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AHoTauifA. Mpouec ¢hopmyeaHHs: anko20bHOT 3anexHOCmi NPU3eodUMs A0 UHUKHEHHS HE3860POMHUX 3MiH 6 opaaHi3Mi IModUHU,
SKi MOXymb 6ymu niemarnbHUMu. HelpoHU 20/108HO20 MO3KY € OOHUMU 3 Haldymiusiwux cmpykmyp 0o Oii emaHosny. Po3yMiHHS
MexaHi3My ¢hopMy8aHHs1 aflko20JIbHOI 3anexHOCmi Moxe 00rnoMoamu 8 fiKyeaHHi xeopux Ha uel podnad. Omxe, HauoK Memoro €
demarnbHe sugyeHHsI OifiTHOK MO3KY, siKi 8i0rosidaome 3a ¢hopMyesaHHs1 3a3Ha4yeHo20 poanady. [ns ybo20 Mu rpoaHanidysanu basy
PubMed. Bidibpanu cmammi, y sikux Guiiocsi npo OinsiHKU MO3KY, 3aiyyeHi y ¢popMyeaHHs1 Ubo20 po3nady, 3amiHuU 8 doghamiH- ma
TAMKepeidHux HelipoHax, nocuneHHs1 abo nocnabneHHs1 ekcrpecii binkie, uio peaynoome HeliponnacmuyHicms yux OifIHOK rid yac
XPOHIYHO20 CrIoXKUuaHHs1 emaHosy. [11s1 3py4Hocmi nowyKy cmammi 32pyroeaHo 3a pokamu nybnikauyii: 2000-2010 pp., 2011-2018 pp.,
ma 2019-2023 pp. 3a pe3ynbmamamu yb020 O0CTIOKEHHSI MU 88aXKaEMO, WO 2irnokamri, npeghpoHmaribHa kopa (PFC), npuneane s10po,
muedarnenodibHe mino ma eeHmparibHa dinsiHka rnokpiesni (VTA) - K/t0408i cmpyKmypu 20/108HO20 MO3KY, siKi 3arydeHi 00 hopMyeaHHsI
3anexHocmi; ui OinsiHKU € CK1ado8oto ME30KOPMUKOIiMbiYHO20 wiisixy euHa2opodu; 2inokamri gidnosioae 3a hopMyeaHHs NMPUEMHUX
criozadis, 8iH MOXe 3MeHWYys8amucsi nid 8rIueoM emaxorsy, Wo npu3eodums 0o empamu enizoduyHoi nam'smi, PFC mae ennue Ha
nputHAMMS pileHs, siKi IpyHMytomscsi Ha 00c¢sioi, arkoeosb npueHidye disinbHicms PFC; npuneane ssi0po cmumMyioe MoOUHy Hepes
doghamiHosi 38'a3Ku 0o peyudusy, 1020 NacmMuUYHicMb 3MIHIOEMbLCS 1i0 8MNIUBOM emaHorly; MuedasiuHa € UeHmMpPOM ¢hopMye8aHHs
103UMUBHUX | HeeamueHUX eMouill, a 8iOMiHa afko20s1t0 3MEHWYE akmueHicmb Uiel cCmpyKmypu ma 8UKITUKAEe CMPec, XPOHIYHE X
y)KUBaHHST emaHo 1y Haernaku akmusye muzdanuHy; VTA mae 38's3Kku 3 ycima cmpykmypamu Me30KopMUKOiMbi4HO20 wWrisixy, 60Ha
MOXe SIK CIpUSIMU 8XXUBaHHIO alikoeoslto, mak i cmumyrnrosamu eidpady 00 Hb020. BUCHOBOK: MU 88axaeMo, WO Ui CmpyKkmypu €
Haleaxnusiwumu 8 Mpoyeci popmyeaHHs 3anexxHocmi. [lepcrnekmusa 00C1iOXXeHHSI Nosisi2ae y 8UB4YEHHI MOMIEKYISIPHUX MeXaHi3mie

Y3ar1eXHEHHS.
Knro4oBi cnoBa: mosok, 3anexHicms, ankoeosnb, emaHosl.

Beryn

AnkoronbHa 3anexHiCTb - Le po3nag, skl xapakrepu-
3yeTbCSI NOCTINHMM NOTATOM A0 eTaHony Ta peunanBamm
nig yac abctuHeHuji [6]. HaBiTb y ntogen, siki 4acTo CnoXu-
BalOTb asfkorosb i He MakTb cneumdidHMX HEBPOSOTiYHNX
nopyLUeHb, BCE X CrNOoCTepiraloTbCA O3HaKU perioHanbHOro
ypaxkeHHs1 Mo3ky [19]. EnizognyHe BXMBaHHSA BMCOKUX O03
arnkorosio M acouiioBaHa 3 UMM CTafis rocTpoi ankorosb-
HOI iIHTOKCUKaLji € OOHMM 3 OCHOBHUX PaKTOpiB PU3NKY pPO3-
BUTKY arnkoronbHoi 3anexHocTi [10]. Cy4yacHi yaBneHHs npo
POpMyBaHHs1 3anexHOCTi pPo3rnaaarTb ii ik cepito Helpo-
NnacTUYHUX aganTUBHUX 3MiH, SKi POPMYIOTLCS B LUKNI
3anexHocTi Yepe3 HU3Ky NocnigoBHUX cTagin [27]. BoHa
(3anexHicTb) € 3Ha4YHUM hakTopoM CMepTi cepen Hace-
neHHs1 [49], a TakoX € HaCcNigKOM PO3BUTKY HU3KU CYMYTHIX
3axBoptoBaHb | TpaBM [43]. AnkoronbHa 3anexHiCTb NoB.'s-
3aHa 3 6e3CoHHAM (uMpKaaHi aHomanii, kopoTka Tpu-
BanicTb cHy) [9]. Po3Butok genpecii B Monogomy Bilj, B ce-
pegoHbomy 21-25 pokiB Ha Tri CNOXMBAHHSA ankoronbHUX
HanoiB, Ta y nmignitkoBomy Biui [18]. B YkpaiHi, 3a gaHumm
MOS, nuauTBO € akTyanbHol npobnemolo cycninbCcTBa,
OCKiNbKW, No-neplie, Ue Npu3BOANTb 40 3MEHLUEHHS ce-
peaHboro BiKy HacerneHHsi Yepe3 HeraTMBHUIN BNIMB Ha
opraHism, 3okpema LIHC [39]; no-gpyre, ankorone € npu-
YMHOK HacuNbCTBa B poguHax, Yactux ATI. Po3ymiHng gii
eTaHomny Ha CTPYKTYpW MO3KY, WO 3afisHi y popMyBaHHi
3anexHocTi, MM BBaXXaeMO MPIOPUTETOM HaLLIOro ornsagy,

ajXxe 3HaHHA MexaHi3my Aii uiei pe4oBnHM gonomarae
edeKkTUBHiILIe NikyBaTW po3naj ankoronbHOi 3anexHocTi
[22].

Omxe, Memoro Haloro ornagy € aHania ginsgHoK MO3Ky
(ix ocHOBHMX yHKUIR), 3any4yeHnx y popmMyBaHHs 3anex-
HOCTi, MexaHi3MiB Aii eTaHONy Ha Ui CTPYKTypu, a Takox
NOPYLUEHHS iXHbOT PYHKLIOHANbHOCTI.

MaTtepianu Ta MmeToam

Hamu 6yno npoaHanizoBaHo noHag 150 crtaten 6a3u
PubMed. o uboro ornsagy Beinwno 50 ctaten. Mu 6panu
[0 yBarn MOAEentoBaHHs Ta eKCNepUMEHTU Ha Liypax i MaB-
nax, siki nignaganu nig XpoHiYHWIA BNAWB eTaHony, Benuki
ornaaun, aHania MPT ankoronikiB, TeCTU Ha X KOFHITUBHiI
3pibHocTi. Bigibpanu cratTi, y gkux Nwnocsa npo AinsHKn
MO3KY, 3any4eHi y opMyBaHHS ankoronbHOro posnagy,
3MiHn B godamiH- Ta FAMKepridyHMx HEMpOHaX, MOCUNEHHS
abo nocnabneHHs ekcnpecii 6inkiB, WO perynowTb Henpo-
NIACTUYHICTb LMX OINSHOK Nig Yac XPOHIMHOro CrnoXwBaH-
Hs eTaHony.

Pe3ynkTratn. O6roBopeHHsA

Hamu 6yno BM3Ha4YeHO OCHOBHI CTPYKTYpU MO3KY, LLO
3anyyeHi 4o POPMyBaHHSA 3anexHOCTi: MOPCbKUA KOHWMK
(rinokamn), npedpoHTansHa kopa (PFC), npunerne sapo,
MurganenofioHe Tino Ta BeHTpanbHa AinsHKa Nokpieni
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(VTA) [48]. Oani nponoHYyeMO O3HAaNOMWUTUCS 3 KOXHOI
CTPYKTYpOto BinblU AeTanbHO.

Mopcbkuii koHUK (rinokamn). MOpPCbKUIA KOHKK - Lie Ya-
CTMHa nimMBivHOT cncTtemn, aka 6epe yyacTb y hOPMyBaHHI
enizoguyHoi nam'ati [11], a Takox y HaB4aHHi [28]. IcHyoTb
TaKoX OOCHNIAXEHHS, WO MOPCbKUI KOHWK BignoBigae 3a
30aTHICTb yaBNATY BUragaHi nogii [32], peectpye iHdpopma-
Lito NpO NPOCTIp, O OTOYYE MOAMHY, CTBOPHOKOYM "MPOCTO-
poBY kapTy", BOHa Bifirpa€e Knio4YoBYy poSib B YCBIAOMIIEHHI
HaBKOMNUWLHbOro cepegosuiia [30].

MopCbkuii KOHUK Mae Hag3BMYaWHO BUCOKY nnac-
TWYHICTb, 0COBNUBO B MiANITKOBOMY Billi, MOPCBbKUIN KOHUK
3abe3neyvyeTbC aKTUBHUM HeWporeHe3omM, Lo BiobyBaeTb-
cq npoTarom ycboro xuTTa [30]. ETaHon npurHiyye Herpo-
reHe3 Ta BMKNMKae anonTto3 acTtpouutis [15]. Lie npu3so-
ONTb 0O 3MEHLLEHHS 06'eMy MOPCBKOro KOHWMKa, MOpYLUEH-
HS KOTHITMBHUX (PYHKL, 30KpeMa NpoLueciB HaBYaHHS, BU-
nafiHHs OKpeMumx enisodis Nam'aTi, LLO OyXe CXOXe Ha BTpa-
Ty cBigomocTi [34]. OcTaHHi AOCMiAXEHHs HadaTb 3MOry
3pO3yMITU MOMEKYNSAPHI MeXaHi3aMy BMMMBY arkorosnto.

ETaHon npurHiyye peuentopu N-metun-D-acnapraty
(NMDA), wwo npu3BoamMTb 4O po3ranbMyBaHHS LUNAXIB 30ya-
KEHHS i, HapewwTi, 40 3armbeni HeMpoHiIB, 30KpeMa B LinsiH-
Kax MOpPCbKOro KoHuka, a came: CAl (6epe y4acTb y BigHOB-
neHi Ta koHconigauii nam'ati) i CA4. MNepiognyHe BXuUBaH-
HS1 ankorosto akTMBYE MIKPOrfito, WO noAidHe A0 HaHeceH-
HS TpaBMM, akTUBAaLis MIKpPOrnii € OgHUM i3 MapKepiB Hen-
po3ananeHHs [15, 33]. lNoBTOpHe CnoXmMBaHHA eTaHony
Takox 3miHe ekcnpecito MPHK, 3okpema cyboanHmupb
peuenTtopa ?-amiHomacnsiHoi kucnotu (FTAMK), wo craButb
nig 3arposy 3aaTHIiCTb A0 30yaXeHHs HEeMpOoHiB, ki Bigno-
BidanbHi 3a popMyBaHHA Nam'aTi B Npoueci HaBYaHHS.
3aranbHe 3HWxeHHss MPHK cnpuunHsae detanbHuin anko-
ronbHUN cuHgpom [17]. Hacnigkom XpOHIYHOro CrnoXuvBaH-
HS anKkorosllo CTae 3MEHLUEHHS ekcnpecii binka c-Fos, wo
€ BUpiWanbHUM y HerporeHesi [36]. [NpurHivyoTbcs cTo-
BOypoBi knitnHu Ki67-IR, Sox2-IR Ta DCX-IR, ski € none-
pefHVKamMn HEMpPOHIB MOPCBKOro KOHMKa (rinokamna) [29].

OcHoBHa ponb MOPCbKOro KOHWKa nonsrae y cgopmy-
BaHHi 3aneXHOCTi, NOB'A3aHIN i3 NPUEMHMMK cnoragamu
npu BXWBaHHI eTaHony. Ankoronb, CTUMYIIOIOYM BUAINEH-
HS godamiHy, NpU3BoANTb A0 Bia4yTTa endopii, Lo KoAYETb-
ca rinokamnom. Llsi Teopis NOsICHIOE NOCTIMHUIA NOTAr 4O
eTaHony nig yac abcTuHeHdii [48].

MpedpoHTansHa kopa. MNpedpoHTaneHa kopa (PFC) -
BiO4in KOpW rorioBHOro MO3Ky, SIKUWA € LEHTPOM po3noginy
pecypciB yBaru mo3ky [38], KOrHiTuBHux dyHkuin [25]. PFC -
Le came Ta CTPYKTYpa, sika 34incHioe obpobky BxigHOI iHop-
Mauji Ta nopiBHIOE ii 3 MMHYNMM AoCBigOM (30Kpema 3aB-
OSKN KoHconigauii 3 MOPCbKMM KOHUKOM). Came y Uil CTpyK-
Typi PFC niognHa moxe nepegbadatn Ta npunmaT pilleH-
HA ONS nojanblumx 4in, 30Kkpema Tux, ski nigkpinneHi mMo-
TuBauieto. 3a ceoeto cyTTio PFC € LUeHTpoM 0cobuMcTOoCTi
nognHun [20]. PFC mae npoeku;ito Ha rinokamm, Lo Mae 3Hau-
HWA BMNSVB HA NPUIAHATTSA pilleHb, NOB'A3aHNX 3 BUHAropo-
OO0 [0 BXUBaHHA eTaHony [1].

MwurganuHa
RFC Mpunerne
VTA aapo
Mopcbkuii
KOHUK
(Finokamm)

Puc. 1. Me30KopTUKONIMBIYHMI LINSAX.

PFC € cknapoBolo Me30KOPTUKOMIMBIHHOro wnsxy [7].
BiH 6epe nmoyaTok y BeHTpanbHi AinsHui nokpisni, gani
3B'A3YETLCA 3 Pi3HUMU NIMBIYHMMK CTPYKTypamm, 3okpema
3 murganenogioHmMm Tinom, rinokamnom i npunernuMm ag-
powm. [inokamn, y cBoto 4vepry, 3B'a3aHuin 3 PFC (gopcona-
TepanbHa PFC) ons koHconigauii po6oyoi nam'siti [4]. Ak-
TMBaLjis 4odaMiHOBUX LUNAXIB NPM3BOAUTL A0 3BMKAHHS, a
TakoX 3anam'aToBYBaHHsS eldOopiiHOro cTaHy nig yYac cno-
XuBaHHs ankoronto. 3okpema, PFC Bigirpae ponb onoce-
penkoByBaHHA MOTMBAaLUii (3aBAsKM HassBHOCTiI AodhamiHo-
BMX peLenTopiB) Ta NPUNAHATTS PilLEHHS NUTK 3HOBY 5K MO-
3UTUBHMI Jocsig [1, 14].

HemnponnacTtuyHicTb, a Takox ob'em PFC nig Bnnnsom
ankoronto 3meHwyeTbes. Lle BinbyBaeTbca yepes HU3KY
NPUYKH: No-nepLue, etaHon aktueye cuHTe3 NMDA, wo 6Ge-
pYTb y4acTb B anontosi HempoHis PFC [14]; no-gpyre, anko-
rofnb BUKIUKAE OKUCHIOBANbHUIA CTPEC N OKUCHE MOLLKOA-
xeHHa AHK [13]. Yce ue npu3BognTb A0 NOPYLUEHHS NpUiA-
HATTSA NOriYHUX piweHb (iX WBMAKOCTI), a TaKoX 40 MOXIN-
BOi arpecii. Yce e BigOyBaeTbCs Yepes NoripLieHHs gisinb-
HocTi PFC [37].

Mpunerne agpo. MNpunerne agpo - AinsHKa MO3Ky, sika
Bigirpae Kn4oBy ponb y hopMyBaHHiI Ta NigKpinmeHHi Mo-
TMBaUii, @ 3Ha4MTb - i 3anexHocTi [7, 24]. binbwicTb Hen-
POHIB NMpUMernoro agpa - HEMPOHK, SKi eKCnpecyloTb pe-
uentopu gocpamiHy D1 Ta D2 [46], a oTxe, us AinsHka €
HaguyTNMBOK A0 Aodaminy. MMigTBEpoXEHHSM LbOro Ta-
KOX € Te, Lo BrnokyBaHHs peLenTopiB OCTaHHbLOrO BUKIN-
Ka€ 3HWXEHHSA NoLUyKy ankoronto [12].

XpOHIYHE CNOXWBAHHA ankorosnto Npu3BOAWUTbL A0 MO-
cuneHoi ekcnpecii 6inka BDNF (Brain-Derived
Neurotrophic Factor), akun perynoe HelmponnacTUYHICTb
NPWNEernoro siapa LWsiXoM akTuBaLii ekcnpecii iHWwmx Ginkis
(Arc, p-nNOS, nNOS i p-PSD-95), wo 3miHolTbL MeTa-
Goni3m rnytamary, 3okpema 36inblueHHs Moro B no3akrii-
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Bnnue ankoronto Ha CTPYKTYpU MO3KY, 3arnyyeHi y (popMyBaHHA 3aneXHOCTi

TMHHOMY MPOMDKKY Ta akTuBauito peuentopis NMDA [2], a
TakoX NocurneHHs BuaineHHs okcuay asoty (NO). OgHak
nopgibHa HeMpoONNacTUYHICTb € NaTONOriYHOK i, MOXIUNBO,
€ MPUYMHOO peunamBy nig vac abcTuHeHuii [5].

MocunenHsa metunioBaHHA OHK reHis LRP5, GPR39 i
NBEA, siki nokanisyloTbCsl B npunernomy sapi, Cnpusie 3mii
CMHaNTU4YHOI NnacTuyHocTi. 3okpema, BinbyBaeTbCcs 3CyB y
6ik 36ymxkeHHs wnaxom mopynsauii FAMK [8].

MwurganenogibHe Tino. Murganenogi6He Tino (M1rganmk)
- CKYyMYeHHs1 Cipoi peyoBMHU, CKNagoBa Me30KOPTUKOMIM-
GiyHOro WNAXy, UeHTp POPMyBaHHSA SK MO3UTUBHMUX, TaK i
HeraTMBHMX EMOLN, Ua OinsiHKa MICTUTb NPO- Ta aHTUCTpe-
coBi ropmoHn [42]. Murganuk 6epe yyacTb y perynsdii eH-
OOKPUHHUX DYHKUIN i y (popMyBaHHI BMOTUBOBaHMX pilleHb
[45].

binbwicTb HenpoHie murganuka € FTAMKepridHumu.
lMicna XpoHiYHOro BNNMBY €TaHomy Ta MOoro BigMiHW Bigoy-
BaeTbCSA NocuneHHs 6a3oBoi nepegadi FAMK, wo cnpuum-
HS€ ranbMyBaHHSA mMurganvka [21]. € gymka, wo ue Bigdy-
BaeTbCs Yepe3 cuHanTuyHi 3miHn FTAMK, 3okpema cyboam-
Huui GABA A R. Came Ui 3miHuM, ckopille 3a Bce, € Npuyn-
HOK ankoronbHOi aganTauii (TOYHUIN MONEKYNSIPHUI Me-
XaHi3M LWe Aoci Hesigomni) [41, 44].

HenpoHn POMC cknagaloTb O04HE KOO eHAOreHHOoT
CUCTEMM Ta NPOEKTYIOTbCA Ha TakKi CTPYKTYpU, K MUrAanuK,
npunerne s4po Ta BeHTpanbHa AingHka nokpisni [16]. An-
KOrOSb BUKITMKAE aKTUBALitO LMX HENPOHIB, 0COONNBO B MUT-
AanenogibHomy Tini. OnioigHi peuenTopwy, WO NoKanisylTb-
CH B LUMX CTPYKTypax pearytoTb Ha POMC Ta BUKNuKaTb
Big4vyTTA endhopii, BuHaropoau [31].

LleHTpanbHuiA Murganuk € "agpomM" HeraTMBHUX eMoLin
[26]. XpoHi4yHe cnoxuBaHHSA eTaHoMy CNpUsiE BUBIMbHEH-
HI0O HOpaapeHaniHy B murganuky. HopagpeHaniH rinepak-
TUBYE LiEHTpanbHU MUTAanuK LWNSXOM 3anyyeHHs Geta-
peuenTtopie. BoHn, y cBOIO Yepry, BNNMBaOTb Ha rnytama-
TepriyHy cuctemy. OgHak HeOOXiAHO 3a3Ha4MTU, WO BMMMB
ankoronto Ha MuUrganuk € HeogHo3HadHMM. HopagpeHaniH
MOXe SIK MOCUMMUTK, TakK i 3aranbMyBaTW HEMPOHWU MuUraa-
nukal47].

KopTukoTponiH-punisiHr-cpaktop (CRF) 36inbLiyeTbes
Ta BUBINbHAETLCS B LEHTPanNbHUA MUr4anuk npu Bigmii
ankoronto. Lle 36inbwye TAMKepriuHy nepegady B Murga-
nuky. CRF, y cBoto vepry, 3myLuye ageHorinodis BUBINbHUTH
AKTT, skuin akTMBYE MOCUMMEHUA CUHTE3 FMIOKOKOPTUKOIAIB
(ropmMoHu cTpecy) y HagHupHukax. Yepes ue nig Yac abeTtu-
HeHUji NoanHa BigyyBae CTpax Ta 3aHenokoeHHs [40].

BeHTpanbHa gindHka nokpieni. BeHTpanbHa ginsHka
nokpieni (VTA) - CTpyKTypa cepeaHbOoro Mo3Ky, € No4aTkoM
Me3oKopTukonimbiyHoro wnaxy. BoHa mae Hag3Bu4anHo
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CWUMbHUIA BNNB HA CUCTEMY BMHAropoau, agxe MiCTUTb y
cobi ckynyeHHs godamiHepriyHux HempoHie. VTA mae BXxo-
AW 00 BCiX CTPYKTYp "Wwnsaxy BuHaropoaun” [3]. CnoxuBaHHA
ankoronio akTuBye godamiHepridHi HeMpoHU, Wwo dopmye
BioYvyTTA 3a40BOrMeHHs [35].

VTA otpumye TAMKepriuHi BXoAu Big Takmx CTPYKTYp, sK
pocTpoMefianbHO TErMEHTanbHOro siApa, Murganuka Ta
npunernoro sgpa. HeratMuBHMn LOCBIO BXMBAHHSA arnkoro-
no iHribye Buknagn godamiHy Ta opmye BigyyTTa Bigpasn
npw cnpobi BXWTK ankoronb 3HoBY [23]. JlaTtepanbHui rino-
Tanamyc Takox Bnnveae Ha TAMKepriyHi Ta rnyTamartepriyHi
HenpoHn VTA. BiH akTuBye Ui HEMPOHU, a BUBINbHEHI Mea-
iaTopu ranbmyloTb AodamiHepriyHi HEMPOHU, L0 TaKoX
CMPUYMHSAE BiAYYTTS BiApasn sk HeraTMBHUIN 4OCBIO BXU-
BaHHS ankoronto [50].

BUCHOBKM Ta nepcnekTUMBM nopanbLlunx
po3po6oK

1. Hamu 6yno BCTaHOBMEHO, WO CTPYKTYPU MO3KY, 3any-
YeHi 40 POPMYyBaHHS 3anexHOCTi, B3aEMOMOB'A3aHi Mix
co600 Me30KOPTUKONIMOIYHUM LWNAXOM BUHaropoaun. Ha
Haly AyMKY, Lel LWnsX € BicClo (POPMYBaHHS ankoronbHol
3anexHOCTi, WO NpeacTaBrieHo CXeMaTUYHO Huk4ve (OuB.
cxema 1), a rinotanamyc - AUPUrEeHT Takoro KOMMIIEKCy.
[0NoBHMMU (PYHKUISMU CTPYKTYP LbOro TPakTy €. MOpCb-
KW KOHUK (rinokamn) - nam'siTb, HaB4YaHHS, NPOCTOpPOBa
opieHTauis, opMyBaHHA NPUEMHMUX Cnoragis nicns BXwu-
BaHHs eTaHony; PFC - NpUMHATTA CKNagHUX pilleHb Ta AyM-
K/ MPO MOBTOPHE BXUTTHA €TaHony; npunerne sapo - Nocu-
NEeHHA MOTMBALIi 4O CNOXWBaHHSA ankoronio; Murganeno-
[i6He TiNo - UEeHTPYBaHHA NO3UTUBHMX i HEFATUBHUX EMOLLIN,
sKi ccbopmoBaHi nicnsa xpoHidHoro BnnuBy etaHony; VTA -
BM/IMB Ha BCi BULUE 3a3HaYeHi AiNaHKM Yepe3 godamiHep-
rivYHY CTPYKTYPY.

2. Hamn Bn3HayeHo, o Taki megiatopu LIHC, ak TAMK,
rnytamart i goamiH, AKi BUBINbHAIOTLCSA B NPOLECI CNOXM-
BaHHS €TaHoMy 3MiHI0IOTb CUHANTUYHY HEMPOMNacTUYHICTb,
cnpusitoum HabyTTio 3anexHocTi. binku c-Fos, CRF, BDNF
€ MapkepamMmn XpPOHIYHOro CrOXMBAaHHS ankoroso Ta 3MiHe-
HOT aKTMBHOCTI MO3KY.

[MepcneKkTUBHICTb Y BUBYEHHI LbOro NMTaHHA 3anu-
LIAETLCA AY>KEe BMCOKOI, OCKIMbKM CMOXMBAHHS arkoronto
Tinbkn 3pocTae. [na noganbLIoro BUBYEHHS Liei npobne-
MU MW MPOMNOHYEMO 3BEPHYTU yBary Ha BU3HAYEHHSA More-
KYNAPHUX MEXaHIi3MiB (PYHKLIOHANBbHUX i CTPYKTYPHUX 3MiH
FAMK peuenTopiB, a TakoXx Oinblu NoOrnMéneHe BUBYEHHS
B3aeMO3B'A3Ky c-Fos i FOSB Ta ¢hakTopiB akTmMBauii MO3Ky
Ha MOSEKYNSIPHOMY PiBHi, O CAPUYMHEHI €TaHONOM.

the expression of GLT-1 and neuroplasticity-related proteins
in the nucleus accumbens of alcohol-preferring rats. Brain
research bulletin, 165, 272-280. https://doi.org/10.1016/
j-brainresbull.2020.10.012

[3] Avegno, E. M., Kasten, C. R., Snyder, W. B., 3rd, Kelley, L. K.,
Lobell, T. D., Templeton, T. J., ... & Gilpin, N. W. (2021). Alcohol

ISSN 1817-7883
elSSN 2522-9354

542

“BicHuk BiHHUUBLKO20 HayioHanbHO20 MedUYHO20 YyHieepcumemy’”,

2024, T. 28, Ne3



YamnkoBcbka B. P, MepwwmH M. 10.

dependence activates ventral tegmental area projections to
central amygdala in male mice and rats. Addiction biology,
26(4), e12990. https://doi.org/10.1111/adb.12990

[4] Beylergil, S. B., Beck, A., Deserno, L., Lorenz, R. C., Rapp, M. A.,
Schlagenhauf, F., ... & Obermayer, K. (2017). Dorsolateral
prefrontal cortex contributes to the impaired behavioral
adaptation in alcohol dependence. Neurolmage. Clinical, (15),
80-94. https://doi.org/10.1016/j.nicl.2017.04.010

[5] Biojone, C., Casarotto, P. C., Joca, S. R., & Castren, E. (2015).
Interplay Between Nitric Oxide and Brain-Derived Neurotrophic
Factor in Neuronal Plasticity. CNS & neurological disorders
drug targets, 14(8), 979-987. https://doi.org/10.2174/
1871527314666150909113727

[6] Black, D. W., & Grant, J. E. (Eds). (2014). DSM-5® Guidebook:
The Essential Companion to the Diagnostic and Statistical Manual
of Mental Disorders. American Psychiatric Association
Publishing: Arlington, Virginia. ISBN 9781585624652.
DOI:10.1017/ipm.2015.42

[7] Castro, D. C., & Bruchas, M. R. (2019). A Motivational and
Neuropeptidergic Hub: Anatomical and Functional Diversity
within the Nucleus Accumbens Shell. Neuron, 102(3), 529-
552. https://doi.org/10.1016/j.neuron.2019.03.003

[8] Cervera-Juanes, R., Wilhelm, L. J., Park, B., Grant, K. A, &
Ferguson, B. (2017). Alcohol-dose-dependent DNA methylation
and expression in the nucleus accumbens identifies coordinated
regulation of synaptic genes. Translational psychiatry, 7(1),
€994. https://doi.org/10.1038/tp.2016.266

[9] Chakravorty, S., Chaudhary, N. S., & Brower, K. J. (2016). Alcohol
Dependence and Its Relationship With Insomnia and Other Sleep
Disorders. Alcoholism, clinical and experimental research,
40(11), 2271-2282. https://doi.org/10.1111/acer.13217

[10] Courtney, K. E., & Polich, J. (2009). Binge drinking in young
adults: Data, definitions, and determinants. Psychological
bulletin, 135(1), 142-156. https://doi.org/10.1037/a0014414

[11] Davachi, L., & DuBrow, S. (2015). How the hippocampus
preserves order: the role of prediction and context. Trends in
cognitive sciences, 19(2), 92-99. https://doi.org/10.1016/
j.tics.2014.12.004

[12] Dobrovitsky, V., West, M. O., & Horvitz, J. C. (2019). The role of
the nucleus accumbens in learned approach behavior diminishes
with training. The European journal of neuroscience, 50(9),
3403-3415. https://doi.org/10.1111/ejn.14523

[13] Fowler, A. K., Thompson, J., Chen, L., Dagda, M., Dertien, J.,
Dossou, K. S, ... & Kruman, I. I. (2014). Differential sensitivity
of prefrontal cortex and hippocampus to alcohol-induced toxicity.
PloS one, 9(9), e106945. https://doi.org/10.1371/
journal.pone.0106945

[14] Gao, C., & Wolf, M. E. (2008). Dopamine receptors regulate
NMDA receptor surface expression in prefrontal cortex neurons.
Journal of neurochemistry, 106(6), 2489-2501. https://doi.org/
10.1111/j.1471-4159.2008.05597.x

[15] Geil, C. R., Hayes, D. M., McClain, J. A., Liput, D. J., Marshall, S.
A., Chen, K. Y., & Nixon, K. (2014). Alcohol and adult
hippocampal neurogenesis: promiscuous drug, wanton effects.
Progress in neuro-psychopharmacology & biological
psychiatry, (54), 103-113. https://doi.org/10.1016/
j-pnpbp.2014.05.003

[16] Gianoulakis C. (2009). Endogenous opioids and addiction to
alcohol and other drugs of abuse. Current topics in medicinal
chemistry, 9(11), 999-1015. https://doi.org/10.2174/
156802609789630956

[17] Gillis, R. F., & Palmour, R. M. (2022). mRNA expression analysis
of the hippocampus in a vervet monkey model of fetal alcohol
spectrum disorder. Journal of neurodevelopmental disorders,
14(1), 21. https://doi.org/10.1186/s11689-022-09427-z

[18] Hammerton, G., Lewis, G., Heron, J., Fernandes, G., Hickman,
M., & Lewis, G. (2023). The association of alcohol dependence

and consumption during adolescence with depression in young
adulthood, in England: a prospective cohort study. The lancet.
Psychiatry, 10(7), 490-498. https://doi.org/10.1016/S2215-
0366(23)00138-4

[19] Harper, C. (2009). The neuropathology of alcohol-related brain
damage. Alcohol and alcoholism (Oxford, Oxfordshire), 44(2),
136-140. https://doi.org/10.1093/alcalc/agn102

[20] Hathaway, W. R., & Newton, B. W. (2023). Neuroanatomy,
Prefrontal Cortex. StatPearls: StatPearls Publishing.

[21] Hur, J., Kaplan, C. M., Smith, J. F, Bradford, D. E., Fox, A. S.,
Curtin, J. J., & Shackman, A. J. (2018). Acute alcohol
administration dampens central extended amygdala reactivity.
Scientific reports, 8(1), 16702. https://doi.org/10.1038/s41598-
018-34987-3

[22] llhan, M. N., & Yapar, D. (2020). Alcohol consumption and alcohol
policy. Turkish journal of medical sciences, 50(5), 1197-1202.
https://doi.org/10.3906/sag-2002-237

[23] Kallo, I., Malnar, C. S., Szoke, S., Fekete, C., Hrabovszky, E., &
Liposits, Z. (2015). Area-specific analysis of the distribution of
hypothalamic neurons projecting to the rat ventral tegmental
area, with special reference to the GABAergic and glutamatergic
efferents. Frontiers in neuroanatomy, (9), 112. https://doi.org/
10.3389/fnana.2015.00112

[24] Kasper, J. M., Smith, A. E., Miller, S. N., Ara, Russell, W. K.,
Cunningham, K. A., & Hommel, J. D. (2022). Role of neuropeptide
neuromedin U in the nucleus accumbens shell in cocaine self-
administration in male rats. Neuropsychopharmacology : official
publication of the American College of
Neuropsychopharmacology, 47(11), 1875-1882. https://doi.org/
10.1038/s41386-021-01234-9

[25] Kaya, S., & McCabe, C. (2019). What Role Does the Prefrontal
Cortex Play in the Processing of Negative and Positive Stimuli in
Adolescent Depression? Brain sciences, 9(5), 104. https://
doi.org/10.3390/brainsci9050104

[26] Khom, S., Wolfe, S. A., Patel, R. R., Kirson, D., Hedges, D. M.,
Varodayan, F. P, ... & Raoberto, M. (2020). Alcohol Dependence
and Withdrawal Impair Serotonergic Regulation of GABA
Transmission in the Rat Central Nucleus of the Amygdala. The
Journal of neuroscience: the official journal of the Society for
Neuroscience, 40(36), 6842-6853. https://doi.org/10.1523/
JNEUROSCI.0733-20.2020

[27] Koob, G. F, & Volkow, N. D. (2016). Neurobiology of addiction:
a neurocircuitry analysis. The lancet. Psychiatry, 3(8), 760-
773. https://doi.org/10.1016/S2215-0366(16)00104-8

[28] Kutlu, M. G., & Gould, T. J. (2016). Effects of drugs of abuse on
hippocampal plasticity and hippocampus-dependent learning
and memory: contributions to development and maintenance of
addiction. Learning & memory (Cold Spring Harbor, N.Y.), 23(10),
515-533. https://doi.org/10.1101/Im.042192.116

[29] Le Maitre, T. W., Dhanabalan, G., Bogdanovic, N., Alkass, K., &
Druid, H. (2018). Effects of Alcohol Abuse on Proliferating Cells,
Stem/Progenitor Cells, and Immature Neurons in the Adult Human
Hippocampus. Neuropsychopharmacology: official publication
of the American College of Neuropsychopharmacology, 43(4),
690-699. https://doi.org/10.1038/npp.2017.251

[30] Leuner, B., & Gould, E. (2010). Structural plasticity and
hippocampal function. Annual review of psychology, (61), 111-
C3. https://doi.org/10.1146/annurev.psych.093008.100359

[31] Leyrer-Jackson, J. M., Hood, L. E., & Olive, M. F. (2021). Alcohol
consumption preferentially activates a subset of pro-
opiomelanocortin (POMC) producing neurons targeting the
amygdala. Neuropharmacology, (195), 108674. https://doi.org/
10.1016/j.neuropharm.2021.108674

[32] Maguire, E. A., & Hassabis, D. (2011). Role of the hippocampus
in imagination and future thinking. Proceedings of the National
Academy of Sciences of the United States of America, 108(11),
E39. https://doi.org/10.1073/pnas.1018876108

ISSN 1817-7883

elSSN 2522-9354 2024, T. 28, Ne3

“BicHuk BiHHUYbKO20 HalyioOHa/lbHO20 MeOUYHO20 yHieepcumemy”,

543



Bnnue ankoronto Ha CTPYKTYpU MO3Ky, 3anyyeHi y (popMyBaHHA 3anexXHOCTi

[33] Meda, S. A., Hawkins, K. A., Dager, A. D., Tennen, H., Khadka,
S., Austad, C. S., ... & Pearlson, G. D. (2018). Longitudinal
Effects of Alcohol Consumption on the Hippocampus and
Parahippocampus in College Students. Biological psychiatry.
Cognitive neuroscience and neuroimaging, 3(7), 610-617.
https://doi.org/10.1016/j.bpsc.2018.02.006

[34] Medina, K. L., Schweinsburg, A. D., Cohen-Zion, M., Nagel, B.
J., & Tapert, S. F. (2007). Effects of alcohol and combined
marijuana and alcohol use during adolescence on hippocampal
volume and asymmetry. Neurotoxicology and teratology, 29(1),
141-152. https://doi.org/10.1016/j.ntt.2006.10.010

[35] Mrejeru, A., Mart?-Prats, L., Avegno, E. M., Harrison, N. L., &
Sulzer, D. (2015). A subset of ventral tegmental area dopamine
neurons responds to acute ethanol. Neuroscience, (290), 649-
658. https://doi.org/10.1016/j.neuroscience.2014.12.081

[36] Murawski, N. J., Klintsova, A. Y., & Stanton, M. E. (2012). Neonatal
alcohol exposure and the hippocampus in developing male rats:
effects on behaviorally induced CAl c-Fos expression, CAl
pyramidal cell number, and contextual fear conditioning.
Neuroscience, (206), 89-99. https://doi.org/10.1016/
j-.neuroscience.2012.01.006

[37] Newman, E. L., Terunuma, M., Wang, T. L., Hewage, N., Bicakci,
M. B., Moss, S. J., ... & Miczek, K. A. (2018). A Role for Prefrontal
Cortical NMDA Receptors in Murine Alcohol-Heightened
Aggression. Neuropsychopharmacology: official publication
of the American College of Neuropsychopharmacology, 43(6),
1224-1234. https://doi.org/10.1038/npp.2017.253

[38] Parto Dezfouli, M., Zarei, M., Constantinidis, C., & Daliri, M. R.
(2021). Task-specific modulation of PFC activity for matching-
rule governed decision-making. Brain structure & function,
226(2), 443-455. https://doi.org/10.1007/s00429-020-02191-7

[39] Rice, J., & Gu, C. (2019). Function and Mechanism of Myelin
Regulation in Alcohol Abuse and Alcoholism. BioEssays : news
and reviews in molecular, cellular and developmental biology,
41(7), e1800255. https://doi.org/10.1002/bies.201800255

[40] Roberto, M., Cruz, M. T., Gilpin, N. W., Sabino, V., Schweitzer, P.,
Bajo, M., ... & Parsons, L. H. (2010). Corticotropin releasing
factor-induced amygdala gamma-aminobutyric Acid release
plays a key role in alcohol dependence. Biological psychiatry,
67(9), 831-839. https://doi.org/10.1016/j.biopsych.2009.11.007

[41] Roberto, M., Gilpin, N. W., & Siggins, G. R. (2012). The central
amygdala and alcohol: role of y-aminobutyric acid, glutamate,

and neuropeptides. Cold Spring Harbor perspectives in
medicine, 2(12), a012195. https://doi.org/10.1101/
cshperspect.a012195

[42] Roberto, M., Kirson, D., & Khom, S. (2021). The Role of the
Central Amygdala in Alcohal Dependence. Cold Spring Harbor
perspectives in medicine, 11(2), a039339. https://doi.org/
10.1101/cshperspect.a039339

[43] Schuckit, M. A. (2000). Drug and Alcohol Abuse. In: Prevention
of Substance-Related Problems. (ch. 16). (p. 349-350). Springer
Science + Business Media New York. URL: https://
link.springer.com/chapter/10.1007/978-1-4757-3232-0_16

[44] Shields, C. N., & Gremel, C. M. (2022). Effects of central amygdala
chemogenetic manipulation and prior chronic alcohol exposure
on Pavlovian-to-instrumental transfer. Alcoholism, clinical and
experimental research, 46(11), 1967-1979. https://doi.org/
10.1111/acer.14948

[45] Simic, G., Tkalcic, M., Vukic, V., Mulc, D., Spanic, E., Sagud, M.,
... & R Hof, P. (2021). Understanding Emotions: Origins and
Roles of the Amygdala. Biomolecules, 11(6), 823. https://doi.org/
10.3390/biom11060823

[46] Soares-Cunha, C., Coimbra, B., Domingues, A. V., Vasconcelos,
N., Sousa, N., & Rodrigues, A. J. (2018). Nucleus Accumbens
Microcircuit Underlying D2-MSN-Driven Increase in Motivation.
eNeuro, 5(2), ENEURO.0386-18.2018. https://doi.org/10.1523/
ENEURO.0386-18.2018

[47] Varodayan, F. P., Patel, R. R., Matzeu, A., Wolfe, S. A., Curley, D.
E., Khom, S., ... & Roberto, M. (2022). The Amygdala
Noradrenergic System Is Compromised With Alcohol Use
Disorder. Biological psychiatry, 91(12), 1008-1018. https://
doi.org/10.1016/j.biopsych.2022.02.006

[48] Volkow, N. D., Michaelides, M., & Baler, R. (2019). The
Neuroscience of Drug Reward and Addiction. Physiological
reviews, 99(4), 2115-2140. https://doi.org/10.1152/
physrev.00014.2018

[49] Wang, S. C., Chen, Y.C., Chen, S. J., Lee, C. H., & Cheng, C. M.
(2020). Alcohol Addiction, Gut Microbiota, and Alcoholism
Treatment: A Review. International journal of molecular
sciences, 21(17), 6413. https://doi.org/10.3390/ijms21176413

[50] You, C., Vandegrift, B., & Brodie, M. S. (2018). Ethanol actions
on the ventral tegmental area: novel potential targets on reward
pathway neurons. Psychopharmacology, 235(6), 1711-1726.
https://doi.org/10.1007/s00213-018-4875-y

THE EFFECT OF ALCOHOL ON BRAIN STRUCTURES INVOLVED IN THE FORMATION OF ADDICTION

Chaikovska V. R., Pershyn M. U.

Annotation. The process of forming alcohol addiction leads to the occurrence of irreversible changes in the human body, which can be
fatal. Neurons of the brain are among the most sensitive structures to the effects of ethanol. Brain neurons are one of the most sensitive
structures to the action of ethanol. Understanding the mechanism of formation of alcohol dependence can help in the treatment of patients
with this disorder. Therefore, goal is a detailed study of the areas of the brain that are responsible for the formation of this disorder. For
this, was analyzed the PubMed database. Articles were selected that discussed the areas of the brain involved in the formation of this
disorder, changes in dopaminergic and GABAergic neurons, increased or decreased expression of proteins that regulate neuroplasticity
of these areas during chronic ethanol consumption. For the convenience of searching, articles are grouped by publication years: 2000-
2010, 2011-2018, and 2019-2023. According to the results of this study, we believe that the hippocampus, prefrontal cortex (PFC), nucleus
accumbens, the amygdala and the ventral tegmental area (VTA) are key brain structures involved in the formation of addiction; these
areas are part of the mesocorticolimbic reward pathway; the hippocampus is responsible for the formation of pleasant memories, it can
decrease under the influence of ethanol, which leads to the loss of episodic memory; the PFC has an influence on decision-making that
is based on experience, alcohol suppresses PFC activity; the adjacent nucleus stimulates a person through dopamine connections to
relapse, because plasticity changes under the influence of ethanol; the amygdala - is the center of formation of positive and negative
emotions, and alcohol withdrawal reduces the activity of this structure and causes stress, while chronic use of ethanol, on the contrary,
activates the amygdala; The VTA has connections with all structures of the mesocorticolimbic pathway, it can both facilitate alcohol use
and stimulate aversion to it. Conclusion: in our opinion, these structures are the most important in the process of forming addiction. The
perspective of the research, in our opinion, is the study of the molecular mechanisms of addiction.

Keywords: brain, addiction, alcohol, ethanol.
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