OpI/Il"I/IHaJ'II:HI)Ie HCCIICA0OBAHUA

YJIK 612.822.015.3:[547.262+615.212.7]-092.9 doi:10.25298/2221-8785-2026-24-1-46-52
I'IYTAMATEPI'MYECKASA JUCPETYJIAIUA ITPU COYETAHHOM

'.) BO3I[EI7ICTBI/II/I 9TAHOJIA U MOP®OUHA
H. M. Beauuxo', C. B. J/leneeuu’, A. B. Jlenesuu’, T. M. 3aau’
'Tpoonenckuii 2ocyoapcmeennulii meouyunckutl ynusepcumem, I poono, berapyco
’I'poonenckas ynusepcumemckas kiunuxa, I poono, bBerapycey

Beeoenue. I'mymamam uepaem Kiouesyro poib 8 8030yicoaioueli HeupompancmMuccuu U HeuponiacmuyHocm,
a maxaice 8 popmuposanuu 3asucumocmu. M36ecmno oo uz0iupo8aHHOM GIUSHUU IMAHOLA U MOPPUHA HA €20 Ypo-
8E€Hb 6 20JI0HOM MO32€, OOHAKO COBMECMHOe B030€lCMEUe OAHHbIX NCUXOAKMUGHBIX 6eUjeCmE HA KOHYSHMPAYUIo
2NYMamama 8 YeHmMpaibHol HEPEHOU cucmeMme U3YUeHO HedOCHAamoOyHo.

Lenv. Oyenums usmeHneHus: PYHKYUOHATLHBIX CEA3EU 2IYMAMAMA C HEUPOAKMUBHBIMU MEOUAMOPAMY 8 Da3IUH-
HbIX CINPYKMYPAx mMo32a KpbiC npu 0OHOKPAMHOM KOMNIEKCHOM 88e0eHUU JMAHO0A U MOPDUHA.

Mamepuan u memoowvi. B sxcnepumenme ucCnoab308aiuch oenvie 6ecnopooHvle Kpbicbl-camybl (n=43), pasoeiern-
Hovle Ha 5 epynn. [Ipoeodunocs o0HoKpamuoe Hympuicey0ouHoe 66edeHue IMAaHOA U 6HYMPUOPIOWUHHOE 86EOCH e
Mopghuna, a maxdice uxX coyemanHoe nPUMeHeHue ¢ PasHol 04epeoHOCmbl0 ¢ UHMep8anom 6 12 wacos. "B borvuiux
NOAYWApUsX, cmpuamyme, 2UnOmaniamyce, CpeOHem Mo32e U MO3JceUKe onpeoesiu KOHYeHmpayuo,Hellpomeoud-
Mopo8 U HeUpoOMeOUAMOPHbIX AMUHOKUCIOM MEMOOOM UOH-NAPHOU 8bICOKOIDDEKMUBHOU HCUOKOCTNHOU XPOMAMO-
epaguu c gayopecyenmuvim oemexkmuposanuem. IIpogedena oyenka 83aumocessell Mexcoy YposHem 2rLymamamad
U Opyeumu HetlpoaKmMUSHbIMU BeUleCmeamil ¢ NOMOUbIO KopperayuoHno2o ananuza Clnupmena.

Pesynvmamoi. Ilpu ocmpoil anko2onbHOU UHMOKCUKAYUU HA (POHE CINAMUEMUYecKU 3HAYUMO20 CHUICEHUSL YPOG-
HA enymamama 6 OONbUUX NOIVUAPUAX BbIAGNEHA NOJONHCUMENbHAS KOPPNAYUs 2IyMamama ¢ mopmMO3HbIMU Hell-
POMEOUAMOPHBIMU AMUHOKUCTOMAMU — eamma-amunomacaano kuciomou (FAMK) u enuyunom. Ocobviti unmepec
npeoCcmassaiu IKCNePUMEHMANbHBLE 2PYANDbL C KOMIAEKCHbIM 88e0eHUeM NCUXOAKMUBHBIX 8eujecms. npu 66e0eHUU
MopuHa ¢ nociedyrouwum SManoioMm 66110 3APUKCUPOBAHO NOBLIUIEHUE.YDOBHS 2IYMAMAMA 8 2UNOMANLAMYCe U CUTb-
Hasl KOPPENSYUOHHAS C6513b 8 nape 2iymamanm/acnapmam, d ¢ Cmpuamyme u OOIbUUX ROIYUAPUsIX — 2Lymaman/
dogpamun. B epynne «dmanontmopghuny kKonyenmpayus 2nymamama 0cmagaiacy cmaduibHol, 00HAKO HAO00a-
JI0Cb Hanuuue ee NOJONACUMENbHOU KOPPETAYUOHHOU CEA3U 8 MO3dCeUKe I cmpuamyme ¢ anapmamom, 8 2unomanad-
myce — ¢ FAMK u acnapmamom, 8 OOIbUUX ROLYUWAPUSX — € 2TUYUHOM U ACRAPMAMOM, d 8 CIpUamyme — CUIbHAs
ompuyamenvbHas KOpPerayuoOHHAs C853b C HOPAOPEHAIUHOM.

Buigoovl. Hecmomps na docmamouno cmaduivhblil YPOBeHb 21ymamama 8 20108HOM MO32e NPU 0OHOKPAMHOM
KOMNIEKCHOM 88€0eHul SMaHoNa U MOPPUHA, BbIAGTIEHbl 3HAYUMbIE USMEHEHUS e20 KOPPeNAYUOHHbIX 83aUMOCEA3ell
¢ Opyeumu UCCIeO08AHHBIMU HEUPOMEOUAMOPAMUL. 6  PASAUUHbIX 00NACHAX YEHMPATbHOU HEPEHOU CUCIEMb.
Omo modicem ceudemenbemeosams 0 QYHKYUOHANLHOU OUCPe2YISAYUY 2TYMAMAMepSUteckoll HelipoMeOuamopHou
cucmemsl, a MAKdiCe HAPYWeHUU OANAHCA MeAHCOY BO30YHCOAIOUUMU U MOPMOZHBIMU AMUHOKUCTIOMAMU 8 20JI08HOM
Mo32e Npu KOMNIEKCHOM 86€0eHUU SMAHONAU MOPQUHA 8 OP2AHUZM.

Knroueswte cnosa: enymamam, 20106HOU MO32, SMAHOIL, MOPPUH, AMUHOKUCIOMbI

Jna wumuposanua: [ymamamepeuteckas oucpeyiayus Npu COYEMAHHOM B030elicmeuu manonda u mopguua /
U M. Benuuxo, C. B. Jlenesuu, A. B. Jlenesuu, T. M. 3aay // )Kypnan [ poonenckozo 20cy0apcmeeHno20 MeOuyuHcKo2o
yuusepcumema. 2026. T. 24, Ne I15°C.46-52. https://doi.org/10.25298/2221-8785-2026-24-1-46-52

Beeoenie pe3 aKTUBAIIMIO OMUOUIHBIX PEIETITOPOB, YTHETAO-

TyTamMaT OTHOCHICS K Tpyrne Bo3Oykiaromux —HX TraMMa-aMHHOMAC/ISHOKHCIOTHO-EPrHIeCKHe
HeHpOMeIHaTOPHBIX. aMiHoKkncioT B nentpansHoii (I AMK-eprudeckue) HeipoHbl. ITO CHUMAET TOp-
HepeHoil cucteme (IHC), yuactByromeil B mpo- MO3HOC BIHSHHE Ha J0(AMHHEPrUYECKHE HEPBHBIC
neccax OOVHUEHWS, MaMATH, HEHPOIUIaCTUYHOCTH, KJICTKH, yCHINBasd BBIOpOC Jlo(aMuHa B ME30JIHM-
aTaKke B popmmupoBanum 3aBucumocteil. Ero eiipo- Oraeckux CIpYKTypaXx, BKIXO9asd BCHTPAILHYIO
XVMHUUECKas aKTUBHOCTh TECHO CBsi3aHa ¢ MexaHu3-  14CThb H06H9H JONM ¥ TpuiIexkaiiee Aapo. Imyra-
MaMH BO3HArPaKJCHHUS, MOTHUBALIMH U JOITOBpeMeH- ~ MATHBIC HEUPOHBI IIPH 5TOM yCHIIMBAIOT IUIACTHY-
HOFO YCHWIICHHSI CUHANTHYeCKON nepenaun. Jranon  HOCTH B «CUCTEMC BOSHAIDAKACHUA», yACTBY:
1 MopGuH, 00Ja1asi ICMXOAKTUBHBIMY CBOMCTBaMu, B (hopMHUpPOBAHUH NAMSATU O «IIOOLIPEHUM [4].

BIIMAIOT Ha [IIyTaMaTepPruyecKyl0 CHHANTHYECKYHO HecMoTps Ha Hanm4ue MHOTOYHMCIICHHBIX IKC-
nepeiady, BbI3bIBas M3MCHCHHS B €0 COJCpkKaHuy — NCPHMCHTANBHBIX M KIMHIYECKHX HCC/IeI0BaHHM
Y B3aMMO/ICHCTBHM C APYTHMHU Meuaropamu [1]. O BJIMSHHHM STaHONA M MOP(HHA Ha COJCPIKAHHE

DTaHON BIMACT HA CHIDKHHE AKTHBHOCTH I/IYTaMaTa, a Takke ero (yHKIHOHANbHbIC B3au-
NMDA-peuentopoB B THpaMUAadbHBIX HeWpo- MOCBA3M C JPYIMMH HEUPOMEIMATOpAMH B pas-
HaX BEHTPaJbHOHM NpedpOHTANBHONW KOpBI, U3 yero JIMUHBIX CTPYKTYpax IOJOBHOIO MO3Id, JAHHLIC O
cleayer, uTo uMeHHO rumodyHkiuus NMDA-cu- —KOMILUICKCHOM BO3ICHCTBHH 3THX BELIECTB OCTAIOT-
CTEM JIS)KUT B OCHOBE KOIHMUTHBHBIX HapymieHuii ©4 BCCbMa OTPaHHYCHHBIMH. Jst hopmupoBaHmst
TIpH BO3JIEHCTBHE anKkorous [2, 3]. LIEJIOCTHOH KapTUHBI HEWPOMEIUATOPHBIX Iepe-

MopbuH  oka3bpIBaeT KOCBEHHOe BiusgHue CTPOCK B IHC npn pasindHbIX 3aBHCHMOCTSIX
Ha TIIyTaMaTepruuecKyto CHCTEMY B OCHOBHOM ye- — IIOAYCPKMBACTCA  BaXKHOCTL HU3YYCHHS HC TOJIb-
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KO KOHLIEHTPAllMOHHBIX H3MEHEHUH MapaMeTpoB,
HO U JMHAMUKHA KOPPESILMOHHBIX CBS3EH MEXIY
HUMH KaK WHIMKATOpa MEPECTPONKH HEUPOXUMU-
YeCcKOro OajiaHca B TOJOBHOM Mo3re [5].

B HacrosimeM HcclieIOBaHUM B KauecTBE 00b-
€KTa MCCIIelOBaHusl ObUIM BBIOpAHBI TaKHE CTPYK-
TypBI TOJIOBHOTO MO3r'a, KaKk OOJIbIINE IHOIyIIapus
(BeHTpanmbHAs YacTb JIOOHOW JTOJH), TUITOTAIAMYC,
CTpUATYM, CPETHUH MO3T M MO3KEYOK, TOCKOIBKY
KaXJasi U3 HUX UTpaeT YHUKAJIbHYIO pPOJib B HeEi-
POXMMHUYECKUX W TOBeneHuecKuXx 3ddekrax, cBs-
3aHHBIX C JEWCTBHEM IICHXOAKTHBHBIX BEIIECTB,
B OCOOCHHOCTH ATaHOJIA U MOP(HHA.

bonbiine mosmymapusi, B 4aCTHOCTH, NpedpoH-
TaNbHas 9acTh JIOOHOW NONH, Y4acTBYET B peryJis-
MM KOTHUTUBHBIX (YHKIWH, MOTUBALIUH, CAMOKOH-
TpoJisl ¥ pUHsTUS pewieHuit. imeHHo 3Ta 00nactb
AKTHBHO BOBJICUYEHA B (pOpMHpOBAHUE 3aBUCUMOCTH
U BOCIPUMMYMBA K M3MEHEHUSIM IIyTamaTepruye-
CKOM akTUBHOCTH. [Ipu BO3AEMCTBUM HAPKOTHKOB
atoT pernon IHTHC uyBcTBHUTENEH K cMeHe OayaHca
BO30YXKIAIOIINX U TOPMO3HBIX MEAUATOPOB, BKIIO-
yasi riyTamar [6].

CrpuaryM sIBISIETCS KIFOUEBBIM JIEMEHTOM Me-
30ITMMOUYECKON  TOaMIUHEPTUYECKOW CUCTEMBI,
urpasi LIEHTPaJIbHYIO POJIb B «CUCTEME BO3HAIPaXK-
JeHUsD» U POPMUPOBAHUH 3aBHCUMOTO TTOBEICHHS.
I'myramaTepruueckre NpoekIny U3 KOpbl U TajlaMy-
Ca aKTUBHO PETYJIUPYIOT €ro aKTUBHOCTS [7].

Cpennuii MO3r, BKJIIOYas BEHTPAJIbHYIO MOKPBI-
LIEYHYIO0 00JIaCTb, COACP)KUT HEHPOHBI, OTBETCTBEH-
HbIE 3a CHHTE3 J0(aMuHAa U €ro B3auMOJEHCTBHE
C IiIyTamaTtoMm, OCOOCHHO B OTBET Ha BBEJCHUE
ncuxoakTuBHBIX BemecTB (IIAB) [8].

Mo3XeuoK  TpPaAMLHUOHHO  acCOLUUpPYETcs
C KOOpAWHALMEHN JBWKEHU, OJHAKO B MOCIICAHHE
TOZbl €r0 POJib B PETyJSIIUU KOTHUTHBHBIX (DYHK-
[IUY ¥ TIOBEICHYCCKUX PeaKITiii OblIa 3HAINTEIEHO
nepecMoTpeHa. Hapylienue riyramaTepruueckoi
nepeadyr B MO3KeUKe MOKET CIT0COOCTBOBATH JHC-
OajaHcy HeWpOMeIuaTopoB, UTO \TaKkKe CBI3aHO
C aJIMKTUBHBIM IOBeIeHUEM [9].

HccnenoBanne HEHPOMETUATOPHBIX N3MEHEHUH
B JAaHHBIX CTPYKTYPaXsFOJIOBHOI'O MO3ra MO3BOJIMUT
MOJTYYUTH IIEJIOCTHOE MPEICTABIEHNE O PETHOHAb-
HOU criendrKe KOPPESSIIUOHHBIX CBSI3€H TiyTama-
Ta ¢ JpyTrUMU HEHpoMeAnaTopamMu MpU OJHOKpAT-
HOM M KOMIUICKCHOM BBE/ICHUH 3TaHOJIa U MOP(HHA.
Takoil ToX0A MO3BOJIUT BBISIBUTH KaK JIOKAJIbHBIE,
TaK W HPEAIojaraTb O CHUCTEMHBIX aJalTallOH-
HBIX TepeCTporKax IiyTaMaTepruieckoil CHCTEMBI
TIpY aNKOTOIBHOW M MOP(QHHOBONH WHTOKCHKAIIHU.
Panee Hamu onuchIBaNNCh KOHLEHTPALIMOHHBIE U3-
MEHEHMsI IIIyTamMaTa B Pa3IMYHbIX PETHOHAX IOJIOB-
HOI'0/MO3r'a KpbIC, B CBSI3U C YEM B JaHHOH padore
CHEJaH aKLEHT Ha BbUIBICHHE KOPPEISLMOHHBIX
cBsA3ei i 6osee TiTy00oKOro MOHUMaHUS HEHPOXH-
MHUYECKHX [TePEeCTPOEK MPU OJTHOKPATHOM BBEJICHUU
sTaHoja, MOpQuHa 1 ux coueranuu [10].

IJens. Onuenuth u3MeHEHUs (YHKIHUOHAIIb-
HBIX CBSI3€H TIJyTamara C HEHpPOAKTUBHBIMH Me-
IMaTOpaMM B Pa3IMYHBIX CTPYKTYpax MO3ra Kpblc
MIPH OJTHOKPATHOM KOMILJIEKCHOM BBEJICHHH 3TaHO-
Ja u Mop(uHa.

OpI/IFI/IHa.HI)HI:Ie HCCIICJ0OBaHUA

Mamepuan u memoowt

B pabore wWCIONB30BAMMCH CaMIIBI  OCIBIX
OecriopomnbIx Kpeic (n=42) wmaccoit 180-220 .
Bce sKkcriepuMeHThI BBITTOTHSITUCH B COOTBETCTBUU
C 9TUYECKUMH HOPMaMH U MPUHLUIIAMA TYyMaHHOTO
oOpareHus ¢ 1ad0paTOPHBIMH )KUBOTHBIMHU.

KpbIcbl OblIM pa3ziesieHbl Ha MATh SKCIEPUMEH-
TaJTBHBIX TPYIIL: BO 2-1 rpymie (n=9) MmoxenupoBa-
U OCTPYIO AJIKOTONbHYI0 HMHTOKcHKammio (OAU)
MyTEM OJIHOKPATHOTO BBEJICHUS dTaHONA; 3-i LpyIi-
ne (n=9) — ocrpas MopQuHOBas WHTOKCHKALUS
(OMU) — BBOaMIICS TONBKO MOpQUH; 4-i Tpymme
(Mop¢puntaTanon) (n=9) — BBexeHue MopduHa,
a uepe3 12 wacoB — 2draHona; (S5:=i rpymnme
(aranomtmopdur) (n=9) — cHauvana BBOIUICS
3TaHoNl, a 4Yepe3 12 yacoB — mMopduH. Mopduna
THJIPOXJIOPU BBOAMIM B BuJe. 1% ' pacTBopa
BHYTpHUOpIomMHHO B 03¢/ 10 Mr/KE maecel Tena,
25% pacTBOp DOTaHONA »— BHYTPHKEIYJOYHO
B mo3e 3,5 r/kr. JKXuBOTHBIG KOHTPOJILHOW TPYyII-
mel (1-s Tpymma, n=6) moiydJajy >KBHBAJICHTHBIC
00BbeMbI (PU3NOTIOPHYECKOT0 PacTBOpa.

[Tocne sBTaHa3MM IKCIEPUMEHTAIBHBIX )KUBOT-
HBIX Ha XOJIOJAE ITPOBOAUIAACH IUCCEKIHUS TOJIOBHO-
IO MO3ra, U3BJIEKAJINCh CICOYIOLUIME CTPYKTYpBL:
OOJIBIITHE TOMYyIApHs (BEHTpaIbHAs 9acTh JTOOHOM
JIONIW);" CTPUATyM, CPEAHWH MO3T, THUIOTAIaMYC,
a Takke MO3KeuoK. BriieneHHble o0nacTu 3amo-
paKUBalUCh B KuAKOoM azore. Tkanu (20-80 mr)
B3BEIIMBAINCH, T'OMOTCHU3UPOBAIUCH W IOJBEP-
ramics uentpudyruposanuio npu 4°C B TeueHue
15 MunyT Ha ckopoctu 16 000 g. [Tony4yeHHsliii cy-
TIEPHATAHT OT/IEJSUTH M UCTIOIB30BAIHN JIJISl aHAIH3A.

OnpeneneHne KOHIEHTpALUMU HeWpoMeauaro-
POB MPOBOAMIIM METOJOM HOH-TIAPHOH BBICOKOI(]-
(exTHBHOM >kuAKocTHOH Xpomatorpadun (BIXX)
¢ (IyopecueHTHBIM JETEeKTUPOBAaHHEM. AHAIU3
BBIIIOJHSIM ~ HA  XpOMAaTOrpaMueckoll  cucre-
Me Agilent 1200 (CIIA). Xpomarorpadudeckoe
paszieneHue OCyIIecTBISIN Ha KoJjioHke CernapoH
SGX C18 (5 mxm, 3x150 mMm; Dacuxo, Poccus),
a 7151 (PITyOpEeCLEHTHOTO ACTEKTUPOBAHMS HCTIOJIB30-
BaJId aHAJMTUYECKYH0 KoNoHKY Jlnacop6 130 C16T
(3x250 mm; Dmncuko, Poccns). IlomBrkHbie (hasbl
TOTOBHJIMCH C WCIOJB30BAHUEM PEAKTHBOB KBaJIH-
(UK 0CY ¥ TPIIK/ABI AUCTUILIMPOBAHHON BOJIBI.
OO0pa3sipl TpeIBapUTeIIbHO 00pabaThIBAINUCH, LICH-
TpudyrupoBaaucek npu temmneparype +4°C (ueHTpu-
¢yra Biofuge Primo R+). O6paboTka xpomaTorpa-
(uuecKknx JaHHBIX IPOU3BOAMIACH C UCIIOIb30BAHMU-
€M TporpaMMHOTO obecniedeHuss «MympTHXpom-1»
(Poccust) [11].

O0paboTKa TaHHBIX OCYIIECTBISUIACH C UCTIONb-
30BaHMEM IMakeTa mporpamm Statistica 10,0 (SN:
AXAR207F394425FA-Q). Mg OLEHKH B3auMO-
CBS3eH MEXAy YPOBHEM IUlyTamara W JAPYTHMMH
HelipomenuaTopamu (nodamunom (/1A), HOpanpe-
HanmuaoMm (HA), TAMK, rnunuHOM U acrapratom)
B Pa3lMYHBIX CTPYKTYpax TOJIOBHOTO MO3ra HC-
MOJIB30BAJICS KOPPEISIUUMOHHBIN aHann3 CrnupMmeHa
(pacmipenienieHre JaHHBIX, OTJIMYHOE OT HOpPMallb-
HOTO). OTICHUBAIKCH CHJIa B3aUMOCBSI3CH: TIPH 3HA-
yeHnn kod¢puinmenta koppemstmun rs <0,3 cBs3b
cunTanach cnaboil, B nuanazone 0,3—0,7 — ymepen-
HOM, ipu rs >0,7 — cuibHOM. B onucanue aHanmza
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OpI/IFI/IHaJ'IBHLIC HUCCICIJ0BaHUA

BKJTFOYAJINCh TOJBKO AOCTOBEpHBIE CBs3H (p<0,05),
OTpaXkarollue NEPECTPOUKY HEMPOXUMHUUYECKUX B3a-
I/IMOIICI‘/'ICTBI/II‘/'I B OTBET HAa BBCJACHUC IICUXOAKTUBHBIX
BEIIECTB.

Pezynomamot u oo6cyscoenue

B xone ncciaenoBanus IpoBeieH aHaIU3 Koppe-
JIALIMOHHBIX B3aMMOCBA3€H U3MEHEHUN KOHLIEHTpa-
MU TJIyTaMaTa ¢ IPYTUMHU HEHPOAKTHBHBIMH COC-
nunenusmu — I'AMK, raumun, acmaprat, JJA u HA
— B Pa3JIMYHBIX CTPYKTYpax rOJIOBHOIO MO3Tra MpH
OJTHOKPAaTHOM BBEJCHHU 3TaHOJa, MOP(UHA, a TaK-
K€ WX KOMITJICKCHOM BBEICHHH C Pa3IMIHON OUe-

penHOCThIO0. JIOMOTHUTENFHO WHTEPIIPETUPOBAHEI
paHee YCTaHOBJICHHBIE CTATUCTHYECKH 3HAYNMBIC
W3MEHEHUS KOHIIeHTpanuu riryramata [10].

B GonbIIMx nosymiapusx ToI0BHOTO MO3Ta KPBIC
NpU OJHOKPaTHOM BBEJIEHHHM dTaHoia (2-s1 Tpymma)
HAOII0]ANIOCh CTATUCTHYECKN 3HAYUMOE CHUKCHHE
ypoBHs rityTamata [10], a mpoBeneHrue Koppesiu-
OHHOTO aHajN3a TOKa3aJl0 HAJIMYUE TTOJO0KUTETh-
HBIX cBs3el Mexay riryramarom U I'AMK (rs=0,8),
a Tak)Ke IIyTaMaToM M TIUIrHOM (rs=0,7), 9To Mo-
JKET OTpa)xkaTb OINPEAEICHHYI0 KOMIIEHCATOPHYIO
aKTHUBAIIUI0 TOPMO3HBIX CHCTEM IIPH BO3JCHCTBUU
ajkoros (tadm. 1).

Taoauya 1 — KoppensiuuoHHbIC B3aUMOCBSI3H [IIyTaMaTa ¢ HEMPOMEANATOPAMU B Pa3INYHbIX CTPYKTYpax
TOJIOBHOTO MO3Ta KPBIC IPH BBEIEHNUU dTaHOJa M MOphHHA
Table 1 — Correlation relationships of glutamate with neurotransmitters in various structures<of the rat brain, upon

administration of ethanol and morphine

BoJbune noymapus

€ N\-

I'pynna JA HA TF'AMK Acn

1 — KonTpouns Tay -0,1 0,6 0,5 0,5 0,6
2-0AH Iy 0,6 0,5 0,8%* 0,7* 0,3
3-0OMU Iy 0,3 0,1 0,2 0,5 0,1
4-M+D Tay 0,7* 0,6 0,4 0,6 0,3
5-5+M Iy 0,4 0,4 0,6 0,8* 0,9*

TI'unoranamyc :L

I'pynna JA HA TAMK T Acn

1 — KoHTpoib Tay 0,6 0,8* -0,5 -0,7 -0,1
2-0AH Ly 0,1 0,5 0,1 0,2 -0,4
3-0OMHU Ly -0,2 0,0 0,1 0,7* 0,9%*
4 -M+> I'ny 0,0 -0,3 0,7 0,2 0,7*
5-5+M Ty 0,0 0,1 0,7* 0,2 0,8%*

meﬁ Mv03l"

I'pynna JA HA T'AMK T'mn Acn

1 — KoHTpoib Ty 0,5 0,7 -0,1 0,8 0,3
2-0AH Ty 0,7* 0,1 0,3 -0,4 0,1

3 -O0OMU Iay -0,5 0,9* 0,4 0,8* 0,8%
4-M+D Tay 0,5 0,7* 0,8* 0,5 0,6
5-9+M Tay 0,5 0,5 0,5 0,5 0,5

Crpuatym

JA HA T'AMK T Acn

Cay 0,1 0,5 -0,1 0,1 0,8

Tay 0,6 0,3 0,3 0,4 0,5

Tay 0,1 0,5 -0,5 -0,1 0,0

Tay 0,8* -0,1 0,3 0,1 0,1
Tay -0,2 -0,7* 0,1 0,5 0,7*

Mosikeuoxk

I'pynna JA HA I'’AMK T'mn Acn
1 — KonTpoiub T'ny 0,0 0,9% -0,5 -0,1 0,8%
2-0AH I'my -0,5 -0,2 0,2 -0,1 0,9*
3-OMU Iy 0,4 0,5 0,6 0,5 0,8*

4 —-M+D I'my 0,1 0,2 0,2 0,0 -0,4
5-50+M I'my 0,2 0,1 0,0 0,6 0,8*

Ipumeuanusi — [{A — oopamun, HA — nopaopenanun, I'nu — enuyun, I'ny — enymamam, Acn — acnapmam, * — p<0,05.
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[Ipu BBenennn MopduHa 1 yepe3 12 gacoB dTa-
HoJIa (4-5 TpyIITia) YPOBEHB ITyTaMaTa CTaTUCTHYC-
CKH 3HAYMMO TIOBBIIIAICS B OOJBIINX MOITYIIAPUSIX
rosioBHOro Moara [10], Takxke oOHapyKeHa TOJIOKH-
TEJNbHAS KOPPEJSIUS MEXIy TIyraMaToM u joda-
MUHOM (15=0,7), 9TO CBUICTEILCTBYET O BO3MOXKHOM
MOJYJISIIIAK ~ BO30YKJAroIeil  HeMpOTpaHCMUCCHH
TopaMIHEPTUICCKON CHCTEMON B JAHHBIX dKCIICPH-
MEHTAJILHBIX YCIOBHUSX.

B 5-if rpynmne «3TtaHon+MopguH» YPOBEHB TITy-
Tamara He OTJIMYAICS OT KOHTPOJIBHBIX 3HAYCHUI
B marHo obmactu [IHC, oHaKo yCTaHOBIICHBI CHITh-
Hasl TIOJIOKUTEJIbHAS KOPPENAIIMOHHAS CBA3b TITyTa-
Mata ¢ rmnuHoM (rs=0,8) u ¢ acmaptarom (1s=0,9),
YKa3bIBAIOIIHE HA YCHIICHHE KOOPJMHUPOBAHHOM aK-
TUBHOCTH MEKIy BO30YKIAIOIIMMH U TOPMO3ZHBIMH
MEINATOPaMHU.

W3meHeHns B OONBIIMX TONYIIAPHUAX TPH BBE-
JICHUW 3TaHOJa W ero KOMOWHAIMU ¢ MOPHUHOM
YKa3bIBAIOT HAa HapyIIeHHe Oamanca MexIy BO30yK-
JTAIOIIMMH ¥ TOPMO3HBIMH MenaTopaMu. BrisBien-
HbIe B3auMocBsi3u ¢ [T AMK, mimiHoOM 1 1opaMuHOM
OTPKAIOT aKTUBAIMIO HEUPOXUMHUYECKUX aJiall-
TaIMOHHBIX MEXaHW3MOB, HaIpaBICHHBIX Ha CTa-
OWM3annio0 HEHPOHHOW aKTUBHOCTH. DTH JaHHBIC
YaCTUYHO TIOATBEPKIAIOTCS pe3yiabTaTaMu padoT
JIPYTUX aBTOPOB, HW3y4YaBIIMX BIMSHHE JTaHOJA
Ha TJIyTaMaTepruuecKylo CHUCTEMY, YTO MpOSBII-
Jock cHWXeHneM skcnpeccut NMDA-penenTopos,
a TaKkKe yrHeTeHHEM ITyTaMaTepruuecKoi repeaayn
B TIpe)pOHTANBEHON KOpe MPH HMHTOKCHKAIuH [12].

B rumoramamyce 3KCIEpUMEHTAIBHBIX IKHBOT-
HBIX 3-i1 Tpynmel (OMMU) royTamMaTr mojoKUTENEHO
KoppenupoBain ¢ raunuHoM (rs=0,7) u acmapTatoMm
(rs=0,9), 4TO MOKET CBUAETEILCTBOBATH O HapyLIe-
HUM 0ajaHca MeXIy BO30YKIEHHEM M TOPMO>KEHH-
eM Ha (poHe ONMMaTHOW MHTOKCHKAIINH.

[Ipu BBenennu MopdrHa U 3TaHOjA (4-51 TPYIIA)
B manHoM peruone [{[HC ormeueHo. cratmeTnyecku
3Ha4YMMOE TIOBBINIEHUE YPOBHS TiyTaMara 10 CpaB-
HEHHIO C KOHTPOJIBHOM IpyNIoOH ¥ OTCYTCTBYIOT U3-
MEHEHHS €T0 YPOBHS B IPYFAX OKCHIEPUMEHTATHHBIX
ycnoBusx (Bo 2, 3 u 5-i rpynmax) [ 10]. B 4-it rpymn-
e TaKKe BBIBJICHA CBA3h TTyTaMaTa ¢ acrapTaToM
(rs=0,7), B TO BpeMsI/KaK B 5-if — YCTAHOBJICHA CBSI3b
rnyramar/acaptar (1s=0,8) u ['AMK/rnyramar
(rs=0,7), oTpaKarowye "aganTHBHbIE NEPECTPOHKU
B MEIMATOPHBIX CUCTeMaX. B KOHTpOIBHOH TpymIe
MPA STOM*YCTAHOBIICHA CHJIbHASA TIOJOKUTEIbHAS
Koppemsmuarmyramara c HA (rs=0,8), aro MoxeT oT-
paxarh ydacTue IiyTamMaTepruyeckux MeXaHM3MOB
B PELYJIAIINH BEreTaTUBHBIX (DYHKITHIA.

B rumoranamyce 3KCIIEPUMEHTAJBHBIX JKH-
BOTHBIX HAaOIOJaeTCsl HAMOOIBINAS UyBCTBUTEIIh-
HOCTh K KOMIUIEKCHOMY Bo3JieiicTBII0 00oux [1AB.
[loBpiieHwie  ypoBHA TiyTamara B  yCJIOBHSX
MOP(HUH-AIKOTOTbHON HWHTOKCHUKAIlMd W MHOXKe-
CTBEHHBIE KOPPEJSAIMOHHbIE CBSI3M  YKa3bIBAalOT
Ha NepecTPONKY MEAMATOPHBIX CUCTEM, PETYIUPYIO-
LIMX CTPECCOBBIC U BEereTaTUBHbIC peakuuu [13].

B cooTBeTcTBUM C TaHHBIME TPEIBITYIITIX UCCITE-
JTIOBaHUM, B CpeTHEM MO3Te TIpY BBEACHUHN MOp(hrHa
HaOJIOaNoCh CHIDKEHHE KOHIIEHTpAaIMK TiIyTa-
mata [10]. B »skcnepumeHTanmpHON rpymme 2
BBISIBJICHA TTOJIOKUTEIbHAS KOPPEISIUAS MEXKTY TITy-
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tamaroM U aodamuHOM (rs=0,7), 4TO yKa3bIBaeT
Ha ycwieHune J0(haMHUHEPTHUECKOW —PperyIsIyn
BO30YKIarolleii akTHBHOCTH (Tabi1. 1).

B cpenneM Mo3re *KHMBOTHBIX 3-H TpyMIbI ycTa-
HOBJICHA CHJIbHAsl KOPPEISILIMOHHAS CBSI3b TIIyTama-
Ta ¢ HopaapeHamnHOM (rs=0,9), raummHOM (15=0,8)
u acrapratoM (rs=0,8), 9TO MOXKET OTpa)kaTh BOBIIE-
YeHrne Me3eHIe(paTniecknx CTPYKTyp B MEPECTpPOii-
Ky HEHpOTPaHCMHUCCUH TIPH BO3JICHCTBUN MOp(hUHA.
B rpynmne 4 ycTaHOBIEHBI IOJOXHUTENbHBIE KOp-
pelsiuuMy riiyramata ¢ HopaapeHatuHoM (1$=0,7)
nu 'AMK (rs=0,8), 9T0 MOXXET CBHICTEIHCTBOBATH
0 BOBJICUCHUU TOPMO3HBIX ITyTEH B PETyIBSIIMIO BO3-
Oy KHarorieii akTUBHOCTH B yCIIOBHSX KOMIUICKCHO
WHTOKCHKAIIWH.

Cpennunii MO3r pearupyer Ha BBeJEHHE MOp-
¢uHA ¥ ero KOMOWHALMK C HTaHOJIOM. H3MEHEHUEM
KOPPEJSIMOHHBIX CBs3EH IilyTamata C PAaoM Me-
JTMATOPOB, YTO OTPaKaeT MEPECTPONKY aITalTUBHBIX
MexaHu3MOB. HapacTtanue  BIMSHHAS TOPMO3HBIX
ME/IMaTOPOB MOXKET UIPaTh. OMPEACTICHHYIO 3allUT-
HYIO POJIb TIPH CTHMYJSIIIMH BO30Y>KAAIOIINX MyTEH.
OTU JaHHbIE YACTUYHO\ COMVIACYIOTCSI C pPe3yJbTa-
TaMH TIPEIBIAYIINX SKCIEPAMEHTOB, T€ MOKa3aHO
ydacTHe TIyTamara B peryisiun 1o(aMuHepru-
YECKHUX. HEHUPOHOB . BEHTPAJIHLHOM TErMeHTAIbHON
obmactu [14].

B crpuatyme rojoBHOro Mo3ra ypoBEHb TIITy-
TamaTa OCTaBaliCsl CTaOMIIBHBIM BO BCEX DKCIICPH-
MeHTanbHBIX rpynmax [10]. Oxnako B 4-i1 rpynme
Obuta OOHApY)KEHA IOJIOKUTENIbHAS KOPPEISIIUS
MEeXIy TiyramaroM u godpamuaoM (rs=0,8), ato mMo-
HKET MONTBEPKJIaTh YYacTHE TIIyTaMaTepruuecKon
1 10(aMHHEPTUYEeCKOH CHCTEM B (OPMHUPOBAHHU
MOBEJICHUECKUX PEaKIHi, CBSI3aHHBIX C BO3HArpak-
zgenueM. B 5-i1 skcniepuMeHTanbHOU IPYIIE BhIsBIIC-
Ha OTpHIIaTeNbHAS KOPPEIAINS MEXITy TIyTaMaToM
1 HOopaapeHaTuHOM (15=-0,7), a TaKKe TOJIOKUTEITb-
Hast — ¢ aciaptaroM (rs=0,7), 4TO MOXeT OoTpa)kaTb
CHIDKEHHE CHUMITaTHUECKON PEryJsiiid M OTHOCH-
TeNpHOE TpeoliafgaHue BO30YKAAIOMMX BIMSIHUNA
B HEWPOTPAHCMHUCCHHU.

HecmoTpss Ha CTaOMIBHOCTH YPOBHS TJIyTa-
MaTa, BBISBICHHBIE KOPPEISIHHM B CTpHATyMe
MOYEPKHUBAIOT 3HAYMMOCTh €r0 B3aMMOJEHCTBHUS
¢ nodammHOM TIpH (HOPMHPOBAHUM 3aBUCHMOTO
MOBEJICHUS 1 MOTUBALMU. Binsinue HopaapeHaanHa
MOJKET OTpakaTh TOHKYIO HACTPOWKY aJalTHBHBIX
peakiuii. CxoaHbIE 3aKOHOMEPHOCTH OIFCAHBI
B paborax Kalivas et al. (2018), rme momuepkuBaer-
¢Sl poOJib IIyTaMar-10(haMHUHOBBIX B3aUMOICHCTBUI
B CTpUaTyMe IpU Pa3BUTHH 3aBUCUMOCTH [15].

Bo Bcex uccnenyeMbIx rpynmnax ypoBeHb IIyTa-
MaTa B MO3KEYKE OCTaBaJICS HA YPOBHE KOHTPOIb-
HbIX 3HayeHuil [10]. Ilpu 3TOM B KOHTPOJIbHOUI
TPyNIe BBISBICHBI TOJOXHUTEIBHBIE KOPPEISIUH
rrytamata ¢ HopaapeHamuHoMm (rs=0,9) u acmap-
tatoM (1s=0,8), 9TO yKa3pIBacT Ha BaXXHYIO POJb
[JIyTaMaTepruuecKoi CUCTEMbI B 00ECTICYeHNH CeH-
COMOTOPHOM KoopauHaiuu. B rpynnax 2, 3 u 5 BbI-
SIBIIEHBI YCTOWYUBBIE TIOJIOKUTEIBHBIC CBSI3U TIyTa-
Mara ¢ acmaptaroM (rs=0,8-0,9), 9T0 MOKET CBU-
JIETeNTbCTBOBATh O TPeolIalaHui BO30YKIAIOIINX
nporeccoB. Mo3Keuok MPOSBISAET ONpeAeICHHYIO
YCTOMYMBOCTH K BO3JCHCTBHUIO dTaHOJIa U MOphUHA,
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O YeM CBHIETEIbCTBYET YpPOBEHb TIyTamaTa
U €ro KOPPEIALUOHHBIX CBA3€H. DTO IOATBEPKAA-
€T ero poyib B MOJAEPKAHUHW MOTOPHOW CTaOWIIb-
HOCTH TIpH HapymeHusx Ha apyrux yposusax [THC,
HampuMep B TUIIOTANaMyce, YTO ObUIO IMOKa3aHO
panee [16]. [ToxyyeHHble pe3yJbTaThl COTIACYIOT-
cs ¢ MaHHBIMU HccnenoBanus Y. Yang et al. (2022),
[IOKA3aBIIMMH CTAOMJIBHOCTh CHHANTHYECKON IIIy-
TaMaTHOH Mmepeaun B MOKeuKe Ha OHE TEHCTBUS
Mopduna [17].
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GLUTAMATERGIC DYSREGULATION UNDER COMBINED EXPOSURE

TQ ETHANOL AND MORPHINE
I M. Velichko!, S. V. Lelevich', A. V. Lelevich', T. M. Zayats*
!Grodno State Medical University, Grodno, Belarus
*Grodno University Clinic, Grodno, Belarus

Background: Glutamate plays a key role in excitatory neurotransmission and neuroplasticity, as well as in addiction.
While the isolated.effects of ethanol and morphine on its levels in the brain are well known, the combined effects of
these psychoactive substances on glutamate concentrations in the central nervous system have been poorly studied.

Objective. To evaluate changes in the functional relationships of glutamate with neuroactive transmitters in various
brain structures of rats following a single combined administration of ethanol and morphine.

Material and methods. Albino male rats (n=43) divided into five groups were used in the experiment. A single
intragastric administration of ethanol and intraperitoneal administration of morphine were performed, as well as their
combined administration in varying orders at 12-hour intervals. Neurotransmitter and neurotransmitter amino acid
concentrations were determined in the cerebral hemispheres, striatum, hypothalamus, midbrain, and cerebellum by
ion-pair high-performance liquid chromatography with fluorescence detection. The relationships between glutamate
levels and other neuroactive substances were assessed using Spearman correlation analysis.

Results. In acute alcohol intoxication, a statistically significant positive correlation was found between glutamate
and the inhibitory neurotransmitter amino acids gamma-aminobutyric acid (GABA) and glycine, despite a significant
decrease in glutamate levels in the cerebral hemispheres. Of particular interest were the experimental groups with
combined psychoactive substance administration: morphine followed by ethanol resulted in increased glutamate levels
in the hypothalamus and a strong glutamate/aspartate correlation, as well as a glutamate/dopamine correlation in
the striatum and cerebral hemispheres. In the ethanol+morphine group, glutamate concentrations remained stable,
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but there was a positive correlation with aspartate in the cerebellum and striatum, with GABA and aspartate in the
hypothalamus, as well as with glycine and aspartate in the cerebral hemispheres, while a strong negative correlation
with norepinephrine was observed in the striatum.

Conclusion. Despite relatively stable glutamate levels in the brain following a single combined administration
of ethanol and morphine, significant changes in its correlations with other studied neurotransmitters were detected
in various areas of the central nervous system. This may indicate functional dysregulation of the glutamatergic
neurotransmitter system, as well as an imbalance between excitatory and inhibitory amino acids in the brain following
combined administration of ethanol and morphine.
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