoTepHas Tomorpadus (KJIKT) — 3To peHTreHOBCKas TEXHOJOTHSI
BHU3yaJIM3allNH, TJI€ C Pa3HBIX PaKypcOB MoJydaeTcss 0ombinoe uncio 2D m300pakeHuld mamnueHTa.
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O6wémuoe 3D uzobpakenne koHCTpyHpyeTcst u3 3Tux 2D mpoekimii. [lonydennble n300paxeHus
MOXKHO TPOCMATpHBaTh C IMOMOIIBIO MPOTPAMMHOTO 00ECHEeYECHHUS MO JIIOOBIM YITIOM: B OCEBOM,
KOPOHApHOM, CardTTaJbHOM M TIONEPEYHOM CEUEHHH. XOpoIlee IMPOorpaMMHOE OOecredeHne
CaMOCTOATENIFHO KOHCTPYHPYET MaHOPaMHBIH M OPTONAHTOMOTPAMHBIA CPE3bl, U B TO e BPeMs
MO3BOJISIET OCMOTPETh BCE MHTEPECYIOUIME 30HBI B MEJIBYANIINX MOAPOOHOCTSX, crenarh (HoTo U
BU/I€0.AJITOPUTM UYTCHHS HM300paKCHWH M NPOTrpaMMHOE OOECIIeYeHHE MO3BOJISIOT HE TOJBKO
JIMarHOCTUPOBATh 3a00JIeBaHKME, HO MOJAEIMPOBATH MPOTE3bl IJIsi OPTONEAMYECKOTO JICUCHHS, WU
XUPYPrUYECKUX PEKOHCTPYKTUBHBIX U IUTACTHYECKHUX OIEpaluil B YeperHO-JINIeBOI 001acTy.

3D CONE-BEAM COMPUTER TOMOGRAPHY OF THE CRANIOFACIAL SKELETON
AS DENTAL SELECTION METHOD AND ANNUAL MAXILLO-FACIAL ASSESSMENT
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 OTHER
EXTREMES

Prokopovich L.S., M.D.
SSC-RF IBMP RAS, Moscow.

According to the article 3 of Federal Law "Radiative Safety of the Population" Ne3-FL from
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 2.6.1.1192-03: the Patient 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 Preventive Radiation Dose when carrying out Preventive Medical X-ray
Evaluation and Scientific Research in almost Healthy Persons as 1 mSv (1000 uSv).

All Treatment Protocols for various Diagnoses and Diseases of Dento-Alveolar System
affecting the Mineralized Mouth Tissues, 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 -
Sadovsky 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) serves only as an Argument for
Justification of this service on the basis of Evidential Medicine.

The order Ne 244 from 21.11.2016 of ROSCOSMOS State Corporation requires from
Applicants for the Candidate to Cosmonaut (astronaut) position the Orthopantomogramic
Radiography and the Radiography of Adnexal Nasal Sinuses in Naso-Frontal projection as the
Standard of Preliminary Cranio-Facial Evaluation. The International Medical Evaluation Rules for
ISS Crew Members as the Standard of Beam Visualization for Dental evaluation fixes the full
Orthopantomogram or full mouth X-ray series, demanding at the same time data of CT as ENT
assessment (it’s applicable here to mention Clefts as the Rejection Cause Unless Successfully
Repaired).

From here the Key Role is played by the Principle of Optimization according to article 3 of
Federal Law Ne3 "Radiative Safety of the Population" - Maintenance at Achievable and Possibly
Low Level of Individual Exposure Doses and Number of the Irradiated Persons using any Source of
lonizing Radiation with much Attention Payed to the Economic and Social Factors.

High Threats Personnel due to Human Intelligence Operations and permanent State of Force
Tailoring catch the Acetylcholine Effect. Space Experiment «Algometry» has given the Data on
Threshold 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 have to. Meanwhile,
Under Extremal Conditions Acetylcholine Effect stress the Immune System and can cause Teeth
Decay, Gum Disease or Sore Throat. These are Dangerous 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 Microbiological Researches 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 Hospital-Acquired Infections (HAI) with their
Exchange in High Threats Personnel Troops by 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 Delivery of Health Care (IDHC) approved by the Chief Health Officer on November, the 6™ of
2011, Introduction of Modern Approaches and Optimization of Sanitary and Hygienic Actions for
Diagnostics and Prophylaxis of IDHC in the National Health System, and Development of
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 mouth X-
ray series together with Radiography of Adnexal Nasal Sinuses in Naso-Frontal projection applied
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 Cranio-Facial Skeleton due to State Labor Protection Standard
Demand with the Method of the 3D Cone-Beam Computer Tomography Shall Allow to Tap In-Time
any Pathology to Provide a Medical Care&Supply for High Threats Personnel.

The full mouth X-ray series consisting of 22 foreshortenings, the Orthopantomogramic and
Panoramic radiographies taken in one day can make up to 600 uSv of Radial Load for Superficial
Dentistry Usage Only.

The 3D Cone-Beam Computer Tomography allows to diagnose the Density of the Bone
Tissue in Cranio-Facial area and the Level of Bone Recession on Alveolar Ridge, Dento-Alveolar
elongations, the number of Teeth, existence and location of Accessory, Rudimental or Persistent
(Primary or Milk) Teeth in the Permanent (Adult) Occlusion, Physiology of the 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 Temporo-Mandibular 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 Cranio-Facial area, the Reconvalescence or the Natural Health —
All of These with the Radial Load on the Patient not more than 120-150 uSv (that makes less than
1/6 from allowed by the point 7.9 SanRaN 2.6.1.1192-03 of Russia “Doses”, while European doses
Requirements are even less strict), depending on the radiological equipment Device and the
Phenotypes of High Threats Personnel Workers. 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 Cone-Beam Computer Tomography (CBCT) is an X-ray 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 software allows to examine 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 Diagnostic Beam Visualization with the 3D Cone-Beam Computer Tomography
is a Right-In-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 and Water Environment, Zero Gravity, Overloads and Other Extremes, and Visible
Increase in Their Dependability and No-Failure Human Intelligence Operations by Means of
Selection and Annual Medical Evaluation by Maxillo-Facial Surgeon.

BO3MOXXHOCTH UCHOJIb30BAHUSA BUOJIOTMYECKOM MOJIEJIM HA OCHOBE
3D-HOCHUTEJISI IMOIIJIACT® U KYJIBTYPBI XOHAPOBJACTOB B KOCMUYECKHX
NCCIIEAOBAHUMAX U PETEHEPATUBHOU MEJJMIIMHE

Ilyzauée E.U., Heghéoosall.D. Pazanoea T.K.
OI'bOY BO CamI'MY Munsznpasa Poccuu, Camapa

Ha ceropnsmauii JeHb KIETOYHBIE TEXHOJIOTMH MPUOOPETAIOT CTAaTyC OAHOTO U3 Hamboee
MEPCIIEKTUBHBIX HAlpaBICHUN B OMONOruu U MenuiuHe. Takue TEXHOJIOTHH YXKEPUMEHSIOTCS PU
JEYCeHUH BeChbMa IMIMPOKOTO  CIEKTpa  MAaTOJIOTHUH:  JEeTeHepaTUBHO-AUCTpO(UUYECKHEe |
MOCTTPAaBMaTUYECKUE M3MEHEHUSBKOCTHONW M XPALIEBON TKaHSX, 3a00J€BaHMs POTOBUIIbI, TPAXEUU
npyrux opranoB.Eie 6ombliee 4ncio ucciae1oBaHuil ceiiuac HaXOAUTCs Ha CTaAUK TOKIMHUYECKUX
u kauHudeckux ucnbiTanuii (Bomosa JILT., 2014; bopzenok C.A., 2011; I'mnesuu M.B., 2015).
Kpome KIMHHYECKOrO NPUMEHEHHS, KIETOYHbIE KYIbTypbl YacTO HCIOJIB3YIOT B KauecTBe
SKCIIEPUMEHTANBHBIX MOJENEH NS OLEHKH BIUSHUS Kakux-1u0o (akTopoB (Ta3oBblil cocTaB
Cpenbl, DIEKTPOMAarHUTHOE HM3Iy4YeHHE, XMMHUYECKHE areHThl W Jp.) Ha MopdodyHKIMOHATHHOE
COCTOSIHME KJIETOK.

B UODMB CamI'MV Obuia pa3zpaboTaHa M IpeUIOKEHA SKCIIEPUMEHTANIbHAS MOJEb JUIs
U3y4eHUs] BIUSHUSA (DAKTOPOB OPOMTATBHOTO KOCMHYECKOTO MojiéTa Ha KIeTKHinvitro. Jlanuas
MOZIETb MPEACTABISIET cO00M KOMOMHAIMIO aJAre3UBHON KIIETOUHOW KyIbTypsl u 3D-OmoHOCHTENS
M3  JEMHHEPATH30BaHHON IHO(GHIM3HpoBaHHOMconrHo3bIrommact™. [ CO3MaHus  MOZIENH
XOH/IPOOJIACTHIMOYYEHHBIE U3 THAJIMHOBOM XPSIEBOW TKAHWBHICEBAJIH B KOJIUYECTBE 5x10*Ha
ryouarsiii 3D-nocutens 06bEMOM 27MM° (610K 3%3%3 mm). [1o 1Be TakMX KOHCTPYKIIUU TTOMEIIAIN
B IIPOOMPKH C IOJHOM POCTOBOM Cpenoil M TepMETHYHO 3aKpbIBaJM, HE OCTaBIsAs BO3AYLIHOU
npocioiiki. OOpa3upIObUIM JOCTaBICHBI Ha OOPT KOCMHUYECKOTO ammapara Ais JaidbHeuiiei
KYJIBTHUBALIMU B YCJIOBHUSIX KOCMUUYECKOTO MOJIETA. B Ha3eMHBIX yCIOBUIX MIPOBOIMIIH MapaienbHbIN
UJIGHTUYHBIN 3KcriepuMeHT. Mojiens Oblia anpoOupoBaHa Ha OuocnyTHuKkaxbuon-M Nel u doton-
M Ne4.

Ananu3 o0pa3loB, NPUOBIBIIMX C OpOMTHI 3eMid, a Takke oOpas3loB U3 CHHXPOHHOIO
HA3eMHOT0 JKCIIEpUMEHTa, IOKa3aJ, YTONpOoJIu(epaTUBHAs aKTHBHOCTh KIETOK B KOCMOCE
CONOCTaBMMAa C TakoBOM B Ha3eMHOM rpynme. OO 5TOM CBUIETENbCTBYET AKTUBHOCTH
naktargeruaporenassl  (JIJII') kjeToyHoro mpoucxokaeHus B oOpaslax Ha3eMHOTO |
KOCMHMYECKOTO3KCIIEPUMEHTOB, KOTOpasi HA MOMEHT MPUJIETa KOCMUYECKOTO annaparaoquHaKoBa U
JIOCTOBEPHO TMPEBBIIIAET MCXOAHOE 3HaueHue Oojee yem B 2 pa3a. Takum oOpasoMm, Oblia
HOATBEPIKICHA >KU3HECIIOCOOHOCTh KYIBTYphl XOHJPOOJIAcTOB Ha 3D-6uonocurenellnomtact” B
JUINTETbHOM KOCMHYECKOM KCIIEPUMEHTE 0€3 CMEHbI MUTATENBHO CPEIbI.

Jlnist mosydeHus: JOTOMHUTEIbHONH HHpOpMai 0 MOPHOPYHKIIMOHAIBHBIX OCOOCHHOCTAX
KJIETOYHON KYIBTYpbl B COCTaB€ NPEIJI0KEHHONOMOIOTHYECKON Monenu, ObLT MPOBEAEH P
UCCIIeIOBaHUN B Ha3zeMHBIXYcI0BUAX.OO01meMopdoIornueckoe HcCiIeJOBaHue, a TakKe pacTpoBas
JJIEKTPOHHAs] MHKPOCKOMHS M KOH(OKalIbHAs MHMKPOCKONMMSMO3BOIMIN  BU3YaJIM3HUPOBATh
NPUKpEIIEHHBIE K OaKaM HOCHUTEINS KHUBbIE XOHPOOIACTHI, CBBIPAXKEHOM ajre3neit K MOBEPXHOCTH
Hocutens. dopMa KIETOK BEpPEeTEHOBUAHAS WM MOJUTOHAJIbHAS,LUTOIIa3Ma TOMOTE€HHas 100
MEJIKO3epHHUCTas. SIApo KpymHOe, pacloiIoKeHO B IIEHTPE KIETKH U 00bIYHO UMeeT 1-3 saphlika.

C menpto cpaBHUTH TponudEepaTUBHBIA TOTEHIIMA KJIETOK B COCTaBe pa3paboTaHHOMN
OuosIornYecKkoi Mosiet (B repMeTHYHO 3aKpbIToil podupke npu 37°C) u npH KyIbTUBUPOBAHUH B
CO,-unkyoOarope (B BeHTHIIHpYeMoid mpobupke mpu 5% CO; u 37°C), 6bu1 BeimonHeH JJHK-anamus.
[lo pesynbraraMm HcciaenoBaHus, 4epe3 7 CyTOK KYIbTMBHUPOBAaHUS IPHUPOCT KJIETOK OTHOCUTEIBHO
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HayaJIbHOW TOYKH (2 dYaca mocie roceBa) HaOIrogancs B 0OEUX OMBITHBIX IPYIMIAX M COCTABHI
29,5% — B COz-mnkybarope u 34% — B repMeTHUHBIX NpoOupkax B Tepmocrare.PazHuia B
IPUPOCTE KYIBTYPHl MOXET OBITh CBs3aHA CO CTHMYJIUPYIONIMM JIEHCTBHEM BO3HHUKAIONIEH B
repMeTHyHbIX mpobupkax rtumokcuu (C.Domm, 2002), koTtopas ObUIaBBISBICHA C ITOMOIIBIO
TUTPUMETPUICCKOTO aHAIIM3a MUTATEILHOW cpenbl.JJaHHbIi CITOCO0 KYIThTUBHPOBAHUS B 3aKPHITOM
¢iakoHe, TOJHOCTHIO 3alOJHEHHOM IHMTATENIbHON Cpefod, MOXKET ObITh HCHOJIb30BaH IS
BBIPAIIMBAHUSATKAHEUH)KEHEPHOMKOHCTPYKIIUU XPSAIIECBON TKAaHHU, pa3paboTKa KOTOPOH B HACTOSIIIEE
Bpems Benércs B UOMB CamI'MYV. Takum oOpa3om, npeayio)keHHass HaMu OMOJIOTHYecKas MOJIEIb
(KynpTUBHpOBaHHEXOHIpoOIacToB Ha3D-HocuTeneB MpoOupKe, 3aroIHEHHON MUTATeNbHON Cpenoit
0e3 BO3AYIIHOW MPOCIOWKM)IBISIETCS AaJeKBaTHOM M MEpPCIEKTUBHON /sl W3Y4eHHUs BIUSHUS
(haKTOPOB KOCMHUYECKOTO MOJIETA HA KJICTKH INVItro.

PERSPECTIVES FOR PRACTICAL APPLICATION OF THE BIOLOGICAL 3D
CARRIER-BASED MODEL (LYOPLAST®) 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 very wide range of
pathologies: degenerative-dystrophic and post-traumatic changes in bone and cartilage tissues,
diseases of the cornea, trachea and other organs. An even greater number of studies are now under
pre-clinical and clinical trials (Molova LT, 2014; Borzenok 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 adhesive cell culture and a 3D bio-carrier from a demineralized
lyophilized spiropic lyoplast®. To create the model, chondroblasts obtained from hyaline
cartilaginous tissue were plated in an amount of 5 x 10* onto a spongy 3D carrier with a volume of
27 mm? (3 x 3 x 3 mm). Two such designs were placed in tubes with a complete growth medium
and sealed, leaving no air gap. Samples were delivered aboard the spacecraft for further cultivation
in space flight conditions. In terrestrial conditions, a parallel identical experiment was conducted.
The model was tested on biosputnikah Bion-M 1 and Photon-M 4.

The analysis of samples arrived from orbit of Earth, as well as samples from the
synchronous ground-based experiment, showed that the proliferative activity of cells in space 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 exceeds the original value by more than 2 times. Thus, the
viability of the chondroblast culture on the 3D bio-carrier Lyoplast® was confirmed in a long space
experiment without changing the nutrient medium.

To obtain additional information on the morphofunctional features 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 visualize living chondroblasts attached to the beams of the carrier, with
pronounced adhesion to the surface of the carrier. The shape of cells is spindle-shaped or polygonal,
the cytoplasm is homogeneous or fine-grained. The nucleus is large, located in the center of the cell
and usually has 1-3 nucleoli.

In order to compare the proliferative potential of cells in the developed biological model (in
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a hermetically sealed tube at 37° C) and when cultured in a CO; incubator (in a ventilated tube at
5% CO; and 37° C), a DNA analysis 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 a CO; incubator and 34% in sealed test 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 in a 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.

ACCOIIMAPOBAHHBIN CO CTAPEHUEM CEKPETOPHBI ®EHOTHII
ME3EHXNMAJIBHBIX CTPOMAJIBHBIX KJIETOK

Pamywinvii A.1O.
Hayunwii pykosooumens: bypaekosa JI.b.
I'HI[ P® — UMBII PAH, Mocksa

B ocHOBe BO3pacTHBIX W3MEHEHUIJICKHUT KIETOYHAs IOUCQYHKIUS M HUCTOIIECHHE ITyna
CTBOJIOBBIX KJIETOK B3POCIJIOr0 OpraHu3Ma. YKOPOUYEHHE TEIOMED, CIy4aiHble OBPEXKICHUS TeHOMA,
Moau(UKaLKs SMUTEHOMA, HApyIICHHE KAaueCTBEHHOTO W KOJMYECTBEHHOTO OEIIKOBOTO COCTaBa,
TUCHYHKIMST MUTOXOHAPUN - BCE 3TO MOXKET MPUBOAUTH K KJIETOUHOM THOeIN WM K aKTHBALUU
CEHECIIEHTHOTO COCTOSHHS (KJIETOYHOTO CTApPEHUs), YBEITMIMBAsE KOJTMUECTBO CEHECIIEHTHBIX KIIETOK
¢ Bo3pactom (Wangetal., 2009; Lopez-Otinetal., 2013).

B ceHecHeHTHBIX KIETKaxX aKTHBHPYIOTCS CUTHAJbHBIC ITYTH, BBI3BIBAIOIIME IOBHIIICHUE
OPOAYKUMU psga OHOAKTUBHBIX MOJEKYN, BKIIoYas akTuBHbE (opMbl kuciaopoga (ADK)
(Passosetal., 2010) u mHUPOKUIl CHEKTP Pa3IUYHBIX MPOBOCHAIUTEIBHBIX [IUTOKHHOB, XCMOKHUHOB,
dakropoB pocra, mporea3 (Coppeetal., 2008; Coppeetal., 2010; Freundetal., 2010).
AccounupoBaHHbIN co CTapeHUueEM CEKpPETOPHBIN benotun (SASP -
senescenceassociatedsecretaryphenotype) crnocoGeH BIUSATb Ha BbDKHMBaHHWE, MpONU(pEpanuo u
T PepeHIIMPOBKY ONM3NIEKANMX KIETOK, a TakKKe OKa3blBaTh KAaHIIEPOTEHHOE BO3JEHCTBHE
(Coppeetal., 2010; Krtolicaetal., 2001; Baviketal., 2006; LiuandHornsby, 2007). Hecmotps Ha
HAJIMYME BBICOKO KOHCEPBAaTHBHOTO «siapa» SASP, kKoTOpoe COCTaBISIOT MPOBOCHATUTEIHHBIC
IIUTOKUHBI, CEKPETOM MOXKET M3MEHSTHhCS B 3aBUCHUMOCTH OT THIA KIJIETOK M cloco0a MHAYKLUUU
kierounoro crapenus (Campisi, 2013). OgauM u3 HauOosiee BaxHBIX I(PGEKTOB, BBI3BAHHBIX
anemeHTaMu  SASP, sBnsercs HMHAYKIMS WIM YCHJIEHHE BOCHAJIUTeNbHOro Imponecca. Ha
CETOMHSIIHUN JeHb XPOHUYECKOE BOCIAJICHHE, IOICPKUBAEMOE CEHECIEHTHBIMH KJIETKaMH,
paccMarpuBaeTcss Kak OJUH M3 HamOoyiee HEraTUBHBIX (PAKTOPOB, BIMSIOIIMX HA pa3BUTHE
BO3pacTHbIX 3aboneBanuii  (Campisietal., 2011; Coppeetal., 2010; Freundetal., 2010;
CampisiandRobert, 2014).

Llenpro maHHON PabOTHI ABISUIOCH M3Y4eHHEeSASP Me3eHXMMAabHBIX CTPOMAIBHBIX KJIETOK
(MCK)u ero BiusiHUSL Ha KJIETKH B cUCTeMe INVItro.

[Monymsimuss - MCKnpencraBisieTocoOblii  MHTEpPEC, TOCKOJABKY OHa 0O0JamgaeT psuaom
PETYJIATOPHBIX CBOWCTB, CIIOCOOHBIX MOAYIUPOBATh (DYHKIMOHAIBHBIA CTaTyC OKPY>KAIOLIHX
TKkaHei. OTHAKO MPH JOCTH)KEHUHM COCTOSIHUS KJIIETOYHOTO CTapeHHsl OMONOTHYecKas aKTHBHOCTh
MCK wu3MmeHsieTcs, 4TO MOXKET BBI3BIBAaTh PsiJi HETATUBHBIX MOCIIEACTBUM, B TOM YHCJIE YCKOPEHHOE
CTapeHHe OKPYKAIOIIUX KJIETOK, 00pa3ys METII0 MOJOKHUTEIbHOM 00paTHON cBsA3M. Tak, COIIacHO
HaIllUM JIaHHBIM, J100aBlE€HHWE KOHJUIIMOHMPOBAHHOW Cpeabl OT CEHECIEHTHBIX KJIETOK K
«MOJIONBIM» KYJIbTypaM WM WX COKYJIBTHBHpOBaHHE B cucreme «Transwelly mpuBommio k
camkenuto gomu MCK B G2/Md@ase kiIeTo4HOro IMKIA, YTO YKa3blBaeT Ha YrHETCHHE
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nposndepaTuBHOi akTUBHOCTH. VccnenoBanus INVitro, mpoBoanMbie Ha KyIbType GubpolimacTos,
MOKa3ajJM, YTO TMPSMOE COKYJIbTHBHPOBAHUE «MOJIOABIX» KJIETOK CO «CTapbIMH» MPHUBOIUT K
YBEJIIMYEHUIO YacTOTHl (opMupoBanus ouaroB mnospexacHus JHK, omHoro w3 mnpu3HakoB
npecenecienTHoro cocrosuus (Nelsonetal., 2012)

AHanM3 OCHOBHBIX NPOBOCHATUTENBHBIX 37eMeHTOB SASPMCK B KOHIMIIMOHHUPOBAHHOM
cpene C NpUMEHEHHEM HMMMYHO(GEPMEHTHOTO aHaju3a BbIIBUJI 3HAYUMOE YBEIMUCHUE
KOHIIEHTpauu 1uTokMHa IL-6 Ha mMoO3aHMX maccaXax OTHOCHTENbHO paHHUX. JlaHHBIE 1O
npoayKuuu kierkamu [L-8 He mokaszanu TOCTOBEPHBIX PA3IUYUil COAepKaHUSI TaHHOTO IIUTOKHWHA B
KOHJMIIMOHUPOBAHHOM Cpelie B 3aBHCHMOCTH OT JTana KyJIbTUBUPOBaHHMA. TeM HE MeHee, Ha
MO3/IHUX Taccakax oOOHapyKuBajach Oobllas BapHaTUBHOCTH B mpoaykuuu IL-8. Anamu3
copepkanust B cpene TGF-B ykaspiBaeT Ha OTCYTCTBHE BBIPQKEHHOW 3aBHCHMOCTH MPOIYKLIUHU
JAHHOTO IIUTOKUHA OT dTana KyJIbTUBUPOBaHUSI.

OneHka SKCIIPpeCCHM TE€HOBpAAAa MApAaKPHUHHBIX MEAMATOPOB CEHECIICHTHBIX  KIIETOK
OTHOCHUTEIIbHO paHHUX TMaccakeil BBIABWIIA pa3HOHANpAaBICHHbIE U3MeHeHus. OTMmeueHo
MOBBIIIICHUE TPAHCKPUIIITMOHHON akTuBHOCTU reHoB IL-6, IL-8, FGF-2, BDNF, ANGPT, VEGF u
camxkenue |GF-1, BMP-6, GDF15, TGFf3, MCP-1.

Takum 00pa3oM, CEHECLIEHTHBIE KIETKH MOTYT OKa3bIBaTh BIMSHUE HA KIETOYHOE OKPYKEHUE
Kak MpH HEMOCPEJACTBEHHOM KOHTAaKTe, TaK W uepe3 MapakpuHHbIE Menuatopbl. BosnelicTBue
KOHJTUITMOHUPOBAHHOH cpenpl ceHecleHTHRIX MCK Ha «MoJombiey KIIETKH BBI3BIBACT CHIDKECHUC
nponudeparuBHON akTUBHOCTH nocienuux. AHanu3 SASPMCK BbIBHI NOBBIIIEHHE MTPOAYKIIUN
IL-6 ¥ 3HAYUTENBHYIO BapUATUBHOCTh B MNpoayKuuu IL-8, OCHOBHBIX NPOBOCHAIUTEIBHBIX
MEIMATOPOB [UIsl JAHHOW KIeTOYHOM mnomymsiiuu. OleHKka NpeICTaBIEHHOCTH TPAHCKPUIITOB
NOKa3ajia pa3HOHAINpPAaBICHHBIE H3MEHEHUS B SKCIPECCHH T€HOB CeKpeTHpyeMbIXx MeauaropoB MCK
IPU KJIETOYHOM CTapEHUHU.

Paboma evinonnena npu noooepocxe epanma PODU Ne 160401244

SENESCENCE ASSOCIATED SECRETORY PHENOTYPE OF MESENCHYMAL
STROMAL CELLS

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

The age-related diseases areassociated with the cellular dysfunction and depletion of the adult
stem cells.Telomere shortening, genome damage, modification of the epigenome, impairment of the
proteostasis, mitochondrial dysfunction lead to cell death or senescence.These processesincrease the
number of senescent cells with age (Wang et al., 2009 Lopez-Otin 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 pro-inflammatory cytokines, chemokines, growth factors and proteases
(Coppe et al., 2008; Coppe et al., 2010; Freund et al., 2010). The senescence associatedsecretory
phenotype (SASP) can influence the survival, proliferation, differentiation and oncogenesis of
neighboring cells (Coppe et al., 2010; Kratolica et al., 2001; Bavik et al., 2006 Liu and Hornsby,
2007). Despite the conservative "core™ of SASP, composed of pro-inflammatory cytokines, the
secretome may depend on the cell typeand the senescence induction method (Campisi, 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 age-related disecases development (Campisi et al., 2011, Coppé et al.,
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 cells in vitro.
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The MSCs have a number of regulatory properties, 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 addition of a conditioned medium from the senescent MSCs to the "young" cells or its co-
cultivation in the "Transwell" system led to a decreased G2/M phase share of “young” MSCs, which
indicates suppression of proliferative activity. In vitro studies showed that direct co-cultivation of
"young" and "old" fibroblasts leads to an increaseddamaged DNA foci frequencies, one of the pre-
senescence signs (Nelson et al., 2012)

An enzyme-linked immunosorbent assay (ELISA) of the principal pro-inflammatory of MSC
SASP revealed a significant increase of IL-6 concentration at late passages. The IL-8level did not
differsignificantlybetween “early” and “late” passages. Nevertheless, in the “late” passages a great
variation of IL-8 production was observed. TGF-B analysis indicatedstable production of this
cytokine under long-term cultivation.Evaluation of the geneexpression showed that at senescent
cells IL-6, IL-8, FGF-2, BDNF, ANGPT, VEGFwere upregulated and IGF-1, BMP-6, GDF15,
TGFp3 and MCP-1 were downregulated. Thus, senescent cells can influence the cellular
environment both in direct contact and through paracrine mediators.

This work was supported by the RFBR Ne 16-04-01244

WHJIUBUIYAJBHBIE OCOBEHHOCTH JIOKOMOTOPHOM CTPATEI'MH XOJAbbbI U
BET'A B XOAE JJIMTEJIBHBIX KOCMHUYECKHX ITOJIETOB

Casexo A.A., Pykasuwnuxoe HU.B.,Oceykuni H.10.,bpvixoé B.U., Pazanckun C.H.
1l“HI_I P® — Unctutyt Mmenuko-6uonoruueckux npoodsem PAH, Mocksa, Poccusi.
20I'BY "HUU HIIK numenu FO.A.I'arapuna".

JIOKOMOTOpHBIE HApYILIECHHUS ABIISIOTCS 3aKOHOMEPHBIM CIIEJICTBUEM KOCMMUYECKUX IOJIETOB
(Koznosckast N.b., 2011; Smith S.M.,2012). IToxoaka 4IeHOB dKHMNaXa JaKe MOCIEe OTHOCUTEIBHO
KOPOTKHX KOCMHYECKMX OHKcheauuuii (oT 72 4vacoB A0 16 CyTOK) OTJIMYAETCsl BBIPAXKEHHOMN
HEYCTOMUYMBOCTHIO: KOCMOHABTHI XOJIST HEPEIIUTEIHHO, IIMPOKO PACCTABIISISI HOTH, TIEpEBaINBAsICh
U3 CTOPOHBI B CTOPOHY, MOPOM pa3BOAsS pyku 1isi coxpanenus paBHoBecus (Kozmosckas U.B.,
1979). Bausiaue (akTOpoB T'MIIOIPaBUTALMU M THUIOKWHE3UH HA XapaKTEPUCTHKH €CTECTBEHHBIX
JIOKOMOIIMM, Takux Kak xoap0a u Oer, pasHooOpa3Ho. Hambomnee spkumMu mpuMEpamMH 3TOTO
SBJISIIOTCSL  YMEHbBIIEHHE MBIIIEUYHOW CHJIBI Ha ()OHE MOBBIMIEHUS HIEKTPOMHOIpapruecKon
AKTUBHOCTH W CTOMMOCTH padoTsl Ml (Jaweed M.M., 1994; IllnakoB A.B., 2008), cHm>xeHue
00bEMa U CKOPOCTH JIBUKEHUH B KOJEHHOM M rojieHocTonHoM cycraBax (Ilanguios B.E., 2009,
[MnakoB A.B., 2016), cunxenue oprocratuueckoi ycroiunoctu (Koros A.H, 2016). Ecau nocne
KOPOTKHX TIOJIETOB YKa3aHHBIE PAacCTPOMCTBa Mcue3arT K 48 — 72 yacam mocie NpU3eMIIEHUs, TO
nocyie JUIMTENbHBIX KocMuueckux mojetoB (KII) BoccTaHOBIEHHE JTOKOMOTOPHBIX CHOCOOHOCTEM
mmtes aau W Henenu (Kosmosckas M.B., 2013). Tak kak CKOpOCTb aJanTalid y Kaxaoro
KOCMOHaBTa — WHAMBHIYaJIbHBIM, 3aBUCALIMI OT MHOXKECTBAa (AKTOPOB IOKa3aTeiab, MOKHO
BBIJIBUHYTh  IPEIIOJOXKEHHe, YTO  HMHIUBUAyaJbHbIE  OCOOCHHOCTH  OMOMEXaHHYECKHX
xapaktepuctuk OP crom, n3MepeHHble B (PUKCUPOBAHHBIE JHU J0, BO BPEMsI U MOCJE JUIUTEIbHBIX
KII, 6ynyTt orpakaTh cienn(UYHOCTh aJalTallMOHHOTO Ipolecca KocMoHaBTa. Llens Hactosiei
paboThl COCTABIISLIO MCCIIEOBAHNE OMOMEXaHUYECKHX XapakTepucTuk OP cTom y KOCMOHAaBTOB B
X0Jle JUIMTENBHBIX KOCMMYECKMX TOJETOB, BBISBICHHE HWHAWBUIYAIBHBIX OCOOCHHOCTEH
JIOKOMOTOPHOM CTpaTeruu Xo/1b0bl U Oera B aKTUBHOM PEKHUME OeryIel JOPOKKH.

HccnenoBanue NpOBEIEHO B paMKaX KOCMHUYECKOIO JKcIepUMeHTa «MoTokapay,
BBITIOJTHSIFOIIIETOCS C y4YacTHEM POCCHUHCKHX YJIEHOB OJKHMaXed Ha Oopty MexmayHapoaHou
kocmuueckor cranmmu (MKC). Ha poccuiickom cermente MKC wuccrnenoBanust mo mporpaMme
«MoTokap» TPOBOAMIUCH €KEMECSYHO B XOJE BBIIOJHEHHUS JIOKOMOTOPHBIX TPEHUPOBOK. Jlo
Havana KII u nocne ero 3aBepiieHuss NpOBOAWIOCH 110 JBE CECCUU DKCIEPUMEHTA. BrinonHsemas
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KOCMOHAaBTaMHU JIOKOMOTOpHAsi Harpy3ka cOCTOsUIa M3 5 CTyNEHEH: pasMHHOYHOM XOHbOBI,
MEJJIEHHOT0, CPEeIHEro M ObIcTporo Oera M 3aMMHOYHOM X0JbObI. [IpM BBINOIHEHHMH NOJIETHBIX
CeCCHil aKcHallbHash Harpys3ka, cocrapistomias oO0braHO 60-70% OT 3eMHOro Beca KOCMOHABTA,
co3/1aéTcs CreluaIbHbIM TPEHUPOBOYHO-HArpy30uHbIM KocTioMoM (THK). IIpu BeinonHeHnu Tecra
pPErucTpUpOBaIM MOJAOTpaMMy, 3amuckiBaeMyro 190-197 TeH30MeTpUYECKMMHM AaTYUKaMU 11071
cTomaMu KOCMOHaBTOB B jauamnazoHe ot 0,1 mo 3,0 k[c/eM® ¢ TounocTeio +15 %, 4actory
cepaeunbix cokpamieHuit (YCC) u ckopoCTH JTOKOMOLIMMA.

B skcnepumente npuHsuin ydactue 15 wieHoB skunaxkeid MKC, mnutenbHOCTH IMOJIETOB
KOTOpPBIX cOCTaBisuia oT 5 10 12 mecsues.

Panee BbIABIEHHBIE aBTOpaMU HacTosedl paOOTbl M3MEHEHUS OHOMEXaHMYECKHX
xapaktepuctuk OP cron y kocMonaBToB B xoz¢e KII Obir 0c00€HHO BBIPa)KEHBI B KOHIIE TIEPBOTO
mecsua KIT u Ha 8-e cytku nocne npusemiieHus. OHM XapaKTepU30BAIKMCh YBEIMUEHHEM TeMIla
(4acTOTHI IATOB) XOb0bI U Oera, COKpaIIeHUEM JUIMHBI [1ara, a TAk)Ke JIOCTOBEPHBIM YBETHYEHUEM
BennunHbl OP nipu nepegHeM Tosmuke (KOCMOHABT Oerai «Ha Hocoukaxy), mpu 3toM B KII cpeanue
cymmapubele OP ywmenpmanuce. HoBbele pacuérsl BenmnuuH OP ¢ y4éroM BEIMYMHBI NPUTATA,
cozmaBaeMbiM THK Oerymeit mopoxkku, W Beca Tejla KOCMOHABTOB, mokas3anu, 4to y 30,8 %
y4acTHUKOB 3Kcriepumenta OP umenu tenaenumio k cHkenuto B KI1, y 38,5% — k yBenuuenuto u
y 30,8% — nmpakTUyecku He MU3MEHSUIUCh, OHAKO Ha 8- CYTKH I0Cie NMPU3EeMIIEHUS OTMedasach
sBHAsI OJJHOHAIIpaBJICHHAsl TEHACHLMS K UX yBenuueHuro (Ha 28,33 £2,93 %). Takxke pe3yiabTaThl
aHaju3a CTpPaTerMM YBEJIMYEHUS CKOPOCTH MpH IEpexoJe OT OAHOM CTyleHHM TecTa K ApYyrou
nokasaiau, 4to a0 noiéra 33,3 % y4yaCTHMKOB S3KCIIEpUMEHTAa YBEJIMYMBAIM CKOPOCTh 3a CUET
yanuHeHus mara, 46,67% — 3a c4€r yBennuyeHHs 4dacToThl mara, 20% — 3a c4€T yBEJIMYCHUS U
JUIMHBI, 1 yacToThl mara. B KII crparerus yBenuueHust CKopocTu usmenunach y 60% KOCMOHaBTOB,
a Ha 8-¢ CyTKH Iociie mpuzemieHus - y 46,67% mno cpaBHeHHIO ¢ (JOHOBBIMU 3HaYeHHsIMH. [Ipu
TOM OTMeuanach BBICOKAas HEOJAHOPOJHOCTb U WHIUBUAYAIBHOCTh KaK JMHAMUKH H3MEHEHHS
CTpaTeruy yBEJIMUYEHUSI CKOPOCTH, TaK M TUHAMUKU IPOAOJDKUTEIBHOCTH (a3 I1ara B Xo/1e MoJéTa.

OnucaHHble SBJIECHUS MOATBEP)KIAIOT BBIABUHYTYIO THIIOTE3Y, a TakXke HE0O0XOJUMOCTh
JabHEMIIEro HMCCle0BaHusl HWHAMBUAYAJIBHBIX OCOOCHHOCTEH aJanTallMOHHOIO Ipolecca.
UccnenoBanuenoaaepxaHorocynapcTBeHHORKopropamuei «PockocMocy.

INDIVIDUAL SPECIFIC FEATURES OF THE LOCOMOTOR STRATEGY OF
WALKING AND RUNNING IN THE COURSE OF LONG-TERM SPACE FLIGHTS

Saveko A.A., Rukavishnikov 1.V., Osetskiy N.Y., Brykov V.l., Ryazansky S.N.
'RF SSC - Institute of Biomedical Problems of the RAS, Moscow, Russia
?State Organization «Yu.A. Gagarin Research & Test Cosmonaut Training Center»

Locomotor disorders are natural consequence of space flights (Kozlovskaya 1.B., 2011,
Smith S.M., 2012). The gait of space flight crew members, even after relatively short space
missions (from 72 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 hypogravity and hypokinesia
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; Shpakov 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 48-72 hours 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 factors, it can be 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 present 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 was conducted 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 a
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: warm-up walk, slow, medium and fast run and hitch walk. When performing flight sessions,
the axial load, which is usually 60-70% of the earth's weight of the cosmonaut, is created by the
special training-load suit (TLS). When performing the test, the podogram was registered, being
recorded by 190-197 sensors under the cosmonauts ' feet in the range from 0.1 to 3.0 kgf/cm? with
an accuracy of +15 %; heart rate (HR) and locomotion speed were recorded.

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 increase in the 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 SR values, 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, 38.5% — to the 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 £2.93 %). Also, the results of the analysis of the strategy of increasing the
speed during the transition from one stage of the test to another showed that before the flight, 33.3%
participants of the experiment increased the speed by lengthening the step, 46.67% — by increasing
the step frequency, and 20% — by increasing both the length and the step frequency. In SF the
strategy of increase the speed changed at 60% cosmonauts, and on the 8th day after landing-at
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 the speed and 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 study was supported by the
“Roscosmos” State Corporation.

AHAJIN3 UBMEHEHUN KOCTHOI'O CTATYCA YYACTHUKOB YKCIIEPUMEHTA
«CUAPNYC 2017»

Cepeynu E.A.
['HII P® — UnctutyT Menuko-ouonorudeckux npodnem PAH, Mocksa

BBenenue: B npenpiaymux ucciaeIoBaHUSIX OBUIO MOKAa3aHO, YTO MPeObIBaHUE B YCIOBUAX
TUTIOMHAMHHA ¥ OTPAaHUYECHHOTO O00beMa TIPUBOJUT K HM3MEHCHHSIM B 3JIEMEHTAaX OIOPHO-
JIBUTATEIILHOTO armapara, B TOM 4YHCIe KOCTHON M Mblieunoi Tkanu (ServuliE.A., 2016; Oganov
V.S. et al, 2014). Jlaxe B KpaTKOCPOYHOM TMEPUOAE B XOAC H3OJAIUH OTMEYaIOCh
OJTHOHAIPABIIEHHOE, XOTh W HE JIOCTOBEPHOE, CHIIKEHHE COJAEPKaHHUS KOCTHBIX MUHEPAJOB B
OpraHW3Me HCIBITYeMbIX. B Xome JaHHOTrOo JKCIepUMEHTa CTosla 3ajada OoJjiee JeTalbHO
HCCJIEZIOBATh M3MEHEHHsI KOCTHOTO CTaTyca B YCIOBHSIX M3OJIALINHU, a TaK )K€ OMPEACTUTh XapaKTep
W3MEHEHUH B 3aBUCHMOCTH OT CTPYKTYPBI KOCTH (Tpeo0ralaHusi KOMIIAKTHOTO WIIH TPaOeKyIIPHOTO
KOMITOHEHTA).
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Marepuansl u meroabl OOcienoBanue (10 M cpazy MOCIE H30JIALMHU) BBHINOJHEHO HA
nepuepuIecKkoM PEHTICHOBCKOM KommbioTepHoM Tomorpadge XCT2000L (pQCT) . B
UCCIICIOBAHUN TIPUHSIN y4acTUE 5 YENOBEK, CPEAH KOTOPBIX 2 MYKYHMH M 3 KCHIIUH. M3Mepsiu
JUIMHY TOJIEHHU OT MBIIIENKa 00JIbIIe0eplioBOM KOCTH A0 MeIUaIbHON JIOABDKKHU. 3aTeM MPOBOAMIIN
CKaHupoBaHue Ha ypoBHe 4% (muctanpHbli Smupu3), 38% (mmuaduz), 66% (mumadu3) u 98%
(MpokcUMaNbHBIH AMU(GU3) OT JUIMHBI OOJBIICOEPIIOBOM KOCTH. B aBTOMaTtmyeckoM pexume
IIPOBOAWIM PEKOHCTPYKLMIO AaHHBIX U noctpoeHue KT-cpe3oB Ha yka3zaHHbIX ydacTkax. Ha
Ka)JIOM cpe3se (TOJIIMHA cpe3a | MM) onpenensiu coepKaHiue KOCTHBIX MUHEPasIoB (M), IIOMadb
KOCTHOM TKaHU (CM”), 3aT€M BBIYHMCIISUIA MUHEPAIbHYIO TUIOTHOCTh KocTHOM TkaHu (MIIK, MI‘/CMS).
AHanM3upoBaIl JaHHbIE MUHEPAJIbHOM IJIOTHOCTH KOCTH IMOJYYEHHBIE 10 M IOCJE H3OJISIHHU,
MU3MEHEHHUSI BBIYMCIUIN B MPOLEHTAX MO OTHOUICHHIO K MCXOAHBIM Mapamerpam. /lomomHUTEeIsHO
aQHAIM3UPOBAIM IUIOLIA/Ib MBIIIEYHON TKaHW Ha ypoBHe auadusa (cpe3bl Ha 38% u 66% IIUHBI
TOJICHH, TOJIIMHA CPe30B |MM) M BBIYMCISUIM M3MEHEHHUS IUIOMIAJX MBIIIIBI B MPOLEHTAX II0
OTHOIIEHUIO K HCXOAHbIM 3HadeHusiM. CymmapHas JydeBas Harpyska - 1o 0,04 wm3s.
UysctBuTenbHOCTh MeToaa cocTanisieT 0.2-0.3% (B 3aBUCMMOCTH OT orieparopa).

Pesyabrarsl: [Ipu aHanuse MosydyeHHBIX TaHHBIX IOMUMO U3MEPEHUS COACPMKAHUS KOCTHBIX
MHUHEpPAJIOB M MHHEPAIBHOW IUIOTHOCTH KOCTH TPOBOIWJIM OLEHKY KadecTBa IOJTYYEHHBIX
M300paKeHU B 3aBUCMOCTHU OT IOJIOKEHUSI U COCTOSHMS ManueHTta. B obmactu auadusa (cpesbl
Ha ypoBHe 38% 66%) KOCTb IIpe/ICTaBIeHa IPEUMYIIIECTBEHHO KOMITAKTHBIM BEILIECTBOM, B 00JIaCTH
snu¢u30B (cpe3bl Ha ypoBHe 4% u 98%) — npeumyiiecTBeHHO ryouarbiM. HaGmiogenus nokaszaim,
YTO M3MEHEHHUsI KOCTHOW IIJIOTHOCTH MMEIOT pa3HOHANpaBICHHBIA Xapakrep. HambGomnee
BBIpQXKCHHOE HW3MEHEHHWE MHUHEpajJbHOW IUIOTHOCTH Koctu (B paiione 1%) oTmevasnock
NPEeUMYIIECTBEHHO B o0Onactu »nudu3oB kocth. B oOmactu nuadusa H3MEHEHHWE KOCTHOM
IUIOTHOCTHU OBLJIO HE3HAYUTEIHHBIM, Ha YPOBHE MOTPEIIHOCTH U3MEpPEHUs prudopa.

VY ydacTHHMKa A OTMEYaJOCh YBEIMYEHHE KOCTHOH IJIOTHOCTH B OOJNACTH IHCTaIbHOTO
muadusa U IPOKCUMANbHOTO 3MudH3a, Y ydyacTHHUKAa B mM3MeHeHuss HOCWIM pa3HOHANpPaBICHHBIN
XapakTep, ObUIM He3HauuTenbHBL. Y ydacTHuUKa C HamOoiee BBIpaKCHHbIE W3MEHEHHS ObUIM B
obmactu aucranbHOro nuadusa (CHIKEHHE KOCTHOW IUIOTHOCTH), y ydacTHuka D B oOmactu
NPOKCUMaJbHOTO Auadu3a (yBeNTMUYEeHHE KOCTHOW IUIOTHOCTH), y yd4acTHUKa F B obmactu
TUCTaIBbHOTO dMnKdu3a u Auadusa (YBeIMueHUE KOCTHOM MIIOTHOCTH).

Ha ananu3 n3mMeHeHui MbIlIEYHON TKAHU JeMCTBOBA OrpaHUYMBAIOIIMM QakTop — (pukcanus
MBI JIep>KaTesieM Il HOTH, U KaK CIIEJICTBHE BO3MOXKHOE UX CAABIMBAaHUE, YTO MOIVIO MPUBECTH
K HCKOXEHUIO pEe3yabTaroB (OTCYTCTBUE CBOOOTHOTO «BHCa» MbI). l3meHnenne oObema
MBIIIEYHON TKaHU HMEIH pPa3HOHAIMPABIEHHBIM XapakTep, y MYXYHUH OTMEUajoch CHIKEHUE
MBIIIEYHON MAaccChl, y KEHIINH U CHIDKEHHE W yBenndeHue. [lokazarenn BappuUpOBaI B Tpeaenax
or 0,2% no -0,6% B AucTanbHBIX y4acTkax, oT 2% 10 8,3% B NpOKCUMAaNbHBIX.Y KEHIIUH
HU3MEeHEHHe cocTaBuiio oT 1,6% 10 2,2% B IUCTAIBHBIX yyacTKax 10 7,1% B IpOKCUMAaJIbHBIX.

HccnenoBanne ¢ nomouibto PQCT maer OGonee TOYHBIE pPE3yAbTaThl MO CPABHEHHUIO C
JICHCUTOMETPHUEH, TMOCKOJIBKY HM300pakeHHE HE CYMMAIMOHHOE, a MOCPE30BOE, pa3pelIaromas
CHocOoOHOCTh MpUOOpa BBINIE U UCHONB3YIOTCS 00Jee COBEPLICHHbIE aIrOPUTMbI PEKOHCTPYKLIUU
(Cepsymu E.A..Topmuenko K.A., HoBuxoB B.E., BacunbeBa I.10., 2017). ITockonbky mepuos
HAOMIONEHUsT M KOJIMYECTBO YYACTHUKOB AKCIEPUMEHTA OTPaHUYEHO, TO MOJYYCHHBIE TaHHbIC HE
SIBJSIFOTCSL CTaTHCTHYECKH JOCTOBEPHBIMH. HeoOXommMbl nanpHEHIMe WcclenoBaHus ¢ Ooee
MPOIOJDKUTENBHBIM MEPUOJIOM TUIIOAUHAMUU B YCIOBHIX OTPAaHHUEHHOTO 00bheMa.

Aemop 6nazooapum yuacmuukoe skcnepumenma «SIRIUS-17», nposeuswux 6onvuion
unmepec K Uccie008aHul0 U NPUHABUIUX OesamenbHoe YYacmue 8 e20 NpoedeHull, d makdice 2nasy
omoena Kocmuueckoti usuonozuu npogp. Hopna Pummeueepa (Joern Rittweger, DLR, I'epmanus)
u ezo xonnez Yee (Uwe Mittag) u llampuka Jlay (Patrick Lau) 3a npedocmasieHHyr0 603MO*CHOCTb
ucnonv308amv 05 ucciedosanus obopyoosanue DLR u nomoww 6 ananuze oanmnwix.
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ANALYSIS PARTICIPANTS’S BONE STATUS IN EXPERIMENT «SIRIUS 2017»

Servuly E.A.
Institute of Biomedical 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 V., et al., 2014). A unidirectional, although not reliable,
decrease of the bone minerals content in the subjects’ body was reported even during short-term
isolation. The task of this experiment was to investigate in more detail the changes in bone status
under isolation 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 on the XCT2000L peripheral X-ray 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% (distal
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 area (cm2) were 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 baseline parameters. In addition, the area of the 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 of the baseline
values. The total radiation load was up to 0.04 mSv. The sensitivity of the method is 0.2-0.3%
(depending on the operator).

Results: In addition to measuring bone mineral content and bone mineral density, the quality
of the obtained images depending on the 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 (slices
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 the change in 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 insignificant in participant B. Participant C
had most expressed changes in the area of the distal diaphysis (decrease in bone density), participant
D had such changes in the proximal diaphysis (increase in bone density), and participant F had such
changes in the distal epiphysis 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 tissue. The 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% to —0.6% in the distal areas, and from 2% to 8.3% in the proximal areas.
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 slice-to-slice, resolution of the device is higher, 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 with a longer period of hypodynamia in limited conditions are needed.

The author thanks the participants of the experiment "SIRIUS-17", who showed great interest to the
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study and took an active part in its realization, and also Prof. Jorn Rittweger the Head of the Space
Physiology Department (DLR, Germany) and his colleagues Uwe Mittag and Patrick Lau for the
opportunity to use DLR hardware and assistance in data analysis.

WCCJIEJTOBAHUE XAPAKTEPUCTHUK TOYHOCTHBIX JIBUKEHUI PYK B
YCJIOBUSAX BE3OIIOPHOCTH

Cocnuna U.C., 3enenckui K. A.
I'HILI P® — UMBIT PAH, Mocksa

B wuccnenoBaHusX, NPOBOAMMBIX IOCHIE JUIMTENIBHBIX KOCMHUYECKHX IIOJIETOB, OBLIO
[IOKa3aHO, YTO KOCMOHABTbl HCIBITHIBAIOT 3aTPYJHEHUS IPU BBIIOJHEHUM TOYHOCTHBIX
JBUTATEIbHBIX  3aJad,  CHIJKAETCS  TOYHOCTb  BOCIPOM3BEIEHHS  JO3MPOBAaHHBIX U
muddepeHIMpoBaHus ONM3KMX MO BEIWYMHE MBIIICYHBIX YCHJIUM, YBETUYMBACTCS BpEMS
peanu3anuu aBUratenbHbIX peaknuil (Yekupma U.@., 1971, Yepenaxun M.A, 1969, lynbxeHKo
E.b., Buns-Bunesamc 1976). B paborax poccuiickux uccienosarenein (I'puropreB A.W., u coast.
2004, Kozlovskayal.B., etal, 2007) moka3ana TpurrepHas pojib OMOPHON pPa3srpy3KH B 3amycKe
YKa3aHHBIX HApYLICHWH, OAHAKO BKJIAJ JPYTHX CEHCOPHBIX CHUCTEM [0 CHUX IIOp HE OIpEEIIEH.
[IpeacraBisioch 1eecOOOpa3HbIM  IPOBECTH HCCIEAOBaHMS B  YCIOBUAX, MAaKCHUMaJbHO
UCKJTIOYAIOIINX BIMSHUE APYTHX COMYTCTBYIOIIMX HEBECOMOCTH (haKTOPOB — HAPYIICHUS (PYHKIMU
BECTHOYIIIPHOTO amnmnapara, U3MEHEHHUs] OMOMEXaHUKHU JIBH)KEHHH, — U OTKPBIBAIOIIUX BO3MOXKHOCTH
KOJIMYECTBEHHOM OIIEHKHU BKJIaJ]a OIIOPHOIO CTUMYJla ¥ POJIM aKCUAIbHON Harpy3ky B ONPEESICHUU
TeX WM MHBIX XapaKTEePUCTHMK JBUraTelbHbIX peakiuil. Mcnonabp3dyemas B UCCIEI0BaHUAX MOJEIb
"cyxoi" ummepcun (CH), no yciaoBHsIM KOTOPOW HCIBITYEMbIH NOTPY)KAETCS B BaHHY C TEILION
BOJIOM, OT KOTOPOH €ro oTAesnsieT CBOOOAHO IJIaBarollasl KeCTKask MaCTUUHAs BOJOHEIPOHUIIaeMast
TKaHb, - COIVIaCHO JIaHHBIM MHOTOYMCIIEHHBIX HCCJIEI0BaHUI, HambOosiee OBICTPO U IOJHO
BOCIIPOU3BOAUT  (pusnonornyeckue d3(PQeKkTbl TIumorpaBUTallud B JIBUraTelbHOM cucTeMe
(Wynexenko E.b, Bunb-Bunbsamc U.@. 1973; Koznosckas U.b. u ap. 1987, 2006 u ap.).

Llenpt0  1aHHOTO HCCIEOBaHUA SIBUWJIOCH OIpEJesieHHe BIUSAHUS OE30IOPHOCTH U
aKCHaJbHON Harpy3Ku Ha XapaKT€PUCTUKU TOUHOCTHBIX JIBUKEHHUH PYK.

beuta mpoBeneHa cepus SKCIEPUMEHTOB, B KOTOPBIX MpPHUHUMAIM YydacTHe B OOLIeH
CIOXHOCTH 39 ucnbITaTeNe-100poBOIIBbIIEB B Bo3pacTe OT 18 10 44 neT. YYacTHUKHU SKCIIEpUMEHTa
ObUIN pa3JiesieHbl Ha JIBE TPYIIbI, B OTHON U3 KOTOpbIX (Tpynna «CH») ucneiTatens He MogBepraics
KaKMM-JTM0O0 JpyruM BO3JEHCTBUAM, a B Apyroil (rpynna «CU+TIuHrBUHY) HCHIBITATENN €KETHEBHO
B TeueHMEe 4-Xx dYacoB OBUIM OfETHl B KOCTIOM aKCHAJIbHOrO HarpyxeHus <«IIMHrBUHY,
oOecreunBaOIMi  CO3JaHUE BECOBOM OCEBOW HArpy3ku Ha Teno BeluyuHod 16-18 kn
JMTenbHOCTh MMMEPCHOHHOTO BO3AEHCTBHA COCTaBisula 5 cyTok. MccnenoBaHMsl NMpOBOIWINCH
nBax el 1o Hayana CU, Ha 2-e,3-u,5-¢ CyTKM MMMEPCHOHHOTO BO3JIEHCTBUSI, a Takxke depe3 3-5
4acoB IIOCJIE €r0 3aBEPILICHUS.

B 3anauy ucnbiTareneil BXoAUIO BBIMOJIHEHNE ABYX TECTOB.

IlepBblii TecT Ha rpajanMi0 yCWJMIl TpEACTaBIAd cO00il BBIIOJIHEHHE C IOMOIIBIO
PYYHOTO AMHAMOMETpPA psiia YCWIMM OT MHUHHUMAJIbHOIO /10 MAaKCHUMajJbHOTO C MHHMMAaJIbHOU
pasHHLIEd MEXIY COCEIHHUMM JBIKEHUSIMH O€3 3pUTEIbHON OOpaTHOM CBsA3M. AHaIM3MpOBAIU
BEJIMUYMHY MHUHHMAJILHOTO YCHIIMS (20COJIOTHBIA MOPOT), CPEIHIO PA3HUIY MEXIY COCETHUMHU
yeunusiMu  (auddepeHnnanbHbli MOpor) U KOJIMYECTBO OLIMOOK (ciaydad, KOrja IOCleayrolee
JBUKEHHE HE MPEBBIIAIO MO CWIIE Mpenplayiee). AHaIN3 MOJYyYeHHBIX JaHHBIX MOKa3ajl, YTo B
rpynne «CHU» B xole MMMEpCHH BBISBISJIACh TEHJIEHIMS K MOBBIMIEHUIO IU(p(PEepeHIHaTbHOIO
nopora, a B rpymnme «CU-+ITunrsun» nuddepennumanbHblii mopor cHuxaics B cpeaHeMm Ha 20%.
AOcomtoTHbIf Topor ycunus B rpynne «CH» B Xome HMMMEpCHUH TakKe MM TEHJEHIIHMIO
KyBenu4eHuto (B cpeaHeM Ha 11%), Bo3Bpamasch mociie OKOHYaHUS KMMEPCHOHHOTO BO3ACHCTBUS
K UCXOAHBIM 3HaueHusiM. B rpynne «CU+TIMHrBUH» 3TOT mokaszarenb cHkajics 10 50% K KOHIly
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ummepcun. KommuecTBo ommbok Takke Obuto Hike B rpymme «CHU+TIMHTBUHY» MO CpaBHEHHIO C
rpynmnoit «CH».

Bo BTOpOM TecTe Ha BOCIpOU3BeleHHE YCHJIMI MO NaMATHIBUTATEIIbHAS 3ajJa4a
3aKJII04allach B BBINMOJIHEHUU 5 cxkatuil ¢ ycuiueM B 30% OT MaKCHMMajJbHOTO MPOU3BOJIBHOTO
YCUJIHSI, ONIPECNICHHOTO B HaJajie TecTa. 3a/iauya BHIOIHAJIACH BHAYANE C OTKPBITHIMH, a 3aTeM — C
3aKpBITHIMU TNIa3aMHU. B KayecTBe YCIOKHEHHONM MOAM(UKAIMM TeCTa IMOCIETHIO CEpUI0
BOCIIPOM3BEJCHUS YCWIMH C 3aKpbITBIMH IJIA3aMH HCHBITATEIb OCYILECTBIISI JIEBOH, «HE
TPEHUPYEMOI» 0 ITOTO PYKOM.

TouHOCTH BOCIIPOM3BEICHUS 33JaHHBIX YCHJIMH 10 TIAMSITH B MEPBBIC THA UMMEPCHOHHOTO
Bo3zeiicTBus B rpymme «CH» cHmkanach, TOCTOBEPHBIMU 3TH U3MEHEHHS ObUIM JIUIIb B 3ajJja4e C
BocnpousseneHuem ycwiusd B 30% HerpeHupyemoil pykoil. B rpynne «CH+HIIuHrBun»
JIOCTOBEPHBIX Pa3INuuil He OOHAPYKEHO.

BapuaGenpHOCTh HCCIENyeMBIX @apaMeTpoB B (POHOBBIX HCCIENOBAaHUAX B 00enx
rpynmnaxObuia HUXKE 3HAYeHUU, peructpupyembix B xonae CH, 4TO CBHUIETENBCTBYET O CHH)KEHUU
CTaOMIILHOCTH B CHUCTEME JIBUTATEIIbHBIX PEaKIHUN B YCIOBHSX OMOPHOW pasrpy3KH. YMEHbIIICHUE
yyclia OMHUOOK BO BpeMs HMMEPCHHM MPU BBHIIOJIHEHMHM TECTa Ha TPaJalMi0 YCUIUH MOXKET
CBUJCTEILCTBOBATh O TMporeccax oOydeHwus.[IoBbIIIEHHEe ypPOBHS TOYHOCTH IPOHW3BOJIBHBIX
JIBUKEHUI B HKCHEPUMEHTATbHON T'PYyIIe CBUAETEILCTBYET O Ba)KHOM POJIM BECOBOM aKCHaIbHOU
HArpy3Kd B CUCTEME YIIPABJICHUS JIBHKSHUSIMHU.

HccnenoBanne noguepxkano [PAHT PODU Nel6-29-08320-ODU-Mm

INVESTIGATION OF HAND ACCURACY MOVEMENT UNDER THE CONDITIONS OF
SUPPORTLESSNESS

Sosnina 1.S., Zelensky K.A.
SSC RF - IBMP RAS, Moscow

In investigations, conducted after long-term space flights, it has been shown that cosmonauts
experience 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 (Chekirda IF, 1971, Cherepakhin M .A, 1969,
Shulzhenko EB, Wil-Williams 1976). In the works of Russian researchers (Grigoriev Al, 2004,
Kozlovskaya 1.B., et al, 2007), the trigger role of the support unloading in development of these
disorders has been shown, but the contribution 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
vestibular 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 model (D1) used in the studies, when
the subject is immersed in a reservoir of warm water from which he is separated by a free-floating
rigid elastic waterproof fabric, according to numerous studies, is the quickest and fullest
reproduction of the physiological effects 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 characteristics of hands’ accuracy movements.

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 other influences, 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 of 16-18 kg on a body. The duration of exposure to DI
was 5 days. The studies were carried out twice before the beginning of DI, on the 2nd, 3rd, 5th day
of DI exposure, and also 3-5 hours after its completion.
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The task for the subjects was to perform two tests.

The first test for the gradation of muscle efforts was the execution of a series of efforts with
a hand dynamometer from minimum to maximum with a minimum difference between
neighboringefforts without visual feedback. The amplitude of the minimum force (absolute
threshold), the average difference between neighboring efforts (differential 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 differential threshold 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 that of the "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 test. The 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 non-trained hand. In the "DI + Penguin" group no significant
differences were found.

The variability of the investigated parameters in background studies in both groups was
lower than the values recorded during DI that indicates a stability decrease in the motor control
system under the conditions 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 group indicates an
important role of the weight axial load in the motor control system.

The study was supported by RFBR project Ne 16-29-08320-OFI-m.

BJIMAAHUE ®AKTOPOB U30JIAIM HA KOMMYHUKATUBHOE ITIOBEJEHHUE
IKUIAKA (ITPEJABAPUTEJIBHBIE PE3YJIBTATbI DKCIIEPUMEHTA CUPUYC-17)

Cynonkuna H.C., Illseo /1. M.
I'HI[ P® — UMBII PAH, Mocksa

MogenpHble U30ISUOHHBIE SKCIIEPUMEHTBI peryisipHo nposoasrcs B UMBII ¢ konna 1960-x
rO/I0B IO HACTOsIIEe BpeMsl, MOJOOHBIN (opmar HCCIIEOBAHUS IO3BOJIIET YYEHBIM B 3€MHBIX
YCIOBHUSAX BOCIPOM3BOAUTH JEWCTBME Ha 4eJOBeKa (BKIOYAs €ro MNCUXO(U3HOIOTHYECKOe
cocTosiHue) pa3nuuHbiX ¢akropos KII.

B pamkax 17-mHeBHOro skcnepumenta SIRIUS-17, nposonusmierocs B UMBII oktsa6pe-
HOsiOpe 2017 roma, M3ydasoch BIHMSHUE Ha TCUXOOMOIMOHAIBHOE COCTOSHHE SKHITaKa TaKHX
(GakTOpOB Kak CEHCOpHas JAeNpHBallus, COLMAlbHAs W30JAIMs, JAenpuBanus cHa. Cruenyer
OTMETUTh, YTO OIIEHKa IICMXO3MOIIMOHAJIBHOIO COCTOSHUSI 4YelOBeKa Ha opoOurte sBiseTCs
00s13aTeIbHBIM  3JIEMEHTOM oO0OecredeHus] 0e30MacHOCTH KOCMOHAaBTa W BXOOUT B CHCTEMY
MEIMIIMHCKOTO KOHTPOJIS TOJIeTa.

B xauectBe Marepuana Uil HCCIEJOBAHMS BBICTyNAlla KOMMYHHUKAIUS YYaCTHHKOB
9KCIIEPUMEHTa C HAa3eMHBIMH CIIy’)KOaMH B paMKaX €XeIHEBHBIX IJIaHHPOBOYHBIX KOH(EPEHIIMH.
AHamu3 neperoBopoB dkunaxka u LYII gBuserca TaTHOW — NpOLENYpOH  OLEHKHU
MCUX0(U3UOIOTHUECKOTO COCTOSTHUSI KocMOHaBTa Ha opoute (Mscauko B.U., Cremanosa C.1. M.,
2000), Tax)ke ITOT METOJI PEJIEBAHTEH U B MOJIENIBHBIX dKCIIEPUMEHTAX.
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Uccnenoanue peun B SIRIUS-17 mpoBomuioch ¢ MOMOIIBIO METOIa KOHTEHT-aHAIN3a,
KOTOPBIA HEOJHOKPATHO TPHUMEHSJICS B TaKUX MOJEIbHBIX JKcrepuMmeHTax, kak HUBES-94,
ECOPSY-95, SFINCSS-99, MARS-500, a Taxke SBISeTCI OCHOBHBIM METOLOM OILIEHKH
MICUXO3MOIIMOHAIILHOTO COCTOSIHUSI KOCMOHABTOB B KOCMHYECKOM JKcrepumeHTe «KOHTeHTY.
[IperMy11ecTBO KOHTEHT-aHAIM3a 3aKJII0YaeTCsl B BO3MOXKHOCTHU JIOCTaTOYHO OOBEKTUBHOM OLIEHKU
MICUXOJIOTUYECKOTO COCTOSIHUSI U OCOOEHHOCTEH MOBE/IeHUS KOMMYHHKAHTOB 0e3 BMEIIAaTe/IbCTBA B
ux peanbHyro gestenbHocTh (I'ymun B.U., FOcymosa, A.K., 2011). Ilpouenypa ananusa Tekcra
CBOJUTCS K KOAMPOBAHMIO CMBICIOBBIX €IWHUI (BBICKAa3bIBAHUN) C TMOMOIIBIO KaTEropui,
0003HayvaOIUX MCUXO3MOLMOHAIBHOE HAIPsDKEHUE (HalpuMep, OTPAKAIOUIMX MCIIO0JIb30BaHUE
3¢ pexTuBHBIX 1 HEIPPEKTUBHBIX KOIMHT-CTPATETHH).

KauecTBeHHBI aHaNM3 MOJYYEHHBIX B 3KCIEPUMEHTE JAAHHBIX MO3BOJIIET TOBOPUTH O TOM,
YTO U30JISIMOHHBIE ()aKTOPBI BBI3BIBAIOT SMOIIMOHATILHOE HAMPSHKEHUE Y BCEX WICHOB dKHUIaxa, He
JIOCTUTAIONIeEe CTENEHU Je3ananTtanuu. llpu 3ToM, HcHbITaTeNnH, MNPOXOAUBIIME KOCMHYECKYIO
MOJTIOTOBKY, BBIICIISIUCH 0OJiee YacThIM HCIOJNb30BAaHHEM B OOIIEHMH 3()()EKTUBHBIX CTpaTeruit
CTpecc-KOMMHra M 0ojee HU3KOW TpPYNNOBOH KOH(POPMHOCTHIO. ['pymImbl MyKYWH M SKEHIIUH
paznuyanuch no obuemy odbemy obmenus ¢ LIYII u mo ucnonb3oBaHUIO KOMUHT-CTpaTerii, B
0CO0eHHOCTH, HEA((DEKTUBHBIX: KEHIIHUHBI 00IAINCh IPUMEPHO B 2 pa3a OoJiblIe, YEM MYKUYHUHbI
u B 1,5 pasa pexe ucnonp3oBaiu B oOuieHHH HEed(D(EKTUBHBIE CTpAaTErnuu coBianaHus. MoXHO
NPEAOJIOKUTh, YTO (DAKTOPBHI H3OJSIUH BBI3BIBAIM OOJBIIYI0 CTENEHb IICHXO03MOIIMOHAIBEHOTO
HaNPSHKEHUS Y MYKCKON YaCTH TaHHOTO SKHITaXKa, YeM y KEHCKOM.

[Tony4yeHHblE B JAaHHOM WCCICAOBAHUHM PE3YNbTaThl SBISIOTCS TPEIBAPUTENBHBIMA U
YKa3bIBaIOT Ha HEOOXOAMMOCTH JalIbHEUIel 00paOOTKH MCXOAHBIX TaHHBIX, & TAKXKE MPOBEACHUS
HOBBIX AKCIIEPUMEHTAIBHBIX HCCIIEOBAHUH OOJIBIIECH MPOIOIIKUTEITHHOCTH.

EFFECTS OF ISOLATION ON THE CREW COMMUNICATIVE BEHAVIOR
(THE PRELIMINARY RESULTS OF THE SIRIUS-17 EXPERIMENT)

Supolkina N.S., Shved D.M.
SSC RF-IBMP 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 SIRIUS-17 experiment took place in IBMP in October-November 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 psycho-emotional state of the person on Earth’s orbit is a required element
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 of conversation between the crew and MCC is an established procedure of assessment of
cosmonauts’ psychophysiological state in flight (Myasnikov, Stepanova, 2000). This research
method is appropriate for model isolation experiments as well.

Method of content analysis, applied in SIRIUS-17, was used in previous IBMP isolation
experiments (HUBES-94, ECOPSY-95, SFINCSS-99, MARS-500). Content analysis is the main
psycho-emotional state assessment method used in “Content” space experiment. The main
advantage of content analysis is its non-invasiveness; also, it requires no additional cosmonauts’
work time (Gushin, Yusupova, 2011). The analysis procedure requires coding semantic units
(statements) in text, using a system of categories marking psychoemotional stress (for example,
efficient and inefficient coping strategies).

A qualitative analysis of SIRIUS-17 data shows that isolation factors cause emotional stress
(prior to disadaptation degree) in all crewmembers. The participants having space training
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background differed in use of effective stress-coping 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 times more than men 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 study are preliminary and need further processing of the initial
data, as well as obtaining of additional data in experimental studies of longer duration.

JTAHAMHUKA HEMPO®U3NOJIOT MYECKUX PEAKITAN U
ICUXOPHN3UOJIOTMUYECKAUE OCOBEHHOCTEM OITEPATOPA B YCJIOBUAX
301N

Cuacmaueuesa /1. B.
I'HI] P®-MMBIT PAH, MockBa
e-mail: scdarya@yandex.ru
Hayunsrii pykoBoautens: Korposckas T.U., k.0.H.

C 1967 ropa na 6aze I'HL[ PO-UMBII PAH Bexyrcs uccienoBaHus B Ha3€MHOM MEIUKO-
TEXHUYECKOM 3KcrnepuMeHTanbHoM koMiuiekce (HOK) B ycioBusx uzomisiuuu. 3a 310 BpeMs ObLIO
IIPOBEJAEHO MHOXECTBO 3KCIIEPUMEHTOB, C DPA3NIMYHBIMU ILeJAMU. V3ydanu B3auMonencTBUs B
CHCTEME «UEJIOBEK — OKpY)Karolllas cpejia, IMojlyyas IpU 3TOM JaHHBIE O COCTOSHUM 3/10POBbS
(pu3mueckoM M TCHXUYECKOM) M O pabOTOCHOCOOHOCTH YENIOBEKa, UIMTEIBHO HAXOAAILIETOCS B
YCIOBHUAX M3OJSLMM B TEPMETHMYHO 3aMKHYTOM IPOCTPAHCTBE OIPaHMYEHHOIO oObeMa.
MogenupoBaiu OCHOBHbIE (AKTOpPhl KOCMHUYECKOTO IIOJIeTa: JUIMTEIbHOCTb, ABTOHOMHOCTD,
U3MEHEHHBIE YCIIOBHUS KOMMYHHUKAILIMU C 3eMileil — 3a/iepKKa CBsI3HU, JUMHUT PacXolyeMbIX PeCypCoB,
OTpabaThlBaJId TEXHOJOTUU MEIUILUHCKOIO O0ECleueHUs] KOCMOHABTOB IPUMEHUTENBHO K
JUINTEIIbHOMY NPEObIBAaHUIO B KOCMHYECKOM NPOCTPAHCTBE B LENAX MOAJACPKAHUS MPEICTOSIINX
kocMuueckux okcrnepumeHToB Ha MKC, a Takke yMEHbIIEHUS PHUCKOB B IEPCHEKTUBHBIX
KOCMUYECKHX HcciefoBarelbckux wmuccusx. Ha ngansbii moment B HOKe mnpoonsrTcs
SKCIEPUMEHTHI Pa3IMYHON UIUTEIbHOCTH (OT 2 HeAenb 10 1 roga), Npyu CMEIIaHHOM T'€HJIEPHOM U
MHOTOHALIMOHAJIBHOM COCTaBE SKUIIAXKA.

U3 JUTEPATYPHBIX JTAaHHBIX U3BECTHO, 4TO CYIIECTBYET 3aBUCUMOCTD
aNeKTposHIedanorpadhuIeckx NPU3HAKOB OT 10JI1a, HAIIPUMeEp, IUpUHA alb(a-auana3zoHa oonble
y MYX4YUH, a BapuaOEIbHOCTh AMIUIUTYIBl aib(a-BepeTeHa - y JKEHIIMH; MEXIOyllapHas
KOHHEKTHBHOCTh y JKEHIIMH BBIIIE IO CPaBHEHHIO C MYXYMHAMH; y MYXYUH Mpeobnanaer
BHYTPUITONyILIApHAsI IPOCTPAHCTBEHHO-BPEMEHHAsI KOTEPEHTHOCTh B OeTa-Iuana3oHe, a y *KEeHIIUH
- MEXIOJyIIapHas KOIepeHTHOCTh B JHAaNa30Hax BceX (HU3UOJIOrHYecKuX pUTMOB. OCHOBHOM
OCOOCHHOCTBIO HCCJIEIOBaHUM B 00JAaCTHM KOTHUTUBHOM HEWPO(U3UOIOTHM SIBISETCA aHAIHU3
MO3rOBOM aKTUBHOCTH B IIPOLECCE PEIICHHsS KOTHUTHUBHBIX 3a7ad, NpPU IIUPOKOM CIEKTpE
IpoLEeCcCOB IpeoOpazoBaHusi HMH(OpPMALMU TMpH peaju3aluu LENOCTHBIX (OopM MOBEAEHHUS — B
YaCTHOCTH, BOCHPUATHUS, BHUMAHUS, NAMSITH, PEYH, NPUHATHS pPELIeHWH, MOTHUBAIMOHHON U
adPeKTUBHOMN PETysIIUU TOBEICHUS.

[lenb: mpoBEeCTH KOMIUIEKCHYIO OLICHKY JUHAMUKH HEWPO(MU3NOJOTHUECKUX pEaKUud u
NCUXO(PU3NOJIOTUYECKUX  OcOOeHHOCTel  (BocmpusATus, pabouell mMmaMsATH, MHPOU3BOIHHOTO
BHUMAaHUs) B MPOLIECCe MOJCTUPOBaHUS MPO(PECCHOHATIBHOMN JeSITEIbHOCTH ONEepaTopa B YCIOBUAX
U30JIALINN.

B skcnepumenTe npuHuMay ydactie 3 700poBOIbIa MYKCKOTo Hosia B Bo3pacrte ot 33 1o 43 et
(36,3£3,3) u 3 10OPOBOIIBIIEB >KEHCKOTO ToNIa B Bo3pacte oT 27 1o 37 net (32,3+2,9), KoTophie B TEUEHUE
17 mueit Haxomumics B HOKe, e obecrneunBaiich oNTUMANIBHbBIE YCIOBUS OOUTaHMS (TEMIleparypsbl,
ra30BOI0 cOCTaBa BO3AyXa U BIaXHOCTH). CheM JaHHBIX MPOXOAWI B (OHE (0 Havyajia M30JSALHN), U 2
paza B nocneneicTeuu Ha 1 cytku nocie (+1), u Ha 6 cytku nocne Bbixona 3 HOKa — +6. 3anuce 29I
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OCYLIECTBIISJIACh MOHOIOJISIPHO OT 19 cTaHgapTHBIX OTBEIEHMI 10 MexTyHaporHou cucreme 10-20 % B
coCTOsSTHMM ''Tnaza 3akpbIThl'. Pe3ynbsrarel 00padaThIiBaii METOIOM CHEKTPATbHO-KOPPEISAIIMOHHOTO
aHalu3a Ha OCHOBe ObICTporo mpeodOpazoBanusi Pypbe, pacCUMTHIBAIN OTHOCUTEIIBHBIC 3HAYCHHS
mornHocTr (O3M) criekTpa OCHOBHBIX DI -AMana3oHOB CyMMapHO JIJIsl Bcex oTBeAeHui. [Ipu momoru
IO «Clever Balls» Bepcust 0.7.1 mpoBOAMINCH TECTUPOBAHHS, HANpPABICHHBIE HA Pa3BUTHE TaKUX
HABBIKOB KaK paCIIpE/ICNIEHHOE CIICKEHUE, MOBBIIIEHHNE CKOPOCTH M TOYHOCTHU INPUHSATUS pelneHus. B
IPOIIECCE BBINOIHEHUSI TECTOB JIOOPOBOJIEI] 33/ICHCTBOBANl PA3IMYHBIC BHUIBI MaMSTH (IO Xapakrepy
MICUXMYECKOM aKTUBHOCTH): JIBUTATEIBbHYIO (MIaMsITh Ha JIBIOKEHHsI), OOpa3Hyr0 (IamsaTh Ha
NPEJCTABICHUS XapaKTepHa Ul UIEOMOTOPHOM TPEHUPOBKH) U CIIOBECHO-JIOrMuecKyto. IlomyueHnnsie
3HAYEeHUS TMOABEpPrajiiCh BTOPUYHOUW 0OpabOTKE MO CTAaHAAPTHBIM CTAaTUCTHYECKUM METOAMKAM
(Statistica, 8).

Knaccuueckuit D0I'-aHanu3 BBISBWII, YTO y BCeX M00poBoiiblieB HaOmomancs [ tum 201 -
narTrepHa — OpIraHMU30BAaHHBIM BO BPEMEHUM M MPOCTPAHCTBE, NPU JAOMUHUPOBAHUU 30HAIBHO-
b GepeHIIMPOBAHHOTO O-pUTMA C 3aThIJIOYHO-TOOHBIM T'PAJUEHTOM aMIUIMTYAbl. JTO MO3BOJISET
YTBEPIKIIaTh, YTO COCTAB TPYIIIBI ObUT BECbMa OJHOPOACH MO THITY HEHPO(PHU3NOIOTHIECKUX PEaKuid 1
IO XapaKTepy KOPKOBO-TIOIKOPKOBBIX B3aUMOJICHCTBHIA, HECMOTPS HA T€H/ICPHBIE PA3TAYHSL.

[Ipu craructnyeckom anamuze O3M Bcex auana3oHOB, HE HAOMIONAIM JOCTOBEPHBIX OTIMYMI B
nocienericTeud (Ha +1 u +6) oTHOCUTENBHO (hoHa.

Eme omamMm BaxHBIM TOKa3zareneM (DyHKIMOHAJIBHBIX WM3MEHEHHH OHMOIOTEHIMAIOB KOPBI
TOJIOBHOTO MO3ra, oTpakatomuxcst Ha D3I, spisieTcs unaeke ainbda-purma. B HopMe oH cocTamser 65-
95%, a Hmxe 50% pacueHuBaercs Kak narosiorus. CHIDKEHUE aylb(a-MHIEKCa CBHUJIETENILCTBYET 00
oTpuIaTenbHON JuHamuike DOI, 4TO CBS3aHO C MOBBIIIEHHEM HHIEKCOB TeTa- M JEIbTa-MHIECKCOB.
Habnronam pazHoHanpaBiieHHbIE H3MEHEHUsI 3TOTo Mmokaszarens. Ha 6 cyTku B mociie/ieiCTBIN BBISBIICHBI
TeHJICpHbIE pa3NINuKsl Ha ypOBHE cTaThucTUdeckoi TeHneHmu (p=0,1): y >KeHIIH-100pOBOJbLIEB HHIECKC
anb(pa-aKTUBHOCTH YBEJIMYMBACTCS, B TO BPEMSI KaK Y MY>KUHH — yMECHBILIACTCS.

Uro xkacaercst pesynabraroB BbeimonHeHust 110 «Clever Ball» mo tecty «Marpuna» B
nocieaecTsun (+6) BBISBIECHO YBEIMYEHHUE IMPAaBUIBHBIX KIUKOB Ha 10,7 %, npu 0JHOBpEMEHHOM
CHI)KEHUU OlNO0YHbIX KiIMKOB Ha 33,9%. Ilo pesymbraram Tecta «Bcmbllika» — KOIHYECTBO
MPAaBUWILHBIX KJIMKOB CTaTUCTHUYECKH JOCTOBEPHO BBIIIE B MOCIEACHCTBUM (+ 6) OTHOCHTENBHO (hOoHA Ha
40%. Ilpum BomonHeHnu Ttecta «CHailep» KOJIMYECTBO MPABHJIBHBIX KIMKOB CTAaTUCTUYECKH
JOCTOBEpHOE yBeauuuBaercsi Ha 64,4%, npu OIHOBPEMEHHOM YMEHbILIEHWH OoMIMOOYHbIX — Ha 21,3%,
IPH 3TOM BO3pACTAeT KOJIMYECTBO MPOIeHHBIX 3TaroB Ha 21,8%. Pa3nmuuus no reHiepHoMy NpU3HAKY B
pe3yibTarax BbIIONHEHUs Tecta «CHaiimep» B mocneneiictBun (+6) HaxomsdTcs Ha YpOBHE
craructuyeckoi TenaeHuuu (p=0,01): KOMMYECTBO MPaBHJIBHBIX KIMKOB Yy KEHIMH-TOOPOBOJIBLEB B
cpenHeM NoBbIcUIIOCh Ha 114%, a y Mmy>xunH-100poBosibieB Ha 43,3% 10 cpaBHEHHIO ¢ (DOHOM.

Takum oOpazoM, pasmuumii Mexay HccienyeMbMH MapameTpamMu D3I mocne 3aBepIieHus
M30JSMY, a TaKKe Ha IIECTOW JIeHb IOCJIE€ OKOHYAHMs SKCIIEpPUMEHTa MO CPaBHEHHIO C ()OHOM He
BBISBJICHO, YTO CBHUJIETENILCTBYET O CXOJICTBE (PYHKIMOHAJIBHOIO COCTOSHMS TOJOBHOIO MO3ra
JOOPOBOJIBIIEB JIO U TMOCTE M30SIIMKU. MeXny reHIepHbIMU BBIOOPKAMU CTaTHCTUYECKU JOCTOBEPHBIX
pa3IMuMii 10 MCCIeAyeMbIM IMoKazarelsiM OOl HM Ha OOHOM M3 CpE30B DJKCIEPUMEHTa U IO
OTHOCHUTENIbBHOMY T10Ka3aTelt0 TUHAMHUKUA HE ObUI0 OOHAapY:KeHO. BBISBIEHO CTaTMCTHMYECKU 3HAYMMbIE
yITy4IlIeHHE pe3yJIbTaroB BBINOIHEHHUs Beex TecToBbIX 3aqanuit [10 «Clever Ball». ITockoneky 1o Hauana
SKCIIEPUMEHTA €r0 YYaCTHUKH HE BBIIUIM HA YPOBEHb «ILJIATO» IO Pe3YJbTaraM BBIIOIHEHUS TECTOB, TO
NOJTyYeHHBIE PE3YNbTaThl, CKOpee BCEro, ClenyeT HHTEPHIpPETHpoBaTh Kak 3ddekr olOyueHus,
npeoOaiaroInii HaJl BIUSHUEM HEONaronpuaTHBIX (PaKTOpOB H30JISLINH.

B cBmu ¢ Tem, yro B Tpymme J0OpOBOJBLEB, B ILIEIOM, MOCIE H3OJSALMH (YHKIIHMOHAIBHOE
COCTOSIHME TOJIOBHOTO Mo3ra (1o uccieayeMbiM mapamerpaMm D3I He omMYanoch oT (hoHa, MOXKHO
HPEIONOKUT, YTO CUTYallUsl HE SIBUWJIACh CTPECCOBOM I (PYHKIIMOHUPOBAHHS LIEHTPAIILHOW HEPBHOU
CHCTEMBI JIOOPOBOJIBIIEB. ITO KOCBEHHO TMOATBEepkaaeTcst mokazarensimu Tecta «Clever Ballsy, kotopsie
JIEMOHCTPHPOBAIU (peHOMEH 0Oy4eHUsI, COBEpIICHCTBOBAHUS HABBIKA T10 BHITOIHEHHIO MPEIbSBISEMBIX
3a71au.
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HUMAN DYNAMICS OF NEUROPHYSIOLOGICAL REACTIONS AND
PSYCHOPHYSIOLOGICAL FEATURES IN ISOLATION

Schastlivtseva D.V.
SSC RF-IMBP of RAS, Moscow
e-mail: scdarya@yandex.ru
Scientific adviser: Kotrovskaya T.1., Ph.D.

Isolation studies are conducted at the SSC RF-IBMP RAS research experimental complex
(REC) since 1967. During this time, many experiments were conducted, with various purposes. We
studied the interactions in the "person-environment™ system, while receiving data on the state of
health (physical and mental) and on the performance of a person who has 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 Earth - delay in
communication, limited use of resources, development 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 to 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 variability of the amplitude of the alpha-
spindle in women; inter-hemispheric connectivity in women is higher than in men; in men intra-
hemispheric spatiotemporal coherence predominates in the beta range, and in women — inter-
hemispheric coherence in the ranges of all rhythms. 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 behavior — in particular, perception, attention, memory, speech, decision-making,
motivational and affective behavioral regulation.

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

Three male volunteers aged 33 to 43 years (36.3 + 3.3) and three female volunteers aged 27 to 37
(32.3 + 2.9) who participated in the experiment for 17 days were in the REC, where optimal 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 (+1), and on the 6th day
after the exit from the REC - +6. The EEG was recorded unipolar from 19 standard leads by the
international system 10-20% in the state of "eyes closed". The results were processed by spectral-
correlation analysis based on fast Fourier transform, the relative power values (RPV) of the main
EEG spectrum bands were computed for all leads. «Clever Balls» software version 0.7.1 conducted
tests aimed at developing skills such as distributed tracking, increasing the speed and accuracy of decision
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 verbal-logical. The values obtained were subjected to secondary processing by standard
statistical methods (Statistica, 8).

EEG classical analysis revealed that all volunteers had type | EEG pattern - organized in
time and space, with the dominance of the zonal-differentiated a-rhythm with the occipital-frontal
amplitude gradient. This 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 cortical-subcortical 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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rhythm index. Normally, it is 65-95%, 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 changes of the indicator were observed. Gender differences were
revealed in the aftereffect (+6) at the level of the statistical trend (p = 0.1): for women volunteers, the
alpha-activity index increases, while for men it decreases.

As for the results of the implementation of the «Clever Balls» software in the «Matrix» test in
the aftereffect (+6), the increase in correct clicks by 10.7% was found, while the error in clicks
decreased by 33.9%. According to the results of the «Flash» test - the number of right clicks is
statistically significantly higher in the aftereffect (+ 6) relative to the background by 40%. When
performing the «Sniper» test, the number of valid clicks statistically significant increases by 64.4%, while
the decrease of erroneous clicks increases by 21.3%, 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 increased by 114% on average,
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, were not revealed, 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 experiment and the relative index of dynamics were found. A statistically significant improvement in
the results of all the test tasks of the «Clever Balls» software has been revealed. Since before the beginning
of the experiment, its participants did not reach the level 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 volunteers, in general, 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 the «Clever Ballsy test, which demonstrated the phenomenon of
learning, improving the skills to perform the tasks presented.

BO3JIEVICTBUE OHOPHQI71 CTUMYJISIIUA HA AHABOJIMUECKUM OTBET IMOCJIE
SKCHEHTPUUYECKOM HATPY3KH EXVIVO B KAMBAJIOBUJHOMN MBIIIIE
KPBICBHI HA ®OHE ®YHKIIMOHAJIbHOM PAST'PY3KH

Tvicanoe C.A, Mupszoee T.M., Posckoe C.B.
Hayunwtit pykosooumens-0.0.H., npogpeccop Illenkman b.C.
I'HI[ P® — UMBII PAH, Mocksa

OmarM ©3  (aKTOpOB KOCMHUYECKOTO TIOJeTa, KOTOPBIA OKa3bIBae€T CYIIECTBEHHOE
BO3/JICHCTBHE HA PETY/ISNUI0 B JBUraTeIbHOH CHUCTEME 4YEIOBEKa, SIBISICTCS YCTPAHEHHE OIMOPbI
(support withdrawal). B mocnennue roasl ycunusMu psiia aBTOpOB ObLIM BbISABIECHbI ad(epeHTHbIE
MEXaHU3MBbI, OTpPEICNISIONINE BOCIHPHUATHE OMOPhI M CHOPMHUPOBAHO TMpEACTaBlIeHHEe 00 0coOoi
addepentHoit cucteme - cucteme onopHoit addepentannu (Kozlovskayaetal., 1987; Grigorievetal,
2004; Shenkmanetal., 2017). Ilenpto pabOThI ABJISIICS aHAJIW3 OTBETA U30JUPOBaHHOM M. soleus Ha
CepHI0 CTaHJIAPTHBIX HKCIEHTPUUECKUX COKPAIICHUH, KOTOPbIE OOBIYHO BBI3BIBAIOT OCTPYIO
AKTHBAIMIO aHAOOJIMYECKUX CUTHAIBHBIX MyTEH, B YCIOBHIX MOICIUPYEMON MHKPOTPABUTAIUH U
CONYTCTBYIOUIEH OMOPHOW CTUMYNSIMH. B KauecTBe OCHOBHOW MOJIEIM MHUKPOTPAaBUTAIIMU
UCTIONIB30BAIaCh KJIACCHYECKasi MOJETh AHTHOPTOCTATHYECKOTO BBIBEIIMBAHUS JAa00OPATOPHBIX
rpei3yHoB MnbrHa-HoBukoBa B Moaudukarm Morey-Holton ¢ mpogomKuTeIbHOCTBIO SKCITO3UIIUH
3 cyrok. Ha ¢oHe BhIBemIMBaHUS Y YaCTH )KUBOTHBIX ObLIa MIPOBEACHA MEXAHUYECKAs! CTHUMYJISIIUS
OIIOPHBIX 30H CTOIBI B T€YEeHHH 4 YacoOB B JIeHb. |10 OKOHUAHMIO TPETBUX CYTOK BBIBEIIMBAHUS
OCYILECTBISIACH CEpHUsSl IKCICHTPHUUECKUX COKPAIICHHH H30JIMPOBAaHHONW m.soleus ¢ TOMOIIbI0
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ctuMyssinuu anekrpudeckum noneM (80V 50 Hz B Teuenue 3 cexynn). Bo Bpemst ctumynsiuuu
MBIIIIIa pacTsaruBaigack Ha 15% ot ucxomHou umuHBL st aOCOMIOTHOW CHIIBI M30METPHYECKOTO
cokpameHuss u aiusi HopmupoBaHHOW Ha [IIIC cumel MBI HaOMIOMAMH JOCTOBEPHOE CHUKCHUE
MakcumyMa Ha 19% u 13% cooTrBeTCTBEHHO B TIpynne 3-CyTOYHOIO BbIBEHIMBaHUA. Mbl He
3apuKcUpoBaNM JaHHOE CHIKEHHE B TpyIIe ¢ omnopHoi crumymsuueit. [locne oxonuanus 30-
MUHYTHOM CEpUH COKpALIEHU! MBIIILA OCTAaBajach B YKa3aHHOM pacTBoOpe eme B TeueHue 30
MUHYT, [IOCJIC Yero 3aMOPaKMBajIach B )KUAKOM a3ore. [Ipu aHammze ypoBHS (ochHOpUIMpOBAHUS
ocHoBHOU Mumienn MTORC1 pubGocomanbrol kuHa3el P70S6K ObuTO 0OHAPY)KEHO, YTO YPOBEHB
dbochopunrpoBaHus 3TOr0 GepMeHTa B MHTAKTHOM MBIIIIIIE [TOCJIC BHIBEIIMBAHUS 1 BHIBCIIMBAHUS C
OTNOPHON CTUMYJISILMEN HE OTJIMYAJICS OT KOHTPOJBHOro. B TO ke Bpems, MpUPOCT copepKaHus
dochopunmpoBanHoi P70S6K mocne SKCHEHTPHUECKUX COKpAIIEHUH ObLT MPUMEPHO B IOJITOpA
pa3a HUXKE y BBIBEUICHHBIX KUBOTHBIX, & Y )KUBOTHBIX, BBIBEIICHHBIX U MOABEPraBIINXCS ONOPHOMN
CTUMYJISILIMMA, HE JIEMOHCTPUPOBAJI JOCTOBEPHBIX OTIMYMNA OT KOHTPOJIBHOTO  YPOBHS.
AHaJOTUYHbBIE PE3yNIbTaThbl ObLIM MOJMYyYEHBI MPU UCCIETOBAaHUHM OCTPOM PEaKIMM MHTEHCUBHOCTU
0EJIKOBOTO CHHTe3a (MPU UCIOJIb30BAaHUU MYPOMUIIMHOBOTO METOJIa Ha SKCLIEHTPUUECKUN CTUMYI).
Mpl mpenmonaraeM, uYto ST 3(PQEeKThl OMOPHONH CTUMYISUUU OOYCJIOBJICHBI YBEIHMUYEHUEM
ANIEKTPUYECKON U COOTBETCTBEHHO MEXaHMUYECKOM HEHArpyKeHHOM aKTHMBHOCTH KaMOaJOBUAHOMN
mbliel. PaboranogaepxanallporpammoiidpynnamentansasixuccneaoBanuiil HIIP® — UMBITPAH.

EFFECTS OF PLANTAR MECHANICAL STIMULATION DURING HINDLIMB
UNLOADING TO ECCENTRIC CONTRACTIONS ON ANABOLIC RESPONSE IN RAT
SOLEUS
Tyganov S.A., Mirzoev T.M., Rozhkov S.V.
Scientific adviser-professorPhD, 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 role of support 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 bout of ex vivo eccentric contractions (EC) following plantar foot
stimulation. A standard 3-day 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 mechanical
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 absolute and specific 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 nitrogen for further biochemical analyses. We didn’t find any significant
changes in p70S6k content or phosphorylation after 3-day HS with or without plantar stimulation.
However, EC resulted in a significant increase in p70S6k phosphorylation in the control and HS+
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 are linked with 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 RF - IBMP RAS.
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OCOBEHHOCTHU MOHUTOPHUHIA CYTOUYHOM JIBUTATEJIbHONH AKTUBHOCTH B
I'EPMOOBBEKTE

Deoan C. 0., bypaak E. I0., Kpy2noea A. B.
Hayunuwiit pykogooumens: I'ywun B.U.
(I'ocynapcTBenHslil HayuHbIH 1IeHTp Poccuiickoit denepanun —
HNuctutyT Meauko-Ouonorunueckux mpoodiaem PAH, Mocksa)

Brimonnenue mpodeccuoHanbHON NESTENbHOCTH, B TOM YHCJIE€ B HOYHOE BpeMs, Tpedyer
OLICHKH TMCUXO(U3HOJIOIMYECKUX I[apaMeTpoB oIepaTopa, KOTopas IJOJDKHA OCYILIECTBISATHCS
HEMHBA3MBHO, 0€3 CO3/laHUs MOMeX W JuckoMdopra mis obciemyemoro. Meron akturpaduu
crocobeH obecrneyuTh NPAMYI0 OOBEKTHBHYIO OIICHKY CYTOYHOW JBUTAaTENbHOM aKTUBHOCTU 0e3
OTpaHUYEHUs] TMPUBBIYHOTO (QYyHKIMOHMpOBaHUS uenoBeka (Standards of Practice Committee,
American Academy of Sleep Medicine, 2007). B «IIporpamme ucciaenoBanuii uenoeka» (HRP,
NASA) B paznene «llcuxuueckoe 370pOBbe B pabOTOCIIOCOOHOCTHY BBIJICJICHA OTACIbHAS TPYIIIa
PUCKOB BO3HUKHOBEHHS OLIMOOK H3-3a HApYIIEHUN CHA, NECMHXPOHU3ALMU LUPKAIHBIX PUTMOB,
XpoHuueckoi ycranoctu u nepeyromnenus (NASA, SP-2009-3405).

[TonmyuyeHHsle B MOJEJIBHBIX OKCIIEpUMEHTaX (HOHOBBIC JaHHBIE AaKTUTPadUUECKOro
00cCIIeIOBaHMsI, COTIOCTABJICHHBIC C PE3YIbTaTaMi MEINKO-OMOJIOTMYECKUX HCCIIEIOBaHUI Ha O0pTY
MKC, 1o3BosIIT ONTUMHU3UPOBATH PEKOMEHIAIIUU K PEKUMY TPYJa U OTAbIXa KOCMOHABTOB.

Hesn. M3ydyeHue CyTOUHOM ABUTATEIbHON aKTUBHOCTH M KAYECTBA CHA YJICHOB AKUITAXKa JUIS
MPOTHO3UPOBAHUSI ICUXO(PUZUOIOTHYECKOTO COCTOSHUS M pab0TOCIIOCOOHOCTH oreparopa

Marepuansl u Metoabl. B pamkax skcnepuMmeHTa «BynkaH» TpOBOAMIOCH H3y4YCHHE
CYTOYHOW JBUTATEIbHOW AKTHBHOCTH M KauecTBa CHA YICHOB SKHIMa)Ka IJig MPOTHO3UPOBAHUS
MICUXO(PU3NOJIOTHICCKOTO COCTOSIHHSIT W paborocnocoOHocTH omeparopa. OOBEKTOM JTaHHOTO
MCCJICJIOBAHUS BBICTYIHII MEXKIYHAPOIHBIA SKUMAXK, COCTOSBIIUNA M3 6 4elOBeK, MOJEIbHOro 17-
CYTOYHOTO H3OJSIIIMOHHOTO SKCIIEPUMEHTa MO MMHUTAIMH BO3IEHCTBHUA (AaKTOPOB MEKIIAHETHOTO
kocmuyeckoro noisera «SIRIUS-17». IlpoBogunock KpyniocyTOYHOE H3MEPEHUE JIBUTaATEIbHOU
aKTHMBHOCTH MeToZioM akturpaduu HocumbiMu Opacieramu AcCtiGraphwGT3X-BT.Ilonyuennsie
aKTOTpaMMbl ~ COMOCTaBISUIMCh € AaHHbIMM  Jluackoro  ompocHuka — cHa.  OneHka
NCUXO(U3NOIOTHUECKOTO  COCTOSIHMS M TICHXUYECKOW  TPYIOCIOCOOHOCTH  ONEpaTopoB
OCYILECTBIISAIACh MPH MOMOIIK Oarapes KOTHUTUBHBIX TecToB KO «ITmnot-T, anekrpoHHOrO Tecra
11BETOBBIX BbIOOPOB (B Monu¢pukanuu JI.H. Cobunk) u tecta Crinunbeprepa.

YroObl pa3rpaHUYUTh BIMSHHUE HCKYCCTBEHHO CO3JaHHOTO Je(UINTA CHA OT BIMSHUS HA COH
(GakTOpoB M3OJAMHM ObUIM 00pabOTaHbl JaHHbIE, MONY4YEHHbIE A0 AenpuBanuu cHa. OOpaboTka
pe3yibTaTOB, MOJYYEHHBIX HpU JENPHUBAIMM CHA, a TAK)KE JaHHBIX JIOTIOJHUTEIbHBIX METOMHUK,
OyJIeT CIeNYIONIUM IIarOM.

Jns ynobctBa 00pabOTKM KaxJble CYTKM H30JIALIUU ObUIM pa3jesieHbl Ha 30HY HOYHOIO
oTAbIXa ¥ padbouyro 30HY. [101 HOYHBIM OTABIXOM MBI TIOIPa3yMEBAId OTPE30K BPEMEHH OT 0TOOS 10
nogbeMa MO JaHHBIM akTurpadguu. Pabouas 30Ha orpaHMyMBajach YTpPEHHEH M BeuepHel
eXeTHEeBHOW KoH(epeHmei no mianupoBanuio (DPC). B 30He HOYHOTO OT/BIXa YYUTHIBAIACH €TO
o011as JUINTENIbHOCTh U BPEMEHs1 HOYHOM aKTUBHOCTH B HeM. Pabouasi 30Ha cocTosia U3 NepuooB
JIBUTATEIIbHONW aKTUBHOCTH W JIBUTATENBHOTO IMOKos. OIeHKa KadecTBa CHAa OCHOBHIBAJIACh Ha
CPaBHUTEIFHOM aHaJN3€ MEePUOJ0B HOYHOTO TOKOS M JABUraTeIbHON aKTMBHOCTH (OECIOKOHCTBA),
BBISIBICHHOTO METO/IOM aKTUTpauu BO BPEMsI HOUHOTO OTJIbIXA.

VYuuteiBass pa3Mep BBIOOPKM M YCIOBHMS pEIIEHHs IOCTaBIEHHBIX 3aj1ady, IpHU
CTaTUCTHYECKOH  00pabOTKe pe3ylnbTaroB  HCIOIB30BAIUCH METOABI  JHCIEPCHOHHOTO U
perpeccuoHHOro aHanu3a. JlaHHble MpeACTaBIEHBl B BHJE CPEIHEr0 3HAYCHHE M CTaHJIapTHOTO
OTKJIOHEHWS.

Pe3yabTarbl.BriepBbie momyyeHb! JaHHBIE O KPYIIIOCYTOYHON aKTUBHOCTH YJICHOB HKUIIAKa B
XoJle peObIBaHUs B TEPMOKaMeEpax.

CpenHe CTaTUCTMYECKHE JaHHBIE MO BCEMY JKHMAaXy MOKa3ajiH, YTO MPOAOKUTEIBHOCTh
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paboueii 30HbI coctaBwiaa 684 * 33 MuHYTHI, IPH JUIMTEIBHOCTH HOYHOro orapixa 396 * 51
MHHYT. IIepro/ THEBHOTO MIOKOSI B CTPYKTYpe paboueii 30HbI B cpeaHeM coctaBua 91 £ 41 munyry.
B 30He HOYHOTO OT/IBIXA MIEPUOJ AKTUBHOCTH (OECIIOKONCTBA) B cpeiHeM 3anumMan 58 £ 28 munyT.
CraTucThyeckd 3HAYUMOIO Pa3iMuus B JUITUTENILHOCTH pabodeil 30HbI CpeAH YJICHOB SKHITaXKa
oOHapyxeHo He Obuto (P>0,05). Ilpu pasnmenenuu oOCHEIyeMbIX Ha TPYMIBI MO TEHACPHOMY
pU3HaKy ObUIO BBISABIEHO, YTO B pabouell 30HE MYXKXYMHBI HAXOIWUJIHCh B COCTOSHHH IOKOS
JIOCTOBEpPHO 0Oojiee IMTENBbHBI Tiepuon BpeMeHW, deM okeHIHBL (P<0,05). Cpennss
MPOJIOJHKUTEBHOCTD NIEPUO/Ia TIOKOS Y MY>KUMH cocTaBmia 114 + 36 MuHyThI, a y sKeHIIuH 69 + 33
MUHYT. [IpoJOKUTENBPHOCTh IOKOSI B J3KHUINAXe IMocie obena Obuia 64 + 39 MuHYTHI, 4TO
JIOCTOBEPHO BBIIIIE €T0 JOOOSACHHBIX 3HaYCHHH (27 + 25 MUHYT).

B cBsi3u ¢ TeM, YTO JaHHBIE O HOYHOM OT/bIXe HchbITareist D ObuTH momydeHsl YaCTHYHO, MBI
UCKJTIOUMIIU UX U3 JaJIbHEHIIer0 CPAaBHUTEIHLHOTO aHATH3A.

JIOCTOBEpHO BBICOKHME 3HAYECHMS HOYHOM [BUIaTCIbHOM AKTUBHOCTH B CTPYKTYpPE HOYHOTO
oTabixa mokaszanu oocinexyemsie E u F (p<0,05). ¥ omeparopa E HouHas akTHBHOCTH 3aHHMalia B
cpenHeM 85 + 29 MuHYyT OT 00IIero BpeMeHu HOYHOTO oTnabixa (397 £ 51 munyT). YV oneparopa F
CpPEelHHE 3HAUEHHs HOYHOW AaKTHUBHOCTH COCTaBWIM 87 £ 17 MHUHYT HpH JIUTEIBHOCTH HOYHOIO
oraeixa 395 £ 74 munyT. IlpomomKuTenbHOCTh HOYHOTO OTAbIXa y oOcinenyeMbix A, B u C
coctaBuna 405 + 39, 406 + 43 u 378 + 41 muHyr coorBercTBeHHO. [lpm 3TOM Ha pHOmIIO
JBUTATEIbHONW aKTUBHOCTH 33 HOYb y omeparopa A mpunuiock 46 = 11 MUHyT OT 00I1Iero BpeMeHu
OTJIbIXa, orniepatop B B cOCTOSIHUM aKTUBHOCTH B CpeHeM poBoawi 37 £ 5 MuHyT, a oneparop C 36
+ 6 MUHYT 32 BpeMs HOUHOTO OT/IbIXA.

JInzackuil onpoCHUK OLIEHKU CHA y obcieayeMoro D 1o cpeHUM 3HaYE€HUSM COOTBETCTBOBAJ
OOBIYHOMY YPOBHIO JIETKOCTH 3aChINIaHUA, KAa4ECTBY CHA, JIETKOCTU MPOOYXKIEHUS U COCTOSHHIO
nociie mnpoOyxaeHus. CpeaHue 3HAYEHHUs ONpPOCHMKA cHa omneparopoB E u F  Ttakke
CBUJICTENLCTBOBAIM O OECIOKOMHOM cHe. B pasmenax o kadecTBe 3achlllaHus, MPOOYXKACHUS U
COCTOSIHMS IOCJIe MPOOYXKIEHUs JaHHbIE O0OCIEeNyeMble HE OTMETHJIM BBIPAKEHHBIX W3MEHEHUU.
Omneparop A B JluackoMm onmpoHUKE OTMETHII Oosee OeCHOKOMHBIA COH, OJHaKo, u Oonee Oompoe
COCTOsIHME Npu MpoOyXJaeHuHu, y omeparopa B mponecc 3ackimanusi Obul TpynHEE, a COCTOSTHUE
nocie npoOyxaeHus Ooinee COHJIMBBIM, 4YeM 00blYHO. CornacHO AaHHbIM ompocHuka C yieH
SKUTIAKa B TIEPBBIC TPH JHS M30JIALMN YyBCTBOBAJ ceOsi Oojiee COHHBIM M OTMedai OoJiee JIeTKUA
MIPOILIECC 3aChINIaHusA, OTHAKO Jjajiee TaKyKe CTall UCIBITHIBATh TPYAHOCTH KaK C 3aChIIIAHUEM, TAK U C
pOOYKIEHUEM.

JlocTOBEpHO BBICOKME 3HAYEHUS TPEBOTM IO METOIMKE IIBETOBBIX IPEANOYTEHUH ObLIM
BbIsiBIIEHBl y obcnenyemblix E u F (p<0,05). Taxxke oneparop E mokasan ymepeHHBIH ypOBEHb
TPEBOTH IO CaMOOIIEHOYHOMY omnpocHHKYy Crmnnbeprepa. Unensl sxkunaxa D, A, B u C otnnyanucek
HU3KMM YPOBHEM TpEeBOTM IO 00enM MeroiukaMm. [lo AaHHBIM pErpecCMOHHOrO aHajau3a poCT
TPEBOTH 10 CPENHEr0 YPOBHA W BBIIE CONPOBOXKIAICA YBEIWYEHUEM JUIMTEIBHOCTH HOYHOMU
akTUBHOCTH cBbIIe 60 MuHyT. HaunOonblyto 4yBCTBUTENBHOCTh M3 KOTHUTHBHBIX TECTOB K
IIPOJOJDKUTEIBHOCTH HOYHOTO IIOKOS TOKa3aJl TECT Ha BPEMsl 3PUTEIbHO-MOTOPHOM PpEaKIMH.
Ucnpitarensm TpedoBanock 00ibIlIe BpEMEHH Ha OCYIIECTBIEHUE PEAKIUH, €CIM MX HOUHOM MOKOM
6611 MeHee 5 gacos (p<0,05).

BoiBonbl: Takum o00pa3zom, ObulM OOHApyKEHbI JOCTOBEPHBIE pa3iMuus B JJINTEIbHOCTU
JTHEBHOM JIBUTATEIbHON aKTMBHOCTH MEXKIY MYKUMHAMU U KeHIIMHAMU. [Ipo1oKuTEeIbHOCTh CHA
y BCEX WJIEHOB 3KHMa)ka Obli1a MeHblle 3arutanipoBadHbIX B PTO 3Hauenuit. J[Boe U3 miecTu 4ieHoB
SKHUMNaXa MMENU HapYIICHHs, CBS3aHHBIE C KaueCTBOM CHAa M HMMEIHU COIMYTCTBYIOIIMI BBICOKHM
ypoBeHb TpeBorH. llomydenHple maHHBIE TpeOyOT nanbpHEHInero yrouHeHus. llemecoobpasHo
MIPOBE/ICHNE JTaJTbHEUIINX UCCIIEOBAaHUIN B 3TOM HaIlPaBJICHUH, B TOM UKCJIE C YBEIIMUEHUEM CPOKOB
BO3/EHCTBHUS W30MsMK (B 4acTHOCTH, B pamkax mpoekra SIRIUS), mnst comocraBmenus c
pesyinpTaTaMi MeJIUKo-Ouojoruueckux wuccienoanuii Ha Oopty MKC, uto B mnepcnekTuBe
MO3BOJIUT ONTHUMHU3UPOBATh PEKOMEHAAINH K PEXKUMY TPYAA U OTIbIXa KOCMOHABTOB.
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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 Federation —
Institute of biomedical problems (IBMP) RAS, Moscow)

The performance of professional activities, including night time, requires evaluation of the
physiological parameters of the operator, which should be carried out non-invasively, without
creating interference and discomfort for the examined. The method of actigraphy is capable to
provide a direct objective assessment of daily motor activity without restriction of habitual
functioning of the person (Standards of Practice Committee, American Academy of Sleep Medicine,
2007). In the «Human Research Program» (HRP, NASA) in the element“Human Factors and
Behavioral Performance”, a separate group of risks of errors is identified due to sleep disorders,
desynchronization of circadian rhythms, chronic fatigue and overwork (NASA, SP-2009-3405).

The background 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.

Purpose.The study of daily motor activity and sleep quality of crew members for the
prediction of the psychophysiological state and operability of the operator.

Materials and methods.Within the framework of the "Vulcan" experiment, a study was made
of daily motor activity and sleep 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, 17-day isolation experiment to simulate the effects of interplanetary space flight factors
"SIRIUS-17". A 24-hour movement activity measurement was carried out using active bracelets
ActiGraph wGT3X-BT. The obtained actograms were compared with the data of the Leeds Sleep
Evaluation Questionnaire. Assessment of psychophysiological state and mental activity of operators
was carried out with the help of CE «Pilot-T»,the cognitive assessment battery, Liischer color test
(in L.Sobchik modification)and STAI test by C. Spielberger.

In order to distinguish the influence of artificially created 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 the next step.

For the convenience of processing every twenty-four 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 ActiGraph wGT3X-BT data. The work area was
limited to the morning and evening daily planning conference (DPC). 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 motor activity 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 of the sample 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 received on the 24-hour 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 area was 684
* 33 minutes, with the duration of night rest area 396 £ 51 minutes. The period of daytime rest in
the structure of the work area averaged in 91 £ 41 minutes. In the zone of night rest area, the
period of activity (anxiety) was 58 * 28 minutes. There was no statistically significant difference 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).The average duration of the dormancy period in men was 114 +
36 minutes, and in women 69 + 33 minutes. The rest time in the crew after dinner was 64 + 39
minutes, which is significantly higher than its pre-dinner values (27 + 25 minutes).

Due to the fact that the data on the night rest area of the test of the crew memberD 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
examined E and F (p<0,05). The operator E night activity took an average of 85 + 29 minutes from
the total time of night rest area (397 + 51 minutes). The operator F average night activity was 87 +
17 minutes with a night rest area duration of 395 + 74 minutes. The night rest area among operators
A, B, C was 405 + 39, 406 £+ 43 and 378 + 41 minutes respectively. At the same time, the share of
motor activity per night for operator A was 46 £ 11 minutes from the total rest time, operator B in
the state of activity spent on average 37 + 5 minutes, and operator C 36 + 6 minutes during the night
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 after waking. The
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 changes. Operator 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. According to 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 of anxiety using the color preferences technique were revealed in the E
and F subjects (p <0.05). Also operator E showed a moderate level of anxiety on the self-evaluation
test by C. Spielberger. Crew members D, A, B and C were distinguished by a low level of anxiety
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 greatest sensitivity from to the duration of the night rest was
shown by the test for the time of the visual-motor 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 differences in the duration of daytime motor activity between
men and women were found. The sleep duration for all crew members was less than the values
planned in the Work-RestRegime.Two of the six crew members had violations related to sleep
quality and had a 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 SIRIUS 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.

JIETYUYUE OPTAHUYECKHUE COEJIUMHEHMUS B BBI/IBIXAEMOM BO3YXE
310POBOI'O YEJIOBEKA TP MOJAEJINPOBAHUUN HEBECOMOCTH («CYXAS»
NMMEPCUS)

Iapvkos /1.C.
I'HI[ P® — UMBIT PAH, Mocksa

[lenpto HacTOAMX HCCIEJOBaHUN OBLJIO M3y4EHHE COCTaBa JIETYYMX OPraHHMYECKUX
COCIMHEHUN B BBIIBIXaEMOM BO3IyXEe YEJIOBEKa IPUMOICIMPOBAHUIO YCIOBUH HEBECOMOCTH
(«cyxas» WMMepCHsi) C HMCIOJB30BaHHEM MeTofa xpomaro-macc-crektpomerpun (I'X-MC) s
YCTaHOBJICHHSI MIEPEYHsl MOTEHLUAIbHBIX OMOMapKepOB TKAHEBOM T'MIIOKCMM NpPU THIOAMHAMHUH U
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3HAYUTEILHOM COKPAIIEHUU JBUTaTeIbHON aKTUBHOCTH.

[Ipu BO3ACHCTBUU «CYXOW» MMMEPCHH, 00CIIEIyeMble HAXOIWINCh B UMMEPCHOHHOW BaHHE
pasmepom 256x148x110 cM, oTaesneHHbIe OT BOJbI CBOOOJIHO IIaBAIONICH BOAOHETPOHUIIAEMOI
meHkor. Temreparypa Boabl B BaHHE MojjepkuBajiack B mnpenenax 32-340C. Jlns mpoBeaeHuUs
€XKEIHEBHBIX CAHUTAPHO-TUTHEHUUYECKUX NPOLEAYp, OOCIeAyeMbIX U3BJICKAJIM HUX BaHHBI C
MOMOIIBI0 TOBEMHOTO YCTPOMCTBA B cpeaHeM Ha 15 MuHYT. 3a BeChb NEPUOI HCCIEAOBaHUMN
JUTUTEIILHOCTh TIPeObIBaHMS OOCIIETOBAHHBIX BHE MMMEPCHOHHOW BaHHBI cocTaBmwio 4,11+0,55 u,
T.€. 49,32 MuH B CyTKH. 13 HUX, B TTOJIOKEHUH CHUJISI HUIA CTOS (Ha BPeMs TUTHECHUYECKUX TTPOLICTYD)
npuxomwioch 17,21 mMuH B cyTku. B BepTHKanbHOM MNOJOKEHHH OOCIEIOBAHHBIE HAXOIMIIUCH
MUHUMAJIBHO BO3MOXKHOE BPEMSI.

CoueranuemM METONOB Tra30BOH Xpomarorpaduu M Macc-CIEKTPOMETPUHU HCCIEIOBAaH COCTaB
HU3KOMOJIEKYIISIPHBIX JIETYYHX METAa00JIUTOB B BbIIBIXa€MOM BO3yXe 12 3710pOBBIX BOJIOHTEPOB MpHU
MOJEJIMPOBAHUU HEBECOMOCTH B YCIOBUSX «CYXOi» UMMEpPCHUU (HEBECOMOCTH).

Ot60p 1poO BBIABIXaEMOIO BO3/1yXa MPOBOIMIICA B MEIIKH U3 HEUTPAILHOTO IMOJIMMEPHOTO
marepuana, oobeMoM 5 1. Ilpu monroroBke k 0T60py MpoObl MEMIOK MPEIBAPUTEIBHO MPOAYBAJICS
gUCTBIM a30ToM (99,999%) ¢ mocnenyromKuM BaKyyMUPOBaHUEM M MOBTOpeHHeM orepauuu 10 pas.
[IpoOsI BEIBIXaeMOTO BO3Myxa OTOMpanuch B ¢GoHE (10 HaYalla IMMEPCHH), HA 2-€ B 5-€ CYTKH
UMMEpPCUM M Ha 2-€ CYTKH B TIEpUOJIE BOCCTAHOBIICHHS. AHaIN3 BBIABIXaEMOTO BO3JyXa U
CTaHJApPTHBIX MPOO, MPOBOAWIM METOAOM Xpomaro-Macc-criekrpomerpuu (I'X-MC) na razosom
xpomarorpade 6890N ¢ macc-cenextuBHbIM geTekTopoMm 5973N (bupmer AgilentTechnologies).
NneHTrduKanuo IeTeKTUPOBAHHBIX COCIUHEHHUH TMPOBOIMIA C HCIIOJIB30BAaHUEM OHOIMOTEKH
macc-criekTpoB HarmonansHoro uucrutyta crasaaptoB u texHonoruit CLIA. JlomonHuTeNnbHO
MCIIOJIb30BAJIM MOHUTOPUHT 3a/IaHHBIX MOHOB JUIsl PACUIUPEHUST HUKHETO Mpesena TUHAMHYECKOTO
nuana3ona uaMepenuid. Ilpu otGope 0,5 1 mpoOwl mpenen oOHapyKeHUs HACHTU(UIMPOBAHHBIX
JIOC cocrarmser 5 x 10-12 r/M3 (IIpy COOTHOIICHUU CUTHAJ:IIIYM 5).

buoxumuueckue ucCcleAOBaHUS BKIIOYAIU: AaKTUBHOCTh (DEPMEHTOB DHEPreTUYECKOTrO
romeoctasa (KOK) u ero uzopepmenton: Meimeunoro KOK MM u muokapauansHoro KOK MB,
AKTUBHOCTh IVIMKOJIM3a OILICHHWBAIU IO JMHAMHMKE aKTUBHOCTH Jaktariaeruaporenassl (JIJAI), a
TaKK€ KOHIEHTpAlUU TIIOKO3bl. DOYHKIMOHAIBHYI0 aKTUBHOCTh CKEJIETHOW MYCKYJIaTyphl
OLICHMBAJIM MO JAMHAMUKE KOHLEHTPAllUd KpeaTWHWHA B KPOBU. BHOXMMHYECKHE HCCIEeTOBAHUS
IPOBOJMINCH C HCHOJb30BAHMEM KOMMEPYECKHX HAOOpPOB pEareHTOB MPOU3BOACTBA (GUPM
“DiaSys”, ®PI. U3Mepenus npoBoawiInuch Ha Onoxumuyeckom aHanuzarope “Targa 30007, ¢pupmbl
«Biotecnica Instruments SPA», Urtanusa. Manonossiii muansaerun (MJIA) B CBIBOPOTKE KpOBU
OTIPEIETISUIH 110 TECTY ¢ THOOApOUTYPOBON KHCIOTOM.

[Ipu ananuze xaxmaol mMpoObl B 3aBUCUMOCTH OT HACTPONKH (PUIBTPOB MACC B BBIIBIXaEMOM
Bo3ayxe (BB) BomoHTepoB ObLI0 MAeHTU(UIIMPOBAHO A0 50 JETydyuX OpraHMYECKUX COEAUHEHUN
(JIOC), oTHOCAmMXCA K pa3IHMYHBIM KjaccaM XHMMHYECKHX BEIIECTB: alu(arnuecKue
YIJIEBOJOPO/IbI, CIIUPTHI, APEHBI, AJIbJIETUbI, KUCIIOThI, KETOHBI U IPYTHE.

B pesyaprare Obuto  OOHapyXeHO, YTO TPU  BO3JCUCTBUH  «CYXOH» HUMMEPCUU
OMOPHEPreTHUeCKHe MPOIIECCH B CKEIETHBIX MbIIIax U Muokapae 3Haunmo (P<0.05) cHmxkarorcs
(KOK MM P, KOK MB) yxe ¢ 3 cyrok Bo3neicTBus. Habmomaemble M3MEHEHUSI MOTYT OBITh
OTPaKEHUEM KaK CHM)KCHHMSI MHTEHCHUBHOCTHU KJIETOYHOTO JBIXaHHMSI B CKEJIETHBIX MBIIIIAX U
MHUOKap/ie, TaK W YXYIIICHUS HEPBHO-MBIIIEYHOTO B3aMMOJCHCTBUSA BCJEACTBHE 3amycka
WHTHOUPYIONINX MEXaHH3MOB, AKTHBUPYIOIIMXCS TPH HMHUTAIMM HEBECOMOCTH, M W3MEHEHUS
TUAPOCTATUYECKOTO JaBIIEHUS IPUIlepepacpeIeIeHneM )KUIKOCTH B OpraHU3Me.

AnantanuoHHbBIE TIEPECTPOUKH B SHEProOOECIICYCHUH MBIIIEYHON TKAaHH COMPOBOXKIAIOCH
3Ha9UMBIM (p<0,01) yMEHBIIICHHEM B BBIJBIXa€MOM BO3/IyXe BOJIOHTEPOB M30IMPEHA U TenTaHoHa-2 -
MPOMEKYTOYHBIX META0OIUTOB JIMITUIHOTO M YIIIEBOIHOTO OOMeHa. JleTanpHbIi aHANU3 TUHAMUKA
M30IpEHa IOKa3aj, 4TO MpU 3HAYUTEILHOM COKpAIIEHWU JBUTATEIbHOW aKTHBHOCTH 4YelIOBEKa
3HaYMMOE CHIDKEHUE BBIBIXAEMOTO M30IPeHa HAOIIOMAeTCs YiKe CO 2 CYTOK BO3JCHCTBHS «CYXOi»
UMMEPCHH.

HccnenoBana nuHamMuka anuaTHuecKWX YINIEBOAOPOAOB OSTaHA U IMPOIMaHa, KOTOPHIE
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TCHCPUPYIOTCA SHAOTCHHO H SABJISAIOTCA MeTa60HI/ITaMI/I CBO6OIIHO' pal[HKaHBHOﬁ ACKOMITO3UIINHU
MOJIMHCHACHIIIIEHHBIX JKUPHBIX KHUCJIOT B IMTOIUIA3MATHUYCCKMX MeMOpaHaxX KJIETOK dYejoBeKa U
JKHUBOTHBIX. HpI/I 3TOM GBIHO IMMOKAa3aHO, YTO aKTHUBAIMA ICPCKUCHOI'O0 OKUCJIICHUA JIMIIUAOB, ABIAACH
UHTErpaJIbHBIM TTOKa3aTelieM METabOIUYECKUX IMPOIECCOB B OpPraHU3Me B pe3y/ibTare JeHCTBHUS
HEeOMaronpusATHBIX (AKTOPOB pa3IMYHON NPHUPOIBI, U HAPYIICHUH B PETYISALUU OKUCIUTEIHHO-
BOCCTAHOBHTEJILHBIX TPOIECCOB B KIIETKE COMPOBOXKAACTCS IMPOMOPIIHOHATIBHBIM yBEIUICHUCM
COZIep)KaHus B BBIABIXaEMOM BO3/yXe MpeaeabHbIX yreBoaopoaoB Cq-Cop.

AHanu3 XMMHYECKOr0 COCTaBa BBIIBIXaEMOTO BO31yXa, B Mpobax BO3AyXa, OTOOpaHHBIX Ha
BTOPBIE U IIATHIE CYTKH MCCIEAOBAHUM B YCIOBUAX HMMEPCUH, ITOKA3aJl BO3PACTAHUE KOHLIEHTpaLUn
amuHoB (OyTHiamuHa, 2-IMaHalieTaMKaa). Bo3pacTaHue KOHICHTpAIMA aMHUHOCOCIMHEHHMA
(6yTI/IJIaMI/IHa, 2'L[I/IaHaI_IeTaMI/II[a) B BBIABIXaCMOM BO3YyX€C BO3MOKHO CBA3aHO C OTPULATCIIbHBIM
A30THCTBIM 0alaHCOM, KOTOpBIH HaOromancs y sxunaxa «Jxemuru 7». [ToBbIlIeHUE SKCKPEIMU
azora ¢ MoYod ObUTIO OOHapyxkeHO y wieHOB skunaxed Camor, Mup, Ckaiinn0,a Takxke B
MOJICJIbHBIX SKCIIEPUMEHTAX C THITOJJMHAMHEH.

VOLATILE ORGANIC COMPOUNDS IN HEALTHY HUMAN’S BREATH DURING
SIMULATION OF WEIGHTLESSNESS (“DRY” IMMERSION)

Tsarkov D.S.
SSC RF — IBMP RAS, Moscow

The goal of this research was to investigate composition of volatile organic compounds in
human breath during simulation of weightlessness (“dry” immersion) using gas chromatography-
mass spectrometry (GC-MS) in order to determine list of possible biomarkers of tissue hypoxia
during hypodynamia and significant reduction of motion activity.

During “dry” immersion, the volunteers were placed into a special bath, size of 256x148x110
cm, separated from water by freely flowing waterproof film. Water temperature in bath was 32-34
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 bath was 4,11+£0,55 hrs., i.e. 49,32 minutes per day. Of
which, in seated or upright position (during hygiene procedures) — 17,21 minutes per day.
\olunteers were exposed to vertical position for minimal possible time.

With combination of gas chromatography and mass-spectrometry the composition of low-
molecular volatile metabolites in breath of 12 volunteers exposed to “dry” immersion
(weightlessness) was investigated.

Breath samples were taken into neutral polymer bags, volume of 5I. Preparation for the
sampling consisted of bags’ flushing with pure nitrogen (99,999%) with following pumping,
repeated 10 times. Breath samples were taken before the beginning of “dry” immersion, on the 2"
and 5™ day of the experiment and on the 2™ day of recovery period. Sample analysis was performed
by gas chromatography — mass spectrometry using GC 6890N with MSD 5973N (Agilent
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 compounds. Under these conditions, sampling of 0,5
liters allowed to detect volatile organic compounds in concentration of 5 x 10-12 g/m3 (S:N ratio
5:1)

Biochemical tests included: energy homeostasis ferments strength (creatine phosphokinase,
CPH) and its isoferments: 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
“DiaSys” (Germany). Measurements were performed using “Targa 3000 (“Biotecnica Instruments
SPA”, Ttaly). Malon dialdehyde (MDA) in blood serum was detected in test with thiobarbituric acid.

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, ketones and others.

In was found that effect of “dry” immersion on biological combustion processes in skeletal
muscles and myocardia decreases significantly (P<0,05) (CPH myocardial band, CPH muscle band)
since the 3" day of the experiment. Observable change could reflex 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 liquid redistribution in body.

Adaptation changes in energy exchange of muscular tissue was accompanied with significant
(p<0,01) reduce of isoprene and heptanone-2 in breath — as intermediate metabolites of lipid and
carbohydrates metabolism. Detailed analysis of isoprene dynamics showed that during significant
reduction of motion activity, significant decrease of isoprene concentration in human breath can be
observed since the 2" day of “dry” immersion.

Dynamics of aliphatic hydrocarbons ethane and propane, endogenous genesis compounds, was
researched. Ethane and propane are metabolites of free-radical decomposiotion of poly-unsaturated
fatty acids in outer cytoplasmic membrane of humans’ and animals’ body cells. It was shown that
activation of lipid peroxidation, being an integrated indicator of metabolic processes in body which
occur under effect of adverse factors of different genesis, and disturbance of red-ox processes
regulation in cell, accompanies by proportional increase of saturated hydrocarbons C4-C20 in
breath.

Analysis of volatile organic compounds in breath samples taken on th 2" and 5" day of “dry”
immersion showed the increase of amines concentration (butyl amine and 2-cyano amide). Increase
of amino-compounds in breath could be possibly connected to negative nitrogen balance which was
observed at “Gemini 7” crew members. Increase nitrogen excretion with urine was observed at
“Salyut”, “Mir”, “Skylab” crew members as well as in model experiments with hypodinamia.

OIEHKA 99®EKTHBHOCTH UCITIOJIB30OBAHUA CIIEHUAJIM3NPOBAHHOI'O
ITPOI'PAMMHOI'O OBECHIEYEHUWS 1151 OPUEHTHPOBAHUA B CPEACTBAX U
METOJAX OKA3ZAHMA MEJUIIMHCKOU IOMOIIU B TEPMO3AMKHYTOM
OBBEKTE

Yepnozopos P.B.
I'HI[ P® — UMBII PAH, Mocksa

B xome ocCylIecTBIEHHS KOCMHUYECKHMX IIOJIETOB OJKUIMAXK IHIOTUPYEMBIX KOCMHYECKUX
anmnapatoB (IIKA) Hen30exHO CcTaJKUBaeTcs C BO3JACHCTBUEM HEONAronpHsITHBIX (HaKTOPOB
OKpyXaromei cpeabl, (opMHpYys MEepedeHb MEAWLMHCKUX PHCKOB, YTO B COBOKYIHOCTH C
BO3MOYKHOCTBbIO TEXHMUYECKHX OTKa30B OOOpYAOBaHUS MOXET MPHUBOAUTH K BO3HUKHOBEHUIO B
I10JIETE HEIUITATHBIX MEAULIMHCKUX CUTYALUMN.

B Takux cmywasx st okazaHus MeOUIMHCKOM mnomomu Ha Oopty IIKA mnpemycmorpen
KOMIUIEKT YKJIaJIOK ¢ MEAUKAMEHTAMU U U3JIEIUAMU MEIULINHCKOTO HAa3HAYECHUS, KOTOPBIMU JKUITAXK
[TKA MOXeT 1moyib30BaThCsi B 2 OCHOBHBIX PEKUMaxX: 1. B XO7€ OCYIIECTBICHHS TEIEMETUITMHCKOTO
KOHCYJIETUPOBAHUS U II0J HEMOCPEIACTBEHHBIM KOHTPOJIEM «HA3€MHON» TPYIIBl MEIULIMHCKOTO
obecnieuenus (I'MO) kocMHUECKMX TMOJETOB, 2. CaMOCTOSTENbHO, COMIACHO YCTAHOBIEHHOMY
perIamMeHTy, a TAaKXE Ha aBTOHOMHBIX Yy4YacTKaX II0JI€Ta IPU HEBO3MOXKHOCTH OCYILIECTBIICHUS
ONEPATUBHON MEIUIIMHCKON NoiepKKH co cTopoHsl [MO.

B o0oux pexumax JUist OCYIIECTBICHHUS MOUCKAa HEOOXOMUMBIX MeAUUMHCKUX cpeacts (MC)
Ha Oopry IIKA uneHsl skuma)ka MOTYT HCIIOJIb30BaTh MOCTABISEMYI0 BMECTE C MEIUIIMHCKUMU
ykiagakamu (MVY) nedatHyro CONpOBOAUTENBHYIO MeAUIMHCKYIO TokyMeHTauuto (IICM/I). Onnako
€CIM B IIEPBOM PEXUME OHA MOXKET HOCHTHh BCIIOMOIATEIbHBIN XapakTep BBUIY BO3MOKHOCTH
npsimbIx ykazanuii or I'MO, to Bo Bropom pexxume [ICMJI cTaHOBUTCS €IMHCTBEHHBIM CPEICTBOM
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JUIs OpueHTUpoBaHus B 6opToBrix MC.

B ciydae BO3HMKHOBEHHMS MEIUIMHCKUX CUTyallMd CTaHOBUTCS KPUTHYECKHU 3HAYUMBIM
BpeMs1, HEOOXOIMMOE Il HaXOXKICHUSI MEJUIIMHCKUX pemieHuil u coorBeTcTByonmx MC Ha 60pTy.
[Ipu wucnons3oBanuu Tpaaunuonnod [ICMJ[ omepatuBHO chaenarb 3TO  MOXET  OBITh
3arpyaautensHo. Ilostomy B HMMBII 6bui0 pa3paboTaHo W CO3AaHO CHEHUATM3HPOBAHHOE
nporpamMHoe obecriedenue (CIIO) st aBTOMaTU3MPOBAHHOIO OPUEHTHPOBAHUS B CPEICTBAX U
MeTonax okazanus MeauuHckoi momomu (COMIT) na 6opry TTKA.

JUis npakTUYECKOM OLIGHKM BPEMEHHBIX 3arparT IpH OCYILECTBIEHUH OOOMX CHOCOOOB
opuentupoBanust B COMII B pa3nuyHBIX BO3MOXHBIX MEIUIIMHCKUAX CHTYalUsX HEOOXOTMMBI
9KCIIEpUMEHTAJIbHbIE HCCIEIOBAHUSA, IE€PBOE U3 KOTOPHIX YAAJIOCh pPEaJU30BaThb B IPOEKTE
«Cupuyc-2017». Llenpto nanHoro ucciaenoBanus craia ornenka sgpdexruBHocta CIIO B ycnoBusax
U30JISIIMM T€PMO3aMKHYTOr0 00beKTa, Kak Haubosee NpUOIMKEHHBIM K pPeajbHOM SKCIUTyaTalluy B
X0J1€ KOCMHYECKOTO I0JIETA.

3ajaun SKCIepUMMEHTa BKJIOUand cOOop JaHHBIX 00 ucnoib3oBaHuu u nosegeHun CIIO B
Pa3IUYHBIX MOJAEIUPYEMBIX MEIUIMHCKUX CHUTyallMsIX B XOA€ OKCIIEPUMEHTA; OLCHKY
ucnonb3oBanust CIIO mo cpaBHEHUIO € TPAJULMOHHBIMHM CIIOCOOAMM, INPUMEHSEMBIMH IS
OpUEHTUPOBAaHUS B MeIUIMHCKUX cpeacTtBax Ha Oopty [IKA, B wactHoctm Ha Poccuiickom
cerMeHTe MeXIyHapOJHOM KOCMHYECKOW CTaHIUH, a TaKXKe ONpeAeleHHe MyTed JasibHEeHIlIero
cosepuienctBoBanus CII1O.

HccnenoBanue cocTosio U3 4 pa3HOTUIIHBIX CEAHCOB, KaXK/bIH M3 KOTOPBIX BKJIHOYaJ OT 2 10 3
CeCCHid, B KaXJIOW M3 KOTOPBIX OBUIO 33J€HCTBOBAHO 2 Mapbl Pa3HOMOJBIX HCIBITATENEH, S-bIid
UCIIbITaTeNb (Bpad HKUIAXKa) SIBJISAJICS OTBETCTBEHHBIM IO METOAMKE. 6-OM ucHbITarenb He Obul
3a/IeiCTBOBaH B JKCIepuMeHTe. Takke OblI OCYIIECTBIIEH JONOJHUTEIbHBI KOMOMHUPOBAaHHBIN
ceanc ¢ npumeHenuem CIIO COMII B xome TeneMEnMUIMHCKOIO KOHCYJIBTUPOBAaHUS OSKHITaXKa
CHEeNHATHCTaMH MHOTONPO(HIFHOTO MEAUIIMHCKOTO IIEHTPAa MPH MOICTUPOBAHUN MEAMIIMHCKON
cUTyauuu, TpeOyromed CpoyHOM  MEIUIMHCKOW IOMOIIM, BKJIHOYas peaHUMMAI[MOHHbIC
MEPOIPUSITHUSL.

OO0beM MNpUrOAHBIX M3 MOJYYEHHBIX IaHHBIX cocTaBuil ~86%. B xome ux mnepBHYHOIrO
aHaimm3a, HECMOTPS Ha DI OTKIOHEHHWH, OOYCIOBICHHBIX NPEUMYIIECTBEHHO «UEIIOBEYECKUM
(bakTOpOoM», MOXKHO OTMETHUTh INpeBaTupoBaHue dPPeKkTUBHOCTU ucnonb3oBanus CIIO skunaxem
HaJ npuMeHeHueM TpaguiuonHoil [ICMJ] Ha GopTy MMHUTHPYEMOro KOCMHYECKOTO KOpaldis Hpu
Pa3IMYHBIX MOAETHPYEMBIX MEAMIMHCKUX CUTYallMAX B MOJABISIONIEM OOJIBIIMHCTBE CEAHCOB U
CECCHI MPOBEACHHOTO SKCIIEPUMEHTA.

Tak B xoz1e 1 ceanca B cpesHeM 1o TpeM ucnbitarensiMm d¢ppextuBHocTs CITO cocrasmia 47%
+ 23 %. Ilo utoram 2-ro ceanca paznuna B 3pdexruBHoctu CIIO mo cpaBaenuto ¢ [ICM]] y Tpex
ucneltarenieil cocrasmwia ~8% + 16 %. B 3akimounTenbHOM ceaHce 3 HCHBITATENs IOKA3alu
CXOXul, Oosee yCTOWYMBBIA pe3ynabraT 3¢¢exkTuBHOCcTH ucnonb3oBaHus CIIO co cpenHum
nokaszarenem ~43% + 3 %.

Takoke BBICOKMU TMOTEHIIMAN TOKa3ajla BCTPOEHHAsh MHTEIUIeKTyanbHas cyocuctema CIIO —
IPOTOTUI MEIULUHCKOW CHUCTEMBI IIOMOIINM MPHUHATHS PEUICHWH, IO3BOJSIOLIAS JKUIAXKY
oOecrieunBaTh 0a30Byl0 CAaMOJMAarHOCTUKY M MOAOUpaTh COOTBETCTBYIOLEE JIEYECHHE U3
UMEIOIUXCA Ha OOpTy MEACPENCTB, YTO OCOOEHHO aKTyaJlbHO Ha aBTOHOMHBIX Yy4YacTKax
KOCMHMYECKHX MOJIETOB IIPU OTCYTCTBUU BO3MOXKHOCTU KOHCYIBTaTUBHOW MOJAECPKKHU C «3EMITN».

Oto naet ocHoBanue pekomenoBath CI1O kak 3(pdexkTrBHOE TOMOTHEHNE K CYIIECTBYIOLICH
MEIUITMHCKON OopToBOM nokymeHTanuu B coctaBe COMII cucteMbl MEIUITMHCKOTO 00eCTIeueHus
OpOUTANBHBIX KOCMHYECKHMX TMOJIeTOB M Kak anbrepHatuBy I[ICMJl mpu  ocCyliecTBICHUU
JUIUTETbHBIX MEKIIJIAHETHBIX SKCIEAULINH.
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EVALUATION OF THE EFFECTIVENESS OF USING SPECIALIZED SOFTWARE FOR
ORIENTATION IN THE MEANS AND METHODS OF MEDICAL CARE IN
HERMETICALLY CLOSED OBJECT

Chernogorov R.V.
IBMP, Moscow

During the implementation of space flights, the crew of manned spacecraft (MSC) inevitably
face the impact of influence 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 assistance on board the MSC is provided medical kits with
medicines and medical supplies, which the crew of the MSC can use in 2 main modes: 1. during
telemedicine consultation under the direct supervision of the "ground" medical support group
(MSG) 2. alone, in accordance 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 mode, the PAMD becomes the
only means of orientation in the on-board 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 of orientation
in the MMC in various possible medical situations, experimental studies are needed, the first of
which was implemented in the project "Sirius-2017". The purpose of this study was to evaluate the
effectiveness of the SS in the conditions of isolation of the 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; assessment of use 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 consisted of 4 different types of sessions, each of which included 2 to 3 sessions,
each of which involved 2 pairs of opposite-sex 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, including resuscitation.

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 application of 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
the SS was 47% + 23%. Based on the results of the 2nd session, the difference in the effectiveness
of the SS compared to the PAMD for the three crew members was ~ 8% = 16%. In the final session,
3 crew members showed a more stable result, similar between together, of the effectiveness of the
use of SS with an average of ~ 43% + 3%.

Also, the built-in intelligent SS subsystem showed a high potential. Being the prototype of
the medical decision-making system, it provided the crew with the possibility of basic self-diagnosis
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with the selection of appropriate treatment from on-board 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 SS as an effective 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 long-term interplanetary expeditions.

JNHAMMUKA CTEPOUJOT'EHE3A U KOHHEHTPAIIUU B KPOBU OCHOBHbIX
CYBCTPATOB SHEPTOOBMEHA KAK 3BEHbA CTPATEI'MN AJAIITALTAN K
N3MEHEHHOM CPEJAE OBUTAHUSA

Yucmoxooosa C.A.
Hayunwie pykosooumenu: H.A. Huuunopyk, k.m.u., O.A. Kypasnéea, k.m.H.
I'HII P® — UMBII PAH, Mocksa

MHOrouucieHHbIE UCCIIEI0BAaHUS CBUAETENIBCTBYIOT, YTO HAOIIOJaeMblii B KOCMHUYECKUX
nosierax (KII) xomIuiekc OTBETHBIX pEaKIUi OpraHu3Ma 4YesIOBeKa, B OCHOBHOM, OOYCJIOBIIEH
JUINTENIbHBIM ~ BIMSIHUEM  MUKPOTPaBUTAllMM M €€  IOCJIEACTBUSMH, HHUIMUPYIOIIUMU
nepepacnpeesieHue KUAKOCTHBIX Cpell, CONPOBOXKIAEMOE W3MEHEHUSMH BOJHO-3JIEKTPOJIUTHOTO
romeoctaza (BOI'), oOMeHa BeleCTB M €ro peryisiluy, pa3BUTHE THUIIOJUHAMUH, TMIOKHMHE3HH,
THMOTPOQHUH  aHTUTPABUTALMOHHOW MYCKYJIATyphl, NIEMHHEPATU3AUMH M PECTPYKTYPHU3ALUU
KOCTHOW TKaHM — BCEH COBOKYIHOCTBIO T'DAaBUTAI[MOHHO-3aBUCHUMBIX  META0OJIMYECKUX U
MOphO(QYHKIIMOHAIBHBIX MEPECTPOEK OPraHOB M TKaHEH, HEMPEMEHHBIMH YYACTHHKAMHU KOTOPBIX
SBJISIFOTCSL CTEPOUJHBIE TOPMOHBI 4-X OCHOBHBIX KJIACCOB: ITFOKOKOPTUKOUIBI - Co1-CTEpOMIIBI;
MUHEPATIOKOPTUKOUIBI - Co1-CTEpOUIbI; aHApOreHbl — Cio-CTEPOUABI U ACTPOreHsl - C1g-CTEPOUIBI.
JluHaMuKa CTEpPOMIHBIX TOPMOHOB M HX BJIMSHUE Ha COCTOSHUE OOMEHa BEIECTB B YCIOBHSX
MUKpOTpaBUTALIMM SBJISIOTCA IPEIMETOM HEYKIOHHOTO BHMMAaHHUS UCCIIEIOBATENIEN B CBSI3U C MX
OpsMbIM  BO3JCHCTBHEM Ha pPErylslUI0 SHeproooOMeHa u OanaHca aHAOONMYECKUX U
KaTa0OJMUYECKUX pEaKIUMid B OpraHW3ME YEJIOBeKa, a TAaKKe Ha COCTOSHHE PENPOAYKTHBHON
CHCTEMBI, 4YTO OCOOCHHO Ba)KHO B CBETE IJIAHUPYEMbIX MEXKILJIAHETHBIX IOJIETOB U CTPOMUTENIHCTBA
HAIUIAHETHBIX COOPYXEHHUH ISl NJIUTENbHOro MpeObIBaHMs B HUX JitoAed. B Hammx, a Takxke B
CPaBHUTEIBHO HEJABHMX HCCIeOBaHMAX MHOcTpaHHbIX koiuter (MI.A. Huuunopyk u ap., 1998,
2013; S.M.Smith etal., 2012) momy4eHsl pe3ynbTaThl, CBUACTEILCTBYIONIHME O COXPAHHOCTH
(U3UOJIOTMYECKOTO COOTHOILIEHHUS KOHLEHTPAIlMM OCHOBHBIX IIOJOBBIX TOPMOHOB B KpPOBH,
MEXaHU3MOB DETYISALIMM U YYBCTBUTEIBHOCTH MHOTOYPOBHEBBIX KOHTYPOB pErYIALIMU IO
0OpaTHBIM CBsI35M B PENpoAyKTHBHOM cucteme B ycioBusax KII m MopenbHBIX SKCIEpUMEHTOB. B
U3YYEHUU JWHAMHUKH HEMOJIOBBIX CTEpPOUAHBIX TOpMOHOB mnipu mposeaennn KII u  wux
MOJEJIMPOBAHUN TIOJIyYE€Hbl MHOTOYHCJICHHBIE PE3YJIbTaTbl, YKa3bIBAaIOIIME Ha BOBJIECYEHHOCTH
IIIOKO- M MHHEpPAJOKOPTUKOUJOB BO BCE 3BEHbS OOMEHa BemectB M ero perymiuuu (A.U.
I'puropbes u ap. 1986, 1997, 1999; C.S. Leach-Huntoonetal., 1989; S.M.Smith etal., 1997; 1.M.
Jlapuna u ap., 2000, 2003). OxgHako Aake MpPU HAIUYKMK OOJBIIOr0 OObeMa 3HAHUM - TOHKHE
MEXaHU3MBbI aIAlITUBHBIX PeakUuil opraHu3ma uesnoseka Ha ycnosus KII ¢ yuactuem crepouIHbIX
TOPMOHOB, BKJIIOYas MX BIUSHUE Ha JUHAMMKY ICHXO(U3HOIOIMYECKOro CTaryca, OCTaloTCs
MaJlon3y4eHHbIMU. [109TOMY OCHOBHOW LI€NbI0 HACTOSIIEH PabOThl SBISUIOCH MOJNYYEHHE HOBBIX
HAy4HbIX JAHHBIX 00 OCOOEHHOCTSX TUHAMHUKH CTEPOMJIHBIX TOPMOHOB M OCHOBHBIX CyOCTparoB
9HEprooOMeHa M MX BIMSIHMUA HA COCTOSHUE >KHUIKOCTHBIX cpell, cocTaB Tena, BOI, mokaszarenu
SHEpProoOMeHa U TNCUXO(HU3UOJOTUUYECKUI CTaryc B YCIOBUAX 17-CyTOYHOW H3OJSILIMM B
repMoOObEKTaX CMEIIAHHOTO 3KHIaXxa U3 6 3710pOBBIX HCIIbITaTeNeii-100pOBOIbIEB (3 MyX UuH U 3
KEHIIMHBI B Bo3pacte 27-43 neT), MNpoleAluX MEIUIUHCKUH OoTOOp U MOAMUCABIIMX
WndpopmupoBanHoe coriacue Ha ydacTue B MccienoBaHusx. Jlo Hagana skcriepuMeHTa (-7 CyTKH,
¢don), Ha 7-e U 14-e CyTKM nepHuojaa U30JSALUY, Ha 2-€ U 7-€ CyTKH nepuoaa BoccraHosieHus (I1B)
OCYILECTBISIIUCh  B3SITHE BEHO3HOH KPOBH JUIS ONpENENeHUs] TOPMOHAIBHBIX M OMOXMMHYECKHUX
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nokasareneii, OnonmMiiefancoMeTpusi (M3MEepeHHe KUAKOCTHBIX Cpel M cocTaBa Tejla) Ha mpudope
«Crpyt-2» (pupma MEJIACC, Poccust) 1 peructpanusi ICHXOMOTOPHBIX MOKa3arejeld U JHMHAMUKA
AJIEMEHTOB ONEPATOPCKON JEATENBHOCTH C IOMOIIBI0 KOMIBbIOTEPHON mporpammsl «CeHcop» (©
N.A Huuunopyk, 1994). B ¢oHOBBIA mepuoj HCCIEIOBAHUK S5 HCIBITATENICH 3allOIHIIINA
ncuxonoruyeckue Ttecthl-onpocuuku P.b. Kerremna, f. Crpenmay u P. Jlazapyca. Jlo nHawana
SKCIIEpUMEHTa ObUIM MPOBEAEHBI 3aHATHS MO oO0ydeHHI0 paboTe ¢ anmaparypod u
KOMIIBIOTEPU3UPOBAHHBIMUA TICUXO(HU3UOIOTMYECKUMH METOIMKAaMH, TECTHPOBAaHHE BO BpeMs
U30JIALIMY TPOBOJWIOCH B MEIUIIMHCKOM OJIOKE Ha36MHOI'O SKCIIEPUMEHTAIBHOTO KOMIUIEKCa U Ha
WH/IMBUIYaJIbHBIX HOYTOyKax B KaloTax repMooOnekTa. Cieayer ykasarb, 4yToO Ui OOBEKTUBU3ALUT
XapakTepa W  HAlpaBiICHHOCTH HM3MEHEHHH CpeIHEerpynrnoBOl JUHAMUKUA  OLIEHHBAEMBIX
1oKa3aresieil TOPMOHAIBHOTO M OMOXMMHYECKOTO CTaTyCa, COCTOSHUS KHUIKOCTHBIX CpeJl U COCTaBa
Tela, CYIIECTBEHHBIM 00pa3oM HCKaKaeMbIX W/WIM HUBEIHPYEMBbIX HHJWBUIYaTbHBIMU
pa3IMUYMsIMH HCIBITYEMBIX, OCOOEHHO aHTPONOMETPHYECKHMMH W TEeHJEPHBIMH, B KOMIUIEKCHOM
aHalM3€ BCEro MAacCHMBa OKCIEPUMEHTAJbHBIX JaHHBIX MCIOJNb30BAM  HWHIUBUAYaJIbHbBIE
IIPOLIEHTHBIE 3HAYEHUS ITUX [TOKa3aTeslell OTHOCUTENIBbHO UCXOIHBIX ypoBHEN.OLleHNBast pe3yibTaThl
IIPOBEJCHHBIX HCCIEIOBaHHM, B MEPBYIO Ouepellb, BaXKHO OTMETUTh, UYTO OCOOEHHOCTHIO BCETO
nepuosia HaOJIIOAEHUN SIBIIAJICS HEYKJIOHHBIM TPEHJ K BO3PACTaHMIO CPEIHETPYIIOBBIX YpOBHEN
KOHIICHTPAIIMK KOPTH30Jia B ChIBOpOoTKe KpoBu (138,0+16,7; 141,6+£27,2; 150,5+8,6; 150,3+20,6%,
pa3nuuMs CTAaTHUCTUYECKU JOCTOBEPHBI C€ (POHOM), UTO CBUJIETENILCTBYET 00 aKTUBAaLUU
CTEpOMIOTeHEe3a B KOpEe HAIOYCYHUKOB B ycloBUsAX u3osiuuu u [1B. Pesynbrarsl ananmza Ipyrux
CTEpOMJIOB IIOKa3ajly, 4TO B paHHMW nepuo uzoisuuu (7 CyTKM) OTMEYaloCh IOBBIIIEHUE
CPEIHETPYIIOBBIX 3HAYEHUN KOHLIEHTPAIIMH B CHIBOPOTKE KPOBHU TeCTOCTEpOHA U 3cTpaauona (% ot
dona: 122,7£8,0; 303,7£110,1, coorBerctBeHHo, p<0,05), a AOCTOBEPHBIX H3MEHEHUU
KOHIIEHTPAIMK XOJIECTEPHUHA, allbJOCTEPOHA U OCHOBHOT'O YIMIEBOJHOTO CyOCTpara sHeproodMeHa —
[JTFOKO3bI He Habmromanochk. Ha 3aBepmaromem stane uzonsiuu (14-e cyTku) Ha (JOHE BBICOKOTO
YPOBHSI KOPTU30Jia OB 3apETUCTPUPOBAH POCT KOHILIEHTPAIIMHU B CHIBOPOTKE KPOBH allbJJOCTEPOHA
(138,2+17,2 % ot ona, p<0,05), KOTOPHIH, BEpOATHO, OBLIT 00YCIOBIICH OTBETOM Ha TOBBIIIICHHBIE
MOTEPH HATPUsA C MOYOM HpPHU PA3BUTHUM YMEPEHHOM TUIOTUIpATAIMU OpraHu3Ma OO0CIeayeMBbIX
(camkenue obvema Bomel Ha 2,1+0,5% ot ¢ona, p<0,05) - KOMIUIEKCHON peakuueill CUCTEeMbI
nojepxkanusi koHctaHT BOI, mo3BonuBIIel B COBOKYMHOCTH C IPYTMMHU TOPMOHAMH COXPaHSTH,
HECMOTpS. Ha TUIOTHAPATAINIO, OCMOJISJIBHOCTb, KOHIIEHTPALMI0 HAaTpusi M Kajiusg B KpPOBU
MPAKTHYECKH MOCTOSTHHBIMU (283+4; 2834+4; 28442; 289+4; 285+1 mOcm/krH,0O; Na+: 141,1+0,7;
140,3+0,3; 141,2+0,5; 142,3+2,0; 139,9+0,6 mmons/m; K+:  4,2+0,1; 4,0+0,1; 4,1+0,1; 4,3+0,2;
4,2+0,2 mmonb/n). Ilpu 3TOM JOCTOBEPHOrO HM3MEHEHMs YPOBHS KOHIIEHTPALMU 3CTPAaAMONIA HE
IPOUCXOJUIIO, HO O TOM, YTO OH OCTaBaJICS MOBBIIIEHHBIM CBUJIETEILCTBOBAJ BHICOKH MPOIIEHT €ro
nomu (427,5+251,9% ot ¢dona, p<0,05) B cyMMapHOIl KOHIIEHTpALUU OTIPeeIieMbIX TOPMOHAIIBHO-
aKkTUBHBIX cTepounioB. [IB xapakrepu3oBajics JOCTOBEPHBIM MOBBIIIEHHEM CpPEIHETPYIIIOBBIX
3HAYEHUM KOHIIEHTPALMU XOJIECTEPUHA U IIIIOKO3bl B KPOBH, YBEIMUEHUEM KMPOBOW Macchl Teja
(OKMT, poct Ha 20% oOT (QOHOBBIX 3HAau€HUH) M COXPAaHEHHEM BBICOKMX KOHIIEHTpalUi
aNbJIOCTEPOHA, KOPTHU30JIa M 3CTpaauona npu mnosbimieHHo (142,2+10,2% ot ¢ona, p<0,05)
IPOLEHTHON J10JIe TOPMOHAJIbHO-aKTUBHBIX CTEPOMJIOB 10 OTHOUIEHHMIO K KOHLIEHTpalMd B KPOBU
cyOcTpara MX OMOCHMHTE3a — XOJeCTepHHAa. BakHO OTMETHUTh, YTO y OOCIEAyeMBIX MYKYUH B
Nepuosl M30JIALMU M, OCOOEHHO, IIOCJIE€ €€ 3aBepIIEHUS OTMeyalcs 3Ha4MTEIbHBIM pocT
KOHIIEHTpallMi B KpoBH 3cTpaguona (996,3+338,5% ot ¢ona, p<0,05) npu MoOBBIMIEHHBIX, HO
HE/IOCTOBEPHBIX 3HAUEHUSX KOHIIEHTPAIMM TECTOCTEPOHA, YTO, OUYEBUJHO, OBLIO 0OYCIOBIEHO
yBenmuueHueMm JKMT (115,4+3,4% ot dona, p<0,05), aaAunonuTsl KOTOPO CIOCOOCTBOBAIU CTOJIb
3HAYUTENIbHOM apoMaTu3aluyd aHApPOT€HOB B OJCTPOTEHbl M, BEPOSATHO, BHETOHAJAJBLHOMY U
BHEHA/IMOYEYHUKOBOMY OMOCHHTE3y mocieAHux. Ilpu 3ToM y oOcieayeMbIX >KEHIIMH B MEPHOJ
U30JIALIMYA OTMEYAINCh MOABEMbI KOHIIEHTPALUU B KPOBH, PEUMYILIECTBEHHO, KOpTH30ia, a B [1B —
MOBBILIECHUE XOJIECTEPHHA. Pe3ynpTaTel MHOKECTBEHHOIO KOPPEIALMOHHOIO aHAIU3 MTOKAa3ajiH, YTO
neunuT GU3NUEeCcKOl aKTUBHOCTH B YCIIOBHUSAX U3OJIIIUU Oosee ueM B 72% ciiydaeB B3aMMOCBSI3aH
C YBEJIMYEHUEM KOHLIEHTpAIMM B KPOBH IVIIOKO- U MUHEPAJIOKOPTUKOUIOB, Xonectepuna u Nat+, co
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cHIDKeHHeM — aHzaporeHoB, K+ u Cat+, compoBOXXIaeMbIX pPOCTOM YAEIbHBIX HSHEProrpar B
COCTOSIHUM TIOKOS M YMCHBIICHHEM BHYTPHUKJIETOYHOM THApaTalM¥ OpraHu3Ma, 4YTO, B
COBOKYITHOCTH, CBMJETEIBCTBYET O CMEIIEHHM OajlaHCa IOMeocTa3a B CTOPOHY NpeobiagaHus
Karaboiauueckux peakuui. IIpm 3ToM mydmryro aJanTHUPOBAaHHOCTh K YCIOBMSIM M30JIALUU B
repMOOOBEKTaX JIEMOHCTPUPOBAIM OKCHIIMHBI M, B IEJIOM, JALIA C MEHBIIUM YPOBHEM
TPEBOKHOCTH.

DYNAMICS OF STEROIDOGENESIS AND BLOOD CONCENTRATIONS OF THE BASIC
SUBSTRATES OF ENERGY METABOLISM AS THE UNITS OF ASTRATEGY OF
ADAPTATION TO THE CHANGED ENVIRONMENT

Chistokhodova S.A.
Scientific supervisors-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 long-term influence of microgravity and its consequences
initiating fluid shifts accompanied by changes of water-electrolyte homeostasis (WEH), metabolism
and its regulation, development of hypodynamia, hypokinesia, hypotrophy of anti-gravitational
muscles, demineralization and re-structuring of bone tissue — all set of gravity-dependent metabolic
and morpho-functional reorganizations of organs and tissues which indispensable participants are
steroid hormones of 4 basic classes: glucocorticoids - Ca;-steroids; mineralocorticoids - Cy;-
steroids; androgens — Cig-steroids and estrogens - Cig-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 catabolic 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 in rather recent 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 and sensitivity 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 gluco- and mineralocorticoids in all parts of metabolism and
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, 1999; C.S. Leach-
Huntoon et al., 1989; S.M. Smith et al., 1997; .M. Larina et al., 2000, 2003). However, even in the
presence of great volume of knowledge — the intimate mechanisms of adaptive reactions of a human
body to SF conditions with participation of steroid hormones, including their influence on dynamics
of the psychophysiological status, 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 on a state of body
fluids and composition, WEH, parameters of energy turnover, and on the psychophysiological status
in the conditions of 14-day confinement in hermetic chambers of the mixed crew of 6 healthy
subjects-volunteers (3 men and 3 women at the age of 27-43 years), 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), on 7-th and 14-th days of the period of confinement, on 2-d and
7-th days of the recovery 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 "SPRUT-2" (MEDASS Company, Russia) and registration of psychomotor indicators
and dynamics of elements of operator activity by means of the computer program "Sensor" (© LA.
Nichiporuk, 1994) were carried out. During the pre-confinement period of research, five subjects
have filled psychological tests-questionnaires of R.B. Cattell, 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 a ground-based 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 to initial levels were
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 distinctions, 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
cortisol (138,0+16,7; 141,64+27,2; 150,548,6; 150,3+20,6 %, distinctions are statistically significant
with a basal level), that testifies to activation of steroidogenesis in adrenal cortex in the conditions
of confinement and RP. Results of the analysis of other steroids 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 basal level: 122,7+8,0; 303,7£110,1, respectively, p<0,05),
while any significant changes in concentrations of cholesterol, aldosterone and the basic
carbohydrate substrate of energy turnover — glucose were not observed. At the final stage of
confinement (14 days) among with high cortisol levels the growth in serum blood concentrations of
aldosterone has been registered (138,2+17,2 % from a basal level, p<0,05) which, possibly, has been
caused as the answer to the raised urine losses of sodium within development of moderate
hypohydration of the bodies of the test-subjects (decrease in water volume at 2,1+0,5 % from a
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 concentrations practically constant (283+4; 283+4; 28442; 289+4; 285+1 mOsm/kgH,0;
Na': 141,1+0,7; 140,3+0,3; 141,2+0,5; 142,3+2,0; 139,9+0,6 mmol/l; K*: 4,2+0,1; 4,0+0,1; 4,1+0,1;
4,3+0,2; 4,2+0,2 mmol/l). Although the significant change of estradiol levels of concentrations did
not occur, its high percentage (427,5+251,9 % from a basal level, p<0,05) in total concentration of
measured hormonal-active steroids testified that it remained increased. RP was characterized by
significant growth of mean values of blood concentrations of cholesterol and glucose, and by the
increase in body fat mass (BFM, growth at 20 % from basal values) with the maintenance of high
aldosterone, cortisol and estradiol concentrations at raised (142,2+£10,2 % from a basal level,
p<0,05) percentage of hormonal-active steroids’ rate to concentration in blood of a substrate of their
biosynthesis — cholesterol. It is important to note, that considerable growth of blood estradiol
concentrations (996,3+338,5 % from a basal level, p<0,05) among with raised but insignificant
values of testosterone concentrations was found at male-volunteers within confinement and,
especially, after its end, that, obviously, has been caused by the increase of BFM (115,4+3,4 %
from a basal level, p<0,05), which adipocytes have promoted so considerable aromatization of
androgens into estrogens and, possibly, extra-genital and extra-adrenal biosynthesis of the last-
named. Meanwhile the increases, mainly, of blood cortisol during confinement and within RP -
increase of cholesterol were marked in female-volunteers. 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 concentrations of gluco- and
mineralocorticoids, cholesterol and Na®, and by the decrease — in androgens, K* and Ca*™" contents
accompanied by growth of specific rest metabolic rate and by reduction of cellular hydration of
organism, which, in the aggregate, testifies to displacement of a homeostasis’ balance towards a
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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HUCIHBITATEJIBHAA W JKCIHEPUMEHTAJIBHASA BA3A JIABOPATOPUH
KOCMHUYECKHUX CHCTEM OBPA3OBATEJIBHOI'O HEHTPA «CHPUYC» HA
ITPUMEPE KBAVIM®OUKALIMOHHbIX UCHBITAHAM HAHOCIIYTHHUKA
«SIRIUSSAT-1U»

IlexoB U.C., Kumkyn A.A.
Ob6pazoBarenbusblii houn «Tamant u ycnex», O6pa3zoBarenbHbIil HeHTp «CHpuyc»

beszonacnocms 6 kocmuueckol ompaciu — 3mo 0OUH U3 CAMbIX 8ANHCHBIX ACNEKMO8 KAK Npu
no020mosKe NONEMos8, MAaK U Npu HEeNoCpPeOCMBEHHbIX MUCCUAX NO BblBEOCHUI0 annapamos Ha
opbumy. Be3zonacHocmvio Henv3s npenebpezamv 0axdce NPUMEHUMENbHO K MANbIM KOCMUYECKUM
annapamam gopmama CubeSat-1U. [lna smozo annapamol 00121cHbl NPOX0OUMb MHO2OUUCTCHHbLE
NPOBEPKU HA CNEYUAbHbIX CMEeHOax, NOOMEepHCOamy C8010 paboOmMoCcnOCOOHOCMb 8 KPUMUYECKUX
yenosusx. Jlabopamopus «Kocmuueckux cucmemy» obradaem Habopom UCnvlmamenbHblX CIMeHO08,
KOmopbie no360JA10M NPOU3BO00UMb MECMUPOBAHUSL U NPOBEPKU MATLIX KOCMUYECKUX annapamos.

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 neglected even with
reference to small space satellites of the CubeSat-1U format. 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.

B na6oparopun «Kocmudeckux cucrem» ObpazoBaTenbHoro nentpa «Cupuycy, ropoa Coun,
IPOBOAMUTCA Psifi pabOT MO MOATOTOBKE MalblX KOCMUYECKUX alllapaToB U MPOTOTUIIOB CPEJICTB
BBIBEICHUA K HCIBITAHUSM U TecTHupoBaHUsAM. OJHUM W3 TPUMEPOB SBIAETCA pa3paboTka
HaHocmyTHHKA «SiriusSat-1U» Ha npoextHo#t mporpamme «bouibiine Bbi30BbI» B Hroiie 2017 roxa.
VYyamuecss ObpazoBatenbHOro 1eHrpa «CHpUYC» COBMECTHO CO CHEHATUCTaMH JabopaTtopuu,
HUUAD MI'Y u OO0 «CnyTHHKC» CO3AalId KOHCTPYKIIMIO CIIYTHUKA M MOJIE3HYI0 HArPYy3Ky IS
Hero. HayyHo-mipakTH4ecKol 3ajjaueil CyTHHKA CTall0 U3yuYeHUE KOCMHYECKON MOTOAbl U 4aCTHIl
BeniecTBa Ha BeicoTax 300-400 k.

B xone paGoThl Ha/l CIyTHUKOM OBLTH MPOBEACHBI KaJTUOPOBKU U TECTHI TAKUX JaTYMKOB, KaK:
MarHUTOMETp, YIJIOBOM CKOPOCTH M OCBEIIEHHOCTU. JlaHHbIE pabOThl MPOBOJWINCH HA CTEHJE
MMUTATOPE MATHUTHOTO TOJIA 3€MJIM C HE3aBUCHUMBIM a’ponojaBecoM M umuraropamu ConHia.
NMuTtaTop MarHUTHOrO Mmojsi 3eMJIM TO3BOJISIET W3MEHSTh HaIlpaBI€HHE BEKTOPOB MAarHUTHOIO
nonst go 180° (120° mpotuB dacoBoM crpenakud U 60° 1Mo YacoBoW cTpenke) MpH Mojaue
MaKCHMaJbHOIO TOKa Ha KaTylwlku B 1 A, ¢ uHaykuued maruutHoro nois a0 200 mxTn. [lanHbie
MaHUNYJSIUN  TO3BOJSIOT JOCTATOYHO TOYHO OTKAIHMOpOBaTh OOPTOBOM MarHUTOMETp JJs
NOJPOOHOT0 HM3Y4YEHHsS BEKTOPOB MAarHUTHOTO MOJig 3€MJIM U €ro HMHAYKIHH B KOCMHYECKOM
IOPOCTPAHCTBE, a TaKXke O0ecleYuTh BO3MOXKHOCTh OpPHUEHTALlMM CHYTHHKA MO IOKa3aHUsAM
MarHuTomMeTpa. AspomojBec  olecreuynBaeT  oOe3BemmMBaHuE pabouedt  mIaThoOpMBl €
pacToI0KEHHBIM Ha HEW CIyTHUKOM 3a CYET BO3AYIIHOM MOIYIIKA MEXIY MmiIaTdhopMoil u yarien
asporiogBeca. (CBoOOAHOE BpallleHHe BOKPYTI BEPTUKAIBHOM OCH TofBeca oOecleunBaeT
KaTMOPOBKY JaTYUKa YIJIOBON CKOPOCTH.

[Tocne cOopku WHXKEHEpHOrO oO0paslia CIyTHHKA OBUIM TIPOBEIECHBI HCHBITAHHS Ha
BuOpocrenie. CriyTHUK ObLT MOMENIEH B CHELUANbHBIM KOHTEHHep. B Xoae ucnblTaHuil CIyTHUK
MOJBEprcsd HarpyskaM Ha CHHYCOMJajbHble BHUOpalMM, CilydailHble BHOpalMd W ylIapbl.
muTtHpoBanuch YCIOBHS, BO3HMKAIOIIME MPHU JOCTaBKE Ipy3a Ha OpOUTY Ha OOpTy Kopabdis
«IIporpecc» Ha pakere-HocuTene «Coro3y». VcnpiTaHus MpOBOAMIUCH MO TPEM OCAM KOOPAMHAT.
[Tocne kaxaoro LMKJIAa UCOBITAHWM CIIYTHUK MPOBEPSUICS HAa BO3MOXKHOCTH MEPENaBaTh CUTHAJIBI
TEJIEMETPUHN U TIPO3BOHA cucTteM ympasieHus Ha YKB nmuamazone. [lo utoram mcmpiTaHuii OBLIO
MOJIy4EeHO MOJTBEPKJIEHHE O TOM, YTO MOCJE MEePErpy30K CIYTHUK COXpaHsAET paboTOCIIOCOOHOCTbD,
MOBPEXJACHUN KOHCTPYKLIUU HE ObLIIO OOHAPYKEHO.
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PaboTocrnocoOHOCTh CIyTHUKA JIOJKHA COXPAHATHCS M BO BPeMs JUIMTEIBHOTO MpeObIBaHUS
Ha opOuTe, BbIMOJHEHUH Muccuu. C Lenbl0 MMUTAlMM MOJETA CHYTHUKA Ha OpOUTE OH ObLI
pa3memén B TepMmobOapokamepe B paboueM COCTOSHUU, OCYIIECTBISUIACH TPAHCIALUS TeIEMETPHH
10 pajroKaHainy. bl co3/1aH BaKyyM C JaBJICHHEM 1%10° mm. pT. cT. bpun 3anporpaMMupOBaHbI
pexuMbl TemnepaTypHbIx nepexo1oB ot -40°C no +80°C ¢ nepexonom 30 MuUHYT U yaepxkaHuem 60
MUHYT. TemnepaTypHble Mepenaibl NPOMCXOOWIN 3a CYET U3MEHEHUs TeMIlepaTypbl MeIHOHN
IJIACTUHBI, PACIIOJIOKEHHON B KaMepe, U SBIIAIOLICHCS ONIOPHOW U KOHTAKTHOM IOBEPXHOCTBIO IS
cnyTHuKa. [lepenaua Terna KOHCTpYKLMEH CIyTHUKA IPOXOJAWIA OYEHb MEAJICHHO, 0OMOPOKEHUS
WM TeperpeBa He npoucxoauio. [{ukibl nmoBropsuiuch B Teuenue 24 yaco. B xoje ucnbiTaHui
CIYTHHMK CTaOMJIbHO IepenaBan curHaisl. Ilocne ucnbplTaHMi Macca CHyTHHKAa yMEHBIIMJIAch Ha
0,14%. JlanHble moOkKa3aTeaud TrOBOPAT O TOM, YTO B KPUTHMYECKMX YCIOBMSX BakyymMa u
TEMIIEpaTypHBIX IepernagaXx B KOHCTPYKLMH CIyTHMKa OH CIIOCOOEH pPaboTaThb M BBINOJIHATH
HAYYHO-HMCCIIEIOBATEIBCKYIO paboTy.

OnuceiBaeMble MCIBITaHUS SABISUIMCH KBATU(UKALMOHHBIMU JJIsl IPUBEAEHHOIO CITYyTHHKA.
[Tocne TectoB B mabopatopunm «Kocmumueckux cucrem» OOpaszoBatenbHOro mentpa «Cupuyc»
coyTHHK «SiriusSat-1U» Owl1 mepeman s npuéMo-caatounsix ucnbitannii B PKK «Dueprusy».
3anmyck CHyTHUKa Ha opOuty miaHupyercs jerom 2018 roga Bo Bpemsi O4YEpEeIHOrO ceaHca
BHEKOpAOEIbHON JEATeNbHOCTH Ha MEXIyHapoaAHON KOCMHUYECKOHM CTaHLUMU POCCUHCKUMU
KOCMOHABTaMHU.

[TpoBeneHue OMMCAaHHBIX HCIBITAHUNA OYEHb Ba)XKHO Ui JIIOOBIX H3JEIUMH U YCTPOMCTB,
KOTOpBIE JOJDKHBI paboTaTh B KOCMHUYECKOM IpocTpaHcTBe. Oco0yr0 BaXKHOCTh HECET YPOBEHb UX
0€30I1aCHOCTH B cilydae paboThl C STUMH YCTPOHCTBAMHU YEIOBEKA.

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 1.S., Kishkun A.A.
Educational Foundation "Talent and Success", Educational Center "Sirius"

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 neglected even with
reference to small space satellites of the CubeSat-1U format. 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.

In the laboratory of the Space Systems of the “Sirius” Educational Center in the city of Sochi,
a number of works are being done to prepare small space satellites and prototypes for launching and
testing. One example is the development of a nano-satellite "SiriusSat-1U" on the "Big Challenges”
project program in July 2017. The students of the “Sirius” Educational Center in cooperation with
laboratory specialists, the Institute of Nuclear Physics of the Moscow State University and
“Sputnix” Ltd. created the satellite design and payload for it. The scientific and practical task of the
satellite was the study of space weather and particle matter at altitudes of 300-400 km.

During the work on the satellite, calibrations and tests of such sensors as: magnetometer,
angular velocity 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 possible to change the direction of the
magnetic field vectors up to 180 ° (120 ° counterclockwise and 60 ° clockwise) when applying a
maximum current to the coils of 1 A, with magnetic field induction up to 200 uT. These
manipulations allow us to accurately calibrate the on-board 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 provides for the
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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 assembling 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 shocks. Conditions were 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 and 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 in orbit, the fulfillment of
the mission. In order to simulate the flight of a satellite in orbit, it was placed in a thermo-chamber
in working order, telemetry was broadcast over a radio channel. A vacuum was created with a
pressure of 1 * 10> mmHg. The temperature transition regimes from -40 ° C to + 80 ° C with a
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 and contact surface for the satellite. The 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 testing, the mass 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 for the satellite. After the tests in the laboratory of the
"Space Systems™ of the “Sirius” Educational Center, the satellite “SiriusSat-1U" was handed over
for acceptance testing in the RSC “Energia”. The launch of the satellite into orbit is planned in the
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 particular importance is the level of their safety in the case of working
human with these devices.

MOCTYPAJIbHASL YCTOHUYUBOCTh KOCMOHABTOB NOCJIE JUIMTEJABHBIX
KOCMHUYECKUX ITOJIETOB

Hluwikun H.B., Kumoe B.B., Illuzyesa T.A.
I'HI[ P® — UMBII PAH, Mocksa

HccnenoBanus MeXaHM3MOB TOAJEPKAHUS BEPTHUKAIBHOW O3Bl IOCIE KOCMHUYECKHUX
MI0JIETOB, TPOBOASIIUECS CIEIUATHCTAMH PAa3HBIX CTPAH B TEUYCHHE MHOTHUX JIET, BBISBHIMHATINYNE
DIyOOKUX — HapylieHuit ¢yHkuumu noguepxkanus paBHoBecus (Kozlovskaya etal., 1981-
1990;B.Paloskietal., 1992; S.Wood 2012-2015).

B wuactHOCTH, B paboTax aMepMKaHCKHUX HCCIeloBaTeNeil, MCIOMb30BABIIUX METO]
KOMITBIOTEPHON TUHAMHUYECKOH cTabmioMerpun, paspaboranneiii B 70-x rr. Hamuepom(Nashner,
1976), moka3zaHO, YTO BOCCTAaHOBIIEHHE (YHKLIMU paBHOBECHsS Mocie KOPOTKUX 4-10-aHEBHBIX
KOCMHUYECKHX MUCCHI TIPOMCXOIUT Hanbosee ObICTPO B TIEPBBIEC YaCHI ITOCIIE TOCAIKH, TIOKPBIBas 10
50% mocenoaeTHOro CHIKEHUsT KOMIUIEKCHOM OLleHKH paBHOBecusi EquiScore B mepBbie 3 yaca.

V3HauanbHO METON KOMITBIOTEPHOW IWHAMHYECKOH CTaOMIOMETpHH BKIIOUan B ceds 6
TECTOB CEHCOpHO opranu3armu(SensoryOrganizationTest, SOT), a UMEHHO - CTOWKY ¢ OTKPBITBIMH
WIA 3aKPBITHIMH TJIa3aMH B YCJIOBUSX MOABIKHOTO 3PUTEIFHOTO OKPYKEHHS W/WIN ONOPHOH
MOBEPXHOCTH, BO BpeMsl KOTOPBIX PETUCTPUpPYETCs ABIKEHHE LIeHTpa Macc oOcieayemoro. [lo3nnee
B Oarapero TecTtoB ObuTM H00aBieHBl MoauduuupoBaHHble TecThl SOT2(cTolKa ¢ 3aKpBITHIMA
ma3zamMu Ha (ukcupoBaHHON moBepxHOCcTH) W SOTS5(Tmaza 3akpbIThl, MOABMIKHAS OIMOpPHAS
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NOBEPXHOCTh). Moaudukanus 3akiaroyasach B J00aBICHMH K 3a7a4ye AMHAMHUYECKUX HAKIOHOB
TOJIOBBl B CAaruTTaJbHOW IUIOCKOCTH ¢ dYactoTtor 0,33 ['m m aMmmmtymon 40°. Jain ¢ coaBr.
(2010)mokazanu, 4Yro MOAUPUIIMPOBAHHBIE TECTHl OONAMAIOT OOMNBINCH MPOTHOCTUYECKOM
JIOCTOBEPHOCTHIO B BBISIBJICHHUH MTOCJIETIONIETHBIX HAPYIIEHUH O3Bl y aCTPOHABTOB.

Bonee mo3muue wuccienoBaHus CTAOMIBHOCTH O3Bl MOCTE JIUTEIBHBIX KOCMHUYECKHX
nojeroB(Wood, 2015) mokasaid, YTO OCHOBHOE BOCCTAaHOBICHHME TIOKaszareas EQScore B
opurnHanbHeix Tectax SOT2 m SOTS mpoucxogut B TeueHHE NEPBBIX 3-X  CYTOK IOCIE
3aBeplICHUs TMOJeTa, 3aMe[UissICh B TEUYEHHE CIEAYIOIMX 7-MU JHEH, B TO BpeMs Kak
BOCCTAQHOBJICHHE CTa0MJIBHOCTH B MOJU(HIMPOBAHHBIX TECTAaX IMPONODKACTCS B TEUEHUE BCETO
JNECATUAHEBHOTO IEpPHOAAa HUCCIEAOBAaHUNA. ABTOpPHI MPEANOJOKIIA, YTO OOJbIIAs CIOXKHOCTH
TECTOB, BKJIIOYAIOIIMX TUHAMUYECKHE HAKJIOHBI TOJIOBBI, CBSI3aHA C peajanTaiyeid BecTHOYIIpHON
CUCTEMBbI, BBIPA)KEHHOW B IEPEOIICHKE OTOJIUTOBBIX CUTHAJIOB U MOJHOW OJIOKMPOBKE MEICHHBIX
OTOJIUTOBBIX CUTHAJIOB.

HccnenoBanust MoOCTypanbHOW yCTOMYMBOCTH, BXOZSIINE B POCCUHCKYI0 HAy4HYIO
pOTrpaMMy TOCJICNOJIETHBIX HMCCIEeIOBAaHUHN, HE 3aXBaTHIBAIOT pPAaHHUN IEPUOA BOCCTAHOBIICHUS
MOCJIe 3aBEPIICHHUS 10JIeTa, POKYCUPYICh HA 0COOEHHOCTSIX BOCCTAHOBJICHHS CUCTEMBI PETYISIIUU
1o3sl B niepuoz ¢ 3-x no 10-e cyrku nocne KII.

B uccnenoBanusx npuHsiu ydactue 26poCCUUCKUX KOCMOHABTOB-uiieHOB skumnaxkeid MKC.
JlniurensHocTh moneta coctaBimsuia ot 115 o 199 cyrok. Bcee yuwacTHukM nmoamnucanu
UH(GOPMUPOBAHHOE COTNIaCME€ Ha Yy4yacTHe B HKcnepumente. OOcnenoBaHHe TPOBOIWIH C
UCTIOJIb30BaHHEM MeToza KOMIIBIOTEPU3UPOBAHHOM JTMHAMUYECKOU nocryporpadumu,
pazpaborannoro JI. Hamuepom B 1970-x rogax ¢ MmoaudukanusMu, BBEACHHBIMU UCCIIEA0BATENIIMU
HACA (Black, Paloski, 1982-1993).B mporecce o0cieaoBaHuss KOCMOHABT HaXOAWJICS B
BEPTUKAJIILHOM TIOJOKEHUHM Ha TeH3oMeTpuueckoil mardopme ycranoBku NeuroCom «SMART
EquiTest», ocHaIIeHHOW YIIPaBIsIeMOU MIMPMOM, 3aKPBIBAIOIICH T0JIe 3peHHs 00CIeIyeMOoro ¢ TPEX
CTOPOH — CIepeiH, cripaBa U ciieBa. TeH3orargoma MOXKeT KoliebaThCsl B CarruTaabHOM IIIOCKOCTH
B IpsIMOM COOTBETCTBHH C KOJICOAHWSIMH Tella, YTOAENAeT HEAOCTOBEPHBIM  BKIJIAJ
IPOMPHUOLENTUBHON HH(GOPMAIIUU O paclpeAesieHU JaBICHUs 0 CTOMNE U YIlIa B TOJIEHOCTOTHOM
CyCTaBe B OIIEHKY HAIlPaBJICHUS BEKTOpa rpaBUTAlWU. [oABIKHOE 3pUTENBHOE OKPYKEHUE JIEIaeT
HEJIOCTOBEPHBIM BKJIaJ 3PUTEIbHOW HMH(OpPMALKMKU O TOJOXKEHHH Tela OTHOCUTEIBHO JTOTO
OKpYXXECHHsI B OIICHKY HAaIlpaBJICHHUS BEKTOpAa TpaBHTAMU. TakuM 0OOpa3oM, IPEICTaBIISIETCS
BO3MOXKHBIM OLIEHHTh BKJIAJ Pa3IMYHBIX CEHCOPHBIX CHUCTEM B IMOJJIEp’KaHHE BEepTHKAIbHOU
croiiku.MccnenoBanne MpoBOAMIN BBl 10 mojeta U Ha 3-u, 7(8)-e u 10(11)-e cyTku mocie
BO3BpALIECHUS Ha 3eMJIIO.

AHanu3upyeMbIM MOKa3aTeleM TeCTOB siBisieTcs Beiuurna EquilibriumScore, Beruncnsiemas
no ¢opmyne EqScore = [1-(P-Psway)/12,5°1*100, rae (P-Psway) — yroa mexay MakcHMalbHBIMU
OTKJIOHEHUSIMH IIEHTpa TSHKECTH B CarUTTAIILHOM TUIOCKOCTH BO BpPEMsI BBITIOJHEHUS TecTa; 12,5° -
MakcuManbHbIH (P-Psway), HaOmogaemslii B HOpManbHOW momynsanuy. Jlo mosneTra 3TOT MOKa3arellb
konebancs ot 91 no 93 mpu cTOWKE C OTKPBITHIMU IJIa3aMH, 3aKOHOMEPHO CHIDKAsACh IO Mepe
YCIOXKHEHUS 3a7a4u: Tak, B Tecte SOT2 (m1a3a 3akpbIThl)oH cocTaBisul oT 88 10 90 Gamsos, B TecTe
SOTS (mma3a 3aKkphITHl, TOBEPXHOCTH KoJiebercs) — ot 55 mo 65 GamtoB. HamMeHbmue 3HaueHUs
nokasarelsi peructpupoBaiuck B recte SOTS ¢ AMHaMUYECKMMHU HakJIOHaMH rosioBsl: oT 30 1o 40
0aJoB.

AHanu3 TONYYEHHBIX JAHHBIX II0Ka3aj, YTO IIOCTENEHHOE CHIDKEHHE CKOPOCTH
BOCCTaHOBIICHHS TIOKazaTensi EqScoremnocie 3-x cyTok mocie mpu3eMIIeHHs HaOFOIaeTCsl TONBKO B
CTaHJAPTHBIX TE€CTaxX, B TO BPeMs KaK B TecTax C AMHAMHYECKMMHU HAKJIOHAMH TOJIOBBI 3TOTO HE
MPOUCXOAUT. Tak, mpu BEpTUKAIBHON CTOMKE Ha HEMOJABH>KHOM MOBEPXHOCTH C 3aKPBITHIMU IJ1a3aMU
(SOT2) 3HaueHus ucciaeayeMoro mokasareis Ha 3-u, 7-¢ u 10-¢ CyTKH JOCTOBEPHO HE pa3inyalinucCh,
cocTaBysisi B cpenneMm 86+1,5 Gama, a mpu BBHIMOTHEHUH aHAJOTUYHOTO TECTA C JTMHAMHYECKUMHU
HakyioHamu TosioBbl (SOT2m) Ha 10-e cyTtku (78,2+2 Oasna) Habmomanock nocroBepHoe (P<0.05)
YBEJIMYEHHE 3TOTO IMOoKa3aTessl MO CpaBHEHUIO ¢ 3-Mu U 7-Mu cyTkamu (74+2 u 74,0+1,5 Ganna
COOTBETCTBEHHO). [Ipy BepTHKaIBbHOW CTOMKE C 3aKPHITHIMU IJ1a3aMU Ha MoABIKHOM onope (SOTS5)
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3HaueHus: EQScore nocroBepHo yBenmuumBaiHMCh OT 3-X K 7-M cyTkam mnocie 3aBepuieHus KII
(52,5+3,2 u 57,2+4,8), B najgpHEHIIIEM JOCTOBEPHO HE U3MEHSISICH M COCTaBsLin 61+4,1 GamioB Ha
10-e cyrku nepuona BocctaHOBICHHA. [Ipy BBIMOJHEHUH YCIOKHEHHOTO TeCTa C TMHAMHYECKUMHU
HakJIoHaMu ToyIoBBI (SOT5M) 3HadueHus nccaeayeMoro mokasarelst cocTabisin 16,5+6,4 G6amna Ha
3-u cytku nocine KII, mporpeccuBHO yBEIHMUUBAsICh B X0JI€ NATbHEHIINX HCCIEA0BaHUHI — 10 25+3,3
Ha 7-¢ cyTKu 1 10 36+2,5 - Ha 10-e cyTku mocie mosera.

Takum 00pa3oM, BOCCTAaHOBJIEHUE MOKA3aTeNsl MOCTYPAIbHONH YCTOWYMBOCTH 10 MCXOJHOTO
YPOBHSI B CTaHAAPTHBIX TECTaxX HAOIIONAIOCh B TEUCHHE MEPBBIX 7-MH CYTOK I1OCJIE 3aBEPIICHUS
KIIL, B TO ke BpeMsi B TecTax C J0OaBJIEHHEM AMHAMHUYECKHUX HAKJIOHOB TOJIOBBI MPOTPECCUBHOE
BOCCTaHOBJICHHE UCCIIEYEeMOTro MoKa3aress MPoJoHKaloch B TEUEHHE BCEro neproaa HabIoneHus
— 10 10-x cyrok nocne KII. Ilepuon ¢ 7-x mo 10-e cyTku mocie mnosiera COBMaAaeT Mo BPEMEHU C
IEpUOJOM BOCCTaHOBJIeHUs oroiauroBod ¢ynkiuu (Kornilova, Naumov, 2012), uto mo3Bosser
NPEATOJIOKUTh, YTO BOCCTAHOBJICHHE TOKazaTensi crabuinbHocTu B Tecte SOT2M nHa 10-e cytku
CBsI3aHO ¢ BoccTaHoBieHueM cnocoonoctu [IHC onepaTuBHO OTCIEXUBATH OPUEHTALIMIO TOJIOBBI B
IPOCTPAHCTBE, CBSI3aHHOM C (DyHKIIMEW OTOJIMTOBOTO anmnapara.

Pa6ota nognepxana Poccuiickoii akagemueii Hayk (Tema 63.1).

POSTURAL STABILITY OF COSMONAUTS AFTER LONG SPACE FLIGHTS

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

Studies of the mechanisms of maintaining vertical posture after space flight, carried out by
specialists from different countries for many years, revealed the deep disorders of equilibrium
function (Kozlovskaya et al., 1981-1990; B. Paloski et al., 1992; S. Wood, 2012-2015).

In particular, in the works 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 short 4-10-day space missions occurs most quickly in the first
hours after landing, covering up to 50% of the post-flight 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), namely — 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 SOT5 tests (eyes 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 that the modified tests have greater predictive validity in
identifying postflight violations of vertical balance in cosmonauts.

More recent studies of the postural stability after long-term space flights (Wood, 2015)
showed that the basic recovery of EgScore rate 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 ten-day study period. The authors assumed that the
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 studies, included in the Russian scientific-reseach program of post-flight
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 Russian cosmonauts-members 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 computerized dynamic
posturography developed by L. Nashner in the 1970s with modifications introduced by NASA
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researchers (Black, Paloski, 1982-1993). During the examination, the cosmonaut was in a vertical
position on the tensometric platform of the NeuroCom «SMART EquiTest» installation equipped
with a controlled screen closing the field of vision of the subject from three sides — from 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 information about 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 before 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 = [1-(P-Psway)/12,5°1¥100, where (P-Psway) — the angle between the maximum
deviations of the center of gravity in the sagittal plane during the test; 12.5° - is maximum (P-Psway),
observed in the normal population. Before flight, this parameter ranged from 91 to 93 during
vertical stance with open eyes, naturally decreasing along the growing complexity of the task: for
example, in the SOT2 test (eyes closed) it was in a range of 88 to 90 points, in the SOT5 test (eyes
closed, the movable surface) — from 55 to 65 points. The lowest values of the indicator were
recorded in the SOTS5 test with dynamic 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 dynamic head 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 86+1.5 points, and when performing a similar test with dynamic head
movements (SOT2m) on the 10th day (78.2+2 points) there was a significant (p<0.05) increase of
this indicator compared to the 3rd and 7th days (74+2 and 74,0+1,5 points, respectively).
In the test of vertical stance with closed eyes on the movable support (SOT5), EqScore values
increased significantly from 3 to 7 days after the SF completion (52.5+3.2 and 57.2+4.8), then did
not change significantly and amounted to 61+4.1 points on the 10th day of the recovery period.
When performing the complicated test with dynamic head movements (SOT5m), the values of the
studied indicator were 16.5+6.4 points on the 3rd day after the SF, progressively increasing in the
course of further studies-up to 25+3.3 on the 7th day and up to 36 + 2.5 on the 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 progressive recovery of the studied indicator continued throughout
the observation period-up 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, Naumov, 2012),
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 work is supported by the Russian Academy of Sciences (topic 63.1)
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AHAJIA3 TPAHCKPUIITOMA SHAOTEJIHAJIBHBIX KJIETOK, BBITEJTEHHBIX U3
ITYIIOYHOU BEHbBI YEJIOBEKA B YCJIOBUAX MOAEJIMPOBAHHOU
MUKPOI'PABUTALIUN

Axyoey /I.A., Pyoumos E.I., Knaszee E.H.
Hayunwui pykosooumens: bypaexosa JI.b.
['HL[ P® — Unctutyt Menuko-o6uonornueckux npodmem PAH, Mocksa

OHAOTeNUANIbHBIE  KICTKH, BBICTWJIAIOIIME BHYTPEHHIOIO CTEHKY KPOBEHOCHBIX U
auMGaTUYECKUX COCYIOB, SBIISIFOTCS MEXaHOYYBCTBUTEIBHBIMHU, W WIPAIOT BAXKHYIO pPOJIb B
HOAJICP’KAaHUM 1IETIOCTHOCTU U obecrieueHUN QyHKUIUH cocynoB. PakTOpbl KOCMUYECKOTO MOJIeTa, B
TOM YHKCJI€ U MUKPOTPaBUTAIMH, HETaTUBHO BIMSIOT Ha (DYHKIIMOHUPOBAHUE CEPACYHO-COCYIUCTOM
CHCTEMBI, MO3TOMY H3Y4YCHHE BJIMSIHUS MUKPOTPABUTAIIMM HA SHAOTEIHAIbHBIC KIETKH MOXET
MPOJIUTH CBET Ha BOBMOXKHBIE MEXaHU3MbI JUCHYHKIIHM, BOZHUKAIOIIUX BO BPEMs IOJIETA.

Hns uccnenoBanusi 3(h(HEKTOB MHUKPOTPAaBUTAIMKM B HA3€MHBIX YCIOBHUSX HPUMEHSIOT
pa3iryYHble MOJIEIH, OJHON M3 KOTOPBIX SBIISETCS PaHIOMHU3ALMS MOJOXKEHUS N3y4aeMoro o0bheKTa
OTHOCHTEJIBHO BEKTOpA IPABUTAIIH.

B nganmHoM wWccnemoBaHuM OblIa  HMCMOJBb30BaHA TEpBHYHAS  KJIETOUHAs  KYJIbTypa
snpotenuanbHbIX Kietok (HUVEC), nonyueHHas u3 myno4Hoi BEHbI YEJIOBEKAa COIIACHO METOUKE
A.C. AutoHoBa u coaBT. (1998). Knerku KynbTUBUpOBadM B cTaHAapTHHIX yciaoBusx COz-
uHKyOatopa B cpezne 199 c conepxkanuem L-mmyramuna u poGasinenueM 10% smOproHaIbHOU
Tensiubel chiBOpoTKH, 100 Mxr/mn ¢aktopa pocta ECGS, Endothelial Mitogen, 25 MM HEPES,
1 MM mmpysara Harpus, 5 EJl/mMa remapuna u pactBopa 100 EJl/mMn nennmmumaa n 100 MKr/mMo
ctpentomuninia B 0,85%-m coneBom Oydepe. s momenupoBanus 3¢¢HeKToB MUKPOTPAaBUTALIUN
Obur  ucnonb3oBaH mpubop «Desktop RPM» (RPM -random position machine). Kierkn
nojBepraiuch 3kcrno3unuu Ha RPM B teuenue 24 4. KOHTpoIbHBIE KIETKH KYIBTUBUPOBANU 24 4 B
craruaeckoM coctostHuU B CO2-mHKyOaTOpe Ha HETOIBMKHON MOBEPXHOCTH. J{J1s1 M3ydeHus BKIana
MOCTOSTHHOTO TEpPEMEIIMBaHUs Cpellbl HCIOJb30BANICA IIEHKep B KauecTBe JUHAMUYECKOTO
KOHTposisA. JUJis MHAYKIWW TPOBOCTIANUTEIBHON AKTUBAIMKA KIETKM HWHKYOMPOBAIUCH B Cpele,
conepkameid TNF-a ¢ koHueHTpanued 2 HIr/Ma B TedeHue 244. B sKCIiepuMEHTE HCIOIb30BAINCH
WHTAKTHBIC KJIETKH 3—4 maccaxen.

[lenpto paGoThl OBUT MOJHOTC€HOMHBIM TPAHCKPUITOMHBIM aHAJIM3 HHIOTENHATIBHBIX KIETOK
NyMOYHOH  BEHBI  YellOBeKa TPU  MOJCNHMPOBAaHUM  APPEKTOB  MHUKPOTPABHTAIMH U
IPOBOCHAINTENBHON aKTHBAllMM, a TaKXKe OIEHKAa BKJIaJa IPOBOCIAIUTENbHBIX (DAaKTOpOB B
MOIYJISIIIUIO TPAHCKPUTIITOMA TIPU COYETAHHOM JIEHCTBHM C MUKPOTPABUTAIHEH.

AHanu3 TpaHCKpuIITOMa 00pas3loB ObUI MpOBeAeH ¢ momolibio Mukpouunos GeneChip
Human Gene 1.0 ST Array B COOTBETCTBHH C MPOTOKOJIOM Tpou3BoauTens. O0padoTka U OlleHKa
9KCIPECCHUH TEHOB MpOBOAWINCH ¢ wucnonb3oBanueM Affymetrix Expression Console. s
CTaTUCTUYECKOTO aHaju3a UCIMoJib3oBayicss maker Limma mpoekta Bioconductor. Awnanus
NPUMEHSUICS K JorapupmMaM SKCIPECCHil, B KaueCTBE CTAaTUCTUYECKOTO KPUTEPUsl UCIOJIb30BaIaCh
monudukanus kputepus Creromenta (moderated t-statistics). Jlns omucanus (QyHKIIUN TE€HOB
ucnonb3oBanuck pecypcesl DAVID, GOrilla u KEGG.

AHanM3 TIONMYyYEHHBIX JIaHHBIX BBISSBHJ DSl TEHOB, AKCIPECCHS KOTOPHIX JIOCTOBEPHO
u3MeHuIach 6osee, ueM B 1,5 paza. OTu rensl OblIM anHOTUPOBaHbI 10 Gene Ontology u pazneneHsl
Ha Tpynmbl. Cpea HHUX - TEHBI, PETYIHPYIONIHE IPOXOXKACHHE KICTOYHOTO IIMKIIA |
nponudepanuio, KIeTOYHYI0 aare3uto, CUHTe3 OEJKOB IUTOCKENeTa U BHEKJIETOYHOI'O MaTpHUKCa,
CHHTE3 Pa3JIMYHBIX TUTOKWHOB M CUTHAIBHBIX MOJIEKYN, Y4acTHEe B UMMYHHOM OTBETE W JIpyTHE.
MHorue reHsl, SKCIpeccus KOTOPbIX Obla M3MEHEHa, MPUHAUIekKaT ONpEeAeTICeHHbIM CUTHABHBIM
nytsMm, TakuMm kak PI3K/Akt, MAPK, p53, NF-kB, TGFB, WNT, nytu nepemauu cCurHayia OT
peuentopoB 1utokuHoB u Toll-like peuenTopoB, u psan npyrux. Ilpu sToM mpeumyiiecTBEHHO
TIOBBIIIATACH DKCIPECCHSI TEHOB, BXOASAIINX B CHTHAJIBHBIE TMYTH (AKTOPOB pPOCTA, TOAICPKKHU
KJIETOYHON mponudepalnu, CUHTe3a MPOBOCHAIUTENbHBIX ITUTOKHHOB, Takux, kak IL-6 u IL-8,
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MOJIEKY/T KJIETOYHOM aAre3uy, 4TO MOXET TOBOPUTH 00 aKTMBALMHU SHIOTEIHS, KOTOpas MOXET
OPUBOAMTL K HapylieHuto ero ¢usunonornueckux (QyHkuuid. I[lomyuensl cBemeHuss o
Pa3HOHANPABICHHON AKCIPECCUU I'€HOB KOMIIOHEHTOB LIUTOCKEJIETA, YTO TaKXKE MOXKET BJIEUYb 3a
co00i1 3mMeHeHne QyHKIIMOHAIbHOW aKTUBHOCTH SHIOTEIIHSI.

Takum oOpazom, MOy4eHHBIE PE3yNbTaThl YKa3bIBAIOT HA TO, YTO yXKe mocie 24-X 4acoBoi
SKCIIO3UIIMHU MPOUCXOIUT MOAYISLMUSA TPAHCKPUITOMHON aKTUBHOCTH SHAOTEIUAIBHBIX KIIETOK, U
3TH U3MEHEHUS KacCaroTCs MPAKTUYECKU BCEX ACIEKTOB KHU3HEACATEIbHOCTH U (DYHKIIMOHUPOBAHUS
JAHHBIX KJIETOK. Kpome Toro, moiay4yeHsl JaHHBIE O TOM, YTO KJIETKH, HOABEPTrHYThIE COUETAHHOMY
NEHCTBUI0 MMKPOIpaBUTAllMM M IpoBOCHaNuTelNbHOW axktuBanmuu TNF-a ngaBanmu  Oonee
BBIPAKEHHBIN OTBET HA TPAHCKPUIITOMHOM YPOBHE.
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Endothelial cells form a monolayer inside of blood and lymphatic vessels. These cells are
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 microgravity effects 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 ground-based conditions, various experimental
approaches are used. One of them is the randomization of the 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 L-glutamine, 10% fetal bovine serum, 100 pg/ml ECGS growth
factor (endothelial Mitogen), 25 mM HEPES, 1 mM sodium pyruvate, 5 U/ml heparin, 100 U/ml
penicillin, and 100 pg/ml streptomycin under standard conditions in CO2 incubator. To simulate the
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, the orbital shaker was used as a dynamic control. To
induce proinflammatory activation HUVEC were exposed to TNF-a (2 ng/ml) for 24 hours.
HUVEC of 3-4 passages were used in the experiment.

The goal of the work was differentiantial global gene expression analysis of HUVEC under
simulated microgravity, pro-inflammatory 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 protocol. The 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 T-test was used 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. These 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, NF-kB, TGFB, WNT, signaling pathways of cytokine
receptors and Toll-like receptors, and a number of others. The essential upregulation was noted
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among genes of signaling pathways of cellular proliferation growth factors, proinflammatory
cytokines, such as IL-6 and IL-8, of cell adhesion molecules. The upregulation of these genes may
be a manifestation of endothelial activation 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 microgravity or inflammatory stimulus significantly
affects transcriptional activity of HUVEC. These changes are related to nearly all aspects of
endothelial cell functions. The combined effect of microgravity and pro-inflammatory activation of
TNF-a provoked more pronounced response on the transcriptional level.
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