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M3BecTHO, YTO B CMUMHAJIBHBIX MOTOHEMPOHAX MOCJE MOPAXKEHUsSI BEPXHETO YPOBHSI
CIIMHHOTO MO3Ta MPOVCXOAUT Aerpaaalsi HeHpOHOB, COMPOBOXKAAIOIIASICS AereHepa-
LMeit akcoHoB. B HacrosiieM uccienoBaHuu GyHKIMOHAIbHAS LIEJIOCTHOCTh HEPBHO-
MBILLIEYHO! TIepeauyn OLEHUBAJACh METOIOM CTUMYJISILIMOHHON MeXxaHOMHOTrpaduu.
MbI IPOAEMOHCTPUPOBAI CHUXKEHNE MOAYIUpytonieil aktuBHOCTU AT® B XomuHep-
FMYECKOM CHHAarce BCJEICTBUE TpaBMbl CIIMHHOTO Mo3ra (Mojeib KOHTY3UMOHHOM
TPaBMbl CITMHHOTO MO3ra) B CPaBHEHUU C TUMIOAUHAMKEN (MOIeIb aHTUOPTOCTATHYE-
CKOTO BBIBEIIMBAaHUS 3adHUX KOHeuHOocTeit). [IpomeMoHCTpUpoBaHHasE aHOMaJIbHAsI
MOAYJISILMSI TTyPUHAMU HEPBHO-MBILIEYHOTO Tepexona MpenocTaBisieT NoKa3aTelb-
CTBa JIereHepallM aKCOHOB M MPEIIoJiaraet, YTo TpaHCCUHAIITUYeCKasl JereHepanust
JIBUTATEIbHBIX HEMPOHOB MOXKET MPOUCXOIUTh HUXE YPOBHSI MOPAKEHUSI CIIMHHOIO
MO3ra y MalyeHTOB ¢ MOJIOOHBIMU TPABMAMMU.

Kurouesvie cnosa: nenepnaiys, AT®, P2-pelieniTopbl, CKeJIeTHBIE MBIIILbI, TUIIOTPaBU-
TallMOHHBIN IBUTATEbHBIN CUHIPOM, TPAaBMaTUYECKUI1 IBUTATEIbHBIN CUHIPOM, CH-
Harc, CypaMuH
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BBEJAEHUE

O0630p uMccaenoBaHMi, paccCMaTPUBAIOIIMX MU3MEHEHUs] B JBUTATEIbHBIX €IMHULIAX
BCJICICTBYE NEUCTBUST Pa3IMYHbBIX MOBPEXIAOIIMX (DaKTOPOB, MO3BOJISIET YTBEPXKIATh, YTO
npeoOpa3oBaHMsI B KOJIMYECTBE U OajlaHCe BO30YXKIIAIOIIMX U TOPMO3HBIX CUTHAJIOB TTOCIIE
TpaBMBI CITMHHOTO MO3Ta peOpraHU3YIOT yIpaBieHe MOTOHepoHaMu. [Toxoxe, 4To U3Me-
HEHMS B PETPOTPATHON CUTHAIM3AIIUY HAPSITY C COOBITUSMU B TIPOKCUMATBLHOM y4acTKe
akcoHa MHGOPMUPYIOT TeJI0 MOTOHEMPOHA O AMCTATHHO PACITONIOXEHHOM TTOBPEXKIEHNH,
YTOOBI aKTUBUPOBATH CJIOKHBIN KJIETOUHBINM OTBET, KOTOPbIH B KOHEYHOM UTOTe HAIlpaBJieH
b0 Ha pereHepanmio, 1160, B HEKOTOPBIX Clydasix, Ha ruoesb KieTok [1, 2].

TMoBpexxaeHnsT CMMHHOTO MO3Ta YeJoBeKa, MPOUCXOASIINEe OOBIYHO Ha IIeMHOM M
TPYIHOM YPOBHSIX, TIPUBOJSAT K TIPEPHIBAHUIO HUCXOSIIMNX ITyTe K HYDKHUM JIBUTATEIb-
HBIM HelipoHaM [3] 1 K 3HaYUTeIbHBIM (DYHKIIMOHATBHBIM ¥ MOP(OJIOrMYeCKUM HapyIle-
HUSIM IBUTATEJIbHBIX €IWHUILI, PACIIOJOXKEHHbBIX KayJajibHee MecTa IoBpexaeHus [4, 5].
B psine viccienoBaHuii OblIa MOKa3aHa MOCTTPaBMaTUYECKasi BBDKMBAEMOCTb MOTOHE -
POHOB [6, 7], HO CTPYKTYpHBIE U3MEHEHUSI UX CUHATITHYECKUX KOHTAKTOB C MBILIIIAMH,
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BbI3BaHHBIC MIYOOKOI MOTepeil aKTUBHOCTHU, IO CUX TTOP OCTAIOTCS MaJIOM3YyYeHHbBIMU.
BoccraHoBeHMEe MoOcie TpaBM CIIMHHOTO MO3ra TpeOyeT He TOJIbKO BOCCTAaHOBJICHUSI
CBSI3U MEXIY TOJIOBHBIM M CITUHHBIM MO3IOM, HO M CTaOWJIM3AaIIMU CBSI3ei MEXIy NBUTA-
TeJILHBIMU HEeipOoHaMM 1 MEIIIIamMu [4].

B psine uiccnenoBaHuii ObUIO MOKa3aHO, 4TO Nepudepudeckasi HEpBHasi CUCTeMa He
OCTaeTCsl MHTAKTHOM ITOC/Ie TPABMATUYECKOTO ITOBPEXIECHMS CITIMHHOTO Mo3ra. C 60-x IT.
MPOIIJIOTO CTOJIETUSI METOJAOM KIIMHUYECKOM 3JIEKTpOMHOrpaduu 3aperucTpupoBaHO
HaJMYMe CIIOHTAHHBIX TMTOTEHIIMAIOB ((DUOPUILISILIMU U TTOJO0XUTEIbHbBIE OCTPbIE BOJHBI)
rnocJie TpaBMbl CHUHHOTO MO3ra y yejioBeka [8], uto B majipHeiieM 6oJjiee moapoOHO Obl-
JIO OIMMCAHO Ha XXMBOTHBIX MOAEJISIX [9].

Ilpu MonmenMpoBaHUM IKCIIEPUMEHTAIBHON TPaBMbI CITMHHOTO MO3ra TakxXe HaOJto-
nanuch U3MeHeHUs1 MOpGhOohYHKIIMOHAIBHOTO COCTOSIHUS CKEJIETHBIX MBIIIIL, TOA00HbIE
noctaeHepBalMoHHBIM [10], K mpuMepy, CHIDKEHUE MeMOpaHHBIX MOTEHIIMAJIOB B I10-
KOe, CHIKeHHE MeMOpaHHOW PEe3MCTEHTHOCTM, PpaclpOCTpaHEHUE alleTUIXOJUMHOBBIX
peuentopoB (AChR) ot o6iacTu KOHIIEBOI IIJIACTUHKHU, XOJMHEPTUYecKasl TUrepyyB-
CTBUTEJIbHOCTb U TUTIEPKAJIMEMUSI TIPU BBEIEHUU CYKIIMHUIIXOJIMHA [5].

CyliiecTByeT HECKOJIBKO TUIIOTE3 O TOM, YEM MOXHO OOBSICHUThH TaKre€ Pe3yibTaThbl, Of-
HOI 13 BO3MOXHBIX IPUYUH MOXET ObITh HapyllleHue (YHKIIUU HEPBHO-MBIIIIEUHOTO CU-
Harica. CylecTBYIOT JaHHble 00 U3MEHEHU U aKCOHAJIbHOTO TPAHCIIOPTa HECKOJIbKUX BU-
JIOB BEIIECTB, YYaCTBYIOIIUX B CUHANITUYECKON Tepeaadye y KpPbIC C TPaBMOM CIIMHHOTO
Mo3ra Ha TpyaHOM YpoBHe [11], cHMXKeHUe TpaHCIopTa alleTUJIXOJIMHA U XOJUH-aleTHII-
TpaHcdepasbl, pU yBEJIMUYSHUH TepeHoca alleTWIXOJIMHACTepasbl. JlanbHelime JonoHu-
TeJbHbIE WCCJIEIOBAHUS TIO3BOJIWIM YTBEPXKAAaTh, YTO CYILECTBYET MpsiMasi CBSI3b MEXIY
0XUIaeMbIM CHUKEHUEM CUHAITUYECKOU Mepeaayu mpu TpaBMe CIIMHHOTO MO3ra U YMEHb-
meHueM m1oTHocT AChR 3a cuet yMeHbIleHUS X peUUPKYJISILY 1 cuHTe3a [12, 13].

K ToMy ke, 3aperucTpupoBaHHOE YMEHbIIEHNE aMILIUTYIbl COKPALLEHUI MBILLIL YKa-
3bIBaET Ha MOTEPIO aKCOHOB, KOTOPAasi MOXET MPOUCXOAUTh M3-3a TMOEJIM TeJl HEPBHBIX
KJIETOK B CIMHHOM MO3T€ U B TAaHIJIMSIX 3aJJHUX KOPEIIKOB WX U3-3a TOTO, UTO 3TU HEli-
POHBI, JIMIIIEHHbIE CUHANTAYECKUX BXOJOB M UMITYJIbCHON aKTUBHOCTU IOCJIE TPaBMbI
CIIMHHOI'O MO3Ta, HE MOTYT IIOAAePKUBATh XKM3HECIIOCOOHBIM akcoH [ 14].

B nomnonHeHue K onocpenoBaHuIo (MOAYJISITOPHOMY IE€CTBUIO) HEMPOTPAHCMUCCUU,
AT® 6p11a nIeHTUPUIPOBaHAa KaK MOIIHBIN NepeaaTYnK acTPOLIMTapHOM KaJIbLIeBO
curHanuzauuu [15, 16]. Actpouuntsl BeicBoOOXAAIOT AT® perynmpyeMbIM ITyTEM, YTO
MPUBOAUT K PACIIPOCTPAHEHUIO MEXKIIETOUHBIX BOJIH TPOHUKHOBEHUS KJIbLIMS B IIUTO-
30716 [17]. AcTponuTapHast KaJIbliieBasi CUTHAJIM3AIINS, II0-BUAMMOMY, SIBIISIETCS OOIIMM
MEXaHU3MOM, C TIOMOIIbIO KOTOPOTO aCTPOLIUThI PEarupyloT Ha pa3jinyHble CTUMYJIbI,
BKJIIOYAsi CUHANITUYECKYI0 aKTUBHOCTb, BO3/IEICTBME MeAMaTopa U TpaBMaTU4YeCcKoe Mo-
BpexxaeHue [18]. B cBoro oyepenn, CUTHaJIbl aCTPOLIMTAPHOIO KaJIbLIMSI MEPEIAIOTCS COCEI-
HUM HeiipoHaM, TeM CaMbIM MOIYJIMPYS UX CUHANITHYECKYyIo cuiy [19]. Dror ATdD-3aBucu-
MBIii TPOLIECC PACTIPOCTPAHEHUSI KaJIbLIMEeBbIX BOJH MTPOUCXOAUT HE TOJHKO B TOJIOBHOM
MO3Te, TIe OH JIy4llle BCero U3y4eH ix situ, HO TakXKe U B TTapeHXMMe CITMHHOTO Mo3ra |20,
21], rTne oH MOXET UrpaTh PoOJb B PACIPOCTPAHEHUN MECTHOTO MTOBPEXICHUS.

WM3BecTHO, YTO BCIIEACTBUE MOBPEXIECHUSI TKaHE BbICBOOOXAAETCS OOJIbIIOE KOIU-
4yecTBO MoJieKyJl AT®, HermocpeaCTBEHHO yYaCTBYIOIIMX B MEXaHU3MaX Pa3BUTUSI OCTPO-
To0 ¥ XpOHUYECKOTo 60JIEBOr0 CUHIPOMA, a TAKXKe MECTHOTO U TeHepaJIM30BaHHOTO BOC-
najauTeabHoOro mpoiecca [22, 23]. Ilpu moBpexXAeHMU CIIMHHOIO Mo3ra BeIOpoc AT®
YBEJIMUMBAETCS B IEPUTPABMATUUECKUX 00JIACTIX B TeueHUe 6ojiee ueM 6 u [24].

Cpenu AT®-4yBCTBUTENBHBIX ITypUHEPruyeckKux pertentopos peuentop P2X7 (P2X7R)
HEOOBbIYEH TEM, YTO MOXET 00pPa30BbIBATh OOJIbLINE MAKPOMOJIEKYJISIPHbBIE TTOPHI ITPHU MO~
BTOPSIOIIEMCS] UJIH IUIMTEJIbHOM BO3AEMCTBUM BBICOKMX KOHLeHTpauit AT® [25]. Poib
3TOTO pelenTopa 0COOEHHO BaXkKHa IPU CHUHAJIBHONM TpaBMe, MOCKOJbKY OH OOWUJIBHO
9KCIIPECCUPYETCs HEpOHaMU CITMHHOTO Mo3ra [24], KoTopble, B CBOIO o4Yepeb, pearv-
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pytor Ha AT® uype3mMepHBbIM BO30YKIEHUEM, 3a KOTOPBIM CJIeAyeT HeOOpaTuMOe yBEJIH-
genne Ca?" 1, B KOHEYHOM cUeTe, THOeb KJIETOK.

Taxcke u3BecTHBI TpoBocnanuTe/bHble 3dekThl akTuBauuu P2X7R: BeIcBOOOXIE-
HUe uHTepieiikuHOB (Bkiaouast 1L-113) [26], cynepokcuaa u akTuBalusl Kacmassl [27],
LHUKJIooKkcureHassl-2 1 ®HO-a [28, 29].

Ha ocHOBaHUM BBILLIEU3T0XEHHOTO, LIEJIbIO HACTOSIIIIETO UCCIeN0BaHUs ObLIO BEIOpa-
HO ompejesieHue BOBJICYEHHOCTH P2-curHanu3auuny B HEPBHO-MBILLIEUHOM CUHAIICEe Ha
MOJIeJIM TPaBMbI CIIMHHOTO MO3ra Y TUITOJIMHAMMU.

METO/bl MCCJIIEJOBAHUA

B kayecTBe 00BEKTa UCCIETOBAHUS MCITOIB30BAIN CTPYKTYPhI OITOPHO-IBUTATEIbHO-
TO armapaTa Ta30BbIX KOHEUHOCTE !, UMEIOIINe MMPUHIIMITMATbLHOE 3HAaYeHNE B OpTaHn3a-
UM IBUTaTEIbHOM aKTUBHOCTU (MOPGOGYHKIMOHAIBHO pa3jIMYHbIe: KaMOaJloBUIHAS
MBIIIIIA, JUIMHHBIA pa3rubaresib OOIbIIOro Majiblia HOTM U AuadparMa—coOTBETCTBYIOIIME
HEPBHO-MBIIIEUYHbIC CUHATICHI—COOTBETCTBYIOIINE CITMHAJIBHBIC IBUTATE/IbHBIC LIEHTPHI ).

He MeHee yeM 3a HeleTio 10 Hayajla M BO BpeMsI SKCIIEPUMEHTOB KaXKIylo KPhICY pa3-
MeIllaJIM B OTHCIIBHOM CIElMaIM3UPOBAHHON KJIETKE NMPU KOMHATHOM TeMIlepaTrype
23°C, ¢ uuKJIOM cBeT/TeMHoOTa: 12 u/12 4, ¢ oCTynoM K Boae u nuiue ad libitum. Bee skc-
MepuMeHTaIbHbIE BO3NEMCTBUS OCYIIECTBIISIIU B ONMHAKOBOE BPEMSI CYTOK.

B 3aBUCHMMOCTHU OT pelllaeMbIX UCCIeoBaTebCKUX 3a7a4 XKUBOTHbIE ObUTU pa3aesieHbl
Ha cJIeyIolINe 9KCIIEPUMEHTAIbHbBIC TPYIIIIbI: TPYIIY ¢ KOHTY3MOHHOM TPaBMOil CIIMH-
HOTO Mo3ra (KaK MOeJIb OrpaHUYEHUs [IECHTPOCTPEMUTENIBHOM U LIEHTPOOEKHOM CUTHA-
JIN3allMM, COTTPOBOXKIAIONIASICS OrpaHNYeHUEeM (bYHKIIMOHAIBLHOTO UCITOJIb30BAHUS TBH -
raTeJIbHOTO arrnapara); TpyIIy ¢ BO3IEWCTBMEM MOIEIUPYEeMOil TUIIOrpaBUTAIIMK (KakK
MOJIeNIb OTPAaHWYEHMSI IeMCTBUSI OCEBOM HArPY3KM 1 CUJIbI pEaKIIMY OTIOPHI ITPU COXpaHe-
HUU HEPBHBIX BIUSHUI U BO3MOXHOCTH COKPATUTEIbHOM aKTUBHOCTU MbIIIIIbI). MaeH-
TUYHOCTb KaX/I0i KPbICHI B KAXI0 3KCIIEPUMEHTAJIbHOM IPYyIINe OcTaBajlach 3aKOAUPO-
BaHHOI 10 KOHIIA 3KCIIepUMEHTa U aHaIu3a TaHHbIX.

KoHTY3MOHHYIO TpaBMy CITMHHOTO MO3Ta OCYIIIECTBIISUIN IT0 MOAUMDUIIMPOBAHHON Me-
tonuke Allen [30]. Ilog KoOMOMHMPOBAaHHOII BHYTPUMBIIIICUHON aHAJIbIe3UE C UCIOIb-
3oBaHueM 3osetuiia (Zoletil 50, “Virbac”, ®@panius), 0.5 MIr/Kr 1 KCujaaBeTa MUHbEKIIM-
onHoro (XylaVET, “Pharmamagist L.td”, Benrpusi) 0.5 MJ1/KT B aCENTUYECKHUX YCIOBUSIX OCY-
LLIECTBJISLIA TIperapyupoBaHe 7—8 rpyaHbIX TMO3BOHKOB. [IpoBomwiv JTaMUHIKTOMMIO,
MOCJIe YeTO MO3BOHOYHBIN KaHaJI OTOJISLICS, CTAHOBUJICS JOCTYITHBIM JIJIsI OCMOTpa U Ma-
HUIYJISILMI B HEM, a TBepAast 060109Ka CITMHHOTO MO3Ta OCTaBajlaCh MHTAKTHOM. 3aTemM
yCTaHaBIMBaJIM TPyOKy BbIcOTO# 20 ¢CM Ha KOPHM OykeK JJaMUHAIKTOMHPOBAHHOTO IO-
3BOHKA M OITyCKaJud BHYTPU Hee Irpy3 Maccoi 2.5 r ¢ BeICOTHI 5 cM. Ilamaroruii rpy3 u
TpyOKYy ITOCJIe HAHECEHUs yaapa cpasy ke ynausiiu. Ilocie onepanuu BceM KUBOTHBIM
BBOJWJIM aHTUOAKTEpUaIbHBIN TperapaT 3HpodoH (0.1 M, n/K), XMBOTHBIX TTOMeEIIa-
JIM B MTHIWBUIYATbHBIC KJIETKHA, OMHOKPATHO MONKOXHO BBOIWIH 5 M1 0.9%-HOTo pacTBOpa
XJIopya HaTpusi. B TeueHre ImepBbIX CyTOK OCYIIECTBIISIN TOTTOJTHUTEBHBIN 060rpeB. B 1mo-
cJIeorepallMOHHOM TIepUOIe Y KMUBOTHBIX ¢ HapyIlIeHHeM MOYEUCITYyCKaHUSI MeXaHUYeCKHU
OIOPOXHSUTM MOUEBOI My3bIPb IBAKIbI B IEHb 0 BOCCTAHOBJICHUSI ero (hyHKIIUM.

JJ1s1 TOTOJIHUTEIBHOTO KOHTPOJISI SKCIIEPUMEHTOB Ha MOJIEJIM KOHTY3MOHHOM TPaBMbI
CIIMHHOTO MO3Ta U UCKJIIOYEHHUS JaHHBIX, KOTOPbIE MOTYT OBITh TTOJTy4YEHBI IPU OTrpaHU-
YEHUU IBVKCHUI HIDKHUX KOHEYHOCTEM, OBIJIO TPUHSITO pellieHre MTPOBECTH OTIOTHU-
TeJIbHbIC NCCIIEAOBAHNS B YCIOBUSIX MOJETUPYEMOM TUIIOTPaBUTAIINM.

J11 *MUTalMyY TUTIOTPaBUTAIIMM ObLIa UCIIOIb30BaHA MOIENIh AaHTUOPTOCTATUIECKO-
ro BBIBEUIMBAHUS 3aJHUX KOHeYHocTell Kpbic [31—33]. B Takoii sKcrnepuMeHTalbHOMN
MOJIeJIU CBeACHBI K MMHUMYMY BJIMSIHUSI TAaKUX HEXeJaTeJbHbIX MOOOYHBIX (DAKTOPOB,
Kak ¢puKcamusi 1 orpaHMYeHe BO3MOXKHOCTHU TepeMelleHus1 B mpocTpaHcTBe. 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 TEUSHWE CEMM CYTOK B OIU-
HOYHBIX KJIETKaX ¢ BOOOU 1 KopMoM ad libitum. T1ocie ceMUCyTOUHOTO BOCCTAHOBJIEHUS
JKMBOTHBIX ITPEABAPUTCIIBbHO HAPKOTU3UPOBAJIN, BBOIS BHyTpl/l6p}OLLll/IHHO pacTBOp 2Ta-
MUHaJja HaTpus B 10o3e 40 Mr/Kr, 00eCKPOBIMBAIY U BbIICISIIN m. soleus, m. extensor dig-
itorium longus, m. diaphragma c KyJabTSIMU HEPBOB.

BrbineieHHbIe MBI, 3aMKCUPOBAHHBIC 3a 00a CYXOXWIBHBIX KOHIIA, TTOTPYKaIu B
HeOobIMe pe3epByapbl oobemMoM 10 M1, HanmoHeHHBIEe pacTBopoM Kpebca (coctaB B MM):
NaCl — 118.0, KCI — 4.75, CaCl, — 2.5, NaHCO; — 24.8, KH,PO, — 1.18, MgSO,-7H,0 —
1.18, nmoko3a — 11, pH 7.4. 3aganHoe 3HaueHue Temnepatypsbl (20 £ 0.5°C) nonaepxu-
BaJIM C TIOMOIIIBIO TepMocTaTa. Ha MBIIIIIBI M3HAYATBHO MMOJaBaIM HArpy3Ky B 1 T, 3aTem
OCTaBJISUTM B TTIOKOE Ha MoJiyaca Jisl afanTaiyu K cpee.

DAEKTPOCTUMYJISILIAIO TIPOBOIUIIU C TIOMOIIIBIO “BcachiBalolero” 3jaekTposaa (suction
electrode). KynbTio HepBa BBIOEJIEHHON MBIIIIILI IIOMEITAINM B “BCachIBAIOIIN” 3JIeK-
TPOJ OPUTMHAJIBHOW KOHCTPYKIIMHU. [1J1st pa3zapakeHust UCTIOIb30BaIN BJIEKTPOCTUMYJISI-
Top Digitimer MultiStimul D330 (Beauko6puranust). MBIIILB CTUMYJIMPOBAIN B TeUe-
HUE 2 MUH MPSIMOYTOJIbHBIMU UMITYJIbCAMU aMIUIMTYA0i 3 B U NMpoaoIKuUTeTbHOCTBIO
0.5 mc mpu yactote 0.1 I'1. Cruty cokpallleHU MBIIIL pErMCTPHUPOBAIN C IOMOIIbIO JaT-
yuka asuratesibHoi aktuBHocTU Linton FCG-01 (BennkoopuTtaHus), aHaIOTOBBIN CUT-
HaJ ipeoOpa3oBbIBau cuctemMoii cbopa nanHbeix Biopack MP100MSW (CIIIA). Bee no-
JIyYeHHBbIC B T€UEHHUE NBYX MUHYT OTBeThl (12 COKpaTUTENbHBIX OTBETOB) YCPEIHSIM U
o0OpabaThIBaJiM KaK ONUH pe3yiabTar. PaccuuThiBaiy ux B MPOLIEHTaX OTHOCUTENIBHO UC-
XOIHBIX Pe3yJIbTaTOB, MOJYYEHHBIX B Hauaje akcnepumMeHTa. Yepes nonyaca nocie puk-
CUPOBaHUSI HEPBHO-MBIILIEYHOM TKAHU MPOBOIMIN KOHTPOJBbHYIO CTUMYJISILIAIO MBbIILIILL
NBaXIbl C UYHTEPBAJIOM B ISITh MUHYT, YIOCTOBEPUBILINCH B CTAOMJIBHOCTU COKPATUTEb-
HBIX OTBETOB, HAUMHAJIU 9KCIIEPUMEHTAIbHbIC MTPOLICTYPhI.
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Puc. 2. 3aBUCUMOCTb CWJIBI COKpAIIeHU T m. soleus KpbIC, BBI3BAHHBIX JIEKTPUUECKON CTUMYJISILIUET, OT DKCITe-
PUMEHTAIBHBIX YCIIOBUIA B KOHTpOJie U 1o6aieHnu B cpeny ATD (100 MkM), cypamuHa (100 MKM) 1 Ux co-

yetaHus. n = 8—10. * p < 0.05 OT KOHTPOJIbHBIX 3HAYCHUIA.

Jnsg ouenkn 3(p(heKTOB MypUHEPTUUECKUX ATOHMCTOB M AHTATOHHCTOB B BAHHOUKY J10-
Gapisuin 100 MKM AT® 1 uepes 10 MUH OLIEHUBAJIM MEXaHUYECKKE OTBEThI MBILIILILI. 3a-
TEM MBIIIILLY IIPOMBIBaIU pacTBopoM Kpebdca u MHKyOUpOBaau C paCTBOPOM CypaMuHa B
KoHueHTpauuu 100 MKM B TeueHue 20 MUH ¢ mocieaytomuM nodasieHuem 100 MkM
AT® 1 BHOBb PETUCTPUPOBAIM MEXaHWUYECKNUE OTBETHI MbIIIII. JIJIs1 MOATBEPKACHUS CU-
HanTuyeckoit npupoasl addekroB AT® B skcrniepruMeHTax HEPBHO-MBIIIIEYHYIO TKaHb
MHKYOMpOBaIu ¢ cypaMruHOM B KoHIIeHTpauuu 100 MkM, yepe3 20 MUH perucTprupoBaIn
COKpaTUTEIbHBIC OTBETHI MBI, BO3HUKAIOIINE B OTBET HAa HEMPSIMYIO CTUMYJISIIAIO
3JIEKTPUIECKUM TOKOM.

CratucTH4ecKyo 00paboTKy JaHHBIX MPOBOIMIIU C MOMOIIbIO TporpaMmbl SPSS Sta-
tistics. [TpoBepKy COOTBETCTBUS MOJIyYEHHBIX TAHHBIX HOPMAJILHOMY pacrpeneieHIo TTpo-
BOIWIN C TIOMOIIBIO Kputepusi Komvoroposa. PaccuuTtbiBanmm cpemHue aprbMeTHIecKue
aHaAJIM3UPYEMBIX MapaMeTPOB U CTAaHAAPTHYIO OIMOKY. CTaTUCTUYECKYIO 3HAYMMOCTh Ha-
GJIIoIaeMbIX N3MEHEHMT OLIECHUBAJIY C TIOMOIIBIO KpuTepust CThIONEHTA TS HE3aBUCUMBIX 1
MOIapHO CONPSIKEHHBIX BEIOOPOK. Pazmuums paccmaTpuBaiu Kak 3HauuMBbIe Tipu p < 0.05.

PE3VIIBTATBI UCCIIEJOBAHMUA

IIpu ycnoBUsiX, COOTBETCTBYIOIIMX HATUBHBIM, ycpeqHeHHas 1Mo 10 aKcriepuMeHTaM
cuJIa COKpalleHMsI KaMOaJIOBUIHOM MBIIIIBI KPBICE cocTaBmia 2.48 *+ 0.31 r, 7-gHeBHas
opTocTaTuvecKasl pa3rpy3ka U KOHTY3UOHHAas TpaBMa CITMHHOTO MO3Tra OKa3bIBaJld 00-
Jiervaroliee BIUsSHUE Ha COKPAaTUMOCTb MCCJIEAYEMOM MBIIIIIbI, TaK, CUJIa COKpAaIIeHUs
cocraBuna 118.3 £5.0% (n=28, p < 0.05) u 121.7 £ 3.9% (n = 10, p < 0.05) cOOTBETCTBEH-
HO OT UCXOIHBIX 3HAUEHU I UHTAKTHOM MBILIILIBI (pUc. 2).

AT® B koHueHTpauuu 100 MKM 06paTUMO MOTEHLIMPOBAJia aMIIUTYAY BBI3BAHHBIX
CTUMYJISIIIEH IIEKTPUIECKUM TI0JIeM COKpAIlleHW MHTAaKTHON KaMOaJIOBUIHOM MBIIII-
bl — 10 117.6 £ 5.2% (n = 10, p < 0.05, puc. 2). Ee acdbdekT coxpaHsyics 1 Ha 0ObeKTax,
MOABEPTIINXCS OPTOCTATUYECKOM pasrpy3ke. OQHAKO MbI HE TOJYYMJIU JOCTOBEPHBIX
JMAaHHBIX HA KOHTYXXEHHBIX XXUBOTHBIX, TAKOE CHIKEHUE MOAYJIUPYIOIIeH ClTOCOOHOCTH
AT® comtacyercs ¢ TaHHBIMU, TTIOJIyYeHHBIMU HaMU paHee Ha Mofe/u feHepBauuu [34].
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Puc. 3. 3aBUCUMOCTb CUJIBI COKpPALLEHUI m. diaphragma KpbiC, BbI3BAHHBIX JIEKTPUYECKON CTUMYJISILUEM, OT
9KCIEPMMEHTAIbHBIX YCIIOBUI B KOHTpoJie ¥ nobasieHun B cpeny AT® (100 MmkM), cypamuna (100 MKkM) unu

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

HecenexTuBHbli1 aHTaroHuct P2-penentopoB cypamuH B KoHueHTpauuu 100 MmxM
HUKAaKUX TOCTOBEPHBIX 3((HEKTOB He MposiBWII. [Ipy 3TOM Ha ero (oHe MOoYTH TTOTHO-
CThIO YTHeTaNnocCh aeiictBue ak3oreHHoi AT® (100 MkM).

YcepenHeHnHast 1o 12 3kcrnepMMeHTaM Cuiia COKpallleHust m. diaphragma WHTAKTHBIX
Kpbic cocTaBuaa 1.51 £ 0.075 r (n = 12), yto 6bu10 TipuHATO 3a 100%. OpTocTaTnyeckas
pasrpy3ka u KOHTY3UOHHAasI TpaBMa CIIMHHOTO MO3Ta CYIIIECTBEHHO He BIWSUIM Ha COKpa-
TUMOCTb JIbIXaTeIbHOI MBILIILIHI.

Anmumukauus 100 MkM AT® Ha m. diaphragma o6paTuMO ycUJInBajia 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 nuadparmMe Kpbic, MOABEPIIINXCI AHTUOPTOCTA-
THUYEeCKOMY BbIBelIMBaHWIO. Ha (hoHe KOHTY3MM HaGII0OAaIOCh CTOMKOE CHUXXEHHUE MO-
nynupymoleit cnocooHoctu AT® go cratuctuuecku HedHauuMbix 106.9 = 7.3% (n = 8,
p > 0.05, puc. 3).

CypamMuH B KoHLieHTpaluu 100 MKM HUKaKuX TOCTOBEPHBIX 3((HeKTOB He nMpo-
aBuJi. [1pu 3TOM Ha ero (hoHe TOYTH MOJTHOCTHIO YTHETAJOCH NeCTBUE 3K30TCHHOM
AT® (100 MxM).

Cwuna cokpatienust m. EDL nHtakTHBIX Kpbic cocTaBuia 0.75 + 0.039 r (n = 10), uto
6bu10 TIpUHATO 3a 100%. TumorpaBUTallMOHHAs pa3rpy3Ka yCUIUBajia COKPAaTUMOCTD UC-
cJieaAyeMOii MBILILIbI, TaK, CUJIa COKpalleHus coctaBuia 121.1 £ 7.1% (n =9, p < 0.05) or
WCXOMHBIX 3HAYEHWII HAa MHTAKTHOM MbIIe (puc. 4). B mpoTUBOMOIOXHOCTD 3TOMY
KOHTY3WOHHAsl TpaBMa CIIMHHOTO MO3Ta BbI3bIBAJIa CHUKEHUE CUJIBI COKDPAIIEHUST 10
86.6 £7.2% (n =10, p < 0.05, puc. 4) OT KOHTPOJISI HA UHTAKTHOI MBIIIILIE.

Anmmikanys 100 MM AT® Ha m. EDL o6paTMO yrHeTajla KOHTPaKTUIIBHYIO CIIOCO0-
HOCTh MHTAKTHOM MBILILBI 10 86.2 = 3.9% (n =10, p < 0.05, puc. 4) nu g0 108.6 £2.9% (n =9,
p <0.05, puc. 4) Ha m. EDL KpbIC, TTONBEPTIIMXCS aHTUOPTOCTATUYECKOMY BBIBEIIIMBAHUIO.
Ha donHe koHTy3uu He Habmonanoch 3HauMMoi AT@®-MHAYIMPOBAHHOM MOIYJISILIVN.

CypamuH B KoHlleHTpauuu 100 MKM HUKakux JOCTOBEPHbIX 2D EKTOB He Mpo-

ssBuji. [Ipn 9TOM Ha ero ¢oHe MOYTH MOJHOCTHIO YTHETAJI0Ch NeiCTBUE IK30TEHHOM
AT® (100 MxM).
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Puc. 4. 3aBUCcUMOCTb CHJIBI COKpalieHuit m. EDL KpbIC, BBI3BAHHBIX JIEKTPUUYECKON 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 MPUYMHONW UHBAIUIHOCTHU, U B HACTOSI -
1iee BpeMsi OOIIENPUHSITOrO JieYeHUs! JaHHOTO MAaTOJOrMYEeCKOrO COCTOSIHUSI He CyIIe-
crByer [1, 2, 4]. CHukeHre DYHKIIMOHAIBHON aKTUBHOCTU MBIIIIEYHOI CUCTEMBI MOCe
TpaBM CIIMHHOTO MO3Ta CBSI3aHO KakK C MPSIMbIM MEXaHWYECKUM TTOBPEXIEHNEM, TaK U CO
BTOPUYHBIMU MATOMDU3NOJOTUYECKUMU MEXaHU3MaMU, BbI3BAHHBIMU NEPBOHAYAIbHOMI
TpaBMOIi. DT MeXaHU3Mbl U3HAYAILHO BKJIIOYAIOT OOIIMPHOE KPOBOUBJIUSIHUE B MECTE
TMOBPEXIECHUS U HEKPO3 KJIETOYHBIX KOMIIOHEHTOB LIEHTPaJIbHO# HEpBHOI cuctembl. Ha
0oJiee MO3MHUX CTAAMSIX MOBPEXIEHUS B CIMHHOM MO3re HaOII0JaeTcsl peakTHBHBIN
o3 [35]. JleicTBUSI aCTPOLIMTOB, a TAKXKe MHOTMX IPYTUX KJIETOK B 3TOM OTBETE CO3/1a-
10T Cpey, KOTopasi KpaitHe HeO1aronpusiTHa sl TOBTOPHOTO POCTa aKCOHOB, K TOMY Ke
MPOMCXOAUT aKTUBALIMS UMMYHHOI cuctembl. Hanpumep, paHHee npuBieueHUe Heii-
TpoduIoB, a Ha OoJiee MO3MHUX CTAAUSAX MaKpodaroB, K MECTY MMOBPEKIESHMSI BbI3bIBAET
obocTtpeHue TpaBMbl. OTHAKO Ha XPOHUUYECKUX CTaAusIX Makpodaru u peKpyTupoBaH-
Hble T-xenmnepbl MOTEHLMATbHO MOTYT OOecIieunBaTh TPODUUECKYIO MOMIEPXKKY Heli-
POHHBIX 1 HEHEMPOHAJIBbHBIX KOMIIOHEHTOB MOBPEXICHHOMN LIEHTPAJIbHOM HEPBHOM CU-
creMbl. B yciioBuUsIX akKTUBallMM TAaKOTO KOJIMYECTBA MOBPEXAAIOIINX MEXaHU3MOB OJIV-
TOIEHAPOLIMTHI OKa3bIBAIOTCS OYEHb ySI3BUMbIMU. Ha XpOHMUYECKUX CTamusix TpaBMbl
CMUHHOTO MO3ra OOJIbIIIOE KOJIMYECTBO OJUTOACHIPOLUTOB TOABEPraeTcsl arnornrTo3y B
MecTaX, yIaJeHHBIX OT MECTa IIEPBUYHOIO MOBpexXaeHUs [36]. DTO NPUBOAUT K OroJie-
HUIO aKCOHOB U YXYIIIEHUIO UX TTPOBOISIIMX CIIOCOOHOCTEM, YTO 3HAYUTEILHO YCYry0-
ssier (byHKIMOHAJIbHBIE HAapyILIeHUsl. 3a CYET M3YYEHUS] MOJIEKYISIDHBIX MEXaHW3MOB,
BBI3bIBAIOLLIMX AMOMNTO3 OJUTOACHIPOLIUTOB, U BBISIBJIEHUS MOTEHLMATbHBIX MUILICHEH
TSI TepareBTUYECKOTO BMEIIAaTeIbCTBA MPEIOTBPAIllEHUEe 3TOM BOJIHBI allonTo3a Oyner
WMEeTh OTPOMHOE 3HAUYEHUE IS JIFOAEH, XKUBYIIIUX C TPAaBMOI1 CITMHHOTO Mo3ra [35].

TpaBma CITMHHOTO MO3Ta CBsI3aHA ¢ MHOTOKPATHBIM YBEJIMYEHUEM BBICBOOOKICHMUS
AT®, KOTOpOE MOXKET MPOIOJIKATHCS B Te4eHUe 6 4 1 GoJiee, ¢ YeM CBSI3aHO BTOPUYHOE
MOBpEXIeHUE U TOe/Ib MOTOHEMPOHOB BCJICACTBUE YBEJIMUYEHNSI KOHLIEHTPALIUU 1IUTO-

3onbHOro Ca2t [37].
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P2X-peuentopnl — 310 AT®-3aBrcHMBIe KATUOHHBIE KaHAJIbI, KOTOPbIE OMOCPEAYIOT
OBICTPYIO TIepeaavy BO30yKIEHUS B pa3IMYHbIX 00JIACTSIX TOJIOBHOTO M CHMHHOTO MO3Ta.
[Tpu 3TOM HEKOTOpBIE TTOATUTIHI pelienTopoB P2X 061anat0T HEOOBIYHBIM CBOMCTBOM U3-
MEHSTb CBOIO MOHHYIO CEJIEKTUBHOCTD MPU IUTUTEIbHOM BosneicTBun AT®. KpaTtkospe-
MeHHoe BozneiicTBre AT® mHIylMpyeT OTKPHITHE KaHAJIOB, TPOHMIIAEMbIX KaK ISl Ofl-
HO-, TaK W [JIsI AByXBaJIEHTHBIX KATUOHOB, TOT/Aa Kak 0oJiee NMPOI0IKUTEIbHOE BO3/Ieii-
CTBUE MNPUBOMUT K IPOTrPECCUPYIONIEMY PacCIIMPEeHMIO IIOp KaHajla C pa3BUTUEM
MPOHMUIIAEMOCTH JJISI MOJIEKYJT pa3zMepoM jo 700 [da [24].

Grafe 1 coaBT. ucciienoBaau KMHETUKY Bbixoga AT® u usmeHeHus: aMrummtyasl T1]]
TMPU MEXaHUYECKOM BO3IEUCTBUM (CHABIUBaHUN) A-BOJIOKOH HEpBa. DTO TIPUBOIUIO K
YBEJIMYEHUIO IKCTpakieTouHOro AT® m omHOBpEMEHHO K YMEHBIIEHUIO aMIUIUTYIbI
I1]1 [38] u, mo MHeHUIO aBTOpOB, AT® akTUBUpYeT aKkcoHabHbIe P2X perienTophl.

[TockoJIbKY pacnpoCTpaHEeHHME KaJblIMEBBIX BOJH OTOCPEIOBAHO BBICBOOOXIEHUEM
AT®, BO3HUKAET BOIIPOC, MOKET JIM, B YACTHOCTH, TpaBMa CITMHHOTO MO3Ta OBITh CBsI3a-
Ha C upe3MepHbIM BeicBOOOXAeHUEeM AT®, u sasisercs 1 AT®D BpeaqHbIM [1JIsI HEIPOHOB
cnuHHOrO Mo3ra. BeposiTHee Bcero, upe3amepHoe BbhicBOOOXIAeHUe AT® MoxXeT npuBe-
CTU K TUOEIU CIMHAJIbHBIX HEMPOHOB 3a CUET aKTHUBAIUU HelipoHaibHbIX P2XR. DTa
naest OCHOBaHa Ha HaBJIONEHMSIX, YTO BbIcBoGoxneHne AT® u nepenava curnanos Ca*
aCTPOLIMTAMMU 3aITyCKAIOTCS TpaBMaTUYECKUM MoBpexXaeHueM [39—41]; TpaBMaTryeckoe no-
BPEKIEHIE CBSI3aHO CO CHIDKEHHMEM BHeKIeTouHoro Ca?’, 4To yCHIMBaeT Kak BEICBOGOXKIE-
Hue actpoumtaproro AT®, Tak u nepenady curHaioB Ca?™ [42—44] u yBeamumnBaer cpoi-
ctBo P2X7R [45], aktuBaumst P2X7R Harpsimylo orocpeayer rubestb KiaeTok [46], 1 Heitpo-
HBI CTUHHOTO MO3Ta, BKJIIOYast IBUTATeJIbHBIC HEMPOHBI, 3KcrpeccupyioT P2X7R [47].

BuonmtoMuHecIIeHTHasT BU3yanu3ainus BEICBOOOXIeHUST AT® y KpbIc, TMTOABEPIIIINXCS
9KCIIEPUMEHTAIbHOMY YIIMOY CIIMHHOTO MO3ra, MokKa3aja, 4To 00JlacTu, OKpyXKatolliue
TPaBMAaTUYECKOE MOBPEXKICHUE, UMEIOT aHOMaJIbHO BBICOKU U YCTOMYMBBIN XapakKTep
BoicBOoOOXIeHUsI AT®, 510 yKa3biBaeT Ha To, YTo P2X7-omocpenoBaHHast HelipoaereHe-
panus croco0CTBYeT BTOPUYHOMY MTOBPEXKACHUIO MOCJE TPaBMbI CIIMHHOTO Mo3ra [24].

Jlaxxe TIpu ITOJTHOM TpaBMe CIIMHHOTO MO3ra Ha ypOBHE IpyaHBIX cerMeHTOB (Th7—
Th9) snexTpoCTUMYISLIMS HUXKE YPOBHSI TPaBMbl aKTUBUPYET ABYCTOPOHHIOIO PUTMHUYEC-
CKYIO IBUTATEIbHYIO aKTUBHOCTD 3aJJHUX KOHEYHOCTEM Y JKMBOTHBIX [48, 49].

Kak usBectHo, P1- 1 P2-penenTophl IpUCYTCTBYIOT U B IJIMAJIBHBIX KJIETKAX: IIIBAHOB-
cKasl KJIeTKa, OJIMTONCHAPOIIUT, aCTPOLIUT M MUKpOIIHs. TUIT pelenTOpoB 3aBUCUT HE
TOJBKO OT KJIETKU, HO M OT ee (hM3MOJOTMIECKOTO COCTOSTHUSI M KJIETOYHOTO IuKia. B
acTpouMTax Mo3ra ooHapyxeHo, uto momMmuMo P2Y1- u P2X7-penentopoB, akTuBamus
P2X2, P2X4, P2X5, P2Y2, P2Y4 u P2Y14 npuBoIUT K MOBBIIICHUIO KOHILICHTpALIUU
BHYTPUKJIETOYHOTO KaJblMsl. Y IIIBAHOBCKMX KJIETOK BbISIBJIEHA aKTUBAIIUS KaJIbLIMEBbIX
TOKOB Tpu cTuMyJsituu P2Y-peuentopos, a mist aktuBauuu P2X-penenTtopoB UCMOJb-
3yeMast KoHLeHTpauust AT® noirkHa ObITh Ha Tpu nopsiaka Beiire [50]. Hamm pesynbra-
TBI TIOKa3bIBAIOT, YTO TTOCJIE TPAaBMbl CITMHHOTO MO3Ta MPOUCXOIUT 3HAYUTEIIBHOE YXYII-
meHue pyHKIMU IepudepruIecKoil HEpBHOM CUCTeMBI. Takoe N30bITOYHOE YBEIUIeHIIE
BHYTPUKJICTOUHBIX MOHOB KaJIbLIMSI MOXKET BBI3bIBATh 3KCAWTOTOKCUYHOCTb, KOTIa I0-
CTYIUICHWE MOHOB KaJibLIS B KJIETKY aKTUBUPYET psint hepMeHTOB (hocdonunaz, saHI0-
HyKJIea3, TpoTteas (KajJbllanuHbl)), pa3pylialolInX [UTO30bHbIE CTPYKTYPbI U TPUBOIUT
K 3aITyCKy aItonTo3a KJIeTKH [51].

MexaHu3mebl, jexaliyue B OCHOBE YrHeTeHMs (PYyHKIMU nepudeprudIecKoil HepBHOMI
CUCTEMBbI, BA>KHBbI IJId ITPEAOTBPAILICHUA YXYAILICHUA COCTOAHUA U ITOAACP>KAHMS BbICO-
KOTO MOTeHI1IMaaa BOCCTAHOBJIEHUS ABUXEHUI, 0COOEHHO C MOMOIIIbIO KJIETOUHOI Tepa-
MYM, HATIpaBJIeHHOI Ha BOCCTAHOBJIEHUE TTOBPEXIEHHOTO CITMHHOTO MO3Ta.
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SAKIIIOYEHUE

[TosyyeHHBbIe pe3yJibTaThbl AEMOHCTPUPYIOT, UTO HEPBHO-MBIIIEYHAsl Tiepenadya u
(GYHKIIMOHATbHBIE CBOMCTBA IBUTATEILHBIX SIWHUI] MOTYT OBITh COXpPAaHEHBI TTOCJIE TPaB-
MBI CTUHHOTO MO3Ta, 3TO CO3IaeT OCHOBY ISl (GYHKIIMOHAIBLHOTO BOCCTAHOBJICHUS WITA
crennabHBIX (hapMaKoTepaneBTUIeCKMX MOIX0A0B.

COBJIOAEHUE 5TUYECKHUX CTAHOAPTOB

npOBeﬂ.CHHble OKCIIEPUMEHTHI IMOJHOCTHIO COOTBETCTBYIOT ﬂeﬁCTBleLLlPIM HallMOHAJIbHbBIM U
MEXIYHApOAHbBIM HOpMaM B ob6iactu 3TUKU. Bee IIPUMCHUMBIC MEXIYHAPOAHbIC, HALIMOHAJIbHLIC
I/I/I/IJ'[I/I MHCTUTYHMOHAJIBbHbIC IPUHIUIILI YXOIa U MCITOJIb30OBAHUA )KMBOTHBIX OBLIN COOJTIONEHBI.

Bce npouenypbl, BbIIIOJHEHHBIC B MCCICOOBAHUAX C YYAaCTUEM KMBOTHBIX, COOTBETCTBOBAJIN
OTUYCCKUM CTaHdapTaM, YTBEPKICHHBIM ITPpaBOBbLIMU aKTaMU Pq), IIpUHIUIIaM bazenbckoit nexiia-
paluv U1 pEKOMCHIAIUAM.

NCTOYHUK ONUHAHCHUPOBAHUA

PaGora BbIMoyiHeHa Npu (MHAHCOBOI Iommepxkke rpanta 2/22-5, ®I'BOY BO KazaHckuii
I'MY MuHn3snpaBa Poccuu Ha npoBeneHue HaydHbIX McclenoBaHuil B pamkax [IporpamMmbl pa3Bu-
TUSI YHUBEPCUTETA, a TAKKE B paMKax mporpaMMbl “CTpaTernuyeckoe akajaeMUuecKoe JTUAEPCTBO
Kazanckoro ¢denepansHoro yHusepcureta” (ITPUOPUTET-2030).

KOH®JIUKT MHTEPECOB

ABTOpI)I 3asgBJISIIOT 00 OTCYTCTBUUN KOH(bJ'[I/IKTa MHTEPECOB.

BKJIA1 ABTOPOB

Bce aBTOpBI BHECIU PaBHbBIN BKJIAA B pa3pabOTKy MAeH paObOThI U INTAHUPOBAHKME SKCIIEPUMEH-
Ta, c60p 1 06pabOTKY NTaHHBIX, HAMMKCAHUE U PEIAKTUPOBAHNE MAaHyCKPUIITA.
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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®

9Kazan 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



	ВВЕДЕНИЕ
	МЕТОДЫ ИССЛЕДОВАНИЯ
	РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ
	ОБСУЖДЕНИЕ РЕЗУЛЬТАТОВ
	ЗАКЛЮЧЕНИЕ
	СПИСОК ЛИТЕРАТУРЫ


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


