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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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