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B HEBECOMOCTH W MOOSNMPYIOWHY 88 HABEMHLE YCNOBHAX MHOMMHCIEHHEIMH HCCNEO0BAHHAMK MOKA3AHO,
YTO MMAOMPABHTALMOHHBIA ABMPATENEHEIR CaHapam (MIC) XApAKTEPHIYVETOR HANMWYUWEM HIMEHSHHA BO BOSX IBE-
HEAX HEPBHO-MBILLEYHOND annapaTa. B naToresess HHUUMHDYEMBIE MblLeYHoR paarpy3kol ABMraTeNLHLN pac-
CTPORCTE BLABNEHE WAMEHEHWA CEHCOPHOTS ODECMEUSHKA MOTOPMOR dYHKLNW, ODYCNaBNMBADLWIWE Npeotpa-
I0BAHHE HYHELIMOHANEHOMD COCTOAHMA ABMMATENLHLK LEHTDOB W, KaK CREACTEHE, DEODTAHMIALMED yIIPABASHHA
ABEEHMAMK. O6LENPHHATE TEPANEBTHYECKWX NPOTOKONGE, NPEAOTEPALAMLWY pazswTie TC, He cyuwecTay-
€T A0 HACTORLLEND BReMeu. LIBnkio HACTOALEND MCCNHEA0BaHME Sbina oLeHES dyHKLIMOHANEHOND COCTORHMA HEH-
pO-HOTORHOND ANNAPaTa kaMbanoskgson (KM) W nepegHel bonbiiedepuonoi (NBM) Mbilbil Kpethi B YEROBMAK
AHTHOPTOCTATHYECKOND BLIBRUWHEAHMA, KOMEHHHUDYEMOMD C ASACTEHEM CHNB PEAKLWM ONOPLI, 8 TAKKE C AKTHBA-
LM CTMHANEHEE HERPOHANLHBX CETEA.

MpOBOAHAK MOSENEHEIE IKMEDHMEHTH Ha NASOPATOPHLX KPHICAX-CAMUAX (N=25) secoM 190-210 r B cTpOroM
COOTBETCTRHM © NPHMATEIMA DROITHUSCKMME HOPMaME [ 3akmoueHie MOKANLHOND STHUISKOND KoMWTeTa Kby,
npoToxan NE30 or 28.06.2021; 3aknoyeHne NOKANEHOND ITAYECKOnD KoMuTeta NIYQKCHT, npotokon NE2 oT
26.05.2023). MHBOTHLIE CiyYaRHLIM ODpABOM Obifii PAANEAEHL HA CABHIOWNE JKETEDMMEHTAMLHBIE VTN
ADE - HMBOTHLIE B YONOBMAY AHTHODTOCTATHHECKOND BLIBAUMBAHKA (N = 7); ADB+0MN - MMBOTHLIE B YCNOBMAX
AHTRORTOCTATHYECKORD BLIBELUIMBAHKHA, KOMEHHUPYEMOD ¢ AMACTEHEM OCRBOH HATPYIKH M CWNbI PRAKLIMKH ONOPLI
(N = 6); ADB+MC - XMBOTHBIE B YCNOBHAX AHTHOPTOCTATHHECKOND BHBRLIWBAHHA, KOMGHHUDYEMOD C MarHMTHOR
CTHMYMALMEHA NWHHORD MOara (M = 7). AHTHOPTOCTATHUSCKOS BRIBMLNBAHWE OCVILMECTENANM OOLWIENPHHATEIM
METOO0M No E.R. Morey-Holton B mogkdwikauwk E.A. MnbkHa W B.E. HoBMKOBa B TEYeHWe 7 CyToK. [1NA SeRcTEmMA
OCEBOR HAMPYIKH W O PEAKLIMKA OMODE MHBOTHLX EWEIHERHD B TeYeHwe 90 MWH PAIMBLIATH HA TBERAOR
MOPHAOHTANLHOA NOBENXHOCTA 150 X 150H MO KOHTRONEM SKCNEpHMENTATOPA. CTHMYMALMIG CIIMHHOMD MO3ra
OCYILBCTRRANM MAMHWTHBIM CTHMyNATOROM «Helpo-MBM-4» (Hedpocadt, Potcks), B-o0patHbiM WHAYVETODOM B
OBNACTH NOKANKMIALWA ABHFATENEMBIE UEHTEOB HCCNeayesbi Mbiwl (L4-5]1 cermesTi). MapaMeTpsl CTHMYALM:
EXPOHEBHO B TedeHre 90 MUHYT cepuami no 10 MiaH ¢ wHTepsanoM 10 MkH; AMAAWTYAA CTHMYNOR - NOPOPOBan
ANA COKPALLEHHA MBILLL FONeMA; 4acToTa — 3 MU, Nocne 33pepUseHna BOIASACTEMA IKCNEDMMEHTANBHRIX YOO
BHIA NP PASAREREHWN CEAANKLUIHOND HEPBA PErHETPUPOBANKH pedmesTopHbi (H) 1 MOTORHLIA (M) oTeer KM M
MEM. Onpegenand NOPor BOIHAKHOBEHHMA, MAKCMMANLHYIO AMINHTYLY, NATEHTHOCTE M ANHTENEHOCTE BhIBBAHHEIX
NOTEHLHAMOE, BLkiWCnang oTHOWEHWE MAKEHMANBHLX AMIAKTY PEBNEKTOPHOND M MOTOPMOND oTeeTos (HfM).
Taxe, NPOBoAMNH AEKPEMEHT-TECT M-OTBETA NPH CTHMYNALMA CyNPAMAKCHMANLHLIMA CTHMYNAMK YacToToR 3
Mg i 50 ML [ oueskb STPODWISCKHN MEMEHEHRA MBILLBWHRY BONOKOM NPOBOLMAK AHANWS CHIPOTD W CYXOro
BECA MOCNEOYeHbX MBI, METOAOM BMABOAHAMNIA ONPELENANM KMHEMATHYECKME XAPAKTEPNCTHIA JBHraTENb-
HOH AKTHBHOCTH TAZOBLIX KOHEUHOCTEHR, KOHTPOMBMLIMA CMOKWAM AAHHBIE, MOMYYSHHBE B FEYINE WHTAKTHBIX
MHBOTHEE (N = 5).

I P b AHARNE JAEKTROMHOrBSHMUSCKAY XADAKTEPHCTHE YEAILIBAN HA MIMEHEMWA BYHKLIWOHANBHOMD
COCTOAHMA UBHTDANLHBX W NepRbepreckiy CTPVKTYD HERDO-MOTORHMOrD annapata KM, Ho we NMBEM | TonsKo
B rpyninax ADB w ADB+MC, Ho Me B rpynne ADB+OM. Tax, aMinuTyaa H-omeeta KM 6 rpynine ADB goctwrana
225 % 45 % (p < 0.05) OT KOHTPONbHEX IHAYSHHA. NTATEHTHOCTE PRBNeKTOPHOMD OTBETa B rpynne ADB+MC co-
crapuna 71 = 5% (p < 0.05). 3vaveqme H/M yBeanuuBanocs B CPABHEHMN € KOHTRONEM 00 202 + 40 % (p < 0.05)
M 180 £ 45 % (p < 0.05), B rpynne ADB 1 ADB+MC, cooTeeTcTeeHHo. MpW oueske napamMeTpos M-oteeta KM aa-
PEFHCTRHROBANKG, YTO MOPOF M AMANMTYAA MOTOPHOM MOTEHLAANA KM KPLICk IHAUNMO HE MIMEHANKCL. OAHAKD
B rpynng ADB+MC oOHADYMEHD YMEHBLIEHWE NATEHTHOCTH MOTOPHOM NOTeHUWMana oo 71 + 4 % (p < 0.05) w
ANHTENBHOCTH A0 74 £ 3 % (p < 0.05). Takse 38peruCTRABOBAMG, YT CTMMYNALIMA ¢ YacToTod 50 My NpWBOgHna
K IHAYMTENLHOR GENPeccHi MOTOPHOMS NOTEMUMANE B rpynnax ADE w ADB+MC: pexpemMeHT cocTasmn 39 £ 6 %
(P < 0.05) W 32 £ 14 % (p < 0.05), cooTeercTieHM0. B rpynine ADB+0MN napamaTpel PervcTRHEYeMbG BblaH-
HblX MOTEHLMANOE IHEYMMO HE OTIWYANKCE OT KOMTPOMbHL 3Ma4eHnA. Chipol sec KM & rpynne AQE coctaswn
67 £ 8 % (p < 0.05), & rpynne AOB+MC - 75 £ 10 % (p < 0.05), & rpynne AOB+0N - 86 £ 11 % (p = 0.05).
Cyxoi sec KM B rpynne ADB coctasmn 58 £ 12 % (p < 0.058), & rpynne ADB+MC - 71 £ 10 % (p < 0.05), B
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rpynne ADB+0MN - 78 £ 11 % (p < 0.05). JaHHbie, NoMyUeHHLIE NpW HOCNEA08AHMW COCTORHMA HERPG-MOTODHO-
ro annapara MEM Bo BCEX MCMEDUMENTANHED MOYINAX, HE OTIWYANKCE OT KOHTPORA. MNpH BUABOAMANHIE No-
KOMOTORHOA AKTHEMOCTH TA3080 KOHEUHOCTER OTMEYANH JAMETHYIO DEIKOCTL ABICKEHKA Y MHBOTHLK B FEYNNe
ADB: NOABNANMCE CKAYKM BEMWYMH YINOB B CYCTABAX, YTO GLlNG CBAIAHO C PEIHM/«02praHMbIME XADAKTEPOM
OBMMEHIA; QBAMEHUA B TAZ0DEADEMHOM CYCTARE OCTANMCE NPHMEDHD TAKOMD ME 00LEMA, HO YBEMWHNCA YyTon
MAKCHMANLHOID PAIMMEAHKA; B KONEHHOM CYCTABS TAOKE MAMEHMNCA XAPAKTED ABAMEHHR — YBRNHEMNCH 08beM
ABMKEHMA W CHOPHMMDOBANACE WCTEHAOOHAR yoTaMoeka. B rpynnax ADB+MC 1 ADB+ON CylecTBEeHHRIX HAME-
HEHWIA HE PETHCTPHPOBANH.

TagwM 06paIoM, PeIYALTATE MPOBELEHHEX IKCMEDHMEHTOR CBWARTENECTEYIOT 00 yBenwueHud pedinek-
TopHOH BOIEYAMMOCTH ABMFATENLHOMD LEHTPa KM, paciuMpeHdi Myna MOTOMEAPOMOB, PEATHDYIOLWMW Ha ad-
GEpEHTHYID CTHMYNALMID. Ha HADYILEHHE HANSKHOCTH HEDBHO-MBILEYHOR NEPELAYH YHAILIBAIOT PETYNLTATE
ACKPEMEHT-TECTE M-OTBETA. IHAYMTENLHOE CHICKEHME AMMAMTYOL M-OTBETA MpM CTMMyRALMA 50 My W oT-
CYTCTBME WIMEHEHHA NpH CTHMYNALMK 3 My CBMAPTENLCTEYIOT O HADYLLEHHMAK, NOKANHIYEMBLIX B I0HE MPECH-
HANTHHECKOA MEMOpaHE. Ha DAIBNTHE AaTPOMWHECKKY NPOUECCOE YHAILIBAET CHUMEHHE CHIPOMD H CYXOMD BECa
MBI, BRIABAREMEE MIMEHEHHA DYHKLWOHANLHOMD COCTOAHMA HEAPO-MOTOPHOrS annapata KM, o e MEM, B
LENOM, COPNACYKITCA € OMNMCAHMLIMK B NUTERaTYDE AaHHEMK. [oKa3aMo, 4TO B NePEYID OYEpeas W B SonbweH
CTEMNEHH BOINEACTEWI0 PAIMPYIKH MOABEOMEHE AHTHMPABHTALMOHHER [NOCTYPANEHBIE) MWL DAZTWOATENH.
ExeqHeBHan CTHMYNALMA CNMHBOM MO HE NPEIoTERALAST OBYCNORMEHHLY PA3rPYIKOA MAMEHEHHA COCTo-
AHMA GBArATENLHOro LenTpa KM W HaaewHocTH HEPBHO-MBILLSYHOA NEPENaYM, 3 TAKE NPHBOLHT K YBENW-
YEHHID CHOPOCTH PACMPOCTPAHEHHA BOI0YHAEHHA MO PedneKTOPHOR JyTe, YBENHYEHHID CHOPOCTH MeHepaLMH
NOTEHLHANA ABAMATENLHEN EAHMHL M NOBEILEHWIO CHHXPOHMOCTH HX DEXDYTHPOBAHMA . EXeqHEBHOE ABACTRHE
OCRBOA HAMPYIKH W CHNE PEAKLMH ONOPEl B YCNOBHAX 7-CyTOUHON DAIrDYIKH WOKMOHAET MAMEHEMWE COCTOA-
HHA LEHTPAMLHEX W NepWDEpHHeckiy IBEHEEE HERPO-MOTORHOMD ANNApaTa, oNPejenASMort No IMEKTPOMK-
OrpAdMUECKiM ¥ADAKTEDHCTHKAM, KMHEMATHUECKHE XADAKTEDWCTHRN JBMMEHHA TAI0BY KOMBUHOCTEH TAINKE
COOTEBETCTEYIOT KOHTPONEMBIM A3HHBM, OOHAKD W B 3THY YONOBMAX HaBnoAaeTed yMeHbLIEHWE GRnKoBOro
KOMMOHEMTA ML,
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In weightleseness and ground conditions simulating it, numerous studies have shown that hypogravity mobor
syndrome (HMS) is characterized by the presence of changes in all parts of the neuromuscular apparatus. In the
pathogenesis of motor disorders initiated by muscle unloading, changes in sensory support of mator function
have been revealed, causing the transformation of the functional state of motor centers and, as a consaquence,
the reorganization of movement control. There are no generally accepted therapeutic protocols preventing the
development of HMS to date, The purpose of this study was to evaluate the functional state of the newro-mabor
apparatus of the soleus musche (SM) and tibialis anterior (TA) muscles of a rat under conditions of anti-orthostatic
hanging combined with the action of the reaction force of the suppart, and also with the activation of spinal
neuronal networks.

Maodel experiments were carried out on male laboratory rats (n = 25) weighing 190-210 g in strict accordance
with accepted bisethical normms (Conclusion of the Local Ethical Committes of KFU, Protocol Mo, 30 of 28.06.2021:
Conclusion of the Local Ethical Committee of GUFESIT University, Protocol No. 2 of 26.05.2023). The animals
were randomly divided into the following experimental groups: HU - animals in conditions of anti-orthostatic
hanging (n = 7); HU+SA - animals in conditions of anti-orthostatic hanging combdned with the action of asdal
load and the reaction force of the support {n = &); HU+MS - animals in conditions of anti-orthostatic hanging
combired with magnetic stimulation of the spinal cord (n = 7). Anti-orthostatic hanging was carried out by the
generally accepted method according to E.R. Morey-Halton in the modification of EA. Iyin and VIE. Movikov for 7
days. For the action of axial load and reaction force, animal supports were placed daily for 90 minutes on a solid
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horizontal surface of 15 cm x 15 em under the control of an experimenter. Spinal cord stimulation was carried out
with a magnetic stimulator «Neuro-MYP-4= (Neurosoft, Russia). Stimulation parameters: daily for 90 minutes in
series of 10 minutes with an interval of 10 minutes; the amplitude of the stimuli is the threshold for contraction
of the shin musdes; frequency is 3 Hz. After the end of exposure to experimental conditions with irritation of the
seiatic nerve, reflex (H) and motar (M) responses of the SM and TA were recorded. The threshold of securrence,
maximum amplitude, labency and duration of evoked potentials were determined. The ratio of the maximum
amplitudes of reflex and motor respanses (H/M) was calculated. Also, a decrement test of the M-response was
performed when stimulated with supramaximal stimuli with a frequency of 3 Hz and 50 Hz. To assess atrophic
changes in muscle fibers, the analysis of the raw and dry weight of the studied muscles was carried out. Kinematic
characteristics of pelvic limb mator activity were determined by video analysis. The control data were obtained in
the group of intact animals (n = 5).

The analysis of electromycgraphic characteristics indicated changes in the functional state of the central and
peripheral structures of the neuro-motor apparatus of the SM, but not the TA, and anly in the HU and HU+MS
groups, but not in the HU+5A group. Thus, the amplitude of H-response of the SM in the HU group reached
235 % 45 % (p < 0.05) of the control values. Latency af reflex response in the HU+ MS group was 71 £ 5%
(p < 0.05). The H/M value increased in comparison with the contral to 202£40% (p < 0.05) and 180 % 45 %
{p < 0.05), in the HU and HU+MS groups, respectively. When evaluating the parameters af the M-response of
the SM, it was recorded that the threshold and amplitude of the motor potential of the SM of the rat did not
significantly change. Howaver, in group HU+MS revealed a decrease in the latency of maotor potential to 71 &
4 % (p < 0.05) and duration to 74 £ 3 % (p < 0.05). It was also recorded that stimulation with a frequency of
50 Hz led to a significant depression of maotor potential in the HU and HU+MS groups: the decrement was 39 &
6 % (p < 0.05) and 32 £ 14 % (p < 0.058), respectively. In the HU+5A group, the parameters of the detected
evoked potentials did not significantly differ from the control values. The raw weight of the SM in the HU group
was 67 = B % (p < 0.05), in the HU+MS group — 75 £ 10 % (p < 0.05), in the HU+ SA group — 86 = 11%
(p = 0.05). The dry weight af SM in the HU group was 58 £ 12 % (p < 0.05), in the HU+MS group - 71 % 10 %
{p = 0.05), in the HU+ SA group - 78 £ 11 % (p < 0.05). The data obtained during the study of the state of
the neurs-motor apparatus of the TA in all experimental groups did not differ from the contral. During video
analysis of locomotor activity of the pelvic limbs, a noticeable sharpness of movement was noted in animals in
the HU group: there were jumps in the values of angles in the joints, which was associated with a sharp/=jerkys
nature of movement; movements in the hip joint remained approximately the same volume, but the angle
of maximum extension increased; in the knee joint, the nature of movements also changed — increased the
volume of movement and the extensor installation was formed. In HU+ MS and HU+5A groups did not register
any significant changes.

Thus, the results of the conducted experiments indicate an increase in the reflex excitability of the motor
center of the SM, an expansion of the poal aof motor newrons responding to afferent stimulation. The vielation
of the reliability of neuromuscular transmission is indicated by the results of the M-response decrement test.
A significant decrease in the amplitude of the M-response at 50 Hz stimulation and the absence of changes at
3 Hz stimulation indicate violations localized in the presynaptic membrane zone. The development of atrophic
procesces ic indicated by a decrease in raw and dry muscle weight. The revealed changes in the functional
state of the neurc-mobor apparatus of the SM, but not in TA, in general, are consistent with the data described
ir the literature. It is shown that, first of all and to a greater extent, antigravity (postural) extensor muscles
are affected by unloading. Daily stimulation of the spinal cord does not prevent changes in the state of the
SM motor center and the reliability of neuramuscular transmission caused by unloading, and also leads to an
increase in the rate of propagation of excitation akong the reflex arc, an increase in the rate of generation of the
potential of motor units and an increase in the synchronicity of their recruitment. The daily action of the axial
lead and the reaction force of the support in conditions of 7-day unloading excludes a change in the state of the
central and peripheral links of the neuro-motor apparatus, determined by electromyographic characteristics, the
kinernatic characteristics of the movements of the pelvic limbs also correspond to the control data. However,
even under these conditions, there is a decrease in the protein component of the muscle.
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