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Oxcun azora (NO) — npencraBUTe]lb CEMeiiCTBa ra30MeIMaTOPOB, YYACTBYIOIIMX B pe-
TYJISILMU Pa3IMYHbIX OMOJOTHUYECKUX TpolieccoB. Hutporuuepux, nonop NO, mu-
POKO UCIOJIb3YeTCs IS MOIEIMPOBAHUSI MUTPEHM KaK Y YeJIOBeKa, TaK U Y SKUBOTHBIX.
OnHako posb nepudepudyecknx HepoHaIbHBIX CTPYKTYP B addekrax NO npakTuye-
CKM He u3ydeHa. Llenbio paboThl SIBIsIOCh BhIsIBIcHUE 3P dexkToB NO Ha sj1eKTpude-
CKYIO0 aKTUBHOCTb TPOMHUYHOTO HEPBA M COCTOSIHME TYYHBIX KJIETOK 000JI04EK TOJI0B-
HOro mMo3ra kpbic. B pabore mcrnosb3oBaim 271eKTpodpr3noJIoruueckuii MeTos peru-
crpaunu noteHuuanos aeiictBust (I11) TpoitHUYHOTO HEPBA KPbIC, MTHHEPBUPYIOLLIETO
TBEPIYI0O MO3TOBYIO 000JIOUKY, B Mpernapare noyydeperna Kpbichl. st aHaau3a aJiek-
TPUYECKOUM aKTUBHOCTU MCIOJIb30BAIM METOI KJIAacTepu3aluu, MO3BOJISIONINI pa3-
outs [1/1 Ha Tpynmbl ¢ OJIM3KUMU XapaKTepPUCTUKAMU, TeHEPUPYEMbIE OTIEIbHBIMU
BOJIOKHaMU. MopdOJIOTUIO TyYHBIX KJIETOK OLIEHMBAJIM MyTeM OKpalllMBaHUs 000JIO-
YeK roJIOBHOTO MO3ra KpbIC TOJYUAMHOBBIM cMHUM. CybcrpaT cuHTe3a NO — L-apru-
HUVH J0303aBUCUMO YBEJIMYUBAJ JIEKTPUUECKYIO aKTUBHOCTh TPOMHUYHOTO HEpBa, U
9TOT 3 deKT oTrMeHsics Ha ¢oHe OokaTopa cuHTe3a NO — L-NAME (100 MmxkM).
Ok3oreHHblit foHOp NO — Hutponpyccun Hatpust (HITH 200 MxM) BbI3bIBas ycuie-
Hue yactotsl [1/1, Torna kak nHakTuBupoBaHHbI cBeToM HITH He oka3biBan BIUSHUS
Ha yactoty I1/1. Mcnonb30oBaHME KIacTePHOTO aHajln3a BeisiBWIIO, YTo HITH BhI3bIBA
CHauaJjia yBeanueHue yactoTel [1J] HU3KOoit aMITUTYAbl, pacnpOCTPaHSIIOIIMECS] C HU3-
KOl CKOpPOCThIO B BOJIOKHax C-THIIa, OTBEUAOIINX Ha KallCaullMH; 3aTeM HabJona-
JIOCh MOSBJIEHKE BbICOKOAMIUIMTYAHBIX 1], pacnpocTpaHsiomuxcs B Ad-BOJOKHAX.
bnokarop pactBopuMoii ryaHunatuukiassl — ODQ (10 MmxM) npenorspaiuan HITH-
BBI3BAHHOE yBEJIMUCHUE DJIEKTPUUECKOUN aKTUBHOCTU. [Ipu 3TOM MHKyOaIus rperna-
pata B HITH He oka3biBaia BIUSIHUS Ha MOP(OJIOTUIO TYYHBIX KJIE€TOK. [TojryueHHbIE
JIaHHbIE CBUIETENLCTBYIOT O TOM, UTO KaK 9K30T€HHBbIi, Tak U 3HHoreHHbIit NO ycu-
JIMBAIOT 2JIEKTPUYECKYI0 aKTUBHOCTh TPOMHUYHOTO HEpBa IyTeM aKTUBAIlUM TyaHU-
JIATLIMKJIa3bl, OKa3biBasi BKJIaA B mnepudepuueckue HelpOoOHaIbHbIE MEXaHU3Mbl BO3-
HUKHOBEHMSI OOJIM TIPU MUTPEHH.

Knrouesvie cnosa: okeun azora, L-apruHuH, MUTPEHb, KpbICa, TPOMHUYHbINM HEPB, Tya-
HWIATLIMKIIa3a, TyYHbIE KJIETKU
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Oxkcun azora (NO) — razoobpasHasi CUTHaJIbHAsI MOJIEKYyJia, BOBJIEYEHHAsI B PETyJIsi-
IO IIUPOKOTO CIeKTpa (PU3NOJTOTUYECKUX MTPOLIECCOB U KJIETOYHBIX (hyHKIIMIA B opra-
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Hu3Me uenoBeka [1—5]. NO npoayuupyeTcsi BHYTPUMKIIETOYHO B pe3yJibTaTe OKMCISHUS
L-apruauHa ¢ obpasoBanremM NO u L-uutpyuimHa ¢ moMoinbio pepmeHTa NO-cuHTa-
361 (NOS), KoTOpas cyliecTByeT B Buie Tpex uzodopm: HeiipoHanbHass NOS (nNOS),
sanotearanbHass NOS (eNOS) u nanyuuobensHass NOS (iNOS). nNOS u eNOS aBis-
IOTCSI KOHCTUTYTMBHBIMU U aKTUBMPYIOTCSI B OTBET Ha TMOBBILLIEHUE BHYTPUKIIETOYHOM

koHueHTpauuu Ca?' u ero nocnenyiouero cBsi3pIBaHUs ¢ KanbMonyauHoM [6]. nNOS
MPEUMYIIIECTBEHHO 3KCIIPECCUPYETCSI B HEMpPOHAxX M OOHAPYKMBAETCs KaK B IIEHTPAJb-
HOI1, Tak 1 B niepudepruyeckoit HepBHOi cucteme [6, 7]. B MeHMHIeaabHBIX 000JI0YKaX
eNOS Obuta oOHapyXeHa B SHAOTEIUU CpeaHeil MeHUHrealbHoi apTepuur, nNOS — B
TOHKMX DPa3BETBJIEHUSIX HEPBHBIX BOJOKOH, pacroJiaraloliuxcsl BIOJb apTepuu, Mpu
5TOM TOJIBKO HEOOJIbIIIasK TOJsT HEMPOHOB TPOMHUYHOTO TaHIUA siBjsieTrcss NOS-11o3u-
TUBHOI [8].

NO urpaet BaXXHYIO pOJIb B PETYJISILIMU TOHYCa KPOBEHOCHBIX COCYIOB, B TOM YHUCJIE U
epebpaabHbIX, a TAKXKE B MEXaHM3MaX HOLIMLETLUY [6]. DTO IMO3BOISIET pacCMaTpUBATh
NO B KayecTBa “KJII04EBOro 3BeHa” B GOPMUPOBAHMNM MUTPEHU [9], B OCHOBE KOTOPOIA
JIeXXaT COCYOMCThIe M HelipoHambHbIe n3MeHeHus [10, 11]. JeiictButenbHo, moHop NO —
HUTPOIIMILIEPUH WCTIONB3YeTCs UISI MONEIUPOBAHUS MUTPEHU y YelloBeKa, a TaKke B
9KCTIEPUMEHTATBHBIX MOJESIX MUTPEHU Y XXKMBOTHBIX, a CIleliM(puIecKrue NHIMOUTOPbI
NO-cuHTa3 nposBIsIIoT 00e30o0auBaronye 3¢MOEKThl y UCHBITYEMBbIX, CTPAIAIOIINX MUT-
peHbio [12].

PacTtBoprMas ryaHWJIATIIMKIIa3a SIBJISIETCS OCHOBHBIM petiernitopoM mist NO B opra-
HusMe, XoTd NO Takke MOXET UMETh He3aBUCUMBIC OT T'yaHWJIATHMKIA3bl 3(h(OeKThI
[13], Takue Kak u3MeHeH1e BO30YyIMMOCTY HEMPOHOB 3a CYET aKTUBALIMM MM MHTUOM-
POBaHUSI MIOHHBIX KaHAJIOB [ 14], cTUMYJISIIIUS CUHTE3a U BBICBOOOXICHMS KATbIIUTOHMUH-
reH-cBsi3aHHoro Tentuga (CGRP) [15—17], a takke BAUSIHME Ha COCTOSIHME TYYHBIX
kietok [18—20]. Kpome Toro, NO MoXeT B3aMMOIEHCTBOBATh C APYroii ra3000pa3Hoit
MOJIEKYJIOl, oOpa3zyolleiicss B TPOMHUYHOM raHmiuu, ceposogoponoM (H,S) ¢ obpaso-
BaHVEM HUTpPO3WJa, cnocobHoro aktuBupoBaTh TRPAI-penienTopbl, yBeauuuBasi Bbl-
cBoboxnenre CGRP [21, 22].

JlocToBepHO M3BECTHO, YTO OOJIb BO BpeMsI IIPUCTYIa MUTPEHU BhI3BIBACTCS CEHCUOM-
nu3anmeii/akTuBanmeit nepudeprnIecKux OTPOCTKOB TPOMHUIHOIO HEpBa, HAXOISIIINX-
Cs1 B MEHUHIeaJIbHBIX TKaHSIX, Tae opMupyeTcsl HadajabHbIA HOLMLENTUBHBIN CUTHAJ
[23, 24]. OnHako naHHbIe 0 BaussHUU foHopa NO Ha akTUBHOCTb adpdePEeHTOB 000T0YKU
TOJIOBHOTO Mo3ra HeonHo3HauHbl. [Toka3zaHo, uto NO MoOXeT Kak yBeIWYMBaTh, TaK U
CHIKXATh 9YYBCTBUTEIILHOCTh HOIIUIIEIITOPOB B 3aBUCUMOCTU OT MCXOIHOTO YPOBHSI BO3-
oymumoctu [25].

WM3BecTHO, UTO aKTUBALMS UMMYHHOI CUCTEMbI OKa3blBaeT BKJIa/ B IATOr€HE3 MUTpe-
HU [26]. B TBepmoii MO3roBoii 000JI0YKE HAOJIIOZAETCS MHOTOYMCIEHHOE CKOIUIEHUE
TYYHBIX KJIETOK, KOTOpBIE JIOKAJIM30BaHbI BOJU3U COCYIOB Y HEPBHBIX BOJIOKOH TPOW-
HUIHOTO HepBa [27, 28]. TydHble KJIETKH coIep>KaT X MOTYT BBICBOOOXKIAThH IPOBOCIIA-
JINTEJIbHBIE MEAUATOPBI, KOTOPbIE BHOCSIT BKJIAM B TOAIEPKaHUE TJTATESTLHON HOILIUIICTI-
TUBHOI UMMyJIbcallny B addepeHTax TPOMHUIHOTO HepBa BO BpeMsI IIPUCTYTIa MUTPEHU
[29—31]. CornacHO HEKOTOPBIM AAHHBIM, TYYHbIE KJIETKU 3KcnipeccupytoT NO-cruHTa3bl
u camu npoayuupytotr NO [32—34].

Llenpio HacTosIIEeH padOThI SABJISICS aHAJIU3 POJIM OKCHIa a30Ta B PETyJIsIIMUA BO30Y-
IUMOCTHU NepudepUIeCcKrX CTPYKTYP TBEPIOI MO3TOBOM 000JIOUKM, YIACTBYIOIINX B T'e-
Hepally HOUMILEITUBHBIX CUTHAJIOB. JIs1 3TOro Mbl ucciaemoBaim 3deKTrl cyocTpara
cunte3a NO — L-aprunuHa u sk3oreHHoro noHopa NO — nurponpyccuna Hatpust (HITH)
Ha 2JIEKTPUYECKYIO0 aKTUBHOCTh TPOMHUYHOTO HepBa KPbICHl. MBI TakKe OLIEHUJIU POJIb
ryaHmiaTuukiasel B adpdexkrax HITH u cocTostHMe TYYHBIX KJIETOK TBEPHAOM 000I0YKU
rojoBHOTO Mo3ra npu aeiicrsuu HITH.
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METOIbI MCCIEOAOBAHUA

InekmpoghuzuonoeutecKuii Memoo pecucmpayuu NOMeHUuaI08
deiicmeust MpolHUYHO20 Hep8a

DKCnepruMeHTHl MPOBOOMIINCH Ha caMmiiax KpbeIc auHuu Wistar Bo3pacta P40—45
(P — menp poxneHus). Bce akcriepuMeHTaIbHbBIE TPOTOKOJBI COOTBETCTBOBAIU ITHU-
YeCKUM HOpPMaM IO TyMaHHOMY OOpallleHUIO C XXMBOTHBIMU, MPUHIATHIM B KazaH-
ckoM PenepaabHOM YHUBEPCUTETE U 010O0peHbI JIOKaATbHBIM 3TUYECKUM KOMUTETOM
K®Y (mpotokoxa 33 ot 25.11.2021). s n3ydeHUs 3JeKTPUISCKUX CUTHAJIOB, BOZHU-
KaloIIuX B epudepruIecKOM OTPOCTKE TPOMHUYHOTO HepBa, Mbl UCTIOIb30BAJIM TIpe-
rmapar U30JIMPOBAHHOTO Yeperna KPbIChl, IPEACTABISIONINI 13 ceOsl TTOJJOBUHY Yeperl-
HOI1 KOPOOKM ¢ U3BJIEYEHHBIM IOJIOBHBIM M0O3roMm [35—37]. [locie nexanurauuuy 4ye-
pernHasi KopoOKa KpbICHl THIATEJbHO OYMINAIACh OT HAPYXXHBIX UYEPEITHBIX MBIIIIII.
Yepen pazaessiicsl caruTTajlbHBIM pa3pe30oM Ha JABe MOJIOBUHbBI, MO3T aKKypaTHO U3-
BJIEKAJICS C MTOMOIIbIO MUHIIETA U3 YEPEIMHOM KOPOOKM, OCTaBJIsIsi HETPOHYTOM TBEp-
IYI0O MO3TOBYIO 000/104Ky (dura mater). B TBepmoit 060104Ke MO3Tra COXpaHSIIA OT-
POCTKM TPOMHMYHOTO HepBa (nervus spinosus), MHHEPBUPYIOIINE CPEIHIOI0 MEHUH-
reajbHyIO apTepuIo.

IIpenapat nocTosiHHO Tepdy3upoBaics (U3MOIOTMYESCKUM PACTBOPOM CJEMYIOIIEro
coctasa (B MM): NaCl 120, KC1 2.5, CaCl, 2, MgCl, 1, rmoko3a 11, Na,HPO, 1, NaHCO;
24, pH 7.2—7.4 ¢ nocrosiHHO# aspauueit kapooreHoM (O, 95%/CO, 5%). Peructpupyio-
e 3JeKTPOAbI OBLIN M3TOTOBICHBI U3 0OPOCHINKATHBIX 3aTOTOBOK (hrpMHI “Sutter in-
strument”, mTmamMeTp KOHYMKa 3JeKTpoaa coctaBisut 150 mxMm. [lepen Hauaiom skcrepu-
MEHTa CTEKJISTHHBIN 3J1eKTpo (GUKCUPOBAJICS B IepxKaTesie C MAaHUMYJISITOPOM, TTOAKITIO-
YEHHOMY K MPEAyCUIMTEIO 3JIEKTPUYeCKUX curHayioB. [1on BU3yallbHbIM KOHTPOJIEM U3
TBEPAOii MO3rOBOI 000JI0UKM BBIACISUIN NeprudepruIeCcKrii OTPOCTOK TPOMHUYHOTO HEP-
Ba, nervus spinosus (V1-BeTBb TPOMTHUYHOTO HEPBA), MHHEPBUPYIOIIUX CPEIHIO0 MEHUH-
TeaJIbHYI0 apTePHIO, U TIOMEIAIM €T0 B CTeKJITHHBIN perucrpupyoiuii anekrpon. Hanee
OCYIIECTB/ISUIM 3anuch nmoteHuanoB aeiicteus (I11) npu momornm ycwnurenass DAM 80
(World Precision Instruments, Sarasota, FL, CIIIA). BHauase perucrpupoBaiach 6a3o-
Basl 3JIEKTpUYECKasi aKTUBHOCTb TPOMHUYHOIO HepBa. 3aTeM B 00J1aCTh PAaCXOXICHUS
CcpenHell MEHMHTeIbHOI apTepyy alliuIMIMPOBAJIM MHTEPECYIOIIMe HAC BeIlleCTBa U 3a-
MUCHIBAJIM UX JeiicTBUEe Ha TIpoTsikeHuu 20—40 MUH, Mocje 4ero MmpoBOAUJIM OTMBIBKY.
B skcniepumenTax ucronb3oBanu: HutTponpyccun Hatpus (HITH) B konnenTpanmsx 100 u
200 mxM, HITH, nnraktuBupoBaHHbBII cBeTOM B KoHIIeHTpauuu 200 MkM; L-apruauH B
koHueHTtpauusx 100, 200 u 300 mxM. Kaxnas uccnenyemasi konueHntpauus HITH u L-ap-
TMHUHA TeCTUpOBajach Ha HOBOM Tipenaparte. 3anuch I1J] nmpu Bo3aeiicTBUM TeCTUPYe-
MBbIX COEIMHEHUI OCYIIEeCTBIsUIach Ha MpoTsokeHun 20 MuH. Takke ObLT MCITOJIB30BaH
1H-[1, 2, 4]Oxadiazolo[4,3-a]quinoxalin-1-one (ODQ) — MHIrMOMTOp ryaHMJIATLIMKIIA-
361, 10 MKM; B KOTOpOM IIpenapaT MHKYOUpPOBaJICSI Ha NpoTsLKeHUH 20 MUH, TIOC/IE YEro
ocymectBiasuiack 3anuch I1J B pactBope ¢ mo6aBneHuem HITH (200 MxkM) Ha ¢oHe
ODQ (20 muH). N(G)-Nitro-L-arginine (L-NAME), 100 MmxM, B KoTOpoM mperapar
MHKYOUpoBaJjcs Ha npoTsikeHur 30 MUH, TOcje Yero B pacTBop nobasisuics L-apruHuH
(300 MxM) Ha 20 MuH. 1711 aKTUBaLIM HOLMLIENITUBHBIX NMenTuaeprudecknux C-BOJIOKOH
B KOHIIE 3KCTIEpUMEHTA allIINIIUPOBAIIN KarlcaulluH B KOHIIeHTpaluu 1 MkKkM. CUrHasbl
obuin oumndpoBanbl Ha T1K ¢ ucnons3oBanuem miatel NI PCI6221 (National Instru-
ments, Austin, TX, CIIIA). CurHamsl BU3yaJIM3UPOBAINCh M aHAIM3UPOBAJINCH C HC-
noab3oBaHueM IporpamMmHoro ooecriedeHrss WinEDR v.3.2.7 (University of Strathclyde,
Glasgow, Benukoopurtanust). Yactora paccunThiBasiach Kak koiaudectso I1]1 3a 5 MuH.
KoHTpoJieM misi CpaBHEHMST B KaXKIOM 9KCIIEPUMEHTE CIIYXKWJI MITUMUHYTHBIM OTPE30K
3arucu fnepes nojaavyeil uccieayeMoro BellecTBa.
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Kracmepruiii ananusz nomenyuanos oeiicmeust

DKcneprMeHTalbHbIE JaHHbIC 3aITMCHIBAIUCh U TTPOXOIUIN NTEPBOHAYAIBHYIO (DUTb-
Tpauio ¢ noMolblo ycrmmtelst B mojtoce 100—3000 1. OumdpoBaHHBIEe TaHHBIE (QIb-
TpOBaJIUCh ¢ TToMoIIbio pribTpa Yeonnmena tuma I1. JIasa o6HapykeHMsI CUTHAJIOB BBI-
oupaicsa uarepsan 20 ¢ 6e3 I1/] B Hagaze KaxXaoro 3KCIIepuMeHTa, TIe PacCUMThHIBAIaCh
nucniepcus myma. Ilouck T1J ocyllecTBAsUICS MO MPEBBIIIEHUIO aMIUIUTYIbl OOJIbIIe
MSTU CTAHAAPTHBIX OTKJIOHEHU I 6a30BOTO IIyMa. AMIUIMTY/Ia KaXX10T0 HaliIeHHOTO CUT-
Haja OblJIa HOpMaJM30BaHa 1o 6a30BOMY IIIyMY M BbIpaxkeHa B OTHOCUTEJIbHBIX €IUHU-
max (o.e.). st kaxmoro HaigeHHoro I/l ompeneasichk aMIUIMTYTHO-BpeMEHHbBIC T1a-
paMeTphl TaKue KakK: aMIUTUTYHa TTOJOXUTEIbHON U OTpUIIaTeIbHOM (ha3bl, BpeMs Ha-
pacTaHMsI; JATEIbHOCTM (a3 craiika; BpeMs cmanma. o aHamu3a aKTUBHOCTH
OTIEJIbHBIX HEPBHBIX BOJOKOH MPOBOIWAU pasaesneHue [T/ Ha rpyrmbl — KiacTepusa-
LIMIO B COOTBETCTBUM C aMIUIMTYIHO-BpEMEHHBIMM NapamMeTrpamMu. st KjiacTepu3auuu
ncnoab3oBanu Meton KlustaKwik [38]. [IpoBeneHue Kiactepu3aliiu, MOCTPOEHUE Irpa-
(GUKOB M THUCTOTpaMM OB BBITIOJHEHBI C MOMOIIBIO MPOrPaMMHOTO OOecTieueHu st
MATLAB (MathWorks, Natick, MA, CIIIA).

Hccnedosanue deepanyasiyuu myuHvix Kaemok

WccnenoBaHue NerpaHyNISIIIMY TYYHBIX KJIETOK OCYIIECTBIISITIOCH C TTOMOIIBIO THUCTO-
JIOTMYECKOI0 METO/Ia OKpaIlIMBaHUs TBepHaoii 000109ku Mo3ra Kpbic (P35—40) Tonynau-
HOBbIM cMHUM [39]. UHTaKkTHBIE Yepena ObUTH NToMelleHbl B pacTBop Kpebca c uccneny-
embiMu pactBopamu (HITH B koHtieHTpatmu 100 u 200 MkM) Ha 30 MUH B MTOJTHOM TeM-
HoTe ISl npenoTBpaieHus: auccouuanuu HITH, mocne yero moaydeperna nmomMeiiaaiuch
B mapacdopmanbaerua (4%-nbiit pactBop) Ha 12 u. [epen BbIeIeHUEM MO3TOBBIX 0060J10-
YyeK yeperia MpoMbIBav B (pocdaTHO-cosieBoM OydhepHOM pacTBOpe CIIECIYIONIETO COCTaBa
(MM): 137 NaCl, 2.7 KCl, 10 Na,HPO,, 1.8 K,HPO,. BrineneHHsle 060104ku GUKCUPO-
BaJIM Ha TIpeIMETHOM cTeKJie. OKpallMBaHue TOJYUIUHOBBIM CUHUM UTHIIOCH 10 MUH, 3a-
TeM (bUKCUpOBaHHbBIC TIpernapaThl OMBIBAJIMCh TUCTULIMPOBAHHOM BOION U 06E3BOXKM-
BaJIMCh STWJIOBBIM clTUpTOM (95—99%). Chemka ocylecTBisiach py 20X yBeTUYeHUH.
CreneHb OerpaHy/IsSIuy OLICHUBAIM BU3YyalbHO, pacuyeT Bejcs B % OT OOIIero Kojuye-
ctBa Kj1eTok (He meHee 100).

Cmamucmuueckas obpabomka

CraTucThuecKuii aHaanu3 MPOBOIWIM C MOMONIBIO TPOrpaMMHOTO obecrneueHust Ori-
gin Pro (OriginLab Corporation, Northampton, MA, CILIA), Matlab (The MathWorks, Inc.,
Natick, MA, CIIIA) u GraphPad Prism 4.0 (GraphPad Software, Inc., San Diego, CA,
CIIA). HopManbHOCTh pacmpenelieHrs BEIOOPKHM ONpenesii IIpyu noMmoinu F-tecra
Duiepa u kpurepus lanupo—Yunka. JIoCTOBEpHOCTb pa3iMumnii OLIEHUBAIU C TTOMO-
1IbIO KpUTepusi BUIIKOKCOHA 711 CBS3aHHBIX BEIOOPOK. Pasnuuus cuntanu ctaTuctTuye-
cku 3HaunMMbIMU Tpu p < 0.05; # yKa3bIBaeT KOJMYECTBO XXUBOTHBIX. B TeKcTe maHHbIe
npencraBiieHbl Kak cpenHee U SE, rne SE — cranmaprHas ommbka. Kpurepuit xu-kBasu-
paT MCITOIb30BAJICS TSI OTIpeNeIeHUST 3HAUMMOCTH MEXIY KOJTMUECTBEHHBIM pacrpee-
JICHWEM KJIACTePOB DJIEKTPUUYECKON aKTUBHOCTH HEpBa MPU BO3IECUCTBUM 3K30TEHHOTO
noHopa NO.

PE3VJIIBTATbBI UCCJIIEJOBAHUA

MHoro4uciieHHbIe TaHHbBIE YKA3bIBAIOT HA TO, YTO T'OJIOBHBIC OOJIU MIPU MUTPEHU BO3-
HUKAIT B pE3YyJIbTaTC aKTUBALlUU OKOHYaAHUM TpOﬁHl/l‘{ HOro HEpBa B MO3IrOBbIX 060.)'[0‘{—
Kax ¢ TocJIeayolei ceHcnommmsauneii HeiipoHos [ 10, 40]. st aHaym3a poJivi 9HIOTe€HHO-
ro NO B pery/siium akTUBHOCTH TPOMHUYHOIO HepBa UCITOIb30BaM cyocTpatr NO-cuHTa-
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Puc. 1. Bnusitnue L-apruHuHa Ha 4acTOTy MOTEHLIMAJIOB ACMCTBUSI B TPOMHUYHOM HEPBE KPBICHL. @ — MIPUMEDP
3anucu [1]] B TpoitHUYHOM HepBe KPbICHI B KOHTPOJIE U Mocie anmnkauuu L-aprununa (L-arg) B KoHIIeHTpa-
musix 100, 200 1 300 MkM u L-arg (300 MkM) Ha ¢oHe nnruoutopa NO-cunrassl, L-NAME (100 MxM); b —
n3MeHeHue yactotsl [1J1 (uncio IT/1 3a 5 MiH) B aGCOTIOTHBIX 3HAYEHUSIX BO BpeMEHH TpU anruinkaiuy L-arg
B KoH1leHTpamu 300 MKM; ¢ — cpentsis yactota I1]1 3a 5 MmuH (%) nipu anmimkauuu L-arg B KOHIEHTPALIUSIX
100, 200 u 300 MkM wu L-arg Ha ¢pone L-NAME (100 MKkM) 1o cpaBHEHUIO ¢ KOHTPOJbHBIMU 3HAYECHUSMU,
npuHsaTeiMu 32 100% (*p < 0.05; mapHblii TecT BuikokcoHa).

3bl — L-apruHuH. L-apruHuH B KoHUeHTpauuu 100 MKM He BbI3bIBAJl M3MEHEHUS
yactoTsl [1]] B TeueHue 20 muH neiictBus (puc. 1). Hacrora 1/l B KOHTpoOJIe cocTaBuia
421.6 £ 135.7 I1JI 3a 5 MuH u K 15-i1 MuH aeiictBust L-aprununa — 417.6 £ 107.6 /] 3a
5wmuH (n =4, p =1, puc. la, ¢). L-apruauH B KoHueHTpanuu 200 MKM BBI3BIBAN YBEIH-
yenue yactothel [1]1 ¢ 292.1 £ 73.1 T1/] 3a 5 MmuH B KoHTpOoJe 10 661.6 = 150.8 T1/1 3a 5 Mmun
K 15-it mun (n = 4; p = 0.04) u x 20-it muH yacrora I1/] coctaBuna 439.8 £+ 128.1 I1/] 3a
5 MmuH (n=4; p=0.18), mpupocT 4acToThl cocTaBui 138 + 26% k koHy 15-it MuH (n = 4;
puc. la, ¢). MakcumanabHOe yBeaudeHue dyacToTel [1/] HaGI0aam10Ch MPU UCMOJIb30Ba-
Humn L-aprunuHa B KoHueHTpauuu 300 MKkM, kKotopoe coctaBuiio 357.4 = 64.4 T1]1 3a
5 MuH, a K 15-it muH (B KoHTpose — 150.2 + 35.6 I1/] 3a 5 muH) pupoct coctaBui 182 £ 84%
(n=4; puc. 1b, c).

biokaTtop NO-cuHTtassl L-NAME He usamensit 6azoByio yactoty I1]1 B adbdepeHTax
TpoitHuuHOro HepBa. B koHTpose yactora I/l cocraBuna 306.8 = 73.1 T1J] 3a 5 muH, K
15-i1 myuH nHky6auuu B L-NAME uacrtora I1[1 cocraBuna 365.8 =+ 105.1 T1[ 3a 5 mun
(p= 0.72); k 20-it mux — 369.4 £ 55.2 1111 3a 5 muu (n = 4; p = 0.52). L-aprunus
(300 MxM) Ha poHe L-NAME He BbI3bIBa yBeJIM4eHUs yacToThl [1/] B TeueHUEe BCero
BpeMeHHU anmukauun: yactora ITJI x 15-it Mmun cocraBwia — 264.6 = 33.7 I1]1 3a 5 MuH
(n=4; p=0.18; puc. la, ¢).
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Puc. 2. Bnussnue Hutpornpyccuna Hatpust (SNP) Ha 4acToTy NMOTeHUIMAOB IeWCTBUSI B TPOMTHUYHOM HepBe
KpPBICHL. @ — nipuMep 3anucu [1/] B TPOMHUYHOM HepBe KPbICHI B KOHTPOJIE, MpU anmuinkaiuuu SNP B KOHIIEH-
Tpanusgx 100 u 200 MkM, a Takke nHakTuBrupoBaHHOTO cBeToM (SNP (N)) u SNP (200 MmxM) Ha done ODQ
(10 MkM); b — nuHaMuKa n3MeHeHus cpenHeit vactorsl [1/] 3a 5 Mmun nipu anmumkaunu SNP B KoHIIeHTpaumn
200 MKM; ¢ — cpenHsist yactora I1/1 3a S muH B %, Bo3HUKawouX rpu anruinkaimu SN P B KoHiieHTparusix 100
u 200 MxM, nHaktuBupoBaHHoro ceetoM (SNP (N)) u SNP Ha ¢pone ODQ (10 MKM) 1o OTHOLLIEHHUIO KOH-

TPOJIbHBIM 3HAYEHMSIM, MPUHATHIM 3a 100% (*p < 0.05; nmapHbIit TecT BUusiKoKcoHa).

Honop NO, HITH B xorueHTpaunu 100 MKM He oKa3bIBajl BIMSHUS Ha 2JICKTpUYe-
CKYIO aKTUBHOCTb TpOMHUYHOTO HepBa (p > 0.05; n = 5; puc. 2a, c). B xonTpoJe yacrora
cocraBwia 454.8 = 111.4 I1/1 3a 5 muH, nocie nobdasineduss HITH k 15-it mux — 672.8 =
+163.4 T1 3a 5 muH (n = 5, p = 0.29). YBenuuenune konuentpauuu HITH mo 200 mxM
BBI3BIBAJIO ABYKpPaTHOE MOBBIIIeHNEe YacTOThI [1/] ¢ 260.4 + 64.8 T1]1 3a 5 MWH B KOHTpOJIE
no 552.5 £ 99.3 11 x 10-it muH (p = 0.04); 532.7 £ 84.8 I1]1 xk 15-it munu (p = 0.01) u
476.7 = 154.8 T11 3a 5 muH Kk 20-it MuH nHkyo6auuu (p = 0.15; n = 4; puc. 2b). [Ipupocr
gactoThl 11 coctaBun 109 £ 42% (puc. 2¢). ITockonbky HITH nipu aucconmaiuy oopa-
3yeT nUCyIb(GUIHbIE COENUHEHUS U LIMAHUA-UOHBI [9], HaMU ObLT UCTIOIb30BaH UHAKTH -
BupoBaHHbI Ha cBeTy HITH. MuaktuBupoBanHsiii ceetom HITH (MH) B KoHLIeHTpauu
200 MKM He M3MeHsI aKTUBHOCTh TPOMHMYHOTO HepBa (yactoTa I1/] B KoHTpoOJe cocTa-
Buna 716.7 & 220.9 I1J1 3a 5 mun; B npucyrcreun HITH (Mu) — 972.5 £ 298.3 I1]] 3a
5 MuH K 10-it MmuH anmmumkanuu (p = 0.62); 876.7 + 287.6 T1]1 3a 5 MmuH K 15-if MuH (p =
= 0.37); 840.1 £ 196.6 T1/1 3a 5 MuH K 20-it mun; p = 0.37; n = 4; puc. 2a, c).

J1J1s1 BBISIBJIEHMSI POJIM paCTBOPUMOM I'yaHMJIaTHMKIIa3kl B 3¢ dekrax NO ucroib3oBa-
s uaruourop ODQ B koHueHTpauuu 10 MkM. Muky6anus npenapara B ODQ B Teue-
Hue 20 MUH He TIpuBoaMIIa K u3MeHeHusiM yactotsl [1]1 (7 = 4; p = 0.87). bazoBast yacto-
Ta 11 B TpoitHUYHOM HepBe cocTaBmia 187.5 £ 86.2 I1J1 3a 5 mun u 172.5 £ 30.1 I1/1 3a
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5 muH niociie 20-muHyTHOM MHKYO6anuu B ODQ (10 MxM) (n = 4; p = 0.87). ITocnenyio-
miee no6asyieHre HITH (200 MKkM) He BbI3bIBAJIO TOCTOBEPHOTO U3MeHeHMsl YacToTwl [1/1 u
K 10-i1 MmuH anmvkaimu yactora [1[1 cocraBuna 145.2 + 47.3 T1]1 3a 5 MuH u K 15-if MuH
129.7 + 50.8 T1J 3a 5 muH (p = 0.62); 20 mun 127.1 + 40.3 T1J1 3a 5 mun (n = 4; p = 0.12;
puc. 2¢).

Peructpupyemble Hamu [1J] oTavyasnch aMIUIUTYIHO-BPEMEHHBIMUM TlapaMeTpaMH,
TaKMMU KaK aMIUIUTyAa, BpeMsl pocTa, TTOCTOsIHHAs criaga v ap. Hanmpumep, amruryna
I1 mormna cocraBisath oT 35 mo 120 mxB. Takoe mmpokoe BapbupoOBaHNE aMILIMTYIHO-
BPEMEHHBIX TTapaMEeTPOB MOXHO OOBSICHUTb YHUKAIbHBIMM CBOMCTBAMM Pa3TWYHBIX
HEPBHBIX BOJIOKOH 1 0cobeHHOCTsIMU peructpauuu I1]1 ¢ momoiibsio moacackiBaromiero
anekTpona. Mcrmoab3yeMblii HAaMU METOJI KjiacTepu3aluu [36] mo3BoJiv pa3ouTh peru-
crpupyembie T1/] Ha rpynIibl UM KJlacTepbl ¢ OJIM3KUMU XapaKTepPUCTUKAMU, KOTOpbIE,
KakK ObLIO MPEenrnoaoxeHo, chopMrupoBaHbl OMHUM BoJioKHOM. [ToaTomy cunTaercsi, 4To
aKTUBHOCTh BO3HMKHOBeHUs [1]] B KiacTepe oTpaxkaeT akTMBHOCTb BOSHUKHOBeHUs T1]]
B OTIEJIbHOM HepBHOM BoJioKHe. [IpumeHenne aronncra TRPV1-penentopos, Karcam-
nuHa (1 MKM), MO3BOJMJIO BBISIBUTH IENTUACPTUYECKIE KAIICAUMIIMH-YyBCTBUTEIbHBIE
C-BosnokHa [41, 42]. C ucnojib3oBaHUEM KJIACTEPHOIO aHaJlM3a HaMU ObUIO MOJIYyYEeHO
clieayolee pacrpeaeneHue Kiaactepos rpu anmukauuu HITH v kancauimHa: orBeva-
fomue Toibko Ha ammiukamuio HITH (puc. 3a(a)); HITH u kancanuumna (puc. 3a(b));
TOJIbKO KancaunrHa (puc. 3a(c)) u He orBevatoiue (puc. 3a(d)).

Anmmakauus HITH B konuentpanuu 100 MkM mpuBoauia K MOBBIIEHUIO YaCTOTHI
I/ B 18% xnactepax. B 13% kitactepoB HaOI0aI0Ch yBeandeHue 4acTothl I1J] B oTBET
u Ha HITH, u Ha kancaunuH (puc. 3b(a), n = 7). ITobienue koHeHTpauuu HITH no
200 MKM mpuBeIO K YBEIMYEHUIO OOJM KJIIACTEpOB, OTBedamlImx Tojbko Ha HITH
(25% xnacrepoB) u onHoBpeMeHHO orBevariux Ha HITH u kancaunun (20% kiacre-
poB) (puc. 3b(b), n = 7). B o6eux cepusix 3KCIepruMeHTOB 0K010 50% Kj1acTepoB OTBeva-
JIM TOJILKO Ha KallCaullMH M MPOLEHT “Moydaimx” KiaacTepoB coctaBua 20% mipu neii-
crBuu HITH 100 MxM u 10% nipu aeiictBun HITH 200 MkM (puc. 3b). CpaBHEHUE KOIH-
YEeCTBEHHOI'O pacripele/ieH!s] KIacTepoB JIEKTPUUYECKON aKTUBHOCTU HepBa MoKa3ajo,
YTO TIpY Bo3zaeiicTBuU 6osiee BhIcOKUX KoHLeHTpauusix HITH (200 MxM) HaGnromnaeTcst He
TOJIBKO YBEJIMYEHHE YaCTOThI, HO U YBEIMYCHUE OOIIETO Y1CIIa KJacTepoB. B KoHTpoJie 06-
IIIee YMCII0 KJIACTEPOB cocTaBmwiIo 52, mocie mobasinenus HITH 200 MmxM 4mciio KiractepoB
cocraBuiio 74 (chi = 3.98; p = 0.04; n = 7). [1pu BozneiictBuu HITH 100 MkM o6uiee uuciio
KJIaCTEpPOB COCTaBWIO 71, COMOCTaBMMO C KOJMYECTBOM B KoHTpoJie (81 kiactep, n = 7).
KpoMe Toro, 66110 ITOKa3aHO TOCTOBEPHOE YBEJIMYEHNE KOJIMYECTBA KJIACTEPOB “OTBeva-
ommx” Ha HITH 200 MxM (42 kiactepos, no cpaBHeHuto ¢ HITH 100 (14 knactepoB);
chi=9.78; p=0.01; n=7).

Hanee O0b11 mpoBeneH aHanu3 Bkiaana I1/1 paznuunHoit ammutyabl B addextsr HITH.
J17151 3TOro OBUIY BBIAEAEHBI KJIaCTephl HU3KOAMILIMTYIHBIX (pUC. 3¢, KpacHask KOJIOHKA),
CpenHeaMIUIUTYIHbIX (pUC. 3¢, 3eJeHast KOJIOHKA) Y BBICOKOAMILIUTYIHBIX (pUC. 3¢, CU-
Hs1s1 KojioHKa) TT/1. Oka3zaiaoch, YTO OCHOBHO# BKJIaJ B aKTUBHOCTb TPOMHUYHOTO HepBa
BHocaT Hu3KoaMmIumtymHeie [11. Anmaukamus HITH B xonuentpamuu 100 MkM He
oKazajla 3aMeTHOTO BIMSIHUS Ha pactipeneneHue I/ pa3nuaHoi aMITIMTYIbI, TOTIa Kak
HITH 200 MxM BbI3bIBa ycuiieHre 4acToThl I1/1 HU3KOI aMIIUTyabl, TaK U KJIaCTEPOB
BbicoKoaMIIUTYynHbIX I1/1 (puc. 3c).

Hccaedosanue poau 00H0pa oKcuda azoma Ha cOCMOosIHUE MY4HbIX KA1emoK

TydHbIe KIETKM B M300MJIMH IIPUCYTCTBYIOT B TBEPAOM MO3roBOIi 000I0YKe, OKpYKast
COCybl U HCPBHBIC OKOHYAaHUA, a COCTOAHUE TYYHbIX KJICTOK MO2KET OKa3bIBaTh BJIUSAHUC
Ha BO30YJIMMOCTb HeiipOHaJIbHOI MeMOpaHbI BCJCACTBUE BbIACICHUS PA3TUYHBIX AaKTUB-
HBIX MosieKyi [29, 30, 43]. dust uccnemoBanus 3¢ dektoB NO Ha COCTOSTHUE TYIHBIX KJIE-
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Puc. 3. KiactepHblii aHa/IN3 3JeKTPUIECKO aKTMBHOCTH TPOMHUYHOTO HEpBa MpH AeUCTBUM HoHOpa NO
HUTpornpyccuaa Hatpusi. a — [IpuMepbl YaCTOTHOM aKTMBHOCTHM Pa3IMYHBIX KJIACTEPOB MpPU amnIlIMKaLUU
200 MkM SNP u 1 MxM xancaunuHa (Caps). a (a, b) — Kiactepsl ¢ BeIpaxkeHHbIM oTBeToM Ha SNP 200 MKM;
a (c, d) — knactepsl 6e3 BeipaxkeHHOTO oTBeTa Ha SNP 200 MxM. b — Kpyrosast amarpamma pacnpeneaeHust
KJ1acTepoB 1o TvraM otBeToB Ha SNP 1 Caps (B rpolieHTax K 0011eMy Kon4yecTBy KiactepoB): a — SNP 100 MxM;
b — SNP 200 MmxkM; ¢ — Mi3amMeHeHue yacToThl I1/] HU3KOI, CpemHeit 1 BBICOKOM aMIUTUTYIbl B KOHTPOJIE M Ha

done SNP 200 MmxM (*p < 0.05).

TOK MHTAKTHBIE 000JI09KM MO3Ta MHKyOompoBaiu B pactBope HITH B koHLIeHTpammsax
100 1 200 MxM B TeyeHue 30 MuH. B KauecTBe MOIOXUTETBHOTO KOHTPOJISI OBbLIT UCITOJIb-
3oBaH Compound 48/80 (10 MKr/mi1), terpaHyJIupyIoIvii TydHble KieTku [44]. UHKy6a-
11 000JI04eK TOJJOBHOTO MO3Ta KpbIChl B pacTBope, coaepxaiiemM Compound 48/80
(10 mkr/M), B TedeHure 30 MUH TTPUBOJMIIA K YBEJIMYEHUIO YKCJIA IETPAHYJIMPOBAaHHbBIX
TYYHBIX KJIETOK, KoTopoe coctaBwio 91.1 + 3.4% (n = 5; puc. 4a(b), b). Uukybauus 060-
noyek B HITH He npuBoauia K u3MeHEeHUIO MOP(OJIOTMM TYYHBIX KJI€TOK, U KOJUYECTBO
NeTpaHyJIMPOBAaHHBIX KJIETOK HE MPEBBIIIAI0 KOHTPOJIbHbIC 3HaUeHUs. B KOHTpOJbHOM
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Puc. 4. BausiHve HUTpOTIpycCcHIa HATpUsi Ha MOPMOJIOTHIO TYYHBIX KJIETOK. @ — OPUTHMHATbHbIE CHUMKH OKpa-
LIEHHBIX 000JI0YEK TOJIOBHOTO MO3ra KPBIC TOJIYUIMHOBBIM CUHUM B KOHTpoJse (1 = 5); Tocjie MHKyOaluu B
Compound 48/80 (10 mxr/mi; n = 5); SNP (100 MkM; n = 5); SNP (200 MxM; n = 4). b — YpoBeHb AerpaHysi-
LIMY TYYHBIX KJIETOK B KOHTpose, npu aeiictBun Compound 48/80, SNP B koHueHtpauusix 100 u 200 MM
(*p <0.05; U-kputepuit MaHHa—YUTHMU).

IpyIIie YMCI0 AeTPaHYJIMPOBAHHBIX TYYHBIX KJIETOK cocTaBwio 16.6 + 1.34% (n = 5;
puc. 4a(a), b), B rpynme HITH 100 MkM 651710 3apuKcupoBaHo okoio 1% nerpaHyanpo-
BaHHBIX KJIETOK (n = 5; puc. 4a(c), b), npu yBenmueHuu KoHueHtpauuu HITH no
200 MKM 4KCITO AETPaHyINPOBAHHBIX KJIETOK COCTaBUIIO 3.6 £1.7% (n = 4; puc. 4a(d), b).

OBCYXIEHMUE PE3VJIbTATOB

W3yuenue nepudepniecknx MexaHN3MOB MUTPEHU nMeeT PyHIaMeHTaJIbHOe 3HaUe-
HUe s pa3pabOTKU HOBBIX METOMOB JIEUEHUsI, XapaKTePU3YIOIIMXCS HaIpaBIeHHBIM
NIECTBUEM HEIMOCPEACTBEHHO B MECTO BO3HMKHOBEHHUSI OojieBOro curHaia. Tepmast
000J104Ka TOJIOBHOTO MO3ra, COCYIbl, MHOXECTBO YYBCTBUTEIbHBIX HEPBHBIX OKOHUaHU I
TPOMHUYHOTO HEPBa, a TaKXKe TYYHbIC KJIETKH (POPMHUPYIOT TPUTEMUHO-BACKYJISIPHYIO
cucteMy. AddepeHTh TPOMHUYHOTO HEpBa OTBEYaloT 3a cOOp, aHaIM3 M 00pabOTKy HO-
LIMLIENITUBHOM MH(MOPMAIIMK OT YEPEITHBIX CTPYKTYP, SIBJISIOTCS MECTOM BOZHUKHOBEHUSI
HMCXOJHOTO OOJIEBOTO CUTHAJIA Y MOTYT OBITh MOTEHIIUAJIbHON MUIIIEHBIO JJI51 TEpaIeBTH -
YECKOTO BO3ACHCTBUS C LICJIbIO MPOMUIAKTUKYA U/WUTK JIedeHUs1 Murpenu [45—47]. On-
HOI1 U3 DHAOTEHHBIX MOJIEKYJ, UTPAIOIIUX KJIIOYEBYIO POJIb B PA3BUTUM MUTPEHU, SIBJISI-
etcsa NO, oKa3bIBalOLINI cocymopacimpsione aMdeKThl, 4YTO COMPOBOXAACTCS BhIIE-
JICHUEM MPOBOCHAIMUTENIBHBIX MEIMATOPOB B 000J0YKAX TOJOBHOTO MO3Ta, TAKMX KakK
ructamMmuH, OpangukuHuH, ceporoHnH, CGRP, BemecrBo P, HelipokmHUH A U IIpocTa-
miaHauHbl, AT® [48—51] 1 1eXXUT B OCHOBE HEMEIJICHHOM IrOJIOBHOI 00J1M, BI3BAHHOI
noHopamu NO [52].

CornacHO COBpPeMEHHBIM IpeacTaBieHusIM, NO MOXET TakkKe HEMOCPEICTBEHHO
BIIMSITh Ha BO30YIMMOCTb HEMPOHAJIbHBIX MeMOpaH, MO3TOMY B Halleil paboTe ObLIO
MPOAHAIM3UPOBAHO BIUSHUE SK30T€HHOro 1 3HmoreHHoro NO Ha 4acTOTY MMITYJIbCa-
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uuu adphepeHTOB TPOMHUYHOIO HEPBA, YBEJIMYEHUE KOTOPOIX MOXKHO COOTHECTU C BO3-
HUKHOBEHHEM CYOBEeKTUBHOTO oliylieHus: 6oyu. [ToaToMy uMITyibcalinio TPOITHUYHOTO
HepBa TakXe Ha3bIBalOT HOLMUENTUBHOM, a 3 deKThl MoBbIlIeHUs YacToThl 1[0 Tpoii-
HUYHOTO HepBa MPU ACHCTBUU AJIbIOTEHOB — IMIPOHOLUMLECITUBHEIMU [53].

st ananuza addexToB aHIOreHHO oopasyioierocss NO Ha Bo30ynuMocTh adhdepeH-
TOB TPOMHMWYHOIO HepBa UCMHOJIb30BaIu cyocTpar cuHTe3a NO — L-apruHuH, KOTOPHI
J10303aBUCHMO TOBBILIA 3JIEKTPUUECKYIO aKTUBHOCTh TPOMHUYHOTO HEPBa, U 3TOT 3(-
dekT 6ioKkupoBaics ucnoiab3oBaneM nHruouropa NO-cunrassl L-NAME. [TonyueH-
HbIE TaHHBIE TTO3BOJISIIOT MPEATONOXUTh, YTO NO 006pa3yercst 3HAOTeHHO B 00JIaCTU UH-
HEpBallMU TPOHHUYHOTO HEPBA U MOBBIIIAET BO30yIMMOCTb ero addepeHTos. [eiicTBr-
TEJIbHO, B TPUT€MMHO-BACKYJISIpHOI cucTeMe 3HIoreHHblii NO MoxkeT 00pa3oBbIBATLCS
¢ momoubio eNOS, sKkcrpeccupylolieics B 9HIOTSIMATbHBIX KJIETKaX apTepuii TBEpAoOi
Mo3roBoii o6osiouku [54], 1 nNOS nepuBacKyJIIpHBIX HEPBHBIX BOJIOKOH [55, 56]. DH-
noreHHbIMU ctTumyiaMu 11t NOS saBisiiorest mpoBocranuTenabHble TUTOKMHEI, CGRP,
aktuBauuss HMJIA-penentopos, yBesndeHue KOHLIEHTPALIMU BHYTPUKIIETOYHOTO Kajlb-
nus [8]. Panee namu GbLT0 TTOKa3aHo Hajnmdue GyHKunoHanbHbeIx HMIIA-petienrTopoB B
HelpoHaX TPOMHUYHOIO raHIIMS, KaK B COM€, TaK U B OKOHYaHUSX TPOMHUYHOTO HEpBa
[57]. AxtuBaust HMIA-perentopoB Bo BpeMsl IIPUCTYIa MUTPEHU MOXKET CIIOCOOCTBO-
Bath yemteHuio cunate3a NO 3a cuer nputoka Ca2t. KpoMe Toro, pacrpocTpaHsoascst
KOPKOBasI JEMpPeCcCUsl, SIBJSIONIAsICS JIEKTPOMPU3NOTOTUYECKUM KOPPEIITOM MUTPEHU C
aypoii, MOXeT crmocoO6cTBoBaTh BhineseHNo NO, BbI3bIBAIOIIEMY HE TOJIBKO COCYIUCTHIE,
HO U HeiipoHabHbIe 3¢hdekTHI [8, 58—60].

VYuactue s3HgoreHHoro NO B maTtoreHe3e MUTPEHM ObLIO MOATBEPKISHO BBEASHUEM
crieuuduyeckux MHruoutopoB NO-crHTa3, KOTOpble MoKa3aanu CBOIO 3(HEKTUBHOCTh
BO BpeMs JieyeHUsT ocTporo npucrymna MmurpeHu [61—65]. L-NAME ocna6asn CGRP-
BBI3BaHHYIO BaszomuiaTaluio [61], MHrMOMpoOBan KakK TEKYIIyl0 aKTUBAIlUIO HEHPOHOB
[64], Tak 1 BBI3BAHHYIO 3KCIIpecCHI0 FOS-MMMYyHOpEaKTUBHBLIX OCIKOB B TPUIEMUHO-
LIEpBUKAJIbHOM KOMILIeKce [66].

Dxk3oreHHbIi joHOp NO — HITH BbI3BIBaN cxonHble ¢ L-apruHuHOM 3(pdEKThI, BbI-
3bIBasl MOBBILICHUE DJIEKTPUYECKON aKTMBHOCTM TPOMHWYHOTO HepBa. MeXxaHU3M Bbl-
cBoboxnenuss NO u3 HITH cBg3aH ¢ B3aumMoaeiicTBueM ¢ CyIbGTUAPUII-COaePXKAIIUMU
COEAVMHEHUSIMU, TAKUMHU KakK IJyTaTUOH W LMCTeWH. B pesynbraTe 3TOro B3ammoneii-
CTBUS TIPOUCXOIUT 00pa30oBaHUE TUCYIbMUIHBIX COENUHEHU N, IIMAHUI-UOHOB U S-HUT-
PO30TUOJIOB. S-HUTPO3UTHOJIBI in Vivo siBIsI0TCS XpaHwiuiieM NO, U3 KOTOpbIX IPOUC-
XOJIUT €ro AajbHelillee BbICBOOOXAEHNE MOCPEACTBOM MEXaHMU3Ma MepeHoca 3JIEKTPO-
HOB, B KOTODPBIi1 BOBJe4eHa TUOJIOBast rpynma [67]. MHakTuBupoBaHHbIil cBeTtom HITH
He OKa3bIBaJl BJIUSTHUS Ha vyacToTy [1[] TpoiiHUYHOTrO HepBa, 3TO YKa3blBaeT Ha TO, YTO
nMeHHO BeIcBoOOXmatommiica NO Kak addekTopHass MOJIEKyJia pealn3yeT CBou 3@-
dekThl npu anmiukanua HITH.

Hcrnonb30oBaHWE KIJIIACTEPHOTO aHaM3a IMO3BOJIMJIO ITOKa3aTh, YTO 4acTb 3(M(HEKTOB
HITH ornocpenoBaHa akTuBalMei KarcaullMH-4yBCTBUTEIbHBIX C-BOJIOKOH. JleiicTBU-
TeIbHO, aHanm3 pacnpeneneHuss amimtyn I1J] Bo Bpemenu moxasai, yro 200 MxM
HIIH mpuBommn cHavana K yBenmdeHMHIo 9acToThl 1/l HM3KOM aMIIUTyObI, KOTOPEIE
pacnpocTpaHSIOTCs C HU3KOI CKOPOCThIO B HEMUETMHNU3UPOBaHHBIX C BOJIOKHAX, 3aTeM
HaO0JII0Oa0Ch TOSIBJIeHUE BbhICOKOAMIUIMTYIHBIX I1JI, pacrpocTpaHsiomuxcs ObicTpee,
[0-BUIMMOMY, reHepupyowuxcsa B Ad BosiokHax [68]. Kpome Toro, mpuMepHO IMOJIOBU -
Ha BOJIOKOH, oTBevawmux Ha HITH, Takxe oTBeyana Ha anmIiMKalMIO KarcaulvHa,
crreunguyeckoro aronncta TRPVI1-penenrtopoB, 3KCIIPEeCCUPYIOIINXCS B TIENITUACPTH -
geckux BojtokHax C-tuma [41, 42].

Ddpdexktor NO moryT onocpenoBathes Kak I’ M®-3aBucumbiMu, Tak 1 1l M®-He3a-
BUCUMBIMM MexaHu3dMamu [8]. B Hamem uccnenoBanum adgdexrsl HITH mosHocThIO
MpenoTBpaIlIMCh MTHIMOUTOPOM ryaHwIaTuukiaassel ODQ, 4To yKa3bIlBaeT Ha BeAylIyIO
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poiab ryanunatuuanisl B apdpekrax HITH. AktuBauus ryaHuJIaTHMKIIa3bl IPUBOIUT K
cuntesy I M® u aktuBanuu nporeuHkuHasbl G [65, 69], koTopass yepe3 MpPOLIECCHI
dochopIMpOBaHUS MOXET BIMSITh Ha aKTUBHOCTh MIOHHBIX KaHAJIOB, PELIENTOPOB U UT-
paeT BaxHyIo poib B roMeoctase Ca?". OcHoBHOIt MunieHbi0 PKG B HEPBHBIX OKOHYA-
HusIx siBistiorest Ca?t-akrtuBupyemslie K*-xkanamsr Gompiuoit mposomnmocty (BK-kaHa-
ae1) [70]. BK-kaHambl 3KCOPECCUPYIOTCS B CBSI3aHHBIX C MUTPEHBIO CTPYKTYpaX, TaKUX
KaK 4YeperHbIe apTepu, TPOMHUYHBIN TaHIIWHI, SIAPO TPOMHUIHOTIO HEpBA M UTPAIOT Cy-
IIECTBEHHYIO POJIb B PETYJISIIMU TOHYCA COCYIOB M BO30YIMMOCTU HEMPOHOB [71]. AKTH-
Banusi BK-kaHamoB crmocoOCTBYeT MoAAep>KaHUIO TJIMTEIbHON HelipOHaIbHON aKTUBHO-
CTU 3a CYeT YMEHBIIECHUS BpeMeH! nHakTuBaunu Na'-kaHanoB. KoHeUHBIM pesyabra-
TOM siByIsieTcs: yemnenue Bxona Ca2’, mpuBomsiiiee K BBICBOOOKICHHUIO HEMPOMENTHUIOB
[70]. KpoMe TOro, cTUMyJsiLiisl pacCTBOPMMOI I'yaHMJIATUMKIA3bl ¢ moMolubio VL-102
HEIMOCPEeNCTBEHHO MOXET TMOBBIIIATh 3Kcnpeccuto U BbicBoboxneHne CGRP u3 Heitpo-
HOB TPOMHWYHOTIO TaHIMA [72, 73]. YuacThe TyaHMIATHUKIA3El B IIPOHOILIMIIEITUBHBIX
a¢deKTax moATBEPKAACTCS TAKXKe MCCIIeNOBaHUSIMHU, B KOTOphix ODQ oka3pIBan aHTH-
HOIUIIETITUBHBIE (M EKTHI ITOC/Ie MHTPATEKAITbHOM MHBEKIINY B MOIEIISIX BOCITAINTEIb-
HOM 1 HeliponaTtudeckoit 6onu [74—77].

IMpoHouuenTuBHOE neiicTBe NO MOXET OCYIIECTBISTHCS U Ha YPOBHE TYYHBIX KJIe-
TOK, JIOKQIU3YIOIIUXCS B TBEPIOit MO3roBOI 000I0UKe BOJIM3M KPOBEHOCHBIX COCYIIOB U
addepeHTOB TPOMHUYHOTO HepBa Kak y Jionaei [78, 79], tak u y rpeizyHoB [80—82], 06-
pasys HelipouMMyHHBII cuHarc [29, 30, 43, 81]. B 3T0ii cTpyKType akTHBHbBIC BEILIECTBA,
BbIIIEJISIEMbIE TYUHBIMU KJIETKAMU, MOTYT aKTUBMPOBAaTh COCETHUE HOLIMLICTITUBHBIC BO-
JIOKHA, a COeJIMHEHUSI, BLICBOOOXIaeMbIe U3 aKTUBHBIX BOJIOKOH, B CBOIO OY€pe/b, MOTYT
JIerpaHyJIMpoBaTh TydHBIe KieTKM [83]. HemaBHO Imoka3aHo, YTO HUTPOITIMLIEPUH IIPU
BBEICHUU i1 Vivo TIPUBOIWII K 3HAYUTEIILHOMY YBEJIMUYEHUIO AETPAHYISIIUNA TYYHBIX KJTe-
ToK [20, 84]. B Haireit paboTe nHKyOamus mpemnapara B pacTBOpe, CoaepxKallieM JOHOP
NO, He mpuBoAUA K JAETPAHYJSIUU TYYHBIX KJIETOK B 00O0JOYKax TOJIOBHOTO MO3ra
KPBICHI, YTO COIJIACyeTCs C MPEAbIYIIMMU UCCIIEIOBAHUSIMU, TIE B YCIOBUSIX €X ViVo 3K-
3oreHHble TOHOPHI NO He M3MEHSUIM COCTOsIHME TY4YHBIX KjeTok [20]. IMo-BummmMomy,
MPU CUCTEMHOM BBefeHUU nToHopa NO MpOUCXOOUT BBIAEICHHUE MPOBOCTAUTETBHBIX
coequHeHuit (AT®, CGRP, cybctanuuu P) u3 sHOOTENIMAIbHBIX KJIETOK COCYIOB M
HEPBHBIX OKOHYAHMI, KOTOPBIE BHI3BIBAIOT AErPaHYJISIIIAIO TYYHBIX KJIeTOK [85, 88]. I1o-
3TOMY B YCJIOBUSIX in vitro TpeOyeTcs 00bliie BpeMeHU sl peanu3anuu 3dpdexra NO Ha
TYYHbIC KJIETKH.

M3BecTHO, YTO HUTPOITIMIIEPUH UMeeT AByX(a3Hble 3(DEKThI: KpaTKOBPEMEHHAsI Ba-
300UJISITALIMS, KOTOpasi, MO-BUAMMOMY, OMIOCPEAYET TOJIOBHYIO 00JIb HEMOCPEACTBEHHO
nocJjie THPY3uu, 0COOEHHO SIPKO BhIPAXKEHHYIO y MALIMEHTOB C XPOHUYECKON MUTPEHbBIO
[86]. ¥ 5THX Xe ManMeHTOB BIMOCIEACTBUH HAOIIOAAeTCS TOJIOBHAs GOJIb Yepe3 HECKOJTb-
KO 9acoB I10CJIe BBEeIEHUSI HUTpoIrniepuHa [8, 87].

[Mo-BunumMoMy, HelipoHaibHast akTUBauMs npu neiictsBum NO, koTopast Obuia IoKa-
3aHa B HallleM uccieqoBaHuu, TpuBoaUT K BbineaeHUI0 CGRP u AT®, a Takke K ycuJe-
Huto cuHTe3a NO 3HIOTeTMaTbHBIMU KJIETKAMU U €TI0 BBICBOOOXKICHUIO B MEXKJIETOU-
HOE€ IIPOCTpaHCTBO [52—54]. VYBenmuyeHne KoHueHTpanuu NO M IIPOBOCHAIMTEIBHBIX
meauatopoB (B yuactHocTu AT®D, ceporonnn, CGRP) BeI3bIBaeT ceHcUuTH3aluw adde-
PEHTOB TPOMHUYHOTO HepBa [55, 56], 4TO MOXKET JiexKaTh B OCHOBE IJTUTEIbHBIX ITPOHO-
LIMLETTUBHBIX 3(p(PEKTOB BBEASHUSI HUTPOIJIMLeprHa [92].

Takum o6pa3oM, MOyYeHHbIE HAMU PE3YIbTaThl CBUAETEIBCTBYIOT O TOM, UYTO 3HJIO-
TEHHBIN 1 9K30TeHHBI! JoHOp NO 0Ka3bIBalOT MPOHOLMLIENTUBHOE IEHCTBUE, BbI3bIBAS
akTuBalMio apdepeHTOB TPOMHUYHOTO HEpPBA KPBICHI, YBEJMYMBAas aKTUBHOCTb Kak
nentuaeprudeckux C-BOJIOKOH, TaK U A BOJIOKOH, HE U3MEHSS COCTOSHUS TYYHBIX
kjietok. OcHOBHOM MulieHbo AeiicTBUs NO siBiIsieTcsl pacTBOpUMasi TyaHUJIATIIMKI1a3a,
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aKTUBalIUsI KOTOPOi, KaK U3BECTHO, MOXKET NMPUBOAUTH K CUHTE3Y I M@ U K yCUIEHUIO
aKTUBHOCTU MPOTeMHKUHA3bl G, crnocoOHOI hochopuimpoBaTh MOHHBIE KaHAJIbI U pe-
LIETITOPBI, a TaKXKe K ycrieHuto BeicBoboxxneHst CGRP u3 nenTuaepruyeckux HepBHBIX
okoH4YaHuii. [TosydeHHbIE JaHHBIE PACKPBIBAIOT HEHPOHAJIBHBIE MEXaHU3MBI Y4acTHUs
NO B naToreHe3e MUTPEHN U 000CHOBBIBAIOT BO3MOXXHOCTD HUCTIOJIb30BaHUST OJIOKATOPOB
NO misa KynmupoBaHUS 00JIM TIPU OCTPOM MPUCTYIIE MUTPEHU.
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Effects of Nitric Oxide on the Electrical Activity of the Trigeminal Nerve
and the Mast Cell Morphology of Rats

K. S. Koroleva® *, S. O. Svitko?, D. A. Nurmieva’, O. Sh. Gafurov*,
A. D. Buglinina“, and G. F. Sitdikova“

YKazan Federal University, Kazan, Russia
*e-mail: k.s.koroleva@yandex.ru

Nitric oxide (NO) is a member of the family of gasotransmitters involved in the regula-
tion of various biological processes. Nitroglycerin, an NO donor, is widely used to simu-
late migraine in both humans and animals. However, the role of peripheral neuronal
structures in the effects of NO is practically not studied. The aim of the work was to re-
veal the effects of NO on the electrical activity of the trigeminal nerve and the state of
mast cells in the meninges of the rat brain. We used the electrophysiological method of
action potentials (APs) recording of the rat trigeminal nerve, which innervates the dura
mater, in a rat hemiskull preparation. To analyze the electrical activity, we used the clus-
tering method, which makes it possible to divide APs into groups with similar character-
istics generated by individual fibers. Mast cell morphology was assessed by staining rat dura
matter with toluidine blue. The NO synthesis substrate — L-arginine dose-dependently in-
creased the electrical activity of the trigeminal nerve, and this effect was canceled by pre-
liminary application of the NO synthesis inhibitor — L-NAME (100 uM). An exogenous
NO donor, sodium nitroprusside (SNP 200 uM), caused an increase in the frequency of
APs, while light-inactivated SNP had no effect on the frequency of APs. Cluster analysis
revealed that SNP induced first an increase in the frequency of low-amplitude APs
propagating at a low speed in C-type fibers responding to capsaicin; later the appearance
of high-amplitude APs propagating in Ad-fibers was observed. Soluble guanylate cyclase
inhibitor — ODQ (10 uM) prevented SNP-induced increase in electrical activity. At the
same time, incubation of the dura matter in SNP did not affect the morphology of mast
cells. Our data suggest that both exogenous and endogenous NO increases the electrical
activity of the trigeminal nerve by activating guanylate cyclase, contributing to the pe-
ripheral neuronal mechanisms of pain in migraine.

Keywords: nitric oxide, L-arginine, migraine, rat, trigeminal nerve, guanylate cyclase,
mast cells
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