POCCUHNCKUI ®U3NOJOTNMYECKNI XKYPHAJ nmv. .M. CEYEHOBA 2023, tom 109,
Ne 8, c. 1080—1093

OKCIHEPUMEHTAJIBHBIE CTATbU

NCCIENOBAHUE YYACTUA T'PEJINHA B MEXAHU3MAX
WTPOBOW 3ABUCUMOCTH VY KPBIC ITOCJIE BO3JAENCTBUA
IICUXOT'EHHBIX CTPECCOPOB B PAHHEM OHTOTI'EHE3E

© 2023 1. A. A. Jle6enes! *, C. C. Iiopsees!” 2, D. A. Cekcre!, B. A. Peiixapar!,
E. P. Borukos!, I1. /1. IT1aGanos!

1 HUnemumym sxcnepumenmanvroit meouuurnst, Cankm-Ilemepoype, Poccus

2Cankm -Ilemepbypeckuii eocydapcmeennbiii neduampu1eckuii MeOUyUHCKULL yHusepcumem,
Canxkm-Ilemepbype, Poccus

*E-mail: aalebedev-iem@rambler.ru

IMoctynuna B pegakumio 21.06.2023 r.
TTocne nopa6orku 28.06.2023 1.
IMpunsra k myoaukauuu 04.07.2023 r.

WccnemoBanu pojib TpejiiHa B POSIBJICHUU 3JIEMEHTOB UTPOBOM 3aBUCUMOCTH Y KPBIC,
MOABEPXKEHHBIX PAHHUM TICUXOTEHHBIM cTpeccaM. BuipalliBaHue B YCIOBUSIX COLIM-
aJIbHOW M3OJISILIMKA WIM MaTepUHCKasl IeMpUBaLIMsSI B paHHEM OHTOTeHe3€ BbI3bIBAIU
MOBBIIIIEHNE PUCKA B TOBEIEHUU U UMITYJIbCMBHOCTU B TecTe lowa Gambling Task: xxu-
BOTHbBIE CTPEMUJIUCH MOJYYUTh O0Jiee 3HAUYMMOE MUILEBOE MOIKPEIJICHUE, HO C HU3-
KO BEpOSITHOCTBIO €ro TOCTUXKeHWs. MaTeprHCKast IeTpruBallts WIM BbIpallliBaHKUE B
COLIMAJTbHOM M3O0JISIIIUM BhI3bIBaIU ToBbIIeHUe ypoBHI MPHK perientopa rpennna
COOTBETCTBEHHO B MUHIAJIMHE W TUITOTaJlaMyce. YPOBEHb 9KCIPECCUU UCCIIETyeMOTO
reHa B npedpoHTATbHOM Kope He n3MeHsicsl. CienaH BbIBOM, YTO PAHHUE MICUXOTCH-
HbIE CTPECCHI BHI3BIBAIOT AMCOAIAHC CUCTEMBbI PETYJISILMY TPEJIMHA, YTO MPOSIBISICTCS
noBbilieHneM ypoBHst MPHK pereritopa rpeiiHa B CTpyKTypax rojIOBHOTO MO3ra, a
Takke 3JIEMEHTaMU UTPOBOI 3aBUCUMOCTH y KpbIc. [lpeicraBieHa cxeMa NEeUCTBUS
XPOHUYECKOIO CTpecca B OHTOT€He3e Ha TMITOTAIaMUYECKYIO CUCTEMY TpejiiHa B TO-
JIOBHOM MO3r€e U Ha 9KCTParuIoTaJaMUdecKrii ypOBEHb ero PEeTyJIsInM.

Kanroueeswle croea: urpoBasi 3aBUCUMOCTD, MaTepUHCKas NeNpyBallysi, BbIpalllMBaHUE B
uzossiuuu, rpeauH, MPHK perienitopa rpenvnHa
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BBEAEHUE

CpenoBbie BO3IEUCTBUS B paHHEM OHTOTeHE3€ OKa3bIBAalOT CYIIECTBEHHOE BIIMSTHUE
Ha (GYHKIOINM Y MOJOBO3pEIbIX ocobeit [1]. PaHHMe IICMXOreHHbIe CTPECCHl BIMSIIOT Ha
MpoLecChl pOCTa, OOMEHa BEIECTB, BOCTIAJIUTEIbHbIE peaKluU, ACHCTBYIOT Ha MPOJIU-
depanuio, IndPEepeHIUPOBKY U MUTPALIMIO HEMPOHOB [1] 1 MpUBOIST K MOCTTpaBMaTU -
yeckruM ctpeccoBbiM pacctpoiictBaM (ITTCP) [2, 3]. OtnydyeHue ot matepu (maternal
separation, MS) u BeipaliBaHue B u3ojsiinu (isolation rearing, IS) BbI3bIBalOT OTHAIEH-
HbIE PacCTPOMCTBa TOBENEHUS, MOTUBALMI [4], MoOsIBIeHUE NEeNpeccuii, MOBbIICHUE
TPEBOXHOCTH 1 3JI0YIIOTPEOICHMS TICMXOAKTUBHBIMU cpencTBaMu [5]. MS BBI3BIBaeT y 3KU-
BOTHBIX CTOIKNE U3MEHEHUSI SMOLIMOHATIbHBIX peakiuii 1 opMUpoOBaHUS 3aBUCUMOCTH OT
aIIVKTUBHBIX CPeaCTB [6, 7]. MS BKITIOYaeT exxeaqHeBHOE oTaeieHue (ot 15 MuH 10 6 4) 1mo-
METOB OT CAaMOK B T€UEHMeE TIEPBBIX ABYX Henelb ku3HU. [pu IS nmpousBonsT otneneHue
OT CaMOK I10CJIE MOJIOYHOTO BCKaApMJIMBAHUS M coAepKaHWE B OMMHOYHBIX KJIETKaxX MO
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MOJIOBOTO co3peBaHus. IS BbI3bIBAET IITyOOKHME HEMPOXUMUYECKUE U TTOBEAEHYECKUE 13-
MEHEHMUSsI y MOTOMCTBA, KOTOpble 0OHApYXKMBarOTCsI BO B3pOCJIOM Bo3pacrte [8].

I'penuH ObLT BriepBBIe HalileH B KOHIIE ABaAliaToro Beka. OH COCTOUT U3 28 aMUHO-
KMCJIOT, 00pa3yeTcsl B CJIM3UCTOM 000104Ke kemyaka 1 runotanamyce [9]. CymecTByeT 3
n30(OPMBI I'peJIMHA U3 OJHOTO TIpealleCTBeHHKA (AMJIMPOBAHHbBIN I'PEJIMH, HealluIv-
POBaHHBI IPEJIVH U 00EeCTaTUH) U IBE MOJIEKYJISIpHbIE (DOPMBI TPEJIMHOBOTO pelienTopa
GHSR1a m GHSRI1b. Buonormyeckoii aKTMBHOCTBIO 00JIaZaeT TOJBKO pPeElEITOp
GHSRI1a [10]. I'penrHOBBIE pelieNTOPHI HAXOASITCS B XKeJIyIKe, HaAMoYeYHUKaX, cepaey-
HOI MBIIILE, IIIMTOBUAHOMN Xeje3e, U TOJJOBHOM MO3Te: B TMIIOTajJlamyce, runoduse,
TUIIIOKaMIIe, MUHAAJIMHE, B CTBOJIe U Kope Mo3ara [11]. I'pesuH ydyacTByeT B peryJsiiuu
MUILEBOTO TIOBeneHs [12], 3aBUCMMOCTH OT MCUXOCTUMYJITOpOB [13, 14] u ankorosst
[14, 15], B peakiusix Ha CTpeCCOpHBIe Bo3AeicTBYs |14, 16].

B Hacrosiiiee BpeMsl akTyaJIbHBIM SIBJISIETCSI UCCIIEAOBAaHUS HEXUMUYECKHUX (hOpM 3a-
BHUCHUMOCTEM, TaKMxX KakK urpoBas. B mexayHapomubix kimaccudukanmsx (ICD-11 u
DSM-5) urpoBasi 3aBUCUMOCTb OIIPEACIICTCSI KaK CaMOCTOSITeJIbHOE 3a00J1eBaHe U 00-
JlaaeT OCHOBHBIMU CBOMCTBAaMMU, XapaKTEPHBIMU JJIsI aJIKOTOJIbHOM WJIM HAPKOTUYECKOM
3aBucumMoctu [17]. [Ins ee 1euyeHus He 3aperMCTpUPOBAHO €llle HU OTHOTO JIEKapCTBEH -
Horo cpenctBa. [1pu ¢hopMUpoOBaHUU UTPOBOM 3aBUCUMOCTU HAOIIONAIOTCS HApYIIEHUST
peryjisiiiui TOPMOHOB CTpecca, UYTO CBSI3aHO C TPOSIBJICHUSIMU TMOBBIILIEHHONW WMITYJIb-
CUBHOCTH B IIOBEJICHNY 1 BEICOKMM YPOBHEM KOPTHU30JIa U aapeHanrHa [18]. B Hammx mc-
CJIe[IOBAHUSIX MOKA3aHO, YTO AHTAarOHMCT IPEeJVHOBBLIX perentopoB [D-Lys3]-GHRP-6
CHMXAET TMPOSIBJICHUS UMITYJIbCUBHOCTH B MOBEIeHUY (MTOBEIEHUSI pUCKa) B MOIEIN UT-
POBOI1 3aBUCUMOCTHU Y KPbIC, BUsIsl Ha 0OMeH nodamuna [19].

B Hacrosiuee BpeMmsi sl aHaIM3a MOBENEHUSI, CBI3aHHOTO C MMITYJIbCUBHOCTBIO U
PHUCKOM, B OIbITaX Ha XKMBOTHBIX IpuMeHsieTcst MeTon lowa Gambling Task. OH 6a3upy-
€TCsl Ha BbIOOpE BEJIMYMHBI MONKPEIJIEHUS U1 YBEJIUYEHUsI 3HAUMMOCTH MOIKperie-
Hus1. B Hammx nccneqoBaHusix ObUT Mcoab3oBaH BapuaHT lowa Gambling Task Ha 1a60-
pPaTOpPHBIX KpbICaxX B TpexpyKaBHOM jabupuHre [17, 20]. I[Toka3zaHo, 4TO akTUBaLUs U
OJ10Kaga pelenTopoB IrperHa BbI3bIBAET U3MEHEHUE UMITYJIbCUBHOCTH M pucka B lowa
Gambling Task 1 BauseT Ha comep:KaHUE SHAOTEHHOTIO Ae3alliI-TpejiMHa B JTUMOUYe-
CKHX CTPYKTypax roJIOBHOIO Mo3ra y KpbIc [21]. B otinuue oT psina aHaJOTMYHBIX MOJIE-
Jieii, B HallleM BapuaHTe He MMPUMEHSIJIOCh HaKa3aHUE, UCKIIIOYUTEbHO TOJBKO MUILIEBOE
nonkperieHre. OTpULaTeIbHBIM TTOAKPEIUIEHUEM CIYKWJIO OTCYTCTBUE KaKOTO-JIMOO
nonkperieHus. Halra Mofienb cooTBeTCTBYeT B OOJIbIIIEH CTeTIEeHN He TeMOJIMHTY (a3apT-
HbIE UTPBI C TPOUTPHILIIAMHU), & CKOpee TEHMUHTY (KOMITbIOTEPHBIE UTPBI), UTO SIBJISIETCS
TMEPCIEKTUBHBIM [IJISI UCCJIEIOBAHMS Y TTPAKTUUECKOTO MTPUMEHEHUSI.

Llenbio vccnenoBaHus ObIIO M3yYE€HNUE UMITYJIbCUBHOCTHU B TTOBEICHUU U BKCTIPECCUU
reHa Ghsr B TUIIOTajlaMyce, MUHIaIuHe, nmpedpoHTanbHoit Kope (pFC) y KpbIc, monsep-
>KEHHBIX paHHUM cTpeccam MS wiu 1S.

METOAbI UCCIIEJOBAHUA

DKcIepUMEHThI IPOBeAeHbI Ha 72 Kpblicax InHUM Bucrtap maccoit 250—300 r (62 cam-
max n 10 camkax). 2KuBoTHBIE OBUIM BBIpaIieHB B muToMHHUKe “PanmonoBo” (TocHeH-
ckuii paiioH JlenuHrpaackoii oonactu). B BuBapuu @BIHY “Uuctutyt sKcriepuMeH-
TaJbHOM MeAUIIMHBI" XKMBOTHBIX COAEPKaJIM B CTAaHAAPTHBIX KiaeTKax (40 X 50 X 20 cm)
MpY CBOOOITHOM JOCTYIIE K BOJe Y TPaHyIMpOBaHHOMY KOpMY. VIcIiob30Bai MHBEPTU -
poBaHHEIM cBeT ¢ 8:00 mo 20:00 1 mpu Temnepatype 22 + 2°C.

TToponbITHBIE XXUBOTHBIE MOCJE MOCTYIJIEHUSI U3 TMTOMHUKA MPOXOAWUIIUN 2-HeleNb-
HbIi nepuon kapaHTruHa B BuBapuu @BIHY “UHcTuTyT 3KCcnieprMeHTaIbHONH MeauIIv-
Hb1”. CaMOK KpbIc JIMHUU BucTap comepxxaiu B 11acTukoBbIX KiteTkax (40 X 50 X 20 cm)
o 5 ocobeli ¢ mocTyroMm K Boae u nuiie ad libitum. B kaxmyio KJIeTKy IoacakuBajiy 110
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OJHOMY CaMIly K MSITU CaMKaM, Ha CJICAYIOLIUii JeHb Y CAMOK TTPOMU3BOAMIIN 3a00p Barv-
HaJIbHBIX Ma3KOB U MCCJIEIOBAIA UX METOIOM CBETOBOM MUKpockonuu. Eciiu y caMok B
Ma3Kax oOHapy>XuBaJIu CIIEPMaTO30UIbl B CTAIUIO TIPO3CTPYyCca, TO ITOT JACHb CUYUTAIU
HavaioM OepeMeHHocTU. [locye HacTyruieHuss 66pEMEHHOCTH XUBOTHBIX TTOMEIIAN B
VHIVMBUIYaJbHYIO KIeTKy. bepemeHHoCTh mpoTtekana 20 £ 2 gus. s ctpeccupoBaHUsT
MOTOMCTBA NPUMEHSIM MeToabl M S wiu IS.

Moodenv omayuenuss om mamepu. KpbicsaT co 2-ro no 12-ii 1eHb NOCTHATAJIBHOIO Iepruoaa
TIOMellaJIi B UHAWBUyaTbHbIE TJIAaCTUKOBbIE CTaKaHYMKK Ha 180 MuH B TeueHue 10 mocie-
JOBaTENIbHBIX JHEN. 3pUTEILHBIN KOHTAKT C MaTephio ObLT NcKTIodYeH. [Tociae MS 1 Moitog-
Horo BckapMinBaHMST 20 KPBICST BBIPAIIMBAIM B CTAHAAPTHBIX KJIETKAaX MO 5 0cobeii B Kax-
noii. B onbite ncnonb3oBanu 20 camiioB B Bo3pacte 90—100 nHeit u maccoii 200—250 r [22].

Modens coyuanvroii uzorayuu. Ha 21-ii neHb mocie poxxaeHus (cpasy Mmocjie MOJOYHO-
TO BCKapMJIMBaHMSI) CAMIIOB pacCakMBaJIM B MHAUBUAYyalbHbIE KJIeTKU. B Bo3pacte 90—
100 mHeit XXMBOTHBIX UCMOJIB30BAJIM JJI1 U3ydeHUs noBeneHus. [locie kaxmoro skcmne-
PUMEHTA XKMBOTHBIX BO3BPAIllAJIM B CBOM XWJIbI€ KJIETKU.

Bapuanm lowa Gambling Task mecm “seposmuocmu u éeauuunsl nookpenienus”. YCTaHOBKa
TSI IOIay! IUILEBOTO MOAKPEIUICHUS BKJIIoYaia CTapToByIo ruomanky (33 X 50 X 35cMm) u
3 pykaBa (50 X 15 % 35 cM) (puc. 1). B KoHIIe Kaxk10T0 U3 pyKaBOB HaXOIMJIaCh KOPMYIII-
Ka ¢ aBTOMaTUYEeCKUM yrpapieHueM. [TuiieBoe rnmoakperuieHue nouaBajioch Mpu T0CTH-
JKeHUU KOPMYIIIKM B KaXIOM pyKaBe 3-pyKaBHOro jlabupuHTa. Korma JKMBOTHOE BBIXO-
IUJI0O M3 pyKaBa Ha CTApTOBYIO IUIOIIAAKY, MPOMCXOIMIA TT0jaua CJIeTyIOIIeTo MoaKpen-
neHus1. OOydyeHre MPOU3BOMWIN KaXIbIA IeHb. TeCTUPOBAIM IMTOOEXKKHN K KOPMYIIKE 1
BO3BpallleHUsI B CTapTOBYIO Kamepy B TeueHue 10 MUH U He IoaaBaid KaKUX-JIu0o o-
MOJIHUTEJIbHBIX CUTHAIOB. 2KMBOTHBIX KOPMUJIM €XKETHEBHO, OTpaHUYMBasi BpeMsl TTMTa-
HUSA 4 9, IpU 3TOM OCYIIECTBIISIIICSI CBOOOIHBIN HOCTYII K Boje [17]. [Tumesyro nenpusa-
IO BBIACPXXUBAJIU Mepe KaKIbIM OIbiToM B TeueHue 20 4. ZKUBOTHBIX 00y4anu B 3-py-
KaBHOM JiIabupuHTe B TeueHue 21 nHsg. B kauecTBe MOOKperuieHUsl CIYyXWJIO ceMs
nonacosiHyxa. B nepBbie THU 3KCTIEpUMEHTa MPUMEHSIJIU TPEHUPOBOUHbBIN PEXUM TIH-
ieBoro noakperuieHus. [Tpu Kaxxaom BbIOOpe pyKaBa OIHO XXMBOTHOE MOJy4auio OJHO
cemst. [Ipu kaxmom BeIOOpe pyKaBa 2 MojaBaJiv JABa CEMEHU, U MPU KaxkIoM BbIOOpE
pykaBa 3 oCyHIECTBJISIIU MOIa4y TpeX ceMsIH. TPeHUPOBOUHBII pEXUM TTOJauu MUIIe-
BOTO TMONIKPEIUIEHUS JUTWJICS 5 nHeil. B TedeHue mocienyommnx IByX THEH 3KCrepu-
MeHTH He ocymecTBisuix [18]. Ha 8-if neHp 0O0yYyeHUSI U3MEHSUIM PEeXUM ITHUIIEeBOTO
noakperieHus. B pykaBe 1 momaBanu nBa ceMeHU (pexuM monkperuieHust FR1-2).
I1pu 3TOM Kaxnoe TOoCTUKEeHUE KOPMYIIKHU MOAKperisyioch nuieit. B pykase 2 nmona-
BaJIM TpU ceMeHU B pexxuMme FR2-3 1 moakperuisiin KaXxayto BTOPYO MOOGEXKY K KOp-
MYIIIKe, B pyKaBe 3 mogaBanu 4 cemeHM B pexxume FR3-4 (T.e. Tonbko Kaxmast 3-s1 mo-
0exKa K KOpMYIlIKe MoAKperisiach nuiiei). Takum oOpa3oM, 6e3 BO3HarpaxxieHust
ocTaBajauch 1/2 3axomoB Bo 2-it pyKaB M 2/3 3axomoB B 3-ii pykaB jabupunTa. B aTom
pexume Kpbic ooydanu 2 Hen. Kpeic, He coBepIlIaBIIMX 3aX0[bl B pyKaBa JaOuUpUHTa,
M3 3KCITIepUMeHTa u3biMainu (He 6osee 15%) [18].

Memoo II1]P. Tlocie TecCTUpOBaHUS B JAOMPUHTE XKMBOTHBIX YMEPIIBIISUIM MIyTEM JIe-
KanuTaluuu, U3BJIEKAJIW Ha XOJIOAEe CTPYKTYPhl Mo3ra (TWIoTaJiaMyC, MUHIQJIMHA, Tpe-
¢dpoHTanbHas KOpa), HEMEIJIEHHO 3aMOPaKMBAJIN B KUJIKOM a30T€ U XPaHWJIU TIPU TEM-
neparype —80°C no npoBeneHus [N P-ananuza. Beigenenue ToransHoit PHK npoBoau-
mu u3 20 Mr mpoObl Mo3ra ¢ ucmojb3oBaHueM peareHta TRIzol (Ambion, CIIIA) B
MOJIHOM COOTBETCTBUHM ¢ MHCTpyKLMeil mpousBoautensa. CuHre3 kK AHK nmpoBomunu me-
TOIOM OOpaTHOil TpaHCKpuUNLUM B 20 MKJI peakKIIMOHHOM CMeCH C KCIOJIb30BaHUEM
PHK-3aBucumoii JIHK-nmonumepassl Bupyca JjeiikeMuu Mbliieii Mogonu (M-MulV
oOpartHoit TpaHckpurtasbl, Promega, CIIIA) [20]. ITLP ¢ neTekiueit B pexkxume peajib-
Horo BpemeHU (Mx3005P, Stratagene, CILIA) nmpoBoawiu B 20 MKJI peakKIIMOHHOI CMecH,
conmepxaieii ot 1 mo 2 Mxr kJIHK (Cunron, Poccus), cMech cieninprIecKux IpsIMbIX 1
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Puc. 1. Cxema yCTaHOBKM [UIs1 OTIPEEICHUST BEPOSITHOCTA U CUJIBI MTUIIEBOTO MOAKPEIUICHHS B TPEXPYKAaBHOM

JTaOUPUHTE.

0OpaTHBIX MpaiiMepoB, ITOIO0OPaHHEBIX M CHHTE3MPOBaHHEIX B KoMnaHuu “Beagle” (Poc-
cus) (tabm. 1) [20]. [lepen mpoBeneHneM 3KCIIEPUMEHTOB Bce IpaiiMephl IIPOILIN IIPO-
BepKY Ha 3(pPeKTUBHOCTD C MpoOaAMU ITOJIOXKUTEILHOIO KOHTPOJIsI. Bo Bcex mocTaHoBKax
Real-Time PCR ucnonb3oBaiuch oTpULIaTeIbHbIE Y TTOJI0KUTEIbHbIE KOHTPOJIU, B KOH-
1€ peaklMy aHAJIM3UPOBAIU MECTOTIOJIOXEHUE MMKOB KPUBBIX TUIABJICHUS IS KaXI0TO
KoMIiekTa npaiimepoB. [lonyyeHHbIe faHHBIE HOpMUPOBaHbI K ypoBHI0O MPHK ruie-
panbaerun-3-docharaeruaporeHasbl U paCCUUTAHbl B OTHOCUTENBHbBIX §AMHUIIAX IO OT-
HoureHuto K ypoBHio MPHK penientopa rpeirHa B KOHTPOJILHOM Tpyrine uist Kaxaoi
CTPYKTYPBI MO3Ta OTAeIbHO MeTonoM 2~ AAC [20]. Ten nomarunero xo3stiictBa Gapdh Gbut
BbIOpaH, UCXOASl M3 TOTO, UTO paHee MPOBENECHHbIE UCCIEN0BaHUSI CBUAETEILCTBYIOT O
HE3HAUYUTEIbHOM U3MEHEHUM IKCIPECCUN TaHHOTO TeHa MpY pa3InyHbIX 9KCIIEPUMEH-
TaJIbHBIX yCI0BUX [23].

Cmamucmuueckue memoodst anasusa. CTaTUCTUYECKUII aHAIU3 MPOBOAUIN C MOMO-
mbio cratuctudeckoro nakera GraphPad Prism 8.0 (GraphPad Software, CILIA). Pac-
npeaeaeHnue ucciiefoBaHHbBIX TapaMeTPOB ObLJIO MTPOBEPEHO HA HOPMAJIBHOCTh 110 KPUTEe-
puto KommoropoBa—CMupHOBa. B TecTe BEpOSITHOCTH M BETUIUHBI TTOAKPETUICHUS TIPU
CPaBHEHMM YMCJIAa TIOCEIIEHUI PyKaBOB TPEXPYKABHOTO JJAOMPUHTA MCTIONIb30BAIM -KpH-
Tepuii CterogeHTa. st aHanu3a modoaorndyeckux v [P naHHBIX IpUMEHSIIA OTHO-
dakTopHbIit nucnepcuoHHbI aHanmu3 ANOVA. Ilpu nmapHOM CpaBHEHMHU TPYIIIIOBBIX
cpenHuX B post-hoc aHanu3e ucrosib3oBanu kpurepuii bondepponu. Paznuuus cuuranu
CTaTUCTUYECKU 3HAYMMBIMU TpH 3HaYeHUM p < 0.05. JlaHHBIe Ha pUCYHKaX MpeacTaBiie-
HBI B BUJIe CPEIHUX 3HAYEHUI U CTAHIAPTHOM OIMMOKH CPETHMX.

PE3VJIbTATbBI UCCJIIEJOBAHUA

HccnenoBanu BiusgHUE cTpecca MS B paHHEM OHTOTeHe3€ Ha UMITYJIbCUBHBIN KOMITO-
HEHT UTPOBOI 3aBUCUMOCTU. B TecTe BeTMIMHBI X BEPOSITHOCTHU TTOOKPEIUIEHUS (BapH-

Tao6muua 1. INocnemoBatenbHOCTH npaiiMepoB wist [TLIP

Ten TTpsamoii ipaitmep OOparHbIit Ipaitmep
Gapdh 5'-AGACAGCCGCATCTTCTTGT-3' 5'-CTTGCCGTGGGTAGAGTCAT-3'
NM_017008.4
Ghsr 5-CCTGGTGTCCTTTGTCCTCTTCTAC-3' 5-GTTCTGCCTCCTCCCAAGTCCC-3'
NM_032075.3
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Puc. 2. BausiHue pa3InyHbIX BUAOB CTPECCOPHOrO BO3ICCTBHSI HA UMIYJIbCUBHBI KOMITOHEHT UTPOBOIA 3aBU-
CUMOCTH. (a) — BJIUSIHUE CTPecca MaTePUHCKOM IeNPUBALIMM B pAaHHEM OHTOTeHe3e Ha MOBEIeHUE KPbIC B CU-
TyallMM BbIOOpA BEPOSITHOCTU U CWJIBI TTUILEBOTO MOAKPEIJIEHUsI B TpeXpyKaBHOM JiabupuHre. (b) — BausiHUe
cTpecca COIUaIbHOM M30JISIIIAM TTOCiIe TIeproaa MOJIOYHOTO BCKapMJIMBAHUS Ha TIOBEeHUE KPBIC B CUTYallMU
BBIOOpPA BEPOSITHOCTHA M CHJTBI ITHUILIEBOTO MOAKPEIICHUSI B TPEXPYKABHOM JJaOUPUHTE. (C) — BIMSIHUE CTpecca
COLIMATIbHOM U30JISILIMU TTOCIIe TIeproa MOJIOYHOTO BCKAPMJIMBAHUSI B OHTOTEHE3€ U CTpecca MaTePUHCKOM Jie-
NpUBaLlUM B paHHEM OHTOT€He3e Ha IMOBEIeHUE KPbIC B CUTYallUM BHIOOPA BEPOSITHOCTU W CUJIBI MUILEBOTO
TMOOKPETIEHUs B TpeXpyKaBHOM JlabupunTe. * — p < 0.05, ** — p < 0.001, *** — p < 0.0001 OTHOCUTETBHO KOH-
TPOJIBHOI TPYIIITBI XKUBOTHBIX.

ante IOWA Tecrta) onpenessiyii KOIUYECTBO MOOEKEeK B KaXIbIid pyKaB TPEeXpyKaBHOIO
nabupuHTa. BbUIM M3y4yeHbl 2 TPYMIMbl XUBOTHBIX: UHTAKTHbIE KPbICHI (KOHTPOJb) U
KpbIichl MS (3kcniepuMeHTanbHas rpymnmna). B rpynme MS (co 2-x o 12-e cyT) B 1.5 paza
YBEJIMUMBAJIIOCH YMCIIO 3axX0/10B B 3-ii pykas (7 (18) = 8.098, p < 0.0001), 4yTO CBUACTEILCTBYET
0 BbIOOpE OOosIbIIIeit BEMTMUMHBI TTOOKPETUIEHUSI TIPY €r0 HU3KOM BeposiTHOCTU. Yucio 3axo-
OB B 1-if pykaB (Bo3HarpaxiaeHue ¢ BBICOKOM BeposiTHOCTHIO (100%), HO ¢ HAUMEHBIITM
MUIIEBBIM TMOAKPEIUIEHUEM) TIPU 3TOM CHIKaIoch (¢ (18) = 5.316, p < 0.0001) o cpaBHe-
HUIO C KOHTPOJIBbHOI IpyImnoii (puc. 2a).

WUccnenosanu BausHue crpecca IS mociie nepruoga MOJIOYHOTO BCKapMJIMBaHUSI Ha
WMIYJIbCUBHBI KOMIIOHEHT UTPOBOi1 3aBUCUMOCTU. B TecTe BEeTUUMHBI U BEPOSITHOCTH
nonkperieHus: (Bapuante IOWA TecTa) onpenessuii KOJUUEeCTBO MOOEXeK B KaKIblit
pyKaB JabupuHTa. BBIIM M3ydeHbl ABE TPYIIIBl KUBOTHBIX: MHTAKTHBIE KPBICHI (KOH-
TPOJIb) U KPbICHI IS (3KciepuMeHTanbHasi Tpymnria).

B rpynme IS yBenuuuBagoch 4MCiI0 3aX00B B 3-i1 pykaB nabupuHra (¢ (18) = 4.525,
p =0.0003), 4TO CBUAETEIBCTBYET O BIOOpE OOJBIIIEH BETUUMHBI TOAKPETIICHUSI IIPU €T0
HU3KOM BeposiTHOCTU. Yucio 3ax0n0B Bo 2-ii pykaB (Bo3HarpaxiaeHue ¢ 0ojiee BhICOKOi
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Puc. 3. Yposenb MPHK perientopa rpenvnHa B runotanamyce (a), MuHnaiauHe (b), mpecdpoHTaIBHOI KOpe (C)

FOJIOBHOTO MO3Ta KPbIC MPU Pa3IUYHbIX BUAAX CTPECCOPHOro BosaeicTBus. * — p < 0.05 MO OTHOIIEHUIO K
# .

rpy1re KOHTposst, ~ — p < 0.05 Mo OTHOIIEHUIO K TPYIIIe MaTePUHCKOM IenpuBaiiuu. JJaHHbIe HOPMUPOBaHbBI

K ypoBHio MPHK mmunepanbaerun-3-docharmernaporeHasbl U pacCUUTaHbl B OTHOCUTEIBHBIX IMHULAX 110

CPaBHEHUIO C KOHTPOJIBHOM IPYyIIoil METOIOM )—AACH

BepOSATHOCTBIO (50%), HO C MEHBIITUM TTHUIIEBBIM MTOAKPETUIEHUEM) MIPU 3TOM CHUXKAJIOCh
(¢ (18) = 3.764, p = 0.0014) 110 OTHOIIEHUIO K KOHTPOJIBHOM IPYMITBI KPBIC (pHC. 2b).

[TpoBOaMIM CpAaBHUTENbHbBII aHAJIU3 BIUSHUS cTpecca MS B paHHeM oHToreHese 1 IS
rnocJie repuoaa MOJIOYHOTO BCKapMJIMBAaHUSI B OHTOTEHE3€ Ha MMITYJIbCUBHBINH KOMITO-
HEHT UTPOBOIi 3aBUcUMOCTH. McciienoBaHbl 1Be 9KCIIEpUMEHTAJIbHbBIE TPYTITIBI: KPHICHI,
BbIpAILIEHHbIE B COLIMAJIBHON M30JSILIUU, U KPBICHI C OTJIydeHUEM OT Matepu. B rpymnne
>KMBOTHBIX, BbIPALLIEHHBIX B COLIMAJIbHON NEeMpHBallMU, YUCJIO 3aXOI0B B pyKaBa JlaOu-
PUHTa TOCTOBEPHO HE OTJINYAJIOCH OT MOKa3areJieil, KOTopble ObUTN 3aperuCTPUPOBAHbBI B
TpyIITe KpbIC C MAaTEePUHCKO nenpuBanueii (puc. 2c).

CpasHumenvhbiil anaru3 ypoeus MmPHK peuenmopa epeauna 6 cmpykmypax 20106H020
MO032Q Y HCUBOMHDBIX, NOOBEPIHCEHHBIX CMPeCCy MAMEPUHCKOIL 0enpusayu U ¥CUGOMHbIX, 8bipa-
WEeHHbIX 6 YCA08usx coyuanvhoil uzoaayuu. ORHOMAKTOPHBIN AMCTIEPCUOHHBIN aHanu3
ANOVA BBISIBUT BIMSTHHAE BUIa CTPECCOPHOTO Bo3aeiicTBusl Ha ypoBeHb MPHK penenrropa
rpejiiHa B TUTIOTaJIaMyce M MUHAQIMHE Y 9KCTIEPUMEHTAIbHBIX XKMBOTHBIX [ F'(2.21) = 8.779,
p =0.0017 u 5.165, p = 0.0150 coorBercTBeHHO]. [To MaHHBIM post hoc aHaIM3a y KphIC,
BBIPAIIEHHBIX B COLIMAJILHOM M30JISIIMU, HabIomanochk nopwieHne yposHs MPHK pe-
LIENTOpa IpejiMHa B TUIIOTAJIaMyCe [0 CPABHEHMIO C JKUBOTHBIMU KOHTPOJIbHOM TPYIIIbI
U Tiocsie MatepuHckoii nenpusBanuu (p < 0.05) (puc. 3a). HanpoTup, B MUHIQJIMHE yBe-
smuuBaics ypoBeHb MPHK penientopa rpennHa y Kpeic MS rpymmbl 1o cpaBHEHUIO C
koHTposieM (p < 0.05), Tpu 3TOM TOCTOBEPHBIX Pa3TNYU MEXIY XKUBOTHBIMU S rpyrimbl
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1 KOHTPOJIbHOI IpyMIibl He HabJoaanock (puc. 3b). JlocToBepHbIX U3MEHEHUI B YPOBHE
MPHK rpenunoBoro peuentopa B pFC y kpbic ¢ MS u IS 1o cpaBHEHUIO ¢ SKUBOTHBIMU
KOHTPOJILHOM IpYMITLI HE OTMeYanoch (puc. 3c).

OBCYXIEHMUE PE3VIIbTATOB

B pa6oTe nmokazaHo, UTO XpPOHUYECKUE CTPECCHI OTHITHSI OT MaTepy B pAaHHEM OHTOTIe-
He3e WX BhIpallliBaHUE B YCIOBUSX COLMATBHON M30JISIIMN BBI3BIBAIIM CTPATETHUIO TT0-
BeIeHUS XMBOTHBIX, HAITPABJIICHHYIO Ha TOJIydeHUe Gojiee 3HAYMMOTO IMUIIEBOTO MO -
KpeTuteH’sI, HO ¢ HU3KO# BepOSITHOCTBIO €T0 TOCTHKEHUSI, YTO CBSI3aHO C TTOBBIIIEHUEM
MMITYJIbCUBHOTO KOMITOHEHTa UIrpoBoii 3aBucumoctu [20]. B rpymme Kpbic ¢ MaTepuH-
CKOIi AenpuBalyeil Yncao 3aXomoB B 3-if pykaB JIJaOMPHHTA YBEJIUYMBAJIOCH B 1.5 pa3a,
YTO CBUAETEIBCTBYET O MPEANOYTCHUN BbIOOpa 00Jiee BHICOKOI BEJIMYMHBI TTOAKPETIC-
HUS TIPU HU3KOM BEPOSTHOCTH TOJyYeHHUs] Bo3HarpaxaeHusi. Yucio 3axonoB B 1-ii py-
KaB (Bo3HarpaxmeHue ¢ BBICOKOI BepOsITHOCTBIO (100%), HO ¢ HAUMEHBIIIUM ITUIIEBBIM
TMOIKPETITIEHUEM) TPU 3TOM CHUXKAJIOCh. B Tpymie KpbIC ¢ COIMATbHOMN U3O0ISIINEi TaK-
K€ YBEJIMUYMBAJIOCh YHCJIO 3aX0I0B B 3-ii pyKaB jjadbupuHTa. Ynciio 3aXomoB Bo 2-i pyKaB
(Bo3HarpaxmeHue ¢ Gojiee BBICOKON BepOSTHOCTBIO (50%), HO ¢ MEHBIIUM ITUIIECBBIM
MOAKPEIJIEHUEM) TTPU ITOM yMeHbIIaIOCh. [Ipy 9TOM 4KCII0 3aX010B B pyKaBa JaOUpUH-
Ta TOCTOBEPHO HE OTJIMYAJIOCH OT TToKa3aTeJieii B IpyIire KpbIC C MAaTepPUHCKOI JeTrpuBa-
ueii. [TosydeHHBIe TaHHBIE BO MHOTOM COTIJIACYIOTCS C JaHHBIMU JIMTepaTyphl. Pasiyde-
HUE C MaTepbio B paHHEM OHTOT€He3¢ BbI3bIBACT CTOMKME U3MEHEHUSI SMOITMOHAIBHBIX Pe-
aKIMii, HaNPaBJIEHHBIX Ha (DOPMUPOBAHUE 3aBUCUMOCTH OT aIIuKTUBHBIX CpeacTs [6, 7].
PaznydeHue ¢ MaTepblo WM BhIpallliBaHWE B U30JISILIMY BBI3BIBAIOT OTAAJIEHHBIE PACCTPOI-
crBa noBeneHus [4]. [1pu 3ToM HaOMIOAAIOTCSI TIOBBIIIIEHNE YPOBHSI TPEBOXHOCTH, JIe-
Mpeccuii U 310ynoTpedIeHNs TICUX0aKTUBHBIMY cpefcTBaMu [S]. PaHee B Halmx uccie-
TMIOBAHUSX OBIJIO MTOKAa3aHO MOBBIIIIEHNE KOMITYJIbCMBHOTO KOMIIOHEHTa UTPOBOM 3aBUCH-
MOCTHU y KPbIC, BbIPAIIIEHHBIX B U3OJISILIUM, 110 YMCITY 3aKarnblBaHUI 11apMKOB B marble
tecte [17]. UccnenoBaHuii UTPOBOM 3aBUCUMOCTH Y XKUBOTHBIX ITOCJIE OTJIYYEHUS OT Ma-
TepU B OCTYMHOIi JIUTEpaType HaMU OOHAPYKEHO He ObLIO, XOTsl y YyeJoBeKa IMOBbIIlIe-
HUE ee MPOSIBJICHU SIBJISIETCSI XOPOILIO YCTAaHOBJIEHHBIM (hakToM [24].

B HacTosIIIeM McCienoBaHUM U3y4Yalyd poJib pelienTopa rpejiiHa B MeXaHUu3Max ysi3-
BHMMOCTHU K MOBEIEHMIO pUcKa [18] 1 UMITyJIbCUBHOCTHU B MOBeNeHUU [25] Ha Moaean Ur-
POBOIi 3aBUCUMOCTH Y SKMBOTHBIX C Pa3IMIHBIM MHIVBUIYaIbHBIM OIBITOM [17]. XpoHu-
YEeCKUI CTpecc OTHATHUS OT MaTepu Bhi3biBasl moBbilieHue ypoBHst MPHK penienropa rpe-
JIMHA B MUHJIQJIMHE 110 OTHOLLIEHUIO K KOHTPOJIbHOM TpyIine Kpbic. XpPOHUUECKHU cTpecc
BBIpAIIMBAHUS B YCJIOBUSIX COLIMATBLHOM M30ISIIIUM BbI3bIBaJI MOBbILIeHUE YypoBHSI MPHK
peuenTopa rpejivHa B TMIIOTaJlaMyce 110 OTHOIIEHUIO K KOHTPOJIbHOI rpyrine Kpbic. Ta-
KUM 00pa3oM, OTHSITUE OT MaTepy B paHHEM OHTOTEHE3€ BJIMSIET MPEUMYIIECTBEHHO Ha
9KCTpParunoTalaMuiIeckKuii ypoBeHb PETYyJIsSlIMY IPejiiHa B TOJIOBHOM MO3TeE, B TO BpeMsI
KaK BbIpalllMBaHVE B YCIOBUSIX COLMATBHON U3OJISILIMU B OOJIbIIEH CTEMEHU CBSI3aHO C
BJIMSIHUEM Ha TUIMOTaJlaMUYecKYl0 cUcTeMy ero perynsiuuu. [lokazaHo, yto Haubosee
Bbicokuit ypoBeHb MPHK penientopa rpeinHa HaGaomal0TCs B TUIOTajaMyce U TUIIO-
¢use, a HU3KUIT — B TUTIIIOKaMITIe, MUHIAJIWHE U B IApaxX cTBoJIa Mo3ra [26]. I'penuH neii-
CTBYET B TIEPBYIO o4epelb B TUITOTAJIaMyce W CTUMYJIMPYET TOBeAeHWEe TTpueMa MU,
HampaBJIECHHOE Ha PeTyJISIINIo SHepreTudeckoro 6anxanca [9]. PaHee B Hammx mcciieno-
BaHUSX MOKa3aHbl aKTUBALIMS MUILIEBOTO TTOBEAEHUS 1 YBEIMUEHUE MACChI TeJla y KPbIC,
BBIpAIIEHHBIX B M30JsIMM [27, 51]. 3HadueHre Nepenayy CUTHAJIOB I'peirHa B 00J1acTsIX
Mo3ra 3a TpenejiaMy TMIoTajaMyca 3aKJIo4yaeTcsl B ero AeCTBUM Ha OOy4YeHue W mna-
MSITh, BO3HArpaXIeHWe W MOTUBAIIUIO, TpeBory u nemnpeccuto [28]. CpaBHUTENIbHbII
aHau3, MPOBEACHHBIM B paMKaxX pabOThI, TIOATBEPAWI MPEUMYIIECTBEHHOE NeiCTBUE
cTpecca OTHSITUSI OT MaTepu B paHHEM OHTOTEHE3e Ha SKCTarumnoTaiaMU4ecKuii ypoBeHb
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PEryJIsiliuu rpeJIMHOBOM crucTeMbl Mo3ra. Habmonanock noseiieHue ypoBHss MPHK pe-
LIETNTOopa TpeJInHA B TUTIOTaIaMyCe Y KPbIC, TTONBEPKEHHBIX CTPECCY COLMaIbHOI U301~
1IMM, IO CPABHEHMUIO C TTIOKa3aTeIsIMU Y XXKMBOTHBIX T1OCJIe CTpecca MaTepUHCKOMN Iernpu-
Bauuu. B MuHmanuHe u npedpoHTaILHOI Kope pasnmmunii B ypoBHsIX MPHK penentopa
TrpejiiHa y KPbIC, BBIPAIIEHHBIX B COLIMAJIBHON NEMPUBALIMU 10 CPABHEHUIO C TPYyMIIOi
KpBbIC, TOABEPKEHHBIX CTPECCY MAaTEPUHCKOM enpruBallui, OTMEYEHO He ObLIO.

B Hammx 6oJiee paHHUX MCCIIENOBAaHUSIX MOKa3aHO, 4To mocie BBemeHus [D-Lys3] —
GHRP-6 Habmaomanoch cTpeMyIeHUE TOJyYUTh MOAKPEIJIEHE C BBICOKOM BEpPOSITHO-
cteio (100%) B TpexpyKaBHOM JaOMPUHTE, HO HAaMMEHbBIIEH BEJIMYMHON BO3HArpaxie-
HUS, T.6 CHU3UTh PUCK TMOJIYYEHUS MUILIEBOTO MOAKPEIUIEHUS A0 MUHUMYMa. DTO ObLIO
CBSI3aHO C MOBBbIIIIEHMEM 0OOMeHa JoaMrHa B TUIIOTajlaMyce, TUIIITOKaMIIe U CTpUuaTyMme
[18]. I1pu BBeneHUHU rpejiiHa OTMEUYEHO YBEINUEHUE COOTHOIIICHUS TT00EXeK B CTOPOHY
TPEThEro pyKaBa JJAOMPUHTA C MEHbIIIEH BEePOSTHOCTHIO, HO BBICOKOW BEJIWYMHON 1O -
kperieHus [21]. B ucciaenoBaHusix Apyrux aBTOPOB MOKa3aHO, YTO YPOBEHb I'pejIMHA B
CBhIBOPOTKE KPOBH Y TAIIMEHTOB C aJTKOTOJIBHOM 3aBUCUMOCTbBIO 3HAUYUTEIHHO MOBBIIIIEH,
a BBeJIeHUE alleTWI-TpesiuHa, IUraHaa rpeJIMHOBOTO pelenTopa [29], yBe1uuuBaeT TATYy K
ankorojio [30]. XpoHuU4YecKue CTpecChl BbI3BIBAIOT MOBBIIIEHUE COAEPKAHUST alleTHII-
rpejrHa, KOTOpOoe COXpaHsIeTcsl MocJie MpeKpalleHus Bo3neiicTBus crpeccopa [31, 32].

Bo3MOXHBIMU MUILIEHSIMU AEHCTBUS TPeIMHA B OTBET Ha XPOHUUYECKUI cTpecc, To-
BUIMMOMY, SIBJISIIOTCS HEIPpOHBI MapaBeHTPUKYJISIpHOTro siapa rumnortaitamyca (PVN) [32],
B KOTOPBIX OTMeYaeTCsl BbICOKasi KOHIIEHTpalMs KOpTUKoIubepuHa (corticotropin-re-
leasing hormone, CRH) [33]. PeuenTops! rpesinHa ObUTH HalileHbl B MapaBEeHTPUKYJISIP-
HoOM siipe. BBeneHue rpennHa moBbllIao KOHIIEHTpauuio c-fos-nmporenHa B CRH-co-
JepXKalux HeiipoHax MmapaBeHTPUKYJISIDHOTO s/ipa M BbI3bIBAJIO aKTUBAIIUIO TUIIOTaa-
Mo-Tuno¢u3apHo-HaanoYeuHnkoBoii cucteMmbl (hypothalamic-pituitary-adrenal axis,
HPA) [34]. MulieHblo NeHCTBUS IpeliiHa MpU CTPECcCe, MO-BUAMMOMY, TaKXKe CIY>KUT
cucCTeMa PaCIIMPEHHOW MUHAAJIWMHBI, KOTOpas BKJIIOYAET B Ce0sl LIEHTPAJIbHOE SIAPO
muHpanHbL (CeA), sapo jgoxka KoHeuHoit 1moyiocku (BNST), 6e3bIMSIHHYIO CyOCTaHIIMIO
u nipuiexaiee s1apo (NAc) u siBisgeTcs aKcTparunotaiamMmuieckoii cuctemoin CRH [35].
CTpyKTyphl pacliMpeHHON MUHAAIWHBI MMOJIy4alOT BXOMbI OT 10(haMUHEPTruieCcKrX Heil-
POHOB BeHTpabHOU obOmactu MOKPHIIKA (VTA) M COCTaBIISIIOT OCHOBHYIO (PYHKIIMO-
HaJIbHYIO CUCTEMY [JIs pealv3allii 3MOLIMOHAJIbHO-MOTUBALMOHHBIX 2(M(dEKTOB pa3-
JIMYHBIX HapkoreHoB [36]. biaokaga CRH nHeiipoMenuaropHoii mepenauu B CeA, BNST u
NAcC ycTpaHsieT WM 3HAa4YUTEJIbHO CHUXKAeT aKTUBUpYHILIUe 3(PdeKThl anIuKTUBHBIX
cpenctB [35]. CTpyKTyphl paciIMpeHHON MUHOAJIWHEI, IO-BUANMOMY, BaXKHBI IJIS pea-
nm3anuy Mexann3MoB roakperuieHus [37]. [Tokazano, yro CeA u BNST okaspIBaior pe-
ryJmpyioiiee BausHue Ha rurotajgamyc [38]. IlcuxoreHHbIN cTpecc BhI3BIBAET aKTHUBA-
uuto nyteit B CeA, BNST, NAc, pFC u 3arem B CRH-Heiliponax PVN [39]. BeeneHue
rpejvHa BbI3bIBaeT crnaiikoBylo akTuBHOCTh B CRH-comepxaiux HeiipoHax, yBeJIMYn-
BaeT ypoBeHb MPHK CRH B PVN u ypoBeHb KOPTUKOCTEpOHA B CHIBOPOTKE KPOBU Y
rpei3yHOB. [pennH Mmoxer neiictBoBaTh Ha CRH-conepxkaiive HeiipoHbI U Yepes3 Apyrue
HEeMpOXUMHYECKHE CHCTeMBI: opekcuHa, HeliponenTuaa Y (NPY), moHoamMmHeprude-
CKHUe HelipoHbI, 00JIamaloniue pernenropaMu rpeiauHa [40, 41].

st onmycaHust BAUSTHUSI paHHETO ONbITa Ha aKTUBHOCTb TMIOTaIaMO-TuItousap-
HO-HAAIMOYEeYHUKOBOU CUCTEMbI TPAIUIIMOHHO TPUMEHSIETCS METOJI OTJIYYEHUST OT Ma-
Tepu [42]. Ilepmogudeckoe pasiaydeHHE C MaTephiO SIBJIISIETCS MOIIHBIM COLMAIbHBIM
XPOHUYECKUM CTPECCOPOM, KOTOPBIII MOXET aKTMUBUPOBAThH peaKIUIO TMIOTaJaMO-THU-
nodur3apHO-HAANOYEYHUKOBOI CUCTEMBI Y KPBICAT BO BpeMsI MepHOJa TMIOPEaKTUBHO-
CTU B T€UE€HME MEPBBIX ABYX Helelb nocie poxaeHus [43]. PaznyyeHue ¢ MaTepbio MO-
KET U3MEHUTb HEHPOIHIOKPUHHBIE M HellpoMeauaTopHble OTBETHBIE peakluu Ha
CTpeccopbl U TIPpU TTOBTOPHOM BO3IEWCTBUY MPUBECTU K JOJITOCPOYHOMY TTOBBIIIEHUIO
PEaKTUBHOCTU OCHU TUIOTaJaMO-runodu3apHO-HAAIIOUYEYHUKOBOM CUCTEMBbI, TPEBOTe,
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NETIPECCUM U 3JI0YIIOTPEOICHIIO HApKOTUKAMU BO B3pociioM Bo3pacTte [44]. [Toka3aHo, 4To
cofepKaHue rpejinHa B KPOBU ITOBBILIAETCS TIPU CTPeCce pasiiydeHusI ¢ MaTephlio [45, 46].
MeTton BeIpalliuBaHus B U30JISLIMHA TTOCIIE TTIEpHUOAa MOJIOYHOTO BCKapMJIMBAHUS TaKXKe Tpa-
JNUIIMOHHO MCITOJIb3YETCs ISl U3yYeHUsT BIMSIHUSI PAHHETO OMbITa U (paKTopa cTpecca co-
UaJIbHOM AEeNpUBallMM Ha TUIOTaJaMO-TUNodr3apHO-HAAIIOUYeUHUKOBYIO cuctemy [44].
YcTaHOBJIEHO, UTO Y KPBIC, BhIPALLIEHHBIX B YCJIOBUSIX COLIMAIILHOM NeMpPUBALIMU, TTOBBI-
111aeTCs YPOBEHDb TPEBOXHOCTH, IEMPECCUBHOCTU U PEAKTUBHOCTU B OTBET HA MOIKPETI-
JISTFOIIAE areHThI Cpelbl, HAOMI0NAeTCsl TUTIEPAKTUBHOCTD U YSI3BUMOCTb K aIMKTUBHOMY
noBeneHuto [47]. [TpeobiagaHyie TUMAYHBIX MATTEPHOB IMOBENEHUS TIPU COLMATBHOM U30J151-
VM TTO3BOJIMJIO HaM CITELIMAJIBHO BBIIEIUTh “CUHIPOM COLMAIbHOI m3oiassun” [47]. Pe-
3yJIbTaThl OMOXUMUYECKMX U MOJIEKYJISIPHBIX MCCIENOBaHUI MOATBEPIUIM B3aUMOCBSI3b
HapyllIeHU MOBeIeHUSs, BBI3BAHHBIX COLIMATBHON U30JISILIMEeH, U u3MeHeHueM (hyHKIIU-
OHHMpPOBAHWUS psAla HEMPOXMMUIECKUX cCTeM Mo3ra [48]. B HacToseit paboTe mokasa-
HO, YTO XPOHUUYECKHNE CTPECChI OTHATHUS OT MaTepu B paHHEM OHTOTEHE3€ WJIU BbIpalllv-
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Puc. 4. Yuactue rpenvHa B aktuBaun CRH-HelipoHoB rumnoranamyca n CeA 1pu XpOHMYECKOM TICUXOTeH-
HOM cTpecce B paHHeM oHToreHese. [IpuBeneHa cxema Peiixapara u lllaGanoBa [49] B Mmoaudukauuu. ['peaun
aktuBupyeT NPY-HeitpoHnsl ARC sipa, KOTOpble CHMXXAIOT TOHMYECKYI0 aKTUBHOCTh ruoreTndecknx GABA-
MHTEepHEipoHOB, TopMo3siuiux aktTuBHOCT CRH-HeiipoHoB PVN. OnHoBpemenHo NPY-HeiipoHs! 610Kupy-
10T ToHu4Yeckoe uHrubrpoBanue OX-nHeiipoHoB MCH/GABA-Heiiponamu LH 1 GABA-uHTepHeiipoHamu,
Haxomsimmucs 3a npeaenamMu LH. AkruBauuio OX-HeitpoHoB LH ocyiecTBisiioT: (a) rpejMH MoCcpeicTBOM
GHSR peuenropa, (6) Glu-curnanst u3 pFC nipu BoBjiedeHUM KOPBI MO3Ta B CTPECC-OTBET, (B) yepe3 MOJI0XH-
TeNbHYI0 00paTHYIO cBsi3b U3 VTA uepe3 DIR peuentopsl. CRH-Heitponsl PVN monynupyiot GABA cucremy
paciuperHoit CeA. AktuBrupoBaHHble OX-HeilpoHbl cTUuMyIMpyIoT CRH-HeiipoHbI MOCPEICTBOM CeKpelnn
Bo30Oyxnaomux Meanaropos OX/Glu B PVN. Kpome toro, CRH-Heiipoust PVN u Heiiponsr CeA nomydaior
Glu-curnan npu Bo3oyxneuuu pFC. B cBoto ouepens, CRH-HeitpoHbsl PVN nochbl1aloT MOMOXUTETbHYIO 00-
patHyto cBsi3b B oTHolleHun NPY-HeiipoHoB ARC u OX-HeiiponoB LH. Kpome Toro, CRH-Heiipors PVN
MoryTt moaynupoBatb GABA/Glu Bxoznbl B DA-HeitpoHBI HEMTOCPEACTBEHHO UV IMYTeM CTUMYJISILUUA HEPOHOB
LH, napsiny ¢ OX npoayuupytomux Glu. B koneunom urtore, Bo3oyxnenue CRH-uneiiponos PVN npuBoaut k
akTuBauuu HPA-ocu 1 MOBBILLIEHUIO YPOBHSI KOPTUKOCTEPOHA, KOTOPbI OKa3bIBaeT MOIIIHOE BO3AEHCTBUE HA
ctpyKtypbl Mo3ra. CRH — xopruxkorponun puwimsunr ropmodH, CRHR — penentop CRH, ARC — apkyarHoe
sapo, PVN — napaBeHTpukyasipHoe siapo, LH — natepanbHblii runotanamyc, VIA — BeHTpaibHasi 006J1acTh MO~
kpbiiiku, CeA — LeHTpalbHOE SApO MUHIATUHBI; NAc — npuiexaiiee sapo, pFC — npedpoHTanbHas Kopa,
NPY — neiiportenituz Y, Glu — mmyramat, NMDAR — peuenrtop Glu, ceseKTuBHO cBsi3bIBatolnii N-mMetui-D-
acnaprtaT, GABA — ramma-amuHomacisiHas kuciora, GABAR — GABA-A peuentop GABA, OX — opekcuH,
OXR — peuenrop OX, DA — nodbamuu, DIR — Bo3Gyxnatoimit peuentop DA nepBoro tuna, Ghr — rpeyiuH,
GHSR — peuentop rpeauna, mITC — uHTepHEAPOHBI MUHIATVHBI.

BaHUeE B YCIIOBUSIX COLIMAIBLHOM U30JISLMU BbI3bIBAIA CTPATETUIO MOBENEHUS XKUBOTHBIX,
HaIMpaBJICHHYIO Ha MoJiydyeHue Gojiee 3HAUMMOTO MUIIEBOTO MOAKPEIUIEHUsI, HO C HU3-
KOl BEpOSITHOCTBIO €r0 JIOCTUKEHUSI, YTO CBSI3aHO C IIOBBILICHUEM HMITYJIbCUBHOIO
KOMITOHEHTa UTPOBOIi 3aBucumoctH [20].

Ha ocHoBaHMM aHaM3a TUTEpaTYPHBIX U COOCTBEHHBIX JAHHBIX MbI TTIPUBOAUM TUITO-
TETUYECKYIO CXeMy ydacTusi TpeivHa B aktuBarimu CRH-HelipoHOB rumoTtanamyca u
CeA 1mpu XpOHUYECKOM IICUXOT€HHOM CTpecce B paHHEM OHToreHe3e (puc. 4).

Taxum o6pa3om, B paboTe IMMOKa3aHO, YTO XPOHUUECKHME CTPECChI OTHSITUS OT MaTepU B
paHHEM OHTOTeHe3€ WJIM BhIpalllMBaHUE B YCIOBUSIX COLIMATbHOMN M30JISIIUU BbI3bIBAIOT
CTpaTeruio MOBEACHUS XKUBOTHBIX, HATIPABJIEHHYIO Ha ToJlydeHUe 6oJjiee 3HAYUMOTO M-
1IeBOTO TIOAKPEIUIEHUsI, HO C HU3KOil BEPOSITHOCTBHIO €r0 MOCTUXXKEHMSI, UTO CBSI3aHO C
MOBBIIIIECHUEM UMITYJIbCUBHOTO KOMIIOHEHTa UTPOBOM 3aBUCUMOCTH. OTHATHUE OT MaTepu
WJIM BBIpAIIMBAHUE B YCJIIOBUSIX COLMAIBHON M3O0JISIIIMY BHI3BIBAIM MOBBIIIIEHUE YPOBHS
MPHK penenTopa rpeirHa COOTBETCTBEHHO B MUMHAAJIMHE U TUIIOTAIaMyCe IO CpaBHe-
HUIO C KOHTPOJILHOI IPYITNOii XXMBOTHBIX. TaAKMM 00pa3oM, B TO BpeMsI KaK BbIpalliiBa-
HUE B YCJIOBUSIX COLIMAJIbHOI U3OJISILIMU B OOJBIIIEH CTETIEHU CB3aHO C BIUSIHUEM Ha TM-
MoTaJJaMIYIECKyI0 CUCTEMY TpeJIHA B TOJIOBHOM MO3Te, OTHSTHE OT MaTepy B paHHEM OHTO-
TeHe3e BIMSIET TIPEUMYIIIECTBEHHO Ha 9KCTPAruIoTaTaMUIeCKUil YpOBEHb €r0 PeryJIIuy.
MoxkHo 3aK1I0unTh, 4To YBeaudeHue ypoBHs MPHK perieniropa rpeiiHa B ToJIJOBHOM MO3Te
CBSI3aHO C MOBBILIIEHUEM UMITYJIbCMBHOTO KOMITOHEHTA UTPOBOI 3aBUCUMOCTH Y KPBIC, MO~
BEP>KEHHBIX [ICUXOTPABMUPYIOLLIEMY BO3JIEHCTBUIO B pPAHHEM OHTOTEHE3E.

COBIIOAEHUE 5TUYECKHUX CTAHOAPTOB

OnBITBI MPOBEAEHBI B COOTBETCTBUM C STUUECKUMU MPUHIIMITAMK, 0003HaUYEHHBIMU B JIMpeKkTrBe
EBponeiickoro napiamenrta u Coeta EBponeiickoro Coro3a 2010/63/EC ot 22 centsiopst 2010 r., u
ono6peHbl Komuccueit no 6moatuke ®PIbBHY “UHCTUTYT 3KCNIEPUMEHTATBHOM METUIIMHBI .



1090 JIEBEJIEB u np.

NCTOYHUKUN ®PMHAHCHUPOBAHUA

PabGora BbImoOJIHEHa B paMKax TrocydapCTBeHHOro 3amaHusi MuHoOpHayku Poccum (2022—
2025 rr.). “ITonck MOJIEKYJISIPHBIX MUIIIEHEH 1Is1 (hapMaKOJIOTUYECKOTrO BO3AEUCTBUS MPU alIUK-
TUBHBIX U HEMPOIHIOKPUHHBIX HAPYIIEHUSIX U CO3IaHUE HOBBIX (hpapMaKoJOrMUeCKU aKTUBHBIX Be-
1ecTB, AekcTByIomuxX Ha peuentopsl IIHC”, mmop FGWG-2022-0004.

KOH®DIUKT UHTEPECOB

ABTODBI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MDIUKTAa UHTEPECOB.

BKJIAJ ABTOPOB

A.A.Jl. — unest paboThI, IJTAaHUPOBaHUE SKCIIEpUMEHTa, 00CYXKIeHUE, HalTMCaHUe U PETaKTUPO-
Banwue ctatbu. C.C.I1. — cOOp maHHBIX B 9KCIIEpUMEHTE, 00paboTKa JaHHBIX, HAITMCaHUEe U peaak-
TupoBaHue ctatbu. D.A.C. — cOOp JaHHBIX B BKCIIEpUMEHTEe, 00paboTKa JaHHBIX, MIPOBEICHUE
[P ananu3a. b.A.P. — co3maHue cXeMbl IEeMCTBUSI cTpecca, 0OCYKIeHWe MOJIydYeHHBIX TaHHbIX.
E.P.b. — craructnueckass oopaboTKa JaHHBIX, HAMMUCaHWE U pegaktupoBanue ctatbu. [1.J.111. —
ob11ee pyKOBOJCTBO, OOCYXIeHUE, HAITUCAaHUE U PelaKTUPOBAHUE CTaThU.

CITMCOK JIMTEPATYPHI

1. Fenoglio KA, Brunson KL, Baram TZ (2006) Hippocampal neuroplasticity induced by early-life
stress: functional and molecular aspects. Front Neuroendocrinol 27(2): 180—192.
https://doi.org/10.1016/j.yfrne.2006.02.001

2. Catani C, Jacob N, Schauer E, Kohila M, Neuner F (2008) Family violence, war, and natural di-
sasters: a study of the effect of extreme stress on children’s mental health in Sri Lanka. BMC
Psychiatry 8(33).
https://doi.org/10.1186/1471-244X-8-33

3. Lang AJ, Aarons GA, Gearity J, Laffaye C, Satz L, Dresselhaus TR, Stein MB (2008) Direct and
indirect links between childhood maltreatment, posttraumatic stress disorder, and women’s
health. Behav Med 33(4): 125—135.
https://doi.org/10.3200/BMED.33.4.125-136

4. Tata D (2012) Maternal separation as a model of early stress: Effects on aspects of emotional be-
havior and neuroendocrine function. Hellenic J Psychol 9: 84—101.

5. Nagavi MR, Mohammadi M, Salari V, Nakhaee N (2011) The relationship between childhood
maltreatment and opiate dependency in adolescence and middle age. Addict Health 3(3—4):
92-98.

6. Nishi M, Horii- Hayashi N, Sasagawa T, Matsunaga W (2013) Effects of early life stress on brain
act6ivity: implications from maternal separation model in rodents. Gen Comp Endocrinol 181:
306—309.

7. Moffett MC, Vicentic A, Kozel M, Plotsky P, Francis DD, Kuhar MJ (2007) Maternal separation
alters drug intake patterns in adulthood in rats. Biochem Pharmacol 73(3): 321—-330.

8. Krupina NA, ShiSenova SD, Khlebnikova NN (2020) Prolonged social isolation, started early in
life, impairs cognitive abilities in rats depending on sex. Brain Sci 10(11): 1-29.

9. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K (1999) Ghrelin is a growth-
hormone-releasing acylated peptide from stomach. Nature 402(6762): 656—660.
https://doi.org/10.1038 /45230

10. Chen CY, Asakawa A, Fujimiya M, Lee SD, Inui A (2009) Ghrelin gene products and the regula-
tion of food intake and gut motility. Pharmacol Rev 61(4): 430—481.
https://doi.org/10.1124/pr.109.001958

11. Gnanapavan S, Kola B, Bustin SA, Morris DG, McGee P, Fairclough P, Bhattacharya S, Carpenter R,
Grossman AB, Korbonits M (2002) The tissue distribution of the mRNA of ghrelin and subtypes
of its receptor, GHS-R, in humans. J Clin Endocrinol Metabol 87(6): 2988.
https://doi.org/10.1210/jcem.87.6.8739

12. Perello M, Sakata I, Birnbaum S, Chuang JC, Osborne-Lawrence S, Rovinsky SA, Woloszyn J,
Yanagisawa M, Lutter M, Zigman JM (2010) Ghrelin increases the rewarding value of high-fat
diet in an orexin-dependent manner. Biol Psychiatr 67(9): 880—886.
https://doi.org/10.1016/j.biopsych.2009.10.030

13. Carroll ME, France CP, Meisch RA (1979) Food deprivation increases oral and intravenous drug
intake in rats. Science (New York) 205(4403): 319—321.
https://doi.org/10.1126/science.36665



NCCIIEAOBAHUE YYACTUA I'PEJIMHA 1091

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kharbanda KK, Farokhnia M, Deschaine SL, Bhargava R, Rodriguez-Flores M, Casey C A, Gold-
stone AP, Jerlhag E, Leggio L, Rasineni K (2022) Role of the ghrelin system in alcohol use dis-
order and alcohol-associated liver disease: A narrative review. Alcoholism, Clin and Exp Res
46(12): 2149—-2159.

https://doi.org/10.1111 /acer.14967

. Jerlhag E, Egecioglu E, Dickson SL, Engel JA (2011) Glutamatergic regulation of ghrelin-in-

duced activation of the mesolimbic dopamine system. Addiction Biol 16(1): 82—91.
https://doi.org/10.1111/j.1369-1600.2010.00231.x

Ducharme R, Anisman H, Abizaid A (2010) Altered metabolic and neurochemical responses
tochronic unpredictable stressors in ghrelin receptor-deficient mice. Eur J Neurosci 32(4):
632—639.

https://doi.org/10.1111/j.1460-9568.2010.07310

Ilabanos I/, dxywuna H/l, Jlebedes AA (2020) dapMaKoIOTHSI TTENTUIHBIX MEXaHU3MOB UT-
poBoro ToBeneHus y Kpbic. Borip Hapkon 4(187): 24—44. [Shabanov PD, Yakushina ND, Leb-
edev AA (2020) Pharmacology of peptide mechanisms of gambling behavior in rats. Vopr Narkol
4(187): 24—44. (In Russ)].

Geisel O, Panneck P, Hellweg R, Wiedemann K, Muller CA (2015) Hypothalamic-pituitary-ad-
renal axis activity in patients with pathological gambling and internet use disorder. Psychiatry
Res 226: 97—102.

https://doi.org/10.1016/j.psychres.2014.11.078

Lebedev AA, Karpova 1V, Bychkov ER, Yakushina ND, Thyssen 1Y, Gramota KE, Efimov NS,
Shabanov PD (2022) The ghrelin antagonist [D-LYS3]-GHRP-6 decreases signs of risk behav-
ior in a model of gambling addiction in rats by altering dopamine and serotonin metabolism.
Neurosci Behav Physiol 52(3): 415—421.

https://doi.org/10.1007/s11055-022-01255-x

Cexcme DA, Jlebedes AA, bvoiukoe EP, Aipanemoe MU, Ipamoma KE, Tuccen HIO, lllabanos
1177 (2021) Moseiuenue ypoBHss MPHK peuenTtopa opekcuna nepsoro tumna (OX1R) B cTpyk-
Typax rOJIOBHOTO MO3ra y KPbIC, CKIIOHHBIX K UMITYJIbCUBHOCTH B MoBeAeHUU. Bruomen xumus
67(5): 411—-417. [Sekste EA, Lebedev AA, Bychkov ER, Airapetov M1, Gramota KE, Tissen 1Y,
Shabanov PD (2021) Increase in the level of orexin receptor 1 (OX1R) mRNA in the brain struc-
tures of rats prone to impulsivity in behavior. Biomed Chem 67(5): 411—417. (In Russ)].
Jlebedes AA, Xoxnos 1111, Hxywuna HJ, Ipamoma KE, Tuccen HIO, Bviukos EP, Aiipanemose MU,
Llabanos 11/ (2019) ®apMakoIoTUUECKU M OMOXMMUYECKUI aHAJIU3 ydyacTUsl MENTUIHON
CHUCTEeMBbI TPEJIMHA B TTOBEICHUYECKUX MPOSIBIIEHUSIX UTPOBO 3aBUCUMOCTH Y KPBIC. DKCIEep KIUH
dapmakoin 82(6): 16—20. [ Lebedev AA, Khokhlov PP, Yakushina ND, Gramota KE, Tissen [Yu, Byc-
hkov ER, Airapetov M1, Shabanov PD (2021) Pharmacological and biochemical analysis of par-
ticipation of the ghrelin peptide system in behavioral manifestations of gambling in rats. Eksper
klin farmakol 82(6): 16—20. (In Russ)].

banrakuna ME, /leemapesa EB, Hexpacoe MC, bpyc TB, ITiopsees CC (2021) Bo3neiicTBue paH-
HEro MOCTHATAJIbHOTO CTpecca Ha TICUXO03MOLIMOHAJIBHOE COCTOSTHUE U Pa3BUTHE CKIIOHHOCTHU
K Ype3MepHOMY YIOTPEOJEHUIO BBICOKOYTJEBOAHOU NMUIIM Y Kpbic. Poc GuoMen ucciienon
6(2): 27—37. | Balakina ME, Degtyareva EV, Nekrasov MS, Brus TV, Purveev SS (2021) Effect of
early postnatal stress upon psychoemotional state and development of excessive consumption
of high-carbohydrate food in rats. Russ Biomed Res 6(2): 27—37. (In Russ)].

Wang S, Wang J, Lv X (2018) Selection of reference genes for expression analysis in mouse mod-
els of acute alcoholic liver injury. Int J Mol Med 41(6): 3527—3536.
https://doi.org/10.3892/ijmm.2018.3527

Yang B, Cai G, Xiong C, Huang J (2021) Relative Deprivation and Game Addiction in Left-Be-
hind Children: A Moderated Mediation. Front Psychol 12: 639051.
https://doi.org/10.3389/fpsyg.2021.639051

Sekste EA, Lebedev AA, Bychkov ER, Airapetov MI, Gramota KE, Thyssen 1Y, Shabanov PD
(2021) Increase in the level of orexin receptor 1 (OX1R) mRNA in the brain structures of rats
prone to impulsivity in behavior. Biomed Chem 67(5): 411—417.
https://doi.org/10.18097/PBMC20216705411

Alvarez-Crespo M, Skibicka KP, Farkas I, Molndr CS, Egecioglu E, Hrabovszky E, Liposits Z,
Dickson SL (2012) The amygdala as a neurobiological target for ghrelin in rats: neuroanatomi-
cal, electrophysiological and behavioral evidence. PloS One 7(10): e46321.
https://doi.org/10.1371 /journal.pone.0046321

Bemayeun DA, boiukoe EP, Abpocumose ME, Mockanree AP, [Twenuunas AT, ITropseee CC, Jlebe-
deg BA, Jlebedes AA, Illabanoe I1/] (2022) AHKCHOJIMTUYECKOE M aHTUACIIPECCUBHOE ACCTBUE
SNAP 94847, antaroHucra peuernropa 1-ro Tumna MejJaHUMH-KOHILEHTPUPYIOIIEro TOpMOHa.
Menunarpus 13(1): 25—34 [Vetlugin EA, Bychkov ER, Abrosimov ME, Moskalyev AR, Pshe-
nichnaya AG, Pyurveev SS, Lebedev VA, Lebedev AA, Shabanov PD (2022) Anxiolytic and anti-
depressant effects of melanin-concentrating hormone 1 receptor antagonist SNAP 94847. Pe-
diatriya 82(6): 16—20. (In Russ)].



1092 JIEBEJIEB u np.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Andrews ZB (2011) The extra-hypothalamic actions of ghrelin on neuronal function. Trends
Neurosci 34(1): 31—40.

https://doi.org/10.1016/j.tins.2010.10.001

Airapetov M1, Eresko SO, Lebedev AA, Bychkov ER, Shabanov PD (2021) Expression of the
growth hormone secretagogue receptor la (GHS-R1a) in the brain. Physiol Rep 9(21): e15113.
https://doi.org/10.14814/phy2.15113

Leggio L, Zywiak WH, Fricchione SR, Edwards SM, de la Monte SM, Swift RM, Kenna GA (2014)
Intravenous ghrelin administration increases alcohol craving in alcohol-dependent heavy
drinkers: a preliminary investigation. Biol Psychiatry 76(9): 734—741.
https://doi.org/10.1016/j.biopsych.2014.03.019

Hemmann K, Raekallio M, Kanerva K, Hdinninen L, Pastell M, Palviainen M, Vainio O (2012)
Circadian variation in ghrelin and certain stress hormones in crib-biting horses. Veterin J
193(1): 97—102.

https://doi.org/10.1016/j.tvjl.2011.09.027

Lutter M, Sakata I, Osborne-Lawrence S, Rovinsky SA, Anderson JG, Jung S, Birnbaum S, Yan-
agisawa M, Elmquist JK, Nestler EJ, Zigman JM (2008) The orexigenic hormone ghrelin defends
against depressive symptoms of chronic stress. Nature Neurosci 11(7): 752—753.
https://doi.org/10.1038/nn.2139

Cabral A, Suescun O, Zigman JM, Perello M (2012) Ghrelin indirectly activates hypophysiotro-
pic CRF neurons in rodents. PloS One 7(2): e31462.

https://doi.org/10.1371 /journal.pone.0031462

Cabral A, Portiansky E, Sdnchez-Jaramillo E, Zigman JM, Perello M (2016) Ghrelin activates hy-
pophysiotropic corticotropin-releasing factor neurons independently of the arcuate nucleus.
Psychoneuroendocrinology 67: 27—39.

https://doi.org/10.1016/j.psyneuen.2016.01.027

Roik RO, Lebedev AA, Shabanov PD (2019) The value of extended amygdala structures in emo-
tive effects of narcogenic with diverse chemical structure. Res Pharmacol 5(3): 11-19.
https://doi.org/10.3897 /npharmacology.5.38389

Koob GF (2009) Neurobiological substrates for the dark side of compulsivity in addiction. Neu-
ropharmacology 56(1): 18—31.

https://doi.org/10.1016/j.neuropharm.2008.07.043

Klein AK, Brito MA, Akhavan S, Flanagan DR, Le N, Ohana T, Patil AS, Purvis EM, Provenzano C,
Wei A, Zhou L, Ettenberg A (2017) Attenuation of the anxiogenic effects of cocaine by 5S-HT1B
autoreceptor stimulation in the bed nucleus of the stria terminalis of rats. Psychopharmacology
234(3): 485—495.

https://doi.org/10.1007/s00213-016-4479-3

Pina MM, Cunningham CL (2017) Ethanol-seeking behavior is expressed directly through an ex-
tended amygdala to midbrain neural circuit. Neurobiol Learning and Memory 137: §3—91.
https://doi.org/10.1016/j.nlm.2016.11.013

Aguilera G, Liu Y (2012) The molecular physiology of CRH neurons. Front Neuroendocrinol
33(1): 67—84.

https://doi.org/10.1016/j.yfrne.2011.08.002

Cabral A, Suescun O, Zigman JM, Perello M (2012) Ghrelin indirectly activates hypophysiotro-
pic CRF neurons in rodents. PLoS One 7(2): e31462.

https://doi.org/10.1371 /journal.pone.0031462

Willesen MG, Kristensen P, Romer J (1999) Co-localization of growth hormone secretagogue re-
ceptor and NPY mRNA in the arcuate nucleus of the rat. Neuroendocrinology 70(5): 306—316.
https://doi.org/10.1159/000054491

Marais L, van Rensburg SJ, van Zyl IM, Stein DJ, Daniels WM (2008). Maternal separation of
rat pups increases the risk of developing depressive-like behavior after subsequent chronic stress
by altering corticosterone and neurotrophin levels in the hippocampus. Neurosci Res 61(1):
106—112.

https://doi.org/10.1016 /j.neures.2008.01.011

Zoicas I, Neumann ID (2016) Material separation facilitates extinction of social fear in adult
male mice. Behav Brain Res 297: 323—328.

https://doi.org/10.1016/j.bbr.2015.10.034

Plotsky PM, Thrivikraman KV, Nemeroff CB, Caldji C, Sharma S, Meaney MJ (2005) Long-term
consequences of neonatal rearing on central corticotropin-releasing factor systems in adult male
rat offspring. Neuropsychopharmacology 30(12): 2192—2204.
https://doi.org/10.1038/sj.npp.1300769

Salzmann C, Otis M, Long H, Roberge C, Gallo-Payet N, Walker CD (2004) Inhibition of ste-
roidogenic response to adrenocorticotropin by leptin: implications for the adrenal response to
maternal separation in neonatal rats. Endocrinology 145(4): 1810—1822.
https://doi.org/10.1210/en.2003-1514



NCCIIEAOBAHUE YYACTUA I'PEJIMHA 1093

46.

47.

48.

49.

Schmidt MV, Levine S, Alam S, Harbich D, Sterlemann V, Ganea K, de Kloet ER, Holsboer F,
Miiller MB (2006) Metabolic signals modulate hypothalamic-pituitary-adrenal axis activation
during maternal separation of the neonatal mouse. J Neuroendocrinol 18(11): 865—874.
https://doi.org/10.1111/j.1365-2826.2006.01482.x

llabanos I1J1, Jle6edes AA, Mewepos IIIK (2002) JodaMuH U TOAKPEIUISIONINE CUCTEMbI MO3-
ra. Caukr-IlerepOypr. [Shabanov PD, Lebedev AA, Mescherov ShK (2002) Dopamine and
thereinforcing systems of the brain. Saint Petersburg. (In Russ)].

Jlebedee AA, Mockanee AP, Abpocumoe ME, Bemayeun DA, [Twenuunas Al, Jlebedee BA, Eedo-
xumosa HP, bwoiuxoe EP, Illlabanoe I1J (2021) [eiicTBMe aHTaroHWcTa HeipomnenTtuaa Y
BMS 193885 Ha nepeeganne 1 SMOLIMOHAIBbHbBIE pEaKIINH, BBI3BAHHBIE COLIATBHOI N30JISIIN -
et y kpbic. O630pbl KIMH ¢apMakoa U jekapcTB tepanuu 19(2): 189—202. [Lebedev AA,
Moskalev AR, Abrosimov ME, Vetlugin EA, Pshenichnaya AG, Lebedev VA, Evdokimova NR, Byc-
hkov ER, Shabanov PD (2021) Effect of neuropeptide antagonist BMS193885 on overeating and
emotional responses induced by social isolation in rats. Rev Clin Pharmacol and Drug Therapy
19(2): 189—202. (In Russ)].

Peiixapom BbA, lla6anoe I1J] (2022) I'penrHOBBIE MEXaHU3MbI MUIIEBOTO BO3HATPAXKICHUS.
YacTtb 2. B3aumopeiicTBue rpeiiHa ¢ TOpMOHaMM, HEMPOTIETITUIAMU U APYTUMU DHIOTEHHbI -
mu auraHaaMu. O630psl KJWH papmakon u iekapcTs Tepanuu 20(3): 229—-254. [ Reichardt BA,
Shabanov PD (2022) Ghrelin mechanisms of nutritional reward. Part 2. Interaction of ghrelin
with hormones, neuropeptides and other endogenous ligands. Rev Clin Pharmacol and Drug
Therapy 20(3): 229—254. (In Russ)].

https://doi.org/10.17816/RCF203229-254

Studying the Involvement of Ghrelin in the Mechanism of Gambling Addiction
in Rats after Exposure to Psychogenic Stressors in Early Ontogenesis

A. A. Lebedev® *, S. S. Purveev® ?, E. A. Sexte?, B. A. Reichardt?,
E. R. Bychkov“, and P. D. Shabanov*
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We investigated the role of ghrelin and its receptors in the manifestation of gambling
addiction elements in rats exposed to early psychogenic stress. Rearing in conditions of
social isolation or maternal deprivation in early ontogeny increased risk behavior and
impulsivity in the lowa Gambling Task test: animals sought more food reinforcement,
but with a low probability. Maternal deprivation or rearing in social isolation increased
expression of Ghsr in the amygdala and hypothalamus respectively. The level of expres-
sion of the gene under study in the prefrontal cortex did not change. It is concluded that
early psychogenic stress causes an imbalance in the brain ghrelin regulatory system,
which manifests itself in increased of Ghsr level as well as elements of gambling addic-
tion. The scheme of the effect of chronic stress on the hypothalamic ghrelin system and
on the extrahypothalamic regulation of ghrelin is presented.

Keywords: gambling, maternal deprivation, isolation rearing, ghrelin, mRNA ghrelin
receptor
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