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TpaBmatuyeckoe nopexaeHue moara (TTIM, HelipoTpaBMa) npeacTasiisieT co00it ce-
pbe3HYI0 GMOMEIULIMHCKYIO TTPO0JeMy, OCOOEHHO B CBSI3M C BBICOKOM pacrpocTpa-
HEHHOCTBIO U PUCKOM CMEPTHOCTU. [103TOMY HEOOXOAMMO MOHUMaHUEe MEXaHW3MOB
naroreHe3a TIIM kak B KIIMHUKE, TaK B 9KCMIEPUMEHTAIbHBIX MOJEISIX Ha XKUBOTHBIX.
B viccienoBaHuM UCTIOB30BaI MOJIENTb IIPOHUKAIOIIIEH TpaBMbl MO3ra (TejieHLedhano-
Ha) Ul U3y4eHUs TTOBEACHUECKUX U MOJIEKYSIpHbIX Ttocnenctsuii TTIM y B3pocibix
pBI6 3ebpananmo (zebrafish, Danio rerio). CrycTst 4eThIpe THS TTOCIE MHIYKIIMU Heiipo-
TpaBMBI 3e0pagaHUO IEMOHCTPUPOBAIN TUIOJOKOMOIIMIO B TECTE HE3HAKOMOTO aKBa-
puyMa, HapylieHre paboueii maMsTi B Y-00pa3HOM JJaOUPHHTE M aKTUBALIMIO SKCTIPeC-
cuM B TesieHUedasoHe reHa isgl5, KOTOpblii SIBJIsIeTCsl OMOMapKepOM MOBPEXIEeHUs Heil-
poHoB. Kpome Toro, moBpexiaeHue TejieHiedaaoHa BbI3BaJIO 3HAYUTETbHOE CHIDKEHUE
YPOBHSI HOpaJipeHaImHa (HO He o aMrHa U CepOTOHMHA) B MO3Te 3e0pagaHro, YTO MO-
JKET OTYACTU OOBSICHUThL HAOJI01aeMble KOTHUTUBHBIE NeDULMTBI, U TTOTYEPKUBAET MO-
TEeHLIMAJIbHOE BOBJIEYeHUE HEPOTPAaHCMUTTEPHBIX cUCTeM B rarorene3 TTIM.

Karouesvie crosa: 4epenmHO-MO3roBast TpaBMa, 3e0paqaHno, KOHEUHBII MO3T, ITOBee-
HUE, HOpAJPEeHAINH, T'eH isgl5
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BBEJEHUE

TpaBmaruueckoe noBpexneHue mosra (TTIM) sinsieTcst moBpexXaeHreM TKaHW MO3ra
B pe3yibTaTe MEXaHMYEeCKOIO BO3ICHCTBUS, BAPbUPYS OT JETKMX COTPSICCHUI OO TSKe-
JIBIX, YTPOXAIOLIMX XU3HU YepeHO-M03T0BbIX TpaBM [1]. ExxeromHo Gonee 60 MUILIHO-
HOB 4esioBeK TonBepraioTcss TIIM, u Gosiee 2% HaceneHUs! XUBYT C BBI3BAHHBIMU UM
HEBPOJIOTMYECKUMU HAPYLIEHUSIMU, TTO3BOJISISI TOBOPUTH O CBOEOOPA3HOM “THUXOi1 BIH-
nemun” TMII [2]. JaHHast reTeporeHHasl rpynra IMaTOJOTMYeCKUX COCTOSIHUIA MMeeT
pa3sHOoOOpa3HyI0 3THOJIOTUIO U (PYHKIIMOHaIBEHEBIe nposBiaeHus [3]. OTkpbeithie TTIM xa-
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PaKTEPU3YIOTCS BUIUMBIMU MOBPEXKICHUSIMUA, KPOBOTCUCHUEM, BO3MOXKHON MHMEKIIM-
el M cepbe3HBIMU MOCECACTBUSIMU. 3aKphITasi TpaBMa, B CBOIO O4epe/lb, IPOUCXOIUT Oe3
HapylIeHUs LeJIOCTHOCTU Yeperia, HO CaM MO3T TIPU 3TOM MOBPEXIaeTcs 3a cYeT nedop-
Manuu, caaBauBaHus U pacTskeHus [3]. Kpome toro, TTIM MoxeT OBITE KitacCUDUIIN -
poBaHO Kak o4yaroBoe wiu augdy3Hoe, B 3aBUCUMOCTH OT paclpeieieHus TTOBpeX/e-
Hus B mo3are [4]. TIIM Biedet 3a co60ii psia GyHKIIMOHAIBHBIX TTOCIEICTBUI, KOTOPbIE
BBIXOIAT 32 PAMKH OCTPOIO MEepUOia TPaBMbl U MOTYT COXPaAHSIThCSI B T€YEHUE IJTUTEIIb-
Horo BpeMeHM. B wactHocTH, pacnipoctpaHeHHBIM 3 dekTom TIIM sBASIIOTCS KOTHU-
TUBHBIC TUCHYHKIIUM, B TOM YUCJIE HapyllleHUe BHUMAHUS, MaMsITH, UCITOJTHUTEIbHBIX
(GYHKIINI 1 CKOPOCTH 00padboTKu mHpopmannu [5]. DT auchyHKIINN SIBISIOTCS XapakK-
TepHBIM MapKepoM TIIM m Habar0omaoTCs Kak KIMHUYECKU, TaK U B Pa3HOOOpPa3HBIX
monensix Ha XuBOTHBIX. [lpu TIIM Takke pacripocTpaHeHbl MOTOPHbBIE HapyllIeHUS
(3aTpyaHEHUS IBUTATEIbHOI aKTUBHOCTHA Y KOOPIVMHALIMY ABUXKEHUIT) [6], U3BMEeHEHUS
9MOIIMOHAJIBHBIX COCTOSIHUI (TIeperaabl HAaCTPOCHUSI, pa3apaKUTeIbHOCTD, JIeIpec-
cusi, TpeBOTa M SMOIIMOHAJIbHAsI HEYCTOMYMBOCTH) [7, 8], a Takke pa3BUTHE LIEJOTO Psi-
na npyrux 3aboneBanuii [IHC, B ToM umcie sanunencun u 6one3Heit Anblireiimepa u
IMapkuHcona [9—11].

DKCaliTOTOKCUYHOCTD SIBJSIETCS OMHUM U3 KJIOUEBBIX MEXaHU3MOB BTOPUYHOTO TTO-
BpexneHus: HeiipoHoB nipu TIIM [12] u omocpenoBaHa rurepakTUBaleil pelieIITOPOB
BO30Y:KIAIONINX HEMPOTPAHCMUTTEPOB (IIpeXkae BCero riyraMara), IMOBbIIIAIOIIMX BHYT-
PUKIIETOYHYIO KOHIIEHTPALIMIO KaJIbIIMs Yepe3 MOHOTPOITHbIE pelienTopsl [13]. Mccneno-
BaHUs Ha TpbI3yHax [14, 15] n Ha monsx [16, 17] yka3bIBaloT Ha yBeJIMU€HNE BHEKIETOY -
HOM KOHIIEHTpanuu nryramaTa B Mo3re nociie TIIM. Beposarhao, npu TIIM mpoucxoout
pacTsikeHrue MeMOpaH HEMPOHOB, YTO CO3JAET MUKPOIIOPHI, 0OecIeunBaloe MpUTOK
MOHOB HaTpHsl BHYTPb KJIeTKH [12], 9TO NpUBOIUT K ASHOISIPU3ALIMN MEMOpPaHbI, aKTH-
BallMM MOTEHUMAT-3aBUCUMBIX KaJIbLIMEBBIX KAHAJIOB U BBICBOOOXKIEHUIO IJTyTaMara BO
BHEKJICTOUHOE MPOCTPAHCTBO, U, B UTOTe, U30BITOYHOMY MPUTOKY KaJbLIMsl B ITOCTCU-
HanTU4ecKye HeipoHsl [ 18].

VYBenuueHre BHYTPUKJIETOYHOI KOHLEHTpAIUM KaJlbLMsI HapyllaeT HOpMajbHOe
(GYHKIIMOHUPOBAHUE KJIETKU Y aKTUBUPYET ee TIporpaMmMupyemyto cMepts [ 19]. Hampu-
Mep, POCT ero KOHIIEHTpAlMU TIPUBOAUT K aKTUBALUM KaJIbIIUI-3aBUCUMBIX MPOTea3, JIi-
a3 ¥ SHIOHYKJIea3, KOTOpble MHUIIMUPYIOT pa3pyllieHue KIETOUHbIX CTPYKTyp [20], uTo
MPUBOAUT K HAPYILIEHUIO CUHANTUYECKON mnepeaayr, 1MCchHYHKIIUU HEMPOHHBIX CEeTeH,
HapyLIeHWIO HeIPOIUIAaCTUYHOCTHU U PaCCTPOICTBAM MOBEICHMSI, MAMSITU I BHUMAaHMUSI.

BocnanuTtenpHblit npoliecc MHULIMMPYETCS B epBble MUHYTHI TITM B pesynbraTe Me-
XaHUYECKOTO MOBPEXICHUST TKAHU, a TAaKXKe BHICBOOOXKICHUS MOJIEKYJISIPHBIX (hparMeH-
TOB, aCCOLIMMPOBAaHHBIX ¢ ToBpexxaeHussMu (DAMPs) [21, 22]. TlepBuuHOe MOBpeXACHNE
BBI3BIBACT aKTUBAIIUIO PE3UICHTHBIX UMMYHHBIX KJIETOK MUKPOTJIMU, KOTOPBIE CITyXKaT
nepBoit imHuel 3amuThl LIHC. Mukpormust 661cTpo npeteprieBaeT MOP(OJIOTUIeCKIe 1
(YHKILIMOHAJIbHBIE U3MEHEHUSI, TIEPEX0Isl U3 COCTOSIHUS IIOKOsI B aKTUBUpOBaHHOE [23],
BBICBOOOX1asi TPOBOCAIMTEbHBIE MEIUATOPHI (LIMTOKUHBI, XeMOKWHbBI U MIPOCTarIaH-
JIIUHBI) U CITOCOOCTBYSI OKMCIIMTEILHOMY CTpecCy U HelipoaereHepaluu [24].

AcTpouuThl Takke ObICTpo pearupyloT Ha TIIM, mperepneBast MopdoJiorniyecKrie u
yHKIMOHAJIbHBIE U3MEeHEeHUs (PEaKTUBHBINM acTporino3) [25] u o6pasysl NUaIbHBIN py-
Oell, KOTOPBIil AEUCTBYeT KaK (pM3MIECKUl OGapbep, OrpaHIYMBAIONINIl pacIpoCTpaHeHe
MOBpeXAeHUsI. AKTUBUPOBAHHbBIE aCTPOLIMTHI CITOCOOHBI BBHIIEISATH MTPOBOCHATIUTENBHbBIE
MeIMaTopBbl, a TAKXKe HAOII0AaeTCsl HapyllleHe 0OpaTHOTo 3aXBaTa UMM ITyTamaTa U3 BHe-
KJIETOYHOTO ITPOCTPAHCTBA, YTO CITOCOOCTBYET dKCAaUTOTOKCHMYHOCTH [26]. HapyireHnwue 1ie-
JIOCTHOCTU TeMaTodaHuedanmuyeckoro 6apbepa npu TIIM oTKpbIBaeT BO3MOXHOCTb TSI
VHGWIBTPALUM B MO3T MepudepriecKrnX UMMYHHBIX KJIETOK — HEUTpoGUIIOB, Makpoda-
TOB U TUMQMOIUTOB, KOTOPbIE MOMYJIMPYIOT HEMpOBOCHIAIEHUE, CEKPETUPYSI TTPOBOCTIATM-
TenbHEIe MeauaTopsl [27]. B aToM mpoiiecce ocobyio posib UrparoT ¢paKTop HEKpo3a OITy-
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xonu-anbha (PHO-o), unrepneiikun- 13 (UJ1-B) n unrepreitkun-6 (UJ1-6), conepxanue
KOTOPBIX B MO3T€ CTPEMUTEIBHO pacTeT B IepBble yackl nocie TIIM [28—31]. ODTu uuro-
KMHBI CITOCOOCTBYIOT BBIPAOOTKE U BBICBOOOXIEHUIO IPYTUX MPOBOCTIAIUTENILHBIX Me-
IUAaTOPOB, YCWIMBAsI HEMpOBOCHaJeHUEe U HEMPOAITOTTO3.

N3yuyenue nmaropusnonorndeckux acrnekroB TIIM u ux MoJIeKyISIpHBIX MEXaHU3MOB
TpeOyeT IIMPOKOro CIEeKTpa 3KCIEPUMEHTAIBHBIX Mofeseid Ha XUBOTHBIX. [TomMuMo
TPBI3YHOB, CJIEIYEeT OTMETUTh PACTYIILYIO POJIb albTepHATUBHBIX Mozeneid TIIM Ha pbI-
6ax 3ebpananuo (zebrafish, Danio rerio) [32, 33]. Llenb HacTOsIIICi pabOTHl — BATMIAUPO-
BaTh Ha 3eOpagaHuo monaeb TTIM, BbI3BaHHOI MTPOHUKAIOIIUM MTOBPEXICHUEM TeJIeH-
1edanoHa, 1 OLIEHUTh HEMPOXMMUUYECKME U TEHOMHbIE U3MEHEHUSI B MO3Te 3e0pagaHno
B TaHHOI MOJEJN.

METOAbBI MCCIIEJOBAHUA

Kusomubie u ux codepcanue

B uccienoBaHUM UCITONB30BaIN 36 B3POCIIBIX 3e0pafaHro JMKOTO KOPOTKO-TIJIABHUKO-
BOTO TWUIIa, BO3pacT 3—35 Mec., KOTopble ObUIM MpuodpeTeHsl y komnaHuu OO0 “Axco-
snomis” (Cankr-IlerepOypr, Poccust). 2KuBoTtHble conepxxanuch B BuBapum LleHTpa mo-
KJIMHUYECKUX U TPAHCISIIIMOHHBIX UcCIenoBaHnii HallmoHaIbBHOTo MeIUIIMHCKOTO MCCITe-
JTIOBATEILCKOTO IIeHTpa UM. B.A. AJTMa3oBa B COOTBETCTBUU CO CTAaHAAPTHBIMU YCIIOBUSAMU
[34]. AyrOpenHast TMHMS IUKOTO TUIA ObUIa MCIIOJIb30BaHa B HACTOSIIEM MCCIICIOBAaHUM C
Y4ETOM IOMY/ISILMOHHOM BalunHOCTH Moaenu natoreHesza IIHC. B yactHocTu, B TO Bpemst
KakK MHOpenHble JUHUU 3e0pagaHuo 0oJiee HaAeKHbI AJ1s1 HEHpOreHeTUYECKUX UCCIIeIo-
BaHUi1, moxenupoBaHue narojoruii LIHC npennonaraer moctuxkeHue cXonacTBa ¢ “pe-
aJTbHBIMU” 3a00JIEBAaHUSIMU YeJIOBEKa, KOTOPbIE MOpaXkaloT FTeHeTUYECKU reTepOreHHbIE
nomnyissuuy. TakuMm o0pa3oM, MCOIb30BaHUE ayTOPEeIHEBIX 3e0pamaHno SIBIsIeTCs 6ojiee
MOMYJISIITUOHHO OOOCHOBAHHBIM U TPAHCISIIIMOHHO PEJICBAHTHBIM TTOIXOA0M, COOTBET-
CTBYIOIIIUM 3a7a4aM HaCTOSIIIErO UCCIeNOBaAHMS.

)1.)'[9[ obecrieyeHUsl ONTUMAaJIbHbIX yCJ'lOBVlI?I COACPXKaHUA UCIIOJIb30BaJIaCb aBTOMaTHU-
yeckasl cucTeMa pacnpeaeieHust 1 ouucTky Boabl Zeblec Active Blue Stand (Tecniplast,
West Chester, CILIA). Pe10bI pasmemanmch B HEll TpynnaMu 1o 15 ocobeil B akBapu-
yMax o6beMoM 3 uTpa. TemIiepaTypa BOIbl aBTOMAaTUIECKHM IMOICPXKUBAach Ha yPOB-
He 27 £ 0.5°C, a 3HaueHue pH cocrasisuio 7.4. MHTEHCMBHOCTh OCBEICHUS COCTABIISIA
950—960 J1foKC, ¢ IIUKIIOM cBeT/TeMHOTa 12/12 4. Tlepen HayaioM 3KCIIEpUMEHTa KUBOT-
HbI€ MPOIILTNA aKKJIMMAaTU3aIMIO B TeUeHUe 2 Hellellb. Bce XKMBOTHBIE ObUTN DKCIIEPUMEH -
TaJJbHO HaMBHBI U HE MOABEPraINCh HUKAKUM 3KCITEPUMEHTATbHBIM MaHUITYJISIIUSM 10
Havajla JaHHOTO MccienoBaHus. Bece phIOBI MpUHAIIEXaIW OMHOMN TOMYJISIINU U ObUTA
cIIyJaitHeIM 00pa30oM paszefieHbl Ha SKCIIEpUMEHTAIbHBIC TPYIIITBI C TTIOMOIIIBIO OHJIAMH-
reHepaTopa cllydaiiHbIX yucell. PacrpeneneHue pbio 1o TpyIimaM, IpoBeaeHUe TTOBEICH -
YECKUX TeCTOB U aHaIu3 JaHHBIX BBITIOTHSUIMCh Pa3HbIMU MccienoBareasiMu. [1pu atom
KaXX10ii rpyrine ObLIM MPUCBOEHBI KOAOBBIE 0003HAYEHUSI, YTO 0OECIIeUnBaJIO HE3aBUCH -
MBIl aHaJIM3 TaHHBIX 3KCIEPUMEHTAaTOpaMU OTHOCUTENIbHO Bo3aeiicTBus. [paduyeckast
WLTIOCTpALIMS TIJIaHa SKCITEpUMEHTOB MpeacTaBieHa Ha puc. 1.

Ilocmanoexa modeau nporukarouieco nogpedcoerus meaeHye@arona

IlocTaHoBka Momenaud MPOBOOWIACH COIVIACHO METOAMKE, OIMCaHHOM paHee [35].
B Hauasne aKcniepuMeHTa XXMBOTHbBIE TTOABEPTAIMCh AaHECTE3U U MTyTEM MTOTPYKEHUST B pac-
TBOp TpukauHa (170 mMr/ma stuii-3-amMmuHOGeH30aT MeTaHcylIbdoHaTa, Sigma Aldrich,
St. Louis, MO, CIIIA) nHa 40—60 c, 3aTeM (DPUKCUPOBAIUCH C TIOMOIIBIO TYOKU, TaKXe
CMOYEHHO B TpMKaWHE, U TMMOMEIIAINCh IO MUKPOCKOIT. TpaBMUpyIollee MOBpexXIe-
HHE HaHOCWJIOCH ITyTeM BBeleHUsI MeaulmHcKoit uribel (30 G) B MeguaabHyIO 00JIacTh
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Puc. 1. O61mii nuzaiid ucciaenoBanus. TBI — TpaBMaTuueckoe nmoBpexaeHue Mo3ra (¢ mepruoaoM aganTaiuu,
recovery) B CpaBHeHUHM ¢ KOHTposibHOM rpynmoii (Control), NTT — TecT He3HaKOMOTo akBapuyma, Y-maze —
TecT Y-oO6pasHoro jadbupunra. [1o ocu mpuBenens auu nocye TBI.

npasoii nojaychepsl TeaeHuedanoHa yepes Kphlilily yeperna Ha nryouHny 1.5—2 mm. [Tocre
3TOTO PHIO BHIMTYCKAJIM B aKBapUyM C YMCTOI BOIOM JUISI BOCCTAHOBJIeHUSI. B pe3yabTaTe
OIMMCAHHBIX MPOIEAYP BbIKMUBAEMOCTh XXMUBOTHBIX cocTaBisiia 100%. PGB KOHTPOJIb-
HO#1 TPYIITBI OB IKCIIEPUMEHTAIBHO HAUBHBI, HE TIOIBEPTasiCh IKCIIEPUMEHTATbHBIM
BO3AEUCTBUSIM paHee (puc. 1).

Tlosedenueckue mecmuwt

TecT He3HaKOMOTrO aKBapuyMa ObLI BEIOpaH Kak Hau0oJiee YyBCTBUTEJIbHBIN U IMPO-
KO UCTIOJB3YEMbII METOJ [IJIsI OLIEHKHU MapaMeTPOB MOBEICHUST M JIOKOMOLIMU 3e0paa-
HUoO [36, 37]. OH npencTabiisiii CO0O0I aKPUIOBBIN ITPSIMOYTOJIbHBIN aKBAPUYM Pa3MepPOM
20 cMm (BeicoTa) X 20 cM (wmHa) X 5 cM (IIMpUHA), 3aM0IHEHHBIN BOHOIT 10 YPOBHS 19 cM.
3anHsa 1 60KOBBIE CTOPOHBI aKBapyuyMa ObLITM OKpallleHbl B OEJIbIi 1IBET JIsI yBeande-
HUsI KOHTPACTHOCTH, a TepeaHsIsi CTOPOHA OcTaBaiach po3padHoii. Ha paccrosiHum 1 m
OT akBapuyMma pacrojaraiack Bugeokamepa SJICAM SJ4000 (SJCAM Ltd., IIsHbYX3HB,
Kwuraii). 3anuch npou3BoAMIach B TeueHUEe 5 MUH (TTOcse ToMelleHUs 3e0pagaHno B ak-
BapuyM) ¢ 9acToToit 60 KaapoB B ceKyHay. [lajtee ¢ MOMOIIBIO MPOTpaMMHOTO obecIeye-
Husa Noldus IT EthoVision XT11.5 (Noldus IT, Wageningen, Hunepmanmer) 66111 1Ipo-
aHaJIM3UPOBAHBI TTOBEIEHUYECKNE TTapaMeTphl 3e0paJaHno U3 CIeJIAHHBIX BUIEO3aM1Ceii:
MpeonoJieHHast AUCTAaHLMS (CM), CPeIHsIsl CKOPOCTh (CM/C), BpeMsi, IPOBEIEHHOE B HE-
TMOJABUXXHOM COCTOSIHUU (C), TJATEHTHBII MEPUOL TTEPBOTO 3aIlJIbiBa B BEPXHIOIO YacTh aK-
BapuyMa (C), BpeMsi, TIPOBEJACHHOE B BEpXHeEil TOJOBMHE akBapuyMa (C) U KOJIMYECTBO
MepeXoa0B B BEPXHIOIO MOJIOBUHY aKBapruyMa.

Y-00pa3Hblii TaOUPUHT SIBISIETCS pacCOpOCTPAaHEHHBIM TECTOM JUISI OLIEHKU paboueit
naMsTH 3ebpaganuo [38]. B xome TecTupoBaHUs pbIO MTOMEIIAIN IO OAHON B Oeble ak-
punoBble Y-00pa3Hble aKBapuyMbl, 3all0JTHEHHbIe BOo. KaxXplii akBapruyM COCTOSIT U3
TpeX UISHTUYHBIX pyKaBoB (miuHa 50, mmpunHa 20, Beicota 140 MM), pacrnoyioXKeHHBIX
non yriaoM 120° apyr K apyry. PeiGbl MMeayu BO3MOXHOCTh CBOOOIHO MCCeA0BaTh BCe
OTBETBJICHMSI JJAOMPUHTA B TeUSHUE 15 MUH, IIpU 3TOM HX ITepeMelleHre (GUKCUPOBaIOCh
Ha KaMmepy. 3a 3TO BpeMsI XKUBOTHOE JIeJIajio OTpeaeIeHHOE KOJIMYEeCTBO AUCKPETHBIX BbI-
60poB (kak npaBuio, 6ojee 100) — noBopoToB HazieBo (L) nnu Hanpaso (R). ITonyuyeH-
Hble BUII€O3aIlMCcU aHaqu3upoBaiuch B riporpamMe Noldus Ethovision, dukcupys Bpe-
MsI, KOTJa pblba 3aruibiBajia B KaXaoe Iiedo (pykKaB) JJaOMPUHTA U KOTAa ITOKKIAJIa ero.



[NOBEJEHYECKHME, TEHOMHBIE... 1703

Tao6auua 1. HykieoTuaHble nmociienoBaTeIbHOCTH MPaiiMepoB, UCIOJb30BaHHBIX B paboTe

LleneBoii reH [Mpsimoii mpaiimep OO0parHBblit IpaliMep
eeflalll CCCAGTGCTGGATTGCCACA GCGGCATCTCCGGATTTGAG
casp3a CCAGGGTCAACCATAAAGTAGC TCTTTGGTGAGCATTGAGACGA
Thfa GGGCAATCAACAAGATGGAAG GCAGCTGATGTGCAAAGACAC
isgl5 ACTTGATTTCGGTGCGACTTGC GCTGCATCGTCACCGAGTTAT

OTH naHHbIe ObUIM TTPe0Opa3oBaHbl B MOCEA0BATEIbHOCTL CUMBOJIOB L 1 R, 0603Havaro-
1IUX JIEBbIE Y MpaBbie TIOBOPOTHI COOTBETCTBEHHO [39]. [TonmyueHHbBIEe TSI KaxKI0i phIObI
MOCJIEIOBATEILHOCTH OBITM Iajiee MpeoOpa3oBaHbl B pacrpeneiieHue mo 16 Terpan
(LLLL, LLLR, LLRL, LLRR, LRLL, LRLR, LRRL, LRRR, RLLL, RLLR, RLRL, RLRR,
RRLL, RRLR, RRRL, RRRR), HopMupoBaHHBIM K OOIIIeMYy KOJIUYECTBY OOOPOTOB U
BBIPAXKEHHBIM B %, COITIACHO CTaHAApPTHBLIM MeToauKam [38].

Toaumepasnas yennas peaxyus 6 pearvHom epemeru (I11[P-PB)

3abop 1pob TeneH1edaToHa MPOBOAUIICS HETTOCPEACTBEHHO TIOC]Ie TIPOBEAEHUS 10~
BEIEHUYECKUX IKCIIEPUMEHTOB. PbIO yMepILBIIsIM TTyTeM TMOTpYyKEeHUS B JIEASHYIO BOLY,
10 TIOJIHOM OCTAHOBKM JIbIXaTeIbHbBIX IBUXXEHU, MIOCIIE YETO MOJ MUKPOCKOIIOM BCKPBI-
BaJId KPBHIIILY Yeperia U u3BJeKaiu KoHeuHbIid Mo3r. Beinenenne PHK ocyiecTsisioch ¢
ucrosib3oBaHueM peareHta ExtractRNA (EsporeH, Mocksa, Poccust) mo ctaHnapTHOMY
npoTtokoiy st TriZol-omocpenoBaHHOM 3KcTpakiimu. OOpaTHas TPaHCKPUTIIUS Oblia
BEITIOJTHEHA ¢ MOMOIIBIO KoMMepueckoro Habopa MMLYV RT kit (EBporen). [l1s mmpoBe-
nenus [11IP-PB ucnonp3oBaiu koMmMepuecKyto peakiinoHHyo cmech SX qPCRmix-HS
SYBR (EBporen). Cama peakiusi npoBoawiach B cucreme IILIP peambHOro BpemeHu
CFX96 Touch (Bio-Rad laboratories, Hercules, CA, CIIIA). HykjieoTunHbIe ITOCIEAOBA-
TEJILHOCTU NPaiiMepOB, NCIOJIb3yeMbIX B TAHHOI paboTe, MpUBEAEHBI B Ta0I. 1.

Juzaiin mpaiiMmepoB OBbLI OCYILECTBJIEH C MCIIOJb30BaHMeM 0a3bl JaHHBIX National
Center for Biotechnology Information (NCBI) Primer-BLAST (Basic Local Alignment
Search Tool) (https://blast.ncbi.nlm.nih.gov/Blast.cgi). [ns pacuera u3MeHEeHUs] OTHO-
CHUTENBbHON DKCIPECCHM TFeHOB Mcronb3oBaiics meron 2 2ACt [40]. B kauectBe pede-
pEHCHOTO TeHa ObLT BbIOpaH eeflalll — reH noMalllHero Xo3siiMcTBa, KOTUPYIOIINii dyKa-
pUOTHYECKUI (PaKTOP MHUIIMALIMY TPAHCIISILIVU.

Bvicokoaghpexmuenas ncudkocmuas xpomamoepagus

BricokoaddekTuBHAas XKUAKOCTHASI XpoMaTorpadusi ¢ 3J1eKTPOXUMMUYECKOMN TeTeKII -
et (BOXKX-DX]1) ucnosnb3oBajiach 111 aHaIU3a COACPXKaHUSI MOHOAMUHOB (HOpaapeHa-
JmHa, modaMWHa, CEPOTOHMHA) U UX MeTaboJuTOB (3,4-mUTrHapOKCU(EeHUITYKCYCHOM
kuciaotel — JODPYK, romoBaHuMHOBOM KucaoTel — 'BK m S-rugpokcumnHmaonykcyc-
HoM KucinoTe — 5-T'MYK) B mpo6ax ro1oBHOTro Mo3ra 3edpaganno. Meroagnka ocHOBaHa
Ha MOIM(UIIIPOBAHHON BEpCUM IIPOTOKOIIA, pa3dpadboTaHHOrO [41]. AHAIM3 IPOBOIUICS
Ha xpoMmatorpacde HTEC-500 (Eicom, San Diego, CIIIA) ¢ ucnoiabp3oBaHuEeM KOJIOHKU
EICOMPAK CA-50DS. INoasmxHas das3a miss BOXX-DX]I cocrostita u3 0.1 M ¢oc-
darHoro 6ydepa (pH 6.0), comepxaiiero okraHcyabdoHat Hatpus (1.9 MM), sTuneHan-
amuHTeTpaykcycyto kuciory (0.17 MM) u metanon (1.13 M), pH nonBuskHoi# haser — 4.5.
JI7s HopMaJTM3alluM JaHHBIX ObUT MCTOJIb30BaH BHYTPeHHUM cTaHaapT — 1%-Hblil pac-
TBOp 3,4-nuruapokcubeHsmnamuna B 0.1 M HCIO, (no6asisiyicst B TpoObl B COOTHOLUEHUU

10 MxJ1 Ha 1 MT TKaHU) U BHelTHU# ctaHaapT — 0.1 M pacTBopbl cepoToHUHA, fopaMuHa,
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HopanpeHaiuHa, JJODPYK, I'BK, 5-TUYK u 3,4-nuruapoxkcudeHsmnamuta (10 Mk
kaxpaoro pactBopa Ha 930 mki 0.1 M HCIO,). Bee peaktuBbl miss BOXKX 6bu1u nostyue-
HBI 13 Sigma Aldrich, St. Louis, CLIIA.

Cmamucmuueckas 06pabomrka 0aHHbIX

TlonyyeHHbIe HaHHbBIE aHATM3UPOBAIU C UCITOJB30BAHUEM $I3bIKA TPOTPAaMMUPOBa-
Hust R (Bepcus 4.2.1) B cpene R-Studio (Bepcust 2022.02.2). I[IpoBepKa faHHBIX Ha HOP-
MaJbHOCTb TIpOBOAMIIACKH C Tomolbio Tecta Konmoroposa—CmupHoBa. BBumy otcyT-
CTBUSI HOPMAJIBHOTO PACIpelesIeHUs] Y UCCIIeyeMbIX TTIEPEMEHHBIX, TaHHbIE TeCTa He-
3HaKOMOTO akBapuyma, xpomarorpaduu u [P ananusupoBainch ¢ UCTIOIb30BaHUEM
HemapaMeTpu4ecKoro trecta BuikokcoHa—MaHHa—YUTHU [J1s1 HE3aBUCUMBIX BHIOOPOK.
Jlns1 aHanmu3a pacripefesieHus TeTparpaMM IMepexonoB B Y-0Opa3HOM JIaOUpUHTE ObLa
nocTtpoeHa o6o0meHHas auHeliHasa Monenb (GLM, Poisson distribution, log link), rme
dakTopnl “I'pynmna”, “Terparpamma”, u B3aumoaeiicteue “I'pynma” X “Terparpamma”
WCITOJIb30BAJIUCH B KaUeCTBE NMPeauKTOpOB. [1pu oOHapyXeHUM 3HAUMMOTO BIUSTHUS OJl-
HOro u3 (akTopoB WJIM KOIJa B3aUMOIEHCTBUE MexXAy ¢aKTopaMu ObLIO 3HAYMMBbIM,
MPOBOJWJIOCH TOTMAPHOE CPaBHEHUE C HCIIOJb30BaHMEM OLIEHEHHBIX MapruHaIbHBIX
cpenHux (makeT R “emmeans”, Koppekiius 3HauyeHus p o metony Cumaka). Paznuuus
CUMTAJIMCh CTATUCTUYECKU 3HAUMMBIMU MpU 3HaueHuu p < 0.05.

Pacuet pasmepa BoIOOPKU (7) TIPOBOAMJICS HA OCHOBAHUY JAHHBIX MTUJIOTHOTO MCCIIe-
JOBaHUS C HCIIOJb30BaHMEM (YHKIIMM pWrss.np.2groups makera pwrss B R. JlaHHas
GyHKIIMS TTIO3BOJISIET OTPEIeIUTh PUMEPHOE /1 ISl TecTa BUIKOKCOHA ¢ yyeToM kesae-
moii momrHocTH Tecta (0.80), ypoBHs 3HaunMocTu (0.05), a TakKe 3HAYEHUI CpETHETo U
CTaHJIAPTHOIO OTKJIOHEHMUSI CPEIHEro BEIOpaHHOM ITepeMeHHO 1ist ABYX rpyrin. B kaue-
CTBE 3aBUCUMOIi TTIepeMeHHOI Obl1a BbIOpaHa JUCTAHLIMS B TECTE HE3HAKOMOTO aKBapuyma
KakK OIMH U3 HanboJiee BaXKHbIX [TOBEIEHYECKUX MTOKa3aTeseil. B mioTHOM uccienoBaHuu
3HAYCHUSI CPEIHEr0 U CTAHAAPTHOTO OTKIIOHEHUS cpemHero coctaBwin 954 + 371 cM mis
KOHTPOJIbHOM Tpyniibl M — 643 % 245 cm qisa TIIM (pasmep addekra — 0.478). Ha ocHo-
BaHUY 3THX JaHHBIX ObUIO MTOJIYYeHO 3HaYeHUEe 1 = 16, KOTOpOe ObLII0 CKOPPEKTUPOBAHO
1o n = 18 ¢ yueToM BO3MOXHOI CMEPTHOCTU B PE3Y/IbTAaTe IKCIIEPUMEHTAIbHBIX BO3/ACTH -
CcTBUii. B Xome aHanm3a 1aHHBIX yaajleHUsl BHIOPOCOB HEe MPOBOAMIIOCH. BBUIY moBpexae-
HUS BUneodaitioB pe3yabTaThl T€CTa HE3HAKOMOTO aKBapuyMa He ObIJIU TMOJIy4eHbl IS
TpeX >KUBOTHBIX (IBa U3 KOHTPOJILHOI rpynnbl U onHo u3 rpymnnsl TIIM). Kputepuem
TSI UCKJTIOUEHUST U3 (DMHAJIBHOTO aHajiun3a B TecTe Y-0O0pa3HOro JaOMpUHTA SIBJISITIOCH
MeHblee, yeM 100 yrcio moBOpPOTOB 3a BpeMs TecTa (0OTMeUaIoCh [JIsl ABYX 3e0pagaHUoO
W3 KaXKIOU TPYIIbI).

PE3VIIBTATBI UCCIIEJOBAHHMA

Bausnue TIIM na nosedenue 6 mecme He3HaKoM020 aKkeapuyma

TTIM oka3ajo cTaTUCTUIECKN 3HAYMMOE BIMSTHAE Ha MOBeAeHNE 3e0pagaHuo B TeCTe
HE3HAKOMOTO aKBapuyMa, YTO BbIpaXkaJloCh B UBMEHEHUU NMCTAHIIMM, YUCTa TIEPEXOI0B
MEXIly 30HaM1 M BpeMEHU HaXOXICHUS B BEpXHEl MOJI0BUHE akBapuyma (puc. 2 1 TabJ. 2).
Pri0b1, moaBepruyteie TIIM, mpeomosiieBaiu MEHBIIYIO IMCTAHIIMIO 32 BpeMs TecTa, a
Tak>Xe COBEpIIIaIM MEHBIIIEE YMCIIO TIEPEXOI0B MEXy 30HAMU B CPABHEHUU C KOHTPOJIb-
Hoi rpyrmoit (p < 0.05), 9To TOBOPUT O CHUKEHUHU JIOKOMOTOPHOIT aKTUBHOCTH. B TO ke
BpeMsI TpaBMa MO3Tra IpuBeJia K YBEIUYEHUIO BpeMEH!, TPOBEICHHOMY B BEpXHEii 110J10-
BUHe akBapuyma (p < 0.05).
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Puc. 2. Bnusitnue tpaBMatudeckoro nospexaeHust mosra (TTIM, TBI) na noBeneHue 3ed6pagaHuo B TeCcTe He-
3HaKoMmoro akBapuyma. Control — KoHTposibHast rpynna. OLeHUBaJIM CyMMapHOE PacCTOSIHUE, TIPEOIOJIEHHOE
JKMBOTHBIM 3a BpeMmsi Tecta (Distance), 4MciI0 Mepexoa0B MEXIy BEpXHEil 1 HIDKHEl MOJIOBUHAMU aKBapuyma
(Zone transitions) 1 cyMmmapHoe BpeMs B BepxHeii rmojioBuHe akBapuyMa (Top duration). JlaHHbIe npeacTaBiie-
HbBI KaK MeanaHa + MeXKBapTUIbHBII pasmax (n = 16—17 B rpyrre) u MpoaHaaIu3upoBaHbl TeCTOM Buikokco-

Ha-ManHa-Yuthau (Wilcoxon).

Tab6muua 2. CpaBHEeHME KITIOYEBbBIX MTOBEEHUECKMX MMOKa3aTesiei TecTa He3HAKOMOIo akBapuyma y

3e0pagaHuo
I'pynma MenuaHa Ql Q3 IQR BMEE(I)/::S::I W 3HaueHue p
JuctaHumst (cMm)
KoHnTpoib 1274.35 1130.12 1515.2 385.08 191 <0.01
TIIM 1059.64 860.83 1200.11 339.27 :
KonnuecTBo nepexonoB Mexay 30HaMU
Kontponn 11 7 18.5 11.5
TIIM 7.5 5 10.25 5.25 1715 <0.05
Bpewms B BepxHeii ToJIOBUHE akBapuymMma (c)
KoHTponb 126.4 87.2 161.13 73.93
TIIM 188.6 149.9 228.9 79 o135 <0.01

CTaTUCTUYECKU 3HAYMMBIE PA3JIMUUSI MEXKILY TPYITIIAMU BbIICIEHBI XKUPHBIM IpUdTOM (Kputepuit Buikokco-
Ha—ManHa—YutHH, p < 0.05, n = 16—17 B rpynne). TIIM — TpaBMaTudeckoe noppexaeHue mosra. IQR — mex-
KBapTWIbHBINM pa3Max (interquartile range).
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Puc. 3. Bimustnue tpaBmaTnueckoro nospeskaeHust mosra (TTIM, TBI) Ha pacnipeneneHue TeTparpaMM ajabTep-
HaTMBHBIX BBIOOPOB B TecTe Y-o6pas3Horo sabupunta (Tetragrams frequency distribution, » = 16 B rpynne). Control —
KOHTpOJIbHASI rpyrma. JlaHHbIe MpeacTaBieHbl Kak cpenHee + craHmapTHasi olmMoKa cpeaHero. *** — p < 0.001 (mo-
MapHOe CpaBHEHME OLIEHEHHBIX MapTMHAJIBHBIX CPETHUX 3HAaUeHU I ¢ KoppeKieil 3HaueHuii p metonom Cuna-
Ka JUTS MHOXXECTBEHHBIX CPaBHEHUIA).

Bausnue TIIM na nosedenue 6 Y-obpaznom aabupunme.

AHanun3 000011IeHHOM JUHENHOI MoAe I MoKa3ajl 3HauMMoe BIUsIHUE (pakTopa “TeT-
parpamma” (p < 0.001), a Takxe B3aumoaeiicTBus (pakTopoB “reTparpamma’ X “rpymmna”
(p < 0.001) Ha mpolIECHTHOE pacripee/ieHUe ajJbTepHAaTUBHBIX BHIOOPOB 3e0OpamaHuO B
Y-o06pa3noM nabupuHTte (puc. 3). Tak, ppIObl KOHTPOJIHLHOM T'PYIIIHI AeMOHCTPUPOBAIN
€CTEeCTBEHHOE YepeoBaHue (CTIOHTaHHYIO aJTbTEPHAIINIO) JIEBBIX U ITPAaBBIX ITOBOPOTOB, O
YeM CBUIETEJILCTBYET XapaKTepHOe paclpeie/ieHue TMepexoloB ¢ MpeodiagaHueM TeTpa-
rpamM LRLR u RLRL (puc. 2, tTa6sa. 3). [lomoOHoe pacnpeneaeHue COOTBETCTBYET TUITY-
HOMY MOBEICHUIO PHIO B JAHHOM TECTe, OIMcaHHOMY B iutepatype [38, 42]. B rpynmne TTIM
CIMIOHTaHHAasl aJIbTepHaIlvsI He ObLUIa BbIpak€Ha, O YeM TOBOPUT 3HAUYMTETbHO MEHBIIUI
npoueHT Terpan LRLR u RLRL B cpaBHeHuu ¢ koHTposbHoit rpymmoit (p < 0.001). ITpu
3TOM pBIOBI 13 TpyrIsl TIIM moka3anau 60JIbIITyI0 CKIIOHHOCTD K IIOBTOPEHUIO JIEBBIX I10-
BOPOTOB, O Ye€M TOBODUT YBeJIMUEHUE IMPOLIEHTHOTO OTHOIeHUsT TeTparpaMm LLLL B
CpaBHEHUM ¢ KOHTpOJbHOI rpymmoit (p < 0.001, puc. 3, Tabi. 3).

JanbHeluit aHaIu3 pacTipeiesIeHUs TeTparpaMM BBISIBUJT CTATUCTUYECKY 3HAYMMBbIC
pa3IMUYs MEXIy TPYIIaMUy MO KJTIOYEBBIM MoKa3aTesisiM TeCcTa — MPOIEHTHOMY OTHO-
meHuto yepenoBanuii (terparpamMmbl LRLR + RLRL) u moBTOpeHwmii (TeTparpamMMbl
LLLL + RRRR). Tak, 3e6pananuo u3 rpymnnsl TIIM mnokazanu yBeJludyeHue MpoleHTa
MOBTOPEHMI OTHOCUTEJIBHO KOHTPOJIbHOM IPYIIIbI U CHYKEHUE MPOLIEHTA Yepel1oBaH UM
(p <0.05, puc. 4 u a6 4). [laHHbBIE UBMEHEHUSI IPUHSATO UHTEPIIPETUPOBATh KaK Hapy-
IIeHVe CITOHTAHHOM aJbTepHallMM KaK ToKasaTelis pabodeil mamsaTu y 3eOpagaHuo B
maHHOM Tecte [38].

Bausnue TIIM na codepycanue MOHOAMUHO8 U UX MemabOAUMO8 6 Mo3ee 3e0padanuo

AHanu3 coaepKaHus MOHOAMHMHOB (HOpaapeHaauHa, fodaMuHa U CEpOTOHMHA), a
TakXXe UX MeTaboJIMTOB (TOMOBAaHWJIMHOBOM KUCJIOTHI, S-TUAPOKCUMHIONYKCYCHOM KKC-
JIOTBI U AMOKCUGEHWIYKCYCHOM KUCIIOTHI) B LIEJIOM MO3Te 3e0paiaHuo MpencTaBieHbl Ha
puc. 5 u B Tabi. 5. TpaBMaTn4ecKoe MOBpeXIAeHUE TeleHIedaloHa BbI3BAJIO CTaTUCTH-
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Puc. 4. Biimsinue TpaBMaTtrdeckoro nospeskaeHust mosra (TTIM, TBI) Ha noBeaeHue 3e6pagaHuo B Tecte Y-00-
pa3HOro naGMpUHTa, B TOM YMCJIe TMPOLIEHTHOE OTHOILIEHUEe uyepenoBaHMil (Alternations) M MOBTOpeHMIA
(Repetitions) neBbix U TIpaBbix MOBOPOTOB. Control — KOHTpobHAs rpymnna. JlaHHble MpencTaBIeHbl Kak Me-
IyaHa T MeXKBapTWIbHBIA pa3max (n = 16 B IpyIie) U MpoaHaTU3MPOBaHbI TeCTOM Buikokcona-MaHHa-
Yuruu (Wilcoxon).

YECKU 3HAYMMOE CHIKEHVE YPOBHSI HOopajipeHamHa B Mo3sre 3eopananuo (p < 0.05 mpotus
KOHTPOJILHOM TPYIIILI), IPU 3TOM COIEPXKAaHUE APYTUX aHATU3UPYEMbBIX BEILECTB MEXKIY
rpyrnmnamu He paznudanoch (p > 0.05).

Bausnue TIIM na sxcnpeccuto eenos casp3a, tnfa u isg15 6 meaenyeganone 3edbpadanuo

Anamm3s pesynbratoB [11[P-PB mokasain, yTo TpaBMaTH4ecKoe ITOBpEXACHNIE 0Ka3aI0
CTaTUCTUYECKHY 3HAYMMOE BIUSTHHE Ha YPOBEHb SKCIIPECCUM IeHa isglS B TeneHiedao-

Tabmuua 3. CpaBHeHME YacTOThI TETparpaMM B TecTe Y-0Opa3HOro JIJaAOUpUHTA MEXIY DKCIepH-
MEHTaJbHBIMU IPYIIaMu 3e0pariaHuo

CpaBHeHMe TerparpaMMbl Estimate SE z-ratio p value
KonTpons—TIIM LLLL —1.59 0.29 —5.52 <0.001
Kourpons—TIIM LLLR —0.66 0.29 -2.29 0.02
Konrtpons—TIIM LLRL —0.25 0.25 —1 0.32
Koutpons—TIIM LLRR —0.15 0.28 —0.55 0.58
Kourpons—TIIM LRLL —0.24 0.25 —-0.97 0.33
Konrtpons—TIIM LRLR 0.81 0.18 4.41 <0.001
Konrtpons—TIIM LRRL 0.13 0.28 0.46 0.65
Kourpons—TIIM LRRR —0.17 0.28 —0.59 0.56
Kontpons—TIIM RLLL —0.56 0.29 —2.28 0.06
Kontpons—TIIM RLLR 0.19 0.26 0.74 0.46
Kourpons—TIIM RLRL 0.85 0.18 4.64 <0.001
Kontpons—TIIM RLRR 0.05 0.27 0.18 0.86
Koutpons—TIIM RRLL —0.21 0.29 —0.72 0.47
Koutpons—TIIM RRLR 0.12 0.27 0.43 0.67
Koutpons—TIIM RRRL —0.14 0.29 —0.48 0.63
Koutpons—TIIM RRRR —0.03 0.24 —0.14 0.89

CTaTUCTUYECKU 3HAaYMMbIE PA3IMUMs BbIIEICHbI XKUPHBIM IIPUGTOM (ITOMapHOE CpaBHEHME OLIEHEHHbBIX Map-
TUHAJIbHBIX CPEIHUX 3HAYSHUI C KoppeKineit 3HaueHuit p meronoM Crmaka [uist MHOKECTBEHHBIX CDaBHEHUIA).
Estimate — pa3HuLIa MeXIly OLIEHEHHBIMU MaprMHaJIbHBIMU CPEAHUMM, SE — CTaHIapTHAasi OLMOKa CPEIHEero,
TIIM — TpaBMaTHU4eCKOE MOBPEXIECHUE MO3Ta.
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Puc. 5. Bausaue tpaBMaTudeckoro nospexacHust mosra (TTIM, TBI) Ha conepkaHre MOHOAMUHOB U KX Me-
TaboJIMTOB B 11eJ10M Mo3re 3ebpananuo (n = 10 B rpynre). Control — KOHTposibHasI Tpy1a. JJaHHbIe TpencTaB-
JIEHBI KaK MeIuaHa t MeXKBapTWIbHBIN pa3Max M MPOaHaJIU3MPOBaHbl TECTOM BuiikokcoHa-MaHHa-YUTHU
(Wilcoxon). Norepinephrine — HopanpeHaiauH, Dopamine — noamuH, Serotonin — ceporonur, HVA — romo-
BaHmwIMHOBas kuciora, DOPAC — murunpoxkcudeHnnykcycHas kuciora, S-HIAA — 5-TuapoKcuMHIoIyKCyc-
Hasi KUCJIOTA.

He 3ebpagaHuo (p < 0.001 MpoTUB KOHTPOJIBLHOM I'PYIIIIbI), TPU 3TOM U3MEHEHUI B IKC-
MPECCUM TEHOB casp3 U tnfa o6HapyxkeHo He 66110 (p > 0.05; puc. 6 u Tab. 6).

OBCYXJIEHMUE PE3VJILTATOB

HecMotpst Ha BBICOKYIO reTepOoreHHOCTh KiimHmdecKux popm TIIM, MOXHO BBIAEIUTH
HEKOTOphIe OO0IlMe 3aKOHOMEPHOCTH, MPHUCYIINe BCEM BUIAM IaHHOK marojoruu [43].
IlepBuunbie TIIM Bo3HMKaOT Npu (GU3MIYECKOM BO3IEHCTBUMM U BBIZBIBAIOT pa3pyllie-
Hue 000JI04ueK MOo3ra U reMaTodHI1iedaInyeckKoro 6apbepa, pa3pblB KPOBEHOCHBIX COCY-

Ta6auna 4. CpaBHEeHUeE KITIOUEBbIX TOBEAEHYECKUX MOKA3aTeIeil CIIOHTAHHO aJIkTePHALIMU B TECTe
Y-o0pa3Horo jabupuHTa y 3e0pajgaHrio

I'pynna Menuana Ql Q3 IQR Bnﬁggggggf W 3HaueHue p
IMoBTopenus (%)
KonTposnb 7.58 4.9 11.04 6.14
TIIM 13.85 10.86 21.65 10.79 255 <0.01
Yepenosanus (%)
KonTtpoinb 33.7 29.42 49.28 19.86
TIIM 14.36 9.84 21.87 12.03 133 <0.001

CTaTUCTUYECKU 3HAYMMBIE PA3JIMUUSI MEXKILY TPYITIIAMU BbIICIEHBI XKUPHBIM IpUdTOM (Kputepuit Buikokco-
Ha—ManHa—YutHu, p < 0.05, n = 16—17 B rpyrne). Q1 — nepBbIit KBapTHIb, Q3 — TpeTuit KBapTuib, IQR —
MEXKBapTUIbHBINA pasmMax. TIIM — TpaBMaTUUYECKOE MTOBPEXIEHUE MO3Ta.
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Tab6auua 5. CpaBHeHUE cofepXaHUSI MOHOAMUHOB B MO3re 3e0pagaHro Ha (poHe HeiipOTpaBMBbI

I'pynma MenunaHa Ql Q3 IQR Bnﬁgggceggi W 3HayeHue p
HopanpeHanuH (nr/mr TKaHW)
KoHTtponb 1825.61 1736.71 1922.6 185.89 36 0.005
TIIM 1250.67 1082.43 1466 383.56
HodamuH (Tir/mMr TKaH!)
Konrpoins 281.42 260.62 333.32 72.7 51 0.971
TIIM 294.76 224.18 326.57 102.38
CepoTOHUH (TT/MT TKaHU)
KonTposnb 367.21 330.52 394.06 63.54 64 0.315
TIIM 310.89 273.36 385.85 112.49
I'BK (rir/mr TkaHu)
KoHnTtpoib 44.11 36.23 67.7 31.47 48 0.912
TIIM 55.5 8.36 92.27 83.91
JOPYK (nr/Mr TKaHU)
KoHTposb 19.07 11.85 21.41 9.56 57 0.631
TIIM 14.57 13.22 19.29 06.08
5-TUYK (nr/mr TKaHu)
KoHtposb 405.9 380.46 433.45 52.99 60 0.481
TIIM 391.03 342.72 412.89 70.17

CTaTUCTUYECKU 3HAYMMBIEC PA3JIMUUSI MEXKILY TPYITIIAMU BbIICIEHBI XKUPHBIM IpUdTOM (Kputepuit Buikokco-
Ha—ManHa—YutHu, p < 0.05, n = 10 B rpynirie). Q1 — nepBblIit KBapTWiIb, Q3 — TpeTuit KBapTuib, IQR — Mex-
KBapTWJbHBIM pa3max. TIIM — tpaBmaTtuueckoe noppexaeHue mosra, 'BK — romoBaHMJIMHOBasI KMUCJI0OTa,
NO®DYK — nuruapokcudeHmnykcycHas kucinora, 5-TMYK — S5-runpoKCMMHIOIyKCYCHAast KUCIIOTa.

Tab6muua 6. CpaBHeHUE SKCIIPECCUM TeHOB caspla, tnfa v isgl5 B TeneHuedanoHe 3e6panaHuo Ha
(oHe HelpoTpaBMbl

[pynna Menuana Ql Q3 IQR Kpurepuii 3HaueHue p
Bunkokcona, W
casp3a (OTHOCUTENbHBIN YPOBEHb IKCIIPECCUN )

KonHTtponb 1.04 0.7 1.26 0.56 46 0.16
TIIM 0.64 0.38 0.86 0.49 46

tnfa (OTHOCUTEBHBIN YPOBEHb SKCIPECCUN)
KonTponb 0.54 0.45 01.01 0.56 42 0.33
TIIM 0.4 0.26 0.79 0.52 42

isg15 (OTHOCUTENbHBINM YPOBEHBb IKCIIPECCUN)
KoHTpoib 1.03 0.8 1.39 0.59 0 <0.001
TIIM 25.81 16.37 30.93 14.55 0

CTaTUCTUYECKM 3HAaYMMBbIE PA3IMUMsl MEX/y TPYNIaMU BblIEJIeHBI XUPHBIM LipudToM (Kputepuii Buikokco-
Ha—ManHa—YutHu, p < 0.05, n = 8 B rpynmne). Q1 — nepBblit KBapTUib, Q3 — TpeTuii KBapTmib, [QR — Mexk-
BapTWiIbHbII pa3max. TIIM — TpaBMaTuyeckoe NoBpeXIeHUe MO3ra.

JIOB, PacTSDKEHHWE M pa3pblB aKCOHOB, T'MOEIb HEHPOHOB M IIMAJIBHBIX KIIeTOK [44].
B xolie mepBUYHBIX MTOBPEXIACHUI MPOUCXOAUT Heceurduueckas Tudesb Kiietok. Ilep-
BUYHBIE TTOBPEXIEHWUS MTHULIMUPYIOT BOSBHUKHOBEHUE BTOPUYHBIX TTOBPEXIEHUI, KOTO-
pbl€ TIPOSIBJISIIOTCS] B CUCTEMHBIX HapylIeHUsIX (OTEK MO3Tra, yYBeJIMYeHUEe BHYTpUYEPEI-
HOTO JaBJICHUS, UIIEMUsl), a TaKKe aKTUBalMeil (pr3noornyecKruX U KJIETOYHBIX MeXa-
HU3MOB, TaKUX KaK 3KCAaTOTOKCUYHOCTb, HelipoBOCTIaJIeHUE, OKUCIIUTEIbHbBIN CTpecce,
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Puc. 6. BiusHue tTpaBmatuueckoro nospexnaeHus Mmosra (TBI) Ha oTHOocUTeNbHBII YpOBeHb aKcnipeccuu (fold
change) reHoB casp3a, tnfa v isg15 B TeneHuedanoHe 3edbpaganHuo (n = 8 B rpymrie). JlaHHble HOPMUPOBAaHBI OT-
HocuTenbHO reHa eeflalll. Control — KOHTposbHAsI TpyITIa. JJaHHbIe TIpeCTaBIeHBl KaK MeiaHa + MeXXKBap-
TWJIBHBINA pa3Max.

MUTOXOHApUaNIbHAS JUC(YHKLIMS, TporpaMMupyeMas KiietTouHast cMepThb [12]. Bropuu-
HbI€ TTOBPEXACHUSI MOTYT Pa3BUBAIOTCS B T€YEHUE YacOB, JTHEI WJIM Aaxe Helellb IOociIe
TMEPBUYHOI TPaBMBI, a TAKXKE BBIXOJIUTH 32 TPeeibl MeCTa MEPBOHAYAILHOTO MOBPEXIe-
HUS, 3aTparuBasi CoOCeIHE U OTIaJIEeHHbIE 00JIaCTM MO3ra, U UMEHHO OT XapakTepa U Tsi-
JKECTU BTOPUUYHBIX TTOBPEXICHUI BO MHOTOM 3aBUCSIT UTOTOBbIE (DYHKIIMOHAJIbHbBIE T10-
cneacteust TTIM.

Xotg TIIM mpuBomuT K HecreInpUISCKO CMEPTH HEPBHEBIX KJIETOK B pe3ylabTaTe
HEKpo3a B MepBble MUHYTHI TIOCTIE TPABMbI, KIMHUYECKUE U SKCTIEPUMEHTAIbHbIE TaH-
HbIE YKa3bIBAIOT HAa BaXHOCTh “BTOPOI BOJHBI” KJIETOUHOU I'MOEIU 3a CUeT aronro3a u
NPYIMX MEXaHU3MOB MporpaMmupyemoit cMeptu kjietok [45]. I1pu TIIM mpowucxonmst
XapaKTepHBIE allONTOTUYECKUE U3MEHEHUsT MOP(MOJIOrMM KIIETOK (CMOpIIUBaHue, (par-
MEHTALMsI siep, KOHIEHCAlIUsI XpoMaTHHa, 00pa3oBaHKeE allONTOTUYECKUX TeJlell), a Tak-
e MapkepoB (parmeHTaruu JJTHK v akTuBammy mpoanonToTuyecknx 6eiakoB [46—50],
TpeXJe BCEro Kacmnas, KOTOpble paclleIUISIOT O€IK! 1 BhI3bIBAIOT TMOETb KJIETOK (Kacma-
36l 3, 6 1 7) TMOO aKTUBUPYIOT Apyrue Kacmasbl (Kacmassl 2, 8 m 9) [51]. [Tpu TIIM Hau-
OoJiee pacIpoOCTpaHEHHOM MPUYMHOI aIloITo3a SIBJSIETCS Upe3MepPHbIA YPOBEHb BHYT-
PUKJIETOYHOTO KaJIbIIMSI, BBI3BAHHBIM 3KCAUTOTOKCUYHOCTBIO [12], YTO MPUBOAUT K aK-
TUBALIMM Kacra3 M pas3pylleHUsIM KJIETOYHBIX CTPYKTyp Tipu aronrtosde. Kpome Toro,
arnonTo3 MHULIMUPYETCS CBA3bIBaHUEeM JTUTaHA0B cMepTH (PHO-0) ¢ COOTBETCTBYIONIM -
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MU pelierntTopamu [52], Takxke akTUBUPYs KackKaj Kacras U, B pe3yabrarte, anonrtos. [lo-
MUMO aroriTo3a, OMMCaHo ellle HECKOJIBKO MEXaHU3MOB MTPOrpaMMUPYEMOit CMEPTH KJle-
TOK, aKTUBUPYEMBIX B pesysibTaTe TIIM, B TOM uncie HeKpornTo3, ayrodarus, IMporTo3
u epporros [53—55].

B HacrosiiiemM ucciienoBaHUM TpaBMaTUUECKOE MOBPEXIeHNE KOHEYHOTO MOo3ra 3e0-
paaHuOo MPUBEIO K BBIPAXKEHHBIM TMOBENEHYECKUM HapyIIEHUSM, CBUIETEbCTBYSI 00
YCHEITHOCTHU IMOCTAHOBKM MOMAEIM HelpoTpaBMbI. Tak, Ha 4-i1 neHb 1tociie TIIM phIOb
JIEMOHCTPUPOBAJIV TUTIOJIOKOMOLIMIO, BBIPAKEHHYIO B CHUXKEHUU MPEOIOJIEHHOM JUCTaH-
LIMU B TECTe HE3HAKOMOTO aKBapruyMa, a TakkKe B HapyllIeHUH paboydeii TaMsITh, BbIpaxkeH-
HOE B CHWDXKEHUM OTHOCUTEIBHOTO KOJIMYECTBA YepelIOBaHUN U YBEIMYEHUN KOJIMYECTBA
TIOBTOPEHMI B TecTe Y-00pa3HOTro JIAOMPUHTA. DTU JaHHbBIE COTJIACYIOTCS C pe3yJibTaTaMu
NpyTuX paboT Ha MOJENU 3e0pagaHno, B KOTOPBIX TTOBPEXIEHNE MO3Ta BhIZBIBAJIO MO-
NOOHBIE TTOBeAcHUYEeCKEe U3MeHeHus [56—58], a Takxke ¢ moaensimu TIIM Ha mieKomnu-
TaIOLIMX, B KOTOPbIX KOTHUTUBHBIE U MOTOPHbIE HAPYILIEHUS SIBJISIIOTCS OOHUMU U3 HaU-
GoJiee pacpoCTpaHEHHbBIX (PDYHKIMOHATbHBIX ITOCIEACTBUI TpaBMbI Mo3ra [59—61].

MNHTepecHbIM HaOJIONEHEM SIBJISIETCS] 3HAUUTEJIbHOE YBEJIMYEHUE DKCIIPECCUM isgld
B rpyrmne ¢ TTIM (puc. 5). JlaHHBII TeH KOaupyeT YOMKBUTUH-MIOH00HBIN 6eok ISG15
(interferon-stimulated gene 15), KOTOPBIIT MOXET CBA3BIBATHCS C APYTMMU OeJIKAMU-MUIIIE-
Hsimu B ipouiecce ISG-mmmposanus (ISGylation), moxoxkeM Ha YOUKBUTUHUpOBaHUeE [62].
ITokazano, aro ISG15 MoxeT urparb BaxXHyI0 pojib B mmatoreHe3e TIIM, o yem cBume-
TEeJILCTBYET MHOTOKpaTHOE yBeJIMYeHHUE IKCIpeccuu ero reHa [SG15, a Takke cTeneHu
ISG-mimpoBaHus GEJIKOB B MOJEISIX HEMPOTPABMbI Ha MbIIax U narueHTos ¢ TIIM [63].
BoJiee Toro, akTMBalvs 3TOro reHa HabJIIo1aeTCsl MPY MOBPEXACHUSIX HEPBHOM TKaHU pa3-
JIMYHOM 3TUOJIOTUH, YTO MO3BOJIsIeT roBopuTh 0 ISG15 Kak 06 00111eM MapKepe ToBpexXe-
HUit HelipoHOB. TeM He MeHee, dusnoiorndeckas pyHkums ISG15, a Takke QyHKIINO-
HaJIbHBIE TIOCJIENICTBUS €T0 aKTUBAIlMM B OTBET Ha TpaBMY, ellle IUTOXO M3ydeHsl [64]. Pe-
3yJbTaThl HACTOsIIIIEell pabOThI BIIEPBhIE YKa3bIBAaOT Ha aKTUBaLMIO cucteMbl ISG15 npu
TIIM y 3e6pamaHuo, YTO CBUIAETENLCTBYET O BHICOKOI 9BOIOIIMOHHON KOHCEPBAaTUBHO-
CTU JAHHOTO OTBETa, U MO3BOJISIET MCIOJIb30BaTh 3¢0palaHMO B Ka4eCTBE MOJEIU ISt
ISG15-accouunpoBaHHBIX MTaTOJIOTUA.

JI1060MBITHO, YTO MOBpEXIEeHUE TelieHIledaloHa He 0Kas3ajao BIUSIHUSI Ha YPOBEHb
aKcrnpeccuu reHoB Kacnasbl-3 1 @HO-o (puc. 5). Kacnaza-3 sBisieTcst KIIIo4eBBIM 3¢ -
dekropom arornrosa, a @HO-0 — BaXXHBIM ITPOBOCTIATUTEIbHBIM IIMTOKUHOM, Y4aCTBY-
IOIIMM B MHMIMALIMKM HelipoBocnajeHus Ipu TIIM, a Tak:ke MHIYKTOpPOM aronTo3a.
VBennueHue 3KCIIPecCUM reHOB 3TUX 6uomapKepoB omnucaHo B Monenrsix TIIM kak Ha
pbIGax [65—67], Tak u Ha MiekonuTaolmx [28, 68—71]. B HacTosIIIIeit paboTe OTCYTCTBIE
addekTa Ha HUX TTocTe mpuMeHeHHoro TTIM MoxeT ObITh CBsSI3aHO C OoJiee MO3MHUM CPO-
KOM 3a6opa mpo0 i aHaim3a (4 THsI IT0CIe TpaBMEBI), KOTIa OCHOBHasI ocTpas da3a Boc-
MaJIMTENIBHOTO OTBETA YK€ MUHOBaIa. B mob3y Takoro mpearnoaoXeHnus TOBOPUT Pe3Koe
yBeJIUUEHUE YPOBHS 9KCIIPECCUU #1fa B TIepBbIE YaChl ITOCTIE TPABMbI, CMEHUBILIEECS TTOCTE-
TMIEHHBIM CHIDKEHMEM, C BO3BPaTOM K (pU3UOJIOIrMYECKMM 3HaYeHUsIM Ha 3- 4-i1 1eHb B TOU
ke Moaesu TTIM [66]. YBenndeHUe 3KCpeccuy reHa Kacrnasbl-3 B Mogeau TTIM pui6 Ha-
omonaioch yepes 20 9 rociie TOBPeXAeHUsT, HO He yepe3 3 aHs [65]. AHaJIOTUYHO, B MO-
JIeJIIX Ha TphI3yHaX yBelmueHue akcrpeccun reHa @HO-o HabmomaeTcs B epBbIe Yachl
mocje TpaBMbl MO3ra, IIOCJIe Yero 3TOT Il0Ka3aTellb BO3BpallaeTcss K HopMme [28, 68].
HanpoTtus, yBeinnuyeHue 3KCNpPecCUr reHa Kacmnasbl-3, a TakxKe COJAEpXXKaHUS aKTUBU-
poOBaHHOI (popMBI ATOro OejiKa y MIESKOIIUMTAIOLIMX HAa0MonaeTcs yepe3 THU UK Jaxe
MeCSIIBI ¢ MOMEHTa TpaBMBbI [69—71]. Takum o6pa3oM, HacTOsIIIIEE UCCIIeTOBaHME yKa-
3bIBaeT KaK Ha CXOJCTBA, TaK M Ha pa3Indusi MOJIEKYJISIPHOTO OTBETA HA HEMPOTPaBMY Y
3e0pagaHuo U MJICKOTIMTAIOIIX.

HakoHel, noBpexneHue TejieHiedanToHa BbI3BAIO 3HAUYUTEILHOE CHUXKEHUE YPOBHS
HOpaapeHaJInHa B TKAHU TOJIOBHOTO Mo3Ta 3ebpamanuo (puc. 4). Y 3e6pamaHuo, Kak 1y
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MJIEKOITUTAIOIIMNX, TeJIa HOpaIpeHEePruueCKrMX HEMPOHOB JIOKAJTU30BaHbI B TOJTYOOM IISIT-
HE CTBOJIa TOJJOBHOTO MO3Ta, OTKYyJa BOCXOSIINE MPOCKIMU HAMPAaBISIOTCS K IPYTUM
otaesiaM [72]. YuuTheIBast J0KaJIbHOCTh HAHOCUMOI TpaBMBbI, HaOJIIogaeMble HEMPOXIMMU -
YyecKre U3MEHEHUsI, BEPOsITHEE BCETO, CBSI3aHbI CO BTOPUYHBIMU TTOBPEXIEHUSIMU, BbI-
3BaHHbIMU TTIM, HexXenu ¢ MexaHUYeCKUM MOBPEeXIeHneM HepBHOM TkaHu. Hopanpe-
Hepruyeckue HeMpoHbl, HapsiAy ¢ foaMUHEPTUYECKUMU, Haubosiee MoaBEePKEHbI MeTa-
0OJMYECKM HapylIeHUsIM, BO3HUKAIOIIMM B pe3ysbTaTe UX noBpexneHus [73]. Taxk,
HOpaapeHepruyeckue HEeMpOHbI roJiy0oro msiTHa JEMOHCTPUPYIOT BBICOKYIO UYyBCTBU-
TEILHOCTD K OKMCIIMTEIIBHOMY CTpecCy, BEI3BaHHOMY HelpoBociiaicHueM [74]. [Tokaza-
HO CHUXXEHME CONIep>KaHUsI HOpaJapeHaInHa U YMEHbIIIEHNE YMclia HOpaApeHEPruIecKnx
HEMPOHOB B CTBOJIE MO3Ta B OTBET Ha MPOHUKAIOIIYIO TPAaBMY CEHCOMOTOPHOI KODHI Y
KPBIC, UTO MOXKET OBbITh CBSI3aHO C OKMCIUTEILHBIM cTpeccoM [75]. ITockoabKy Hopaape-
HaJIMH UTpaeT BaXKHYIO POJIb B peryssuuu MHorux ¢yHkuuit IIHC [76], cHIXeHMe ypOB-
HSI 3TOTO MOHOAMMHA B MO3re 3e0pagaHro MOXET ObITh OTYACTU OTBETCTBEHHO 3a Ha-
OomaemMble B paboTe KOTHUTUBHBIE U MOTOPHbBIE HAPYILIEHUSI.

B 11e10M, mepcneKTUBHOCTD UCIOIb30BaHMs 3e0pagaHuo B moaessx TIIM cBsizaHa ¢
COYeTaHWEM 3TUM OPraHW3MOM KakK SBOJIIOIIMOHHO KOHCEPBATUBHBIX, TaK W OTJIMYHBIX
OT MJIEKOTIMTAIOINX oco0eHHOocTel. Tak ke, Kak y rpeidyHoB, TTIM y 3e0pamaHuo BbI-
3bIBAET pa3BUTHE BTOPUYHBIX MOBPEXKICHUN, CBI3aHHBIX C 9KCAUTOTOKCUYHOCTHIO, Hell-
poBocnajieHneM, OKACIUTEILHBEIM CTPECCOM U aroIrro3oM [57, 77, 78]. I1pu aToM puIOED
00J1a1alI0T HECOTOCTaBUMO OO0JIbIIIEN CITOCOOHOCThIO K HEeipopereHepaluu 3a cueT uH-
TEHCUBHOIO HeiiporeHe3a — MO3T B3POCJION 3e0pagaHrO COAEPKUT 16 30H aKTUBHOI
nponudepaliui HEIIPOHOB B CPAaBHEHUU C IBYMs y MileKomnuTatomux [79]. Takum o6pa-
30M, B TO BpeMs Kak y miekonuTamiux TIIM npuBoauT K mepMaHeHTHOMY paspyliie-
HUIO HEMPOHHBIX CBSI3€il, aKKyMYJISIIIMA BTOPUYHBIX MTOBPEXIEHNI 1 00pa30BaHUIO TJIU-
aJIbHOTO PyO11a, 3¢0paTaHNO CITOCOOHBI 1OCTATOUHO OBICTPO PEreHePUPOBATh OOIIMPHBIE
MHOBpeEXIeHMs 0e3 TOJIroCPOUHBIX nmociaencTBuii [35]. PackpbeiTie MOJIEKYISIpHBIX Mexa-
HU3MOB pereHepaluy Mo3ra y pbl0 MOXET MO3BOJUTh ONPENEIUTh NOTEHUUATbHbIE TE-
paneBTUYeCKUe MUIIEHU, CIIOCOOCTBYIOIIIME perapaluu HepoOHOB U (YHKIIMOHATBHO-
My BoccTaHoBJieHUto Tipu noBpexneHusix IITHC y yenoBeka. Kpome Toro, cpaBHUTEb-
HbIIi aHaIU3 OTBETAa HAa TpaBMY MoO3ra y 3e0palaHuO W MJIEKOIUTAIOINX MOXET AaTh
LIeHHY10 MHGOpMalIMIo 0 Gapbepax, MPensaTCTBYIOLINX HelpopereHepalny y BhICIINX
TMTO3BOHOYHBIX.

SAKJIIOYEHUE

B uenom Hacrosiuiee ucciienoBaHue MoKa3ajlo, YTO HepoTpaBMa KOHEYHOro Mo3ra
3e0palaHUO BbI3bIBAET KOTHUTHBHBIE U MOTOPHbIE HAPYLIEHUS, YBEJIUUYEHUE IKCIpec-
cuu isgl5 U CHUDXeHUe colepXXaHusl HopaapeHaanHa B Moare. [ToBeneHyecKkue usMeHe-
HUSsI, HAOII0AaeMbIe B HACTOSIIIIEN MOIEN, COMIACYIOTCSI C TAKOBBIMU B MOJAESIX HA MJIe-
KOIMUTAIIIUX U Yy MauueHToB ¢ TITM, 4To CBUIETENbCTBYET O €€ TPAHCISILIUOHHOM T0-
TeHmane. s 3e0pajaHuo akTUBAlLIMS IKCIpecCcUu isgl5 B OTBET Ha TpaBMy Oblia
MoKa3aHa BIIEpPBbIE, YTO MOXET YKa3blBaTh HA HAJIMYME SBOJTIOLMOHHO KOHCEPBATUBHOTO
MmexaHu3ma orBeta Ha TpaBMmy LIHC, onocpenoBanHoro ISG15. Kpome Toro, 6b110 BIiep-
Bble onucaHo BausiHue TIIM Ha cocTossHUEe MOHOAMUHEPTUYECKUX CUCTEM 3e0paJaHuo,
YTO SIBJISIETCS] BAXKHBIM JIOMOJIHEHUEM K CYIIECTBYIOIIEMY OIMMCAHUIO HEMPOXUMUYECKUX
U3MEHEHUI B JaHHOI MOAEeM ITPpU HEMpOoTpaBMax.

COBJIIOAEHUE 5TUYECKHNX CTAHJAPTOB

HccaenoBanue ono6peHo dtudeckum komutetom HMHUILL um. B.A. Anmazosa M3 PO.
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Traumatic brain injury (TBI) is a serious biomedical problem with high prevalence and
mortality risks. Understanding TBI in traditional (e.g., rodent) animal models often
presents challenges due to the complexity of their brain and its limited regenerative capa-
bilities. Here, we present novel data obtained using the zebrafish TBI model based on a
stab wound of telencephalon, aiming to investigate behavioral and molecular consequenc-
es of TBI in zebrafish. Four days following the injury, adult zebrafish displayed hypoloco-
motion in the novel seen tank test and impaired working memory in the Y-maze test, par-
alleling behavioral deficits in rodent models and human TBI patients. Molecular analyses
of key genes involved in the inflammatory response and cell death pathways revealed a re-
markable upregulation of the interferon-stimulated gene 15 (isgl5) in the injured telen-
cephalon, a general biomarker for neuronal damage. Furthermore, noradrenaline (but
not dopamine or serotonin) levels in whole-brain tissue declined following TBI, likely
contributing to the observed cognitive deficits and implicating neurotransmitter dysreg-
ulation in TBI pathogenesis.

Keywords: traumatic brain injury, zebrafish, telencephalon, behavior, noradrenaline, isg/5
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