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M3BecTHO, YTO B CMMHAJIBHBIX MOTOHEMPOHAX MOCJE MOPAXKEHUsI BEPXHETO YPOBHSI
CIIMHHOTO MO3Ta MPOVCXOAUT AeTrpafalsi HeHPOHOB, COMPOBOXKAAIOIIASICS AereHepa-
LMeit akcoHOB. B HacrosiieM uccienoBaHuu GyHKIMOHAIbHAS EJOCTHOCTh HEPBHO-
MBILLIEYHOM TIepeauyn OLEHUBAIACh METOIOM CTUMYJISILIMOHHON MeXxaHOMHOTrpaduu.
MBI TPOAEMOHCTPUPOBAIN CHYXKEHUE MOAYJIUpYIolieit akTuBHOCTU AT® B XOIuHep-
TMYECKOM CHMHAIICe BCJIENCTBUE TPaBMbl CIIMHHOTO Mo3ra (MoIesib KOHTY3UOHHOM
TPaBMbl CTUHHOTO MO3ra) B CPaBHEHUU C TUMIOAUHAMKEN (MOIeb aHTUOPTOCTaTHYE-
CKOTO BBIBEIIMBAHUS 3adHUX KOHewHOcCTeit). [IpomeMoHCTpUpoBaHHAasE aHOMaJIbHasI
MOJIYJISILIMSL TTypUHAMU HEPBHO-MBILIEYHOTO Tepexofa MPefoCTaBiseT ToKa3aTesb-
CTBa JleTeHepall aKCOHOB M MPEIIoJIaraeT, YTo TpaHCCUHAIITUIEeCKasl JereHepanust
JIBUTATEIbHBIX HEMPOHOB MOXKET MPOUCXOIUTh HUXE YPOBHS MOPAKEHUSI CIIMHHOTO
MO3ra y MallMeHTOB C MOJA0OHBIMU TPAaBMaMU.
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TallMOHHBIN IBUTATEbHBIN CUHIPOM, TPAaBMAaTUYECKUI1 IBUTATEIbHBII CUHIPOM, CH-
Haric, CypaMuH
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BBEJAEHUE

0O030p uccaenoBaHU, pacCMaTPUBAIOIIMX U3MEHEHUs] B JBUTATEIbHBIX €IMHUIIAX
BCJIEICTBUE NEMCTBUS PA3IMUHbBIX MOBpEXAAONIMX (aKTOPOB, MO3BOJISIET YTBEPKAATh, YTO
npeodpa3oBaHusl B KOJIMUYECTBE U OajlaHCe BO30YXKIAIOIIMX U TOPMO3HBIX CUTHAJIOB TOCIIE
TpaBMBI CITMHHOTO MO3Ta peOpraHU3YIOT yIpaBieHue MOTOHelpoHaMu. [Toxoxe, 4To U3Me-
HEHMS B PETPOTPATHON CUTHAIM3AIIUU HAPSITY C COOBITUSMU B TTIPOKCUMATBLHOM y4acTKe
akcoHa MHGOPMUPYIOT TeJI0 MOTOHEMPOHA O AMCTATBHO PACITONIOXKEHHOM TOBPEXKIEHNH,
YTOOBI aKTUBUPOBATH CJIOKHBIN KJIETOUHBINM OTBET, KOTOPbIH B KOHEYHOM UTOTe HAIlpaBJieH
60 Ha pereHepanuio, 1M60, B HEKOTOPBIX CIydasix, Ha rubesb KieTok [1, 2].

IMoBpexxaeHnsT CMMHHOTO MO3Ta YeJloBeKa, MPOUCXOMSIINEe OOBIMHO Ha IIeHHOM M
TPYIHOM YPOBHSIX, TIPUBOJSAT K TIPEPHIBAHUIO HUCXOMSIIMX ITyTel K HYDKHUM IBUTATEIb-
HBIM HelipoHaM [3] ¥ K 3HaYUTeIbHBIM (DYHKIIMOHATBLHBIM ¥ MOP(OJIOrHYeCKIUM HapyIlle-
HUSIM IBUTATEJbHBIX €IMHMII, PACIOJIOKEHHBIX KayaajabHee MecTa MoBpexnaeHus [4, S].
B psine viccienoBaHuit OblIa MOKa3aHa MOCTTPaBMaTUYeCKasi BBDKMBAEMOCTb MOTOHEM -
POHOB [6, 7], HO CTPYKTYpHBIE U3MEHEHUS UX CUHATITHYECKUX KOHTAKTOB C MBIIIIIIAMH,
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BbI3BaHHBIC MIYOOKOI MOTepeil aKTUBHOCTHU, IO CUX TTOP OCTAIOTCS MaJIOM3YyYeHHbBIMU.
BoccraHoBeHMEe Mocie TpaBM CIIMHHOTO MoO3ra TpeOyeT He TOJIbKO BOCCTAaHOBJICHUS
CBSI3U MEXIy TOJIOBHBIM M CITUHHBIM MO3IOM, HO M CTaOWJIM3AaIlMU CBSI3ei MEXIy NBUTa-
TeJILHBIMU HEeipOHaMM 1 MEIIIamMu [4].

B psine uccnenoBaHuii ObUIO TTOKa3aHO, 4TO Nepudepudeckasi HEpBHasi CUCTeMa He
OCTaeTCsl MHTAKTHOM ITOC/Ie TPABMATUYECKOTO ITOBPEXIEHMS CIIMHHOTO Mo3ra. C 60-x IT.
MPOIIJIOTO CTOJIETUSI METOJAOM KIMHUYECKOM 3JIEKTpOMMHOrpaduu 3aperucTpupoBaHO
HaJIMYMe CIIOHTAHHBIX TMTOTEHIIMAIOB ((DUOPUIIISIIIMU U TTOJOXUTEIbHBIE OCTPhIE BOJTHBI)
rnocJie TpaBMbl CHUHHOTO MO3Tra y yeyioBeka [8], uTto B majibpHeieM 6ojiee moapoOHO ObI-
JIO OMMCAHO Ha XXMUBOTHBIX MOAEJISX [9].

Ilpu MonmenMpoBaHUM SKCIIEPUMEHTAIBHON TPaBMbI CITMHHOTO MO3ra TakxXe HaOJIto-
nanuch U3MeHeHus MOphodYHKIIMOHAIBHOTO COCTOSIHUS CKEJIETHBIX MBIIIIL, TOA00OHbIE
noctaeHepBallMoHHbIM [10], K mpuMepy, CHIDKEHUE MeMOpaHHBIX MOTEHIIMAJIOB B I10-
Koe, CHIKeHHE MeMOpaHHOW Pe3WCTEHTHOCTHM, paclpOCTpaHEeHUE alleTUIXOJIUHOBBIX
peuentopoB (AChR) ot o6iacTu KOHIIEBOI TIJIACTUHKHU, XOJMHEPTUYeCKasl TUTNIEPUyB-
CTBUTEJIbHOCTh U TUTIEPKAJIMEMUSI TIPU BBEIEHUU CYKIITMHUIIXOJIMHA [5].

CylliecTByeT HECKOJIBKO TUIOTE3 O TOM, YEM MOXHO OOBSICHUThH TaKue€ Pe3yibTaThbl, Of-
HOI 13 BO3MOXHBIX TPUYUH MOXKET OBbITh HapyllleHue (YHKIIUU HEPBHO-MBIIIIEUHOTO CU-
Harica. CylecTBYIOT JaHHbIe 00 U3MEHEHU U aKCOHAJIbHOTO TPAHCIIOPTa HECKOJIBKUX BU-
JIOB BEIIIECTB, YYaCTBYIOIIUX B CUHANITUYECKON Tepeaadye y KpPbIC C TPaBMOM CITMHHOTO
Mo3ra Ha TpyaHOM YpoBHe [11], cHM>XKeHUe TpaHCIopTa alleTUIXOJIMHA U XOJIUH-aleTHJI-
TpaHcdepasbl, pU yBEJIMUYSHUHN IepeHoca alleTWIXOIMHACTepasbl. JlanbHeliime 1onoMHu-
TeJbHbIE WCCIENOBAHUS TO3BOJWIM YTBEPXKAATh, YTO CYIIECTBYET MpsiMasi CBSI3b MEXIY
0XUIaeMbIM CHUKEHUEM CUHAINTUYECKOU Mepenayu Mpu TpaBMe CIIMHHOTO MO3ra U YMEHb-
meHueM mioTHocTr AChR 3a cuet yMeHblIeHUsI X peIUPKYJISILY U cuHTe3a [12, 13].

K Tomy Xe, 3aperucTpupoBaHHOE YMEHBILIEHUE aMIUITMTYIbl COKPAILIEHU MBIIIILL yKa-
3bIBaET Ha MOTEPIO AKCOHOB, KOTOPAsi MOXET MPOUCXOAUTh U3-3a TUOEU TeJl HEPBHBIX
KJIETOK B CTMHHOM MO3T€ U B TAaHIJIMSIX 3aJJHUX KOPEIIKOB WX U3-3a TOTO, UTO 3TU HEl-
POHBI, JIMIIIEHHbIE CUHANTUYECKUX BXOJOB M UMITYJIbCHOM aKTMBHOCTU TMOCJIE TPaBMbI
CIIMHHOI'O MO3ra, HE MOTYT IOIAeP>XKUBATh XKU3HECIIOCOOHBIN akCcoH [ 14].

B nornonHeHue K onocpenoBaHuio (MOLYJISITOPHOMY AEMCTBUIO) HEIPOTPAHCMUCCUM,
AT® 6bu1a uaeHTUGULIMPOBaHA KaK MOIIHBIN MepeaaTYMK aCTPOLIUTAPHOMN KaIbLIMEBOM
curHanmuzauuu [15, 16]. Actpouuntsl BeicBoOOXAaIOT AT® perynmpyeMbIM ITyTeM, YTO
TIPUBOAUT K PACTIPOCTPAHEHUIO MEXKIIETOUHBIX BOJIH TPOHUKHOBEHUSI KATBIIUS B IIUTO-
30716 [17]. AcTpouTapHast KaJbliieBasi CUTHAJIM3AINS, II0-BUAMMOMY, SIBIISIETCS OOIINM
MEXaHU3MOM, C TIOMOUIbIO KOTOPOTO acTPOLIMThI PEarupyroT Ha pa3iuyHble CTUMYJIbI,
BKJIIOYAs] CUHATITUYECKYIO0 aKTUBHOCTh, BO3JIEMCTBUE MEIMAaTOpa U TpaBMaTU4YeCKOe 10~
BpexaeHue [18]. B cBoro ouepenb, CUTHAJIBI aCTPOILIMTAPHOTO KAJIbIIMS TIEPEeIaloTCs COCE-
HUM HeiipoHaM, TeEM CaMbIM MOIYJIMPYS UX CUHATNITHYeCKyto cuiy [19]. Dtor ATd®-3aBucu-
MBIii TPOLIECC PACTIPOCTPAHEHUSI KAJbIIMEeBbIX BOJTH MPOUCXOAUT HE TOJHKO B TOJIOBHOM
MO3Te, T OH JIy4llle BCero U3y4eH in situ, HO TakXe U B TTapeHXUMe CIIMHHOTO Mo3ra |20,
21], rme oH MOXeT UrpaTh Pojib B pacCIpOCTpaHEHNM MECTHOTO ITIOBPEXICHUSI.

M3BecTHO, UTO BCJENCTBUE ITOBPEXACHUS TKAaHEl BHICBOOOXIAETCS OOIBIIOE KOJIM-
yecTBO MoJieKyJ1 AT®, HermocpeacTBEHHO YYacTBYIOIINX B MEXaHU3MaX Pa3BUTUSI OCTPO-
IO ¥ XpOHUYECKOTO 00JIEBOTO CUHIPOMA, a TaKXKe MECTHOTO U TeHEePpaJIM30BAaHHOTO BOC-
najauTeabHOro mpouecca [22, 23]. Ilpu moBpexXAeHMKU CIIMHHOIO Mo3ra BeIopoc AT®
YBEJIMYMBAETCS B IEPUTPaBMaTUUECKUX 00JIaCTIX B TeueHUe 6ojiee ueM 6 u [24].

Cpenn AT®-4yBCTBUTEIBHBIX ITypUHEPrudeckKux perentopos peuentop P2X7 (P2X7R)
HEOOBbIYEH TEM, YTO MOXET 00pPa30BbIBATh OOJIbLINE MAKPOMOJIEKYJISIPHbIE TTOPHI IIPU MO~
BTOPSIIOIIEMCS UJIH UIMTEIbHOM BO3AEMCTBUM BEICOKMX KoHLIeHTpanuii AT® [25]. Poib
3TOTO pelenTopa 0COOEHHO BaXkKHa TPU CHUHAJIBHOU TpaBMe, TOCKOJbKY OH OOWJIBHO
9KCIIPECCUPYETCS HEMpOHAMU CITMHHOTO Mo3ra [24], KOTophle, B CBOIO O4Yepedb, pearm-
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pytor Ha AT® uype3MepHBbIM BO30YKIEHUEM, 3a KOTOPBIM CJIeAyeT HeOOpaTuMOe yBEJIM-
yenne Ca?" 1, B KOHEYHOM cUeTe, THOeb KJIETOK.

Taxcke u3BeCTHBI TpoBocnanuTe/bHble 3(dekThl akTuBaunu P2X7R: BeICBOOOXIE-
HUe nHTepieiiknuHoB (Bkaouast 1L-113) [26], cynepokcuaa u akTuBalusl Kacmassl [27],
LHUKJIooKcureHassl-2 1 ®HO-a [28, 29].

Ha ocHOBaHUM BBILLIEU3T0XEHHOTO, LIEJIbIO HACTOSIIIIETO NCCIeN0BaHUs ObLIIO BEIOpa-
HO ompe/esieHue BOBJIEYEHHOCTH P2-curHanu3auuy B HEPBHO-MBILLIEYUHOM CUHAIICEe Ha
MOJIEJI TPaBMbI CITMHHOTO MO3Ta U TUTIOIMHAMMU.

METOAbI UCCIIEAOBAHUA

B kadyecTBe 00BEKTa MCCIIETOBAHUS MCITOIB30BAIN CTPYKTYPHI OITIOPHO-IBUTATETLHO-
TO armapaTa Ta30BbIX KOHEUHOCTE !, UMEIOIINe MPUHIIMITMATbHOE 3HAaYeHNE B OpTaHu3a-
UM IBUTaTEIbHOM aKTUBHOCTU (MOP(HOGYHKIIMOHAILHO pa3IMYHbIe: KaMOaloOBUIHAS
MBIIIIIA, JIMHHBIA pa3rubdarteib OOJBIIOro najiblia HOTU U auacdparMa—CcOOTBETCTBYIOILINC
HEPBHO-MbIIIEYHbIE CUHATICBI—COOTBETCTBYIOIIVE CIIMHAIbHbBIE ABUTATEIbHbIE LIEHTPbI ).

He MeHee yeM 3a Heleio 10 Havajia M BO BpeMsT SKCIIEPUMEHTOB KaXKIylo KPBICY pa3-
MeIllaJIM B OTHCNIBHON CIEMaIM3NPOBAaHHON KJIEeTKe TpPU KOMHATHOM TeMIleparype
23°C, ¢ LUMKJIOM cBeT/TeMHoOTAa: 12 u/12 4, ¢ AOCTynoM K Boe u nuiue ad libitum. Bece skc-
NMepuMeHTaIbHbIE BO3NEMCTBUS OCYIIECTBIISIU B ONMHAKOBOE BPEMSI CYTOK.

B 3aBUCHMOCTH OT pelliaeMbIX UCCAEA0BATEIbCKUX 3a/1a4 XKUBOTHbBIC ObLIN pa3/ie/icHbI
Ha cJIeyIolIe 9KCIIePUMEHTAIbHbIC TPYTIIbI: TPYTIY ¢ KOHTY3MOHHOM TpaBMO# CIIMH-
HOTO Mo3ra (KaK MOIelIb OrpaHUYEHUs [IEHTPOCTPEMUTENIBHOM 1 LIEHTPOOEKHOM CUTHA-
JIN3alINM, COTIPOBOXKIAIOIIASCS OrpaHNYeHHEeM (bYHKIIMOHATBLHOTO UCTIOIb30BAHUS TBU -
raTeJIbHOTO armapara); TpyIiy ¢ BO3IEWCTBMEM MOIEIUPYEeMOil TUIIOrpaBUTAIIMK (KakK
MOJIE/Ib OTPAHWYEHMSI 1EMICTBUSI OCEBOI HArPy3KM U CUJIbI PEAKIIMK OTIOPhI ITPY COXpaHe-
HUM HEPBHBIX BJIMSTHUIL M BO3MOXHOCTU COKPATUTEIbHOM aKTUBHOCTHU MBIIIILIbI). MneH-
TUYHOCTb KaX/10¥1 KPbICHI B KAXXIOW 3KCIIEPUMEHTAJIbHOM IPYyIINe OcTaBajgach 3aKOAUPO-
BaHHOIA 10 KOHIIA 3KCIIEpUMEHTa U aHaIu3a TaHHbIX.

KOHTY3MOHHYIO TpaBMy CITMHHOTO MO3Ta OCYIIECTBIISUIN 110 MOAUMDUIIMPOBAHHON Me-
Tonuke Allen [30]. ITogq KOMOMHUPOBAHHOII BHYTPUMBIIIIEUHOMN aHAJIbIe3Ue ¢ UCIOIb-
30BaHueM 3osetuiia (Zoletil 50, “Virbac”, ®@panius), 0.5 MIr/Kr ¥ KCUjlaBeTa MUHbEKIIM-
oHHoro (XylaVET, “Pharmamagist L.td”, Benrpust) 0.5 MJ1/KT B aceNTHYECKUX YCITOBUSIX OCY-
LIECTBIISLTA TIperapupoBaHe 7—8 TPYIHBIX ITO3BOHKOB. I[IpoBOmMIM JTAaMMHIKTOMMUIO,
MOCJIe YeTO TTO3BOHOYHBIN KaHaJI OTOJISLICS, CTAHOBUJICS JOCTYITHBIM JIJISI OCMOTpa U Ma-
HUMYJISILIMI B HEM, a TBepaast 000104Ka CITMHHOTO MO3Ta OCTaBajlaCh MHTAKTHOM. 3aTemM
yCTaHaBJIUBAIN TPYOKY BbICOTOI 20 CM Ha KOPHM OyKeK JaMWHIKTOMUPOBAHHOTO TO-
3BOHKA M OITyCKaJu BHYTPHU Hee Ipy3 Maccoii 2.5 T ¢ BbICOTHI 5 cM. [lamaromuii rpy3 u
TpyOKYy TIOCJie HAaHeCEeHUs yaapa cpasy ke ynansiau. [locie onepanyum BceM KUBOTHBIM
BBOJIWJIM aHTUOAKTEpUaANIbHBIN TiperapaT 3HpodsoH (0.1 M, m/K), )XMBOTHBIX TTOMeIa-
JIV B MTHIWBUIYAIbHBIC KJIETKHA, OMHOKPATHO MOAKOXHO BBOmWIH 5 M1 0.9%-HOro pacTBOpa
xJiopuna HaTpusl. B TedeHMe nmepBhIX CyTOK OCYIIECTBIISUIN JOIOJIHUTEIbHBII 000orpeB. B mo-
cJieorepallMoOHHOM TIepUOie Y KMUBOTHBIX ¢ HapyllleHMeM MOYEUCITYCKaHUSI MeXaHUYeCKU
OMOPOXKHSIIA MOUYEBOM My3bIPb NBAXIbI B IEHb 0 BOCCTAHOBJICHUS €r0 (DYHKIIMU.

JJ1s1 TOTIOJIHUTENIBHOTO KOHTPOJISI 3KCIIEPUMEHTOB Ha MOJIEJIM KOHTY3MOHHOM TPaBMbI
CIMHHOTO MO3Ta U UCKJTIOUYEHUsI TaHHBIX, KOTOPbIE MOTYT OBITh TTOJYYEHBI IIPY OTPaHU-
YEeHUU IBUXKEHUI HIDKHUX KOHEYHOCTEH, OBIJIO IPUHSITO pellleHne ITPOBECTH TOTIOTHU-
TeJIbHbIE NCCIIEIOBAHNS B YCIOBUSIX MOJETUPYEMOM TMITOTPaBUTALINM.

JJ1s1 “UMUTallMK TUTIOTPaBUTALMU ObLIa UCTIOIB30BaHA MOJEIb aHTUOPTOCTATUUECKO-
ro BbIBEIIMBaHMS 3aJHUX KOHeuHocTeil Kpbic [31—33]. B Takoii aKcliepuMeHTaIbHOI
MOJIeJIU CBEAEHBl K MUHUMYMY BJIUSIHUSI TAaKUX HeEXeJlaTeJIbHbIX MOOOYHBIX (DAKTOPOB,
Kak uKcanus 1 orpaHuYeHne BO3MOXHOCTH TlepeMellieHNs B TpocTpaHcTBe. CoxpaHe-
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Puc. 1. Cxema HaHeCeHUSI KOHTY3MOHHOI TPaBMBbI.

HUEC MMOABUKHOCTHU 6HaFO]’[pI/I$ITHO CKa3bIBAaeTCS Ha OOIIIEM COCTOSTHUU KMBOTHOTO, CHU-
MaeT 0eCIIOKOMCTBO 1 arp€CCMBHOCTD.

TTocne mpoBeneHMsT oIepaly KUBOTHBIX CONEPXKaau B TeUSHNE CEMM CYTOK B OIU-
HOYHBIX KJIETKaX ¢ BOOOU 1 KopMoM ad libitum. T1ocie ceMUCyTOUHOTO BOCCTAHOBJIEHUST
SKMBOTHBIX MIPEeIBAPUTEIbHO HAPKOTU3UPOBAIIU, BBOJISI BHYTPUOPIOIIMHHO PACTBOP 2Ta-
MUHaJja HaTpus B 1o3e 40 Mr/Kr, 00eCKPOBIMBAIN U BBIIESIIN m. soleus, m. extensor dig-
itorium longus, m. diaphragma c KynbTSIMU HEPBOB.

BrinenieHHbIe MBI, 3aMKCUPOBAHHBIC 32 00a CYyXOKWIBHBIX KOHIIA, ITOTPYKaIU B
HeOobIe pe3epByapbl oobemMoM 10 M1, HanmoHeHHBIe pacTBopoM Kpebca (coctaB B MM):
NaCl — 118.0, KCI — 4.75, CaCl, — 2.5, NaHCO; — 24.8, KH,PO, — 1.18, MgS0O,-7H,0 —
1.18, nmoko3a — 11, pH 7.4. 3aganHoe 3HaueHue Temneparypsl (20 £ 0.5°C) nonaepxu-
BaJIM C TIOMOIIIBIO TepMocTaTa. Ha MBIIIIIBI M3HAYATBLHO MMOJAaBaJIM HAarpy3Ky B 1 T, 3aTem
OCTaBJISUTM B TTIOKOE Ha MoJiyaca Jisl afanTtaiyu K cpee.

DAEKTPOCTUMYJISILIAIO TIPOBOIUIIM C TIOMOIIBIO “BcachiBalolliero” ajaekTposaa (suction
electrode). KynbTio HepBa BBIOEJICHHOI MBIIIILI IIOMEITAIM B “BCachIiBAIOIIN” 3JIeK-
TPOJ OPUTMHAJIBHOW KOHCTPYKIIMHU. [1J1st pazapakeHusi UCTIOIb30BaIN DJIEKTPOCTUMYJISI-
Top Digitimer MultiStimul D330 (Beaukoopuranust). MBIIILB CTUMYJIMPOBAIN B TeUe-
HUE 2 MUH MPSIMOYTOJIbHBIMU UMITYJIbCAMU aMIUIMTYA0i 3 B U NMpoaoIKuTeTbHOCTBIO
0.5 mc npu yacrote 0.1 I'u. Cuity coKpalleH!it MBILIL PETUCTPUPOBAJIM C ITOMOILBIO 1aT-
yuka asuratesibHoi aktuBHocTu Linton FCG-01 (BennkodpuTtaHus), aHaJIOTOBBI CUT-
HaJ ipeoOpa3oBbIBau cuctemMoii cbopa nanHbeix Biopack MP100MSW (CIIA). Bee no-
JIydeHHBIC B T€UEHHE NBYX MUHYT OTBeThl (12 COKpaTUTENbHBIX OTBETOB) YCPEIHSIN U
o0OpabaThIBaJIM KaK ONUH pe3yiabTar. PaccuuThiBaiy ux B MpoOLIEeHTaX OTHOCUTENIbHO UC-
XOIHBIX Pe3yJIbTaTOB, MOJYYEHHBIX B Hauaje akcnepumMeHTa. Yepes nonyaca nocie Gpuk-
CUPOBaHUSI HEPBHO-MBIIIEYHOM TKAHU MPOBOIWIN KOHTPOJBbHYIO CTUMYJISILIAIO MBIIIIIL
BBl C UHTEPBAJIOM B TISITh MUHYT, YIOCTOBEPUBIINUCH B CTAOMJIBHOCTU COKPATUTEb-
HBIX OTBETOB, HAUMHAJIU 9KCIIEPUMEHTAIbHbBIC MTPOLIETYPhI.
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Puc. 2. 3aBUCUMOCTb CHJIBI COKPAIIIEHU I m. soleus KPbIC, BHI3BAHHBIX JJIEKTPUUECKOU CTUMYJISILIAEH, OT IKCIIe-
PUMEHTAIBHBIX YCIIOBUIA B KOHTpOJIe U fo6aieHnu B cpeny ATD (100 MkM), cypamuHa (100 MKM) 1iu ux co-
yetaHus. n = 8—10. * p < 0.05 OT KOHTPOJBHBIX 3HAYCHUIA.

Jnsg ouenkn 3(pheKTOB MypUHEPTUYECKUX ATOHMCTOB M AHTATOHHCTOB B BAHHOUKY J10-
Gapinsuin 100 MKkM AT® 1 uepe3 10 MUH OLIEHUBAJIM MEXaHUYECKUE OTBETHI MBILILILL. 3a-
TEM MBIIIIILY IIPOMbBIBaIU pacTBopoM Kpebdca u MHKyOMpOBaau C paCTBOPOM CypaMuHa B
KoHueHTpauuu 100 MKM B TeueHue 20 MUH ¢ nocieaytomuM nodasieHuem 100 MkM
AT® 1 BHOBb PETMCTPUPOBAIM MEXaHUUYECKNUE OTBETHI MbIIIII. JIJIs1 MOATBEPKACHUS CU-
HanTuyeckoi npupoasl 3ddekrop AT® B skcniepruMeHTax HEPBHO-MBIIIIEYHYIO TKaHb
MHKYOMpOoBaIy ¢ cypaMruHOM B KoHIIeHTpauuu 100 MkM, yepe3 20 MUH perucTprupoBaIn
COKpaTUTEIbHBIC OTBETHI MBI, BO3HUKAIONINE B OTBET HAa HENPSIMYIO CTUMYJISIIAIO
9JIEKTPUIECKUM TOKOM.

CraTucTHYeCKy0 00pabOTKY JaHHBIX POBOIMIIM C MOMOIIBIO TporpaMmbl SPSS Sta-
tistics. [IpoBepKy COOTBETCTBUSI MOTYYESHHBIX JAHHBIX HOPMAJTBHOMY PACIIpeeIeHUIO TIPO-
BOIWJIN C TIOMoIIblo Kputepusi Komvoroposa. PaccunTtbiBamm cpenHue aprdMeTHIecKre
aHAJTM3UPYEMBIX MAapaMeTPOB U CTAaHAAPTHYIO OIMOKY. CTaTUCTUYECKYIO 3HAYMMOCTh Ha-
GII0IaeMbIX U3MEHEHMIT OLIECHUBAJIU C TIOMOIIBbIO KpuTepus: CThIONEHTA TSI HE3aBUCUMBIX U
TOIapHO COMNpPsIKEHHBIX BEIOOPOK. Pazmuumst paccmaTpuBain Kak 3HaYuMMBbIe Tipu p < 0.05.

PE3VJIBTATBI UCCIIEJOBAHMUA

ITpu ycnoBUsiX, COOTBETCTBYIOIIMX HATUBHBIM, ycpeaHeHHas 1Mo 10 sKcriepuMeHTam
cuJIa COKpalleHMsI KaMOaJIOBUIHOM MBILIIIBI KPBICE cocTaBmia 2.48 *+ 0.31 r, 7-gHeBHas
opTocTaTuyecKasi pasrpy3ka U KOHTY3UOHHAas TpaBMa CITMHHOTO MO3Tra OKa3bIBaJld 00-
Jiervaroiee BIVSHUE Ha COKPAaTUMOCTb MCCJIEAYEMO MBIIIIIbI, TaK, CUjla COKpaIlleHUs
coctaBuna 118.3 £5.0% (n=28, p < 0.05) u 121.7 £ 3.9% (n = 10, p < 0.05) cOOTBETCTBEH-
HO OT MCXOIHBIX 3HAYEHU I MHTAKTHOM MBIIIIIHI (pUC. 2).

AT® B xonuentpaunu 100 MKM 06paTUMO MOTEHLUPOBAJIA AMILUIMTYAY BbI3BAHHBIX
CTUMYJISIIUEN 2JIEKTPUISCKUM II0JIEM COKpaIlleHWiT MTHTAaKTHOM KaMOaJIOBUIHOMN MBIIII-
bl — 10 117.6 £ 5.2% (n = 10, p < 0.05, puc. 2). Ee addekr coxpaHsics 1 Ha 00bEKTax,
MOMIBEPIIINXCSI OPTOCTaTUYECKOM pa3rpy3ke. OMHAKO Mbl HE MOJYYUJIU TOCTOBEPHBIX
MIAaHHBIX HA KOHTYXXEHHBIX XXUBOTHBIX, TAKOE CHIKEHUE MOAYIUPYIOIIeH ClTIOCOOHOCTH
AT® comtacyetcs ¢ JTaHHBIMHU, TTOJIyYeHHBIMU HaMU paHee Ha MOJeIu IeHepBanuu [34].
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Puc. 3. 3aBUCUMOCTb CUJIbI COKpPALLEHUI m. diaphragma KpbiC, BbI3BAHHBIX JIEKTPUYECKON CTUMYJISILIMEM, OT
9KCIIEPUMEHTAIbHBIX YCIIOBUI B KOHTpoJie ¥ nobasineHun B cpeny AT® (100 kM), cypamuna (100 MKkM) unu

ux coyetaHus. n = 7—12. * p < 0.05 no cpaBHEHUIO C KOHTPOJIEM.

HecenexTuBHbli1 aHTaroHuct P2-penentopoB cypamMuH B KoHueHTpauuu 100 MmxM
HUKAaKUX TOCTOBEPHBIX 3(GHEKTOB He MposiBWwI. [Ipy 3TOM Ha ero (oHe MOoYTH TTOTHO-
CThIO yTHeTaNnocCh AeiicTtBue ak3oreHHoi AT® (100 MkM).

VYcepenHeHnHast 1o 12 3kcrnepMMeHTaM cuiia COKpalleHust m. diaphragma WHTAKTHBIX
Kkpbic coctaBmia 1.51 = 0.075 r (n = 12), uro 66u10 npuHATO 32 100%. OpTrocTaTnyeckas
pasrpy3ka u KOHTY3UOHHAasI TpaBMa CIIMHHOTO MO3Ta CYIIECTBEHHO He BIWSUIM Ha COKpa-
TUMOCTb JIBIXaTEIbHOM MBILIIIHI.

Anmukauusg 100 MkM AT® Ha m. diaphragma o6paTuMoO yCUIUBajla KOHTPAKTUIIb-
HYIO CITOCOOHOCTh MHTAKTHOM MBILILEI 10 114.6 £ 5.2% (n = 12, p < 0.05, puc. 3) u g0
116.2 £6.1% (n="17, p < 0.05, puc. 3) Ha TuadparmMe KpbIC, MOABEPTIINXCSI aHTUOPTOCTA-
THUYEeCKOMY BbIBelMBaHWIO. Ha (hoHe KOHTY3MM HaGII0AaIoCh CTOMKOE CHIMDKEHHUE MO-
nynupymwoleit cnocooHoctu AT® no cratuctuuecku He3HauuMbIX 106.9 = 7.3% (n = 8,
p > 0.05, puc. 3).

CypamuH B KoHUeHTpauuu 100 MKM HUKaKuX TOCTOBEPHBIX 3P eKTOB He mpo-
saBuJI. [1pu 3ToM Ha ero (hoHe TMOYTH MOJTHOCTHIO YTHETANOCH IeHCTBUE 3K30TCHHOMN
AT® (100 MxM).

Cuna cokpamenus m. EDL nATakTHBIX Kphic cocTtaBuia 0.75 + 0.039 r (n = 10), uto
6bu10 TIpUHATO 3a 100%. [MmorpaBuTaliMOHHasI pa3rpy3ka yCUInBajia COKPaTUMOCTD UC-
cJieyeMOii MBIIILIbI, TaK, CHUJIa COKpalleHus coctaBuia 121.1 = 7.1% (n =9, p < 0.05) ot
MCXOMHBIX 3HAYEHWII HAa MHTAKTHON MbIile (puc. 4). B mpoTUBONOI0XHOCTL 3TOMY
KOHTY3UOHHAsl TpaBMa CIIMHHOTO MO3Ta BbI3bIBaJla CHMKEHUE CUJIbI COKpAIEHUST 10
86.6 £7.2% (n =10, p < 0.05, puc. 4) OT KOHTPOJISI HA UHTAKTHOM MBIIIILIE.

Anmmkanus 100 MkM AT® Ha m. EDL oGpaTUMO yrHeTaja KOHTPaKTWIbHYIO CITIOCO0-
HOCTb MHTAKTHOM MBI 10 86.2 + 3.9% (n =10, p < 0.05, puc. 4) u o 108.6 £2.9% (n =9,
p <0.05, puc. 4) Ha m. EDL KpbIC, TTONBEPTIIMXCS aHTUOPTOCTATUYECKOMY BBIBEIIIMBAHUIO.
Ha ¢one koHTY31K He Habmoaan0ch 3HaYMMOo ATM-UHAYLMPOBAHHON MOMYJISILIAN.

CypaMuH B KoHIeHTpanuu 100 MKM HHMKaKUX JOCTOBEPHBIX 3((HEKTOB HE TPO-

SIBUJI. HpI/I 9TOM Ha €ro (bOHC ITOYTHU ITOJTHOCTBHIO YTHETAJTOCh HCﬁCTBHe 9K30TreHHOM
AT® (100 MkM).
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Puc. 4. 3aBUCcUMOCTb CUJIBI COKpalieHuit m. EDL KpbIC, BBI3BAHHBIX JIEKTPUUECKON CTUMYJISILIMEH, OT IKCTe-
PUMEHTAIBHBIX YCIIOBUIA B KOHTpOJie U fo6aieHnu B cpeny ATD (100 MmkM), cypamuHa (100 MKM) mu ux co-

yetaHus. n = 9—10. * p < 0.05 Mo cpaBHEHUIO C KOHTPOJIEM.

OBCYXIEHMUE PE3VJIbTATOB

TpaBMa cnMHHOTO MO3ra SIBJSIETCS OCHOBHOM NMPUYMHONW UHBAJIUIHOCTHU, U B HACTOSI -
1ee BpeMsi OOIIENPUHSITOrO JIeYeHUs! JaHHOTO MAaTOJOrMYeCKOrO COCTOSIHUSI He CyIIe-
creyer [1, 2, 4]. CHukeHre QYHKIMOHAIBHON aKTUBHOCTU MBIIIIEYHOI CUCTEMBI MOCe
TpaBM CIIMHHOTO MO3Ta CBSI3aHO KakK C MPSIMbIM MEXaHWYECKUM TOBPEXIECHNEM, TaK U CO
BTOPUYHBIMU MaTOMU3NOJOTUYECKUMU MEXaHU3MaMU, BbI3BAHHBIMU MEPBOHAYAIBHOMN
TpaBMOI. DTN MeXaHU3Mbl U3HAYAILHO BKJIOYAIOT OOIIMPHOE KPOBOUBJIUSIHUE B MECTE
TIOBPEXIECHUST U HEKPO3 KJIETOYHBIX KOMIIOHEHTOB LIEHTPaJIbHOIT HEpBHOI cuctembl. Ha
0oJiee MO3MHUX CTAAUSIX MOBPEXIEHUS B CIMHHOM MO3re HalII0JaeTcsl peakTMBHBIN
o3 [35]. delicTBUS aCTPOIIMTOB, & TAKXKE MHOTUX IPYTUX KJIETOK B 9TOM OTBETE CO3/a-
10T Cpejly, KOTopasi KpaitHe HeO1aronpusiTHa ISl TOBTOPHOTO pOCTa aKCOHOB, K TOMY Ke
TMPOMCXOAUT aKTUBALIMS UMMYHHOI cuctembl. Hanpumep, paHHee MpuBieueHue Heii-
TpohuiIoB, a Ha OoJiee MO3MHUX CTAAUSAX MaKpodaroB, K MECTY MMOBPEKIESHMSI BbI3bIBAET
obocTtpeHue TpaBMbl. OTHAKO Ha XPOHUUYECKUX CTaIUsIX Makpodaru u peKpyTupoBaH-
Hble T-xenmnepbl MOTEHIIMATbHO MOTYT O0OecIieunBaTh TPODUUECKYI0 MOMIEPXKKY Heli-
POHHBIX 1 HEHEMPOHAJIbHBIX KOMIIOHEHTOB IMOBPEXICHHOMN 1IEHTPAJIbHOM HEPBHOM CH-
creMbl. B yciioBusIX aKTUBallMM TAKOTO KOJIMYECTBA MOBPEXAAIOIINX MEXaHU3MOB OJIV-
TOEHAPOLIMTH OKa3bIBAIOTCS OYeHb ySI3BUMbIMU. Ha XpoOHMUYECKUX CTamusix TpaBMbl
CMUHHOTO MO3ra 0O0JIbIIIOE KOJIMYECTBO OJUTOACHIPOLUTOB IOABEPraeTcsl arnornrTo3y B
MecTaxX, YIaJIeHHBIX OT MecTa MEePBUYHOrO MoBpexXIeHus [36]. DTo NpUBOIUT K OroJjie-
HUIO aKCOHOB U YXYIIIEHUIO UX TIPOBOASIIMX CIIOCOOHOCTE!, YTO 3HAYUTEIHLHO YCYry0-
ssieT (byHKIMOHAJIbHbIE HapyLIeHUsl. 3a CYET M3YYECHUS] MOJIEKYJISIPHBIX MEXaHW3MOB,
BBI3bIBAIOLLIMX AMOMNTO3 OJUTOAEHIPOLIUTOB, U BBISIBJIEHUS MOTEHLMATbHBIX MUILEHEH
TSI TEpareBTUYECKOrO BMEIIaTeIbCTBA MPEIOTBPallleHUe 3TOM BOJIHBI allonTo3a Oyner
WMEeTh OTPOMHOE 3HAUEHUE IS JIIOAEH, XKUBYIIIUX C TPAaBMOI1 CITMHHOTO Mo3ra [35].

TpaBMa CIIMHHOTO MO3ra CBsI3aHAa C MHOTOKPATHBIM YBEJIMYEHUEM BLICBOOOXICHUS
AT®, koTOpOoe MOXKET IIPOJOIKATLCI B TEUEHUE 6 4 U GoJjiee, C YEM CBI3aHO BTOPUYHOE
MOBpEXIEHUE U TNOE]Ib MOTOHEMPOHOB BCJIEACTBUE YBEJIMUYECHUS KOHLIEHTPALIMU LIMTO-

3onbHOro Cat [37].
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P2X-peuentopnl — 310 AT®-3aBrcHMBIe KATUOHHBIE KaHAJIbI, KOTOPbIE OMOCPEAYIOT
OBICTPYIO TIepeaavy BO30yXKIEHMUS B pa3IUYHbIX 00JIACTSIX TOJIOBHOTO M CHMHHOTO MO3Ta.
[Tpu 3TOM HEKOTOpBIE TTOATUTIHI pelienTopoB P2X 061a1al0T HEOOBIYHBIM CBOMCTBOM M3-
MEHSTb CBOIO MOHHYIO CEJICKTUBHOCTD MIPU IUTUTEIbHOM BosneicTBun AT®. KpaTtkospe-
MeHHoe BozneicTBre AT® MHIyIMpPyeT OTKPHITHE KaHAJIOB, TPOHMIIAEMBIX KaK ISl Ofl-
HO-, TaK W JJIsI IByXBaJIEHTHBIX KATUOHOB, TOT/a Kak 0oJiee MPOa0IXKUTEbHOE BO3/Ieii-
CTBUE MPUBOIUT K IPOTrPECCUPYIONIEMY pPacCIIMpPEeHMIO IIOp KaHajlla C pa3BUTUEM
MPOHMUIIAEMOCTH IS MOJIEKYJT pa3zMepoM ao 700 [da [24].

Grafe 1 coaBT. ucciienoBaau KMHETUKY Bbixoga AT® u uzmeHeHus: aMrummtyabl T1]
MPY MeXaHNMYEeCKOM BO3IEUCTBUM (CAABIMBAHUM) A-BOJOKOH HepBa. DTO TIPUBOIWIO K
yBeJIMYEHUIO0 IKCTpakieTouHoro AT® u omHOBpeMEeHHO K YMEHBIIEHUWIO aMILIATYIIbI
I1/1 [38] u, mo MHeHUIO aBTOpOB, AT® akTUBUpYeT akcoHabHbIe P2X perienTophl.

[TockoJIbKY pacnpoCTpaHEHHME KaJblIMEBBIX BOJH OTOCPEIOBAHO BBICBOOOXIEHUEM
AT®, BoO3HUKAET BOIIPOC, MOXKET JIM, B YACTHOCTH, TpaBMa CITMHHOTO MO3Ta OBITh CBsI3a-
Ha C upe3MepHbIM BeiIcBOOOXAeHUeM AT®, u saeisercs 1 AT®D BpeaqHbIM I1JIsI HEIPOHOB
cnuHHOrO Mo3ra. BeposiTHee Bcero, upe3amMepHoe BhicBOOOXIeHUe AT® MoxeT npuBe-
CTU K TUOEIN CIMHAJIbHBIX HEMPOHOB 3a CUET aKTHUBAIUM HelipoHanbHBIX P2XR. DTa
Uaest OCHOBaHA Ha HabJIONEHMSIX, YTO BhIcBoboxneHne AT® u nepenava curnaios Ca*
aCTPOLIMTAMMU 3aITyCKAIOTCS TpaBMaTUYECKUM MoBpexXaeHueM [39—41]; TpaBMaTryeckoe no-
BPEKIEHIE CBSI3aHO CO CHIDKEHHMEM BHeKIeTouHoro Ca?’, 4To yCHIMBaeT Kak BEICBOGOXKIE-
Hue actpoumtapHoro AT®, Tak u nepenady curHaioB Ca?™ [42—44] u yBeamumBaer cpoa-
ctBo P2X7R [45], aktuBaumst P2X7R Harpsimylo orocpeayeTr rubestb KiaeTok [46], u Heitpo-
HBI CITMHHOTO MO3Ta, BKJIIOYAas IBUTATeJIbHBIE HEMPOHBI, 3KcrpeccupyroT P2X7R [47].

BuomtoMuHecIIeHTHasT BU3yann3amus BEICBOOOXIeHUST AT® y KpbIc, MTOABEPTIIINXCS
9KCIIEPUMEHTAIbHOMY YIIMOY CIIMHHOTO MO3ra, MoKa3aja, 4To 00JlacTu, OKpyXKatolliue
TPaBMAaTUYECKOE TOBPEXKICHUE, UMEIOT aHOMaJIbHO BBICOKUI U YCTOMYMBBIN XapakKTep
BoicBOOOXIeHUsI AT®, 310 yKa3biBaeT Ha To, YTo P2X7-omocpenoBaHHast HelipoaereHe-
panus croco0CTBYET BTOPUYHOMY MTOBPEXKACHUIO MOCJE TPaBMbI CITMHHOTO Mo3Ta [24].

Jlaxxe Ipu ITOJIHOM TpaBMe CIIMHHOTO MO3ra Ha ypOBHE IpydHBIX cerMeHTOB (Th7—
Th9) snexTpoCcTUMYISLIMS HUXKE YPOBHSI TPaBMbl aKTUBUPYET ABYCTOPOHHIOIO PUTMUYE-
CKYIO IBUTATEIbHYIO aKTUBHOCTD 3aJJHUX KOHEYHOCTEM Y JKMBOTHBIX [48, 49].

Kak usBectHo, P1- 1 P2-penenTophl IpUCYyTCTBYIOT U B IJIMAIBHBIX KJIETKAX: IIIBAHOB-
cKasl KJIeTKa, OJIMTONCHAPOIIUT, aCTPOLIUT U MUKpOIIUS. TUIT pelernToOpoB 3aBUCUT HE
TOJBKO OT KJIETKU, HO M OT ee (hMU3MOJOTMIYECKOTO COCTOSTHUSI M KJIETOYHOTO IuKia. B
acTpouMTax Mo3ra ooHapyxeHo, uto momMmuMo P2Y1- u P2X7-penentopoB, akTuBamus
P2X2, P2X4, P2X5, P2Y2, P2Y4 u P2Y14 npuBOIMT K MOBBIIICHUIO KOHLICHTpALIUU
BHYTPUKJIETOYHOTO KaJIblMsl. Y IIIBAHOBCKMX KJIETOK BbISIBJIEHA aKTUBALIUS KaJIbLIMEBbIX
TOKOB Tpu cTuMyjsituu P2Y-peuentopos, a mist aktuBauu P2X-penenTopoB UCMOJb-
3yeMas KoHLeHTpauust AT® noikHa ObITh Ha Tpu nopsiaka Beiire [50]. Hamm pesynbra-
THI TIOKa3bIBAIOT, YTO TTOCJIE TPABMbl CITMHHOTO MO3Ta MPOUCXOIUT 3HAYMTEIIBHOE YXYII-
meHue pyHKIMU IepudepruIecKoit HepBHOM CUCTeMBbl. Takoe N30bITOYHOE YBEIUUeHE
BHYTPUKJIETOYHBIX MOHOB KaJbIIMSI MOXET BbI3BIBATh 3KCANTOTOKCUYHOCTh, KOTJIA IMO-
CTYIUICHWE MOHOB KaJIbIIS B KJIETKY aKTUBUPYET psin pepMeHTOB (hocdonumnas, sHI0-
HyKJIeas, TpoTteas (KajJbllanuHbl)), pa3pylialolnX [IUTO30JIbHbIE CTPYKTYPBI U TIPUBOIUT
K 3aITyCKy aItonTo3a KJIeTKH [51].

MexaHu3Mebl, jJexaliue B OCHOBE YrHeTeHMs (PYHKIIMU NepudepuiecKoil HepBHOM
CUCTEMBbI, BaXKHbI JUISI TPEAOTBPAICHUS YXYAIIEHUSI COCTOSTHUS U MOAAEPKaHUSI BBICO-
KOTO MOTeHIIMaaa BOCCTAHOBJIEHUS ABUXEHUI, 0COOEHHO C TMTOMOIIIbIO KJIETOUHOI Tepa-
MYU, HATIpaBJIeHHOI Ha BOCCTAHOBJIEHUE TTOBPEXIEHHOTO CITMHHOTO MO3Ta.
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SAKIIIOYEHUE

[TosyyeHHBIE pe3yJibTaTbl AEMOHCTPUPYIOT, UTO HEPBHO-MBIIIEYHAs Iiepenadya u
(GYHKIIMOHATbHBIE CBOMCTBA IBUTATEIbHBIX €IWHUI] MOTYT OBITH COXpPAaHEHBI ITOCJIE TPaB-
MBI CTUHHOTO MO3Ta, 3TO CO3IaeT OCHOBY ISl (GYHKIIMOHAIBLHOTO BOCCTAHOBICHUS WITA
crenrabHBIX (hapMaKoTepaneBTUIeCKMX MTOIX0A0B.

COBJIOAEHUE 5TUYECKHUX CTAHOAPTOB

npOBeﬂ.CHHble OKCIIEPUMEHTHI IMOJHOCTBIO COOTBETCTBYIOT ,ZleﬁCTBleLLlPIM HallMOHAJIbHBIM U
MEXIYHApOIHbBIM HOPpMaM B ob6iactu 3TUKU. Bee IIPUMCHUMBIC MEXIYHAPOAHbIC, HALIMOHAJIbHBIC
I/I/I/IJ'[I/I MHCTUTYHMOHAJIIbHBIC IIPUHIUIIBLI YXOIa U MCITOJIb3OBAHUA XKMBOTHBIX OBLIN COOJTIONEHEI.

Bce npouenypnbl, BBIIMIOJTHEHHBIE B UCCICOOBAHUAX C YYaCTUEM KMBOTHBIX, COOTBETCTBOBAIN
OTUYCCKUM CTaHJapTaM, YTBEPXKIACHHBIM IIpaBOBbIMH aKTaMU Pq), pyuHOUIIaM basenbckoii nexna-
palvu 1 pEKOMCHIOALIUAM.

NCTOYHUK OPNHAHCHUPOBAHUA

PaGora BbIMoyiHEHa Npu (MHAHCOBOI Momuepxkke rpanta 2/22-5, ®I'BOY BO KazaHckuii
I'MY Mun3snpaBa Poccuu Ha npoBeneHue HayqHbIX MCCenoBaHuil B pamkax [IporpamMmbl pa3Bu-
TUSI YHUBEPCUTETA, a TAKKE B paMKax MporpaMMbl “CTpaTerniyeckoe akajaeMUuecKoe JIUAEPCTBO
Kazanckoro denepanbHoro ynusepcutera” (ITPUOPUTET-2030).

KOH®JINUKT MHTEPECOB

ABTOpBI 3asIBJISTIOT 00 OTCYTCTBUY KOH(MJIUKTA MHTEPECOB.

BKJIAI ABTOPOB

Bce aBTOpBI BHECIM paBHBII BKJIal B pa3paboTKy ujaeu paboThl U TUIAHWPOBAHWE SKCIIEPUMEH-
Ta, cOOp U 06pabOTKY JaHHBIX, HAITMCAHUE U PEIAKTUPOBAaHUE MaHYCKPUIITA.
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The Effect of Spinal Cord Injury on P2 Signaling in the Cholinergic Synapse

A. E. Khairullin® % *  D. V. Efimova?, A. A. Eremeev’,
D. E. Sabirova®, S. N. Grishin?, and A. U. Ziganshin®

?Kazan State Medical University, Kazan, Russia
bKazan Federal University, 420008, Kazan, Russia
*e-mail: khajrulli@yandex.ru

It is known that in spinal motor neurons, after damage to the upper level of the spinal
cord, neuronal degradation occurs, accompanied by axon degeneration. In the present
study, the functional integrity of neuromuscular transmission was assessed by the meth-
od of stimulation mechanomiography. We demonstrated a decrease in the modulating
activity of ATP in the cholinergic synapse due to spinal cord injury (a model of spinal
cord contusion injury) in comparison with hypodynamia (a model of anti-orthostatic
hanging of the hind limbs). The demonstrated abnormal modulation of the neuromus-
cular junction by purines provides evidence of axon degeneration and suggests that trans-
synaptic degeneration of motor neurons may occur below the level of spinal cord injury
in patients with similar injuries.

Keywords: denervation, ATP, P2 receptors, skeletal muscles, hypogravity motor syn-
drome, traumatic motor syndrome, synapse, suramin
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