POCCUHNCKNI ®NU3NOJOT'NMYECKUN XKYPHAJ um. U.M. CEUEHOBA 2023, Tom 109,
Ne 4, c. 545558

OKCIIEPUMEHTAJIBHBIE CTATbU

BJINAHUE JJIMTEJIBHOTIO SMOILINMOHAJIBHO-BOJEBOI'O CTPECCA
HA SKCITPECCHIO I'EHOB ITPOBOCTIAJIMTEJIbBHBIX HTUTOKNHOB Y KPBIC
C BEICOKOM M HU3KOM BO3BYJIMMOCTBIO HEPBHOM CUCTEMBI

© 2023 r. W.T. Ilaxarusosa®> *, O. II. Tyunna!, A. B. Typkun', A. D. Belrerxanuna',
A. H. Harymanosal, T. I. 3auennio?, M. B. [TaBnosaZ, H. A. oxunkosa®

! Banmuiickuii dedepanvhbiii ynusepcumem um. U. Kauma, Kaaununepad, Poccus
ZI/IHcmumym ¢usuonoeuu um. U.11. I[lasrosa PAH, Cankm-Ilemepbype, Poccus
* E-mail: shalaginova_i@mail.ru

IMoctynuna B pegakuuio 24.01.2023 r.
IMocne nopaboTtku 14.02.2023 1.
IMpunHsTa k nyonukauuu 14.02.2023 r.

CTpecc urpaet BaxKHYI0 poJib B TaTOreHe3€ TPEBOXKHBIX U ICMIPECCUBHBIX PACCTPOICTB.
HeiipoBocnaneHue paccMaTpyBalOT Kak OIMH U3 MEXaHU3MOB, C MTOMOIIIbIO KOTOPBIX
CTpecc U3MEHSIET MOJIEKYJISIPHYIO M KJIETOYHYIO TUTACTUYHOCTh B HEPBHOM TKaHU, YTO
npuBOAMT K HapyieHuto ¢dyHkuuii HHC. Briiag reHeTu4ecKu 1eTepMUHUPOBAHHBIX
0COOEHHOCTENl HEPBHOI CUCTEMBl B pa3BUTHE MTOCTCTPECCOPHOTO HEpOBOCIANEHUSI
M3y4YeH HeIOCTaTOYHO. B mTaHHOM MCCIenoBaHUM OlleHeHa TUHAMUKa MOCTCTPECCOp-
HbIX U3MeHeHuit ypoBHst MPHK reHoB i/ I} 1 tf TpOBOCTIANIUTENBHBIX LIMTOKMHOB WH-
tepreitkuHa-1-6era (MUJI1-1B) u pakropa Hekposa omyxonmu (PHO) B KpoBH U B TOJIOB-
HOM MO3Te y IBYX JIMHUI KPBIC C BHICOKUM Y HU3KUM TMOPOTOM BO30YIUMOCTU HEPB-
Hoii cuctemsl (BIT u HIT). Uamenenust yposust MPHK MJI-1f u ®HO oueHuBamm ¢
nomoipio [TIP B peaibHOM BpeMeHU yepe3 CyTKH, 7, 24 u 60 nHeil mociie IIuTeIbHO-
TO 3MOIMOHAJIBHO-00JIEBOTO CTPECCUPOBAHMS B KPOBU M TPEX CTPYKTYpax Mo3ra, BO-
BJICYEHHBIX B Pa3BUTHE MTOCTCTPECCOPHOI MaTosioruu (npedpoHTabHAas Kopa, TUITIo-
KaMII, MUHIQTMHA). Y BEICOKOBO3OYIMMBIX Kpbic inHuK HIT yposerr MPHK UJI-15 B
TUIIIIOKaMITe U MUHIAJMHE YBEJIMUUJIICS TT0 CPABHEHUIO C KOHTPOJIEM uepe3 24 THS 10~
cJie OKOHYaHUSI CTPECCUPOBAHMSI, Y HU3KOBO30YIMMbBIMBIX XKMBOTHBIX JiIMHUU BIT yBe-
smyenne yposHst MPHK WMJI-13 06HapyXeHO TOJIBKO B TUTITIOKAMITE Ha TOM K€ CPOKE.
Vposeus MPHK ®HO He MeHsJICS HU Y ONHOM M3 JIMHUM HU B OQHOM U3 BPEMEHHBIX
TOYEK Iocie cTpecca. [eHeTUYeCKH IeTepMUHUPOBaHHAs BO30YAMMOCTbh HEPBHOI CU-
CTEMBI SIBJISIETCSI MHOTOOOELIAIOIIMM MapKepoM WHAMBUIAYAIbHON YSI3BUMOCTH K
cTpeccy, MPOSIBIISIIONIEICST B TTOCTCTPECCOPHBIX HAPYIIIEHUSIX, CBSI3aHHBIX C 0COOEHHO-
cTaiMU (DOPMUPOBAHUS U TEUSHUST HEIPOBOCIIAJIEHUSI.
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BBEAEHMWE

PacripocTpaHeHHOCTD TPEBOXHBIX U AETTPECCUBHBIX PACCTPOMCTB B MUPE KOJIeOIeTCS
oT 3% no 18% no onieHKaM pa3HbIX aBTOPOB [1, 2]. DTH mokKa3aTtes i 0COOEHHO BO3POCIU
B ITOCJIEIHME IBA TOJa 13-3a pa3BUTUS “MOCTKOBUIHOIO CUHApPOMA” y MAllMeHTOB, Mepe-
Hecux BupycHyto nndexkuuio COVID-19 [3].
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HecmoTpst Ha collMalibHYIO0 3HAYUMOCTb U BBICOKYIO PACIIpOCTPAHEHHOCTh 3TUX pac-
CTPOICTB, UX HEMPOOUOJIOTNUECKNE MEXaHU3Mbl B HACTOSIIIIEe BpeMsI 1O KOHIIA HE HU3Y-
YEeHBI, TOATOMY JOCTYITHbIE METO/IbI JIeueHUsT He Bcerna apdekTuBHb. OMHOM U3 MoJe-
JIeli 11T OOBSICHEHUS ITaTOreHe3a JaHHBIX IICUXUYECKUX PACCTPOIMCTB SIBIISIETCS TUIIOTE3a
“cTrpecc—amare3”, Iie Moa AMaTe30M MOHMMAIOT HajJuyude OMOJIOTrMYecKOi (TreHeTude-
CKOi1) YSI3BUMOCTH, KOTOpasi MOXET IMPUBECTHU K IIPOSBICHUIO 3a00JI€BaHUS O BIIMSI-
HMEM BHEIIHUX cTpeccopoB [4]. OmHAaKO TOYHBIE MEXaHU3MBlI TOro, KaKMM 0O0Opa3om
CTpecc IPUBOAUT K MOCTCTPECCOPHBIM ITaTOJOTMSIM He BBbIICHEHBI. B mocienHue rombl
HeMpoBOCITaJIeHUEe PacCCMaTPUBAIOT KaK OJMH U3 TaKUX MEXaHU3MOB, C TOMOIIIbIO KOTO-
PBIX CTPECCOpHAs peaKILvs U3MEHSIET MOJICKYJISIPHYIO, SIIUT€HETUIECKYIO ¥, B KOHSYHOM
cueTe, KJIIETOYHYIO IJIACTUYHOCTh TAKMM 00pa3oM, uTo HapymatoTes dyakouu LIHC [5].

B xpoBu yMepeHHBIe KOHLIeHTpanuu ImokokoptukonnoB (I'K), skBuBaaeHTHEIE 00-
Hapy>XKMBaeMbIM B OpTaHM3ME BO BpeMsI OCTPOII peaKIIMK Ha CTPECC, OKa3bIBaIOT IIPOBOC-
NaJUTeIbHOE OSMCTBUE, B TO BpeMs KaK XpOHUYECKMI cTpecc M BbIcoKue ypoBHU 'K
BBI3BIBAIOT IPOTUBOBOCHAIMTEIBbHYIO peakiinio. B lieHTpaibHOII HEPBHOI CUCTEME XPO-
HUYECKUI cTpecc U BbicokKe ypoBHU 'K, HAalIpoTuB, MOTYT yCHJIMBaTh BocTiajieHue. DTO
MpOSIBIISIETCS] KaK Ha KJIETOYHOM yPOBHE (aKTUBALIMSI MUKPOIJIMU, aCTPOLIMTOB), TaK U Ha
YPOBHE 3KCIPECCUU MEIMATOPOB BOCIHAJeHM U aKTUBALM (paKTOPOB TPAaHCKPUILIN
[6, 7].

B mmocnnennue romsl Bece OoIblIee YUCIO NUCCIENOBaHMIT TOKA3aJ10 BO3MOXHYIO BOBJIE-
YEeHHOCTb IMOCTCTPECCOPHOIO BOCIAJISHMS B ITATOreHe3 IICUXUIECKUX PaCCTPOMCTB, Ta-
KHUX Kak nernipeccus [8]. ¥ maliMeHTOB ¢ KIMHUYECKOM Nerpeccueil ObIO 0OHapyXeHO
yBeJIMYEHUE KOJIUYECTBA JIEMKOLIMTOB, MOHOLIMTOB U HEUTPODUIOB B niepudepruiecKoi
KpOBU U HAOJIIOAAJOCh TOBBIIIEHWE YPOBHE HUPKYJIUPYIOIIMX MPOBOCHATUTEIbHBIX
ILIUTOKUHOB 1 6eJIKOB ocTpoit assl [9]. BocnanutenbHast peakiys, HabiogaeMast B Kpo-
BU, MoxkeT 3aTparuBaTth 1 [IHC, npuBonas K akTMBalliy MUKPOLJIMK 1 aCTPOILIMTOB B pe-
3yJIbTaTe MHOMIBTPALIMA MOHOLIMTOB WJIM M3-3a IIPOHUKHOBEHUS IIPOBOCHAINTEIbHBIX
MOJIEKYJ Yepe3 MOBPEeXIeHHbIN reMaTosHuedanuyeckuit 6apbep [10]. MenuaTopsl Boc-
najieHusl, BblAesieMble aKTUBUPOBAHHON MUKPOIJIMEN 1 HIOTEIMAIbHBIMU KJIETKaMU
MO3ra, TaKXXe MOTYT MOAABJISITb HEMPOTPAHCMUCCUIO, CITOCOOCTBOBATH OKUCIUTEIILHOMY
CTpeCcCyY 1 MUTOXOHIPHUATBHBIM TCHOYHKITASIM.

Bormpockr o ToM, KaK Heiipo-UMMYHHBIE TUC(HYHKIIMA MOTYT OBITh aKTUBUPOBAHEI B
TOJIOBHOM MO3T¢ B OTCYTCTBHE SIBHOTO BOCHAJICHUSI WIM MH(MEKIINM, M KaKie TeHeTIIe-
cKkue ¢aKTOpPHI IIOBBIIIAIOT PUCK Pa3BUTHS IOCTCTPECCOPHOIO HEMPOBOCITAICHUS UCCIIE-
IIOBaHBI HEIOCTATOYHO.

YpoBeHb BO3OYIMMOCTH, SIBJISIOIINICS KIIOUEBOI XapaKTepUCTUKON (DYHKIIMOHAIb-
HOTO COCTOSIHMSI HEPBHOI CUCTEMBI, paccMaTpMBaeTcsl Kak (hakKTop puUcKa pa3BUTUSI
MOCTCTpecCOpHBIX paccTpoiictB [11]. B Uucturyre dmsuonorun um. M.I1. IlaBrosa
PAH B pe3ynbrare celleKIIMY ObLIY MOJYYEHbBI BE IMHUM KPBIC C Pa3HBIM YPOBHEM BO3-
OyIMMOCTH HepBHOM crcTeMH [12]. briio moka3aHo, YTO TMHUU pa3IddaloTcs IO CBOUM
MOBEISHYESCKUM PEaKIIMSIM, MOJICKYJISIPHBIM U KJIETOYHBIM U3MEHEHMSIM B HEPBHOM TKa-
HU IIPU pa3BUTHUU ITOCTCTPECCOPHBIX COCTOSTHUM. Y KPBIC ¢ HU3KOM BO30YIMMOCTBIO (BBI-
cokuit mopor, auHus BIT) B 0TBeT Ha WIMTEIbHOE SMOILIMOHAIbHO-00JI€BOE CTPECCOPHOE
BO3MIEIICTBME HAOIIOJAIOTCS OTCTaBJIEHHBIE NEeNPEeCCUBHO-MOMAO0OHBIC MOBEICHUYECKUE
CUMIITOMBI, B TO BpeMsI KaK Y KPbIC C BBICOKOI BO30YIMMOCTBIO (HU3KUI MOPOT, JIMHUS
HII) mapsny ¢ menpecCMBHO-HOAOOHBIMU, Pa3BUBAIOTCSI KOMIYJIbCUBHBIC CHUMIITOMEI
[13].

Panee MBI TOKa3aim, 9To YpOBeHb BO30YIMMOCTH HEPBHOM CUCTEMEI BIIMSCT TAKKe Ha
CTEIICHb IIPOSBIICHNUS U TMHAMUKY IIOCTCTPECCOPHOIO BOCIIaJIeHUS KaK B KPOBU, TaK U B
TOJIOBHOM MO3T€: B OTBET Ha IJIMUTEIbHBIII SMOIIMOHAIbHO-00JIeBOI cTpecc. Y BBICOKO-
BO30YIMMBIX XMBOTHBIX YBEJIMYUBACTCSI COOTHOLIEHUE HEHTpOoGMIOB/ICHKOLIMTOB U
YUCJIO KJIETOK MUKPOIJIMY B TUITITIOKAMIIE TT0 CpaBHEHUIO ¢ KOHTpojeM [13]. Heobxonu-



BIIMAHUE NJJIUTEJIBHOI'O SMOLUNOHAJIbBHO-BOJIEBOI'O CTPECCA 547

MO YTOUHUTH MOJIEKYJISIPHBIE MEXaHU3Mbl HEWPOBOCITAJIEHUsI HA YPOBHE 9KCIIPECCUU Te-
HOB /I W tnf OCHOBHBIX TPOBOCIAJIMTENBHBIX IIUTOKUHOB WMHTEepseiiKuHa-1-Geta
(AJI-1B) u dbakropa Hekposa omyxoim (DHO).

Llens maHHO# paboThI 3aKiT0vaiach B orieHke yposHst MPHK reHoB i/ IB u tnf ipoBoc-
nautenbHbIX TUTOKMHOB WUJI-13 1 @HO B KpoBM 1 B TOIOBHOM MO3re (B IpepOHTATBHOM
Kope, TUITIOKaMIle U MUHIAJNHE, — CTPYKTypaX, BOBJICUCHHBIX B pPa3BUTHUE TTOCTCPEC-
COPHOIi MAaTOJIOTMU) Y KPbIC ABYX JIMHUMI, pa3IuYalolIuXxcsl 10 YPOBHIO BO30YyIUMOCTH
HEPBHOI CUCTEMBI, B HOPME M B pa3Hble CPOKU IMOCJIe JJIUTETBHOTO SMOLIMOHAJIBHO-60-
JIEBOTO CTPECCOPHOTO BO3ACHCTBUS.

METO/bI MCCJIIEJOBAHUWA

DKCITEpUMEHTHI MMPOBOIMIIM Ha 5-MECAYHBIX B3POCIbIX CaMIlaX KPbIC ABYX JUHUMA C
KOHTPACTHBIM (4-X KpaTHbIE pa3jMyMsi) YPOBHEM BO30YyIMMOCTH mHepudepruueckon u
LEeHTpaIbHOM HepBHOI cucTteMnl [11, 14]. ZKuBoTHBIE celeKTUpOBaHbI B TeueHue 80 1mo-
KOJIEHUI1 MO BeJIWYMHE Mopora Bo30yauMOCTH OoJbliedepiioBoro Hepsa (n. tibialis) k
3JIEKTpUYECKOMY TOKY. JInHuM ¢ BEIcOKUM IToporoM (BI1, Hu3kast Bo30yIuMOCTh) 1 HU3-
kuMm 1oporom (HII, BeicoKkass Bo30ynMMOCTh) BKIIIoUeHbI B brnokomiekuio MHcTUTyTAa
¢usuonorun um. W.I1. ITaBmosa PAH (Ne I'3 0134-2018-0003), rmaTeHTH HA CEIEKIIMOH-
Hoe noctrkeHre Ne 10769 u 10768 Boinanbl [ocymapcTBeHHOM KoMmuccueir Poccuiickoit
Denepanu Mo UCTIBITAHUIO U OXPaHE CEeJIEKIITMOHHBIX TOCTUXKEHUI, 3aperuCTPUPOBAHbI
B TocymapcTBEHHOM peecTpe OXpaHSIEMbIX CEeJIEKIIMOHHBIX OocTixkeHuid 15 sHBapst 2020 T.
(IMarenToo6aanarens: ®PT'BYH UucturyT pusznonoruu um. W.I1. ITasaosa PAH).

Bce x1BOTHBIE CcOepXKaIUCh B CTAHIAPTHBIX YCJIOBUSIX B BUBaApUM J1abOpaTOpUU re-
Hetuku BH/ WHctutyta dusmnonorun uM. IlaBnoBa PAH. DkcnepuMeHTaIbHbIE KM-
BOTHBIC TOABEPrajuch JIUTEILHOMY 3MOLIMOHATBbHO-00JIEBOMY CTPECCOBOMY BO3MCHi-
ctBUIO B cooTBeTcTBUM co cxemoii K. I'exra [Hecht et al., 1972, uut. mo: 12]: KaXmbIii
IeHb B TeUeHHe 15 MHel XXMBOTHbBIC MOABEPTajiMCh BO3ACHCTBUIO 6 HEMOAKPEIISIEMbIX
(rmo 10 ¢ kaxmoe) u 6 ToaKperuIsieMbIX TOKOM (2.5 MA, 2 Mc) cBeTOBbIX curHanoB. Co-
IJIaCHO cXeMe, KOMOMHAalMU YCJIOBHBIX M O€3YCIOBHBIX pa3ApakuTeeil He IMOBTOpS-
JIMCh, a YepedoBaIUCh C BEPOSITHOCTHIO 0.5, 4TO HE MO3BOJISIO KMBOTHBIM BhIPAaOOTATh
YCIIOBHBIN pediekc. B kayecTBe KOHTPOJILHBIX UCITOJb30BaId XMBOTHBIX 00EUX UCCIIe-
IyeMbIX JIMHUI, HE TMOABEPraBIIMXCS Mpolieype CTpeccopHoro Bo3aeicTBusi. KoH-
TPOJIbHBIE XKMBOTHBIC ObLIN JIEKAMTMTUPOBAHbBI B T€ XK€ BPEMEHHbBIE CPOKU, UTO U DKCIIe-
pPUMEHTAaJIbHbIE.

[Mocne nekanuTauMy 3KCNIEPUMEHTATBHBIX U KOHTPOJIBHBIX SKUBOTHBIX KPOBb OT KaX-
JIOTO KMBOTHOTO COOMpai B MpoOUpPKU ¢ aHTUKoarystHToM (DJATA — stuneHanaMmuH-
TeTpaaleTarT), U3BJIeKaJIM MO3T Y TPOBOAWIN JTUCCEKIINIO UCCIEAYEMbIX CTPYKTYp MO3ra
(rpedpoHTaNbHAsI KOpa, TUIIIOKAMIT U MUHAAIMHA) yepe3 24 4, 7, 24 u 60 aHeii mmocie
OKOHYAHMUSI CTPECCOBOIO BO3IEUCTBUS. DKCIIEPUMEHTAIbHbIE TPYMIbl B KaXXI0H Bpe-
MEHHOM TOYKE BKJIIOYAIH IO 6 XXMBOTHBIX KaXI0M TuHuU. OO0benMHEHHAs! KOHTPOJIbHASI
rpynna auHun BIT (KOHTpOJIbHbBIE KPBICH — MO 4—6 KUBOTHBIX B KaXKIOM 13 4-X BpeMeH-
HBIX TOUeK) BkiItouana 19 xxuBoTHbIX, TuHUM HIT — 22. O011ee KoanuecTBO XMBOTHBIX
coctaBwiIO 89.

BruineneHHblIl 6MoMaTepuran HEMEIJISHHO MOMELAIM B IPOOUPKU, conepxkaiiue 500 MKi1
peareHTa 151 akctpakiuu cymmapHoit PHK (ExtractRNA, EBporeH, Poccust). Boinesne-
Hue PHK mpoBoauau B COOTBETCTBUM C MHCTPYKLIMSIMU TipousBoauresis. [locie atana
BolnesieHus: cymmapHoit PHK nipoBoaunu usMepeHus: KOHIIEHTpAlMU 3KCTParupoBaH-
Hout PHK mj1s1 xkaxkmoro otnensHOro odpasiia Mmeromom crekrpodoromerpun (NanoDrop
IMPLEN). /1151 oOpaTHOI TpaHCKPUITLIMU UCTIOJb30Baid Habop peareHToB MMLV RT
kit (EBporeH, Poccus). Ilocie oO6paTHOM TpaHCKPUMNIIMKM PEaKIIMOHHYIO CMeCh pa3daB-
JISITA AenoHU3upoBaHHoM Bonoi (5 Mk K AHK: 95 Mk Bosbr).
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Taomuua 1. IlpaiiMephl K ydacTKaM T€éHOB

I'en IMocnenoBaTeIbHOCT MPaitMepoB LHJmHa Homana
npaiimepa (mH) | mpoaykTa (ITH)

il1B IMpsimoii: 5'- GCAATGGTCGGGACATAGTT-3' 20 242
O6patHblit: 5'- GTAAGTGGTTGCCTGTCAGAG-3' 21

mnf [Mpsmoii: 5'- GAACAGCAACTCCAGAACA -3' 19 243
O6patHblit: 5'- CACGAGCAGGAATGAGAAG-3' 19

gapdh IMpsimoii: 5S'-GTTTGTGATGGGTGTGAACC-3' 20 170
O6partHblit: 5'-TCTTCTGAGTGGCAGTGATG-3' 20

OtHocurenbHoe KonmuectBo MPHK mist reHoB i/IB u tnf olleHMBaIU C MTOMOIIBIO
ITLIP B peaapHOM BpemeHM Ha npubope Bio Rad CFX96 (Bio Rad, CIIIA) ¢ ucrnoiab3oBa-
HueM cmecu qPCRmix HS SYBR (EBporen, Poccust). B xauecTBe pedpepeHCHOro mc-
nosib3oBasiu reH gapdh. Uamenenus B ypoBHe MPHK onienuBanu merogom AACt, ocHo-
BaHHOM Ha aHaJIM3e 9KCITPECCHUU 1IeJIEBOTO TeHa 0 OTHOIIEHUIO K pehepeHCHOMY.

B Ta6s. 1 ykasaHsl reH-crienmduaeckue mpaiitMepst st TeHoB il 1B, tnf v gapdh, momo-
OpaHHBbIE C TTOMOIIIBIO JIuTepaTyphl U mpoBepeHHbIe B 6a3e NCBI (BLAST primer).

7 MpoBepKU crelM(PUIHOCTU MOJYYEHHBIX MTPOAYKTOB aMIUIM(DUKAIIMUA TTPOU3BO-
JIVUTY aHAJIM3 KPUBBIX TJIABJICHUST TPOAYKTOB PEeaKIIMU.

Cmamucmuueckue memoobt

JIJIsT CTaTUCTUYECKOrO aHajM3a MCIIOJIb30BaId IIporpaMMHOe obecrneueHue Prism 7.
HopManbHOCTb pacripenesieHUsI OLeHUBaIU ¢ mpuMeHeHueM kputepus Ilanupo—Yui-
Ka. 3HAYUMMOCTb MEXJIMHENHBIX pa3nnuunii B ypoBHe MPHK reHoB MHTepeca y MHTaKT-
HBIX XMBOTHBIX OLICHMBAJIM C MOMOIIBIO KpuTepusi MaHHa—YutHu. [Ipu cpaBHEeHUU
KOHTPOJIbHBIX U 3KCHEPUMEHTAIbHBIX IPYII MPUMEHSUIM HelapaMeTPUYeCKUl KpUTe-
puit Kpackena—Yoiuca ¢ post hoc TectoMm MaHHa—YWTHU, UCHOJIB30BaAIN MOIPaBKY
Ha MHOXecTBeHHOCTh cpaBHeHUit FDR (false discovery rate).

PE3VJIBTATBI UCCIIEAOBAHUA

AHaJIN3 3KCIPECCUU TEHOB IMPOBOCITAIMTEIbHBIX IIMTOKMHOB B KPOBU MHTAKTHBIX
JKUBOTHBIX TIOKa3bIBaeT 3HAYMMO GoJjiee BhicoKuii ypoBeHb MPHK rena i/ I} y BBICOKO-
BO30ynuMbIX XKMBOTHBIX HII mo cpaBHeHUIO ¢ HU3KOBO3OyauMbIiMM BII, pazHuisl B
ypoBHe MPHK reHa tnf He o6HapyxeHo (puc. 1).

Hanee cpaBHeHue ypoBHss MPHK B Kaxkmoit cTpykType Mo3ra B KaXXloM BPEMEHHOM
CPOKe T10CJIe CTPECCOBOTO BO3/ICMCTBUSI TPOBOAMIIN MO OTHOIIEHUIO K OOBbENIUHEHHOMY
KOHTPOJIIO, TaK KaK KOHTPOJbHBIE KUBOTHBIE, TEKAITUTUPOBAHHBIE B Pa3HbIC CPOKHU He
OTJIMYAJINCh O U3ydaeMoMy Itapametpy (Ttect Kpackena—Yoiumca).

AHaJIN3 TTOCTCTPECCOPHBIX U3BMEHEHU B KPOBU TTOKa3aJl 3HAYMMOE CHUKEHHUE YPOBHS
MPHK rena i/1f yepe3 24 4 mocie OKOHYaHUSI CTPECCOPHOTO BO3AEUCTBUSI U TOJNBKO Y
BBICOKOBO30yIUMMBbIX XKUBOTHBIX JuHMU HII (puc. 2). Bo Bcex ocTaqbHBIX BpeMEHHBIX
TOYKax BIUSIHUS cTpecca Ha ypoBeHb MPHK uccrnenyeMbIx mpoBoCTIaIMTEIbHBIX 1IIUTO-
KMHOB He 0OHapy>XeHO HU Y OMHOI M3 TMHWM KUBOTHBIX.

CpaBHeHue ypoBHst MPHK mcciienoBaHHBIX TEHOB TTPOBOCITATUTEIbHBIX IIMTOKNHOB
NJI-1B u ®HO B Tpex CTpyKTypax MO3Ta Y MHTAKTHBIX KUBOTHBIX IBYX JIUHUI KPBIC C
KOHTPACTHOM BO30YIMMOCTBIO HEPBHOI CHCTEMBI IPEACTaBIeHO Ha puc. 3.

MexnuHeiinble paznuuus B ypoBHe MPHK ®@HO BhIsiBIIeHBI B IpedpOHTATBHOIM KOpe
U MUHIAJIMHE KPBIC C Pa3IMYHON BO30yIMMOCThIO HEPBHOI cUCTEMBI. BhICOKOBO30Y 1M -
Mble KpbIchl TMHUU HIT UMEIOT MOBBIIIEHHBIN YPOBEHb 9KCITIPECCUU TeHa t1f TI0 cpaBHe-
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Puc. 1. Yposenb MPHK renos i/ IB u tnf npoBocnanurenbHbiX UUTOKUHOB UJI-13 1 @®HO B KpOBM MHTaKTHBIX
kpsoic inHuit BIT u HIT ¢ koHTpacTHOit Bo36ynumocThio HepBHOIT cuctembl. HT (high threshold, low excit-
able) — nunus BI1( Beicokuit mopor, Hu3kast Bo3oyaumocts) (n = 22), LT (low threshold, high-excitable) — nu-
Hust HIT (Hu3Kkuit mopor, BeicoKasi BO30yauMocThb) ) (n = 19) **p < 0.01 (xputepuit MaHHa—YUTHU), IO BEPTHU-
KaJbHOI OCH MOKAa3aHO OTHOCUTEIbHOE 3HaueHne u3MeHeHus ypoBHsI MPHK (—AACt), rpacdvku npeacTaBisiior

MeIMaHbl, FPAaHULbI KBapTWIEH, a TakKe MaKCMMaJIbHbIE U MUHUMAJIbHbIE 3HAYEH U] aHATU3UPYEMBIX TaHHBIX.

HUIO C HU3KOBO3OYIMMBIMU Kpblcamu TMHUM BIT B mpedpoHTabHOIM KOpe, Torna Kak B
MUHIQJIMHE, HAIIPOTUB, Y BHICOKOBO30YIMMBIX KMBOTHBIX JuHNU HIT ypoBenr MPHK
®DHO 3HaYMMO HMXE, YeM Y HUBKOBO30OYIUMbIX JIMHUU BIT.

AHAaJIN3 9KCITPECCUY TeHOB MIPOBOCTTANNTENBHBIX IIMToKUHOB UJI-1 1 ®HO B rurimo-
Kamne kpoic JuHuit BIT 1 HIT moka3zan oTcyTcTBME CTATUCTUYECKM 3HAUYUMBbIX PA3JIMUUiA.

IMocTcTpeccopHble U3MEHEHHUST B YPOBHE SKCITpeccry TeHOB i/ If u tnf ipoBoCTam-
TebHBIX MTOKMHOB MUJI-13 1 @HO B Mo3re KphIC ¢ KOHTPACTHBIM YPOBHEM BO30YIH-
MOCTHM HEPBHO# CUCTEMBbI TTOKa3aHbl Ha puc. 4—6.

B npedpoHTanpHOIT KOpe 3HAYMMBIX MOCTCTPECCOPHBIX M3MeHeHuit ypoBHsI MPHK
UCClIenyeMbIX IUTOKWMHOB HE OOHAPYXKEeHO HU y OAHOI U3 TMHUH (puc. 4).

B runmmokamme yepes 1 1 7 mHeit 1mocie crpecca He ObUIO OOHAPYKeHO 3HAUYMMBIX pa3-
Jnunit B ypoBHSIX MPHK IIMTOKMHOB 1O cpaBHEHUIO ¢ KOHTPOJIEM HU Y OMHOM U3 JIMHUI
>kuBOTHBIX. Yepes 24 mHst mocie cTpeccoBoro BosneiictBust yposeHb MPHK rena i/13 B
TUMNIoKaMIe 3Ha4YMMO TOBBICWICS B 3KCIIEPUMEHTAIbHBIX TPYyIMIax MO CPaBHEHUIO C
KOHTPOJILHBIMU Y 00X JUHUI, HE3aBUCUMO OT YPOBHSI BO30YAMMOCTU HEPBHOM CUCTE-
MBI KPBIC, OHAKO K 60-My mHIO mocie crpecca ypoBeHb MPHK rena il /B He otmuyacs
OT KOHTPOJIsI (pHrC. 5). 3HAYMMBIX IOCTCTPECCOPHBIX U3BMEHEHUI B 9KCIIPECCUM T'eHa mfy
9KCTIEPUMEHTATbHBIX JKMBOTHBIX 00€WX JTMHUM 110 CPaBHEHUIO ¢ KOHTPOJIEM He HabJIIo-
JaJid HA B OJTHOM BPEMEHHOI TOUKE.

YV BBICOKOBO30YIMMBIX KpbIc TuHUM HII cTpecc mpuBOIUI K YBEIUIEHUIO DKCITpEC-
cuu reHa i/ I} uepes 24 1HsI TOCIe OKOHYAHUSI CTPECCOBOrO Bo3neiicTBus (puc. 6). Y Hus-
KOBO30YIMMBIX XXKUBOTHLIX IMHUU BII mocrcrpeccopHbix nuzmenenuit yposHss MPHK wuc-
cJielyeMbIX IMTOKMHOB B MUHAAJIMHE He HAOII01aJIM HU B OIHOI BpDEMEHHOM TOUKe.

OBCYXIEHMUME PE3YJIbTATOB

B nmanHOM wmccnenoBaHMM BBISIBJICHBI MEXIMHEMHBbIE pa3andus B ypoBHsIX MPHK
MPOBOCTATUTETBHBIX HTUTOKMHOB MJI- 13 1 ®HO y MHTAaKTHBIX KPBIC IMHUM C KOHTPACT-
HOI BO30YIMMOCTBIO HEPBHOI cricTeMbl. Bojiee BRICOKUIT ypOBeHb aKcipeccuu TeHa il I3
ObLT OOHAPYKEH B KPOBU BHICOKOBO30YAUMBIX KpbIc TIMHUMU HII o cpaBHEHUIO C HU3KO-
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Puc. 2. Yposens MPHK renos i/ 1B u tnf ipoBocnianutensHbix tutokuHos WJI-1 u ®HO B KpoBu KpbIC TMHUI
BIT u HIT ¢ koHTpacTHOI1 BO30yAMMOCTbIO HEPBHOI CUCTEMbI B pa3Hble CPOKU MOCJIE JJIUTEILHOTO 3MOILIMO-
HaJbHO-00JIEBOT0 cTpeccopHoro Bo3aeiictBus. 3nech u nanee: HT strain (high threshold, low excitable — quHust
BIT — BbicOKMIT TOPOT, HU3Kasl BO3OYAUMOCTD (7 = 22 B KOHTPOJIe M n = 6 B 9KCIIEPUMEHTAJIbHbBIX IPYINax B
Kaxmoit BpeMeHHo# Touke), LT strain (low threshold, high excitable — nunuust HI1 — HU3Kuii mopor, BbICOKast
BO30YIMMOCTb (1 = 18 B KOHTPOJIE U 1 = 6 B 3KCTIIEPUMEHTAJIbHBIX IPYIIaxX B KaXkI0il BPEMEHHOM TOYKE), 110
BEPTUKAIIbHOI OCH MOKa3aHO OTHOCUTENbHOE 3HaueHre nameHenust yposHsi MPHK (—AACt), rpacduku npen-
CTaBJISIIOT MEIUaHbl, TPAHUIBI KBAPTWIEH, a TAKXKE MaKCUMaJIbHble 1 MUHUMAJIbHbIC 3HAUCHUST aHATM3UpYe-
MBbIX TaHHBIX (KpuTepuii Kpackena—Yosumca, post-hoc aHanu3 Kputepuit ManHa—YutHu, nonpaBka FDR);
*p <0.05.

BO30YyIMMBLIMU KpbicamMu JuHuUM BII. DTo comtacyeTcs ¢ HallMMU IIPEIIISCTBYIOIIMU
IAaHHBIMU O TOM, YTO Y BBICOKOBO30YIMMBIX KPBIC pa3BUBAIOTCS IIPU3HAKY BOCTIAJICHUS B
KPOBM B OTBET HA XPOHUYECKUIA CTPECC, UTO MPOSIBISIECTCI USMEHEHUEM JIEUMKOLIMTAPHOM
dopmyisl [13].

MEI He 0OHAPYKWUIIY BIUSHUS CTpecca Ha 3KCIIPECCUIO TEHOB M3yYaeMbIX IIUTOKITHOB
B KPOBUY HM3KOBO30YyIMMBIX Kpbic TuHUM BIl HM cpa3y, HU B OTmaJieHHBbIE CPOKM ITOCIIE
OKOHYaHMsA cTpeccupoBaHus. [1pu 3ToM y BBICOKOBO30YyaUMBIX Kpbic auHun HIT 3naum-
Moe cHuxeHue ypoBHst MPHK rena i/If B KpoBu GbLIO BBISIBJIEHO uepe3 24 4 mocie
OKOHYaHUsI CTPECCUPOBAHMSI IO CpaBHEHUIO ¢ KOHTpoJjieM. [lociienHee comtacyeTcst ¢ 1aH-
HBIMU O TOM, YTO JUIUTEJbHBINM CTPECC BBI3bIBAET MPOTUBOBOCTIAJIUTENIBHYIO PEAKIIUIO B
nepudepruIecKoit Kposu [7].

M3BecTHO, 4TO cBsi3biBaHUE INIIOKOKOPTUKOUAOB (I'K) ¢ IMIOKOKOPTUKOUIHBIMU pe-
nentopamu (I'P) mpuBoauT K M3MEHEHUSIM TPAHCKPUITLIMU HECKOJBbKUX T€HOB, OTBET-
CTBEHHBIX 32 MPOTUBOBOCHATUTEbHBIN 3(h(heKT ITIOKOKOPTUKOUIOB. Bblo Moka3aHo,
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Puc. 3. Yposeub MPHK reHoB i/ If u tnf npoBocnanurenbHbix uurokuHoB UJI-1 u ®HO B npedpoHTanbHOM
KOpe, TUIIOKaMIIe U MUHIAIMHE MHTaKTHBIX Kpbic TuHuit BIT 1 HIT ¢ KOHTpacTHO# BO30YAMMOCTbIO HEPBHO
cucreMsl. *p < 0.05 (kpurepuit MaHHa—YUTHM).

YTO MPOTUBOBOCIIAIUTENbHBIN 3P dekT komiiekca 'K—I'P ¢Bsi3aH ¢ penpeccueit Takux
daxkropos Tpanckpuniuu, kKak NF-kB (nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells), aktuBupyromuii 6e10k-1 (activating protein-1, AP1) u peryasaTopHEIit
dakrop untepdepona 3 (Interferon Regulatory Factor 3, IRF3) [6]. [TogaBieHue TpaH-
CKPUTMIIMOHHON aKTUBHOCTU 3TMX T'€HOB TOHABJISIET SKCIIPECCHUIO TTPOBOCITAIMTETbHBIX
MOJIEKYJI.

JHeiictBue ropmoHoB 'K B rojioBHOM Mo3re 1 Ha riepudepun HeogmHakoBo. HecMmoTt-
P Ha TO, YTO NPOTUBOBOCHANUTENbHBIN 3P dekT 'K B ro1oBHOM M03re HEOTHOKPATHO
JIEMOHCTPUPOBAJICS, UMEIOTCS JaHHbIE, MOKa3blBalolllMe, YTO B HEKOTOpbIX ciydasx ['K,
HanpoTuB, ycuiarBawT BocniasieHue B LITHC [7].
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Puc. 4. Yposenb MPHK renos i/ If u tnf npoBocnanurenbHbix iutoknuoB UJI-1 u ®HO B npedpoHTanbHOi
kxope Kkpbic sinHUit BIT n HIT ¢ KOHTpacTHO# BO30YyAMMOCTbIO HEPBHOI CUCTEMBI B pPa3Hble CPOKM TOCIE 11 -
TEJIBHOTO SMOLIMOHATBHO-00JIEBOTO CTpEecCOpHOro BozaeiicTBust (kputepuii Kpackena—Yomnuca, post-hoc
aHanu3 Kputepuit ManHa—YutHu, nonpaska FDR).

JUTenbHbIi MM O4eHb UHTEHCUBHBIN CTPECC U, COOTBETCTBEHHO, BBICOKMI YPOBEHb
T'K, ycunuBaoT nposiBieHusI BOCIIaJeHUsI B LIEHTPaAJILHOM HEPBHOU cucteMe. XpoHuYe-
CKO€ BBelIeHVE KOPTUKOCTEPOUIOB B BLICOKMX 032X YCUJIMBAET BOCMAJICHUE B TUTIIIOKAM-
ne XXUBOTHBIX [14]. U3BecTHO, YTO XpOHUYECKUIT CTPECC WM MOBBIIIEHHAS [IUPKYJISIINS
T'K okasbIBaeT NpoBOCIAUTEILHOE JACCTBUE U YBEIMYMBAET SKCIIPECCUIO TTPOBOCTIATIM -
TebHbIX IMTOKMHOB UJI-1B m ®HO B mpedponTanbHoit kKope [14]. CylmecTByroT Takke
JI0Ka3aTeIbCTBa TOTO, YTO JUTUTENBHBII cTpecc mobiimaet ypoBHU WJI-1B u ®HO u iNOS
He TOJIbKO Ha YPOBHE 3KCMPECCUU F€HOB, HO M Ha YpOBHE OeJika, KaK ObUIO MPOJEMOH-
CTPUPOBAHO B TUIITOKAMIIE U KOpe TOJIOBHOTO MO3ra I'phI3yHOB [ 14, 16].

IpoBenennbIit Hamu aHau3 yposHsa MPHK nipoBocmanurensHbix murokuaos WJI-13
1 ®@HO B Mo3re XMBOTHBIX C PA3JIMYHBIM YPOBHEM BO30YIMMOCTU HEPBHOI CUCTEMBI
MOKa3ajl BPEMEHHYIO U PETMOHAIbHYIO T€T€POr€HHOCTh MOCTCTPECCOPHBIX U3MEHEHU.
Mpz1 He oOHapykuiu pa3nuuuii B ypoBHsiX MPHK IUTOKMHOB B runmnokamme KpbiC ABYyX
JIMHUI Ha paHHUX CcpoKax mocjie crpecca. OmHako yepe3 24 MHS T0C/ie OKOHYaHWUS
cTpeccoBoro BosneiictBus ypobenb MPHK MJI-1B B rummokamMIiie yBeTmauics y aKcIe-
PUMEHTAJIBHBIX XUBOTHBIX OOEUX JIMHUI 1O CPAaBHEHUIO C COOTBETCTBYIOILIMMU KOH-
TPOJIbHBIMU TpynnaMu. [TosyyeHHbIe pe3yIbTaThl XOPOILO COMVIACYIOTCS C UMEIOIIMMUCS
B JIMTEpaType JAaHHBIMU O TOM, YTO B LIECHTPAJIbHOI HEPBHOI cUCTEME, B OTJIUYUE OT Te-
pudepun, Boicokue no3bl ['K Wim nauTesbHbIN CTpecc MPUBOAST K MOBBIILIEHHON BbIpa-
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Puc. 5. Yposens MPHK reHoB i/ I u tnf ipoBocnianuTensHbix tntokuHoB UJI-18 u ®HO B rumnmokamIie Kpbic
nuHuit BIT u HIT ¢ KoHTpacTHOI BO30YyIMMOCTbIO HEPBHOM CUCTEMbI B Pa3Hble CPOKHU IOCJIE JIMTEIbHOIO
SMOIIMOHAJILHO-00JIEBOTO CTPECCOpPHOTO Bo3neiicTBus (kputepuii Kpackena—Yosuca, post-hoc aHaius Kpu-
Tepuit ManHa—YutHu, nonpaska FDR), *p < 0.05.

00TKE MeIMAaTOPOB BOCTIAJICHUS U aKTUBALIMY MUKpomuu [7, 17]. Panee HaMM IToKa3aHo
[13], yTO yBeIMUEeHME KOJIUYECTBA KJIETOK MUKPOIIMMY HablogaeTcs uepe3 7 IHel mmocie
ctpecca B 3youaroii uzBwinHe (DG), CAl u CA3 nmossix rMIimokamIia y >KMBOTHBIX JIM-
Huu HIT, u B none CAl y kpbic iuHuu BII, uTo He coBITamaeT o BpeMEeHU C YBEJIMYEHU -
€M YpOBHS oKcripeccuu TeHa i/l B maHHO#H pa6oTe, KOTOpPOE MPOUCXOIAMT TOJBKO Ha
24 neHb, Ha (hOHE HOPMATTU3ALIMY KOJIMYECTBA KJIETOK MUKPOIJIUU. AKTUBALIUS U TIPOJIM -
dbepauns Mukpornuu 1 TpaduK MOHOILIMTOB U3 KPOBU B MO3T, SIBJISISICH OCHOBHBIMU MC-
tourrkamu UJI-1B u ®HO, nmpoucxomsaT ¢ HEKOTOPBIM JIATEHTHBIM TTepronoM. C 3ThM
MOXET OBbITh CBSI3aHa OMUCAHHas Bblllie 3anepxkKa. C Apyroil CTOpPOHbI, BO3MOXHO Ha
cpoke 7 nHeil, HECMOTps Ha yBeJIMYEHUEe KOJIMUeCTBa MUKPOIJIUM B TUITITIOKAMIIE, a1ar-
TUBHBIE MEXaHU3MBbI TTO3BOJISIIOT CAEPXUBATh 9KCIIPECCHUIO MTPOBOCMATUTEIbHBIX IIUTO-
KUHOB Y TOPMO3UTh Pa3BUTHE HEpoBOCIalieHUs yepes aKcTpeccuto MukpoPHK, pery-
JIMPYIOIIUX BOCIAJIEHUE W/UJU Yepe3 SKCIPECCUI0 MPOTUBOBOCITAIMTENbHBIX LIUTOKU-
HOB, Harpumep, MJI-10, KOTOPHI MOXET CTUMYJIUPOBaTh CMHTe3 aHTaroHucra UJI-13
(IL-1Ra). das neTajJbHOTO MPOSICHEHUSI TaHHOTO BOIIPOCca HEOOXOAMMO U3YyYEeHUE TTOCT -
CTPECCOPHBIX UBMEHEHHU HE TOJIBKO MPO-, HO U aHTUBOCITAJIMTEIbHBIX CUTHAJIOB.

B npyrux nzydeHHBIX 00J1aCTIX MO3Ta Mbl HAOII01a/IY JIMHEHbBIE OCOOEHHOCTHU B 3KC-
MpPeCcCUuU reHOB IMTOKMHOB. Paznuuus 66011 o6HapykeHbl B IpedpOHTaILHOI KOpe UH-
TaKTHBIX KPbIC: BHICOKOBO3OYIMMbIE€ XKUBOTHbIE MMEIOT 3HAUMMO 0oJiee BbICOKUIA YpO-
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Puc. 6. Yposenb MPHK renos i/IB u mf nposocnianutensbix turoknHoB UJI-13 u ®HO B MuHzanmHe Kpbic
nuHuit BIT u HIT ¢ KoHTpacTHOI BO30YyIMMOCTbIO HEPBHOM CUCTEMbI B Pa3Hble CPOKHU IOCJIE JIMTEIbHOIO
9MOLIMOHAIBHO-00JIEBOTO CTPECCOPHOTO Bo3aeiicTBus (kputepuii Kpackena—Yoiuca, post-hoc aHanu3 Kpu-
Tepuit ManHa—Yurthu, nonpaska FDR), *p < 0.05.

BeHb MPHK ®HO no cpaBHEeHUIO ¢ HU3KOBO30YyIMMBIMU. B TO ke BpeMs B MUHAAIMHE Y
KPBIC C BEICOKOM BO30YOIMMOCTBIO OOHapy:keH Oosee Hu3Kuii ypoBeHb MPHK aToTO 1111-
TOKWHA [0 CPAaBHEHUIO C albTepHATUBHOM JuHMUeil. 3BecTHO, utro ®HO, cekpeTupye-
MBIl B TOJJOBHOM MO3Te TIMAJIbHBIMU KJIETKAMM, YJaCTBYET B PETYJSAILIUM IKCIIPECCUU
AMPA-penienTopoB B HelipoHax TMITIIOKaMIIa M KOPbl TOJIOBHOTO Mo3ra. B KynbType 1 Ha
cpe3ax rumrokammna Obl1o nmokazaHo, uro @HO ysennuuBaetr KoaudyectBo AMPA-pe-
LenTOpOB Ha CMHANITUYeCKoi MeMOpaHe [18]. EcTrecTBeHHO, Takoe yBeIMYeHNEe KOJIMYEe-
CTBa ITTyTaMaTHBIX PELENITOPOB MPUBOIUT K OBICTPHIM U3MEHEHUSIM BO30YITMMOCTHU U CU-
HanTudyeckoi iactuuHoct. ®HO Takke MpUBOIUT K yCUIeHUIO SHaouuTo3a TAMK-
PEeLeNTOPOB, UTO MPUBOAUT K CHUKEHUIO TOPMO3HBIX CUTHAJIOB U TaKXKe MOXKET BIIUSIThH
Ha Bo30ymuMocTb [19]. DddekThl, onrcaHHbIe BbIIIE, JEMCTBUTEILHEI A1 TUITIIOKaMIIa
M KOPTUKAJIBHBIX HEpoHOB. HellpoHBI MmojocaTtoro Teja, HalpoTUB, TEMOHCTPUPYIOT
nHTepHan3anuio AMPA-petientopoB [19] B otBeT Ha DHO. CrepeorakcniecKne NHb-
ek @HO B MUHIATWHY KPBIC HAPYIIAIOT ITPOIIECChl 3alTOMUHAHUS CTpaxa, BEpOsSITHO,
neiictBys yepe3 NMDA-peuemnrops! [20].

TakuM o0Gpa3oMm, B JUTepaType OMUCAHbI PETrMOHAIbHBIC PA3JIMYUs B BO3ACHCTBUU
LIUTOKUHOB Ha OTHU U Te Xe (PU3MOJIOTMYECKUE MPOLIECChI, U, BO3MOXHO, YTO IeHCTBUE
DHO B npedpoHTANIBHOIT KOPE TTPUBOIUT K MOBBIIIIEHUIO BO30YIMMOCTA HEMPOHOB, a B
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MUHIQIMHE, HATIPOTUB, K CHUKEHUIO BO30ynuMOCTU. B aTOM cityyae MoxXHO chopmyiu-
pOBaTh TMIIOTE3Y O TOM, UTO KOHCTUTYTUBHO OoJjiee Bbicokuii ypoBeHb @HO B kope u 60-
Jiee HU3KUI YPOBEHb B MUHAAIWHE Y XKUBOTHBIX IMHUKM HII 1o cpaBHeHuto ¢ BIT crio-
coOCTByeT OoJiee BBICOKOU BO3OYIMMOCTH TEPBbIX. DKCIIEpUMEHTaIbHasI TPOBEPKa 3TOM
TUMOTE3bI MPENCTABIISIETCSI MHOTOOOEIIAIOINIEN B CBSI3U C TEM, UTO PaHee Y KPbIC BBICOKO-
Bo3oynuMmoii muHuu HIT Oputa o6HapyskeHa 60j1ee BhIcoKasa (POHOBASI MMITYJIbCAIINSI HE -
POHOB MUHIAJMHBI o cpaBHeHuIo ¢ BIT [21].

B MuHpanuHe B OTBET Ha CTPECC Mbl HAGII01aJT MOBBIILIEHHBII ITO CPABHEHUIO C KOH-
tposieM ypoeHb MPHK MJI-1f TOJIbKO y BBICOKOBO3OYIMMBIX XMBOTHBIX JivHuu HIT ve-
pe3 24 nHg mocyie crpecca. B mpedpoHTanbHOIT Kope 3HAUYMMBIX U3MEHEHUI YpOBHS
MPHK wuccrnenoBaHHBIX MTPOBOCHATUTENBHBIX LIMTOKUHOB B OTBET HAa CTpecc He 0OHapy-
XWJIW HU Y OMHOM U3 JUHUMN.

HNmeetcsa nHdopmanus o crieinuieckoii 3KCIpeccruu Mpo- U IIPOTUBOBOCHAIUTENb-
HBIX IMTOKWHOB Y IBYX JIMHUI KPbIC, Pa3IMYaIOILIMXCS M0 YPOBHIO arpecCUBHOCTU. B oT-
BeT Ha BBeAcHHUe jumorogucaxapuaa (JITIC) y arpeccMBHBIX KPbIC HAOIIOIAIN MOBHI-
meHHble ypoBHU WUJI-1B B rurmoraiaMyce u JOGHOM KOpe O CPABHEHUIO C HEATPECCUB-
HbIMK Kpbicamu. B rurmokamre yposuu UJI-13, MJT-2 u NJ1-6 6buTH HIXe y arpeCCUBHBIX
KpbIc, Toaseprimmxcs aeiictuio JITIC, yem y HearpecCMBHBIX XKMBOTHBIX [22]. Takum 06-
pa3oM, TeHETUYECKU NEeTePMUHUPOBAHHbIE WHIMBUAYaJIbHbIE Pa3IWuUsl MOTYT OBITh
CBSI3aHbI C PETMOHAIbHBIMU U3MEHEHUSIMU YPOBHSI 9KCIIPECCUU MPOBOCITAIUTEIBHBIX
ILIUTOKUHOB 1 UX BPEMEHHOMN U3MEHYUBOCTbIO.

Kpome Toro, n3BecTHO, 4YTO B pa3HbIX 00JIACTIX MO3Ta IIPOHUIIAEMOCTh FeMaTOHIIe-
¢annyeckoro 6apbepa paznuyaeTCcs B 3aBUCUMOCTU OT CBOMCTB 9HAOTEIMAIBHBIX KIETOK
COCYIOB MO3Ta M KJIETOYHOI FeTepOreHHOCTH B MapeHXuMe rojoBHoro mosra [23]. Ilo-
CKOJIbKY CTPECC BJIMSIET Ha MPOHMKHOBEHNE MOHOLIUTOB U3 KPOBU B MO3T, 3TOT MPOLIECC
MOXET B pa3HOM CTEIeHU 3aTparuBaTh pa3jiMyHbie 00J1aCTH MO3ra.

TaxkuMm 06pa3om, pe3ynbTaThl BHIMOJIHEHHOTO MCCIeI0BAHUS MTO3BOJIUIIN 3aKJIIOYUTD:

1. B HopmanbsHbIX yenosusix ypoBenb MPHK WJI-1B B kposu 1 @HO B ripedpoHTab-
HOI KOpe BbIllIe Y BBICOKOBO30OYynuMbIX Kpbic TuHuM HII no cpaBHeHUIO ¢ HU3KOBO30Y-
IUMbIMU Kpbicamu JinHuu BIT. B munpanune, Hanpotus, ypoBeHb MPHK ®HO kpric
muauun BIT npeBocxomut takoBoii nuHum HII. BeigBiaeHHbIe JIMHEHHBIE 0COOEHHOCTU
BKCIPECCUU TEHOB MPOBOCTAIMTENbHBIX IUTOKMHOB MOTYT BHOCUTb BKJIaJl B AETEPMMU-
HaIMIO YPOBHS BO30YIMMOCTM HEPBHOI CHCTEMBbI U BJIMSTH Ha MPENPACIIOIOKEHHOCTD
KPbIC K Pa3BUTUIO HEHIpOBOCTIATIEHNM S, B TOM UMCJIe U TIOf IeMCTBUEM CTpecca.

2. InuTenbHOE SMOLIMOHATBHO-00JIEBOE CTPECCOPHOE BO3IEMCTBIE MPUBOAUT K CIe-
undrUIecKUM U3MEHEHUAM dKcrpeccuu reHa i/ 1B, Ho He tnf'y Kaxkmoit U3 UccaenyeMbix
JIMHUI KpbIC. [eHETUUECKU JeTepMUHUPOBaHHBIE 0COOEHHOCTHU KPBIC C BBICOKUM YPOB-
HEM BO30YIMMOCTU HEPBHOI CUCTEMBI MOTYT MOBBIIIATh PUCK PA3BUTHS TTOCTCTPECCOP-
HBIX HEMPOBOCTIAJIUTENBHBIX peaklinii 3a cuet yBenudeHus ypoBHss MPHK npoBocnanu-
tesbHOTO MJI-1[ B rUTIIoKamIie 1 MUHIATIMHE.

COBJIIOAEHUE 5TUYECKHNX CTAHJIAPTOB

Bce skcneprMeHThI Ha KMBOTHBIX MPOBOIMIN B COOTBETCTBUM ¢ nupekTuBamu CoBeta EBpo-
neiickoro coobmecTra (86/609/EEC) 06 MCIONb30BaHUM JKUBOTHBIX IJIST 9KCTIEPUMEHTATbHBIX MC-
cnenoBanuii. [Tpotokon 09/16 ot 16.09.21 6611 omo6per Komuccueii mo ryMaHHOMY 0OpallieHrIo ¢
XuBoTHBIMU MHCTUTYTA husunosioruu um. M.I1. [TaBnoBa PAH.

NCTOYHUKN ®PUUHAHCHUPOBAHUA

JlaHHoe uccienoBaHue ObUIO MONAEPKAHO U3 CPEACTB MPOrpaMMBbl CTPATErMUYECKOTO aKaaeMu-
yeckoro Juaepcrsa “Ilpuopuret 2030” BOY um. U. Kanra u T'ocnporpammet 47 I'T1 “HayuHo-Tex-
HoJstornyeckoe passutue Poccuiickoit @enepauuun” (2019—2030), Tema 0134-2019-0002.
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KOH®IUKT UHTEPECOB

ABTOpPBI IEKJIAPUPYIOT OTCYTCTBUE SIBHBIX 1 TIOTEHIIMATBHBIX KOH(MJIMKTOB MHTEPECOB, CBSI3aH-
HBIX ¢ MyOJIMKaell JaHHOM CTaThbU.
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The Effect of Prolonged Emotional and Painful Stress on the Expression
of Proinflammatory Cytokine Genes in Rats with High and Low Excitability
of the Nervous System

I. G. Shalaginova® *, O. P. Tuchina“, A. V. Turkin’, A. E. Vylegzhanina,
A. N. Nagumanova®, T. G. Zachepilo®, M. B. Pavlova®, and N. A. Dyuzhikova®

4 Immanuel Kant Baltic Federal University, Kaliningrad, Russia
b Paviov Institute of Physiology, Russian Academy of Sciences, Saint- Petersburg, Russia
*e-mail: shalaginova_i@mail.ru

Stress plays an important role in the pathogenesis of anxiety and depressive disorders.
Neuroinflammation is considered as one of the mechanisms by which stress alters the
molecular and cellular plasticity in the nervous tissue, which leads to a violation of the
functions of the central nervous system. The contribution of genetically determined fea-
tures of the nervous system to the development of post-stress neuroinflammation has
not been sufficiently studied. In this study, the dynamics of poststress changes in the
mRNA levels of the i/IB and #nf genes of proinflammatory cytokines interleukin-1-beta
(IL-18) and tumor necrosis factor (TNF) in the blood and in the brain in two rat strains
with high and low excitability thresholds of the nervous system (HT and LT) was evalu-
ated. Changes in IL-18 and TNF mRNA levels were assessed by real-time PCR 24 h, 7,
24 and 60 days after prolonged emotional and painful stress in the blood and three brain
structures involved in the development of post-stress pathology (prefrontal cortex, hip-
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pocampus, amygdala). In highly excitable rats of the LT strain, the level of IL-18 mRNA
in the hippocampus and amygdala increased compared to the control 24 days after the
end of stress, in low-excitable animals of the HT strain, an increase in the level of IL-183
mRNA was detected only in the hippocampus at the same time. The TNF mRNA level
did not change in any of the strains at any of the time points after stress. Genetically de-
termined excitability of the nervous system is a promising marker of individual vulnera-
bility to stress, manifested in post-stress disorders associated with the characteristics of
the formation and dynamics of neuroinflammation.

Keywords: neuroinflammation, proinflammatory cytokines, IL-18, tnf, stress, excitabili-
ty of the nervous system, post-stress disorders, rats




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


