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HAYYHBIE 0B30PhHI Tom 1o, N° 2 2024 [NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

YOK 615.211:615.451.13:612.1:612.79:611.779:616-001.18
DOI: https://doi.org/10.17816/phbné25460

CnupT 3TMNOBLIA: BNUAHWE HA JUHAMUKY
KPOBOCHA0XKeHMA KOXM U APYruX MATKUX TKaHe:
NPU UX BHE3AMHOM O0XJIAXKAEHUM

A.J1. Ypakos

MeBckas rocyaapcTeeHHasA MeauUMHCKaa akagemus, MxeBck, Poccusi

AHHOTALIMA

B HopMe (T0 ecTb y Tpe3BbIX /0N NpK OTCYTCTBUW CMIMPTa STMNIOBOIO B KPOBM) BHE3AMHOE JIOKANbHOE OXNAXK/AEHUE KOXM
M MATKUX TKaHel pa3nnyHbIx YacTen Tena ¢ +37 po +18 °C u Huke (Ho He Huxe 0 °C) BbI3bIBAET B OXMAMK/AEHHBIX TKAHSIX ABYX-
dasHoe M3MeHeHWe TOHyCa KPOBEHOCHBIX COCYAOB, HAMOHEHHOCTU UX KPOBbIO, MHTEHCUBHOCTW KPOBOCHABXKEHMs W YyBCTBa
bonesHeHHOCTW. [y 3TOM C NEPBbIX CEKYHA, OXNAXKAEHWUS TOHYC KPOBEHOCHBIX COCY/I0B MbILLEYHOIO TUMa HAYMHAET YBEINYM-
BaTbCA, HaNOIHEHHOCTb MX KPOBbIO — YMEHbLLATLCS, LUBET KOXM CBET/IEET U BCKOPE B OXNAXAEHHOM Y4acTKe Tela BO3HUKAeT
YyBCTBO OCTPOMN DONE3HEHHOCTU. Yepe3 HECKONBKO AECATKOB CEKYH[, OXMaXeHWUs CNasM KPOBEHOCHLIX COCYAO0B AOCTUraeT
MaKCMManbHbIX 3HAaYEHUW, HAMONHEHHOCTb MX KPOBBH) CHUMAETCA [0 MUHUMYMa, KOXa beneet, 601e3HEHHOCTb CTAHOBUTCS
MaKCMManbHON. 3T U3MEHEHWUS COXPAHAIOTCA Ha MUKE CBOMX 3HAYEHWUN HECKObKO MUHYT, MOC/E Yero HauMHaloT Ucyesarb,
HeCMoTps Ha NpodosKaloLLytocs runotepmuto. OfHako yepes 7—10 MUH OXNaXKAEHUS B 30He FMNOTePMUN HeusbekHo pas-
BMBAETCA rUnepeMus, BCNeACTBUE Yero ucye3aeT H0Ne3HEHHOCTb, a KOXa KpacHeeT. B HopMe npu BHE3anHOM OXNaaeHum
TKaHeil NpoMCXOAMT pa3apaxeHue TeMMepaTypHbIX PELenTopoB, PacronoKeHHbIX B HUX. Bo3byxaeHue TeMnepaTypHbIX pe-
LLenTopoB BbI3biBaeT PedeKTOPHbIA CNa3M KPOBEHOCHBIX COCYAO0B, KOTOPbIA MMEET afjanTaLMOHHOE 3HayeHWe, MOCKOSbKY
BblpaboTaH 3BOJIOLMOHHO A/ TEMMepaTypHOro roMeocTasa TenaoKpoBHOrO opraHusMa. Octpas 6one3HeHHOCTb, COMpOBO-
K[AK0LLas X0N0A0BO/ CMa3M KPOBEHOCHbIX COCYO0B, BO3HUKAET U3-3a MEXaHWUYECKOro CAABNMBaHUSA 6oneBbIX peLenTopos,
PacnosoXeHHbIX NOJ, MbILLEYHbIM C/I0EM B CTEHKE KPOBEHOCHbIX COCYA0B. Hanuume cnupta aTMOBOro B KpoBY (anKoronbHoe
OMbsHEHWE) KapAMHaNbHO U3MEHSIET AMHAMUKY KPOBOCHAOKEHWS TKaHel Npy BHE3ANHOM OX/aXAEHWM: KPOBEHOCHbIE CO-
CYZbl PacLUMPATCS M NEPENOHAOTCA KpoBblo 0e3 nepBoHayanbHOM dasbl cnasMa W NosiBNeHWs YyBCcTBa H0NE3HEHHOCTU.
Mpyn 3TOM rUnepemusi COXPaHSETCA He TOSIbKO Ha MPOTSXKEHUM BCEr0 Nepuoaa OXNAXAEHWS, HO 1 nocne Hero. MHbIMK cno-
BaMM, aNKoroflbHoe OMbsSHEHWE NPOSBNIAETCS HEMEAJIEHHbIM Pa3BUTUEM TMMNEPEMUM W NMOKPACHEHUEM KOXM B OXNAXKAEHHOM
yyacTke Tena 6e3 nepBOHa4aibHOrO CnasMa KPOBEHOCHBIX COCYLOB, BO3HUKHOBEHWEM YyBCTBA 00/E3HEHHOCTH W BnegHOCTM
KOXM B y4aCTKe OXIaXAEeHus.

KnioueBble cnoBa: anKkorosb; ONbAHEHWE; X0NO0g; 06M0p0)'KEHVIe; KPOBEHOCHbIE COCYAbl; TEMﬂepaTyprIVI roMeocTtas; aganta-
Una; oMarHoCTuKa.
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Ethyl alcohol: Influence on the dynamics
of blood supply of skin and other soft tissues
during their sudden cooling

Aleksandr L. Urakov

Izhevsk State Medical Academy, Izhevsk, Russia

ABSTRACT

In the norm (i.e., the absence of ethyl alcohol in blood in sober people), sudden local cooling of the skin and soft tissues of
different parts of the body from +37°C to +18°C and below (but not below 0°C) causes two-phase changes in blood vessels
tone, blood filling, and intensity of blood supply and pain in the cooled tissues. In the first seconds of cooling, the tone of the
muscular blood vessels begins to increase and their blood filling decreases, the skin color lightens, and in the cooled area of
the body, acute soreness develops. After a few tens of seconds of cooling, spasm in the blood vessels reaches maximum level
and their filling with blood decreases to a minimum, the skin turns white, and the soreness becomes severe. These changes
persist at their peak for a few minutes, after which they begin to disappear, despite the persisting hypothermia. However,
after 10-15 minutes of cooling, hyperemia develops in the hypothermia zone; as a result, the soreness disappears and the
skin reddens. Notably, in the norm, sudden cooling of tissues causes irritation of the temperature receptors found in them.
The resulting excitation of temperature receptors causes reflex spasm of blood vessels, which has an adaptive value, as it
developed for temperature homeostasis of warm-blooded organisms. Acute pain accompanying cold spasm of blood vessels
has been found to be due to mechanical squeezing of pain receptors located under the muscular layer in the wall of blood
vessels. Conversely, the presence of ethyl alcohol in the blood or, in severe cases, alcohol intoxication changes the dynamics of
blood supply in tissues at their sudden cooling: during cooling, blood vessels expand and overflow with blood without the initial
phase of spasm and occurrence of pain. Moreover, hyperemia persists throughout and after the cooling period. That is, alcohol
intoxication is manifested by the immediate development of hyperemia and skin redness in the cooled area of the body without
the initial spasm of blood vessels and appearance of soreness and pallor of the skin in the area of cooling.

Keywords: alcohol; intoxication; cold, frostbite; blood vessels; temperature homeostasis; adaptation; diagnosis.
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BBELAEHUE

Peakuus KpOBEHOCHBIX COCYAO0B Pas3fWUYHbIX OPraHoB
W yacTeil Tenla YeNoBEKA W TEMIOKPOBHBIX KUBOTHBIX Ha JI0-
KanbHOe OXNaXAEHWe B HOPME U Moj, feNCTBUEM NIEKapCTB
0CTaeTCs Masno u3yyeHHoW obnacTblo apmaronorum [1-6].
B vactHocTW, uccnepoBaTenn [0 cUX NOP HEAOCTATOYHO
BHUMaHUSA YAENsT OUHaMUKe pednieKTOPHON peaKuumn
KPOBEHOCHBIX COCYA0B KOXW Ha NOKaNibHOE OXNaMAeHue
B HOPMe W Mof, [edCTBMEM MCUXOTPOMHBIX, HEMPOTPOMHbIX
NIeKapCTBEHHbIX MpenapaTtoB, CMWUPTa 3TWUIOBOMO, aHecTe-
TUKOB U HapKoTWKOB [7-9]. HecMoTpsi Ha 370, NOKasbHble
TEMMNepaTypHO-NIeKapCTBEHHbIE KOMBUHALMM UMEIOT Kiu-
HuuecKkoe 3HaueHue [10, 11]. [leno B TOM, YTO JIOKaNbHaA
TEMMNepaTypa 4YacTen Tena U3MEHSETCA KaK eCTeCTBEHHbIM
obpasoM npu 6onesHsAx, COMpPOBOXAEMbIX, HanpuMep,
BOCMaieHMeM, TaK U UCKYCCTBEHHLIM 06pa3oM, Hanpumep,
npv AENCTBMM Ha NOBEPXHOCTb TeNa XON0AHOM BOAbI, CHera,
MOPO3HOT0 BO3JyXa, a TaKKe B pe3ynbTate MeAULMHCKUX
MpoLeLyp, BKIOYAKLIMX JIOKaNbHOE NMpUMEHEHUe Ny3bips
CO NIbAOM WAW Tpefikn ¢ ropsden Bogon [12-15]. KpoMe
3TOr0, PerucTpauMs AWHAMUKM NepudepuyecKoro Kpo-
BOCHAOXEHWA M NOKaNbHOW TeMnepaTypbl OnpefeneHHbIX
yacTeil Tena MOXET MMeTb AMarHOCTUYECKOe 3HA4eHWe,
B YaCTHOCTW, AJ1f OLEHKW TMMNOKCMM W uwemum [6]. Kpo-
Me 3TOr0, SIOKaNbHOE KPOBOCHAbXEHMe U NOKanbHas TeM-
nepatypa — BaXHble (aKTopbl B3aUMOAENCTBUS MHOIUX
NIeKapCTBEHHbIX NPenapaToB MpW WX MECTHOM MPUMEHeHU
[10, 16]. BeisicHeHo, 4To NOKasbHas rMnepTepMus ycunmBaeT
MECTHOEe JeMCTBUE LUENIOYHbIX PacTBOPOB NMEPEKMCU BOLO-
POAa Ha ryCTyH0 MOKPOTY, C/M3b, THOM, CTYCTKU KPOBM U Me-
KOHWIA, 4To 0becneunBaeT MAEPCTBO 3TON rpynmne neKapcTs
CpeLu U3BECTHbIX MMONUTUKOB, MYKOSIMTUKOB, FEMOJIUTUKOB
u otbenusateneii [17-19]. B cBolo ouepenp, NoKanbHas ru-
noTepMmus YCUNMBAET MeCTHOe [eiCTBUE aHTUIMMOKCAHTOB
W NpOTMBOBOCMANUTENbHBIX JIEKAPCTBEHHBIX Npenaparos
[20-23].

B 10 e BpeMs B HOpMe JlOKanbHas rMNoTepMUs MOXKET
pa3HOHANPaBNeHHO BMUATL Ha KPOBOCHAbMXeHWe oxnaxpa-
€MOro y4yacTKa Tena B NEepBble HECKONIbKO MWHYT OCTpOro
oxnaxgaenusa [24, 25]. OgHako BapuaHTbl MepBOHaYasbHON
OVMHAMUKM KPOBOCHAOXKEHUS KOXM NpU OCTPOM OXMaXpe-
HAW B HOPME U NOA BAMAHMEM JIEKApCTBEHHBIX Npenapa-
TOB He CMCTEMaTWU3UpOBaHbl. TeM He MeHee YCTaHOBIEHO,
YTO B HOPMe MepBOHaYasnbHas AMHAMUKA KpPOBOCHabXeHMs
KOV NpU AeHCTBUW JIOKANTBHOMO OXNAXEHUS HOCUT CTaAni-
HbIii XapaKTep U MOXET OTpaXKaTb MeXaHU3Mbl 3aLLMThbI opra-
HWU3Ma YesloBeKa OT NepeoxNaXAeHUs U TUMOKCUM, C OAHOV
CTOPOHBI, @ TAKKe CYXUTb GaKTOPOM NOKasbHLIX 06Mopo-
YKeHUH — ¢ apyroi [25—-36]. Mpu 3TOM aKoroNbHble HanUTKKU
HepeaKo OKasbIBAKITCA B OpraHW3Me JIOAEN, NOLBEPTHYTHIX
3KCTpeManbHbIM NPUPOSHBIM BO3LENCTBUAM B MOPO3HYHO NO-
rogy v TepaneBTUYECKON runotepMun. IMeHHo NoaTtomy Bbi-
fICHEHUe 0cobeHHOCTe! BAUAHUSA CIMPTA 3TUIIOBOTO Ha [INHA-
MWKy KpPOBOCHAOXEHUS KOXU NI0AEeN B NepBble MUHYTBI UX
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NOKaIbHOro OXNaXAeHUa MOXeT UMeTb bonbluoe Tepanes-
Tn4yecKoe U AMarHoCTMyecKoe 3Ha4yeHue.

KPATKAA UCTOPUA
TEPANEBTUYECKOW r'MNOTEPMUK

lepBble ynoMuHauus o nedyebHoit ponu runotepMuu
MOXKHO HaWTW B NUTepaType, BOCXOAALLEN K APEBHUM erun-
TAHaM. lepBoe onucaHue 06 MCMONB30BaHUM OXNAKAEHMS
YeNioBeKa 1A 3aMefieHUs BUoNorMyecKkmx NpoLEeCCoB U Ha-
CTYMIEHNs CMepPTU B BOEHHOM MeauumHe caenan [unnokpar
oKono 450 1. fo H. 3., KOTOpbI COBETOBAN YKJ1aAblBaTh paHe-
HbIX B CHer ans 3aMegieHns cMeptu [25]. B Hauane 1800-x
rofoB BO BpeMs BTOpXeEHUs (paHLy3ckon apmum B Poccuio
B 3UMHUIA NEPUOL, BOEHHBIE XUPYPrY 3aMETUITH, YTO JIOKasb-
Has rMnoTepMus yMeHblUaeT 6011e3HEHHOCTb M MOTEPIO Kpo-
B MPY PaHEHMAX U KPOBOTEYEHMSX, MOITOMY BOEHHbIE Bpaym
(paHLy3CKOM apMuUW MPUMEHANN NIOKA/IbHOE OXMAMAeHMe
ONs aMnyTauui KOHeYHocTel. B 3To e Bpems dpaHLy3ckue
BOEHHble XMpypru Habmtofanu, Kak paHeHble ConpaThl, pas-
MELLIEHHbIe BIMIKE K KOCTpY, yMUPanK paHblUe, YeM Te, KTO
pacnonarasncs Ha bosiee XoNoAHbIX KOMKaX.

KnuHM4eckuiA MHTEpEC K NPUMEHEHMIO TePaneBTUHECKON
runoTepMun Bo3HUK B Hayane XX B. ¢ coobLueHni 06 ycnelwu-
HOM CMaceHWW YTOMNEHHWUKOB, M3bATbIX YEPe3 HECKONbKO
4acoB nocne yTonaeHus B XonogHoi Boge [37]. Onmpasch
Ha nepBble pesynbTaTbl UCMOb30BaHUA TepaneBTUYECKO
rMNOTEPMUN B Hayane BTOPOM NoNoBMHbI XX B. pOCCMICKMI
yyeHblt Bnagmmup HeroBckuii 3anoxun oCHOBbI peaHWUMa-
Tonorum [38]. B 310 e BpeMs EBrenwit MewwankuH Havan
YCMELHO NPUMEHSATL JIETKYI0 MMMOTEPMUA ANS NPeAcTBpa-
LLIEHWUA TMMOKCUYECKOro MOBPEXAEHUS KIETOK FOf0BHOMO
MO3ra y [eTeil MpU XMPYPrUYecKUX Omepaumsx Ha ceppue
U MaructpanbHbix cocynax [39]. OpgHako TepaneBTUYecKas
rvnoTepMuUs NpUBIEKITA Cepbe3HOe BHUMaHWe UccregoBate-
neii Bo BceM Mupe TonbKo B 2002 1. nocne nybnamKaumm cta-
Tenn B New England Journal of Medicine, KoTopble nokasanu
3HauMTENbHOE YNYYLLEHWe KPaTKOCPOYHOW W JAONrOCPOYHOI
BbIKMBAEMOCTH, @ TaKKe HEBPOSIOMMYECKUX UCXOAOB C Mo-
MOLLbH runotepmum [40-42].

CeropHs BMECTO TEPMMHA «TepaneBTUYECKas FMNoTEpMUA»
UCMONb3YIOT TEPMUH «LiefIeHanpaBieHHOe yrpaBneHue TeMre-
patypoit» (LYT) — targeted temperature management (TTM)
(in English) [25]. CuuTaetcs, YTo LieneHanpaBfeHHoe ynpas-
NeHWe TeMnepaTypod MOKET MPefcTBPaTUTbL JIMXOPAAKY,
MoMoYb MOALEPMKaHWI HOpMOTEPMUM (MNM BbI3BaTbL FUMO-
TEPMMUI0), NO3TOMY NPUMEHEHHUE NIOKaNbHOM annapaTHOM KOH-
TPOSMPYEMON TMMOTEPMMM MPU Pa3fIUYHBIX NATONOrUYECKUX
COCTOSIHUSAX YeNloBeKa MNpeAcTaBiseT aKTyanbHoe Hanpas-
neHue B MeauumHe. TeMnepaTypHbId (aKTop TeCHO CBA3aH
C MWKpOUMpPKyNnsuuen u nepudepnyeckuM Kposoobpallie-
HueM. OfiHaKo [0 cux nop OTCYTCTBYIOT YeTKUe npepcTaene-
HWSA 0 IMHAMUKe TOHYCa KPOBEHOCHBIX COCYA0B MpU MX cnas-
Me W gunatauuu B nepuog, ocTpom runotepmum [43].
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TemneparypHas hapMaKonorus Kak CaMoCToSTeNTbHOe Ha-
npaeneHne B 3KCNEPUMEHTANBHOM U KITMHUYECKON dapMaKo-
noruu 3apogmnach B KoHue XX B. bnarofaps MHTEHCUBHBIM
UccnefoBaHUAM Mpobnembl MWLEMUW U MH(APKTa MUOKapAa
W opyrux TKaHel. [NepBble COODLLEHMSA O NPeAOTBPALLEHUM
HEKPO3a WLLIEMM3UPOBAHHBIX TKAHEN C MOMOLLbIO UX JIOKasb-
HOro oxnaxaeHus noseunuch B Poccuiickon Qepepaumm
[24, 44, 45]. C ofHOM CTOPOHBI, OXNaXAeHNe KOHCepBUpYeT
TKaHW U MHrMbUpyeT ux MeTabomam (ocobeHHo cubHO —
a3po0OHbIN 00MEH) M 3TUM YMeHbLLAeT NOTPeOHOCTb TKaHen
B KMC/NOPOZE, a C JpYroi CTOPOHBI, YTHETAET CBEPTLIBAILLYH
CUCTEMBI KpOBM, NPEAOTBPALLAET 3aKYNOPKY KPOBEHOCHBIX
COCyAoB TpoMbBaMu W crocobCTBYET pasBMTUIO XONOLOBOVA
TUNEPEMUM, YeM YNy4LIaeT JOCTAaBKY apTepuanbHON KpoBU
B 30HY uwwemuu [1, 46].

(DopmMupoBaHm1e TeMnepaTypHon hapMaKooruu Hayanocb
B VxeBcKe, rae 6binn n3ydeHbl 0C0BEHHOCTM MeCTHOIO Aeii-
CTBMS NIOKaNbHOM rMNOTEPMUM, NEKAPCTB M UX KOMOUHALMIA
Ha MUTOXOHAPWUM, KPOBb, KPOBEHOCHBIE COCYAbI, MUOKAPL,
KULLEYHWUK M KOHEYHOCTW 3IKCMEPUMEHTAJIbHBIX HMBOTHBIX
M NALMEHTOB B HOPME, a TaKXKe MPU TMMOKCUW W ULLEMUN
[47, 48]. OcHOBHblE MOMOMEHWUA TeMnepaTypHoW (apMaKo-
norum 6einn copmynuposaHbl K 1988 r. [1, 16]. B obluem
BMAE OHU CBOJATCA K TOMY, YTO MPU MECTHOM NPUMEHEHUN
fIeKapcTB TeMnepaTypa fABNSETCA BaXKHEWLWWM (aKTopoM
JIOKanbHOro B3auMopelcTBms. bbino obHapyxeHo, uto no-
KanbHasi runoTepMus YCUnmBaeT GapMaKooryecKyto aKTmB-
HOCTb TeX NeKapCTBEHHbIX NPenapaToB, MEXaHWU3M JeiicTBuS
KOTOpbIX 0DYCNOBNEH YrHeTeHUEM MeTabonmama U GyHKLMK
TKaHW. 3HauyeHWe 3TOM 3aKOHOMEPHOCTM BblNo MOKa3aHo
Ha NpUMepe YCUIEeHUA X0N0A0M (Mpy IOKaNIbHOM OXNaLEeHUN
¢ +37 po +18 °C) hapMaKonormyeckom akTMBHOCTH aHTUKoary-
NISHTOB, @aHTUIMMOKCAHTOB, CMA3MOJIUTUKOB, boneyTonsioLLmX,
MECTHbIX aHECTETUKOB, MPOTMBOBOCMANMTENbHBIX, KOHCEp-
BaHTOB U HEKOTOPbLIX ApYrix cpeacTs. Bmecte ¢ TeM nokanb-
Has rUnepTepMus ycunmBaeT (hapMaKONOTUYECKYH aKTUB-
HOCTb TeX NeKapCTBEHHbIX NPenapaToB, MEXaHWU3M JeiicTBuS
KoTopbIX 06ycrnoBneH cTuMynaumein Metabonusma u QyHK-
UMIA TKaHW. 3Ta 3aKOHOMEpPHOCTb NpPOLEMOHCTPUPOBAHA
Ha npuMepe ycuneHus TensioM (Mpu foKanbHOM HarpeBaHuu
¢ +37 po +42 °C) dapMaKoiorM4ecKo aKTUBHOCTU XJIOpU-
Aa Kanusa (3a cyet KatmoHa K* — Mopynstopa noTeHuuana
LeWCTBUA ANSA MMafKWX MBILLL), KOAryNsSHTOB, aHTUCENTUKOB,
MUONUTUKOB, MYKOIUTMKOB, TeMOSIMTUKOB, XMMOTEpaneBTH-
YECKWX, CMACTUYECKWX, pa3fpaalolumx U oTbenmBaloLLmxX
cpeacts [1, 17-19, 24, 49].

MonyyeHHble pe3ynbTaTbl MO3BOAWAM MPEANOOKUT,
uTO 3aKOH AppeHnyca MOKET CTaTb BEKTOPOM pa3euTus dap-
MaKosioruu B bnivxkaniuem byayLueM, MoCKosbKy TeMnepaTyp-
Has (hapMaKonorus MoXeT CTaTb HOBbIM HayyHbIM W NpaK-
TMYECKUM HamnpaBneHWEM, B KOTOPOM MECTHOe AeicTBue
NIeKapCTBEHHbIX CpefcTB byayT paccMatpuBaTh C y4eToM
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OnpeLeneHHbIX 3HaYeHWN TeMnepaTypbl TKaHel. Ponb Kata-
nn3atopa B pa3BUTUM TeMNepaTypHoii GapMaKooruu Moxet
cbirpaTb MHQpaKpacHas BW3yanu3auus C MCMOMb30BaHM-
eM Tennosu3opa [50-52]. bbino BbicKasaHo nMpeanoxeHue
0 BO3MOXHOCTW YCWNIEHUS MECTHOrO [eMCTBUA NIeKapcTB
C MOMOLLbI0 JIOKANbHOM0 OXNTaXAeHUs Ubo NOKanbHoro
HarpeBaHus 0bnacT B3auMOJENCTBUA NpU MECTHOM Npu-
MEHEHUM NieKapcTB. B cBA3M ¢ 3TUM MeCTHOe MpUMeHeHMe
NeKapCTBEHHbIX CPEACTB B COMPOBOXAEHUM JIOKANBHON -
NOTEPMUM WM TUNEPTEPMUM MOXKET NOBbLICUTL 3PPEKTMB-
HOCTb U 6e30MacHOCTb JieyeHns MHOrux 3aboneBaHuii [53].
CeroHs HET COMHEHWW B TOM, YTO JlOKanbHas Temnepatypa
NPeLCTaBNAeT BaKHEMIUMIA (PaKTOp MECTHOr0 B3auUMOLEM-
CTBUS JIEKAPCTB, TaK KaK MEXaHWU3M AeiCTBUA JIeKapCTB Npo-
ABNSETCA Yepe3 U3MEHEHWe WHTEHCWMBHOCTW MeTabonusma
1 QYHKLMM OpraHoB M TKaHeM, a U3MEHEHWE UHTEHCUBHOCTH
XMMUUYECKMX, BUOXMMUYECKUX, DU3UKO-XMMUYECKMX NpoLec-
COB M (YHKLMOHANbHOW aKTMBHOCTM TKaHel YenoBeka Ha-
XOOMTCS B NPAMOiA 3aBUCUMOCTU OT BENIMUMHBI TeMMepaTypbi
(NpaBaa TonbKo B Npeenax CoxpaHeHus U3HecnocobHocTH,
T0 ecTb B 6e30nacHOM AuanasoHe 3Ha4eHui) [54, 55].

AWHAMWUKA TOHYCA KPOBEHOCHbIX
CoCya0B, HAMOJIHEHHOCTU UX
KPOBbIO U HYBCTBA BOJIE3HEHHOCTU
NPU OCTPOM OXJTAXXEHWW Y NIOAEN
U XXUBOTHbIX B HOPME

[laBHO M3BECTHO, YTO NPU BHE3AMHOM JIOKANIbHOM OXJTaX-
LEHWM TennbIX pyK u Hor Ao TeMnepatypbl 0 °C B HUX nosB-
nsetcsa 4yBcTBO 60/M y 6ONBLUMHCTBA NtOfeN, HaXoaALMXCS
B co3HaHuu [1]. YyBcTBO BOMM COYETAETCS CO CMasMoM Kpo-
BEHOCHbIX COCYA0B, Pa3BMBAIOLLMMCA B OX/1AXKAAEMOM YacTy
Tena. lpu 3ToM oxnamgeHue Bbi3biBaeT Cra3M B KPOBEHOC-
HbIX COCYaX He TONbKO B KOXE, MOAKOXHO-KUPOBO KNeT-
YaTKe OTKPLITBIX YacTel Tena (Mua, pyK W Hor), HO W B rMag-
KOMBILLEYHBIX OpraHax, TaKux, HanpuMep, KaK KULLKa U MaTKa
MpyW UX JIOKaNbHOM oxNaxaeHun [56-57]. B onbitax ¢ usonu-
POBaHHbIMU OTPE3KaMM KPOBEHOCHBIX COCYAOB U KULLOK M-
BOTHbIX B YC/IOBUAX in Vitro YCTaHOBNEHO, YTO NpW BHE3AMHOM
OXNTaXAEHUM NPOUCXOAMT CMa3M [MaAKOMBILLEYHBIX 31EMEH-
TOB B COCYAMCTON CTEHKE W KULLKE W 3TOT CMa3M pa3BuBaeTCcs
pedneKTopHO B OTBET Ha pa3fpaeHue TeMNepaTypHbIX pe-
LLenTopoB, JI0OKaN130BaHHbIX B UX cTeHKax [1, 16, 24, 47]. Cuna
U TNPOJOMIKMTENBHOCTb TOHUYECKOr0 COKpALUEHWS MajKo-
MbILIEYHBIX MUOLMTOB COCYAMCTON CTEHKU U KULLKU 3aBUCAT
OT MHTEHCMBHOCTU a3pobHoro Metabonuama, obecneumBaro-
Lero ux aHepruen. MocKoNbKY 0XNaaeHWe YyrHeTaeT aspob-
HbI1 06MeH W BbIpaboTKy aHeprum, pesepebl ATO B ycnosusx
X0N00BOr0 Cra3Ma IMafKoi MycKynatypbl 06bIYHO Mcye3a-
toT Yepe3 1-7 MUH nocne Havana oxnaxpaeHus. IMeHHo Tak
pa3BUBAETCA X0/10[0Bas AunaTaums KPOBEHOCHBIX COCYAOB
U KuwWoK. Ecnn K 3ToMy MOMeHTY cocyapl He 3aTBepAeBatT
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OT 3KCTPEMAIbHOIO OX/IaXKAEHUA U OCTAKITCA 3NACTUYHBIMM,
OHM MoryT BbITb paclimMpeHbl NOL aBEHUEM KPOBM, Ha-
XOOALLENACH BHYTPU COCYAOB M ABVXKYLLENCSA NOL HaBNEHU-
€M, C03[aBaeMbIM CepaLueM, Kak HacocoM. [oatomy B 3ToT
nepuos OXNaXAEHWA COCYAbl MOTYT HAMOHUTBLCA KPOBbIO,
uTO NPOSBNSAETCS X0/10[0BOM rMnepemMuen. 3TM 0bbACHSET-
€A U3BECTHOE SIBNIEHUE — MOKPACHEHWE KOXMW Ha MOpO3e.

Bcnep 3a sKkcnepuMeHTanbHbIMU UCCEA0BaHNAMM Dbiam
NpOoBeLEHbI KIIMHUYECKWE UCMbITaHWs. Pe3ynbTaTbl KMHUYe-
CKMX WCCNENOBaHWA NOKa3anu, YTO B HOPMe Mpu OXJlaxae-
HWW TensbIX YacTeit Tena 3mopoBbIx siopein ¢ +30... +35 ao
+20... +18 °C n Hmxe (Bnnotb go 0 °C) yxe yepes HECKONBKO
CEKYH[, YBENMYMBAETCA TOHYC KPOBEHOCHBIX COCYLOB KOMM,
MOAKOXKHO-KMPOBOW KNETHATKU, CKENETHBIX MBbILLIL, U APYTUX
TKaHeM [56]. 310 conpoBoXAaeTca NoABIEHNEM YyBCTBa 6o
B OX/Ia¥/EHHOM YYaCTKe M YMEHbLUEHWEM [JOCTABKU K HEMY
Tennon aptepuansHon Kpoeu [57, 58]. bonesHeHHOCTb, BO3-
HWKAIOLLYH0 B NEPBbI NEPUOA OXNAXKAEHMS, BbI3bIBAET CMa3M
[MaKOMBILIEYHbIX MAOLMTOB, KOTOPLIA MPUBOAMT K MEXaHH-
YeCKOMy CL1aBNMBaHUI0 60NeBbIX PELLENTOpPOB, Pa3MeLLEeHHbIX
nof, cnoeM rMafKoMBbILLeYHbIX KNeToK [16, 24, 47].

OpHaKo faXe MaKCMManbHbIM CNasM KPOBEHOCHBIX CO-
CYLOB, pa3BUBAIOLLMIACA NPU BHE3AMHOM rMNOTEPMUM, He Be-
JET K MLLEMUYECKOMY MOBPEXAEHMIO U HEKPO3Y OXMaMEH-
HbIX TKaHeW, TaK KaK OJHOBPEMEHHO ¢ 0BecKpoBnMBaHWEM
B OXNIaXK[EHHOM Yy4yacTKe Tena yrHeTaetcs obMeH BellecTs
U CHWXaeTcA noTpebHoOCTb TKaHel B kucnopoge [1, 16, 47].
B uactHocTH, B KAMHMuYeckux ycnosusix bbio nokasaHo,
YTO NIOKANbHOE OXMAXOEHWe KOHEYHOCTeW NpepoTBpalLaet
raHrpeHy W ynyywwaeT NporHo3 PeKOHCTPYKTUBHOW XUPYpri-
YECKOM OmepaLyuu Npyu UX OCTPOW M XPOHWYECKOW MLLEMUU
[59-63].

B cBA3M ¢ TepaneBTMYECKUM BNUSIHUEM JIOKANbHOM TW-
MOTEPMUM JIOKANbHOE OXNaXAeHWe Obino NpeanoXeHo
AJIA NPOANeHus nepuoga 6e30macHoi TepaneBTUYECKOM
ULWEMMM, CO3[aHHOWM UCKYCCTBEHHO ANS MPEeKpaLLeHus Kpo-
BOCHabeHMs paHeBOM NOBEPXHOCTU NapeHXMMATO3HbIX Op-
raHoB, B 4acTHOCTM ceneseHku, ¢ Lenbio 100 % besonacHoro
remMocrasa [64, 65].

BIUAHWUE CMTUPTA
3TUN0BOI0 HA LLEEHTPAJIbHOE
N NEPUDEPUYECKOE
KPOBOOBPALLEHUE

3TaHON MPUMEHSIIOT B KAYeCTBe aHTUCENTUKA W obLLero
obesbonumBatoLLero ¢ nepsbix JIET Hallei apbl. B HacTosee
BpeMs CrMPT 3TUNOBLINA BK/IOYEH B CMMUCOK OCHOBHbIX fe-
KapCTBeHHbIX CpeacT BceMupHoW opraHu3aumm 34paBoox-
paHeHus n ABnsaeTcs Haubonee 3G PeKTUBHLIM U Be30nacHbIM
NeKapCTBEHHbIM CPeACTBOM, HeobXOAMMbIM AN CUCTEMbI
3[paBooXpaHeHns. B 4acTHOCTW, CMMPT 3TUNOBLIA OKa3bl-
BaeT NpPOTUBOBMPYCHOE [eNCTBUE, KOTOpPOE OH NpoABNAeT
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W B OTHOLLEHWM BO3bYAMTENS HOBOI KOPOHABUPYCHOM MHGEK-
uum [66]. B To e BpeMs BNMSHME CrMpTa 3TUI0BOIO Ha LieH-
TpanbHoe v nepudepryeckoe KpoBoobpalLeHre He 10 KOHLa
U3yYeHo.

CunTanochb, 4To NPMEM 3TUIIOBOIO CMIMPTa PacLUMPSET KO-
BEHOCHbIE COCYAbl B KOXE M B MeHbLLEN CTENEHW B ApYruxX
TKaHAax [67-69]. Mo 310l npuumnHe 3TaHon bbin peKoMeHao-
BaH ANA NeveHus 3aboneBaHuii nepudepuyeckux cocyaos
u cteHokapaum [70]. CoobLianoch, YTo 3TaHON OKasbiBaeT
cocyaopaclumpsioLLmiA 3QdeKT 3a CHeT MPAMOr0 BAUAHMSA
Ha rMagKoMblLeyHble KneTku cocygos [71]. OgHako Mexa-
HW3M COCyLOpacLUMPSAIOLLEro LEeNCTBUS 3TWIIOBOMO CnvpTa
He pacKpbIT Ao cux nop. bonee Toro, nonyyeHsl AoKasatenb-
CTBA, YTO CMIMPT 3TWOBBIA CYKMT HAKTOPOM pUCKa rUnep-
TOHWYeCKo 6onesHu W naTonorum CepaeyHon Mbiwubl [72].
Bbino TaKKe yCTaHOBNEHO, YTO OCTPOE BO3LENCTBUE 3TaHONa
nepeq OKK/TI03Wel KOpPOHApHbIX apTepuii U nocnepyloLLen
penepdysuen He BAMANO Ha pa3Mep MHGMapKTa MUOKapaa
B cepaLe cobaKm, HaxoaALLEeNCa nog, HapKo3oM [73, 74].

PacnpocTpaHeHo MHeHue, YTO CMUPT 3TW/IOBLIN SBNISET-
cs bGoneyTonsiowMM M NPOTUBOLLOKOBBIM J1€KapCTBEHHBIM
npenapaToM. B yacTHocTH, npu uccnepoBaHum nopora 6onm
y Nlofel 0TMEYEHO, YTO BHYTPUBEHHBIN CIUPT 3TUNOBbINA MPO-
M3BOAMN aHANbreTMYECKMI 3P DEKT, 3KBMBANEHTHbIN 3P hEKTY
BHYTpUBEHHOTO MopduHa [75-77].

B 70 3Ke BpeMs Bce MccnefoBaHMs CoCyAopacLUmMpsioLLe-
IO U aHanbreTMYecKoro AeilcTBus ITUIOBOMO CIUPTa MHOTME
rogbl Nposogwiu 6e3 yyeTa JloKanbHoM TeMnepartypel, ped-
NeKTOpHOM peaKumn nepudepnyecKux KpOBEHOCHBIX COCYA0B
Ha CnydyaliHoe OXJaM[eHue, afanTauMOHHBIX MeXaHU3MOB
NOAAEpXKaHNs TEMNepaTypHOro roMeocTasa, a TakHe Cocyau-
CTbIX MEXaHU3MOB afianTauuu K runoKkcuu. TonbKo B Havane
XX B. NPV U3y4eHUM BAMSHUS CIIMPTA 3TUOBOMO Ha AMHAMMKY
KpPOBOCHaBXeHMs TKaHel CTanu y4MTbIBaTh yKa3aHHble (aK-
Topbl. Pe3ynbTathl McCnenoBaHWM, NOMYYEHHbIE B YCIOBUAX
in vitro w in vivo, 0fHO3HaYHO YKa3blBaiM Ha TO, YTO CMIMUPT
3TUNOBbIN NPAMO BAUSIET HA AMHAMUKY TOHYCA KPOBEHOCHBIX
COCYL0B NPy NIOKaNbHO YMEPEHHOM U IyBoKoM runotepMun
(Npwn nokanbHoOM oxnaxaeHun TKaven go +18... +20 u 0 °C)
[56-58]. bbino nokasaHo, YTO CMMPT 3TWUNOBbINA, MPUHATHIN
BHYTPb B BUJE BOAKW, YMEHbLUIAET YyBCTBO H0NM W BbipaXeH-
HOCTb CMa3Ma KPOBEHOCHbIX B OTBET Ha NIOKaNbHOe OXNaXe-
Hue [53, 54]. CoobLuanoch, YTo OTKPbITbIE KUCTU PYK Y MyXK-
UWH, HaXOJALLMXCA B COCTOSIHUM aNKOrONbHOM OMbSHEHUS,
NafioHn U NanbLbl PYK UMeloT bosiee BbICOKY0 TeMnepaTypy,
UEM Y HWX 3Ke, HO B TPe3BoM cocTosiHuu. [locne npuHyou-
Te/bHOTO OMYCKaHWSA PYK Ha 2 MUH B BOAY C TalOLLWM CHErOM
NoKanbHas TeMnepatypa NafioHei 1 NanbLEeB PyK Y MyXUWH,
HaXOLALLMXCA B COCTOSIHUM aJIKOTO/IbHOTO OMbSHEHWS, NOBbI-
Lwanacb 10 HOPMabHbIX 3Ha4YeHU B 2 pa3a beicTpee, YeM
y 3TUX e fiofen oo npueMa Boaku. [pu 3ToM y Tpe3BbiX
MY}XUMH NOAYLLIEYKW NanbLeB pyK ocTaBanuck bonee xonog-
HbIMW, YeM NafIoHN, @ Y MYXKUWH, HaXOAALLMXCS B COCTOSIHUM
arnKoro/IbHOro OMbSHEHWS, NAJIOHU 0CTaBanuch bonee xonog-
HbIMH, YeM MNOAYLIEYKM NanbLEeB pyK.
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3AKJIKYEHUE

B Hauane XXI B. BOCTUrHYTLI 3HAYMTENbHBIE YCNEXM B Lie-
NleHanpaBneHHOM YMpaBfieHUU TEMMepaTypoil pasiUYHbIX
Y4acTKOB TeJsla NaUMEHTOB MPU PasfUYHBIX KPUTUYECKUX CO-
CTOAHMAX. B 4acTHOCTM, C NOMOLLbLK UCKYCCTBEHHOM runo-
TEPMUW YAAETCA COXPaHUTb HU3HECMOCOBHOCTL pasfMyHbIX
buonormyecknx 0bbekToB bnaronaps bonee apdexTuBHOMY
«XONOA0BOMY» 3aMeAeHnI0 BMONOrMYECKUX YacoB M UH-
TEHCMBHOCTM MeTabonn3Ma B CpaBHEHUW C UCMONb30BaHNEM
NeKapCTBEHHbIX cpeacTs [55]. VIMeHHO no3ToMy foKasbHas
runoTepMmusl IBNIAETCA BaXKHEMLUMM (DAKTOPOM COXpaHeHUs
¥u3HecnocobHocTh bronormyecknx obbeKToB B Hebnaronpu-
ATHBIX YCNOBMAX, BKIIIOYas MMMNOKCMIO U uwemuio. pu 3ToM
B HOPME B CaMOM HauaJie JIOKaJIbHOro OXNaM/eHuUs NoBepx-
HOCTW TeNla YeNoBeKa U TEMJIOKPOBHbIX MBOTHBLIX XONOZ,
pasgpaxaeT TeMnepaTypHble peLenTopebl, Bo3byxaeHue
KOTOPbIX BbI3bIBAET PeQIEKTOPHOE TOHMYECKOE COKpaLLEHMe
[MafKOMBILLIEYHBIX KNTETOK KPOBEHOCHBIX COCYA0B. Bo3HuKaeT
TaK Ha3blBaeMblii X0NIOA0BOM CMa3M KPOBEHOCHBIX COCYAOB,
KOTOpbIM CTAHOBUTCS MPUYMHON MLLEMUW U CONPOBOXAAETCS
MOSIBNIEHNEM CUIbHOW BONIE3HEHHOCTW M3-33 MEXAHUYECKOTO
cAaBnvBaHuA (pa3ppaxeHus) 6oNneBbIX peLenTopoB COKpa-
TUBLLMMUCA IMaJKOMbILLEYHbIMU KneTKamu [1, 16, 47]. Takoe
LelicTBUE X0N0Aa Ha KpOBOCHabXeHue 1 uyBCTBO 601K YacTo
HeXKenaTesibHO, TaK Kak MOXET CTaTb NpuymMHoi 0bMopoxe-
HWUA TKaHeW, YrHeTeHWst UX QYHKLMOHANBHOM aKTUBHOCTM
W/unn oTKasa NoCTpajaBLUMX OT TepaneBTUYECKON rUnotep-
muu [78-81]. B To 3Ke BpeMs npeaBapuTeNbHbI NpUEM BHYTPb
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Bnusxue yHunatepanbHoM KOPKOBOM MHAKTUBALMU
Ha 06MeH MOHOAMWHOB B CUMMETPUYHbIX CTPYKTYpax
nepegHero Mo3ra 6enbix 6ecnopogHbIX MbilLen

W.B. Kapnosa', B.B. Muxees?, E.P. bbiukos', .1, LLIa6aHos'?

T MHCTUTYT 3KCnepuMenTasibHon MeauumHbl, CankT-Tetepbypr, Poccus;
2 BoeHHO-MeMLMHCKan akafemus M. C.M. Kuposa, CankT-Tetepbypr, Poccus

AHHOTALIMA

O6ocHoBaHMe. B KIMHMYECKUX HabNIOAEHMAX M 3KCEPUMEHTAX Ha JKMBOTHbIX MOKasaHa NaTepajibHas cheuuduyHocTb
AENCTBUA COEOMHEHWN, U3MEHSIOLMX MOHOaMUHepruyeckylo nepegady. OAHaKo MeXaHM3M [aHHOrO SIBfIEHUS A0 CUX Mop
He UCCNefoBaH.

Lienb paboTbl — M3yunTb BIMSIHWE YHUNATEPasIbHOW KOPKOBOW pacrmpocTpaHstoLLencs Aenpeccu Ha 06MeH MOHOAMUHOB
y 6enbix 6eCcnopofHbIX MbILLEN.

Marepuanbl u MeTogbl. IKCNEPUMEHTBI NpoBeAeHbl Ha 18 nonoBo3penbix camuax benbix becnopoaHbix Mblwweit. OyHKLMO-
HanbHOE BbIKKOYEHUE KOpbl OLHOMO M3 6OMbLUMX MOMyLIapWiA TOIOBHOTO MO3ra Bbi3biBaiM NYTeM YHUNATepanbHOW 3nuay-
panibHOM annMKaumn GuibTpoBanbHOM ByMary pasmepoM 1x1 MM, cMoueHHoi 25 % pacteopoM KCL. Yepes 15 MuH nocne
BO3/E/CTBUA KMBOTHLIX JeKanuTUpoBani. MeTogoM BbICOKO3(QhEKTMBHOW XUAKOCTHOM XpoMaTorpadmm ¢ 3NeKTpoxuMmye-
CKWUM [1eTEKTOPOM B Kope 60nblumx nonywapui, runnokamne, 0boHaTeNbHOM byropke u cTpuatyMe onpefensiv CopLepa-
HWe HopaapeHanuHa, aodamMuHa, CepoTOHUHA M UX MeTabonnToB: AnoKcbeHunykcycHon (ODYK), romosaHunuHosoi (MBK)
W S-ruapokeumnaonykcycHoi (5-T'MYK) kucnor.

Pesynbtathl. BoikntoueHne nesoro nonyLuapus Bbi3biBao bunatepansHoe CHKEHWE YPOBHSA HOPaApeHannHa B rynnoKamne,
UncunatepanbHoe BO3pacTaHue NoKasaTeseil IKCTpaKeTouHoro obMeHa podamuHa (TBK u/wnm MBK/podamun) B oboHsTeNb-
HoM byropKe 1 CTpUaTyMe, a TaKKe KOHTpanatepanbHoe yBeNMUeHUe coepxanus fodhamMuHa B Kope 1 runnokamne. MomMuMo
3TOro NpY BbIKJIOYEHWM NEBOTO NOAYyLLApKA cHUKanock cootHowenne JO®YK/nodpamuH B npaBoM oboHsTENbHOM bByropke.
BuikntoueHue npaBoro nonyluapus He Bbi3biBano unatepanbHblx 3pdeKToB. Mpy 3TOM Ha CTOPOHE MHAKTMBALMK B runno-
KaMne CHWXKarncs ypoBeHb HOpafpeHannHa, a B cTpuaTyMe Bo3pacTan yposeHb [BK. Ha npotuBononoHoii (nesoii) ctopoHe
NPV BbIK/IOYEHWUM NPABOTo MONTyLLIAPUS YBENMYMBANOCh CoaepXaHue fodaMuHa B runnokamne, a takxe [JO®YK u cootHo-
wenve [10OYK/nodamuH B 0boHsTeNnsHOM Gyropke. TosbKo NpW BbIKSKOYEHUM MPABOr0 MONyLLAPUs BbISIBNIEHO BO3pacTaHue
obmeHa cepoToHuHa (5-TMYK/cepoToHuH) B npaBoM runnokamne U B IeBOM 060HATENbHOM byropke.

3aksnioueHune. MoHoaMuHepriveckue 3dhdeKTbl GyHKLUMOHANBHON MHAKTMBALMU KOpbI JIEBOIO W NPaBoro nosyLuapus y benbix
DecnopofHbIX MbILLEN He SBNAKOTCA 3epKaNbHO-CUMMETPUYHBIMM.

KnioueBble cnoBa: KOPKOBaA pacnpocTpaHAlLWanca aenpeccua; MOHOaMUHbI; aCUMMETPUA TOJI0OBHOIo Mo3ra.
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Effects of unilateral cortical inactivation on monoamine
metabolism in symmetrical forebrain areas
of white outbred mice

Inessa V. Karpova', Vladimir V. Mikheev?, Evgenii R. Bychkov', Petr D. Shabanov'?

! Institute of Experimental Medicine, Saint Petersburg, Russia;
Z Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Clinical observations and animal experiments have shown the lateral specificity of the action of compounds that
alter monoaminergic transmission. However, the mechanism of this phenomenon has not yet been studied.

AIM: To evaluate the effect of unilateral cortical spreading depression on monoamine metabolism in white outbred mice.
MATERIALS AND METHODS: Eighteen sexually mature male white outbred mice were studied. Functional inactivation of the
cortex of one of the cerebral hemispheres was induced using unilateral epidural application of 1 x 1 mm filter paper moistened
with 25% KCl solution. Then, 15 minutes after exposure, the animals were decapitated. The norepinephrine, dopamine, serotonin,
and metabolite (i.e., dioxyphenylacetic (DOPAC), homovanilinic (HVA), and 5-hydroxyindolacetic (5-HIAA) acids) content of the
cerebral cortex, hippocampus, olfactory tubercle, and striatum was measured using the HPLC method with an electrochemical
detector.

RESULTS: The inactivation of the left hemisphere was due to a bilateral decrease in norepinephrine in the hippocampus, an
ipsilateral increase in extracellular metabolism of dopamine (HVA and/or HVA/dopamine) in the olfactory tubercle and striatum,
and a contralateral increase of dopamine in the cortex and hippocampus. Furthermore, the DOPAC/dopamine ratio in the right
olfactory tubercle decreased with left hemisphere inactivation. Right hemisphere inactivation did not cause hilateral effects.
With inactivation of the right hemisphere on the inactivation side, norepinephrine in the hippocampus decreased and HVA in the
striatum increased. In the left side, with the inactivation of the right hemisphere mice, dopamine in the hippocampus increased,
as well as the DOPAC level and DOPAC/dopamine ratio in the olfactory tubercle. Serotonin metabolism (5-HIAA/serotonin) in the
right hippocampus and left olfactory tubercle increased only at inactivation of the right hemisphere.

CONCLUSIONS: The monoaminergic effects of functional inactivation of the left and right hemisphere cortex in white outbred
mice are not mirror-symmetrical.

Keywords: cortical spreading depression; monoamines; brain asymmetry.
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MCUXOHEVPODAPMAKONO/A

O60CHOBAHUE

N3meHeHne npoduns GyHKLMOHANBHOM MEXKNONYLIAPHOW
acMMeTpUM Yy MauMeHTOB Nof, LENUCTBUEM MCUXOTPOMHBIX
npenapaToB oTMeyeHo ele B Havane 2000-x rogos [1, 2].
HeliponenTuku ycunueaioT [LOMMHUPOBaHWE NpaBoro Mosy-
Lwapua, a aHTuaenpeccaHTel — nieBoro [1]. B akcnepumeH-
TaX Ha XMBOTHbIX C MPUMEHEHNEM METOfla YHUNaTepasbHoi
KOPKOBOI pacnpocTpaHstowenca pnenpeccun [3, 4] bobino
MOKa3aHo, YTo GYHKLMOHaNbHas MHAKTMBALMS KOpbl NpaBo-
ro 1 JIEBOIO MOJSTyLIAPUS MO-pa3HOMY BAMSET Ha IhdeKTMB-
HOCTb COEJMHEHWUH, U3MEHSIOLLMX KaTeXxoNaMUHEPTUYECKYHO
nepegauy [5]. OgHaKo B fiTepatype A0 CMX NOP OTCYTCTBYHOT
LaHHbIe 0 BIUAHWW 3TOW NpoLefypbl HA 06MeH MOHOaMUHOB.

Lenbto pabotbl 6bin0 M3yyeHWe OeiCTBUA yHUNaTepasb-
HOW KOpOBOM pacrnpocTpaHsioLLeiics Aenpeccu Ha 0bMeH
MOHOaMUHOB B CUMMETPUYHBIX CTPYKTYpax nepesHero Mosra
y benbix 6ecrnopoAHbIX MbILLEi.

MATEPWUAJIbI U METOAbI

OnbiThl NpoBoaunM Ha 18 nonoso3pensix camuax bec-
MOPOAHbIX Mblleit Maccoi 22-24 1. YMBOTHbIX copepanu
no 6 ocoben B CTaHAAPTHbIX KNIETKaX-TeppapuyMax co CBO-
BOAHBLIM AOCTYMOM K MHULLE 1 BOAE. IKCNEPUMEHTbI HAUYMHAMN
He paHee YeM yepe3 2 Hep, Moc/e MOCTYMNEHNUS KUBOTHbIX
U3 MUTOMHMKA. [lepes HayanoM IKCNepuMeHTa MbIwu Bbin
pa3fenieHbl Ha TpU TPynnbl, Mo 6 ocobeil B KaXOoM: C Bbl-
KJHOYEHHBIM JIEBLIM MOMYLIAPUEM, C BbIK/IOYEHHBIM MPaBbIM
noJsTyLLap1eM 1 NOXHOONEPUPOBaHHble. 3a 48 4 oo akcnepu-
MEHTa Y XWUBOTHbIX Nof, 3QUPHLIM HApPKO30M yaansaiv dpar-
MEHT KOXU MeXAy YLaMu U HAKOCTHULLY € 0BHaXMBLLENCS
MoBEPXHOCTW yepena, Mocne Yero Hag OfHoM u3 remucoep
B TEMEHHOM KOCTW BbICBEP/IMBaNM OTBEPCTUE AUAMETPOM
1-1,5 MM. B fieHb 3KCnepuMeHTa BbI3bIBasM OAHOCTOPOH-
HIOI0 KOPKOBYIO pacnpocTpaHsioLLytocs aenpeccuto. [lns atoro
3 TpenaHaLyMoHHOMo OTBEPCTUS YOANSANM KPOBSAHOW CrycToK
M Ha 0bHaXMBLUYIOCA MOBEPXHOCTb TBEPAOM MO3roBOW 060-
NOYKM HaKnafabiBanu QparMeHT QuibTpoBanbHoM bymaru
1x1 MM, cMoyeHHoI 25 % pacTBopoM xnopuaa Kanus [4, 5].
KoHTponeMm cnyxunu No3KHOONepUPOBaHHbIE MbILLK, KOTOpbIE
Oblnv NoABEPrHYTHI TEM e MOArOTOBUTENBHLIM ONepaumaM
W MaHMMyNAUMAM, 33 MCKIIOYEHWeM TpenaHauum yepena
u sospencTeus KCL. Yepes 15 muH nocne annnmkaumm KCl
Ka[0e HWBOTHOE NMOMELLANU Ha MMafKY rOpU30HTasbHYH
MOBEPXHOCTb M BU3yanbHO OLEHMBANU MOJOXEHUE TOJIOBbI
OTHOCUTENbHO TENa WUBOTHOTO, MOCE YEro XMBOTHBIX Je-
KanuT1poBasu.

13 npaBoii 1 neBoi NOMOBMH Mo3ra Ha Nibay BbIAENs-
nn Kopy 6onbLUMX Moaywapuin, runnoKaMn, 060HATENbHbIN
ByropoK (KOMMOHEHT BEHTPanbHOrO CTpUaTyMa) U Aop-
canbHbIN CTpUaTyM (manee — cCTpuaTyM), KoTopble cpa-
3y noMewwanu B 0,1 M pacteop consHoi Kucnotbl. 06bem
pacTBopa 1A MOAroToBKM Npob Mo3ra Mbilen bbin cneny-
towmmM: ctpuatyM — 50 MKJI, rUNNoKaMn W 060HATENbHBbIN
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byropok — 100 MKk, Kopa 6onbLumx nonywwapuit — 150 MK,
Mpobbl roMoreHM3npoBanu ¢ NOMOLLbI0 MEXaHUYEeCKOro ro-
MoreHu3atopa-6nengepa (10000 06/MuH), nocne Yero LieH-
Tpudyruposanu B Tedenne 20 MuH ¢ yckopenueM 14 000 g
npu +6 °C. HapocamouHyto uaKocTb cobupanu B npobupku
W XpaHWnu [0 aHanm3a npu Temnepatype He Boiwe —70 °C.
Mpobbl NOBTOpPHO pa3MopaXuBanyM B AeHb aHan3a U BHOBb
ueHTpudyruposanm (14 000 g, 20 MuH, npu +6 °C) Bo n3be-
)KaHue BO3MOXHOMO NOMajaHNUsA OCTaBLUMXCA YacTUL, 0CafKa
B Xpomatorpadmueckyio cucteMy. KoHueHTpaumum Hopappe-
HaruHa (HA), podamuta ([A), cepotoHuHa (5-TT) u ux meta-
6omToB — pamoKendennnykeycHon (LODYK), romoBaHum-
HoBo# (FBK) u 5-ruppokcumHponykeycHoi (5-TNMYK) kucnot
OnpeaenanmM MeToAoM 0bpaLleHHO-(pa3HON BbICOKO3IPDEK-
TUBHOW XMIOKOCTHOW XpoMaTorpauu ¢ 3neKTPOXMMUYECKOM
aeTeKumel Ha xpomatorpade Beckman Coulter (Beckman
Coulter Inc., CLLA). XpomaTorpaduueckas cucteMa BKIOYa-
na unxektop Rheodyne 7125 (Rheodyne LLC, CLLA) ¢ netneit
Ha 20 MKN 4na HaHeceHus 06pasLoB, KONOHKY Phenomenex
(4,6x250,0 MM) ¢ copbeHTom Sphere Clone 5 u 0DS(2) (Phe-
nomenex Inc., CLLA) n amnepoMeTpuyeckuin getextop LC-4C
BAS (Bioanalytical Systems Inc., CLLUA). KoHueHTpauuto nc-
CrefyeMblx BellecTB onpegensnv npu noteHumane +0,70 B.
lMopBmxHas dasa conepxana 5,5 MM untpatHo-docdartHoro
bydepa c 0,7 MM oKkTaHcynbdoHoBom kucnoton, 0,5 MM EDTA
1 7,5 % auetonutpuna (pH 3,0). CkopocTb 3nt0LMM NOABUKHON
¢asbl — 1 M/I/MUH, BpeMs aHanu3a 0fjHOM Npobbl — OKOMo
20 MuH.

Pe3ynbTtathl 0bpabaTbiBanu C Ucnonb30BaHMEM MaKe-
Ta MpuKnagHblx nporpamm GraphPad Prism, Bepcus 6.0
(GraphPad Software, CLLA). [lns nonapHoro cpaBHeHus rpynn
NPUMEHSNKU HenapHbld t-kputepuin CrblogeHTa. Pasnnuus
MeXy OOHOMMEHHBIMM MOKa3aTeNsMK1 NIeBOM W NPaBoii CTo-
POH M03ra OLEHMBanu No napHoMy t-kputeputo CTblofeHTa.
Pasnuumnsa cuntanm cratucTudecku sHauumbiMmn npm p < 0,05.

PE3Y/IbTATbI

BbikntoueHne Kopbl npaBoro nonywapusa (BIM) y Bcex
MbILLEI, MOABEPrHYTHIX AaHHOW MPOLeAYpe, COMPOBOXAA-
NoCcb NOBOPOTOM rONOBbLI BrpaBo, B pe3ynibTaTe Yero Ju-
BOTHOE MPWOOpeTano TEHAEHUMIO K LBUMXEHUIO MO YacoBOM
cTpenke. BaxHo oTMeTUTb, YTo ABMMKEHUe BblNO Henpopon-
KUTENbHBIM M NPOMCXOAWI0 CPa3y NOCIe NOMELLLEHUS KUBOT-
HOr0 Ha ropM30HTaJTbHYI0 MOBEPXHOCTb. CNOHTaHHOI poTauuu
Mbl He Habnpanu. Y XUBOTHbIX C BbIK/IOYEHHOW KOPOK fe-
Boro nonywapus (B/1M) He obHapyeHo 3aKOHOMEPHbIX Npo-
AIBMIEHWUN NO3HON aCUMMETPUM.

W3meHeHus cofiepKaHnsl MOHOAMUHOB U MX METabonnToB
B Kope 60/ibLUMX NonyLUapui NpeacTaBneHs! B Tabn. 1.

Y MbILLEN C MHTaKTHBIM MO3MOM B KOPE JIEBOI0 NoyLLapus
ypoBeHb [IA 6bin Bhiwe, YeM B Kope npasoro. [Mpu BJ1M ypo-
BeHb [1A B npaBoii kope Bo3pacTtan (p < 0,05) u acumMeTpus
ucyesana. lpwv BJ1I Takxe yBenuumsanock cogepxanue MBK
B KOpe npaBoro (KoHTpanatepankHoro) nofywwapus (p < 0,05).
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Tabnuua 1. Bnmsaxue GpyHKLMOHANBHOTO BEIKIIOYEHUS! KOPbI OAHOMO M3 NONYLLIAPWI Ha COAepKaHUe MOHOAMUHOB U X MeTabonnToB B Kope

BonbLuMX nonyLLapuid ronoBHOro Mo3ra y 6enbix 6ecnopoaHbIX MbiLLei

Table 1. Effects of functional inactivation of the cortex of one of the hemispheres on monoamine content and their metabolites in the brain

cortex in white outbred mice

lpynna xuBoTHbIX (Bo3aencTBUE)

Mapametp BLIKJIIOYEHNE KOpbl BLIKJIIOYEHUE KOpbl
NIOKHOONEPUPOBAHHEIE neBoro nonywapus npaBoro nonywapus
Mo oTHOLLEHUHO K MccneayeMoil - uncu- KOHTpa- KOHTpa- uncu-
CTOpOHE Mo3ra
CropoHa Mo3ra JleBas MpaBas JleBas MpaBas JleBas MpaBan
HopapapeHanu 019+£005 022+003 0,14+003 0,18+0,01 021004 0,09 +0,01%®
p =0,0593
Hodamut 0,13£0,03 0,07+0,03*° 0,18+0,05 0,16+0,03* 0,13 0,01 0,14+ 0,03
JIOOYK 0,11 0,01 0,06 + 0,01 0,13+£0,02 0,15+0,01 0,13+0,04 0,11 + 0,06
NO®YK/nopamun 0,73+0,13 1,16 + 0,01 099+026 126+0,40 1,07+0,28 0,97 + 0,35
IBK 0,08 + 0,01 0,08 + 0,01 0,12+0,02 0,12+0,01* 0,09+0,01 0,13+ 0,03
IBK/modamuH 065+0,177 090=+03 077+0,14 087+023 0,76 +0,14 0,89 +0,11%¢
5-IT 0,18+0,04 0,13+002 0,14+003 020+0,04 0,18 +0,03 0,17 £ 0,01
5-TUYK 025+002 023+£002 023+001 021+001 0,22+0,01 0,28 + 0,02##C
5-TWYK/5-TT 14+0,3 1,75 £ 0,24 1,65+023 1,18+0,17 1,42+0,23 1,69 + 0,20

IMpumeyarue: *p < 0,05, ®)p = 0,0593 — 0TANMUMA OT COOTBETCTBYIOLLLEMO MOKA3aTeNs, N3MEPEHHOT0 Y NOXHOO0NePUPOBaHHbIX XUBOTHBIX; p < 0,05,
#p < 0,01 — poCTOBEPHbIE Pa3NMuMA Pe3yNLTATOB BLIKIKUEHUS KOPbI MONYLIAPUS, MNCU- U KOHTPANATEPasbHOTO N0 OTHOLUEHWIO K CTOPOHE
n3MepsieMoro napametpa; “¢p < 0,05 — nposBneHns acuMMETpUn (pa3nnyna Mexay COOTBETCTBYIOLUMMM NOKa3aTeNAMM NIEBOI 1 NpaBoiA CTo-
poHbl Mo3ra) no t-kputeputo CrblopeHTa. 5-IT — cepotoruH; JOOYK — pauokcudenunykcycHas kucnota; FBK — roMoBaHWnMHOBas KuUcnota;

5-TUYK — 5-rmppoKcumMHaoNyKCycHas Kucnota.

Note: "p < 0.05, ®p = 0.0593, differences from the corresponding index measured in sham-operated animals; *p < 0.05; #p < 0.01, reliable
differences between the results of the cortical silencing of the hemisphere, ipsilateral and contralateral to the side of the measured parameter;

#AC

p < 0.05, asymmetry signs (differences between the corresponding indices of the left and right sides of the brain) according to Student's

t-criterion. 5-I'T — serotonin; JOOYK — dioxyphenylacetic acid; TBK — homovanilic acid; 5-TMYK — 5-hydroxyindoleacetic acid.

B Kope bonbLumx nonywuapuii y benbix 6ecnopoaHbIX Mbl-
wen copepxaHue HA [ocToBepHO He M3MeHANOCh. ToMbKO
npu BIM 6bina oTMeYeHa TEHAEHUMS K CHUKEHWIO YPOBHS
AaHHoro Mepuatopa cnpasa (p = 0,0593). OgHako ypoBeHb
HA B npaBoii Kope Ha doHe BII 6bin foCTOBEPHO HUMe,
yeM aHanoruyHbli napametp nocne BJIM (p < 0,05). Kpome
Toro, npu BII Bo3HMKana npaBOCTOPOHHSAS acUMMETpUSA
no cootHowweHruto BK/LA (p < 0,05) n 5-TUYK (p < 0,05) (cm.
1abn. 1). OcobeHHocTb n3MeHenus 5-TUYK B npaBoii Kope
3aK/toyanack B ToM, yto npu BJIMN paHHbIA noka3atenb He-
CKOJIbKO CHancs, a npu BIM — nosbiwancs. B pesynbrarte
copepxanve 5-TMYK B npaBoii Kope «BbIKIOYEHHOMO» MOJTy-
wapusa (npu BIM) okasbiBanock Bbilue, YeM B NpaBoi Kope
«aKTvBHoro» nonywapusa (npu BJM) (p < 0,01, cm. Tabn. 1).
TakuM 06pa3soM, addeKTbl PyHKUMOHaNbHOro BIM He Obinin
3epKaibHbIM OTpaXKeHWEM Pe3y/bTaToB aHaNorMyHoro BAms-
HWS Ha NEBYHO KopY.

B runnokamne y benbix becrnopoaHbix Mbiwweii B npu-
BOAMNO K bunatepanbHoMy cHUxeHuto ypoBHs HA (p < 0,05)
W K NOsIBNEHMI0 acuMMeTpum ¢ npeobnagainem HA B Kok-
TpanatepanbHoM (npasom) nonywapun (p = 0,0538, Tabn. 2).
Mpu BIM copepxaHne HA ymeHblianocb TOfbKO CrieBa
(p < 0,05). Mpu yHMNaTepanbHOM BLIKIIOUYEHWUM KOPbI B KOH-
TpanaTepanbHOM MMNMOKaMMe YBEMYMBANOCh COAEpIaHue
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JIA (p < 0,05). B ommume oT Kopbl 60NbLUMX NONYLIAPUIA, Foe
aHanoruyHein addekT Habnopanca Toneko npu BJIN, ypo-
BeHb [IA B KOHTpanatepanbHOM rWMMOKaMme MOBLILIANCS
Kak npu BN (p < 0,05), Tak 1 npu BNM (p < 0,05, cM. Tabn. 2).
B runnokamne y KOHTPOSbHBIX MbILIEN BbISBEHA TEHLEH-
UMSA K acCMMMeTpuM noKasatenen 5-T-3pruyeckoin cucTeMml:
npeobnapanue 5-IT cnpasa (p = 0,0783) u cooTHoLeHMs
5-TWYK/5-IT cnesa (p = 0,0994). Mop, Bo3peticteueM BIIM 3tn
TEHAEHLMU NepepacTanu B 0CTOBEPHbIE pasnnuus (p < 0,09).
BMNM cka3biBanoch Tonbko Ha cooTHowenun 5-TUYK/5-TT,
BbI3bIBas aCUMMETPUIO C NpeobnafaHneM 3TOr0 NoKasatens
Ha CTOPOHE «BbIK/IOYEHHOMO» MofyLuapus. N3MeHeHus, Ko-
TOpble MPOUCX0AMTK B 060HATENLHOM Byropke Nof BAMSHUEM
(YHKUMOHaNBbHOW MHAKTUBALMW KOPbI OHOTO U3 MOMyLLapui,
TaKKe He OblM 3epKanbHO CUMMETPUYHBIMK (Tabn. 3). Tak,
npu BIM B uncunatepanbHoM (neBoM) 060HATENbHOM Oyrop-
Ke yBenuuueanock cogepxanue MBK (p < 0,01), yto conpo-
BOX[OaNocb Bo3pacTaHueM cooTHoweHus TBK/OA (p < 0,05)
W NOSIBNEHWEM NEBOCTOPOHHEN acMMMETPUMU MO AaHHOMY
nokasatento (p < 0,01). Mpu 3toM B KoHTpanatepanbHOM
(npaBoM) 060HATENBLHOM 6OYropke yMeHbLUANoChb COOTHO-
wenve JOOYK/IA, v 310T napaMeTp CTaHOBW/ICA acMMMe-
TpuuHbIM (p = 0,0536). BIIM, HanpoTuB, NpUBOAWIO K BO3-
pacTaHuio cooTHowenus [JOOYK/[IA B KoHTpanaTepanbHOM

0.17816/phbnb30267
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Tabnuua 2. BnusHue YHKUMOHAMBHOMO BbIK/HOYEHWUS KOPbI OAHOMO M3 MOMyLIApUA Ha COAEPKaHWe MOHOAMWHOB U WX MeTabonuToB
B runnokamne y benbix 6ecnopofHbIX MbiLLEN

Table 2. Effects of functional inactivation of the cortex of one of the hemispheres on monoamine content and their metabolites in the
hippocampus in white outbred mice

Ipynna xuBoTHbIX (Bo3peicTBuE)

Napaverp H0OMEDMDOBAHHSI BLIKJIIOYEHHE KOpbl BLIKJIIOYEHUE KOpbl
JIOKHOONEPUPOBAHHEIE neBsoro nonywapus npasoro nonywapus
Mo oTHoWeHWIO K uccne- - uncm- KOHTpa- KOHTpa- uncm-
[JyeMoM CTOpOHe Mo3ra
CropoHa Mo3ra JleBas lpaBas JleBas lpasas JleBas lpaBas
HopappeHanu 0,34 £ 0,03 0,39 + 0,03 0,22 +0,03* 0,29 +0,02%#0 0,32 + 0,04* 0,29 +0,03*
p=0,0538

Jodbamun 0,06 + 0,01 0,08 + 0,01 0,07 + 0,02 0,12 £+ 0,01* 0,11 +0,02* 0,11 +0,01
5-IT 0,45 + 0,04 0,55 + 0,05 0,44 + 0,03 0,50 + 0,05%¢ 0,48 + 0,04 0,42 + 0,05
5-TNYK 0,36 + 0,04 0,38 + 0,05 0,38 + 0,02 0,31 £ 0,03"¢ 0,37 £ 0,03 0,39 + 0,04
5-TUYK/5-TT 0,80 + 0,03 0,70 + 0,06 0,87 £ 0,09 0,66 + 0,10%¢ 0,80+0,08 0,97 +0,10%##C

Ipumeyarue: *p < 0,05 — oTIM4MA OT COOTBETCTBYIOLLIEND NOKa3aTeNs, M3MEPEHHOTO Y JIOXHOOMEPUPOBaHHBIX MMBOTHBIX; *p < 0,05 — goctosep-
Hble PasfMuus Pe3yNbTaToB BbIKIIIOYEHNS KOPbI MOMYLUIAPKSA, UMCU- U KOHTPAaTepasibHoro Mo OTHOLUEHWID K CTOPOHE M3MEPSIEMOT0 NapaMeTpa;
#Cp < 0,05, ¥AC p = 0,0538 — nposBNeHUs acuMMeTpUK (Pa3NMuNS MeX Iy COOTBETCTBYHOLLMMM NOKa3aTeNsMM JIeBOIA U NPaBoii CTOPOHLI MO3ra)
no t-kputepuio CrblopeHTa.

0603HayeHns CM. B NpUMeYaHum K Tabn. 1.

Note: *p < 0.05, differences from the corresponding index measured in sham-operated animals; *p < 0.05, reliable differences between the results
of the cortical silencing of the hemisphere, ipsilateral and contralateral to the side of the measured parameter; *¢p < 0.05, ¢ p = 0.0538,
asymmetry signs (differences between the corresponding indices of the left and right sides of the brain) according to Student’s t-criterion.

Tabnuua 3. BnusHve dYHKUMOHANBHOIO BLIKMYEHWS KOPbI OAHOTO M3 MOJYLIAPUA HAa COLEpPXaHWe MOHOAMMHOB W MX MeTabonutoB
B 000HsATENILHOM Byropke y 6enbix 6eCrnopoAHbIX MbiLLEN

Table 3. Effects of functional inactivation of the cortex of one of the hemispheres on monoamine content and their metabolites in the
olfactory tubercle in white outbred mice

pynna uBoTHbIX (Bo3AeiicTBUE)

Mapamerp BbIKJTIOYEHNE KOpbI BbIK/TIOYEHNE KOpbI
NOXHOONEPUPOBAHHbIE neBoOro nonywapus npaBoro nonywapus
Mo oTHoWeHWIo K uccnepy- - uncm- KOHTpa- KOHTpa- uncm-
€MOM1 CTOPOHe Mo3ra
CropoHa Mo3ra JleBas lpaBas JleBas MpaBas JleBas lpaBas
HopaapeHanuH 0,30 £ 0,03 0,31 £ 0,04 0,31 £ 0,04 0,42 + 0,04 0,27 + 0,03 0,29 + 0,05*
Nodamun 1,28+0,09 1,35+0,15 1,53 +£0,10 1,71 + 0,10%#4¢ 1,41 £ 0,15 1,39 £ 0,16
JI0OYK 0,26 +0,07 0,28 +0,05 0,28 + 0,03 0,21 + 0,04 0,44 + 0,06* 0,38 + 0,04*
JIOOYK/nodamuH 0,20+0,05 0,22+0,03 0,19 + 0,02 0,12 + 0,02%ac 0,32 £0,03%* 0,29 + 0,03
=0,0536
IBK 0,06 +0,001 0,06+001 0,12 +0,01* G,U? +0,01 0,06 + 0,01% 0,09 + 0,01
IBK/modamuH 0,04+0,001 0,05+0,01 0,08 + 0,01* 0,06 + 0,01%¢ 0,04 + 0,01% 0,07 + 0,01
5-IT 0,61 0,05 0,67 0,05 0,61 + 0,03 0,71 £ 0,06 0,51 + 0,04 0,57 + 0,05
5-TNYK 0,16 +0,03 0,23 +0,04 0,19 + 0,04 0,16 + 0,04 0,25+ 0,03 0,25 + 0,01
5-TUYK/5-TT 0,29+0,07 0,36 +0,07 0,31 £ 0,07 0,23+ 0,05 0,50 + 0,06® 0,47 +0,07%
p = 0,0542

IMpumeuarue: *p < 0,05, **p < 0,01, ®)p = 0,0542 — OTAMUMA OT COOTBETCTBYHOLLIENO NOKA3aTeNs, U3MEPEHHOD Y NIOXHOONEPUPOBAHHBIX HMBOT-
HbIX; #p < 0,05, #p < 0,01 — pocToBepHble pasnuumMs pesyNbTaToB BLIKIIOYEHUSA KOPbI NONYLIAPUA, UNCH- 1 KOHTPanaTepasbHoro Mo OTHOLLEHMIO
K CTOpOHe n3MepseMoro napametpa; "¢ p < 0,05, #4¢p < 0,01, ¥ACp = 0,0536 — nposBNEHMA aCUMMETPUM (PA3NIUNSA MEXY COOTBETCTBYIOLLINMA
MoKa3aTensM1 JIeBOW W NPaBoii CTOPOHbLI Mo3ra) no t-Kkputepuio CTbiofeHTa. 0603HaueHns CM. B NpUMeYaHuu K Tabn. 1.

Note:*p < 0.05, **p < 0.01, ®)p = 0.0542, differences from the corresponding index measured in sham-operated animals; *p < 0.05, #p < 0.01,
reliable differences between the results of the cortical silencing of the hemisphere, ipsilateral and contralateral to the side of the measured
parameter; #¢ p < 0.05, #Cp < 0.01, ¥ACp = 0.0536, asymmetry signs (differences between the corresponding indices of the left and right sides
of the brain) according to Student’s t-criterion.
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(neBom) oboHsTENbHOM byropKe. Takum obpasom, BJTM v BIMN
BbI3bIBA/IM AWAMETPaNibHO MPOTUBOMONOMKHbIE U3MEHEHUS
B KOHTpanatepasbHOM 000HATeNbHOM ByropKe: coOTHOLUE-
Hue NOOYK/OA cnpasa npu BJIM oka3biBanock AOCTOBEPHO
HWKe [laHHOro nokasatens cnesa npu BIM (p < 0,01). Kpome
onucaHHoro 3¢ dekTa, npu Bl B neBoM 060HATENBHOM bY-
ropke ysenuumeanoch copepxatve JOOYK (p < 0,05) u co-
otHoweHune 5-TUYK/5-IT (p = 0,0542) — naHHble U3MEHEHMS
HabnLanMcb UCKNKUMTENBHO NPU NPABOCTOPOHHEM BO3[EH-
cTBuM (cM. Tabn. 3).

B cTpuatyme npu yHunaTepanbHoOM MHAKTVUBALMM OLHOMO
13 nonywapwii yBenuumeanock cogepxanue BK Ha ctopoHe
Bo3gencteua (p < 0,001 — npu BJM v p < 0,05 — npm BN,
Tabn. 4). YKazaHHble M3MeHEHUs COMPOBOXAANUCh NOABNE-
HUeM acuMMmeTpum ¢ bonee BbicokuM ypoBHeM BK B cTpua-
TYME Ha CTOPOHE «BbIK/IO4YEHHOM» Kopbl (p < 0,05). B paHHoM
cnyyae adpdekrbl BIM v BIM 6binn 3epkanbHo cMMeTpuy-
HbiMU. OcTanbHble NOCAeACTBUA YHUNATEPaSIbHON MHAKTU-
BaLMW Kopbl 6blu cneumdmryHbl A1 CTOPOHbI BO3LENCTBUS.
Mpu BIIMN B cTpMaTyMe BO3HMKana acMMMeTpuUS C npeobna-
nanveM [IA ¢ neoii ctopoHbl (p < 0,05) n JOOYK/OA —
¢ npaBoii (p < 0,05), a npu BINM cootHowwenne MBK/LA cnpaBa
OKasblBanocb bosblie, yeM cneea (p < 0,01, cM. Tabn. 4).

ObCYXOEHWUE

Y benbix b6ecnopogHbix Mbiwein npu BIN n3MeHsamch
LEeBATb MOKa3aTeNen: YeTblpe — Ha CTOPOHE BO3AENCTBUS
“ 5 — Ha npotmBononoxHow, a npu Bl uaMeHsnMcb ceMb
MnoKasatenei: TpU — Ha CTOPOHe BO3[EHCTBUSA U YeTblpe —
Ha NPOTMBOMONOXHOA (Tabn. 5). [pn 3TOM eAMHCTBEHHBIM pe-
3ynbTaToM, NPOSABNABLUMMCS BunatepansHo, BbiNo yMeHbLLe-
Hue copepxkanna HA B runnokamne npu BJM. Bce ocTanbHble
3 deKTbl bbinu yHUNaTepanbHbiMK. Cpean 0bHapyXKeHHbIX 13-
MEHEHWIA CrepyeT CreuuanbHo OTMETUTD Te, KOTopble MposiB-
NANUCb 3epKalbHO CUMMETPUYHO HE3aBUCMMO OT TOTO, KaKoe
MMEHHO MoJTyLapye — rpaBoe Wiu neBoe — 6bi1o BbIKIHO-
yeHo. incunarepanbHble 3epKanbHO CUMMETPUYHBIE IPQEKTI
BKJIHOYaNM CHXKeHWe ypoBHs HA B runnokamne, noBbILLEHME
ypoBHs [BK B 0boHATeNLHOM byropke u cTpuatyMe, a TaKxe
Bo3pacTaHue cooTHoweHus MBK/JA B 0boHsATeNbHOM Byropke.
Kpome Toro, kak npw BJ1M, Tak u npu BIM ysennumBanock co-
Aepxanue [IA B KoHTpanatepanbHOM rUnnoKamne.

BaxkHO nopgyepkHyTb, YTo Ha cooTHowenue [OOYK/OA
B KOHTpanartepanbHoM 000HATENIbHOM BYropKe BbIKIIOYEHME
KOpbl NEBOr0 ¥ NpaBoro NoNyLIapys OKasbiBano NpoTUBONO-
noxHoe Bo3genctaue: npu BJIMN paHHbIA NoKasaTtesb CHU-
xancsa, a npu BIM nosbiwancs. Mpu BMM B neBoM o060-
HATeNIbHOM OyropKe BO3pacTano COOTHOLUEHWe He TOMbKO
LOOYK/LA, Ho n 5-TUYK/5-TT. MockonbKy obBpasoBaHue
HOOYK u 5-TMYK kaTtanusmpyetcs MOHOAMUHOKCWAA3aMM,
NOKaNM30BaHHbIMW UHTPaHepoHanbHo [6], MoXHO npeano-
IOXMTb, YTO Y KMBOTHBIX JAHHOW Cybnonynsaumm B ycnoBumsx
(yHKumMoHanbHoro BJIM Habnioaanack NOBLILLEHHAA MOHO-
OKCWU[@3Has aKTUBHOCTb B NPaBOM 0OOHATENBLHOM byropke.
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BnuaHne ¢yHKUMOHANBLHOMO BLIK/KYEHUS KOpbl 0f-
HOMO M3 MOMyLUapWi Ha nokasaTtenu obMeHa MOHOAMMHOB
B KOHTpanaTepasbHbIX CTPYKTYpax, No-BUAMMOMY, OTpaKaeT
He TONIbKO y4acTue Kopbl 60MbLUMX NOAYLLApU B perynsauum
CEKPELIMM MOHOAMUHOB, HO M BAXKHYK POSib MeXNonyLuap-
HbIX B3aMMOAENCTBMI B AaHHOM npouecce. 0bHapyxeHHas
cneumdmrka 3bdEKTOB BbIKOYEHUSA KOPbI EBOTO W NpaBoro
nonyLlapust MoOXeT ObITb 00ycnoBneHa acMMMeTpUen cucTe-
Mbl KOMUCCYPasibHBIX CBS3EM, XapaKTepHon ans benbix bec-
nopoaHbIxX Mbiwweii [7]. lpoBepeHHoe Hamu paHee Mopdo-
noruyecKoe UccrefoBaHue 0CobeHHOCTel KOMUCCYpasbHbIX
cBAisen y benbix 6ecnopogHbiX Mbiwen [7] cBULEeTeNbCTBY-
€T B M0Mb3Yy NyYLIEro pasBUTUS KOMUCCYPabHbIX BOJIOKOH,
obecneumBaloLLMX BO3AENCTBAE TEMEHHOW KOpbl MPaBoro
nosyLapust Ha CMMMETPUYHBIE 06nacTy NieBoro. ocKonbKy
TEMEHHas Kopa Y rpbi3yHOB B OCHOBHOM aKTUBMPYETCA CO-
MaTOCEHCOpHbIMM CTUMynamu [8], BeposiTHO, Kopa MpaBoro
nonywwapus y benbix 6ecnopofHbIX MbILLEN UrPAET BeAYLLYH
Po/ib B PErynsUMM COMaTMYECKOW YyBCTBUTENBHOCTH. B Ha-
LUMX IKCTIEPUMEHTaX ToMbKO ByHKUMoHanbHoe B Bbi3biBa-
N0 Y JaHHOM JIMHUW KUBOTHBIX TEHAEHLMIO K Urcunarepanb-
HoMy cHueHuto ypoBHS HA B Kope (p = 0,0593, cM. Tabn. 5),
YTO KOCBEHHO NOATBEPKAAET 3TO NPEANONOMKEHWE.

ObpawyaeT Ha ceba BHUMaHWe, yTo y npu BJIMN ypoBeHb
HA B runnokamne cHuxanca bunatepanbHo, a npu Bl —
TONbKO cnpasa (cM. Tabn. 5). 310 no3BoNAET NPeAnoNOKMTb,
4YTO KOMMCCYpa rMnMoKama, Kotopas ocTanachb 3a paMKamu
uccnenoBaHus [7], Takxke acMMMeTpPUYHas.

B cBA3M ¢ 0cOBEHHOCTAMM BIMSIHUSA yHUNaTepanbHoi
MHaKTMBALMWU KOpbl OJHOMO M3 NONYLLApWUiA Ha MOHOAMUHEp-
TMYECKME CUCTEMbI [JOPCANIbHOMO M BEHTPAsbHOTO CTpUaTy-
Ma cnepyet obCyauTb aCMMMETPUIO MO3bl, KOTOpasi O0TMeYe-
Ha y Bcex benbix 6ecnopoaHbix Mbiwen Ha doHe BIM. ta
acuMMeTpus Habntopanack y Bcex ocoben 1 coctosna B «Ha-
KNOHe» rofoBbl OTHOCUTENLHO TeNa BMPaBo, KaK 310 00bIYHO
MPOUCXOAMT MPX MOBOPOTE KUBOTHOTO B MpaBYld CTOPOHY.
Mpu 3TOM acMMMeTpus NMo3bl He NMPUBOAMNIA K 3aMETHOMY
M3MEHEHMIO NTOKOMOTOPHOM aKTUBHOCTM JKMUBOTHbIX, HO, ECITU
nobecrnoKoUTb KMBOTHOE, OHO He ABUranocb Mo NpsMON,
a coBepLLasio NOBOPOT HampaBo. B paHHux paborax, moces-
LLEHHBIX CBSA3WU acUMMETPUM A0DaMUHEPTUYECKON CUCTEMBI
CTpUaTyMa M ABWUraTefIbHOr0 MOBEAEHUS Y KPbIC, OMMCAHO
BpaLLeHWe XUBOTHbIX nog, AeiictBueM ambeTammHa [9]. Ta-
Koe MoBefeHUe COMpOBOXAANOCh acMMMETpUel ypoBHs [IA
B CTPMaTyMe: OH Bbin BbllLe HA CTOPOHE, NPOTUBOMOMOKHO
npeanoYMTaeMoMy HanpaeneHuio Bpailenus [9]. OgHako,
M0 HaLWIUM AAHHBIM, Y 6enbix 6ecnopoAHbIX MbILLEN YHUNaTe-
panbHasi MHAKTUBALMs KOPbI BbI3bIBAET B MMCUNATEPaibHOM
cTpuatyme nosbieHne yposHsa BK. lMockonbKy Katexon-0-
MeTunTpaHchepasa, onpenensiolas obpasosaque [BK us [1A,
NOKanu3oBaHa 3KCTpakseTouHo [6], yposeHb BK MoxHo
CUMTaThb NOKA3aTeNeM WHTEHCUBHOCTU CUMHANTUMYECKOTO Bbl-
bpoca [A. TakuM obpa3oM, HenocpeCcTBEHHBIM pe3ynbTaToM
(YHKUMOHANBHOMO BBIKJIOYEHUS KOPbI 0AHOTO W3 MOJTyLLIApUK,
no-BuaMMOMY, SIBNISeTcs ycuneHue Belbpoca [JA Ha cTopoHe
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Tabnuua 4. BnusHue YHKUMOHAMBHOMO BbIKMHOYEHWUS KOPbI OAHOMO M3 MOMyLIApWUA Ha COAEPKaHWe MOHOAMWHOB U WX MeTabonuToB
B CTpMaTyMe y benbix 6ecnopofHbIX MbiLLei

Table 4. Effects of functional inactivation of the cortex of one of the hemispheres on monoamine content and their metabolites in the
striatum in white outbred mice

Ipynna xuBoTHbIX (Bo3peicTBuUE)

Napametpbi BbIKJTIOYEHNE KOpbI BLIKJTIOYEHNE KOPbI
NIOKHOONEPUPOBAHHbIE NeBoro nonywapus npaBoro nonywapus

Mo oTHOLEHUHO K ucchne- - uncu- KOHTpa- KOHTpa- uncu-
LyeMoif CTOpoHe Mo3ra
CropoHa Mo3ra JleBas MpaBas JleBas MpaBas JleBas MpaBas
HopapapeHanuu 0,09+0,02 0,12+0,01 0,10 + 0,02 0,12 + 0,01 0,12 + 0,02 0,12 + 0,02
JA 2,13£0,39 2,19 £0,49 2,43 +£0,32 1,45 + 0,10%¢ 2,83 £ 0,45 3,36+ 0,71*
JOOYK 0,66 +0,11 0,66 +0,08 0,58 + 0,12 0,58 + 0,06 0,78 + 0,12 0,91+0,13
JIOOYK/OA 0,33+0,04 0,37 +0,07 0,26 + 0,06 0,39 +0,05 ¢ 0,28 + 0,03 0,35+ 0,06
IBK 0,16+002 0,18+002 0,29+0,02*** 0,17 +0,02%° 0,16 +0,02* 0,28 + 0,04 "t
IBK/DA 0,08+0,01 0,09+0,02 0,13+ 0,02 0,11 + 0,02 0,07 + 0,01% 0,09 + 0,01%#C
5-IT 0,25+0,03 0,25+0,03 0,27 + 0,03 0,27 + 0,04 0,25 0,03 0,30 £ 0,07
5-TUYK 0,30+£0,03 0,31 +0,04 0,32 + 0,04 0,29 + 0,02 0,31 +0,03 0,35+ 0,04
5-TUYK/5-TT 1,31+ 0,21 1,33+0,23 1,19 £ 0,1 1,15+ 0,14 1,33+0,18 1,24 + 0,20

IMpumeuatriue: *p < 0,05, ***p < 0,001 — oTMYMSA OT COOTBETCTBYIOLLIErO MOKA3aTeNs, U3MEPEHHOTO Y NIOKHOOMNEPUPOBaHHBIX UBOTHBIX; p < 0,05,
#p < 0,01 — LocTOBEPHbIE Pa3/NUMs PE3YIILTATOB BbIKIIOYEHNS KOPbI NOMYLLAPWS, UNCKU- U KOHTPA/IATEPAIbHOTO M0 OTHOLLEHMIO K CTOPOHE N3Me-
psieMoro napametpa; "¢ p < 0,05, #ACp < 0,01 — nposBneHma acuMMeTpUM (pasnnuna Mexay COOTBETCTBYIOLMMM MOKA3aTeNsMU IeBOIA 1 NPaBoi
CTOPOHbI MO3ra) no {-kputepuio CTblofeHTa.

0603HaueHus cM. B NpUMeyaHuu K Tabn. 1.

Note: *p < 0.05, ***p < 0.001, differences from the corresponding index measured in sham-operated animals; #p < 0.05, #p < 0.01, reliable
differences between the results of the cortical silencing of the hemisphere, ipsilateral and contralateral to the side of the measured parameter;
#4Cp < 0.05, "°p < 0.01, asymmetry signs (differences between the corresponding indices of the left and right sides of the brain) according to

Student's t-criterion. See Table 1 note for designations.

Table 5. CratucTuecku [OCTOBEPHbIE M3MEHEHUS MOKa3aTeneli MOHOAMUHEPTUYECKUX CUCTEM B CUMMETPUYHBIX CTPYKTYpax nepesHero
Mo3ra 6enbix 6ecnopoaHbIX MblLLel nocne GyHKLMOHANBHOMO BbIKIIOYEHUS KOPbI JIEBOMO 1 NPaBOoro NofyLuapus

Table 5. Statistically significant changes in monoamine metabolism in symmetrical forebrain areas in white outbred mice after functional
inactivation of the left hemisphere and the right hemisphere cortex

Bospencteue
MNapameTpbl
nieBoe nonyiuapue npasoe nonyiwiapue
CropoHa Mo3ra JleBas MpaBan JleBas MpaBas
Kopa bonbLumx nonyLwapuii - TOA - JHA (p = 0,0593)
TIBK
[Mnnokamn JHA JHA TI0A JHA
T0A T5-TUYK/5-TT
060HsTENBHBIN BYropoK TrBK TrBK/OA JN0OYK/OA T000YK
T400YK/[A
T5-TUYK/5-TT
Crpuatym TBK - - TBK

[MpumeyaHue: 3epKarnbHO CUMMETPUYHbIE 3QQEKTbI BbIAENEHbI XUPHBIM KYPCUBOM, MPOTUBOMOMOMHbIE U3MeHeHUs cooTHowweHus [OOYK/IA
B KOHTpanaTepanbHoM 060HATeNbHOM byropke — KypcvBoM. 0603HaueHMs CM. B npuMeYaHuu K Tabn. 1.

Note: Bold italics, mirror-symmetric effects; italics, opposite changes in the DOPAC/DA ratio in the contralateral olfactory tubercle.

See Table 1 note for designations.

WHaKTUBMpOBaHHO Kopbl. Copepxkanne [A yMeHblaetcs, HeobXxoauMo 0TMeTUTb, YTO Y HECOPOAHBLIX MbILLEN Uncua-
CKOpee BCEro, BCIEACTBUE MOBLILUEHHOTO BbICBODOXAEHNA  TepasibHOe NoBbileHue YpoBHs [BK B cTpuaTtyMe u cootseT-
(1, cnefoBaTeNbHO, 3KCTPAKNETOYHOr0 MeTabonuaMa) flaH-  CTBYlOLLAS acMMMETPUA NPOSBIAINCL NPU QYHKLMOHABHOM
HOTO MeAMaTopa W He UMEeT CaMOCTOSATESIbHOMO 3HauYeHMs.  BbIK/OYEeHWM Kopbl Nboro nonywapus. OfHaKo nosHas
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acuMMeTpusa conposoxaana Tobko BIM, npu KotopoM Bbi-
bpoc [JA Bo3pacTan To/bKO B CTPUATyMe, HO He B 06OHs-
TenbHOM 6yropKe (KOMMOHEHTE BEHTPaNbHOMO CTpUaTyMa).
MoHO 3aK/mouuTb, YTO (YHKUMOHANBHOE BbIK/KYEHUE
Kopbl 1l060ro nonywapus NpUBOAMT K MOBBLILLEHMIO Bbl-
bpoca [JA B cTpuatyMe, Ho 3T0 camo no cebe ele He fAB-
nseTca HeobXoaMMbIM YCOBUEM NPOSBNIEHUS ABUTATENIbHOM
cTepeoTunun. U, BONpeKM KNaccMyeckuM MpencTaBieHNAM
[9, 10], nposBNEHNI0 MO3HOW acMMMETpUM cnocobcTyet
He CTONbKO acMMMeTpus Bbibpoca [JA B NoAKOPKOBbLIX 06-
pa30BaHMsX, CKOMbKO AucbanaHc Mexay HUrpoCTpUaTHO
1 Me30/IMMBUYECKOI CUCTEMaMW Ha OJHOW U3 CTOPOH Mo3ra
[11, 12]. B naHHOM cnyyae NoBOpPOT Tesla BMPaBo Obif Bbi3BaH
MOBbILLEHUEM aKTUBHOCTM NPaBOI HUPOCTPUATHON CUCTEMBI
6e3 coOTBETCTBYHLLMX U3MEHEHMI B NPaBOi Me30IUMMbUYe-
cKoi cucteme. CbanaHcuMpoBaHHOe yBenuueHWe Bblbpoca
[A B CTpyKTypax BEHTPasIbHOM0 U JOpPCaNbHOr0 CTPUATYMa,
LAXe eCNM OHO NMPOMCXOAMT YHUNaTepasnbHo, He NMPUBOAUT
K MO3HOM acMMeTpuu.

BbiBOAbI

1. BpoxaeHHas acMMMeTpUst KOMUCCYpasbHbIX CBA3EH,
CBOWCTBEHHasA benbiM BecnopofHbIM MblwaM [7], cKasbiBa-
€TCA Ha MPOSIBNEHUM BAMAHWUA YHWUNATepaNbHOW WHAKTUBA-
LMW Kopbl Ha 06MeH MOHOAMMHOB B CTPYKTYpax MepefHero
Mo3ra. B/ Bbi3biBaeT mncunatepanbHoe CHUKEHWE YPOBHS
HA B runnokamne u yBenndeHue Boibpoca [JA B 06oHsTENb-
HoM 6yropke u cTpuatyMe. KoMnnexkc MoHOaMUHepPruyecKux
3ddekToB Bl He BKNKOYAET COOTBETCTBYHOLUMX U3MEHEHMI
B 060HATENBHOM OYropke.

2. AcumMeTpus no3bl B hopMe «MOBOPOTa» BNpaBo, CBOM-
CTBEHHas BceM 6enbiM 6ecnopoHbIM MbILLIAM C «BbIKJTOYEH-
HOM» KOPOW NpaBOro NoJTyLUapus, Bbi3BaHa He yHUNaTepanb-
HbIM yBenMyeHneM Bblbpoca [IA B NOAKOPKOBLIX CTPYKTYpaX,
a HapyweHueM banaHca Mex gy aKTMBHOCTbIO HUrpocTpuar-
HOM 1 Me30/IMMOUYECKOI CUCTEMaMM Ha CTOPOHE MHAKTUBMU-
POBAHHOIO MOTyLIApUS.
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Morphological changes in the hippocampus
of the rat brain in ischemia and in conditions
of combined preconditioning
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ABSTRACT

BACKGROUND: Preconditioning is effective for increasing the body's resistance to hypoxia/ischemia.

AIM: To evaluate morphological changes in the most hypoxia-sensitive fields of the hippocampus CA1 and CA3 in cerebral
ischemia in rats and under conditions of combined preconditioning.

MATERIALS AND METHODS: Cerebral ischemia was simulated in rats under anesthesia (8% chloral hydrate solution,
400 mg/kg) by bilateral ligation of the common carotid arteries. The combined preconditioning method included the alternate
use of two preconditional factors: pharmacological (amtisol, 25 mg/kg) and hypoxic (hypobaric hypoxia, 410 mmHg; exposure
time, 60 min). Morphometric assessment of brain damage was performed a day after modeling ischemia in the CA1 and CA3
fields of the hippocampus.

RESULTS: Combined preconditioning has a positive effect on the morphometric parameters of the brain during ischemia, including
increasing neuronal survival in the early and late periods of ischemia modeling, preventing the formation of necrotically and
apoptotically altered neurons, hyperactivation of microglial cells, and contributing to endotheliocyte preservation.
CONCLUSIONS: Combined preconditioning (amtisol + hypobaric hypoxia) has a neuroprotective effect in cerebral ischemia.

Keywords: amtisol; preconditioning; cerebral ischemia; hippocampus.
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Mopdonoruyeckue usMeHeHMs B rMNNoKammne
roJIOBHOIO M03ra KpbIC NPU ULLEMUU U B YCJIOBUSAX
KOMOMHMPOBAHHOIO NPEKOHAULUOHUPOBAHUS

B.E. Hosukos, 0.C. JleBueHKoBa, H0.C. KopHeBa

CMONEHCKUI rocyaapCTBeHHbIN MeanLMHCKMIA yHuBepeuTeT, CMoneHck, Poccus

AHHOTALIMA

060cHoBaHue. [pekoHaAMLMOHMPOBaHNE — 3P DEKTUBHBIA METOA NOBbLILLEHMS YCTOMYMBOCTY OPraHU3Ma K rMNOKCUN/LLEMUM.
Lenb — oueHka Mopdonoruyeckux M3MeHeHWn B Haubonee YyBCTBUTENbHBIX K runokcuu nonsix runnokamna CA1 u CA3
NPy ULLIEMMU FOJTOBHOMO MO3ra Y KpbIC U B YCIIOBUAX KOMOMHMPOBAHHOTO NPEKOHAMLIMOHVUPOBAHMS.

Marepuanbl 1 MeTogpbl. Y KpbIC MOLENMPOBAM ULLEMMIO FOJIOBHOTO MO3ra nof, HapKo3oM (8 % pacTeop xnopanruaparta B jo3e
400 Mr/Kr) nyTeM [BYCTOPOHHEN MepeBA3KM 0OLLUMX COHHbIX apTepuii. MeToa KOMOMHWMPOBaHHOTO NMPEKOHAMLMOHUPOBAHUSA
BKJII0Ya/ NO0YEPEHOE NPUMEHEHUE ABYX NPEKOHANLMOHHBIX haKTopoB — hapMaKoiorMyeckoro (aMTmson B aose 25 Mr/kr)
W runoKcudeckoro (runobapuyeckas runokeus, 410 MM pr. cT., BpeMs akcnosvumn — 60 MuH). MopdoMeTpryeckyio oLeHKy
MOBPEXAEHMS FOIOBHOIO MO3ra MPOBOAWNM Yepe3 CYTKM Nocsie MOAenMpoBaHus uwemmu B nonsx runnokamna CA1 u CA3.
PesynbTathl. KoOMOMHMpPOBaHHOE MPEKOHAULMOHUPOBAHUE NONOXUTENBHO BUAET HA MOP(OMETPUUECKME MOKa3aTeNn Mo3ra
Mpu ero WULLIEMUY, YBENMYMBAS BbIKMBAEMOCTb HEMPOHOB B PaHHUIA M NO3JHWI NEpUOAbI MOLENMPOBAHMUS ULLIEMUM, NPENST-
cTBYS 00pa30BaHNMI0 HEKPOTMYECKW M anoNTOTUYECKW U3MEHEHHBIX HEMPOHOB, FMNEPaKTUBALMW KNETOK MUKPOMWM 1 cnocob-
CTBYSA COXPaHEHUIO 3H[OTENNOLIMTOB.

3aksnioyeHmne. KoMbrHMpoBaHHOE NPEKOHANLMOHUPOBaHWe (aMTU30A + runobapuyeckast IMNOKCUSA) OKa3bIBaeT HeponpoTeK-
TOpHOE JeNCcTBUE NMPU WULLEMUW TONTOBHOMD MO3ra.

KnioueBble cnoBa: aMTu3on; NPEKOHAMLMOHMPOBAHKNE; NULLIEMUA TONIOBHOIO MO3ra; rMnnoKamn.
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BACKGROUND

Over the past decades, cerebral ischemia is a
leading cause of mortality and disability worldwide [1].
Preconditioning is an effective way to increase the body’s
tolerance to hypoxia/ischemia, including cerebral ischemia.
[t mobilizes the body’s physiological reserves under the
influence of preconditioning, such as short-term and repeated
sublethal ischemia or hypoxia [2, 3]. Preconditioning can be
induced by drugs from several pharmacological classes
[4-8]. Nevertheless, pharmacological preconditioning is
less effective than physical methods regarding the extent
of protective effect [9]. Conversely, pharmacological agents
can be used to enhance the impact of physical methods
of preconditioning, thereby reducing the effect of physical
factors [8-10]. Experimental studies demonstrated that the
combination of pQ-4 compound with moderate hypobaric
hypoxia significantly increased the survival rate of rats with
cerebral ischemia and reduced neurological deficits in the
postischemic period [11].

This study aimed to assess morphological changes
in the most hypoxia-sensitive hippocampal CA1 and CA3
regions during brain ischemia in rats and under conditions
of ischemia modeling following combined pharmacological-
hypoxic preconditioning.

MATERIALS AND METHODS

The study included 38 white Wistar rats (Scientific Center
for Biomedical Technologies of the Federal Medical and
Biological Agency, Stolbovaya, Russia) weighing 200-230 g.
The studies were conducted in accordance with the Rules of
Laboratory Practice (Order of the Ministry of Health of Russia
no. 199n, dated April 1, 2016).

Combined preconditioning (CPreC) involved the alternate
application of two preconditioning factors: pharmacological
and hypoxic. On experiment days 1, 3, and 5, the animals
were intraperitoneally injected with amtisol at 25 mg/kg.
On days 2, 4, and 6, rats were subjected to moderate
hypobaric hypoxia (410 mmHg; exposure time: 60 min) [11, 12].
Following the final session of CPreC, the rats were subjected
to a model of cerebral ischemia under anesthesia (8%
chloral hydrate solution at 400 mg/kg) through bilateral
ligation of the common carotid arteries. The experimental
animals were divided into four groups: 1 control group with
ischemia, two experimental groups of CPreC with ischemia
(CPreC Isch), one hour after preconditioning (CPreC Isch
after one hour), and 48 hours after preconditioning (CPreC
Isch after 48 hours).

The degree of brain damage was assessed 1 day after
surgery using morphometry. The brain was fixed in 10% neutral
buffered formalin. Brain slices 5-pm-thick (3.8 + 0.2 mm
posterior to the bregma [13]) were prepared after standard
pouring in paraffin and stained with hematoxylin and eosin
and toluidine blue according to the Nissl method. The
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number of neurons in the hippocampal CA1 and CA3 fields
was quantified in 10 non-overlapping fields of view at
x400 magnification (Carl Zeiss, Germany). The following cell
types were counted: normal (unchanged), reversibly damaged
(hypochromic), and irreversibly damaged neurons (apoptotic,
hyperchromic) and necrotic cells (shadow cells). Additionally,
microglia cells and endotheliocytes were counted.

The results were statistically analyzed using the Stat
Plus Pro 7.0.1.0 program. The Mann-Whitney (U) test was
employed to identify differences between the studied
indicators in the compared two independent samples.
When comparing a larger number of independent samples,
the Kruskal-Wallis rank analysis of variance (H-criterion)
was used (p < 0.05). Descriptive statistics by groups are
presented as median and percentiles (@;; @,).

RESULTS

A morphometric study of the hippocampus of
rats with ischemia revealed pronounced, widespread
pathomorphologic changes 1 day after surgery compared
to falsely operated animals. In animals with ischemia,
pyramidal neurons in the hippocampal CA1 and CA3 fields
exhibited absence of normal morphology, in contrast to the
presence of damaged neurons (H = 15.41; p = 0.002 and
H =21.68; p < 0.001, respectively, for the fields), which were
predominantly necrotic (Table 1, Fig. 1).

The number of hypochromic neurons was significantly
lower in the CA1 field than in the group of falsely operated
animals (U = 14; p = 0.032). However, no significant
difference was observed in the number of hypochromic
neurons in the CA3 field (U = 32; p = 0.116). Most neurons
exhibited morphological alterations. Consequently, the
number of hyperchromic neurons was significantly higher
in both hippocampal fields under study compared to the
falsely operated group (U = 45.5; p = 0.042 for CA1 and
U= 6.5 p=0.038 for CA3). Additionally, shade cells were
significantly increased compared to the falsely operated
group in CA1 (U = 56; p = 0.001) and CA3 (U =0; p = 0.002)
fields. Normal macroglia cells in controls with ischemia were
significantly fewer compared to the falsely operated controls
in the CA1 (U = 75; p = 0.017) and CA3 (U = 37, p = 0.022)
fields. Concurrently, no significant differences were found in
the number of dystrophically altered macroglia cells in the
CA1 (U=18; p=0.247) and CA3 (U= 27; p = 0.391) fields. The
number of microglia cells, which are particularly reactive in
ischemic brain injury, increased in the CA1 (U = 44; p = 0.05)
and CA3 (U = 4.5; p = 0.018) fields compared to the group
of falsely operated animals. One day after ischemia, the
number of endothelial cells was lower than in the group of
falsely operated rats in the hippocampal CA1 field (U = 10;
p = 0.037), but not in the hippocampal CA3 field (U = 31;
p = 0.153).

When ischemia was simulated 1 hour (early period) and
48 hours (late period) after CPreC with amtisol (CPreC-Amt),
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positive morphological changes were noted in hippocampal
CA1 and CA3 fields compared to ischemic controls (Table 1,
Fig. 2).

A comparison of four independent samples, namely, the
group of falsely operated animals, control with ischemia,
and two experimental groups of CPreC-Amt, revealed a
difference in the number of normal neurons (the Kruskal-
Wallis rank H-criterion was used to compare the results
between the groups; H = 87.4; df = 3; p < 0.001). The greatest
number of normal neurons in the hippocampal CA1 field was
observed in the group of falsely operated animals, followed
by the late preconditioning period (CPreC-Amt Isch group
after 48 hours) and then the early preconditioning period
(CPreC-Amt Isch group after 1 hour), with the least number
found in the control group with ischemia. In the hippocampal
CA3 field, similar significant differences in the number
of normal neurons were observed between the studied
groups (H = 54.7; df = 3; p < 0.001). A pairwise comparison
of the number of preserved normal neurons between
groups (Mann—Whitney U-criterion was used) showed that
preserved normal neurons were significantly increased in
the CA3 field than in the control with ischemia (U = 41.5;
p =0.03). The Mann-Whitney U-criterion test presented no
significant differences in the number of preserved normal
neurons between the CA1 field and CPreC-Amt Isch after 1

Tom 15, Ne 2, 2024
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hour (U = 5.0; p = 0.012) or CPreC-Amt Isch after 48 hours
(U=0; p=0.012).

A significant difference was observed in the number
of hypochromic neurons in the hippocampal CA1 field
between the studied groups (H = 15.7; df = 3; p = 0.014).
The most reversibly damaged hypochromic neurons were
identified in the CPreC-Amt Isch group after 48 hours,
followed by the CPreC-Amt Isch group after 1 hour, then
the falsely operated animals, and finally the control group
with ischemia. In the hippocampal CA3 field, the greatest
number of hypochromic neurons were observed in the
CPreC-Amt Isch group after 48 hours, followed by the
CPreC-Amt Isch group after 1 hour, and then in the falsely
operated rats group. The number of hypochromic neurons
was minimal in the control group with ischemia (H = 25.7,
df = 3; p <0.001). In pairwise comparisons, a relatively
high number of hypochromic neurons was observed in the
CPreC-Amt Isch group than in controls with ischemia. This
was noted for both the CA1 and CA3 fields after 1 hour
(U=34.5;p=0.05and U = 38.0; p = 0.015, respectively). The
number of hypochromic neurons was significantly higher in
the CPreC-Amt Isch group than in the control group in the
CA1 and CAS3 fields after 48 hours (U = 4.0; p = 0.008 and
U = 6.0; p = 0.018, respectively). No significant differences
were observed between the experimental groups of CPreC

Table 1. Morphometric changes in the hippocampus during cerebral ischemia and under preconditioning

Animal groups
Hippft?cladmpal Cells Preconditioning with amtisol + ischemia
e Falsely operated Ischemia
Early period Late period

CA1 NN 19 (15,3; 28,6) 0 (0; 0) 0 (0; 3,9 3(0; &)
HN 8,2 (5,8; 12,7) 1(0; 1)~ 15,7 (12,6; 24,5) 29 (22,7; 35)
HRN 1,2 (0,3; 2,2) 16,5 (75; 18,5) 2,2 (2; 2,8) 0(0; 0,2)*
SCs 2(1,6; 2,1) 20 (18,2; 28,2) 15,8 (6; 18,0)* 14 (10,7; 14,5)**
NMG 175 (12,8; 26) 6 (1;12)* 15 (12; 15) 95 (8; 11,5)
DAM 6,5(4,7,73) 3(0,58,2) 78 (6,3; 8,8) 75 (5,5; 8,0)
McG 3,5(2,3; 4) 12,5 (4; 20)* 3,8 (3,5; 4) 5,5 (4,5; 10)
EC 11(78; 14,1) 6 (3,7; 6,5) 15 (12; 15,4) 17 (13; 19)

CA3 NN 23,7 (20; 26,2) 0 (0; 0,5) 75 (3,3; 97+ 8,5 (3,2; 26,5)
HN 5,0(4,2; 8,3) 0(0; 4,2) 1,2 8,7 13,3 13,5 (3,5; 30,5)
HRN 2(0,6; 3,3) 15 (11,2; 16,5)* 1,5 (0,6; 2)* 2(1; 3)
SCs 0(0; 2,6) 27 (26,5; 28,5)* 8 (6,2; 13,5)* 8 (4,7; 10,5)**
NMG 14,7 (11; 15,8) 6(2,5; 8,7) 11,2 (10,2; 1,8)* 8 (6,2; 14,7)
DAM 52 (4,2;5,8) 45(2;55) 8 (6,2; 97 7(4,2; 8)
McG 2,5(1,6; 3) 12(77; 22,5) 55582 5,5 (4,7, 7)**
EC 72 (5,8; 10,1) 6(4;7) 14 (10,2; 17)* 13 (12; 15,5)*

Note: *, indices [median (@Q;; @,)] are significantly different from the sham-operated group (control); #, from the control group with ischemia;
+, from the group of combined preconditioning with amtisol in the early period at p < 0.05; Mann—Whitney U-criterion. NN, normal neurons;
HRN, hyperchromic neurons; HN, hypochromic neurons; SCs, shadow cells; NMG, normal macroglia; DAM, dystrophically altered macroglia;

McG, microglia; EC, endotheliocyte.
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Fig. 1. Zones CA1 (g, c, e) and CA3 (b, d, f) fields of the hippocampus of the rat brain with simulated ischemia. The histoarchitecture is
unclear, cellularity is sharply reduced, pronounced pericellular edema, foci of destruction in the brain tissue. e, f: in both zones, there
are no normal neurons, and almost all neurons are hyperchromatic, wrinkled, reduced in size, lacking processes; single sharply swollen
macroglial cells are detected; capillaries are not detected; maximum number of microglial cells. Hematoxylin—eosin staining. Magnification

for a, b, ¢ x 200, for d x 100, for e, f x 400

with amtisol (U = 28; p = 0.317 for CA1 and U=21; p=0.715
for CA3).

The number of hyperchromic neurons in the hippocampal
fields CA1 and CA3 exhibited significant differences between
the studied groups (H = 33.1 and H = 30.1, respectively, for
CA1 and CA3; df = 3; p < 0.001). Considerable apoptotic
hyperchromic neurons were observed during ischemia,
followed by the CPreC-Amt Isch group 1 hour after ischemia
onset, then by the group of falsely operated animals,
and finally by the CPreC-Amt Isch group 48 hours after
ischemia onset. A pairwise comparison found that the
number of hyperchromic neurons was significantly lower
in the CPreC-Amt Isch group after 1 hour in the CA3 field
(U=10.5; p = 0.003) than in the control group with ischemia.

This was further observed after 48 hours in both fields
(U = 44.0; p=0.004 for CA3). The results indicated that the
protective effect against neuronal apoptosis in the CPreC-
Amt Isch group was greater when CPreC-Amt was used
48 hours before surgery (U = 40.5; p = 0.005 for the CA1
field) compared to after 1 hour (U = 0.5; p = 0.003 for the
CA3 field).

The number of shade cells in the hippocampal CA1 field
significantly differed between the studied groups (H = 67.3;
df = 3; p < 0.001). The control group with ischemia exhibited
the highest number of cells, followed by the CPreC-Amt Isch
group after 1 hour, CPreC-Amt Isch group after 48 hours,
and falsely operated animals group, which exhibited the
lowest number of cells. The same ranking was observed

DOl https://doiorg/ 10.17816/phbné26415



122

MCVXOHEPOMAPMAKOSIOT /S

Tom 15, N° 2, 2024

ﬂCMXOCbapMaKOﬂDI'I/IFI V1 DVIONOrYecKas] HapKonoryd

S

Fig. 2. Zones CA1 (a, c¢) and CA3 (b, d) of the hippocampus of the rat brain (combined preconditioning with amtizol, early period).
The histoarchitecture can be traced, the cellularity is relatively preserved, and there is pronounced perivascular and, in some places,
pericellular edema. Both zones: single normal neurons are found (more in the CA3 field); hyperchromic neurons are present. CA1 field:
shadow cells and hypochromic neurons are detected; macroglia are partially preserved; capillaries are identified, but their endothelium is
absent in places; single microglial cells appear. Hematoxylin—eosin staining. Magpnification for a, b x 200, for c, d x 400

for the CA3 field regarding the number of shade cells in the
studied groups (H = 69.2; df = 3; p < 0.001). The highest
number of cells were observed in the control group with
ischemia, followed by the CPreC-Amt Isch group after 1
hour, and then the CPreC-Amt Isch group after 48 hours,
and the lowest number was observed in the falsely operated
(control) group. In pairwise comparisons, the number of
necrotic neuron-shadow cells was lower in the CPreC-
Amt Isch group after 1 hour than in the control group with
ischemia only in the CA3 field (U = 2.0; p = 0.006). After
48 hours, it was lower in the CPreC-Amt Isch group in both
hippocampal fields (U = 44.0; p = 0.012 for CA1 and U = 48.5;
p =0.002 for CA3).

A significant difference was observed in the number of
normal macroglia cells in the hippocampal CA1 field between
the studied groups (H = 33.5; df = 3; p < 0.001). The falsely
operated animals exhibited the highest preservation level,
followed by the CPreC-Amt Isch group after 1 hour, then
the CPreC-Amt Isch group after 48 hours, and finally the
ischemic animals, which exhibited the lowest preservation
level. In the hippocampal CA3 field, the number of unaltered
macroglia cells was significantly different between groups
(H =122; df = 3; p = 0.007). It was better preserved in

D0l https://doiorg/ 10.17816/phbnb26415

the false-operated group (control), then in the CPreC-Amt
Isch group after 1 hour, and in the CPreC-Amt Isch group
after 48 hours. The group with ischemia exhibited the
least preservation. A pairwise comparison of the number
of normal macroglia cells between groups showed a
significant difference only for the CPreC-Amt Isch group
after 1 hour when compared to the control group with
ischemia in the hippocampal CA3 field (U = 37; p = 0.022).
When dystrophically altered macroglia cells were identified,
no significant differences were found in the studied groups
in both the CA1 (H = 5.4; df = 3; p = 0.142) and CA3 (H = 11.3;
df = 3; p = 0.103) fields.

A significant difference was noted in the number of
microglia cells in both hippocampal fields between the
studied groups (H = 17.4; df = 3; p = 0.006 for CA1 and
H=29.8; df = 3; p < 0.001 for CA3). The highest number of
microglia cells was observed in rats in the control group
with ischemia and the lowest number in the CPreC-Amt Isch
group after 48 hours. Furthermore, the number of microglia
cells was lowest in the falsely operated animals. A pairwise
comparison of the number of microglia cells revealed that
the number of microglia cells in the experimental group of
CPreC-Amt Isch after 1 hour was not statistically different
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from the number of microglia cells in the group of falsely
operated animals (U = 29.5; p = 0.477). However, it was not
significantly less compared to the control. The number of
microglia cells in the hippocampal field CA1 was greater for
the group with ischemia (U = 12.5; p = 0.224) than for the
falsely operated animals group (U = 4; p = 0.024), but not
significantly different from that of the control group with
ischemia (U = 11; p = 0.153). The number of microglia cells
was significantly lower in the CPreC-Amt Isch experimental
group than in controls with ischemia for the hippocampal
field CA3 (U = 21; p = 0.03) after 48 hours. However, no such
changes were found for the hippocampal field CA1 (U = 18.5;
p = 0.443).

A significant difference was observed in the number of
endothelial cells in the hippocampal fields CA1 and CA3
between the groups (H = 31; df = 3; p < 0.001 for CA1 and
H = 34.2; df = 3; p < 0.001 CA3). The greatest number of
endothelial cells was observed in the CPreC-Amt Isch rats
after 48 hours, followed by the CPreC-Amt Isch group after
1 hour, then the falsely operated animals, and finally the
control group with ischemia, which exhibited the lowest
number of endothelial cells and highest mortality. The
number of endotheliocytes in the CA1 field was significantly
higher in the experimental group CPreC-Amt Isch than in the
control with ischemia (U = 4.5; p = 0.018). In the CA3 field,
there were more endothelial cells than in the control group
with ischemia (U = 2; p = 0.006) and in the falsely operated
animals (U = 6; p = 0.045). Similar results were obtained for
the experimental group CPreC-Amt Isch after 48 hours. In
the hippocampal field CA1, the number of endothelial cells
was significantly higher in comparison with the control
group that underwent ischemia (U = 0; p = 0.001). Similarly,
in field CA3, the number of endothelial cells was significantly
higher in comparison with the control group that underwent
ischemia (U = 0; p = 0.001) and the falsely operated animals
(U= 6; p=0.032).

Consequently, CPreC (amtisol in combination with
moderate hypobaric hypoxia) positively affects morphometric
indices in the hippocampal fields CA1 and CA3 of the rat
brain following modeling of ischemia. The results indicate
that CPreC with amtisol induces a neuroprotective effect,
increasing neuronal survival in the early and late periods of
ischemia modeling. This prevents the formation of necrotically
and apoptotically altered neurons and hyperactivation of
microglia cells and promotes endothelial cell preservation.
Regarding the impact of CPreC on morphometric indices in
ischemia, it is crucial to highlight the reduction in microglial
hyperactivation, given that microglial activation is a key
pathogenic mechanism in brain damage. This is accompanied
by structural and functional remodeling of mitochondria, a
shift toward glycolytic ATP production, and an increase in
reactive oxygen species production [14-16].

The positive effect of preconditioning factors on
morphometric indices of the brain during ischemia is fully
consistent with our earlier results of the effect of this
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method of CPreC on the survival rate of animals in hypoxia/
ischemia, functional activity of the central nervous system
and neurological deficit, and pro-/antioxidant status and
activity of bioenergetic processes in mitochondria of the
brain [10, 17-21].

CONCLUSIONS

A day after modeling of cerebral ischemia in rats,
significant neurodegenerative changes of diffuse nature with
neuronal death in brain regions highly sensitive to ischemia,
namely, pyramidal neurons of hippocampal fields CA1 and
CA3, occur, combined with a decrease in the number of
normal macroglia, endotheliocytes, and reactive activation
of microglia. The variability of the results between the
hippocampal CA1 and CA3 fields may be due to the fact that
different hippocampal fields are differentially sensitive to the
action of ischemia.

In the initial preconditioning phase (ischemia modeling 1
hour after CPreC), the number of surviving normal neurons
in the hippocampus increased, particularly in the CA3 field.
Hypochromic (reversible damage) neurons were more
prevalent than in the control group. Normal macroglia cells
showed superior survival rates, and fewer dystrophically
altered macroglia cells were observed. The number of
microglia cells was found to be lower than in the control
group, indicating less hippocampal cell damage. Additionally,
the number of endotheliocytes in both hippocampal fields
was preserved. Similar changes were observed in the late
period of CPreC with amtisol (modeling of ischemia after
48 hours), and in a number of cellular indices, late CPreC
demonstrated greater efficacy than early CPreC.

The results of morphometric study of the hippocampus
indicate that combined pharmacological-hypoxic
preconditioning (amtisol + hypobaric hypoxia) induces a
neuroprotective effect in cerebral ischemia.
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Ky CTaTbM, Npounv 1 ogobpunn dyHanbHylo Bepcvio nepeg nybmm-
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0.C. JleByeHKoBa, t0.C. KopHeBa — HamnmcaHue cTatbk, aHanms
JaHHbIx; B.E. HoBMKOB — peLieH31poBaHue CTaTbk, paspabatka ob-
LLIEN KOHLLENLUMK.

KoHdnukT nHTepecoB. ABTOpbI AieKapypyIaT OTCYTCTBUE SIBHBIX
W NOTEHUMaNbHbIX KOHQNMKTOB MHTEPECOB, CBA3aHHBIX C NybnnKa-
LIMEeN HACTOALLLEN CTaTbM.
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AHHOTALIMA

06ocHoBaHue. U-49900 — xmMmUyeCKUi aHanor CeNEeKTUBHOMO arcHMCTa P-onuouaHblx peuenTtopoB U-47700 ¢ BblpaxeHHbI-
MW MCUX0AKTUBHBIMU CBOWCTBaMW. HecMoTps Ha pocT 3noynotpebnequii cuHTeTMYeCKMMM onvouaamu, B ToM yucne U-47700
n U-49900, ncuxodapmakonorudeckuii npodmnb nocneaHero usyyeH Mano. KoctHas peiba 3ebpananuo (zebrafish, Danio rerio)
npencTaBnseT NepCneKTUBHBIA aKBAaTUUYECKUI MOAENbHBIA OpraH3M B Helipobuonorum v LWIMPOKO UCMoNb3yeTca Ans NCUXo-
(apMaKoNorM4ecKoro aHan3a CBOMCTB HEMPOTPOTHLIX MPenapaTo..

Lenb — ouenuts addekTol U-49900 Ha noBefeHWe B3pochbix 3ebpaiaHno B TECTE «HOBOIO aKBapuyMay.

Marepuanb! u MeToapl. OueHnBanu aeiictene coeanHenus U-49900 B KoHueHTpauum 1,5, 10 1 25 Mr/n (MHKyGaums B TedeHue
20 MuH) Ha noBefieHMe B3pOC/bIX 3eb6pafaHno B TecTe «HOBOMO akBapuyMay. U-49900 — 3,4-guxnop-N-(2-(anatunammto)
umknorekcun)-N-mMetunbensamug, aHanor cuHTeTdeckoro onvonaa U-47700, Bbi3biBaeT y yenoBeKa abcTMHeHLMIO.
PesynbTathbl u 06cyxaenue. B koHueHTpaumm 25 mr/n U-49900 yMeHbLU@ET NPOALEHHYI0 OUCTAHLMIO U KONIMYECTBO BbIXOLOB
B BEPXHIOI0 YaCTb aKBap1yMa B TecTe «HOBOro akBapuyMa» (p < 0,001 no cpaBHeHWto ¢ KOHTPOMBHOI rpynnon), Ho He U3Me-
HAIeT Apyrue napaMeTpsl B TecTe. [laHHbIA Npodunb cornacyeTcs C BblpaeHHbIM CefaTMBHLIM [eiCTBMEM Npenapara.
3akntouenue. B LenoM uycTUTENbHOCTL 3e6pafanmo K U-49900 npeanonaraet BO3MOXKHOCTb pa3paboTKy BbICOKOMPOM3BO-
AVTENbHBIX NNAThOPM I CKPUHMHIA MPenapaTtoB U UX MULLEHEN C Leblo Noucka IQGheKTUBHOW Tepanuv NaTonornyeckmx
COCTOSIHUIA, BbI3BaHHBIX CUHTETUHECKUMU ONUOMAAMY.

KnioueBble cnoBa: 3ebpaaanno; U-49900; cuHTETUYECKME ONMOUALI; NOBEAEHME; CeAaTUBHBIA IQ(EKT.
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ABSTRACT

BACKGROUND: U-49900 is a chemical analog of U-47700. Despite the growing abuse of synthetic opioids, including U-49900,
its psychopharmacological and toxicological profiles remain poorly understood. The zebrafish (Danio rerio) is a promising
model organism in neuroscience often used for the psychopharmacological evaluation of neurotropic drugs.

OBJECTIVE: To evaluate the effects of U-49900 on the behavior of adult zebrafish in a new tank.

MATERIALS AND METHODS: The effect of the test compound U-49900 at 1, 5, 10, and 25 mg/L concentrations (incubation
for 20 minutes) on the behavior of adult zebrafish was assessed using the “new aquarium” test. U-49900 is 3.4-dichloro-
N-(2-(diethylamino)cyclohexyl)-N-methylbenzamide and is considered an analog of the synthetic opioid U-47700, causing
withdrawal in humans.

RESULTS: The psychopharmacological profile of U-49900 at 1, 5, 10, and 25 mg/l concentrations (water immersion) in adult
zebrafish was evaluated with the novel tank test. U-49900 at 25 mg/l for 20 min reduced the distance traveled and number of
top entries in the novel tank test (p < 0.001 vs. control group), but unaltered other parameters.

CONCLUSIONS: Overall, the sensitivity of zebrafish to synthetic non-fentanyl opioids such as U-49900 indicates the possibility of
developing high-throughput screening platforms for finding effective therapies for pathological conditions caused by synthetic
opioids.

Keywords: zebrafish; U-49900; synthetic opioids; behavior; sedative effect.
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MCUXOHEVPODAPMAKONO/A

Ob0CHOBAHUE

Onvougpl, B TOM uucrie HedeHTaHWI0BbIE LMKIOreK-
cunbeHsaMuibl, 4acTto yrnoTpebnseMble HapKOTUYeCKue
Bewectsa [1]. Mpenapat 3,4-gnxnop-N-(2-(auatunamuHo)
umknorexkeun)-N-metunoensamun (U-49900) (puc.) npen-
CTaBnsieT coboi aHanor cuHTeTMYecKoro onuouaa U-47700,
BbI3bIBAET Y YenioBeKa abCTUHEHLMIO W (MpU XPOHMYECKOM
UCNONb30BaHWM) NOTEPH0 BKyca, 0DOHAHUA M ocA3aHus [2].
[laHHOe coeiHeHWe BHECEHO B CMIMCOK CUITbHOAENCTBYIOLLMX
1 HapKOTMYECKUX CPEeACTB BO MHOrMX cTpaHax [3], Bkouas
CLUA, LWseumto, Ucnanmio [2] n (c 2017 r.) Poccuto. Beuay pa-
cTywiero 3noynotpebnenus onuatos B Mupe [1] ux nsyyexue
CTaHOBUTCA BaXHON BUOMeULMHCKON 3afa4en, B TOM Yncne
B KJIMHUYECKMX U JOKJIMHUYECKUX uccnepoBanusax. 0nHako,
HecMoTpA Ha AaHHble 06 addertax U-47700 y rpbisyHos [2],
ceefeHus o nencteumn ero aHanora U-49900 Ha MUBOTHbIX
MOZENsAX MPaKTUYECKW OTCYTCTBYIHOT.

Hapsgy c rpbisyHamu, B JOK/IMHUYECKOM CKPUHUHIE XM-
MWYECKMX COEAMHEHMIA LUMPOKO MCMONb3yioT pbiby 3ebpapa-
HWo (zebrafish, Danio rerio), cTaBlyl0 HE3aMEHWUMbIM Mo-
AenbHbIM 00beKTOM B 6roMeauumMHe. Hapsagy ¢ HEBLICOKOM
CTOMMOCTbH), ObICTPBIM pa3BMTUEM, NPO3PaYHOCTLH) IMOpHU-
0HOB, MOP(0ONOrNYECKO, BU3NONOrMIECKON U FEHETUYECKOM
FOMOJIOTUEN C YENOBEKOM [4], @ TaKKe YyBCTBUTEBHOCTbH
K OCHOBHbIM KflaccaM npenapatoB, 3ebpafiaHuo TakKe fAe-
MOHCTPUpYIOT 0by4eHue [5], coumanbHocTb [6] M cnoxHoe
nosegeHue [7]. B cuny otcyTcTBMSA AaHHBIX O HEMPOTPOMHBIX
addektax U-49900 uenb HacTosLLero MCCNemoBaHMsA CO-
CTOANA B U3YYEHUW ero BO3AENCTBUS NMPU OCTPOM BBELEHUM
Ha MoBeJEHWe U [BUraTeNlbHy0 aKTUBHOCTb B3POC/bIX pbib
3ebpapnaHuo.

MATEPWUAJIbI U METObI

AHanu3 B3aUMOCBSA3M CTPYKTYPbl U aKTUBHOCTU UMeeT
KJI0YeBOE 3HAYeHWe ANS NPOrHO3MpoOBaHUS BUONOrUYECKUX
CBOMCTB XMMUYECKMX COeanHeHWN B ba3e AaHHbIX PASSOnline,
KoTopas ¢ TouHoCTbo bonee 96 % npepackasbiBaeT GapMaKo-
IOrMYecKue NPOGUIN NEKapCTB, MEXaHWU3M [EeACTBMSA, B3au-
MOZEACTBUA MULLEHEN M NobOYHbIE/TOKCUYecKMe IDdEKTHI
Ha ocHoBe bubnuotekn bonee 1 MnH Bronornyeckn aKTue-
Hbix BeLlecTs [8]. B pabote npoaHanuavpoBaHo coeuHeHMe
U-49900 ¢ ncnonb3oBaHWeM 3T0ro NOAXoAa ANs OLEHKM pac-
CUMTaHHON BepoATHOCTU (Pa) KOHKpeTHbIX Buonoruyeckux
aKTMBHOCTEN.

B nccneposanmm ucnonb3osaHo 83 3ebpapaHno aytobpen-
HOW MONYNAUMKM KOPOTKOMNIABHUKOBOM0 AMKOM0 TUna oboero
nona B Bo3pacTe 4—6 Mec., NOJTyYeHHbIe OT MECTHOMO NOCTaB-
wmKa (Zootrade, Inc., Ekatepunbypr). Pbibbl 6biin akKknMMa-
TU3MPOBaHbl B TeUYeHWe He MeHee ABYX Hefenb A0 Hayana
3KCMEPUMEHTOB U cofepxanuch rpynnamu no 40 ocobeit
B 40-nMTpoBLIX aKBapuyMax, 3anofIHEHHbIX YUCTOW Gub-
TpoBaHHOW Bogon (TeMnepatypa — 25 + 1 °C, pH 7.4).
OceeweHne (950-960 niokc) obecneunBanu MNOTONOYHLIMM
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CBETW/bHUKAMK, a CBETOBOM AeHb cocTasnsan 12 y (09:00-
21:00 [9]). IKcnepuMeHTanNbHBIX UBOTHBIX paHee He Mpu-
MEHSNN B OPYrUX 3KCMEPUMEHTaX, KOPMUIU CTaHAAPTHbIM
KopMoM (xnonbamu Tetramin Ans akBapuyMHbIX pbib) ABaX-
Obl B AeHb. Buibop becnopogHoi monynaumm gukoro tuna
LNs HacTOALLEro UccnefoBaHus Obi 0CHOBaH Ha coobpaxe-
HWAX NOMYNALMOHHOW BaJIMLHOCTM U €€ 3HAUMMOCTU ANS Ha-
CTOAILLEr0 UCCNEefOBaHUA. XOTA FeHETUYECKM KOHTPONPYEMbIE
Mogenu (Hanpumep, MHOpeaHble NMHUKM pbib 3ebpapaHuo)
MoryT BbITb 60nee BOCrpoM3BOAMMOIA M HafleXKHO cUCTEMON
ONS HeiPOreHeTUYECKUX MCCIIeA0BaHMIA, MOLLENMPOBaHHUE Ha-
PYLLEHUIA LEHTPANbHOM HEPBHOW CMCTEMBI Ha MBOTHBIX NOJ-
pa3yMeBaeT BOCMPOM3BEAEHME «peanbHbiX» 6onesHeli Mo3ra
YeNIoBEKa, 3aTparvBaloLLMX reHETUYECKW reTeporeHHble Mo-
nynaumn. Takum obpasoM, ucnonb3oBaHue aytbpenHoi nn-
HUM pblb B JaHHOI pabote 060CHOBaHO C MONYNALMOHHOM
W TPAHCSILMOHHOM TOYEK 3pEHUS.

JkcnepumenTsl nposogun ¢ 10:00 go 17:00 B Tecrte
«HOBOr0 aKBapuyMa», XOpOLIO BaNWAWPOBaHHOM Afs aHa-
1133 JIOKOMOTOPHBIX U APYruX MOBeAEHYecKUX (eHoTUNoB
3ebpapanuo [10]. Mepen TecTMpoBaHUEM BLINONHANM UHKY-
Gaumio pbib No 1 WTyKe B MIACTUKOBOM CTaKaHe eMKOCTbIO
0,5 n B TeyeHne 20 MuH B pacTBope, copepxaiiem U-49900
B pasHbIX KOHLiEHTpaumsx, passegeHHoM B 0,1% gumeTtun-
cynbtokeupe (IMCO), B AaHHOM KOHLIEHTPaUUM He BMSHO-
weM Ha noeegeHue 3ebpapanuno [11]. KoHTponbHble pbibbl
noasepranuck Aelicteuio pacteopa [JMCO 6e3 npenapara.
BewectBo U-49900 (Poccus) Bbino mony4eHo OT TaMOXeH-
HoM ciyx6bl PO B pamMKax MccnenoBaTebCKUX KOHTPaKTOB
¢ YpanbckuM efepanbHbiM YHUBEPCUTETOM.

JKCepUMeHTasbHbIe XUBOTHbIE CryYailHbIM 06pa3om
pa3fesnieHbl Ha KOHTPOMbHYIO U 3KCTIEPUMEHTaSbHbIE TPYNMbl:
1,5, 10 u 25 mr/n (n = 1619 B rpynne). KoHueHTpaLmm onpe-
JeneHbl Ha 0CHOBE COBCTBEHHBIX MUOTHBIX KCMEPUMEHTOB
Mo TECTUPOBAHMIO LUMPOKOrO AMana3oHa oCTpbiX 3QdeKToB
U-49900 Ha 3ebpapanuo. CranpaptHas 20-MUHYTHas 3KC-
no3uums BbibpaHa Ha OCHOBE OMbiTa paboTbl C pasAMUHBIMK
MCUXOTPOMHBLIMYW MpenapaTamy.

lMocne MHKybaumm ¢ npenapaToM noBeaeHue pbib Uc-
cnepoBanu B TeCcTe «HOBOTO aKBapuyMa», annapaTt Ko-
TOpPOro COCTaBsAN MPAMOYrofibHbIA pe3epByap 06bEMOM
1,5 n (15x20x5 cM), 3anoNHeHHbI BOAOKH U pa3faeNieHHbIN
Ha [1Be paBHble YacTU BUPTYabHOW rOPU30HTANBHOMN JIMHUE.
MoBeneHue pbib 3anucbiBany Ha Beb-kamepy SJ4000 n nony-
YeHHble MaTepuanbl obpabatbiBanu B nporpamme RealTimer
(Open Science, Ltd., KpacHoropck, Poccus). OueHnBanm ko-
NIMYECTBO, NPOLOKUTENBHOCTL (C) M NaTeHTHbIW Nepuof
3NM3040B 3amMupaHusa (PppusmHra), nateHTHbIN nepuog (c)
MepBOro BbIXOAA B BEPXHIK 4aCTb aKBapuyMa, Komuue-
CTBO BbIXOJ0B HaBEpPX U MX 00LLYI0 NPOAOMKMTENBHOCT (C),
a TaKXKe KoM4ecTBo BecnopsaoyHbIX ABUMEHMIA (Xa0TUYHbIE
OBVKEHUS C BbICOKOW CKOPOCTbIO M YCKOPEHWEM, SIBNIAIO-
LUMeCs MapKepoM TPEeBOXKHOro nosegeHus) [12]. OpusuHr
onpeaensiv Kak nosHyl HeMoABUKHOCTb Pbibbl, 33 UCKIII0-
UeHueM [OBUMEeHUA abepHbIX KpbieK U a3, bonee 2 c.
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[lns ouUeHKM ypoBHA ABMraTeNilbHOM aKTUBHOCTM, obLiee
NPOMWAEHHOE PaccTosHUE (M), YUCIO M MPOLOMKUTENBHOCTD
COCTOSHMI BBbICOKOW MOLBMMHOCTU MOACHMTHIBAIM C NOMO-
whbto nporpammbl Noldus Ethovision XT11 (Wageningen, Hu-
AepnaHfpbl). TpaeKTopum aBUMEHUS 3eBpafiaHno Bbinu Takxe
noctpoeHbl B Ethovision XT11 1 coxpaHeHbl B hopMate JPEG
AN HarNaAHOM MANMKOCTPaLMM NpOCTPAHCTBEHHbIX NaTTep-
HOB aKTMBHOCTU pbib. MonyneTanbHyto ao3y J1;, npenapata
onpegensnn nyteM uHKybaumm rpynn u3 30 pelb B pasnuyHbIX
KOHLEHTpauusX B TedeHue 24 u.

[pynnbl cpaBHuBanu B nporpamme Statistica 10.0 ¢ mo-
MOLLBI0 HemapaMeTpuyeckoro Kputepus Kpackena — Yonnu-
€ca C NOCNeLyloWwMUM NonapHbIM CPaBHEHWEM PaHroB rpynn
C NpUMeHeHneM TecTa MaHHa — YuTHu ¢ nonpaskon boHdep-
poHu. [laHHble MpefcTaBneHbl Kak cpefHee + CTaHAapTHas
oWwmnbKa cpeaHero. Pasnuumsa cuuTanmu CTaTUCTUYECKM 3Ha-
unmMbiMu npm p < 0,05.

PE3Y/IbTATbI U OBCYXOEHUE

lNpenapat U-49900 neMoHCTpUpYET BbIpaXeHHY0 HEMPO-
TPOMHOCTb B TECTe «HOBOTO aKBapuyMa», CTaTUCTUYECKU [0-
CTOBEPHO BNMSIA Ha psAL, NapaMeTpoB NoBeLeHUs 3e0pafaHmo,
KOTOPbIE OTPAXaloT YPOBEHb WX JIOKOMOTOPHOW aKTUBHOCTU
(cM. puc., Tabn. 1). B yacTHocTH, B KOHUEHTpauum 25 Mr/n
U-49900 Ha 95,79 % ymeHbLUMnach YacToTa BbIXOLOB 3ebpa-
AaHWO0 B BEPXHIOKD YacTb aKBapuyMa be3 M3MeHeHus npo-
LONMUTENBHOCTM U NATEHTHOTO MEpUoAa BbIXOAA, YTO CBYU-
LEeTeNbCTBYET O CHUMXEHWUM YPOBHA JIOKOMOLMU pbib nocne
BO34eNCTBMA BellecTBa. B KoHueHTpauum 25 mr/n U-49900
Habnioganock TaKKe 75 % yMeHblueHve o6LLen NpoiiaeH-
HOM JWUCTaHUMM MO CPABHEHMIO C KOHTPONbHOW Fpynmnoi,
uTO NOLATBEPIKAAET CEAATUBHLIN NPodMIb AaHHOMO Npenapa-
Ta. [pW 3TOM He OTMEYEHO 3HaYMMBIX pasfinyuiA B 4acToTe OT-
paKaloLLMX TPEBOXKHOCTb BeCnopsAcUHbIX ABUKEHWI U DpU-
31Hra Bo Bcex rpynnax (cM. Tabn. 1). J1;, Ans Tectupyemoro
npenaparta U-49900 coctaeuna 15 mr/n.

Val. 15 (2) 2024
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Mo cpaBHeHMIO C OCTPbIM BBEAEHMEM MOpP(dUHA, BO3LEN-
CTBMe KoToporo y 3e6pafaHno nposBAsSeTCs B NOBeLEHYECKOI
aKTMBHOCTM NpY KoHLEeHTpaumm 2 mr/n [13], ocTpoe BBeaeHue
U-49900 cHWKaeT aKTMBHOCTb pblb B KOHLEHTpaLmmK 25 Mr/n
(cM. puc.), noaTBepxaas cpaBHUTENbHO Gonee cnabyw ak-
TMBHOCTb NOC/IEAHENO B LIEHTPasbHOWM HEPBHOM CUCTEME Y 3e-
bpapanno. bonee Toro, BbICOKME KOHLEHTpaLUMM MopguHa
(10 u 30 Mr/n) He BAMSAIOT Ha NoKoMoumio 3ebpapanuo [14],
HO B KoHUeHTpaumu 25 Mr/n U-49900 BbisBan cefaumio B Ha-
CTOSILLIEM MCCNIELOBaHNM (CM. pUC.), BCIIEACTBUE YEr0 MOXKHO
NpeanoNoxXuTb ero bonbLuyto 3ddEKTUBHOCTb B BbICOKWX A0-
3aX M0 CPaBHEHUO C MOP(UHOM.

KoMnbloTepHbli aHanu3 xuMudeckoi cTpykTtypbl U-49900
C ucnosb3oBaHueM basbl aaHHbIx PASSOnline npeackasan
(rabn. 2) c Bbicokoi BeposTHOCTHIO (Pa > 60 %) aHKcuonu-
THyeckue ceoiictBa U-49900, yto B LienoM cormacyeTcs € ero
CcefaTMBHbIM JeiCTBMUEM Ha 3ebpaaanmo (cM. Tabn. 1).

HecmoTps Ha 0bHapyeHue BblpayKeHHbIX HeWpOTPOMHBIX
cepatvBHbix apdektoB U-49900 (cM. puc., Tabn. 1), Hacto-
fillee UCCNeNOBaHWE MMEET HECKONbKO OrpaHuuyeHuid. Ha-
NMpUMEp, He U3y4anu NoTeHLManbHoe MONIEKYNApPHOE, FeHOM-
Hoe ¥ npoteoMHoe Bo3feiicTeue U-49900 Ha 3ebpapaHmo,
a TaKKe MHAMBUAYanbHble pasnuuus [15]. B bymywem ue-
necoobpasHo oLeHUTb 3PHEKTLI XPOHUYECKOTO BO3LEHCTBUA
U-49900 Ha pbibax, rpbi3yHax WU YeNOBEKe, a TaKke cono-
CTaBUTb BO3MOXKHOE NpUBbLIKaHUE M pa3BUTUE CUHAPOMA OT-
MeHbI, 0COBEHHO B KOHTEKCTe onuoupepruyeckux addeKTos
npenapata. LlenecoobpaseH Takxe cuCTeMaTMYeCKUiA aHa-
U3 HEMPOXUMUYECKUX M (hapMaKOKUHETUYECKUX NPOLIECCOB
B Mo3re 3ebpapaHuno (Hanpumep, yepes 1, 2, 6, 12, 24 n 48 y
nocne BO3AEACTBUA) AN HU3KWX, CPEAHUX U BbICOKMX [103
B byayLumx DOKNMHMYeckux uccnepoBanusax U-49900.

Ewe oavH akTop — BO3MOXHas NoTeHUManbHas ocTpas
Hecneumdunyeckas TokeuyHocTb U-49900. HanpuMep, B nu-
notHbIx uccnegoBaHusx U-49900 Hamu He BbISIBIIEHO TOKCKY-
HOCTV NpU NMPUMEHEHUW KOHLEHTPaLuK 25 Mr/n, HO MoKa-
3aHa neTanbHocTb 80-100 % nocne ofHOKpaTHOrO OCTpOro

e
beg 8

U-49900 KoHTponb 1 Mr/n
- e e
5 Mr/n 10 Mr/n 25 mr/n

Puc. Bananne U-49900 Ha naTTepHbl NnaBaHus polb B TeCTe «HOBbI aKBapuyM»
Fig. Effect of U-49900 on fish swimming patterns in the new aquarium test
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60-MuHYTHOrO BO3AeicTBUSA B KoHUeHTpauun 50-100 mMr/n npu 24-yacoBoi 3Kcnosuumu. Takum obpasoM, npeobnapa-
(naHHble He npuBeneHbl). KpoMe Toro, nocne OfHOKPATHOrO  HUE CeAaTMBHOMO 3 QeKTa Npu 0CTPOM BO3AENCTBUN Hapac-
octporo 20-mMuHyTHOro BBeaeHus 50—100 Mr/n Habnopammch  Tatowmx fo3 U-49900 Ha 3ebpapaHno Morio MackupoBaTb
Bblpa)keHHas aTaKcus M CefaTUBHBIN IPQEKT, a OLeHeHHas  aHKcuonuTMYeckue 3ddekTbl aToro npenapata. OAHaKo, no-
B HacTosLen pabote J1[;, npenapata coctaBuna 15 Mr/n  CKOMbKY OCTpble 403bl MOPGMHA U [ipyriX ONMOMAOB B MarlbiX

Tabnuua 1. Bnuanue U-49900 Ha noBefeHYeCKMe peaKLmum 3edpafaHno B 5-MUHYTHOM TecTe «HOBOTO aKBapuyMa»
Table 1. Effect of U-49900 on the behavioral responses of zebrafish in the 5-minute new aquarium test

Koutponb 1 mr/n 5 mr/n 10 mr/n 25 mr/n 3nauenme kpuTepus
Mokasatenb (n=16) (n = 16) (n=16) (n = 16) (n=15) Kpackena - Yonnuca
H (4,79), p
MapameTpbl, NogcuMTaHHbIE C NOMOLLbI0 NporpaMMHoro obecneyenus Ethovision XT
MpolifeHHas aucTaHLms, M 190+ 1 170+£0,9 157+0,9 15,0 £ 0,1 0,8+0,17#@ 375 p=0,00001
MapameTpbl, NoACYMTaHHbIE C MOMOLLbIO MporpaMMHoro obecneyenust RealTimer
YacToTa BLIXOAO0B HaBepx 28,0 + 4,6 19026 170+28 170+27 7,0 £ 1,677 23,3, p=0,0001
MponomxuTeNnbHOCTL BLIXOLOB 990 + 10,8 770124 780+16,6 78,0+12,6 530+ 17 78,p=0,1
HaBepX, C
06LLee KONMYECTBO XaoTHye- 1,2+0,8 1,1+0,5 0,9+0,3 0,9+0,7 0,0 + 0,0*@ 11,9, p=0,02
CKUX OBVXEHUN
Yucno aktoB ppusmnHra 0,1+0,1 0,1+0,1 0,0+0,0 0,3+0,2 1,6 +0,6% 21,2, p = 0,0003
CyMMapHas npoaomxuTeb- 25+£25 22+22 0,0+0,0 23,0 £ 15,0 52,0 + 22,0 20,0, p = 0,0005
HOCTb QPU3KHra, C
JlaTeHTHbIN Nepyog, BbIxoAa 470 £ 96 620+143 580+130 76,0+ 13,4 50,0 £ 22,0 94, p=0,05

B BEPXHIOK0 4YacTb aKBapuyMa, ¢
NateHTHbili nepuop, dpusnkra, ¢ 282,0+ 18,0 282 +176 300,0+0,0 248,0+283  143,0+390® 22,2, p = 0,0002

IMpumeuarue: ***p < 0,001 npotve kowTpons, #p < 0,05 npotus rpynnel 1 mr/n, #p < 0,01 npotus rpynnei 1 mr/n, ©p < 0,05 npote rpynnkt 5 Mr/n,
Ap < 0,05 npotus rpynnbt 10 Mr/n, Tect Kpackena — Yonnuca ¢ nocneaytowumm TectoM MaHHa — YUTHI ¢ nonpasKoi BoHdeppoHn ans nonapHoro
cpaBHeHus rpynn. [JaHHble NpefAcTaBneHbl Kak CpefHee + CTaHAapTHasn olwmMbKa cpegHero.

Note: ***p < 0.001 vs control; #p < 0.05 vs 1 mg/L group; #p < 0.01 vs 1 mg/L group; ®p < 0.05 vs 5 mg/L group; * p < 0.05 vs 10 mg/L group;
the Kraskell-Wallis test followed by the Mann—Whitney test with Bonferroni correction for pairwise comparison of groups. Data are presented
as mean = standard error of the mean.

Tabnuua 2. BeposTHocTb Guonormyeckon aktueHocTu (Pa) npenapata U-49900, paccuutaHHas ¢ noMollblo 6asbl faHHbIx PASSOnline
(www.way2drug.com/passonline/)

Table 2. Probabilities of biological activity (Pa) of the drug U-49900, calculated using the PASSOnline database (www.way2drug.com/
passonline/)

Pa | buonoruyeckas akTMBHoOCTb
0,910 Antndobuyeckoe aevicteue
0,890 WHrmbutop TaypuHaermaporeHass
0,826 Wurubutop HAZIOH-nepokcmpaassl
0,77 WHrmbutop rmukosundocdatmamnunosuton gocdonmnassl D
0,783 MHrmMbutop yOUXMHOM-LUMTOXPOM-C-peayKTasbl
0,735 WHrvbutop dochonmnun-tpaHcnoumpytowen ATOasbl
0,707 WHrubutop L-rnyTamaTokcmaassl
0,671 WHrubutop 5-0-(4-kyMapoun)-D-xuHaT-3'-MOHOOKCUreHasb!
0,631 WHrmoutop (S)-6-r1apoKCUHUKOTUHOKCHAA3bI
0,613 WHrmbutop cynbuToKcuaassl
0,587 WHrmbutop kamdop-1,2-MoHOOKCMreHasbl
0,592 WHrubutop benka, accoLmMmMpoBaHHOIO C LIeHTPOMEpOit
0,601 AHKconMTUYecKoe (MPOTUBOHEBPOTUYECKOE) AeHCTBUE
0,538 AKTMBaTOp KanbLMeBbIX KaHanoB
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KOJIMYEeCTBaX BbI3bIBAKT aHKCMONUTUYECKME 3DdEKTI Y N0-
pei [16], B panbHelleM HyXHa OLEHKa bonee LUMpOKOro
AVana3oHa HU3KKMX 03 3T0r0 BeLecTBa, YTobbl OLieHUTL Nno-
TEHUMANBHOE aHKCUONIMTUYECKOE AeiCTBUE NPY OHOKPATHOM
BBELEHWM.

B uenom cepatveHblit adpdext U-49900 y B3pocnbix 3e-
OpapaHno B KoHUeHTpaumu 25 Mr/n (cM. puc., Tabn. 1) aHa-
noruyeH adpdektam U-47700, yto no3sonseT NPeanonoXuTb
He TONIbKO XMMMYECKOe, HO U (PapMaKoIorMyeckoe CX0ACTBO
LaHHBIX CUHTETUYECKMX onuonaoB [17], s yero HeobxoanMbl
AanbHemlume uccnefoBaHus faHHbIX npenapato. Cnocob-
HocTb U-49900 BbI3biBaThb BbpaXeHHbIE HEMPOTPOMHbIE Ce-
AatuBHble 3ddeKThI y 3ebpasaHNo TakKe coracyeTcs ¢ Kiu-
HWYECKUMW U [OKIMHWUYECKUMW JaHHBIMW O CUHTETUYECKMX
npenaparax, NofYepK1Bas BaXXHOCTb JOKIMHUYECKOIO CKpU-
HWUHra XMMUYECKUX COELMHEHWUN Ha pbibax. YuuTbIBas BbICO-
KYK0 KOHCEpBAaTUBHOCTb MULLIEHEN ANS NEKapCTB M CX0ACTBO
OCHOBHbIX MONIEKYNSIPHBLIX CeTel Mexay pbibamu, NoAbMu
U rpbisyHamm [18, 191, paspaboTka CKpMHUHIOBLIX Miathopm
Ha ocHoBe 3ebpagaHno MOXET CTaTb BaXHOMW cTpaTervei no-
WCKa MyTeli Tepanuu Mpu COCTOSHUAX, BbI3BaHHbLIX NPUEMOM
CUHTETMYecKMX npenapatos [20].

3AKJIKYEHUE

TakuM obpa3oM, BewectBo U-49900 B KOHLEHTpa-
umm 25 mr/n B TeyeHne 20 MuH Ha 95,79 % ymeHbluaet
MPOAEHHYI0 AMCTaHLMIO U Ha 75 % KOAMYecTBO BbIXOAOB
B BEPXHIOK0 YacTb aKBapuyMa B TecTe «HOBOIO aKBapuyMa»
(p < 0,001) no cpaBHEHMIO C KOHTPONBHOIA Fpynnoi. [laHHbIA
deHOTMN CBMAETENLCTBYET 0 CEaTUBHOM AEWCTBUM Npena-
paTa Ha B3pochbix 3ebpapanuo. Mpenapat Bo Bcex ucche-
LYEMbIX KOHLEHTpPaUMAX He BAMAN Ha Apyrue napaMeTpbl
B TecTe «HOBOTO aKBapuyMa», HO npoaeMoHcTpupoBan J1/g,
Npy KoHLeHTpaumm 15 Mr/n n 24-yacoBoii HKybaumu. lpose-
AEeHHbIN in silico aHanu3 U-49900 npum nomoLum 6asbl AaHHbIX
PASSOnline ykasbiBaeT Ha BO3MOXHOCTb aHKCUOJIUTUYECKMX
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[MnoTepMmuyecKUn 3pheKT aHTUrMNOKCaHTa
2-aMMHObeH30TMa30Na
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AHHOTALUA

06ocHoBaHue. 2-AMuHObGeH30THa30n (2-ABT) — opmHo M3 uccneaoBaHHbIX Ha Kadeape dapMaKonorum BoeHHo-MeauumH-
cKoi akagemun uM. C.M. Kuposa (BMenA) coenMHeHuii ¢ JoKa3aHHbIM aHTUIMNOKCMYECKMM 3ddeKToM. MexaHu3m aeiicTeus
[AHHOTO BELLECTBa YaCTUYHO CBA3LIBAKT C LEHTPaNbHLIM AECTBUEM, @ €ro NPOTEKTUBHOE AEHCTBUE MOTEHLMANBHO MOXET
BbITb 06yCIOBNEHO 06LLMM FMNOTEPMUUECKUM 3D (EKTOM.

Llenb — onpepenuts BnuaHue 2-AbT Ha TemnepaTtypy Tena.

Matepuanbl 1 MeTtogbl. OnbiTbl NPOBOAMAM Ha 24 NoNOBO3PeNbIX caMuax benbix becnopoaHbix Mbiwweid. 2-AbT npegsapu-
TenbHo passogunm B 0,9 % pacTeope xnopuaa HaTpus W BBOLWUAM MbILLAM BHYTpUBpIOLMHHO B fo3ax 32,5 Mr/Kr (c [oKa3aH-
HbIM aHTUrUNOKCKUYECKUM 3ddekToM), 21,7 unm 10,8 Mr/kr. PeKTanbHyto TeMnepaTypy M3Mepsnv NEKTPOHHBIM TEPMOMETPOM
DT-623 (Kutai) no BBEAEHWSA UCCNenyeMOro BELLECTBa, a Takke yepes 5, 30 u 60 MMH NOC/Ee MHBEKLMW.

Pe3ynbtathl. CoegnHenne 2-ABT oKasbiBaeT BbipaXKeHHbII 40303aBUCUMBIN TUNoTEpMUUYecKUiA 3 deKT. laHHbIi 3 eKT MaK-
CMMarnbHO BbIPAXKEH B /103€, B KOTOPOI COeauHEHUe 001aaaeT [OKa3aHHbIM aHTUMMMNOKCUYECKUM CBOUCTBOM, — 32,5 MI/KT.
[MnoTepMuyeckuin 3DdEKT NPOSABNSAETCA YKe Yepe3 5 MUH Nocnie BBEAEHWS, MaKCUManbHOE CHUKEHWe TeMMnepaTypbl Tena
Habnopaetcs yepe3 30 MuH, Npu 3TOM 3P HEKT COXpaHAETCA B TeUeHHe yaca.

3aksioueHue. 2-AbT MoOXKET ObITb NEPCMEKTUBHBIM COEAMHEHWUEM NPY CO3LaHUW NpenapaTa Ans NPoBeLEHNS MEAUKAMEHTO3-
Ho¥ (ynpaBnsieMoit) runoTepMun.

KnioueBble cnoBa: rMNoTepMuA; aHTUrMNOKCaHTbI; TepMOperynaums; 2-aMnH0b€eH30TMa300.
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Hypothermic effect of antihypoxant 2-aminobenzotiazole
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ABSTRACT

BACKGROUND: The compound 2-aminobenzothiazole (2-ABT), which has a proven antihypoxic effect, was studied at the
Department of Pharmacology of the Kirov Military Medical Academy. The mechanism of action of this substance is partially
associated with the central action, and its protective effect may be due to the general hypothermic effect.

AIM: To determine the effect of 2-ABT on body temperature.

MATERIALS AND METHODS: Twenty-four male adult white outbred mice were studied. Moreover, 2-ABT was dissolved in
0.9% sodium chloride solution and administered intraperitoneally to mice at doses of 32.5 mg/kg (with proven antihypoxic
effect), 21.7 mg/kg, and 10.8 mg/kg. Rectal temperature was obtained with an electronic thermometer (DT-623, China) before
administration of the test substance and at 5, 30, and 60 min after the injection.

RESULTS: Compound 2-ABT has a pronounced dose-dependent hypothermic effect. This effect is maximally expressed in a
dose in which the compound has a proven antihypoxic property — 32.5 mg/kg. The hypothermic effect was evident within 5 min
after administration. Additionally, the maximum decrease in body temperature was observed after 30 min, whereas the effect
persisted for 1 h.

CONCLUSIONS: 2-ABT may be a promising compound for developing a drug for drug-induced (controlled) hypothermia.

Keywords: hypothermia; antihypoxants; thermoregulation; 2-aminobenzothiazole.
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MCUXOHEVPODAPMAKONO/A

Ob0CHOBAHUE

B KnMHMYeCKoW MeaMLUMHE LIMPOKOEe NPUMEHEHME HaLLN
NeKapCTBeHHbIe CPeACTBa, 0b1aaalLLmMe 3alUTHBIMU CBOW-
CTBaMW OT FrMMNOKCHK. [TpUMeHeHne JaHHbIX CPEACTB HanpaB-
NIEHO Ha NOBbILIEHWE NPOACTIKUTENBLHOCTU XKU3HU 1 3aLLUMTY
OT OCTPOM FMMNOKCMM OpraHu3Ma Yenoseka. K ocTpo BO3HMK-
LUMM COCTOSIHMAM, COMPOBOKAAIOLLMMCSA OCTPON MMMOKCHUEN,
OTHOCMTCA ULIEMMS Pa3NINYHBLIX OPraHOB M TKaHel: rofoB-
HOro Mo3ra, NoYeK, neyeHu, a Takxe nnoga [1]. 2-AMuHo-
beH3oTnason (2-ABT) — ofHO M3 UcCneaoBaHHbIX Ha Kade-
ape dapMakonorum BoeHHO-MeaMLMHCKOW aKaieMun UM,
C.M. KupoBa coeanHeHwiA C AOKa3aHHbIM aHTUIMNOKCUYe-
CKMM 3 deKToM [2]. MexaHu3M [eiCcTBMA JaHHOMO BeLle-
CTBa 4acTM4HO 0bYyCnoBneH LieHTpanbHbIM AencTBueM [2].
EcTb npeanonoeHue, 4To NPOTEKTUBHOE AENCTBUE MOTEH-
LManbHO MOXET BbITb CBSA3aHO € 06LLMM TMNOTEPMUYECKUM
3G heKTOM, No3ITOMY Liefb LAHHOM0 MCCNEeA0BaHWA COCTOSA-
na B onpepenexun BnusHua 2-ABT Ha Temnepatypy Tena.

MATEPWAJIbI U METOAbI

B aKcnepuMeHTe ucnonb3oBaHbl 24 ocobu benbix bec-
MOPOLHbIX Mblweii-camuoB Maccoir 30-35 r. HuBoTHbIX,
MONy4YeHHbIX M3 NUTOMHUKA «PannonoBo», copepanu
B CTaHAapTHbIX ycnoBuax [3, 4]. [lns uccnenoBaHms ucnosnb-
30Bann 2-ABT, cuHTe3MpoBaHHbIM Ha Kadenpe (apmako-
norun BoeHHo-MegmumHcKon akagemun uMm. C.M. Knposa.
[na n3yyeHus BNUAHUA Ha TepMOpEryNATOpHbIE MPOLECCh
Bbinm BbIbpaHbI TpW 4036l Npenapata: nepeas Ao3a — C Ao-
Ka3aHHbIM aHTUIMNOKCUYeCKUM 3ddexToM — 32,5 Mr/kr [1],
gropas — 21,7 Mr/kr u Tpetbss — 10,8 Mr/kr. PeKTanbHyto
TEMNepaTypy PerucTpupoBani 3MeKTPOHHBIM TEPMOMETPOM

Tom 15, Ne 2, 2024

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

DT-623 (Kutai). [nybuHa norpyxeHus TepMoMeTpa CoCTaB-
nsana 1,5 cM.

[lo Hayana 3aKcnepuMeHTa XUBOTHbIX Cy4yalHbIM 06-
pasoM pacnpefenunu Ha Tpu rpynnbl: 1-9 — onbiTHas
rpynna (2-ABT B no3e 32,5 Mr/kr), 2-a — onbITHas rpynna
(2-ABT B po3e 21,7 mr/kr), 3-a — onbiTHas rpynna (2-ABT
B gose 10,8 mr/kr). [lo BBeAEHUS UCCNEAYEMOr0 BeLLecTBa
Y JMBOTHBIX ONPEeAENsNN KOHTPO/bHbIE 3HAYEHUS PEKTaNb-
HOVA TeMnepaTypbl 3MIEKTPOHHLIM TEPMOMETPOM. TeMnepa-
TYPY U3MepAnM npu KOMHaTHbIX ycnoeusx — 20-22 °C.
Mepen BBepeHueM 2-ABT npeaBapuTeNbHO pacTBOPAIU
B W30TOHMYEeCKOM pacteope xnopupa Hatpusa (0,9 %), 3a-
TeM BHYTPUOPIOWMHHO B COOTBETCTBYHOLWMX Ao3ax (32,5;
21,6; 10,8 mr/kr) Beogunm xwuBotHbiM (0,1 mn/ 10 r Beca).
Temnepatypy peructpupoBanu yepes 5, 30 u 60 MuH nocne
BHYTPMOPIOLUMHHOW MHBEKLMN.

lMonyyeHHbIe pe3ynbTaThl aHaM3MpoBaM NPY NOMOLLY Na-
KeTa CTaTUCTUYECKUX NpUKNagHbIx nporpamm Graph Pad Prism
6.0 (GraphPad Software, CLLIA). laHHble 0bpabatbiBanu MeTo-
[aM1 HenapaMeTPUYECKON CTaTUCTUKW 1A MalibiX BbIOOPOK.
[ins uccnenoBaHWs BpEMEHHOMO X04a U3MEHEHWI, MPOMCX0As-
LUMX Y MBILLIEW KQXI0W MpynMibl MPY BBELEHUN OMpeaeNeHHoM
[03bl Npenapara, UCronb30Bany NapHbI Kputepuii Bunkokco-
Ha. [Ina cpaBHeHus 3¢ eKToB pasnnuHbix 03 2-ABT yepes 5,
30 n 60 MWH nocne BBEAEHWA NPUMEHSNN HEMAPHbINA KpuTe-
puit MaHHa — YUTHW. Pasnnums cuutanm CTaTUCTUYeCKM 3Ha-
ymMbIMmM Npu p < 0,05. [laHHbIe NpeAcTaBneHbl B BUAE MeauaH
(Me) ¢ yKa3aHWeM rpaHuL, BapuaLMOHHbIX PAAoB [X, . X,

max]'
PE3Y/IbTATHI

Pe3ynbTaTbl U3MepeHus peKTabHOM TeMnepaTypbl Y Mbl-
LLeii TpeX rpynn npuseaeHbl B Tabnuue 1 rpaguyecku npeg-
CTaB/EHbl Ha PUCYHKE.

Tabnuua. 3HaueHus peKTanbHOM TeMNepaTypbl Y MbILLEN Nocne BHYTPUOPIOLIMHHOTO BBeAeHUs 2-ABT

Table. Rectal temperature values in mice after intraperitoneal administration of 2-ABT

[lo3a BBeeHUA PekTtanbHas TeMnepatypa, °C

2-ABT [10 BO3AEUCTBUA 5 MuH 30 mMuH 60 MuH
32,5 mr/kr 390 370° 33,45%* 34,0%*
(1-21 rpynna) [38,5; 39.1] [35,9; 37.6] [32,2; 34,6] [32,2; 36,3]
21,6 Mr/kr 3915 38,2 35,9*#@ 36,85*%
(2-2 rpynna) [38,8; 39.4] [373; 38,6] [33,4; 36,71 [34,2; 38,4]
10,8 Mr/kr 38,9 38,05@@. 55 3705*#@@s5 377+0@3%
(3-5 rpynna) [38,2; 391] [374; 38,7] [35,0; 38,6] [35,0; 38,91

[Mpumeyanue. [laHHble NpencTaBneHsb! B BUAE MeAWaH W rpaHuL, BapuaLmMoHHbIX paaos (Melx, ;. X....]). V3MeHeHue TeMnepaTypbl Tena nop, AencTeu-
eM 2-ABT: * — CTaTUCTMYECKY 3HAUMMbIe OT/INYMSA OT TeMMepaTypbl, 3aperucTpUPOBaHHON Y MbiLLE COOTBETCTBYIOLLEN rpynnbl 10 BBEAEHMSA Belle-
ctBa (p < 0,05); * — cTaTUCTUECKM 3HAUMMBIE OTNIMUMA OT TeMMepaTyphl, 3aperucTpUPoBaHHoN Yepes 5 MUH Nocse BBefleHWs BeluecTsa (p < 0,05);
& — CTaTMCTUYECKN 3HAUMMbIE OTSIMUMS OT TEMMEpaTypbl, 3aperucTpupoBaHHoi Yepes 30 MuH nocre BBeeHWs BeluecTsa (p < 0,05) (no kputepuio
BunKokcona). [loosasucumble adderTbl 2-ABT uepes 5, 30 1 60 Mun nocne Beeaenms sewwectsa: © — p < 0,05; @@ — p < 0,01 — 3HaunMble 0T/n-
uns ot adderTa 2-ABT B foze 10,8 Mr/kr; % — p < 0,01 — 3HaumMMBble oTnunsa ot addekTa 2-ABT B fo3e 21,6 Mr/kr (no KpuTepuio MaHHa — YuTHM).
Note. Data are presented as median and range of ordered samples (Melx, ,,; X,.,J)- Changes in body temperature under the influence of 2-ABT are
as follows: *, significant differences from the temperature recorded in mice of the corresponding group before substance administration (p < 0.05);
# significant differences from the temperature recorded 5 min after substance administration (p < 0.05); &, significant differences from the
temperature recorded 30 min after substance administration (p < 0.05) (Wilcoxon test). Dose-dependent effects of 2-ABT at 5, 30, and 60 min
after substance administration: ©, p < 0.05; ®®, p < 0.01, significant differences from the effect of 2-ABT at a dose of 10.8 mg/kg; %, p < 0.01,
significant differences from the effect of 2-ABT at a dose of 21.6 mg/kg (according to the Mann—Whitney test)
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Y Bcex 3KcnepuMeHTanbHbIX WUBOTHBIX 2-ABT cHuKan
peKTanbHyHo TeMnepaTypy. MakcuManbHbIi rMnoTepMUYECKUiA
3 deKT oTMeueH Npu BBEAEHUN COELMHEHWS B JOKa3aHHON
aHTUrMNoKcuyecKoit aose (32,5 Mr/kr). MnoTepMmyeckoe aeii-
CTBME BELLECTBA CTATUCTUYECKM 3HAYMMO MPOSBNIANOCH YHKe
cnycta 5 MuH nocne Beegenuns (p = 0,0313). MakcumanbHoe
nevicteue 2-ABT (32,5 Mr/kr) Habniopanock Ha 30-i MuHyTe
(p = 0,0313), npu 3toM K 60-# MUHYTE JOCTUrHyTas TeMne-
paTypa CTaTUCTUYECKU 3HaUMMO He BospacTana (p = 0,3125).
TakuM 06pa3oM, NPOLOMKMTENBHOCTb BbIPAXEHHOTO MMMOo-
TepMudeckoro 3¢ dekta 2-ABT B nose 32,5 Mr/Kkr cocTaenset
He MeHee y4aca (cM. Tabn., puc.).

Mpu BBemeHun 2-ABT B pose 21,7 Mr/Kr runotepMuye-
CKuiA 3 eKT TakKe BO3HMKaeT cnycTa 5 MuH (p = 0,0313).
Yepe3 30 MWH TaKe OTMEYEHO MaKCUMalbHOE CHUKEHUE
peKTanbHoi TeMnepatypbl (p = 0,0313), KoTopoe cTaTMCTUYe-
CKW 3HauMMo coxpaHsnocb o 60-i MUHYTbI UcCefoBaHMs
(p =0,0313). OgHaKo no cpaBHeHuio ¢ 30-i MUHYTOM, Ha 60-ii
MWHYTe TemnepaTtypa Tena 3Hauumo Bo3pactana (p = 0,0313)
1 NpubnvKanack K pesynbTaTy, NojlyYeHHOMY Ha 5-1 MUHYTe
uccnenosatus (p = 0,0625), yto cBULETENLCTBYET O MEHbLLIEN
NPOLOMKUTENBHOCTU rMNoTepMUYeckoro addekTa bonee HU3-
KoW [03bl BewecTsa (21,7 Mr/kr) (cM. Tabn., puc.).

[Devicteue 2-ABT B pnose 10,8 Mr/kr yepes 5 MWH nocne
BBEJLEHMA BELLECTBA CTATUCTMHECKM 3HAYMMO He MpOosBAs-
nock (p = 0,0625). OpHako cnycts 30 MUH 3adMKcUpoBaH

42 4
40 =
38 -

36 =

Temnepatypa, °C

34 =

32 -
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runotepMuyeckuii addekt (p = 0,0313), KoTopblii coxpa-
Hancsa ao 60-# MunyThl (p = 0,0313). Takum 0bpasoM, cCHu-
JKeHWe [03bl BeLlecTBa MPUBOAUT K YMEHbLUEHWUIO Mpo-
LOMKUTENBHOCTH TUMoTEpMUYECKOro 3ddeKTa Y KUBOTHBIX
(cM. Tabn., puc.).

[lo BBepeHusa 2-ABT y Mblwen Bcex Tpex rpynn Temne-
paTypa Tena 3HaYuMo He pasnmyanack (cM. Tabn., puc.). 0a-
HaKO YXKe Yepe3 5 MMH 0TMeueHbl CTaTUCTUYECKM 3HAUYUMbIE
pa3nuunsa MexKay rpynnamm XuBOTHbIX, nosyyasLumx 2-ABT
B gosax 10,7 u 32,5 mr/kr (p = 0,0087) n 21,7 n 32,5 Mr/kr
(p = 0,0087) (cM. Tabn., puc.). Yepes 30 MuH Takke Habnto-
[Anocb CTaTUCTUYECKM 3HAYMMOE pasnuuve Mexay [o3a-
mu 10,7 u 32,5 mr/kr (p = 0,0022) v rpynnoii c gosamu 21,7
u 32,5 mr/kr (p = 0,0173) (cM. Tabn., puc.). MakcuManbHbli
rMNoTepMUYECKUA 3PdEKT oTMeYeH npu BBeaeHun 2-AbBT
B no3e 32,5 Mr/kr. Yepes 60 MUH runotepMuyeckuin adpdekt
COXPaHSNCA, Npy 3TOM ObINM BbIABNEHBI 3HAYMMBIE Pa3NIn-
uns Mexay 3¢ dextamu npenapata B gosax 10,7 u 32,5 Mr/kr
(p=10,0087) n 21,7 u 32,5 mr/kr (p = 0,0152) (cM. Tabn., puc.).

TakuM 06pasoM, Hanbonee 3PHEKTUBHBLIM I CHUMKE-
HWA peKTasbHOI TeMnepaTypel bbino BBeaeHne 2-AbT B fo3e
32,5 Mr/kr, uTo NO3BONSET paccMaTpUBaTh [JAHHOE BELLECTBO
Kak 3 deKTUBHOE MOTEHLMANbHOE TMMNOTEPMUYECKOE Cpef-
CTBO C ObICTPbIM HacTynjeHWeM QapMaKonoruyeckoro 3¢-
deKTa (yxe Yepe3 5 MUH nocne BBeAEHUA), JEACTBUE KOTO-
poro NpojoIKaeTcs He MeHee Yaca nocne BBEAEHUS.

—— 7-ABT B f03e 32,5 Mr/kr
= = o = = 7-ABT B fo3e 21,7 Mr/kr

= o =¥ =« 2-ABT B f03e 10,8 Mr/kr

30 | | |

[lo Bo3pnencTeuA 5 MuH 30 MuH 60 MUH

Mocne BBeneHus npenapara

Puc. 1. [IuHamuKa uaMeHeHus TemnepaTypbl Tena y Mbilel nod AeiicteueM 2-ABT. lpeacTaBneHbl MefuaHbl 3HaYEHMIA PeKTanbHOM
TeMnepaTypbl, 3aperucTpupoBaHHbIx Yepe3 5, 30 1 60 MUH nocne BBeAEHWS UCCNENOBAHHOMO BellecTa B fo3ax: 32,5; 21,7; 10,8 Mr/kr.
BepTukanbHbIMK LUTPMXaMM 0603HaYeHbI FpaHULIbI COOTBETCTBYIOLLMX BapuaLMOHHBIX PAAO0B. BpeMeHHoi xof M3MeHeHuii TeMnepaTyps
Tena nog, feicremeM 2-AbT: * — cTaTUCTUUECKW 3HAUMMBIE OT/INYMA OT TeMMepaTypbl, 3aperncTPUPOBAHHON Y MbILLIEN COOTBETCTBYHILLEN
rpynnbl 40 BBeAeHnA Bewectsa (p < 0,05); # — cTaTCTUYECKM 3HAUMMBIE OTIIMUMS OT TeMMepaTyphl, 3aperucTPUPOBAHHON Y MbILLEN CO-
OTBETCTBYIOLLEN rPyNMbl Yepes 5 MUH Mocsie BBeAeHMA BelecTBa (p < 0,05); 8 — CTaTMCTMYECKM 3HAUMMBIE OT/IMUMA OT TeMnepaTypbl,
3aperucTpMpoBaHHON Y MbiLLIEN COOTBETCTBYtOLLEN rpynnbl Yepes 30 MuH nocne BBeAeHUs BeLlecTsa (p < 0,05) (no kputepuio BunkokcoHa)

Fig. 1. Dynamics of body temperature changes in mice treated with 2-ABT.The figure shows the medians of rectal temperature values
recorded at 5, 30, and 60 min after administration of the studied substance in the following doses: 32.5; 21.7; 10.8 mg/kg. Vertical
strokes: boundaries of the corresponding variation series. The time course of changes in body temperature under the action of 2-ABT:
*, significant differences from the temperature recorded in mice of the corresponding group before the treatment with 2-ABT (p < 0.05);
# significant differences from the temperature recorded in mice of the corresponding group 5 min after the treatment with 2-ABT (p < 0.05);
& significant differences from the temperature recorded in mice of the corresponding group 30 min after treatment with 2-ABT (p < 0.05)
(according to the Wilcoxon criterion)
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MCUXOHEVPODAPMAKONO/A

PE3Y/IbTATbI

MonyyeHHble HaMu pe3ynbTaThl 0 BAMAHUM 2-ABT Ha TeM-
nepaTypy roMoMOTEPMHBIX JKWUBOTHBIX COMMACcYOTCS C JaHHBIMM
nutepatypol. Tak, B pabote B.B. [Jukmanosa (2011) nokasaHo,
YTO BELLECTBA CO CXOMUMU (apMaKoQOpMHBIMM rpynnamMu
MOryT OKa3blBaTb rmnotepMuyecknin adpdekt [5]. B yacTHo-
CTW, MPY BBELLEHUM KMBOTHBIM NPenapaToB — MPOM3BOAHbIX
rpPynnbl TMA30/MHAONOB — PeKTasnbHas TeMnepaTypa AocTo-
BEPHO CHWKaeTcA [5]. AHanormyHble pesynbTatbl NOAYYEHbI
B X04€ W3y4YeHnsl CNOCOBHOCTU M3BECTHBIX AHTUTMIMOKCAHTOB,
TaKUX KaK amTu30/1, BUMeTUN U MEeKCULON, U3MEHSATb PeK-
TanbHyt Temnepatypy [6]. BHyTpubploLmHHoe BBEAEHME aM-
TM30Ma B pasnnyHbIX go3ax (10, 25, 50, 100 Mr/Kr) yepes yac
NPUBOAMIIO K 3HAUMMOMY YMEHbLLEHMIO PeKTaNbHOM TeMne-
patypbl [6]. ObHapyeHO TakxkKe, YTO He TONIbKO aHTUMUMOK-
CaHTbl aMWHOTUONOBOrO, TUA30AMHAOMLHOMO U BeH30Tha-
30/1bHOM0 PAiAa MOrYT OKa3blBaTb MMMNOTEPMUHECKUN 3P DEKT.
MeTannopraHuyeckue ceneHOCOLEepKaLLMe KOMMMIEKCh 06-
NafialoT BbIPAXKEHHBIMU AHTUTMMOKCUYECKUMM U TUNOTEPMU-
YecKUMU cBoMCcTBaMM [6].

OpHaKo He TOMbKO NPUBEAEHHBIE BbILLIE COEAMHEHUS MO-
ryT BO34EICTBOBaTb Ha npouecckl TepMoperynsumy. [laBHo
M3BECTHO, YTO psif, NPenapaTtoB LieHTpanbHOro TUNa AeicTBus
TaKKe BbI3bIBaET rMnoTepMuyeckuin 3ddekr. Tak, Knoenux,
AEeWCTBYS Ha nMpecuHanTUyeckue anbda-afpeHopeLenTopl,
BbIPAYKEHHO CHWKAET TeMnepaTypy Tena y aKCrepuMeHTab-
HbIX XMBOTHbIX [7]. [loMMMO appeHepruyeckux CpeacTs rv-
noTepMuyeckuii aIG@EKT MOryT OKasbiBaTh Takke Herponen-
TUYecKue cpencTBa. ApKuI NpeLcTaBUTENb aHTUNCUXOTUKOB,
BbIpPayKEHHO CHMXKAIOLWMI TeMnepaTypy, — ranonepugon [8].
KpoMe Toro, TecT Ha cnocobHOCTb YMeHbLUATb TeMNepaTypy
Tena Hallen NpUMeHEeHWe B U3y4eHUU HOBbIX JIEKAPCTBEHHBIX
CpeacTs ¢ aHTupenpeccueHbIM addektom [9]. MMnoTepmu-
YecKui 3 EKT, BbI3BaHHbIN pasHbIMK FpynnaMu BeLLECTB,
0YEBMIHO, peanu3yeTcs Yepes pasHble MexaHW3Mbl TepMo-
perynsumm.

BaxHo oTMeTuTb, 4To rMnoTepMuyeckui IBHEKRT MoXKeT
ObITb aKTyaneH npu Tepanuu KpUTUHECKUX COCTOSIHWIA, TaKUX
KaKk LUOK, HapyLUueHWe MO3roBOT0 KpoBOODOPALLEHus, 0CTpoe
HapyLLUeHWe KOPOHApHOro KpoBOObpalleHus, TsKenble Ye-
penHo-Mo3roBble TpaMbl U Ap. [10]. MoatoMy aaHHoe cBoA-
CTBO Y}Ke W3BECTHbIX (hapMaKoorMYeckux npenapatos Mo-
JKET CnocobCTBOBaTh PaCLLMPEHMI0 CMIEKTPa UX MPUMEHEHMS
B KJIMHWYECKOW MeauLUmMHe, @ MOUCK HOBbIX MPenapatos C rv-
MoTEPMUYECKUM 3DHEKTOM W U3yYEHUE MeXaHW3Ma UX Ael-
CTBMS NPELACTaBNSAET BaXHOE MEPCNEKTUBHOE HanpaBNeHMe.
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Reinforcing systems of the brain and quantification
of their work

Petr D. Shabanov'?, Yan B. Likhtman', Andrei A. Lebedev'

! Institute of Experimental Medicine, Saint Petersburg, Russia;
2 Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: The reinforcing systems of the brain are represented by the ventral forbrain dopaminergic bundle, which
innervates the emotiogenic structures of the limbic system. Their study shows the reproduction of unconditioned (self-
stimulation, self-administration) and conditioned reflex (preference for place, temperature, color) reactions. The gquantitative
assessment of the brain’s reinforcing systems remains unclear. For self-stimulation of brain structures, the change of the pedal
presses in the Skinner chamber and some calculated coefficients are used, for example, the “mismatch coefficient”, which
characterizes the temporal characteristics of the pedal pressings.

AIM: To develop, test, and substantiate an additional objective quantitative method for assessing the reinforcing systems of
the brain, called the “addiction coefficient”, based on an analysis of the effect of three psychoactive compounds (amphetamine,
morphine and ethanol) in different doses on self-stimulation of the lateral hypothalamus in rats.

MATERIALS AND METHODS: The main method for studying the reinforcing systems of the brain was the reaction of self-
stimulation of the lateral hypothalamus in Wistar rats, which was modulated by the administration of psychoactive substances.
The psychomotor stimulant amphetamine (phenamine) hydrochloride (0.5, 1, 2, and 4 mg/kg), narcotic analgesic morphine
hydrochloride (1, 2, 4, and 8 mg/kg), and ethanol (0.5, 1, 2, and 4 g/kg) administered intraperitoneally were used as inductors
of reinforcing. The control was the administration of of 0.9% NaCl solution (0.1, 0.2, 0.4, and 0.8 ml/rat).

RESULTS: The use of different controls, characterized by an increase or decrease in the self-stimulation reaction in response
to the introduction of 0.9% NaCl solution, showed that calculated coefficients, including the “mismatch coefficient”, can change
in different directions and do not objectively reflect the reinforcing effects of pharmacological substances. The proposed
“addiction coefficient”, which reflected the component of psychic dependence, changed unidirectionally toward an increase. The
degree of this increase can be tens and hundreds of percent of the control and is significantly independent of the initial values
of self-stimulation. As expected, the “addiction coefficient” increased most clearly after amphetamine administration and less
significantly after morphine and ethanol injections.

CONCLUSIONS: The “addiction coefficient” of a psychoactive substance, calculated as the ratio of the increase in pedal
presses to the value of the “mismatch coefficient”, is a clear quantitative indicator when assessing the reinforcing properties
of psychoactive substances in the self-stimulation reaction of the lateral hypothalamus. The “addiction coefficient” does not
significantly depend on the initial level of self-stimulation and is recommended for a comparative assessment of the reinforcing
properties of primarily related psychoactive compounds.

Keywords: reinforcing systems of the brain; structural and functional organization; self-stimulation of the lateral hypothala-
mus; quantitative indicators; addiction coefficient; amphetamine; morphine; ethanol; pharmacological analysis; rats.
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HOAKPEHHHIOLIJME CucTeMbl MO3ra
N KoJindyeCtBeHHasd OLeHKa UX paGOTbI

MN.0. WabaHos'?, A.5. Muxt™man', A.A. Jlebenes’

! MHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHkT-TMeTepbypr, Poccus:;
2 BoeHHo-MeMuMHCKas akafiemust uM. C.M. Kuposa, CankT-TeTep6ypr, Poccua

AHHOTALMUA

06ocHoBaHue. [lofKpennsioLLMe CUCTEMBI FOSIOBHOMO MO3ra NPeACTaBieHbl B OCHOBHOM BEHTPAsbHbIM NepefHUM LOohaMuH-
€PryecKMM My4YKOM, MHHEPBUPYIOLLMM 3MOLIMOTEHHbIE CTPYKTYPbl MIMMBUYECKON cucTeMbI. WX U3yyeHne cBOAMTCS K BOCMPO-
n3BefeHUo 6e3yCNOBHBIX (CAMOCTUMYNALYMSA, CAMOBBEJEHUE) U YCNIOBHO-PE(NEKTOPHBIX (MPeanoyTeHMe MeCTa, TeMNepaTypl,
uBeTa) peaKkumin. OcTatoTcs HepeLleHHbIMU BONPOCHI KONMMYECTBEHHOM OLIEHKM NOAKPENAAOLLMX CMCTEM Mo3ra. [lns caMocTu-
MYNALMM MO3TOBBIX CTPYKTYP MCMONb3YHOT NPUPOCT Ha)KaTui Ha nefanb B Kamepe CKWHHepa M HeKoTopble pacyeTHble Ko3g-
QUUMEHTBI, HanNpUMep «Ko3MdULMEHT paccornacoBaHUs», XapaKTepPU3YIOLLMA BPeMeHHbIE 0CODEHHOCTU HaXaTHA Ha nefanb.
Lienb — paspaborka, anpobaums u 0bocHoBaHWe AONONHUTENBHOTO 06BEKTMBHOTO KONIMUECTBEHHOM Crocoba oLeHKM nog-
KpennsLmx cUcTeM MO3ra, Ha3BaHHOM «KO3(QGULIMEHTOM afAUKTUBHOCTW», HAa OCHOBE aHaNW3a BMAHWUA TPEX MCUX0aK-
TUBHBIX COEAVHEHMI (heHaMMHa, MopdMHa M 3TaHOMa) B pa3HbiX A03aX Ha CaMOCTUMYMALMIO NaTepanbHOro runoTanamyca
Y KpbiC.

Martepuanbi u Metoabl. OCHOBHBIM METOAOM M3y4eHUs MOLKPENIAKLLMX CUCTEM Mo3ra bbina BbibpaHa peakums caMoCTUMY-
NALUMKM NaTepanbHoro runoTanamyca y Kpbic Buctap, KoTopylo MofynvpoBanu BBeLEHUEM MCUX0AKTUBHBIX BELLECTB. B Kaue-
CTBE WHAYKTOPOB MOAKPENEHNS UCMONb30BaK NCUXOMOTOPHBIA CTUMYNATOp eHamMuHa (amdeTamuHa) rugpoxnopug (0,5; 1;
2; 4 Mr/Kr), HapKoTUYeCKUIA aHanbreTK MopduHa ruapoxnopug (1; 2; 4; 8 Mr/kr) v atavon (0,5; 1; 2; 4 r/kr), KoTopble BBOAUNM
BHYTpUOPIOLIMHHO. B KauecTBe KoHTpons BBoAMAM pasHble Ao3bl 0,9 % pacteopa NaCl (0,1; 0,2; 0,4; 0,8 Mn Ha Kpbicy).
PesynbTatbl. Mcnonb3osanue pasHbix 403 0,9 % pacteopa NaCl B KauecTBe KOHTPOSS, Bbi3bIBAIOLLMX MOBLILLEHWUE UM CHU-
JKEHMe peaKumm caMoCTUMYNALMM, NOKa3ano, 4To pacyeTHble KOIQGhULMEHTDI, TaKMe KaK «K03(hdULIMEHT paccoriacoBaHusy,
TaKKe MOryT MEHATBCS Pa3HOHANPaB/EHHO M 0OBEKTUBHO He 0TpaaTb NOAKPennsioLmX 3bdeKToB GpapMaKonoruiyeckux Be-
wects. lpeanaraemblit HaMn «KO3DGUUMEHT aaAMKTUBHOCTU», OTPAKAIOLLMIA KOMMOHEHT NCUXMYECKOW 3aBUCUMOCTH, BCETAa
MEHSETCA OAAHOHANPABNEHHO B CTOPOHY YBeNUYeHMs. CTeneHb 3T0r0 YBESIMYEHWUS! MOXET COCTaBNIATb LECATKM U COTHU Mpo-
LLEHTOB OT KOHTPOJIS, MPUYEM CYLLLECTBEHHO HE 3aBMCUT OT UCXOAHbIX 3HAYeHW camocTuMynaumu. Kak u oxwuaanock, «koad-
GULMEHT afAMKTUBHOCTU» Hambonee HarALHO BO3pacTaeT Nocsie BBELEHMS NCUXOCTUMYNIATOPa GeHaMUHa U MeHee 3Ha4UMO
nocne MHbEKLM A MopdKHa W 3TaHoNa.

3akuioyenmne. «KoadduUumeHT agauKTUBHOCTU» MCUXOAKTUBHOMO BELLECTBA, PACCUMTLIBAEMBIN KaK COOTHOLLEHWE MpuUpocTa
HaXXaTui Ha nefanb K BeNMYMHE «K03(UUMEHTA PaccOracoBaHUA», CAYKUT HaMMAAHbIM KONMYECTBEHHBIM MOKa3aTenem
Npyu OLEHKE MOAKPENAOLLIMX CBOMCTB MCUXOAKTUBHBIX BELLECTB B peakuMy caMOCTUMYNALMM NaTepanbHOro runotanamy-
ca. «KoapduumeHT aaaMKTUBHOCTMY CYLLECTBEHHO HE 3aBMCMT OT MCXOLHOTO YPOBHS CaMOCTUMYNALMM M PeKOMEeH[OBaH
LNS CPAaBHUTENIbHOW OLIEHKM MOAKPENASIOLLMX CBOUCTB B NEPBYH 04EPefb POACTBEHHBIX MCUXO0AKTUBHBIX COEAUHEHW.

KnioueBble cnoBa: nofKpennsioLmMe CMCTEMbl MO3ra; CTPYKTYPHO-DYHKLMOHANbHAA OpraHM3aums; caMocTUMyNaums narte-
PanbHOro rUnoTanamyca; KoJMYeCTBEHHbIE MOKa3aTeu; KO3QGUUMEHT afAMKTUBHOCTH; GeHaMUH; MOpdUH; 3TaHon; GapMa-
KOMOTMYECKMIA aHaNn3; KpbiCbl.
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BIOLOGICAL NARCOLOGY

BRAIN’S REINFORCEMENT
SYSTEMS

The brain’s reinforcement systems have been largely
described by experimental data on self-stimulation
responses reproduced by various structures of the limbic
system, beginning in the mid-1950s. The reinforcing systems
of the brain has undergone significant changes since its
initial conceptualization. Initially, the autonomy of individual
brain structures (e.g., the hypothalamus) was proposed,
whereby self-stimulation was reproduced [1]. This has since
evolved into a unified system of brain structures, which are
innervated by the medial forebrain bundle [2], more precisely
by a group (cluster) of dopaminergic axons. These structures
originate in the ventral region of the midbrain and extend to
various limbic system (Fig. 1).

Given that the axons of the medial forebrain bundle
stimulate numerous brain structures, it was assumed that
they were equally involved in reinforcement or the work of
the brain's reinforcing systems. However, this hypothesis was
modified to indicate that only a subset of these structures,
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initially described based on their morphological similarities,
played a role in reinforcement. This subset, designated as the
extended amygdala system, included the central nucleus of
the amygdala, contiguous nucleus, nucleus of the bed of the
terminal stripe, and substantia innominata [3]. Subsequently,
these structures of the enlarged amygdala, or paraamygdalar
complex, were regarded as the morphofunctional basis
of reinforcement [4, 5]. Figure 2 presents a schematic
representation of the paraamygdalar complex.

However, the conventional idea about the brain
reinforcement systems, which are a group of brain
structures innervated by the medial forebrain bundle (Fig. 3),
remains well received, especially among specialists working
with the brain self-stimulation response. This is because
the response is reproduced from most of the structures
innervated by axons in the medial forebrain bundle of the
midbrain, which has approximately 50,000 neurons [7].

Reconstruction of the midbrain nuclei forming the medial
forebrain bundle was performed in our laboratory [9]. It
revealed that the structure of these nuclei is complex and
that a simplified interpretation of both the bundle and its
derivatives is unfeasible (Fig. 4).

Fig. 1. Schematic representation of the mesocorticolimbic system of the rat brain. A9 and A10: the zones of location of the dopaminergic

nuclei of the ventral tegmental area [2]

Fig. 2. Paraamygdalar complex structures (highlighted in dark) on a cross section of the rat brain: 7, dorso-ventral pallidum; 2, caudate
nucleus-putamen; 3, nucleus accumbens (core); 4, nucleus accumbens (shell); 5, lateral olfactory tract; 4, anterior commissure; 7, central
nucleus of the amygdala; 8, medial region of the amygdala; 9, lateral nucleus of the bed of the stria terminalis; 70, medial core of the bed
of the stria terminalis; 17, paraverticular nucleus of the hypothalamus; 12, lateral hypothalamus; 13, optic tract [6]
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Fig. 3. Scheme of the main projection connections of the dopaminergic nuclei of the midbrain in rats [8]. VTA, SN, complex of ventral
tegmental nuclei; VTA, ventral tegmental area; SN, substantia nigra of the midbrain; FPM, forebrain medial bundle; Pons, pons; Thalamus,
thalamus; Dorsal midbrain, dorsal part of the midbrain; Epithalamus, epithalamus; HypM, hypothalamus medial; AcC, central part of the
nucleus accumbens (core); AcS, nucleus accumbens cover (shell); S, septal nucleus; CeA, AN, complex of amygdala nuclei; IL, infralimbic
field; ST, nucleus of the bed of stria terminalis; CP, globus pallidus; Olfactory cortex, visual cortex; Fr, Cg1, Cg2, and Cg3, anterior cingulate

areas; RSA and RSG, retrosplenial cingulate areas; Hip, hippocampus

BRAIN SELF-IRRITATION

Most studies on the morphofunctional organization of
the brain reinforcement systems have been obtained using
the self-stimulation response. As previously stated, self-
stimulation is reproduced from numerous structures of the
limbic system of the brain that determine an organism’s
emotional-motivational activity. In experimental conditions,
self-stimulation is most often reproduced from the lateral
nuclei of the hypothalamus. For example, in an experiment
using a Skinner box, self-stimulation is characterized by
high reproducibility, stability, reliability, and a sufficiently
high level of pedal clicks, indicating the quantitative
characteristics of the self-stimulation reaction.

The brain’s self-stimulation reaction is used to examine
unconditional reinforcement, considering that no conditioned
reflex mechanisms are involved in the realization of self-
stimulation. However, the animal’s activity in a Skinner’s
box is regarded as an instrumental reflex. The reveals that
brain tissues specifically react to electric current, eventually
forming a motor act (in a Skinner’s classical box, this is
pressing the pedal). The direct quantitative characteristics
of the self-stimulation reaction are used for assessing
physiological or pharmacological effects. The characteristics
include the number of pedal presses (absolute and relative)
and the increase in pedal presses after the introduction of
psychoactive agents or the decrease in pedal presses when
introducing depriming agents. Additionally, the indicators
of the sensitivity of brain tissue to the effect of the current
are determined by the current threshold, which causes the
expected motor reaction. This reaction is commonly observed
as pedal pressing. Importantly, the current thresholds
causing self-stimulation (measured in microamperes)
exhibit considerable variability between animals, due to

minor variations in the localization of electrode tips in
the hypothalamus and gradual formation of connective
tissue bags in the electrode area following the prolonged
use of an animal with electrodes implanted in the brain
(>1-1.5 months). Grigoryan [10], from the Institute of Higher
Nervous Activity and Neurophysiology, USSR Academy of
Sciences, Moscow, proposed the determination of a specific
mismatch coefficient, which allowed for the consideration of
the behavioral characteristics of rats in Skinner pedal boxes.
This coefficient is calculated using a specialized formula that
considers the duration of pedal pressing and the time of the
beginning and end of stimulation (Fig. 5).

K=(T,-T)/ (T, +T),

where K is the mismatch coefficient, T, is the time of pedal
pressing after the end of stimulation in case of prolonged
pressings of duration >0.4 s, and T, is the time from the
moment of pedal release to the end of stimulation.

The mismatch coefficient is from -1 to +1 and indicates
the proportion of activation of the positive and negative
reinforcing phases of self-stimulation [12, 13]. A positive
coefficient indicates that the rat continued to press the pedal
after the brain stimulation stopped, whereas a negative
mismatch coefficient shows that the rat stopped pressing
the pedal before the brain stimulation stopped. The need
for introducing the mismatch coefficient is conditioned by
the theoretical ideas that the self-stimulation response can
be considered as a simultaneous activation of positive and
negative reinforcement mechanisms or as a “difference in the
emotional gradient” from negative to positive [14]. The shift
toward increasing and decreasing coefficients determines
the changes in both the frequency of self-stimulation and
reinforcing properties of the brain. Therefore, as an additional
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Fig. 4. Topographic location of the dopaminergic nuclei of the midbrain tegmentum based on the morphological reconstruction of the nuclei
of the ventral tegmental area and substantia nigra (top) and their schematic representation (bottom) according to Droblenkov. A, medial
projection; b, anterior projection. Nuclei of the ventromedial tegmentum of the midbrain: MHA, paranigral nucleus; MJ15, anterior linear
nucleus; 3J14, posterior linear nucleus; MM, interfascicular nucleus. Dopaminergic nuclei of the ventrolateral tegmentum: K4C, compact
part of the substantia nigra; CHC, reticular part of the substantia nigra. White matter: M, cerebral peduncle; mn, medial lemniscus. Axes
directions: C-R, caudo-rostral; M-L, medio-lateral; S-I, superior-inferior. Dotted line: trunk of the medial forebrain bundle (ventral: to the

cingulate cortex and nucleus accumbens; dorsal: to the striatum) [9]

criterion for changes in the reinforcing properties of self-
stimulation, the mismatch coefficient is used for evaluating
the effect of pharmacological drugs, as demonstrated in
several studies [4-8]. Hence, we included the calculation
of the mismatch coefficient in the self-stimulation data
processing program and to calculate it automatically, i.e.,
to automate and objectify the whole range of behavioral
changes in rats during self-stimulation.

However, both indicators of self-stimulation study (i.e.,
changes in the number of taps and mismatch coefficient)
are often insufficient because they can change in different
directions and thus the expected results, i.e., when

T I il

Fig. 5. Diagram illustrating the calculation of the “mismatch
coefficient”. | and Il are the moments of pedal depressing. Amrows
indicate the beginning and end of stimulation
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the number of taps increases (activation of reinforcing
systems), a decrease in the mismatch coefficient is most
often registered. Moreover, an increase in the number of
taps is possible, which would result in a unidirectional
change of indicators. In such cases, drawing a definitive
conclusion about the activation or depression of the brain
reinforcement systems is challenging. This implies that one
of the indicators (more often the mismatch coefficient) is not
considered, and the other is emphasized more. Furthermore,
the addictive potential of psychoactive substances, such
as psychostimulants and opiates, cannot be accurately
determined by solely considering these two parameters.
The indices obtained when psychostimulants (e.g.,
amphetamine, phencyclidine) are administered consistently
are greater than those observed after the administration of
morphine, fentanyl, diacetylmorphine, and other narcotic
analgesics [15].

Attempts have been made to introduce additional
indicators for assessing self-stimulation responses.
A reasoning involved the isolation or calculation of an
addictiveness index, which could be used to assess the
drugogenic potential of a substance. This procedure is
crucial in the preclinical study of psychotropic substances.
The fundamental principle was to use doses of psychoactive
substances that produced comparable effects [16].
However, this approach has not been consistently effective
when comparing, for example, diacetylmorphine (heroin)
to ethanol regarding excipotential doses that could lead
to the activation of reinforcing systems and potential
dependence. In the first case, the concentration will be
relatively low (5-10-20 mg/kg), whereas in the second
case, it will be significantly higher (>4 g/kg), which indicates
intoxication with the disruption of all behavioral responses.
Consequently, such an indicator is not consistently objective,
as the calculated equivalent doses of substances may be
exceedingly high compared to the reference (in this case, it
is crucial to select a reference substance or a comparison
drug) and potentially result in more adverse effects than the
actual impact on the reinforcing systems of the brain.

ADDICTIVENESS COEFFICIENT

We analyzed the effects of phenamine, morphine, and
ethanol on self-stimulation of the lateral hypothalamus
in rats to develop and validate an additional objective
guantitative method for assessing the activation of brain
reinforcement systems (an indicator of addictiveness).

Self-stimulation of the lateral hypothalamus was
investigated in 78 male Wistar rats weighing 200-220 g
placed inside standard plastic cages with vivarium conditions
in groups of five. The animals were housed at the Institute of
Experimental Medicine and maintained under inverted light
conditions between the hours of 08:00 and 20:00, with an air
temperature of 20°C-22°C and a relative humidity of 50%-
70%. They had free access to water and food. Traditional
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brain self-stimulation, in the form of pedal self-stimulation
in Skinner’s box, was used.

Electrodes were implanted into the brains of rats under
nembutal anesthesia (50 mg/kg) using a stereotactic device
(Medicor, Hungary). The electrodes were constructed from
nichrome and insulated in glass. The diameter of the
electrode was 0.25 mm, the length of the bare tip was
0.25-0.30 mm, and its thickness was 0.12 mm. They were
implanted bilaterally into the lateral hypothalamic nucleus
at the following coordinates: AP = 2.5 mm posterior to the
bregma, SD = 2.0 mm lateral to the sagittal suture, and
H = 8.4 mm from the skull surface [17].

An electrode of indifferent composition, constructed from
nichrome wire, was attached to the skull of the animal. The
electrodes were connected to a microconnector fixed to the
skull with self-hardening plastic.

Ten days after electrode implantation in the brain,
rats were trained to press a pedal in a Skinner box for
electrical stimulation of the brain. This stimulation involved
rectangular pulses of negative polarity of 1 ms duration with
a frequency of 100 Hz for 0.4 s. The current thresholds were
set in the fixed bundle mode. For repeated stimulation, the
animal was forced to press the pedal again. The frequency
and duration of presses were recorded automatically. The
mismatch coefficient was calculated according to the
previously described methodology. On experiment day
three, pharmacological preparations were initiated after the
reaction reached a stable current strength. The number of
pedal presses and mismatch coefficient were recorded for
a 10-min interval; then, an intraperitoneal injection of the
drug was performed. After 30 min, the same parameters
were recorded for a 10-min interval. Furthermore, the
addictiveness coefficient was calculated as the ratio
of the increase in the number of pedal presses to the
mismatch coefficient, which was expressed in conventional
units.

At the end of all experiments, morphological control
of electrode tip localization was conducted on a series of
frontal brain slices, which were stained according to the Nissl
method. Prior to this, coagulation through the implanted
electrodes with 1 mA current for 30 s was performed.

The following were used for pharmacologic analysis and
were administered intraperitoneally:

1) Isotonic sodium chloride solution (control: 0.1, 0.2,

0.4, and 0.8 mL per rat)

2) Psychomotor stimulant phenamine (amphetamine)

hydrochloride (0.5, 1, 2, 2, and 4 mg/kg)

3) Narcotic analgesic morphine hydrochloride (1, 2, 4,

and 8 mg/kg)

4) Ethanol (0.5, 1, 2, and 4 g/kg)

The statistical processing of the obtained quantitative
data was conducted using GraphPad Prism v.6 software.
Data were presented as mean + standard deviation. The
significant differences between groups were determined
using one-factor ANOVA analysis of variance. For comparison
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between two groups, the Student’s t-test for independent
samples was used.

Analysis of the effect of different doses of phenamine
on self-stimulation of the lateral hypothalamus (Table 1)
revealed a dose-dependent increase in the number of pedal
presses, with a 33% increase observed after administration
of 0.5 mg/kg and a 66% increase after administration of
4 mg/kg. Concurrently, the mismatch factor decreased
from 0.60 to 0.34. Data indicate that phenamine activates
the brain’s reinforcement systems. However, the most
significant findings were those related to the addictiveness
coefficient, which demonstrated a gradual increase from
2.22 +0.03 (0.5 mg/kg) to 4.88 +0.09 (4 mg/kg). In
comparing control | (1.15 + 0.02) to control Il (1.12 £ 0.05),
the results demonstrated that the reinforcing systems
of the brain become increasingly involved as the dose
of psychostimulant increases. Two control groups were
included in the study: one (I) exhibited a 10% increase in
the number of taps and the other (ll) demonstrated a 9%
decrease in this index following the administration of 0.9%
NaCl solution.

The choice of two control groups was attributed to
experiments with self-stimulation, which consists in the fact
that one animal (rat) is used in the experiment repeatedly.
When including an animal in the experiment, electrodes are
implanted in the brain for a long period (in our experiments,
at least 1-1.5 months). Following the 10-day quarantine
period, the rat is trained to press the pedal to receive
electrical stimulation (reinforcement) for 3-4 days. This
is done until the self-stimulation response of the lateral
hypothalamus stabilizes.

Subsequently, before the administration of the
pharmacological substance, control values of self-
stimulation were recorded in each rat for 10 min. Thereafter,
the pharmacological substance was administered, and
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self-stimulation reaction was recorded again in 30 min
for a 10-min interval. The effect of the substance was
compared with the data of control testing (before substance
administration). The administration of pharmacological
substances was repeated with a 4-5-day interval. Each
rat was used repeatedly, with a 4-5-day break between
administration and testing. Thus, each rat was tested at
least 7-10 times (7-10 sessions), and the results of all
sessions with administration of a particular pharmacological
substance were statistically calculated.

Table 1 reveals that control groups | and Il diverge in the
directionality of the effects of repeated testing. In the case of
control group I, self-stimulation increased by 10%, whereas
in the case of control group Il, self-stimulation decreased by
9%. The mismatch coefficients in control group | remained
relatively stable, decreasing by only 5% from 0.21 + 0.02
to 0.20 + 0.01. The calculated addictiveness coefficient,
defined as the ratio of the increase in the number of pedal
presses to the mismatch coefficient in control group I, was
1.15 £ 0.02. In contrast, control group Il initially exhibited
a slight (-9%) decrease in self-stimulation, followed by
a significant 19% decrease in the mismatch ratio from
0.31 + 0.03 to 0.25 + 0.05. The addictiveness coefficient was
found to be 1.12 + 0.05, which was not significantly different
from the result observed in control group I. This indicates
that, regardless of the direction of change in the number of
pedal presses (increasing or decreasing), the addictiveness
coefficient remained relatively stable.

A different scenario emerged when morphine was
studied in relation to self-stimulation of the lateral
hypothalamus (Table 2). Two control groups were also
selected for comparison with the effects of the drug. One of
these (group 1) exhibited a slight increase in the number of
pedal presses (+10%), and the other exhibited a decrease in
this index (-6%). The mismatch coefficient in control group |

Table 1. Effect of amphetamine at different doses on the assessing of the lateral hypothalamus in rats

Substance, dose

Number of pedal presses
per 10 min (%)

Mismatch coefficient,

' ' Addictiveness
relative units

coefficient,

relative units

before after before after
Control group | (0.9% NaCl solution) 147 £ 16 161 £ 12 0.21 £ 0.02 0.20 + 0.01 1.15 £ 0.02
(1.10 + 0.08) (0.95)
Control group Il (0.9% NaCl solution) 156 + 13 142 + 19 0.31 £ 0.03 0.25+0.05 1.12 £ 0.05
(0.91 £ 0.12) (0.81)
Phenamine 0.5 mg/kg 245 + 33 325 + 23°% 0.15+0.03 0.09 + 0.02°% 2.22 +0.03*
(1.33 £ 0.09) (0.60)
1 mg/kg 234+ 17 322 + 29 0.25 + 0.05 0.11 £ 0.02°% 3.14 + 0.05%**5%5
(1.38 £ 0.12) (0.44)
2 mg/kg 214+ 16 307 + 23°% 0.21 £ 0.04 0.12 £ 0.03'% 2.51 + 0.05**%
(1.43 £ 0.11) (0.57)
4 mg/kg 203 + 31 337 + 26™%% 0.32+0.10 0.11 +0.03% 4,88 + 0,09**5%5
(1.66 £ 0.13) (0.34)

Note: *p < 0.05; **p < 0.01; ***p < 0.001 compared with control group 1; %p < 0.05; *p < 0.01; %*%p < 0.001 compared with control group 2;

#n < 0.05 compared with values before drug administration.
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increased by 4% from 0.23 + 0.03 to 0.24 + 0.04. Conversely,
in control group II, the coefficient decreased significantly
by 24% from 0.34 + 0.03 to 0.26 + 0.05. Consequently, the
addictiveness coefficient in control group | was 1.06 + 0.04
and 1.24 + 0.07 in control group I.

The evaluation of morphine effects on self-stimulation
depended on the initial control values. In control group |, the
number of pedal presses when the drug was administered
at a dose of 1-2 mg/kg was not statistically different from
control values, increasing only when administered at doses
of 4 mg/kg (+27%) and 8 mg/kg (+31%). In contrast, in
control group I, all doses of morphine (1-2-4-8 mg/kg)
were found to have a significant activating reinforcement
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effect on this index. The mismatch coefficient significantly
decreased from 0.22 +0.02 to 0.13 £ 0.04 (p < 0.01)
following the administration of 2 mg/kg morphine. This
reduction was further pronounced at a dose of 8 mg/kg,
with the mismatch coefficient reaching 0.16 + 0.03. However,
reinforcing system involvement in the brain is more evident
in the calculation of the addictiveness coefficient, which
exhibited a moderate increase with morphine administration
at all doses (1-2-4-8 mg/kg), regardless of the initial
values of control groups | (1.06 + 0.04) and Il (1.24 + 0.05).
Notably, the values of the addictiveness coefficient were not
particularly high compared to the effect of phenamine, which
ranged from 1.40 + 0.07 to 2.00 + 0.07.

Table 2. Effect of morphine at different doses on the assessing of the lateral hypothalamus in rats

Number of pedal presses Mismatch coefficient, Coefficient
Substance. dose per 10 min (%) relative units addictiveness
! coefficient, relative
before after before after units
Control group | (0.9% NaCl 166 + 19 182 + 12 0.23 £ 0.03 0.24 £ 0.04 1.06 £ 0.04
solution) (1.10 £ 0.09) (1.04)
Control group Il (0.9% NaCl 153 £ 12 144 + 23 0.34 +0.03 0.26 + 0.05 1.24 £ 0.05
solution) (0.94 £ 0.15) (0.76)
Morphine 1 mg/kg 21119 242 + 18° 0.28 +0.03 0.23 £ 0.06 1.40 + 0.07*%
(1.15 £ 0.09) (0.82)
2 mg/kg 215+ 21 247 + 15° 0.22 + 0.02 0.13 + 0.04*% 2.00 + 0.07**%%
(1.18 £ 0.11) (0.59)
4 mg/kg 203 + 31 257 + 13*% 0.20 + 0.03 0.18 £ 0.05 1.41 + 0.06*
(1.27 £ 0.06) (0.90)
8 mg/kg 178 £ 19 232 + 25*% 0.20 £ 0.05 0.16 + 0.03% 1.64 + 0.04**%
(1.31 £ 0.14) (0.80)

Note: *p < 0.05; **p < 0.01 compared with control group 1; %p < 0.05; %p < 0.01 compared with control group 2; *p < 0.05 compared with values

before drug administration.

Table 3. Effect of ethanol at different doses on the assessing of the lateral hypothalamus in rats

Number o1f0pe¢_ial(;r)e sses Mismatch coefficient, relative units Coefficient
Substance, dose per 7 min ™ addlcftflvenetss
! coefficient,
before after before after relative units
Control group | (0.9% NaCl 141 £ 16 153 £ 14 0.24 £0.02 0.22 £ 0.03 1.18 + 0.04
solution) (1.09 £ 0.12) 0.92)
Control group Il (0.9% NaCl 161+ 1 145 + 24 0.14 +0.03 0.18 + 0.06 0.70 £ 0.05
solution) (0.89 £ 0.15) (1.28)
Ethanol 0.5 g/kg 156 + 21 167 + 17 0.33+0.M 0.21 + 0.07* 1.67 + 0.11%%
(1.07 £ 0.11) (0.64)
1 g/kg 135+ 13 148 + 20 0.21 £ 0.02 0.14 + 0.05*% 1.64 + 0.07*%
(1.10 £ 0.15) (0.67)
2 g/kg 157 + 14 192 + 16*% 0.25 £ 0.05 0.21 +0.12 1.45 + 0.14*%%
(1.22 £ 0.10) (0.84)
4 g/kg 148 £ 16 162 + 12 0.21 £ 0.02 0.20 + 0.01 1.16 +0.03°
(1.10 £ 0.08) (0.99)

Note: *p < 0.05; **p < 0.01 compared with control group 1; %p < 0.05; %p < 0.01 compared with control group 2; *p < 0.05 compared with values

before drug administration.
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Assessing the impact of ethanol on the brain's
reinforcing systems is more challenging (Table 3). Two
control groups were included in the study, which exhibited
an initial increase (+9% in control group 1) or decrease
(-11% in control group II) in the number of pedal presses
following the administration of a 0.9% NaCl solution. The
mismatch coefficient in control group | showed a moderate
decrease of 8% from 0.24 + 0.02 to 0.22 + 0.03, whereas it
presented a significant increase of 28% in control group Il
(from 0.14 + 0.03 to 0.18 + 0.06). Among the ethanol doses
studied (range: 0.5-4 g/kg), only one (2 g/kg) resulted
in a small increase in pedal presses (22%), although the
mismatch coefficient exhibited a significant decrease
following the administration of 0.5 and 1 g/kg. However,
the proposed addictiveness coefficient was 1.18 + 0.04 in
control group | and 0.70 + 0.05 in group Il. The former was
consistent with the data of previous experiments, in which
the addictiveness coefficient ranged from 1.06 to 1.24, and
the latter exhibited a notable discrepancy from the typical
values, with an addictiveness coefficient of 0.70. Ethanol
administration at a dose of 2 g/kg significantly increased
the number of pedal presses relative to control groups |
and Il. Furthermore, the mismatch coefficient significantly
decreased when the effect of ethanol administration at a
dose of 1 g/kg was assessed, also relative to both control
groups. The addictiveness coefficient showed a more
pronounced increase following ethanol administration
at doses of 0.5-1-2 g/kg relative to control group |
and at all doses (0.5-1-2-4 g/kg) relative to control
group Il. Consequently, regardless of baseline control,
the addictiveness coefficient remains the most feasible
indicator of the activation of reinforcing systems by the
self-stimulation response of the lateral hypothalamus.

Obtained data indicates that the addictiveness coefficient
in all animal groups and all doses of psychoactive substances
significantly increased, demonstrating the involvement
of reinforcing systems in the brain in their action. The
addictiveness coefficient can be easily calculated based
on other guantitative indicators of self-stimulation of the
lateral hypothalamus. It does not replace these indicators
but takes them into account. It has a clear semantic content
and specific and understandable numerical values.

Importantly, the self-stimulation reaction of the lateral
hypothalamus is a reliable method for studying the reinforcing
systems of the brain and reflects the psychic component of
addiction to an extent. This is indicated by a gradual increase
in the addictiveness coefficient with increasing doses of the
psychoactive substances under study. Previously, we and
other specialists considered the effect of psychotropic drugs
on self-stimulation of the lateral hypothalamus as regards
primary reinforcing (unconditional reflexes). This referred to
the ability of brain tissue to respond specifically to electrical
stimulation by motor response and reduction of the stimulus
threshold at repeated stimulation [4, 6, 8]. However, the
gradational increasing response to increasing doses of a
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narcotic, especially when administering psychostimulants
such as phenamine, may indicate that self-stimulation
and addictiveness coefficient are associated with psychic
dependence. This is, in narcology, “the desire to reuse a
substance to achieve a specific euphoria” [18].

Three psychoactive substances with varying addictive
potential were included in the study: ethanol (0.5-4 g/kg),
morphine (1-8 mg/kg), and phenamine (0.5-4 mg/kg). The
initial doses were selected as threshold doses for effects
on self-stimulation of the lateral hypothalamus. However,
it is critical to first consider the data obtained when 0.9%
sodium chloride solution (isotonic sodium chloride solution)
was administered on self-stimulation. In half of all control
groups, repeated administration of isotonic sodium chloride
solution resulted in an increase in self-stimulation, whereas
in the other half, it resulted in a decrease. In Tables 1-3, the
corresponding data are presented as control groups: control
group | (increase in self-stimulation) and control group I
(decrease in self-stimulation). In all cases, the deviation
from baseline with repeated self-stimulation did not exceed
11%, enabling the calculation of the mismatch coefficient,
which did not change, decrease, nor increase. Consequently,
the mismatch coefficient should not be the sole criterion for
evaluating the impact of psychotropic substances. However,
its initial value should be considered, as it determines the
calculation of the addictiveness coefficient. Based on the
experimental data, if the upper limit of the addictiveness
coefficient is <1.25 or within a narrow range of this value,
then the increase in the addictiveness coefficient due to the
influence of a psychoactive drug can be interpreted as psychic
dependence. It is crucial to compare with that under the
administration of isotonic sodium chloride solution (control),
because the initial values of the mismatch coefficient
fluctuate significantly (from 0.70 to 1.24 in our experiments).
The present study indicates that the addictiveness coefficient
was the most informative and unidirectional among the
three behavioral indices (pedal push increment, mismatch
coefficient, and addictiveness coefficient).

Another distinction of addictiveness coefficient is
its progressive increase with increasing dose of the
psychoactive substance. This can be observed, for instance,
in the case of the psychostimulant phenamine (Table 1).
Additionally, addictiveness coefficient demonstrates an
increase in comparison with the control values. Thus,
the final calculated addictiveness coefficient depends on
the initial control values, which can decrease, remain
unchanged, or increase with repeated self-stimulation to the
administration of isotonic sodium chloride solution (active
control). Regarding ethanol control, data were obtained at
both high (+9%) and low (-11%) levels of baseline self-
stimulation. The mismatch coefficient in this case exhibited
either a decrease (control group I) or an increase (control
group I1). The value was 0.92 in the first case and 1.28 in
the second, presenting the only positive value of all the data
obtained for this index. Consequently, the addictiveness
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coefficient in the active control group was 0.70, showing
a deep negative value. These findings indicate that the
reinforcing effects of ethanol (0.5-1-2-4 g/kg) result in
an approximately 2.4-fold increase in the addictiveness
coefficient at doses of 0.5 and 1 g/kg, with a lesser extent
of increase at doses of 2 and 4 g/kg. However, all values of
the addictiveness coefficient were found to be significantly
higher than the control values (Table 3).

Remarkably, ethanol at 2 and 4 g/kg correspond to
the state of pronounced and deep intoxication, during
which the animal’s motor skills are significantly impaired.
Furthermore, it is unreasonable to anticipate a notable
increase in the addictiveness coefficient at these doses. This
conclusion is supported by a comparison of the addictiveness
coefficient at the dose of 4 g/kg ethanol (1.16 + 0.03) with
the corresponding indicators of control group | (1.18 + 0.04),
which revealed no significant differences between the two
groups.

A comparable phenomenon was observed in evaluating
the reinforcing properties of morphine. The maximum
degree of increase in the addictiveness coefficient at the
dose of 2 mg/kg can be estimated as +61%, the dose of
8 ma/kg as +32%, and doses of 1 and 4 mg/kg as only
+13%—-14% in comparison with control group Il. These data
should be evaluated in the context of the control values
for the addictiveness coefficient, which in this group (1)
amounted to 1.24 + 0.05, representing a nearly twofold
increase compared to that in the ethanol control group.
Therefore, it could not be concluded from the obtained data
that the addictive potential of morphine in doses of 1-2—
4-8 mg/kg is less than that of ethanol (0.5-1-2-4 g/kg)
when addictiveness coefficients amounted to +68%—142%
of control values (control group II), because in the case of
comparison with control group I, addictiveness coefficients
amounted only to +23%-42%. Hence, the addictiveness
coefficient more accurately reflects the effects of ethanol
and morphine on the brain reinforcement systems.

Consequently, the addictiveness quotient is a reliable,
straightforward, and convenient gquantitative method
for assessing the addictive potential of psychoactive
compounds. It is suitable for assessing the addictive
potential of psychostimulants, but not exclusively. The
coefficient is more appropriately compared within a group
of similar psychoactive compounds than between different
groups. For example, it would be more appropriate to
compare morphine, fentanyl, and trimeperidine with each
other than to compare morphine to amphetamine, fentanyl
to cocaine, or trimeperidine to phencyclidine. If comparisons
are to be made between different groups of psychoactive
substances, appropriate reference values on which to
base such studies should be used. Based on our data, the
control values for the addictiveness coefficient should be
1.00-1.25. A decrease in the value of the addictiveness
coefficient would indicate greater reinforcing properties of
the psychoactive substance, as we observed with ethanol

Tom 15, Ne 2, 2024

[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

compared to control group Il (Table 3). Thus, the controls
should be strengthened by increasing the number of
observations. Such an approach is beneficial for assessing
the narcogenicity of different psychoactive substances.

CONCLUSIONS

The data presented demonstrate the feasibility of
calculating the addictive coefficient of a psychoactive
substance as the ratio of the proportion of changes in pedal
presses to the value of the mismatch coefficient when
using the lateral hypothalamic self-stimulation method.
For several psychoactive groups of substances, such as
psychostimulants, this index shows a clear and directly
proportional dose dependence, probably because it is
attributed to psychic dependence. However, this pattern is
not always observed. In groups in which self-stimulation
is not reproduced at a high level (analgesics from the
opium group, sleeping pills from the group of barbituric
and isobarbituric acid derivatives, and tranquilizers from
the benzodiazepine group), the addiction coefficient is not
relatively indicative, because these drugs are characterized
more by physical dependence. The addictiveness coefficient,
along with other quantitative indicators (number of pedal
presses and mismatch coefficient), can reflect the actual
narcogenic potential of a psychoactive substance. Crucial
for the calculation of this indicator are the corresponding
reference values, which, according to our data, should be
1.00-1.25. Additionally, when using the method of self-
stimulation of the lateral hypothalamus, it is better to use
the addiction coefficient for comparison primarily within
a group of similar psychoactive compounds, for example,
among opiates, barbiturates, benzodiazepines, and
psychostimulants, rather than between different groups of
compounds.
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AO0NOJHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbLIN BKNaf
B Pa3paboTKy KOHLEMUMM M NOAroTOBKY CTaTbW, MPOYNM U ofio-
bpunu duHaneHyto Bepcuio nepen nybnukauven. M. LabaHos,
A.6. NuxtMaH, A.A. Jlebenes — aHanu3 AaHHbIX, HANMCaHWeE CTaTby;
MN.[. LLiabaHoB — pa3paboTKa 06LLe KoHLENUMM.

KoHdnukT nHTepecoB. ABTOpLI JieKNapypyIaT OTCYTCTBUE SIBHBIX
W NOTEHUManbHbIX KOH(IMKTOB MHTEPECOB, CBA3aHHBIX C NybnnKa-
LMeN HaCTOALLIEN CTaTbM.
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Koppekuusa KoMnynbCUBHOIO nepeeaaHus y Kpbic,
NepeXXuBLUMX MaTepPUHCKYI0 AenpuBaLuio B paHHEM
BO3pacTe, C NOMOLLbI0 HOBOFO aHTaroHMCTa
0X1-peuenTopos

A.A. Nebepes'3, C.C. Miopsees’?, H.[l. Han6utosa', E.P. Bbiukos',
B.B. JlyxawwKosa', B.A. Jlebenes™?, 1.[1. LLa6aHos'

! MHCTUTYT 3KCnepuMenTasibHoN MeauumHbl, CankT-Tetepbypr Poccus;
2 CaHKT-leTepByprcKuil rocynapcTBEHHbIN NeanaTpUUecKMin MeuLIMHCKWIA yHuBepcuTeT, CankT-Metepbypr, Poceus;
3 CaHKT-leTepByprcKuit YHUBEPCUTET TEXHOMONMIA yNpaBneHns 1 3KoHoMuKK, CankT-MeTepbypr Poccus

AHHOTALMA

0O6ocHoBanue. [puctynoobpasHoe (KomnynbcuBHoe) nepeepanne (compulsive overeating, bulimia nervosa, binge eating
disorder) nexut B 0CHOBe HapyLUEHMIA NULLEBOrO noBeaeHus, BKoYeHo B MKB-11 u DSM-5 Kak nposiBneHue HexuMm4yecKoi
(opMbl 3aBMCMMOCTU. 3T0 MOBELEHYECKOe PacCTPOMCTBO MMMYIbCMBHOCTU M KOMMYNbCMBHOCTK. O3KMpeHue U paccTpoicTsa
MULLEBOTO MOBELEHMUS XapaKTEPU3YIOTC KOMMYNIbCUBHBIM NOTPEONEHNEM MWLM, aHANOMMYHBIM KOMNYTbCUBHOMY yrioTpebne-
HWI HapKOTUKOB MPM PaccTPOICTBAX, CBA3AHHbIX C YMOTPEBIEHNEM NCUX0AKTUBHBIX BELLECTB.

Lienb — un3yyenue peiicteus aHtaroHucTa 0X1-peLienTopoB aHTOPeKCa Ha KOMMYNIbCUBHOE NEpPeefaHme Y UBOTHBIX B MOfE-
N MaTEPUHCKOI AenpuBaLmm.

Marepuanbl n Metoabl. [10710B03penble KPbIChI-CaMLibl, KOTOPbIX MOCAe POXAeHUs co 2-ro no 12-i geHb Ha 3 Y oTyyanu
0T MaTepu, NoMyyann Kawabli TPeTU SeHb 1 4 OMeTy € BbICOKUM COAEepKaHWeM YIeBofoB B TedeHue 45 gHei. lpu atom
BbICOKOKaMNOPUIAHYI0 NULLY 33 15 MUH 40 KOpPMIIEHUS NOMELLAnM B 5 CM J0CAraeMoCTU NpU BU3YarbHOM KOHTaKTe. AHTaroHUCT
PELenTopoB OPeKCMHA aHTOPEKC BBOAWNM MHTPaHa3anbHo 7 aHen B ao3e 1 MKkr/1 Mk, 20 MK,

Pesynbtatbl. [lpepbiBucToe MOTPebneHWe MPOLYKTOB BbICOKOKANOPUMHOM MWLLM Bbi3bIBaN0 KOMMYNLCUBHOE MNepeefaHue
Y KpbIC. Y N0n0BO3penbIX KMBOTHBIX, NEPEXMBLLMX [eNpUBaLMIO OT MaTepy B paHHEM OHTOreHese, Habnoaanu ycunexme Bbl-
PaKEHHOCTM NPU3HAKOB KOMMYNILCMBHOTO NepeesaHns BbICOKOYTEBOAHON MULLM B HALLEN MOLENU OTHOCUTENTBHO KOHTPOSb-
Hom rpynnbl (p < 0,001). Mpu 3TOM noTpebneHue CTaHAApTHOTO BPUKETMPOBAHHOMO KOPMa He M3MeHANockb. WHTpaHa3anbHoe
BBeeHWe aHTaroHucta 0X1-peLienTopoB aHTOpEKCa CHUKAMO NPOSBNEHNUS KOMMY/bCUBHOTO NepeesaHus Y Kpbic Nocne oTy-
YeHWs OT MaTepy B YCIIOBUAX NPEPLIBUACTOrO NOTPe6NEHNs BbICOKOKANOPUMHOW NMULLM MO CPABHEHMIO C KOHTPOJILHOM rpynnom
(p < 0,05). MotpebneHue cTaHZaApTHOTO KOpPMa He OTAIMYaNOCh OTHOCUTENBHO KOHTPOSbHOM TPYMMbl KaK [0 Kypca BBEAEHUS
aHTaroHMCTa OPEKCUHA, TaK W MOC/e ero BBEAEHMS.

3akuioyenue. [onydyeHHble B xofe paboTbl faHHble MpeArnonaraloT HOBble MyTU W3YYeHUs U CUHTE3a CPeAcTB MenTUAHOM
NPUPOAbI HA OCHOBE OPEKCWHA M Er0 aHTArOHUCTOB A1 KOPPEKLMW KOMMYNECUBHOTO NepeefaHms], Bbl3BaHHOO XPOHUYECKUM
CTPECCOM B OHTOTEHE3E.

KnioueBble cnoBa: KOMNynbCUBHOE NepeenaHne; MaTepuHCKoe npeHe6pe>KeHl4e; adHTOPEKC; OPEKCUH.
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Correction of compulsive overeating in rats after
maternal deprivation in early age using a new antagonist
of 0X1 receptors

Andrei A. Lebedev'?, Sarng S. Pyurveev'?, Natalia D. Nadbitova',
Eugenii R. Bychkov', Valeriya V. Lukashkova', Viktor A. Lebedev"?, Petr D. Shabanov'

! Institute of Experimental Medicine, Saint Petersburg Russia;
Z Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia;
3 Saint Petershurg University of Management, Technologies and Economics, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Compulsive overeating (bulimia nervosa, binge eating disorder) is the basis of eating disorders and is included
in ICD-11 and DSM-5 as a manifestation of nonchemicaladdiction and a behavioral disorder of impulsivity and compulsivity.
Obesity and eating disorders are characterized by compulsive food consumption, similar to compulsive drug use in substance
use disorders.

AIM: To evaluate the effect of the 0X1 receptor antagonist anthorex on compulsive overeating in animals in a maternal
deprivation model.

MATERIALS AND METHODS: Sexually mature male rats, which were separated from their mother for 3 h after birth from days
2 to 12, were fed a high-carbohydrate diet every third day for 1 h for 45 days. High-calorie food was placed within 5 cm of reach
with visual contact 15 minutes before feeding. Anthorex was administered intranasally for 7 days at a dose of 1 pg/1 pl, 20 pl.
RESULTS: Intermittent consumption of high-calorie foods caused compulsive overeating in rats. Sexually mature animals that
experienced deprivation from their mother in early ontogenesis showed increased compulsive overeating of high-carbohydrate
foods relative to the controls (p < 0.001). Moreover, the consumption of standard briquetted feed did not change. Intranasal
administration of anthorex reduced the manifestations of compulsive overeating in rats after weaning under conditions of
intermittent consumption of high-calorie food compared to the control group (p < 0.05). Consumption of standard food did not
differ relative to the control group, before and after the administration of the orexin antagonist.

CONCLUSIONS: The study reveals new methods of studying and synthesizing peptide drugs based on orexin and its antagonists
for the correction of compulsive overeating caused by chronic stress in ontogenesis.

Keywords: compulsive overeating; maternal deprivation; antorex; orexin.
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B/IONOMMHECKAA HAPKOTIOTAA

Ob0CHOBAHUE

OupeHue M paccTporCTBa MULLEBOMO MOBEAEHWS Xa-
PaKTEPU3YIOTCS  KOMMYMbCMBHBIM MOTpebneHneM  nuLiK,
aHanIorMyHbIM KOMMYNbCUBHOMY YNOTpebeHnio HapKOTUKOB
NPy paccTporCTBaX, CBSA3aHHbIX C YNoTpebneHneM NcuxoaK-
TUBHbIX BeecTs [1]. KomnynscuBHOe nuiieBoe noBefeHue
CNIOXHO W MHOTOrpaHHO: nepeefiaHue C LENbI0 CHATUS He-
raTUBHOMO 3MOLMOHANBHOMO COCTOSIHUA CYMTAETCA KIHOYEBbIM
371EMEHTOM KOMMNYNbCUBHOMO nuTaHua [1], yto noateepik-
AAETC AaHHBIMU KaK JOKIMHUYECKUX, TaK U KIIMHUYECKUX
uccnegoBanuin [2, 3]. Cuntaetcs, 4To nepeefaHne C Liefbio
CHSATUSA HEraTMBHOIO 3MOLMOHANIBHOTO COCTOSIHUS BbI3BAHO
ABYMS MPOLECCaMU: CHUKEHUEM YyBCTBUTENIBHOCTU K BO3-
HarpaXAeHuio U BO3HMKHOBEHMEM HeraTMBHOMO adeKTa [4].

lNpennonaratot, uto, nogobHo ynotpebneHuio HapKoTu-
KOB, MoTpebieHne BKYCHOW MWLM MPUBOAMT K MOBTOPHOI
CTUMYNIALMM U B UTOre K [LECEHCUTM3auUus peLenTopoB Me-
301MMBUYECKOl AODAMMHOBOW CUCTEMBI, OCHOBHOMO CY6-
CTpaTa BO3HarpaxaeHus u nogkpennenms [5-7]. Cneposa-
TeNbHO, MPOLOKANLLEECS NepeefaHne MOXEeT OTpaxartb
HeobX0AMMOCTb peaKTMBaLMKU TMNOGYHKLUMOHANBHON CXEMBI
BO3HarpaxaeHus. lpu 3ToM MexaHW3M KOMMYNLCUBHOTO Ne-
peefaHus 3aKIO4aeTcs B U3MEHEHUM 00MeHa psaaa Herpo-
MeAMaTOPHbIX CUCTEM, B HYaCTHOCTH, AOdaMUHA, CEPOTOHMHA,
HopaJpeHanuHa, ONMOMAOB W TaKKe ropMoHoB cTpecca [9].
B Mopensx oxwvpeHus 1 nepeefaHus Ha XKWBOTHbIX Habiio-
Aanu CHUXEHWE Nepesaym CUrHanos AodaM1MHOBON CUCTEMI,
Bonee HK3KMIA 060POT AOdAMMHA W CHUMEHHYIO aKTUBHOCTb
TpaHcnoptepa fodamMuHa (DAT), KoTopbIi perynmpyeT cuHan-
TUYECKMe KOHLEHTPaUuUK fodhaMuHa NocpeAcTBOM 06paTHoro
3axgara [8].

[MnoTanammyeckue HeiiponenTuabl opeKcuHbl A u B yua-
CTBYIOT B Perynsiummn LyKna coH — 604pcTBOBaHME, MULLEBOM
noBefeHNM N MexaHU3Max Bo3HarpaaeHus. OpeKCUHbI CUH-
TE3UPYHOTCS B NaTepanbHOM rynotanamyce 1 B3auMoAencTBy-
10T C HeWMpOoHaMu Yepe3 G-NpoTenH-acCcoLMMPOBaHHbIE OPeK-
cuHoBble peuenTopbl 1-ro u 2-ro tunos [10]. 0X1-peuenTop
Y4acTBYET B pPeaKLMAX IMOLMOHANBHOMO MOBEAEHUA U U3-
beranus, Torga Kak OX2-peuenTop perynupyet LMpKagHbIN
CYTOUHbBIA PUTM [4, 5]. 3KCNEpUMEHTaNbHBIE U KIIMHUYECKUE
UccnepoBaHUA MOKasanu BOBMIEYEHWE CUCTEMbl OpEKCMHA
B OTBET Ha CTpeccopHble BO3AeicTBUA [6, 12]. MuweHsMm
AEeHCTBUA OPEKCWHA B FOSIOBHOM MO3re SBMIAKOTCA runoTana-
MYC, SIAPO JI0}a KOHEYHOM MONOCKW, MUHAANMHA, NpedpoH-
TanbHas Kopa, runnokamn, ronyboe natHo [11].

[lelicTBME XPOHWUYECKMX M OCTPBIX CTPECCOB B OHTOrEHE-
3€ NPUBOAMT K 3HAUUTESIbHBIM NOCTCTPECCOPHBIM PacCTpoii-
ctaM [13]. CoumanbHas genpuBaLyus, MaTePUHCKOE NpeHe-
bpexxeHue, busnyecKoe U ceKcyanbHOe Hacuue B [eTCTBe
CBfA3aHbl C OTAaIEHHBIMM PACcCTPOICTBAMU IMOLIMOHABHOIO
noBefleHMs U HapylleHueM MoTuBauuu [14]. B pesynbrate
pas3BMBaeTCA [Lenpeccus, MOBLILIAETCA YPOBEHb TPEBOXK-
HOCTW W BO3HMKAET 3N0ynoTpebrneHne ankoronem u HapKo-
TMKamm [15]. OTnyyeHne oT MaTepu B paHHEM OHTOreHe3e

Tom 15, Ne 2, 2024

[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

BbI3bIBAET Y MBOTHBIX CTOWMKME HApYLUEHUA 3MOLMOHANb-
HbIX peakuuin U GopMUpPOBaHUE 3aBMCUMOCTU OT MCUX0AK-
TUBHBIX cpeacTs [16].

B HacTosiee BpeMs oLLyLLaeTCs ABHbIA HELOCTATOK Ha-
Y4HbIX paboT, MOCBALLEHHBIX Y4aCTUIO CUCTEMbI OPEKCUHA
B MULLIEBOIA 3aBUCUMOCTU, HE U3Y4eHbl U MEXaHU3MbI BIISIHUS
peLenTopoB OPeKCMHA Ha CUCTEMBI NOAKPENEHUS U 3MOLMO-
HasIbHOr0 NOBELLEHWUA NPU CTPECCOPHBIX BO3AEHACTBUSAX CPEAbl.
AHTOpEeKC — peKoMOWHAHTHBIA NENTUAHBIA aHANOr OPeKCHHA
C MoneKynsipHoii Maccon 6,5 k[la — paspabotaH B OITBHY
«NHCTUTYT 3KCNepuUMeHTanbHOK MeaULMHBI». AHTOpeKC npes-
cTaBnseT coboit MHHOBALMOHHOE COefMHEHME, CO3[aHHOE
Ha 0CHOBE reHHO-UHKEeHepHOro benka — aHTaroHUCTa Opex-
cuHa A. AHTopeKc HanpaeneH Ha bnokagy OXR1-peuentopos
Ha BodaMMHEPrUYecKUX TEPMUHANSAX U CHUMXEHWE MOBEAEH-
YeCKUX NPOSABNEHMIA 3aBUCUMOCTU U CONYTCTBYIOLLME 3/1EMEH-
Tbl 3MOLUMOHaNbHoM ancdopum [17].

Lenb — wu3yuyeHWe [AEACTBUS HOBOFO aHTaroHWUCTa
0X1-peuenTopoB Ha KOMNY/bCUBHOE NepeefaHne y XMBOT-
HbIX B MOZEJIM MaTEPUHCKOI AenpuBaLyn.

METOOUKA

JKcnepuMeHTLI NpoBefeHbl Ha 29 caMuax U 4 caMKkax
KpbIC JinHuM Buctap Maccoid 200-250 r, nosyyeHHbIX U3 nu-
TOMHMKa NabopaTopHbIX XMUBOTHbIX «PannonoBo» (JleHnH-
rpafckas obnactb). HUBOTHbIX Cofepany B yCNOBUSX BUBa-
pus B CTaHAAPTHBIX M1ACTMacCoBbIX KIETKaxX Npy cBOBoAHOM
[0CTYNe K BOLE W NULLE B YCIOBUAX MIHBEPTMPOBAHHOIO CBETa
B pexkume 08:00-20:00 npu Temnepatype 22 + 2 °C. B xope
onbiTa 6biM CobNIAEHBI NPUHLMMBLI TYMAHHOTO OTHOLLIEHUS
K nabopaTopHbIM KpbicaM B cooTBeTCTBMM C [1paBuiamm na-
bopatopHoii npakTuku B Poccuitckon Qepepaunn (npukas
MwunsgpaBa Poccum ot 2003 r. N 267).

unBoTHBIE MOCAE MOCTYMNIEHMS U3 MUTOMHUKA NpOX0-
OWIN 2-HefenbHbIW KapaHTUH B COOTBETCTBYlOLLEM broKe
BuBapus. CaMoK Kpbic MHuM Buctap copepkanu B nna-
CTUKOBBIX KnieTKax (40x50x20 c¢m) no 5 ocobeit ¢ focTynom
K Boae 1 nuwe ad libitum. B Kaxaylo KNeTKy noAcaKueanu
Mo OAHOMY CaMLy, Ha CNeAYHLMA AeHb Yy CaMOoK Npous-
BOAMAM 3abop BaruHanbHbIX Ma3KoB C Lienbio 0bHapyxe-
HWUS CNepMaTo30Mi0B M MeTOLOM CBETOBOM MMKPOCKOMWUM
(bU1KcMpoBanM HacTynneHue bepeMeHHOCTH (HyNeBoil AeHb).
Mocne HactynneHus 6epeMEHHOCTM KUBOTHbIX MOMeLLa-
NN B MHAMBUMAYaNbHYK KNeTKy. bepeMeHHoCTb npoTeka-
na 20 + 2 pHAa. }uBoTHble BbiM pa3genieHbl Ha rpynnbl:
rpynna 1 — HecTpeccMpoBaHHbIE XMBOTHbIE, NONyYaloLLMe
[OCTYN K LUOKONaAHOM nuete 3 pasa B Hefenio; rpynna
2 Ml — XMBOTHbIE MOC/Ie MaTEPUHCKOW AenpuBaLmm, no-
nyyaroLime AOCTYN K LUOKONAAHOW aueTe 3 pasa B Hedento.

Mogenb otnyyeHms ot Matepu. Kpbicar co 2-i1 no 12-# aeHb
MoCTHaTasbHOro nepuofja nomewlan B MHAMBUAYaNbHbIE
MiacTMKoBble cTakaHuuky Ha 180 MuH B Teuenme 10 nocne-
[0BaTe/IbHbIX AHEW. 3pUTENbHbIN KOHTAKT C MaTepbio Obin
UcktoYeH. lMocne MaTepuHCKONM [enpuBaLMU U MOJIOYHOTO
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OTnyyenue ot Matepu Ha 10 MUHYT
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Puc. 1. Ceanc 3-yacoBoro oTAeNeHNs 0T MaTepu: KpbICATa B MHAMBUAYASbHBIX MACTUKOBBIX CTaKaHUMKaX Ha 3-i NOCTPOAOBON fieHb
Fig. 1. Three-hour separation from the mother: rat pups in individual plastic cups on postnatal day 3

BCKapM/MBaHMS KPbICAT BbIpallMBan B CTAHAAPTHBIX KNeT-
Kax no 5 ocoben B Kaxaoi. B onbiTe ucnonb3oBanm caMLoB
B Bo3pacTe 90—100 nHen Becom 200-250 r.

MeToa KoMnynbCMBHOrO nepeeAaHWsi BbICOKOKaso-
puiHOW nuwu. HUBOTHbIE 3KCMEPUMEHTaNbHOM FpynMbl
noiyyanu B TeyeHue Yaca AOCTYN K [MeTe C BbICOKMM CO-
LEepXaHWeM YrneBooB Kaw bl TpeTUit feHb. KoHTponbHbIe
JKMBOTHbIE MOTPEONANM TONbKO CTaHLAPTHbIW TPaHynupo-
BaHHbIA KOPM 4118 KpbiC. BbiCOKOKanopuitHas nuwa npeg-
cTaBnsna coboil cMecb, NMPUTOTOBMIEHHYIO U3 LLIOKONAAHOM
nactel Nutella (Ferrero, Alba, Typuh, Utanus), nsmenbye-
HOro rpaHyNMpPOBaHHOIO KopMa Ana Kpbic (4RF18; Mucedola;
Settimo Milanese) u Boabl B cooTHoweHun: 52 % Nutella,
33 % nmwesbix rpaHyn 1 15 % Boabl. KanopuitHocTb pauu-
oHa cocTansana 3,63 kkan/r. CraHaapTHLIA rpaHynMpoBaH-
HbIii KOPM [1S1 KPbIC MOMELLaNK BHYTPU KOHTEMHEpA C Me-
TaNMYECKOI CETKOW, KOTOPbIM NOABELUMBANM Ha NepegHen
CTEHKe KNETKM; ero BbIHUMaNK U3 KNETKY, YTobbl U3MEepUThb
BeC N8 onpeaeneHus notpebnequs kopMa. CMechb ¢ nacroi
Nutella nogaBanu B Yaluke; pydKa Yallku Obina BCTaBneHa
B METaJIMYECKYH CTEHKY KNeTKM. 3a 15 MWH 1o nojaum Kop-
MYLLKM C LIOKONIaHOW NacTon ee pacrnonaranvm B 9 cM Jocs-
raeMOCTH OT JKMBOTHbIX W NPU NMOSIHOM BU3Yya/lbHOM KOHTaKTe.
B teueHune 15 MWH YaluKa, coaepiKallas LOKONaaHyl nacty,
Haxo4unacb BHYTPU KOHTElHepa C MEeTayIMYECKON CETKOM,
KoTopas 6bina NofBeLLeHa Ha NepefHen CTEHKe KNeTKu. Hu-
BOTHOE MOIJI0 BMAETb MAcTy, @ TaKKe OLyLlaTh ee 3anax.
B TeueHue 3toro 15-MMHYTHOrO nepuoaa Kpbica coBepluana
MOBTOPSIOLLMECS [ABVKEHWUA MEPESHUX Jan, rofioBbl W TYNo-
BMLLIA, HaNpaB/ieHHbIE Ha MOJTy4eHWe NacTbl, HO He MorTa ee
[oCTaThb. 3Ta MaHUNYNAUMSA Bbi3biBasia NOBBILIEHUE YPOBHS
KOPTUKOCTEPOHA B CbIBOPOTKE Kposm [18].

Yepes 15 MMH YalLKy nomeLlanu B KNETKY KPbIC, YT0ObI
nacta crana ans Hux poctynHa. lepep ceaHcoM nepeepa-
HWA CTAHZAPTHYI0 MULLY [JIA TPbI3YHOB, NPUCYTCTBYIOLLYH
B KaXK[I0W KNETKe, B3BELUMBAK, YTOObI OLEHUTb NoTpebieHme
MWK 3a 24 4 Ha Criepylowmin aeHb. Yepes 15 gHelt nocne
Hayana 3KCMepuUMEHTa C LUOKOAZHOW AMETON KpbIC pacca-
MBanW B OJMHOYHbIE KIETKU U MPOLOMKaM ee elle B Te-
yenne 30 pHei. PermctpupoBanu cnepytolme napaMeTpbi:
KONIMYECTBO CbeLEHHOM0 CTaHLAPTHOr0 KOPMa; KONMMYeCTBO
CbeJleHHOM LIOKONafHOM nacTbl 3a Yac foctyna. Bec xuBot-
HbIX UKCKUpoBanu 1 pa3 B HEJEMI0 B CTPOTO YCTAHOBNEHHbIN
JEHb.

B otnene Henpodamakonorum uM. C.B. Auuukosa OIBHY
«NHCTUTYT 3KCnepuUMeHTaNbHOW MeAULMHBI» C MOMOLLbIO F'eH-
HO-MH}KEeHEepHOro MeToAa bbiN CMHTE3MPOBaH aHTOpeKC, nen-
TUOHbIA aHanor aHTaroHucTa opekcuHa [17]. Ha 6-i Hepene
3KCMEePUMEHTA BBOAWIM aHTOPEKC WHTpaHa3anbHO B [03e
1 MKr/1 MKn, 20 MKR, B TeyeHue 7 OHei.

Iina cTatuctuyeckon 06paboTKM NoNy4YeHHbIX Konuye-
CTBEHHBIX [aHHbLIX NMPUMEHSAN NPOrpaMMHOe obecneyeHne
Graph Pad Prizm v.6. Bce paHHble Obinu npeacTaBieHbl
KaK cpefHee + CTaH[apTHoe OTKNOHeHue. CraTuctuueckyio
3HAYMMOCTb Pas3nuumMii Meay rpynnamu onpepensyiv c no-
MOLLIbK0 OfHO(AKTOPHOIo AMCNepcUoHHOro aHanusa ANOVA.
[ins cpaBHeHWs TONBKO MeXAY ABYMs rpynnaMu UCMonb30-
Banu t-kputepun CTblofieHTa AN HE3aBUCUMbIX BbIOOPOK.

PE3Y/IbTATbI U OBCYXXOEHUE

Mpy M3yy4eHUn BNMAHUA MaTePUHCKON [enpuBaLym Ha no-
TpebneHne cTaHAApTHOM0 KOpMa bblNo YCTaHOBMEHO, YTO CPea-
Hee noTpebnenne 3a 10 gHen TecTMpoBaHua B rpynne 2 M[
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He U3MEeHSNIOCb OTHOCUTESBHO KOHTPOJbHO (MHTaKTHOM) rpyn-
nbl 1 (puc. 2), noBeAEHME B 3TOM rpyNMe He OTAMHANOCh OT KOH-
TPOSbHOM (MHTaKTHOM) rpynnbl 1 ¥ Noce BBEAEHMA aHTOPEKCa.

Mpy M3y4eHU BAUSAHUS MaTEPUHCKOW AenpuBaLyMm Ha ro-
TpebneHme BbICOKOKANOPUIHOW MULLM NPM BbiAAYe LIOKOMAAaA
3 pa3a B Hegento ObI0 NOKa3aHo, YTO CpefiHee CYTOYHOE No-
Tpebnenue 3a 10 gHen TectpoBaHua B rpynne 2M[l ysenu-
umsanock (p < 0,001) oTHOCUTENBHO KOHTPONILHOM (MHTaKT-
Hoi) rpynnbl 1 (puc. 3). Mpyn U3y4eHnn BAUAHUA MaTEPUHCKOI
JenpuBaumn Ha notpebneHune CTaHAAPTHOTO FpaHyNMpPOBaH-
HOro KOpMa OTMEYeHO, YTo CPefHee CYTouYHoe MoTpebreHue
3a 10 gHel TecTupoBaHuA B rpynne 2MJ] He U3MeHANOCh OTHO-
CUTENIbHO KOHTPOJIbHOM (MHTaKTHOM) rPYNMbI, CYTOYHOE MoTpe-
bnenue 3a 10 gHeii TecTpoBaHusa B rpynne 2M/1 He oTnnya-
NOCb OTHOCUTESIBHO KOHTPOJIbHOM (MHTAKTHOM) rpynmbl U npu
noTpebneHnM BbICOKOKANOPUIHON NULLM (BblgaYe LIOKONaAa
3 pasa B Hefienio) nocne BBeLEeHNA aHTopeKca. [pu u3yyennm
B/IMSHWA MaTEPUHCKOW [enpuBaumn Ha noTpebneHne CTaH-
AAPTHOrO rPaHYNMPOBAHHOM KOpMa BbISBIIEHO, YTO CpefHee
cyTouHoe notpebnenue 3a 10 gHeli TecTUPOBaHUA B rpynne
2M/[1 He oTnMyanocb OT 3TOr0 MOKasaTensi B KOHTPOJSIbHOM
(MHTaKTHOM) rpynne 1.

B HacTosLLeM UccnesoBaHWM NPUMEHSNTN MeToL, BbIpaboT-
KM NepeeaHuns BbICOKOKanopuiHoi nuwu. Hamu nponeMok-
CTPUPOBAHO, YTO MOJENb MaTePUHCKOW AenpuBauum yBenm-
uMBaeT NposBNeHUs nepeefaHus. CTpecc OTHATUA OT MaTepu
Y TPbI3YHOB ABNSIETCA MOfE/b0 MaTepUHCKOW fenpuBaLmu
y yenoBeKka. WccnepoBaHne otpaneHHbIx 3@ heKToB paHHel
MaTepUHCKON AEenpuBaLUM Ha KUBOTHBIX CBUAETENbCTBYET
0 3HAUMUTENbHBIX MPOSBNIEHUSIX CTPECCOPHOr0 BO3LENCTBUS
Ha pa3BuUTHE KOMNYNbCUBHOIO Nepeeaanus [1].

B Halwmx uccnenoBaHmax anu3oabl KOMMYNLCUBHOTO Me-
peefaHUs BO3HUKaNM B pe3ymibTate NpPepbiBUCTOr0 MUTaHMs
BbICOKOKaIOPUIAHOW MULLM. 3T0 MOXHO O0BBACHUTL TaKKe
W 0XKMAHMEM XMBOTHOMO MULLEBOTO MOAKPENIEHNS B Teye-
Hue 15 MUH, HO NPYW 3pUTENIBHOM KOHTaKTe C MULLEN, YTO Co-
rnacyeTcsi ¢ Apyrumu uccnenoBaHuamu [12].

MogenvpoBaHm1e KIMHUYECKUX NPOSIBNEHMI KOMMYNBCUB-
HOrO NMepeefiaHus Ha XUBOTHBIX NPEAOCTaBNSET PAL AaHHbIX
ANs NOHUMaHWs MeXxaHU3MOB MLLEBOTO noBeaeHus. Hanpu-
Mep, y4acTue ropMOHaIbHBIX W MeaMaTopHbIX MeXaHU3MOB
B OPMUPOBAHUM MONOMKUTENBHBIX IMOLMOHANBHBIX COCTOS-
HWI NpKU KOMMYNbCUBHOM NepeefaHun. B aTu npouecch! Bo-
BeYeHbl A0(aMMHOBas U CEPOTOHNHOBAs CUCTEMBI, @ TaKKe
nenTuasl ronoBHoro mMo3ra [12]. B HacTosweM uccnenoBaHum
Ha NpuMepe OpPEeKCMHa NMOKAa3aHo, YTo B MeXaHU3Mbl KOMMYMb-
CMBHOIO MepeefiaHns BOBMEYEHa M CUCTEMA OPEKCUTEHHBIX
nentuaoB. OpeKcuH B NepBylo 0Yepefb AEACTBYET Ha CUCTe-
My perynsiuMm MetabonMyeckoro NuTaHUs B rurnotanamyce,
roe oH obpasyeTcs, M aKTMBUpYeT MWLLEBOE MOBeLeEHMe.
Ponb opeKcuHa B 3KCTparunoTajaMU4ecKux OTAenax Mo3ra
3aK/I04aeTcs B ero OeMCTBUW Ha BbicluMe (YHKLUMM MO3ra,
MoAKpenneHne 1 MoTUBaLMIO, CTpax M aenpeccuio [13].

CoyeTaHue MEpUOLMYECKOrO OFPaHUYEHWUSt B MUTAHUMU
W CTPECCOBOro BO3JEMCTBUA MULLM 3aMETHO YBEIMUMBAIIO
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M]] + aHTaroHucT
OpeKcHHa
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Puc. 2. BnusHne MatepuHckon aenpuaumm (ML) Ha notpebneque
CTaHAApPTHOMO KOpMa NpM Bblaye LIOKONaAa 3 pasa B HeAeNo

Fig. 2. Effect of maternal deprivation on the consumption of
standard feed when giving chocolate three times a week

notpebneHne BbicoKoyrneBogHou nuww [19]. [Bapuatuya-
COBOM MMMOBMIU3ALMOHHBIA CTPECC CHUXKAN NPeAnouTeHne
caxaposbl Y B3pOC/bIX CaMLOB M caMoK Mbllweii C57BL/6.
MsiLum, nonyyaswme aHTaroHuct YNT-185 peuentopa opekcu-
Ha 2-ro Tuna (OX2R) ao cTpeccupoBaHus, NpOABNAN MeHb-
LYo aHrefOHMI0 MO CPaBHEHMIO C MbILLAMH, MOyYaBLUMMK
M30TOHUYECKMIA pacTBOp HaTpus xopuaa. B TeueHne nepBbix
24 4 nepepaya CUrHanoB OPEKCUHA CHUKAMACh W 3aTeM BOC-
CTaHaBnMBanack. lpu aHanu3e KONOKanM3auMu peLenTopoB
B ME30KOPTUKONMMOMYECKUX 06N1acTAX MO3ra BbISBIEHA NO-
BblleHHan Konokanusauus CB1R-OX1R mocne Kypcosoro
BeegeHus YNT-185 [20].

CenekTuBHbIM aHTaronuct 0X1, GSK1059865 (10
unm 30 Mr/Kr), U HeCeNeKTMBHBIN aHTaroHUCT PeLenTopoB
0X1/0X2, SB-649868 (3 Mr/kr), yMeHblWwanu nepeefaxue
Y Kpbic, noasepriumxcs ctpeccy [21]. CeneKTuBHbIA aHTaro-
Huct 0X2, JNJ-10397049 (1 unm 3 Mr/kr), He Obin addeKTH-
BEH MpM AeiCTBAN Ha NoTpebeHne BbICOKOYITIEBOAHOM ML

M]] + aHTaroHucT
OpeKcHHa

M

KoHTponb A

0 5 10 15
CpenHecyTo4HbIA 061BEM NULLK, T

Puc. 3. BnusHue MatepuHckon aenpuaumm (M) Ha notpebneque
BbICOKOKaNOPUIHOW MWLM MY Bblaade LIOKoNaaa 3 pasa B He-
pento. MokasaHo cpeaHee cytoyHoe notpebnenue. ** — p < 0,001
OTHOCUTENBHO KOHTPOSIbHOM (MHTAKTHOM) TPYNMbl XUBOTHBIX; # —
p < 0,05 oTHOCUTENBHO FPYMMbI KMBOTHBIX, NEPEKMBLLINX MaTepUH-
CKyl0 AenpuBaumio

Fig. 3. Effect of maternal deprivation on the consumption of high-
calorie food when giving chocolate three times a week. The average
daily intake is shown. ** — p < 0.001 relative to the control (intact)
group of animals; # — p < 0.05 relative to the group of animals that
survived maternal deprivation
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[21]. Hanpotus, cenekTuBHbIM aHTaroHuct 0X1, SB-334867
(5 Mr/kr), cHuxan notpebnenne TonbKO BO BpeMs NepBOro
anu3oga nepeefanus. B 1o e Bpems He 6bin addexTBeH
ANs MpefoTBpaLLEHUs ANUTENbHbIX NepuofoB nepeefa-
HWa y Mblwen [22]. Beegenne SB-334867 (500 Hr/0,3 Mkn)
B CKOpAyNy NpUnexallero sapa He YMeHbLUano nepeefaHus
Y KpbIC-CaMLIOB C BbICOKOW MM HWU3KOW MMMYNbCUMBHOCTbH
[23]. MpenapaTbl NenTUAHON NPUPOALI UFPAKIT BaXHYO PoSb
B perynsumm GusmMonormyecknx GyHKUMIA opraHu3Ma LieH-
TpanbHON HEPBHOM CUCTEMOIA [24]. YcTaHOBNEHa Moaynaums
aKTMBHOCTM MOHOAMMHEPruYeckux CUCTeM Mo3ra nmocpes-
CTBOM 6/10Kafbl OpPEKCMHOBbLIX PELEenToOpoB B CTPYKTypax
PaCLUMPEHHOW MUHOANMMHBI HA (OHE CUCTEMHOTO AeNCTBUS
MCMXOCTUMYNATOPOB [25].

MuLweHaMKU [eiACTBMA OpEeKCMHa MpW CTpecce Chyxar
HEMpOHbI TUMOTanamyca, CUHTE3NPYIOLLME KOPTUKOTPOMUH-
pUIM3KHr-ropMoH [12], a TakKe cucTeMa pacLUMpeHHO| MUH-
AaNuHbI, KOTOpas BKIIIOYAET AP0 N0Ka KOHEYHOM MONOCKY,
Be3bIMAHHYI0 cyBCTaHUMIO, LEHTPanbHOE SAPO MUHAANMHBI
v npunexallee aapo [22]. CrpyKTypbl pacluMpeHHOW MUHAA-
JMHbI 06pa3yT QYHKUMOHAMBHYIO CUCTEMY ANS peanu3aummn
nogkpennsowmx 3GQeKToB NCUXOTPONHLIX CpeacTB. AHTa-
FOHUCTbI  PELIeNTOPOB KOPTUKOTPOMUH-PUIM3UHI-TOPMOHA
B 3TUX CTPYKTYpax YMeHbLUAKT 3P deKTbl HapKoreHoB [22].

Takum 0b6pa3oM, MHTpaHa3anbHoe BBeEHME aHTAroHUCTa
peLienTopoB OpPeKCMHA aHTOpeKCca YMeHbLUAeT NposiBeHUs
KOMMNYNbCMBHOTO NepeesaHuns Y KpbiC nocne OTHATUA OT Mate-
Py B YCNOBUSAX NPEPBIBUCTOT0 NOTpebneHNs BbICOKOKAIOpUiA-
HOM NULLW, 4TO NpeanonaraeT HoBble MOAXOAbI K U3YYEeHMIo
W CUHTE3Y aHTaroHUCTOB PELLENTOPOB OPEKCUHA NS KOPPEK-
LMW HapYLUEHWUI MULLEBOTO MOBEJEHNS, BbI3BaHHOIO NCUXO-
reHHbIMM CTPECCaMU B paHHEM OHTOreHese. B uccnepoBaHusx
MOKa3aHo, YTo CTPecc OTHATUA OT MaTepu B PaHHEM OHTO-
reHese yCUNMBAET MPOSIBIEHUS 3/1EMEHTOB KOMMYNLCUBHOMO
nepeefiaHus y B3pOC/bIX KpbIC.
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PEBYﬂbTaTbI NMPOCNEeKTUBHOIo OGCEPBHLIMOHHOFO
nccrnenoBaHuA H&GOP&TOprIX N KJINHUYECKUX
noKasarteneu y nauueHToB ¢ CMHAPOMOM OTMEHbI aJIKorosa

C.A. Yrrkun'2, 0. Bysuk', A.A. Bypues'

! MOCKOBCKMIt HayHHO-MPaKTUYECKMIl LEHTP HapKosoru, Mocksa, Poccus;
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AHHOTALIMA

AkTyanbHocTb. [OMCK MapKepoB U MPEAMKTOPOB OC/OXHEHHBIX GOPM anKorosM3Ma, K KOTOpbIM OTHOCWUTCA afiKOro/bHbINA
LENMpUiA U OCTPble MCUXOTUYECKME Peakuuu C ranlouMHaTOpHBIMU W BpefoBbIMKA SBMEHUSAMU OTHOCUTCA! K aKTyaslbHbIM
npobnemam coBpeMEHHOI HapKOJIOMUH.

Lenb — KnuHu4eckas anpobaums MOOENW paHHEro BbISIBMIEHWS MALMEHTOB C BBICOKUM PUCKOM Pa3BUTUSI OCNOMHEHHbIX
(opM cMHLPOMa OTMeHbI anKoroAs, OCHOBaHHOW Ha MeToAax 1abopaTopHON AMarHOCTUKM.

Matepuanbl u MeTogbl. 06LLee yncno BKIIOYEHHBIX NauueHToB — 200, UcKoYeHo 9 YenoBeK, 0CTaBLUMECA pacnpeLenuamnch
cnenyowmuM 06pasoM: HEOCNOXKHEHHBIA CMHAPOM OTMeHbI ankorons passunca y 98 yenosek (51,3 %), ankorobHbIA aenu-
pun — y 67 (35,1 %) n ankoronbHoe NCUXOTMYECKOe paccTpocTBo — Y 26 (13,6 %). CpaBHMBanM YPoOBHU Kanus, HaTpus,
KanbLys U KONMYecTBO TPOMDOLMTOB MeX[y rpynnamu, UCCefoBany CBA3WM MeXAy NOSoM, BO3PacToM M YPOBHEM Kanus
Y NaLMEHTOB C alKOTOIbHbIM JENUPUEM.

PesynbTathbl. YpOBHM Kanus, HaTpus U KOUYECTBO TPOMOOLIMTOB Y MALMEHTOB C aKOrOSIbHBIM ENMPUEM CTAaTUCTUYECKU 3Ha-
YMMO OT/IMYANMCH OT aHaNOMMYHbIX NOKA3aTeNen NaLUMeHTOB C HEOCTIOMHEHHBIM CUHAPOMOM OTMEHbI ajIKOrons U NCUXoTuYe-
CKWUM paccTpOoiCTBOM BCefCcTBue ynoTpebneHns ankorons. YpoBeHb KanbLys B KPOBM CTaTUCTUYECKW 3HAUMMO pasnuyancs
Y NaUMEeHTOB C aNIKOTO/IbHBIM [ENUPUEM W HEOCTIOXHEHHBIM CMHAPOMOM OTMeHbl anKorons. YeHWmHbl OKasanucb MeHee
UyBCTBUTENbHBI K MeTaboNMYeckUM paccTpoicTBaM, pa3BUBAOLLMMCA BCNeACTBUE YnoTpebrneHus ankorons, 4to nposBens-
NOCb B MEHBLLEN YacToTe Y HUX Aenvpus. bonblias pacnpocTpaHeHHOCTb anKOroNbHOIO LEeNUpUs CPeay NOXWIbIX NaLMEHTOB
obycnoeneHa LEKOMMEHCALMEN Y HUX MEXaHU3MOB perynsumm MeTabonmsma.

3aksntoyenue. MNpeanKTMBHaA MOAENb Pa3BUTUA aNKOrOJIbHOTO eSMPUsA, OCHOBaHHas Ha pe3ynbTaTax MCC/ef0BaHNs YPoBHS
Kanus B KpoBM, A0Kasana cBo0 3QGheKTMBHOCTb B YCIOBUSAX KIIMHUYECKOTO NPUMEHEHUS.

KnioueBble cnoBa: CMHAPOM OTMEHbI aNKOroNs; anKoroNbHbIA LENUPUIA; NCUXOTUHECKOE PacCTPOCTBO BCNeACTBUE ynoTpe-
BneHns anKkorons; aNeKTPOUTLI; Kanuin KpoBuW; MeTaboninyecKue paccTponCTBa; NMPERNKTOPHI.
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Objective predictors for delirium tremens based
on physiological and metabolic parameters

Sergei |. Utkin'?, Oleg J. Buzik', Aleksandr A. Burtsev'

! Moscow Scientific and Practical Center for Narcology, Moscow, Russia;
2 | M. Sechenov First Moscow State Medical University (Sechenovskiy University), Moscow, Russia

ABSTRACT

BACKGROUND: The search for markers and predictors of complicated forms of alcoholism, which include alcoholic delirium
and acute psychotic reactions with hallucinatory and delusional phenomena, is one of the actual problems of modern addiction
medicine.

AIM: Clinical validation of a model for early detection of patients at high risk of developing complicated alcohol withdrawal
syndrome (AWS) based on laboratory diagnostics.

SUBJECTS AND METHODS: A prospective, cohort, observational study was performed. The study included 200 patients;
9 were excluded. The included patients were distributed as follows: uncomplicated AWS, 98 patients (51.3%); alcohol delirium,
67 patients (35.1%); and alcohol-induced psychotic disorder, 26 patients (13.6%). Potassium, sodium, calcium, and platelet
count were compared between the groups, and the relationships between sex, age, and potassium levels in patients with
alcohol delirium were studied.

RESULTS: Potassium, sodium, and platelet count were significantly different in patients with alcohol delirium and in those with
uncomplicated AWS and alcohol-induced psychotic disorder. Blood calcium levels were significantly different between patients
with alcohol delirium and uncomplicated AWS. Women were found to be less sensitive to metabolic disorders that developed
as a result of alcohol consumption, as evidenced by lower incidence of delirium. The high prevalence of alcohol delirium among
older patients is a consequence of decompensation of metabolic regulation mechanisms.

CONCLUSIONS: Predictive model of alcohol delirium, based on the results of blood potassium level study, proved effectiveness
in clinical application.

Keywords: alcohol withdrawal syndrome; alcohol delirium; alcohol-induced psychotic disorder; electrolytes; blood
potassium;metabolic disorders; predictors.
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KIMHAHECKAA HAPKOJIOT /A

Ob0CHOBAHUE

AnkoronbHas 3aBUCMMOCTb B HacTosilLee BpeMs OCTaeT-
CA CaMOW 3HauMMoW Npobnemoii AnA HapKooruM, YTo 06-
YCNOBMEHO ee BLICOKO/ pacnpocTpaHeHHocTblo. Tak, B Poc-
CUM KONMYECTBO MALMEHTOB, COCTOSALLMX Nop, HabnofeHWeM
B rOCYAapCTBEHHbIX HAPKOIOMMYECKUX YUPEKLEHUAX C an-
KOTOMIbHOWM 3aBMCUMOCTBIO M aIKOTONIbHBIMU  MICMX03aMM,
B 2022 r. coctaBuno 1051,4 Thic. yenosek [1]. Haubonbluee
YMCIO0 MALMEHTOB C AIKOTO/IbHO 3aBUCUMOCTbI0 0BpaLLaloTCS
33 HapKOJIOTMYECKOM MOMOLLbK B CBA3W C Pa3BUTUEM CUH-
ApoMa otMeHbl ankoronsi (COA) — noTeHuManbHo onacHoro
ON8 XNU3HM cocToaHus [2]. B nepByto oyepenpb 310 Kacaetcs
ocnoxHeHHbIx hopM COA: ankorosbHOro aenvpus, unm benoi
ropsiukn (LEJT), M NCMXOTUYECKMX PACcCTPOWCTB, BO3HUKLLIMX
BC/IeCTBME OTMeHbl ankorond (AMP).

PacnpoctpaHenHocTs [IEJ1 cpeam naumeHToB ¢ ankoronb-
HOM 3aBUCUMOCTbIO oLieHnBatoT B 3-5 % [3]. [aHHble 0 BCTpe-
yaemocTu AP cpeam 3aBUCUMBIX OT aNKOMONIA 04eHb PasHAT-
csi. o MHeHuto Hanbonee aBTOPUTETHBIX UCCIIEAOBATENEN, UX
pons coctaenset 0,4-0,7 % [4].

Mo ceepeHusiM J. Perdld n coaBt., noiy4eHHLIM B Xofe
BONbLLIOr0 CKPUHMHIOBOTO MCCNeaoBaHUA B 0bLued nonyns-
umW, pacnpocTpaHeHHocTb JEJT cpeau yyacTHUKOB uccne-
[0BaHUA C anKorosbHoM 3aBUcKUMOCTbio cocTasuna 0,89 %,
a ANP — 4 % [5]. BeposiTHo, Takas pasHMLA B OLEHKe pac-
MPOCTPaHEHHOCTH 0cNoXHeHHbIX opM COA MoxeT obbsc-
HATBCA COMHOCTBI0 UX AWNArHOCTUKMU.

[EJT TpapuumnoHHO paccMaTpuBaloT Kak Haubonee onac-
Hylo ¢opmy COA. [euctButensHo, npu [OEJT Hapywaetcs
0[Ha W3 XM3HEHHO BaXHbIX (YHKLWN — CO3HaHWe, 4acTo
BO3HWMKAIOT OCNOXHEHUA MHAEKUMOHHOW npupoabl. OcTpas
cMepTHocTb npu OEJST MoxeT pocturats 1-4 % [3]. Mpu ANP
OCHOBHOK Yrpo3y NpeacTaBnsloT HapyLUeHUs MOBEAEHUS,
TECHO CBAiI3aHHble C PacCTpoOiCcTBaMM BocnpusATuS, adpdek-
ToM u 6pegom. Octpas cmepTHocTb nipu AP BcTpeuaetcs
KpalHe pedKo W, Kak mpaswio, bbiBaeT cneactBueM onac-
HbIX WJIW arpeccBHbIX JEMCTBMIA CaMUX naumeHToB. [py aToM
obLas noaocTpas CMePTHOCTb NOCNe OCNOXKHEHHBIX (OpM
COA okasanacb foctatouHo Benmka (37 %) npu otcyTcTBUM
rPYNNoBbIX Pa3/u4mii B MoKa3aTensx CMepPTHOCTM Mex .y na-
umnentamu ¢ ANP (40,0 %) n AEN (30,8 %) [5]. 310T daKT cBU-
LEeTeNbCTBYET O TOM, YTO Jtobble 0cnoXHeHHble GopmMbl COA
MOTEHUMANbHO KpaliHe onacHbl U, COOTBETCTBEHHO, TPebytoT
MPOBELEHUS HEOTIIOXHOW M afeKBaTHOW Tepanuu. Oudde-
peHumanbHas auarHoctuka [EJT n ANP Ha paHHux ctagu-
AX — HeTpuBMa/ibHasA 3afaya, U neyeHne 3tux ¢opm COA
MPUHUMNWANBHO Pa3NIMYaEeTCs, NO3TOMY NOMCK 0OBbEKTUBHBIX
MapKepoB W NPEeAMKTOPOB UX pasBUTUS NPELCTaBNAETCS aK-
TyaNbHbIM U MPAKTUYECKW BaXKHBIM.

B 2020-2021 rr. 8 MHIL, Hapkonorun npoBegeHo pe-
TPOCMEKTUBHOE KOrOPTHOE CpaBHUTENbHOE MCCiefoBaHue
KJIMHUYECKMX W MeTabonmueckux noxasatenen y nauueHToB
¢ HeocnoxHeHHbIM COA (HCOA) un JEJT [6]. iccnepoBaHme no-
3BO/UNO BbISBUTb OOBEKTUBHBIN, CTAaTUCTUHECKW 3HAUYUMBINA
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

npeauktop passutus LEJI. UM okasancs metabonmueckuii
MoKasaTe/lb — YPOBEHb Kanus B KPOBW, NpU €ro CHUKEHUU
BeposTHOCTb pa3suTua [IEJ1 Ha BbicOTe CMHAPOMA OTMEHbI
3HauuTenbHo Bo3pacTana. Kpome Toro, obcnefoBaHHble rpyn-
nbl naunenTtos ¢ HCOA n [IEJ] cyliecTBeHHO oTIMYanuCh U No
ApyriM nabopaTtopHbIM NOKa3aTensM: YpoBHIO HATPUs B KO-
BM W 4nCny TPOMBOLMTOB.

C uenbl KIMHMYECKOW anpobauuu AMarHoCTUHeCKoM
MOZENN PaHHETO BbIABNEHUA 0CNOXHEHHbIX Gopm COA npo-
BEEHO MPOCMEKTUBHOE MCCNENOBaHME C WUCMOMb30BaHUEM
paHee HaleHHbIX NPEAUKTOPOB AJ1A BbISBNEHWUA NaUUEHTOB
C BbICOKMM pucKoM pa3eutus JEJI.

Llenb u 3aaun KNMHUYECKOrO UCCNe0BaHUSA

Llenb — KnuHMYeckas anpobauus Mofenv paHHero Bbl-
ABMEHNA NALMEHTOB C BbICOKUM PUCKOM PasBUTUS OCNOXK-
HeHHbIX ¢opM COA, ocHOBaHHOI Ha MeTofdax nabopaTopHoi
AVarHOCTUKM.

3adayu:

1) uccnenoBaTh YpoBEHb NEKTPONMUTOB (Kanus W HaTpus)
B KPOBM MALMEHTOB C aJIKOTOJIbHOW 3aBMCMMOCTbIO,
rOCMUTaNN3UPOBaHHbIX B CTaLMOHapHble OTAENEeHMS
MHIL, HapKonorum nocne AAMTENbHBIX 3aMoeB Mpo-
JOMMKUTENBHOCTBIO He MeHee 7 AHeik;

2) U3yuuTb KONMMYECTBO TPOMOOLIMTOB B KPOBW 3TUX Na-
LIMEHTOB;

3) MpoaHanu3vpoBaTb MOJTyYeHHbIe pe3ysbTathl C NO-
MOLLbI0 CTAaTUCTUYECKWUX METOHOB ANS KIMHWUYECKON
anpobauuv anropuTMa paHHel AMarHOCTUKW OCNOX-
HeHHbIX ¢opM COA (LEM, AMP).

JIn3aiiH KNIMHUYECKOro uccnefoBaHus

WccneposaHue Bb1n0 NpocneKTMBHBIM KOTOPTHBIM 0bcep-
BALMOHHbIM.
B xome KIMHWMYECKOro UcCnesoBaHNUS OLEHUBaNW Criedy-
foLLMe napameTpbl:
- BO3paCT;
- non;
— T0Ka3aTenu 3NEKTPOSIMTHOro banaHca (ypoBeHb Kanus,
HaTpus);
— YpOBEHb TPOMBOLIMTOB KpOBMY;
- pa3ssuTie pa3nnuHbix popm COA — HCOA, IEST, AMP;
- (hapMaKoTepanuio, Ha3HauYeHHYH NauueHTaMm;
- Apyrvie niabopaTopHble NoKa3aTenu (KIMHUYECKWI aHa-
N3 KPOBW, BUOXMMUYECKMIA aHaNN3 KPOBU, KITMHMYE-
CKWI aHanu3 Moum).
KnuHnyeckue nposeneHns uccneayemblx GeHOMeHoB co-
oTBeTCTBOBaNM onpepenequsM no MKB-10.

MATEPUAJIbI U METO/bI

B uccnepoBanue 6biio BrutodeHo 200 nauueHToB.

Kpumepuu ex/io4eHus:

— Hanu4Me 3aBMCMMOCTU OT aJIKOroff COMacHO Kpute-
pusm MKB-10;
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— TPOAOMMUTENBHOCTL YNOTpebneHns anKorons He Me-
Hee 7 [HeW noapsaa, nocnegHee ynotpebneHne cnmpt-
Horo — He 6onee 2 cyT A0 rocNUTaNMU3aLmuu.

Kpumepuu HesxroHeHus:

— 3HAOKPUHHBIE W OHKOMOTMYeCKUe 3aboneBaHus;

— 3HAOrEHHbIE NCUXMYECKUE 3aboneBaHus;

— 33BUCMMOCTb OT JpYruX, KpOMe asnKorons, Ncuxoak-
TMBHbIX BelwecT ([TAB) unu ocTpas MHTOKCMKaUmS
apyrumu MAB;

— OCTpble TPaBMbl, OCTPbIE MH(EKLMM, OCTPas opraHHas
HE[0CTaTO4HOCTb.

Kpumepuu ucksiodeHus: BbiSIBNEHWE KpuTepusa (KpuTte-

PUEB) HEBKJTIOYEHWS B XO[1€ UCCNEA0BaHuS.

KpoBb ons npoBeneHus nabopaTopHbIX aHanW3oB 3abu-
panv U3 BeHbI IO Ha4ana neyebHbIX MeponpusaTUil.

WccnepoBanne 0800peHO NIOKaMbHBIM 3TUHECKUM KOMUTE-
ToM [BY3 «MHIILL Hapkonorum [13M» (3akniouenue N2 01-23
ot 31 mMapta 2023 r.).

KonnuecTBo TpoMbouMTOB ONpesensinm ¢ NOMOLLbH aHa-
nu3atopa Pentra XL 80 (Horiba ABX), pedepeHcHble 3Haue-
Hust — 180-320x10°/n. KOHLEHTpaLmio 3N1eKTPOSIUTOB B KO-
BW OLIEHMBANK C NOMOLLLI aHanu3atopa GEM Premier 3000
(Instrumentation Laboratory). PedepeHcHble 3HauyeHWs Ha-
Tpua — 135-145 Mmonb/n, Kanus — 3,5-5,1 MMonb/n.

Cmamucmuyeckas 06pabomka noslyyeHHslX 0GHHbIX

OnucartenbHas CTaTUCTUKA MONYYEHHbIX KaueCTBEHHbIX
LaHHbIX MPeLCTaBieHa B BUAE MPOLEHTOB, KONMMYECTBEH-
HbiX — B Buae MeaumaHbl (Me) n kBaptunein — 25 % (g)
n 75 % (Q) (nockonbKy pacnpeneneHue nepeyUCNEHHbIX
Bbille AAHHBIX OT/IMYANOCh OT HOPManbHOro). OTIUYHBIM
OT HOPMasnbHOro NPUHUMANK pacrnpefeneHne, A KOTOporo
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paccuuTtaHHblin Kputepuii Konmoroposa — CMupHoBa 6bin
MeHble 0,05. KonuuecTBeHHble [aHHble As ABYX He3a-
BUCWMBIX PYNM CpaBHMBaNM C NOMOLLbIO KpuTepus Mah-
Ha — YutHu (MU), a Tpex He3aBUCWMBIX rpynn — KpUTepus
Kpackenna — Yonnuca (H). 3apady BbisIBNeHUs CBA3ei MeXay
OTLENbHBIMU NapaMeTpamMu NpU PasBUTUM OCIOKHEHHbIX
¢dopm COA pewsanm ¢ NOMOLLBH JIMHEHHOTO PErPeCcCUOHHOMD
aHanu3a, NpuMeHsnn Kputepuii Guwwepa (F).

PE3Y/IbTATbI

bbina mposepeHa cnnowHasa Boibopka 200 naumeHToB
C anKorosbHoOW 3aBUCUMOCTBH. M3 HUX MCKMoYeHbl 9 nauu-
eHTOB: 1 B CBA3W C pasBMTUEM NMHEBMOHMM, 8 MO NMpUYMHE
BbISIBNEHWSA NPU XMMUKO-TOKCUKONOMMYECKMX UCCNE0BaHUAX
apyrvx MAB. OcTaBwwecs naumenTol (191 yenosek) pacnpe-
Aenuuch cnepytowwmm obpasom: B rpynny HCOA BKAtoYeHb
98 yenosek (51,3 %), B rpynny JE/T — 67 yenosek (35,1 %)
u B rpynny AMNP — 26 yenoBek (13,6 %). U3 HUX MyKunH —
162 (84,8 %), eHwwmHn — 29 (15,2 %).

CpaBHeHMe cpeAHUX MOKasaTened 3NEKTPONUTOB
1 TpoMbouuToB KpoBu B rpynnax HCOA, LE/T u AMP. Me-
[VaHHble 3Ha4YeHUS| YPOBHEN 3MIEKTPONMTOB U TPOMOOLMTOB
KpoBW npuBeseHsl B Tabn. 11 3.

Pasnuuuns Bcex Tpex nokasateneii Mexay rpynnammy oka-
3aNUCb CTaTUCTMYeCKM 3HauuMbl (H = 15,8, p < 0,0001).

Mpu NpoBefeHUM NapHbIX CPaBHEHWI C YYETOM MONpaBKM
BoHdeppoHu AN HECKOMBKUX CMbITaHWUI NOMYYeHbI Pe3yib-
TaTbl, NpeAcTaBneHHbIe B Tabn. 2..

TakuM 06pa3oM, ypoBeHb Kanusl B KPOBU LEACTBUTESb-
HO CITYXWT O4eHb HAJEXHbIM NpeauKkTopoM passutus JEJ.

Tabnuua 1. CpeaHue 3HaueHNs YPOBHEN Kanus, HaTpUs U KONMYeCTBa TPOMBOLIMTOB Y NaLMEHTOB CPAaBHMBAEMbIX Py

Table 1. Mean values of potassium, sodium, and blood platelet counts in patients of the compared groups

[hynna Kanui, mmonb/n

Hatpuii, Mmonb/n TpoM6ouutel, x10°/n

Me (g/Q) Me (g/Q) Me (q/Q)
HCOA 4,16 (3,8/4,5) 139 (135/142) 151,5 (106/242,8)
JEN 3,1(2,8/3,3) 135 (131/138) 104 (74/155)
Anp 4,8 (4,3/4,79) 140,5 (138,2/140,5) 191 (143/192)

lpumeqarue: HCOA — HeoCnoXHEHHbIW CMHAPOM 0TMeHbl ankorons; [IEST — ankoronbHbii genupuin; AP — ncuxoTyeckue paccTpomcTBa,

BO3HWKLLWe BCNeACTBUE OTMEHbI a/lKorons.

Note: HCOA — uncomplicated alcohol withdrawal syndrome; JEJT — alcoholic delirium; AP — psychotic disorders resulting from alcohol

withdrawal.

Tabnuua 2. Pe3ynbTaThl NapHbIX CPaBHEHUIA YPOBHEN Kanus, HAaTpUs U KONMYeCTBa TPOMDOLIMTOB KPOBM B CPaBHUBAEMBIX rpynnax
Table 2. Results of pairwise comparisons of potassium, sodium, and blood platelet counts in the compared groups

I Kanui Harpwuit TpoM6oLuTbI
pynna . . -
Kputepuii H/ypoBeHb 3HauuMocTu p | Kputepuii H/ypoBeHb 3HauMMoCTH p Kputepuii H/ypoBeHb 3HauMMocTu p
HCOA — LIEN -472/ < 0,0001* -24,5/0,001* -21,9/0,004*
OEN — ANP -68,2/ < 0,0001* -35/0,002* -34,6/0,002*
AMNP — HCOA -20,9/0,08 -10,5/0,8 -12,7/0,55

[pumeyanue: * pa3nnuus cTaTUCTUYECKM 3Ha4MMBbl. CM. 0bo3HaueHuns B Tabn. 1.

Note: * differences are significant.
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Tabnuua 3. CpeHue 3Ha4eHNs KanbLMs B KPOBY Y MaLMEHTOB CPABHUBAEMBIX Py
Table 3. Mean blood calcium counts in patients of the compared groups

lpynna P Kansuwii, mmone/n Me (g/0) PesynbTaThl cpaBHEHUs CpeHUX NOKa3aTenen
edepeHcHble 3HayeHus — 1,13-1,32
HCOA 1,16 (1,15/1,20) MU = 166,5; p = 0,03*
JEN 1,12 (1,09/1,17)

[pumeyarue: * pa3nnuus CTaTUCTUYECKM 3Ha4MMBbl. CM. 0603HaueHus B Tabn. 1.

Note: * differences are significant.

Tabnuua 4. BospacT v non naumeHToB cpaBHUBAEMBIX Fpynn
Table 4. Age and sex of patients in the compared groups

Ipynna Bo:g:c(;/cr;p.bl Mon, M (%)/% (%)
HCOA 46 (38/59) 81(82,7)/17 (17,3)
JEN 43 (40/56) 59 (88,1)/8 (11,9)
AnpP 44 (40/53) 22 (84,6)/4 (15,4)

lpumeyarue. CM. 0bo3HaueHus B Tabn. 1.
Note. See designations in Table 1.

Mpu 3TOM ero 3HayeHWs y NALMEHTOB C BbICOKUM PUCKOM
pa3BuTMs 6eNoii ropsyKy, Kak NpaBuno, HUXe HOPMasbHbIX,
a npu passutm AlIP oTHOCMTENBHO BhILLE NOKa3aTesnien, Xa-
pakTepHbix A HCOA. UHTepecHo, 4To npu cpaBHeHWM rpynn
AMNP n HCOA 6e3 yyeta naumentoB ¢ [IEJ1 otnnume ypoBHeit
Kanus OKasanocb CTaTUCTMYeCKW 3HauumbiM (MU = 215,5;
p = 0,002).

ELle ogHoOW HeoxMaaHHOM U MHTEPECHOW HAXOAKOW OKa-
3aN0Ccb pa3nuumMe MeXAY CPeAHUMU 3HAYEHUAMMU B YPOBHSIX
Kanbuua mexxay rpynnamu HCOA u IEJT (cm. Tabn. 3). Mpw npo-
BELEHWUM HACTOALLEro UCCNeLOBaHUSA B OLHOM U3 CTaLMOHa-
POB OnpefeneHne YpOBHS KanbLUA B KPOBM ObINIo BKJOUEHO
B NepeyeHb aHanM3upyeMbIX MOKasaTefiel Mo YMOoIYaHuio.
Mo 370 NpuymMHe y YacTv naumenToB (28 B rpynne OEJT n 19
B rpynne HCOA) Mbl CMOIM BbINOSHUTD MEXTPYNNOBOE CpaB-
HeHve no AaHHoMy napameTpy. K coxaneHuio, ypoBeHb Kanb-
ums B Kpom B rpynne AP Bbin onpefesnieH TonbKo Yy 2 na-
LMEHTOB, YTO HEAOCTATOMHO [/ KOPPEKTHOTO CPaBHEHMS.
Mpy 3TOM YpOBEHb KanbLMs Yy 3TUX MALMEHTOB ObIN BbILLE,
YeM CpefiHWe 3HaYeHUs B CpaBHMBaeMbIX rpynnax. CootBet-
CTBEHHO, NPELCTABNIAET HayYHbI UHTEPEC MOCNeaytoLLee U3-
yueHue YPOBHS KanbLys Npy passuTiM pasnnyHbix dopm COA
B Xofe farbHeiLmnx uccnesoBaHun.

MonyyeHHble pesynbTaThl MOKa3anM, YTO y NauueH-
108 ¢ [IEJ1 ypoBeHb Kanbuus B KPOBM Bbin CyLLECTBEHHO
Hue, yeM npu HCOA. Takum obpa3oM, MOXKHO yTBepKAATb,
yTo NpK pa3suTMM Henoi ropsukK Habntopaetcs obulee cHu-
JKEHME KOHLIEHTPaLMN OCHOBHBIX KaTMOHOB (HaTpuid, Kanui
W KanbLuit) B KPOBM, Y4acTBYIOLUMX B NOAJEPIKAHUN NOTEH-
LMana nokos MeMbpaHbl HepoHOB 1 GOPMUPOBAHUM MOTEH-
uuana AeicTBus B HEPBHOM CUCTEME.

leHaepHble M BO3pacTHble 0CO6EHHOCTM CpaBHMBAEMbIX
rpynn. B 1abn. 4 npeacTtaBneHo pacnpefeneHue NauueHToB
Mo nony 1 BO3pacTy.

CraTMCTUYECKM 3HAUMMBIX OT/IMYUN MEXKAY Fpynnamu Bbl-
fIBMEHO He bbino.

B kapoi rpynne npoBefeH PErpeccMOHHbIN aHanu3
CBA3EM MEX[Y BO3pacTOM W MOSIOM C YPOBHEM KaJiusl KPOBY.
CBA3b MeXAy 3TMMW NoKa3aTensaMmu bbina 0TMEeYEHa TOMBKO
y naumenTos ¢ JEJI.

Pe3ynbTathl cpaBHUTENbHOrO aHanM3a YpOBHSA Kanus
B KPOBM Y MyX4MH 1 }eHWwwuH ¢ [IEJ1 npeactaBneHbl B Tabn. 5.

Pasnnuue okasanoch CTaTUCTUUECKM 3HaUMMbIM: MU = 45,
p = 0,035. [JaHHbIA daKT CBUAETENLCTBYET, YTO MKEHLLMHbI
MEHEe YyBCTBUTESIbHbI K MeTabosMyeckuM paccTpoiicTaaM,
BO3HMKAIOLWMM BCeACTBUE YNOTPebneHus ankorons, TaK
KaK [eNupuii y HUX pa3BuBaeTcA Ha (oHe bonee BbipaeH-
HOW rMNoKanMemMuu. 370 B CBOK 0Yepenb 00bACHAET 6onb-
Lyto pacnpoctpaHeHHocTb [ESTy MyumH.

CpenHuii Bo3pacT y MykuuH — (46 net (q40/Q59,5)
W xeHWwwmH — (40,5 ropa (q38,3/Q44) B rpynne [EJT cywe-
CTBEHHO He oTnnyancs: MU = 60, p = 0,13.

lpun 310M B faHHOM rpynne 6bina obHapyXeHa CunbHas
3aBMCMMOCTb YPOBHS Kanua oT Bo3pacTa: F = 8,5, p = 0,006
(puc.).

CornacHo pesynbTataM perpeccMoHHOro aHanusa y Bo3-
pacTHbix naumenToB ¢ [IEJ1 cpeaHuMin ypoBeHb Kaius B KpoBM
CTaTUCTUYECKU 3HAUMMO Bbille. 3T0 yKa3biBaeT Ha bonbLuylo

Tabnuua 5. CofepiKaHue Kanus B KPOBW Y MYMUMH M JKEHLLUMH
C anKOro/bHbIM JeNpyeM

Table 5. Blood potassium levels in men and women with alcoholic
delirium

Kanwii, Mmonb/n
Mon nauueHToB

Me (q/0)
MyUMHBI 3,2 (2,8/3,4)
HeHwmHbl 2,7 (2,25/3,1)
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Puc. 3aBMCMOCTL YPOBHS Kanus oT BO3pacTa Y MaUMeHTOB C aKOroNbHbIM Lenpuem
Fig. Dependence of potassium levels on age in patients with alcoholic delirium

YyBCTBUTENIbHOCTb NOXUNbIX NALMEHTOB K BOB,U,EVICTBI/IIO Me-
Tabonmuecknx GaKTopoB W MOATBEPIAAETCA KIIMHUYECKOM
NPaKTUKOI NOBbILLEHNs BeposTHOCTU pa3sutus [EJT ¢ yBe-
NMYeHreM Bo3pacTa.

AHanu3 KNMHNYEeCKUX cjliyyaeB
JIOXKHOOTPUUATesIbHbIX U JIOXXHOMOJI0XKUTEJIbHbIX
pe3ynbraToB NPpUMeHeHUsa HpEﬂMKTMBHOVI
MOAeJIn pa3BUTUA aIKOrosibHOro AenvupuA

Mo YpPOBHIO KaJiuA B KPOBU

Y 5 naumentoB rpynnbl AEN (2,5 % umucna HabpaHHbIX
MauMeHTOB) MPW NOCTYNJIEHMM Habnpanca OTHOCUTENBHO
BbICOKMW YPOBEHb Kausi B KPOBW. Y ABOMX TaKWX NaLMEHTOB
pa3BUTME [ENMUPUA MOXHO 0OBACHUTL MOrpeLLHocTaMK dap-
Makotepanuu. MpuseneM npumep.

Maument C., 62 roga, nocTynun Ha fle4eHne NOBTOPHO.
3anoii nepeqn MOCTyMIEHWEM MPOAOSIKAICA OKONO 3 Hea.,
ynotpebnsn go 1 1 BoAky B cyTku. [ocneaHnit npuem ankoro-
ns — B ieHb noctynnenus. [loctynun ¢ HavanbHbIMU NPOSIB-
NIEHNAMM aMKOrONIbHOM0 abCTUHEHTHOTO COCTOSHUSA, AWarHo3
Mpy NOCTYMIEHUN — «CUHAPOM OTMEHBI aJIKOT0NS HEOCTOK-
HeHHbI, F10.30». YpoBeHb Kanus B KpoBM Npu nocTyne-
HWM — 4,1 MMonb/n. HasHauyeHo neyeHue: UHGY3MOHHaA Te-
panus Kpuctannouaamu no 400 mMn B cyTku, TMaMmH no 100 mr
B CYTKU BHYTPUMbILLEYHO, BpoManruapoxiopdeHnnbeHsonm-
asenuH No 5 Mr B CYTKU BHYTPUMBILLEYHO, MnLmMH no 600 Mr
B CYTKM BHYTPb, aMuHodeHunMacnsHas kucnota no 500 mr
B CYTKW BHYTpPb, XJIOPNpOTMKCEH No 50 Mr Ha HOYb BHYTPb.
Ha crnepytowmii fieHb COCTOSIHME NaLMEHTa PeE3KO U3MEHM-
loCb: CO3HaHWe BbINIo NOMpaYeHo, OH Le30pUeHTUPOBANCS

BO BpeMeHw 1 npocTpaHcTBe. 06MaHOB BOCNpUATUS OTMEYEHO
He Bbino, NauueHT bbin ocnabneH, «nexan B KpoBaTh, ne-
puoguyecky nepebupan noctenbHoe benbe». C guarHozom
«CWUHAPOM OTMeHbI ankorons ¢ genvpueM, F10.40» 6b1n nepe-
BELlEH B OTAE/NEHME peaHMMaLyW U UHTEHCWUBHOW Tepanuu,
rfe Ncuxo3 B TeyeHue 4 cyT bbin KynupoBaH.

AHanu3npya faHHbIA KMHWMYECKUIA NpuMep Heobxoam-
MO OTMETWUTb, YTO Ha3HAYEHHbIA NaUMEHTY XOPMPOTUKCEH
OKa3blBaeT XOIMHONUTUYECKOE [ENCTBME M MOT CNYKWUTb
OCHOBHOW NPUYMHOI Pa3BUTUS AENMPUO3HOTO PacCTPOMCTBA.
06 aToM cBUAETENLCTBYET W HEOOLIYHbINA XapaKTep NCMXo3a:
BHE3amnHoe paHHee Hayano, oTcyTCTBUE 0BMaHOB BOCMpUATHS,
BbICTPOE OKOHYaHMeE, HexapaKTepPHOE ANS aNKOTOMbHBIX FUMo-
aKTUBHbIX AENMpPUEB.

Y Tpoux naumenToB rpynnel [IEJT passutue ncuxosa, no-
BMAMMOMY, bblno 00yCNOBNEHO HeMarHoCTUPOBaHHOM CoMa-
TUYECKOI oTAroLLeHHOCTLI0. [puBeaeM npuMep.

Maument M., 52 roga, nocTynun Ha neyeHue MOBTOPHO,
nepeq MocTynieHneM ynotpebnan ankoronb B TeueHue Me-
cAua: nuBo Ao 5 N B cytku. lNocneaHuii npueM ankorons —
3a 2 cyT Ao rocnuTtanusauun. [uarHos npu noctynaeHum —
«CMHAPOM OTMeHbl afikorosii HeocnoXHeHHbl, F10.30».
YpoBeHb Kanua B KpoBM Npu NocTynneHun — 3,7 MMonb/n.
Mpu 3TOM ypoBeHb MKOKO3bl B KPOBM ObiN Bhbille HOPMbI
(6,45 MMonb/n), Habnoaancs BbipaXeHHbIV MeTabonMyecKuii
aumnos (neduumt ocHoaHuit — 11 Mmonb/n). B 6ruoxmumm-
YECKOM aHan3e KPoBU OTMeYeHbI BLICOKWE YPOBHW MOYEBOM
kucnotbl (1049 MMonb/n), kpeaTuHuHa (239 MMonb/n), B aHa-
n3e MoYM — KeToHypus. HasHayeHo nedyeHue: MHGY3UOH-
Has Tepanus KpucTannougamu no 800 Mn B CyTKW, TMaMuH
no 150 Mr B CyTKM BHYTPUMBILLEYHO, NMPUAOKCKHH no 150 mr
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B CYTKM BHYTPUMBbILLEYHO, AnasenaM no 10 Mr B CyTKM BHy-
TpuMbIWeEYHo. Ha cnepywowmin aeHb (3-M CYTKM OTMeHbI
anKoroif) COCTOSIHWE MauMeHTa YXyALIMNOCh: CTan Bo3byx-
LEHHBIM, [1€30PMEHTUPOBAICS BO BPEMEHM W MPOCTPaHCTBE,
pa3roBapvBan C HeCyLLECTBYOLLMMM cobecefHKamu. C gua-
FHO30M «CMHAPOM OTMeHbI ankorons ¢ genvpueM, F10.40»
Obin NepeBefieH B OTAENEHWE peaHUMaLUM U MHTEHCUBHOIA
Tepanuu, rie Ncuxo3 B Te4eHue 5 cyT bbin KynupoBaH.

B oTHOLIEHMM JaHHOrO MauMeHTa HeobX04MMO KOHCTaTH-
poBaTb, YTO Y HEro AeiCTBUTENBHO PasBUNICA KACCUHECKMiA
Aenvpuid Ha GoHe 0TMeHbI ankorons. Mpu 3ToM y Hero Takke
Habnioganoch cepbesHoe HapyLleHWe YrmeBogHOro obmeHa,
BO3MOXHO, BCIIEACTBME 000CTPEHMS XPOHMYECKOr0 NaHKpea-
TWUTa, AMarHOCTUPOBaHHOTO XMpYproM. Mo-BuaUMoMy, No 3Toik
NMpUYMHE YPOBEHb Kanus 0CTaBaJICs OTHOCUTENBHO BbICOKUM
KaK pe3ynbTaT pasBuTHS LMUTONM3A.

JIoKHONONOXKMTENBHBINA Cy4al TMMNOKAZIMEMUN OTMEYeH
TONbKO Y OfHOM naumeHTku u3 rpynnbl HCOA (0,5 % uucna
HabpaHHbIX nauueHToB). [puBegem npumep.

Maumentka 3., 71 roa, mocTynuna Ha NieYeHne NoBTOp-
HO, Mepef, MOCTYMIEHNEM YNoTpebnsana ankorosb B TeYEHME
mecsaua: Boaky okono 0,5 n B cytku. lMocnegHuii npueM an-
Korons — 3a 2 cyT no obpalleHus B cTaumoHap. [lvarHos
npu MOCTYMNEHUA — «CUHAPOM OTMEHbI aJIKOroNisl Heoc-
noxHeHHbl, F10.30». YpoBeHb Kanua B KpoBM Npu nocTy-
nneHum — 2,9 MMonb/n. Mpy 3ToM 60NBLUMHCTBO OCTaNbHbIX
nabopaTopHbIX NOKa3aTesien Haxoaunuchb B npeaenax pede-
PEHCHBIX 3HAYEHWH, YTO JOCTAaTOYHO HEObbIYHO ANA naumeH-
TOB C XPOHWUYECKOMW afIKorosbHOM MHTOKCKUKaumen. HanpuMep,
aKTUBHOCTb aflaHMHaMUHOTPaHCcdepasbl B KPOBM COCTaB/IANA
71 EQ/n, acnaptatamuHoTpaHcdepassl — 71,1 E[l/n, ram-
Ma-FnyTaMunTpaHcnenTaasel — 64 E[l/n. YpoBeHb HaTpus
B KPOBM [aHHOM NaUMEHTKN HAaXoAMNCHA Ha BEPXHEN rpaHu-
e HopMbl (145 MMonb/n), U ToNbKO YpoBEHb TPOMOOLMTOB
6bin HU3KKMM (74x10%/n). HasHadyeHo neyenme: MHQy3MOHHaS
Tepanusa Kpuctannougamu no 400 mn B cyTkM, ageMeTmo-
HUH no 400 Mr BHYTpUMbILIEYHO, TMaMUH N0 50 Mr B CyTKU
BHYTPUMBILLEYHO, BpoManruapoxnopdeHnnbeHsoamasenmH
Mo 2 Mr B CYTKW BHYTpUMbILEYHO, bpommsoBan no 150 mr
+ Kanbums roKoHat B gose 250 Mr + kodeuH B aose 10 Mr
+ nanasepuH B fo3e 20 Mr + deHobapbutan B gose 5 Mr
no 1 Tabnetke B CyTKM BHYTPb. COCTOAHME MALMEHTKM NO-
CTEMEHHO YNTyYLLIanoch, HapyLUeHWiA CO3HaHWsA, 0bMaHoB Boc-
NpUATUS, PaccTPOCTB MbIlLfleHUs He Habnoganock. Mocne
KynupoBanus COA maumeHTKa Npofomxuia neyeHne B CTa-
LIMOHape C AMarHo30M «CMHAPOM 3aBUCMMOCTU OT aNKorons
F10.212».

B naHHOM cnyyae y NaUMEHTKM OTMeYeHa BbICOKas pesu-
CTEHTHOCTb K TOKCMYECKOMY [eicTBMIo ankorons. HecMotps
Ha BbIPAYKEHHYIO TMMOKANMEMUIO, AENMPUO3HOTO PacCTpoii-
CTBa He 6b1n0. KaK y)xe yKa3aHo BbiLUe, NpUYMHON heHoMeHa
Morna 6bITb 60NbLLIAA YCTONYMBOCTD KEHLIMH K MeTabonnye-
CKWM HapyLUeHWaM B KoHTeKcTe pa3sutus JEJT u uHamsuay-
anbHas BbICOKAas TONEPAHTHOCTb MALMEHTKU K TOKCMYECKUM
3ddeKTaM ankorons.
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KnuHnyeckuin npumep cnoxxHon
AnddepeHUManbHOU AUArHOCTUKM
aJIKOro/IbHOro AeNnpuUs

Kak ywe otMeyanu, amddepeHumanbHas OUarHOCTUKa
COA 6biBaeT HenpocToit 3afadeit. MHoraa coctosHWe naum-
eHToB ¢ COA oueHuBatoT npu noctynnenuu kak JEST unn ANP
(Hanpumep, ecnu Bbinn cBefeHua 06 obMaHax BocnpUATHS,
HabniopaBLLMXca HakaHyHe). MHoraa nauveHTaM c AMP cHa-
yana ycTaHaenueanu guarto3 [EJ1. B nocnepytoLiem otcyT-
CTBME CeLMPUYecKux as AenMprus CUMITOMOB NOMpaYeHus
CO3HaHWSA M03BONANO0 YCTAHOBUTb NPaBWIbHBINA JMUArHo3.

Crout nopgyepKHyTb, uTo y 9 yenosek B rpynne JEJ (4,5 %
yucna HabpaHHbIX NaumneHToB 1 13,4 % umcna [EJ1) Bo3HUKM
CNOXHOCTW B AMAarHOCTUKe. MIHTEpeCceH KIMHUYECKUI CiTyqall
nauvenTa ¢ [1EJ1, anarHoctupoBaHHbliA Kak AlP.

MaumeHt H., 38 net, noctynun Ha neyeHue Brepeble, A0-
cTaBnieH 6purafon CKopon ncuxmuaTpuyeckon nomolum. Mpo-
OOMKUTENBHOCTb 3aM0s nepes, NoCTyMIEHUEM M0 NPUYMHE OT-
CyTCTBUA 06BEKTUBHBIX AaHHbIX YCTAaHOBUTb HE YAAN0Ch, CaM
MaumMeHT coobLmn, 4To «He MOMHWUT», CO CIIOB, yNoTpednsn
Boaky no 0,75 n B cytku. locnegHuii npueM ankorons —
B AieHb nocTynnenus. bbin 0bHapyxeH Ha ynuue «B HeageK-
BAaTHOM COCTOSIHWM, YTO-TO WUCKan, pasroBapuBan C Hecylue-
CTBYHOLUMMM CobeceaHUKaMMW». [Tpn NOCTyNAeHUN Co3HaHMe
OLIEHMBANOCh KaK «CHOE», Bbln NpaBUIbHO OpPMEHTUPOBaH
B NMPOCTPaHCTBE W COBCTBEHHOM NIMYHOCTH, TEKYLLLYIO fiaTy Ha-
3blBan ¢ owmbkom B MecA. 06MaHOB BocnpuUsTUS Npy 0CMO-
Tpe 3aperucTpupoBaHo He bbino. [inarHos npu noctynieHumn
«NPeUMyLLIeCTBEHHO TaIlOLMHATOPHOE PacCTpPOWCTBO, Bbl-
3BaHHoe ynoTtpebnenuneM ankorons, F10.52». YposeHb Kanus
B KPOBU Npu nocTynnenmn — 2,9 MMosb/n. Mo pesynbtatam
XMMMKO-TOKCUKONIOMMYECKUX MCCIef0BaHMIA B MOYe NaLueHTa
06Hapy»eH aLeToH B KoHueHTpauuu 0,173 r/n v deHobapbu-
Tan B KOHUEeHTpauun 3326 Hr/mn. MaumeHT oTpuuan npuem
(eHobapbuTana u cofepaLumx ero JIEKApCTBEHHbIX CPEACTB
(kopBanon u np.). HasHaueHo neyeHue: UHY3MOHHasA Tepa-
nua Kpuctaniougamu no 800 mn B CyTKW, TMaMWH B J03e
50 Mr B CYTKM BHYTpMMbILIEYHO, BpoManruapoxnopdeHm-
beH30aMa3enuH B 403e 4 Mr B CYTKU BHYTPUMBILLEYHO, ra-
nonepuaon B [o3e 5 Mr BHYTPUMBILLEYHO pa3oBo. B TeueHne
NocNemylowWwmMx 6 cyT NauMeHT B JHEBHOe BpeMsi bbin acTe-
HWU3UPOBaH, HOMbLLYK YaCcTb BPEMEHW MPOBOAMN B KPOBATH,
HO 10 BeYyepaM Yy Hero 0TMeYasoch NCUXOMOTOPHOE BO3DYK-
[EeHWe, MHOTAA OH MyTancs B JaTtax U MEeCTOHaXOXAEHWM,
HO NocNe HABOASALLMX BONPOCOB [aBaj NPaBUIIbHLIE OTBETDI.
MauueHTy DONONMHMTENBHO C LieMbH CeAaLyy pa3oBo Ha3Ha-
YeH ranonepuaon B [03e 5 Mr BHYTPUMBILLEYHO Ha 2-& CYTKU
OTMeHbI aNIKoronis U Aponepuaon B 03e 5 Mr BHYTPUMBILLEY-
HO Ha 5-e CYTKW O0TMeHbl. Ha 6-e cyTKu cocTosHMe nauumeHTa
YXYLALUMAOCh: C YTpa Habmoganuch NoMpayeHne CO3HaHus,
rpybas AesopueHTauMs BO BpEMEHU W MpOCTpaHCTBE, MCU-
XOMOTOpPHOe B030YyAaeHue. Buaen «BoKpyr cebs nayKoB»,
coobLLmn, YTO YYBCTBYET, KaK MO ero Teny «Mon3awnT Kie-
LM U KycalT ero 3a Horm». 0bMoTan Horv ofesnoM, Ytobbl
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«CMacTUCb OT YKYCOB». bbln AMarHoCTMpoBaH «CUHAPOM OT-
MeHbI ankoronis ¢ aenvpueM, F10.40».

B maHHOM cnyyae HeobxoaMMO 0TMETUTb, YTO COCTOSHUE
nauueHTa NpyU NOCTYMNeHUM AedcTBUTENbHO Bblno TpyaHO
ambdepeHumpoBaTtb, Tak Kak COA y Hero coyeTtancs ¢ WH-
TOKCMKaumen ¢eHobapbutanoM. MeHHO mo3ToMy ncuxos3
SIBHO MaHU(eCTMpOBan TONbKO Ha 6-& CYTKM OTMEHBI, HO T1-
noKanueMms Obina BbISIBIEHA YKe B NepBble CYTKU U CRy-
Xuna npeauktopom byayuwiero [EJ1. [laHHbIi naumeHT 6bin
UCKJIIIOYEH W3 MCCefoBaHWsa Nocne MojlyyeHus pesynbTaTos
XMMUKO-TOKCUKONOTMYECKUX WUCCNENOoBaHUIA, TeM He MeHee
KJIMHUYECKMIA NpUMep LOCTAaTOYHO MHTEPECHBIN.

OBCYXAEHWUE PE3YJIbTATOB

lpocneKTUBHOE UCCNefoBaHKUe NOATBEPAUIIO 3aSIBIIEHHYIO
B HalLieii NpeablayLLeit pabote NPOrHOCTUYECKYH 3HAYMMOCTb
YPOBHS Kanus B KPOBM Kak npepgukTopa passutus [EJ1y na-
UMEHTOB C asKOro/IbHOM 3aBMCUMOCTBIO, YTO CBMAETENb-
CTBYET O HanMuuUW TecHoW CBA3M Mexay natoreHesom [EJ]
1 HapyLeHUsMW 3neKTponuTHoro obmeHa. CywlecTsyeT 3a-
BMCMMOCTb MEX[Y NPUEMOM anKorons U YpoBHEM Kanusa —
3TaHON cneunduUyeckn B3aUMOAEHCTBYET C KanneBbIMU Ka-
Hanamu BHyTpeHHero BbinpsaMnenus (GIRK3). Kanwit nocne
TaKoro B3aUMOAENCTBUA BbIXOAUT U3 KNETKM, YTO NPUBOAMUT
K runepnonifipu3auuM KnetouHod MembpaHbl W, COOTBET-
CTBEHHO, K MOBLILUEHMIO NoTeHumana nokos [7]. Knunuuecku
370 NposBnsieTcA B BUge cesauun. YnotpebneHue ankorons
TaKKe COMpOBOXAAETCA YBEMUEHUEM Anype3a (Mo NpuyKHe
MHrMOMpOBaHWA 3TaHOMOM NMPOAYKLUMM aHTULMYPETUYECKOTO
FOPMOHA) U CHWUXEHWEM KOHLIEHTPALMM B KPOBM OCHOBHbIX
3M1EKTPONUTOB (Kanus, Hatpua u xnopugos) [8]. Mpu anm-
TeNbHOWM aNKoroNbHOM MHTOKCMKaLMK (3anosx) y nauueHToB
¢ [EJ1 noteps aneKTponmMToB CTAHOBUTCA CyLLECTBEHHOM [9].
370 NPMBOAMT K HapyLUEHUWIO FPaMeHTOB KOHLEHTPaLUWUW Ha-
TPUA M Kanusa MeXay KNETOUHbIM U MEKK/ETOYHbIM Npo-
CTPaHCTBaMM U, KaK CNeLCTBUE, K YMEHbLUEHUIO MOTEHUMANa
MOKOA HEMpOHOB. [lpu CHUKEHUM YPOBHA KanbLMs O4YeHb
3HauMMO YMEHbLLIAETCA MOTEHUMAN NOKOS, NpU 3TOM HaTpu-
€Bble KaHasibl aKTUBUPYHTCA. B ycnoBumsax HefocTaTka MOHOB
KanbLus HaTpueBble KaHasbl aKTUBMPYIOTCA MPU 0YeHb He-
6onbLLIOM NOBbILLEHNN MeMBPaHHOIO NoTeHLMana oT HOPMbl
[10]. 3T npoLecch KIMHUYECKM NPOABNIAKTCS CBEPXBO30YAM-
MOCTbH0 HEPBHOW CUCTEMBI U, CIIE[0BATENbHO, MOBLILIEHUEM
PUCKa Pa3BUTUA CYAOPOXKHbIX NPUMAAKOB, HAPYLLIEHWIA pUTMa
CepALa, NMCHUXo30B.

B pesynbrate npoBefeHHOr0 HaMW McCneaoBaHWA bbino
YCTaHOBMNEHO, YTO, B OT/M4Me OT nauueHToB ¢ JIEJ, y naum-
eHToB C AP ypoBHW Kanus 1 HaTpus KPOBU CTAHOBATCA OT-
HOCUTENBHO BbICOKMMUW. Mbl MOXKEM MPeLNooXuTb, YTO 3T0
CBSI3aHO C 60sbLLE, BO3MOXHO reHeTUdecku 0bycnoBneH-
HOM, 3P hEKTMBHOCTBI0 KOMMEHCATOPHbIX MeXaHW3MOB, Ha-
MPaBNEHHbIX Ha YOEepXaHWe 3MeKTPOSMTOB B OpraHv3Me.
MmeHHo no3TtoMy Bo3byxaeHue npu AP HoCUT NOKanbHbIN
XapaKTep, CYAOPOXHbIe NPUNALKW U MOpaXeHUe CO3HaHMS
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AN HUX HexapaKkTepHbl. [laHHas rvnoTe3a obbACHSET U OT-
HOCWTENBHO MeHbLUY NpeacTaBneHHocTb [ENT y xeHWwmH
(y KoTopbIx NpenMyLLecTBeHHO peructpupytot AMP). Monyyaet
obbAcHeHWe 1 bonbluas pacnpoctpaHenHocTb [1ES] cpeam no-
HUNbIX MaUMeHTOB, 0bYCNOBNEHHas He0CTaTOHHOCTbI Me-
XaHWU3MOB KOMMEHCALMW 3NEKTPOJIMTHBIX NOTEPb, BO3HUKLLMX
BCNeacTBuMe ynotpebneHus ankorons.

BbiBOAbl

1. YpoBHM Kanus, HaTpMA U KonmuecTBo TpoMbouumToB
y naumeHToB rpynnbl [IEJ] cTatucTnyeckun 3HaumMmo otmyanucb
OT aHa/orMyHbIX NoKasatenen nauneHTos rpynn HCOA v AP,

2. YpoBeHb KanbLMsi B KPOBM CTAaTUCTMYECKU 3HAUYMMO
pasnuyanca mexay rpynnamm HCOA n [IEJN.

3. eHLWmHbI MeHee YyBCTBUTENBHBI K METabOIMYECKUM
paccTpoiicTBaM, pa3BMBalOLLMMCA BCIEACTBUE ynoTpebneHus
aKorons, 4to NposiBNsAeTcs B MeHbLUen yactote JEJI.

4, bonbluas pacnpocTtpaHeHHocTb JEJT cpemy noxunbix
MauMeHTOB 00ycoBNeHa AEKOMMeHcaLMel Y HUX MeXaHus-
MOB perynsuuu MeTabonusma.

5. MMpepuktuBHas mopenb passutus [EJ1, ocHoBaHHas
Ha pe3ynbTaTax UCCef0BaHUA YPOBHA Kanus KPoBM, i0Ka3ana
CB010 3 HEKTUBHOCTb B YCIIOBUSAX KIIMHUYECKOTO MPUMEHEHUS.

AOMO/THUTE/IbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHLIM BKNA4
B pa3paboTKy KOHLeNLMK, NpoBefeHWe UCCIe[0BaHMSA W MOAMOTOBKY
CTaTb¥, MPOYNM W ofobpunm GuHanbHY0 Bepcvio nepes nybauka-
unenn. CH. Ymrun, OK. bysuk, A.A. bypues — HanucaHue CTatbu,
aHanu3 aauHblx; C./. YmkuH — pa3paboTka obLuen KoHuenumm.

KoHdnukT uHTepecoB. ABTOpbI AeKNapypyIoT OTCYTCTBUE ABHbIX
N NOTEHLMaNbHbLIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C NybmKa-
LMeln HacToALLLEN CTaTbW.

WcTouHMK mHaHCUpoBaHUA. ABTOpLI 3aSB/IAIOT 00 OTCYTCTBUM
BHELLIHEro MHaHCMPOBaHWA NpY NPOBELEHUN UCCNE0BaHMS.

WHdopMupoBaHHoe cornacue Ha nybankauumio. ABTOpbI Nony-
UMM NUCbMEHHOE COMTacke NaLMEHTOB Ha NybNMKaLmMio MeauLMH-
CKWX AaHHbIX.
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OBITEN

YOK 612.017(092) 3apybura

TanaHTnuBbIA BMOXMMUYECKUM hapMaKonor
npoceccop MpuHa BuktopoBHa 3apybuHa

Talented biochemical pharmacologist

Professor Irina V. Zarubina

TBopueckas buorpadwms WpuHbl BuktopoBHbl 3apybuHoii
He 0CODEHHO 3aMbIC/oBaTa, MOCKOJbKY MPaKTUYECKW BCA ee Tpy-
[0Basn AeATeNbHOCTb CBA3aHa ¢ BoeHHO-MeaAMLIMHCKON aKkapeMuet
uM. C.M. Kupoa MunobopoHbl Poccun. OHa popunack B 1954 T.
B JleHuHrpage. PaHo onpepenunack Co CMeLuManbHOCTbH, PeLuUmB,
yTo CTaHeT inbo GuonoroM, nMbo BroxmmmkoM. bes ocoboro Tpy-
na moctynuna B JIeHWHrpaackuiA rocyaapCcTBeHHbIA YHUBEPCUTET
Ha B1onoro-noyBeHHbIN (hakynbTeT. Yke Ha NepBbIX Kypcax B Kaue-
CTBE CMeLManbHOCTU Bbibpana buoXvuMmio aHepreTMYecKoro 0bMeHa
Kak Begyllee HanpaBneHue bynyuiei pestensHoctn. U B 1977 r.,
Cpasy e Mocne OKOHYaHMs YHMBEpcWTeTa, Obia MpurnalleHa
Ha Kadeppy natonoruyeckoi Quanonorum BoeHHO-MeaMUMH-
cKoi akapgemun uM. C.M. KupoBa Bo3rnaBnsiBLIMM TOrda Kadenpy
akapemukoM AMH CCCP npodeccopom B.K. KynarmHbiM, KpynHbiM
CNeLMan1cToM B 0011acTy LIOKOBbIX COCTOSHUI.

OpHOro CTpacTHOrO JXenaHWs 3aHUMaTbCs WCCNefoBaTeSlb-
CKoii paboToi ona Monogoro cneumanucta Obl10 HeQOCTaTouHO,
Ha nepBbIX Nopax He XBaTano 0bLLEMeANLIMHCKUX 3HaHMIA U cneum-
alnbHbIX METOAMYECKUX MPUEMOB, KOTOPblE HYXKHO Obl0 0CBOUTHL
B KOpOTKUe Cpoku. [na monoporo cneunanucta U.B. 3apybuHoit
naTouU3noNorua TAXKENON TPaBMbI U LLIOKA, KOTOPOI HYXHO Bbino
3aHuMMaTbCs, bbina rae-To JaneKo M He COBCEM MOHATHA, Belb
ee Kak bynyulero 6uoxvuMmuka bonblue yuunu pabotaTth € TKaHS-
MW, C XMMUYECKUMM peaKTUBaMM, ¢ NabopaTopHbIMM npubopamm
CreumanbHoro HasHaueHus. W ans nydiuero noHUMaHus cyTu Ha-
Y4YHON NpobneMbl, ecTECTBEHHO, €M MPULLNOCh HaYMHaTL C a30B
W NpocnywwaTh NOMHBIA LMK NIeKUMIA No naTonoruyeckoi gpusmo-
norvu, kotopble uutan u cam npogeccop B.K. Kynarun, v Begywume
COTPYOHWKM Kadeapsl, a MaBHOE, 0CBOMUTb HaBbIKU BUBUCEKLMM
Pa3HbIX }MBOTHBIX (KPONMKOB, CobaK, KpbIC), CTONb HeobXoauMble
u ans paboTbl, U ANS MOAFOTOBKYU YHUKANbHbIX JIEKUMOHHBIX Je-
MOHCTPaLWiA, KOTOpbIE B TOT MEpUOA ObIIM HEOTEMEMO YacTbio
nobon nekumu. U.B. 3apybuHoi bbina nopyyeHa B TOM uncnie U 3Ta
OTBETCTBEHHas paborTa.

Tak, nekumu no Teme «[latodusnonorus cepaeyHo-cocyanCToNn
CUCTEMbI» COMPOBOXAANNCL AEMOHCTPALMEN NMPUCNOCOBUTENbHBIX
peakuuit U OCTPbIX MOBPEXAEHWUA CepLeyHO-COCYAUCTON cucTe-
Mbl, MOAENMPYeMbIX Ha cobake. YTobbl MonyuuTb NpeacTaBneHne
0 TOHOreHHOM (MpMcnocobuTenbHOM) U MUOreHHON (naTonoru-
UecKoM) AunaTtauum Muokappa cobaky WHTYbupoBanu u nepe-
BOLM/M HA UCKYCCTBEHHYHD BEHTUIALMIO JIErKMX, OCYLLECTBASM
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

TOpaKoToMUio, Yepe3 KaHionto QPoxta B NepuKapamanbHol cyMKe
perucTpupoBau aMniuTyay CepAeyHbIX COKpalleHuid. Ha nekumm
no TeMe «TepMMHaMbHble COCTOSHUS U OXMBNEHWE OpraHu3Ma»
KypcaHTbl MOIM BUAETb, KaK 0CTpasi KpoBomnoteps y cobaku npu-
BOZMT K KIMHUYECKOW CMEPTU W PErUCTPUPOBaNK ee NPU3HaKU —
arHo3, acucTosmio U apedrexcuio. Nocne Yero feMOHCTpUpOBanM
KOMMJIEKC NEepBUYHON CEpAEYHO-NEr0YHOM peaHUMaLun ¢ npu-
MEHEHMEM MCKYCCTBEHHOTO [blXaHuWs, MPSMOr0 Maccaxa cepaua
u pedmbpunnaumn. s nyywero ocBoeHUs MaTepuana no TeMe
«[Matodusnonorma noyek» MofenMpoBanu Ha cobake nposene-
HUS NPepeHanbHoN U NOCTpeHanbHOW HepocTaTouHocTh (Bonesas
aHypus, apTepuanbHas MLIEeMUS U BEHO3Has rMNepeMus Mouek,
CTEHO03 MOYETOYHUKOB). Bce nonyyeHHble HaBbIKM He MPOCTO Npy-
roaunucb MonogoMy cneumanvcty W.B. 3apybuHoii B ganbHemwuei
pabote, Ho GopMMPOBaNK HOBOE M BO MHOTOM MepefioBOe Hay4Hoe
MWUPOBO33peHUE, COCTOSLLIEE B TOM, UTO 63 ONMKHOM U afleKBaTHOM
MOJIe/IM NaTe/IOrMYECKOro COCTOSIHUSI HUKaK He MOHSATb CyTb O1oxm-
MWUYECKMX MPOLIECCOB, NMPU 3TOM COCTOSIHUM MPOUCXOAALLMX.

B 3™ roabl Ha Kadeppy noctynana HoBemwlas TeXHUKA, B TOM
uncne AMNOHCKMIA CNeKTPodNyopuMeTp C MPUCTABKON ANA TOHKOC-
noiiHon xpomatorpacmu. U.B. 3apybuHa paspabotana opuruHanb-
Hblli MUKpoMeTop, (hrlyOpPUMETPUYECKOO ONpefeneHns afeHWH-
HYK/E0TWAOB, a ONybNMKOBaHHas B LIEHTPalbHOM MevaTy CTaTbs,
OMUCLIBAIOLLLAA 3TOT METOAMYECKUI NPUEM, NONYYMUIA LUIMPOKMIA Ha-
YUHbIA OTK/IMK Y4eHbIX CTpaHbl U 3apybexbs, Kak celiyac cKasanu
Obl, UIMena «BbICOKUN UHAEKC LIUTUPOBAHUS».

Ye uepes rog, pabotbl Ha Kadeape natonoruyeckoit dpusmono-
rum akagemuu npodeccop B.K. Kynarun onpepnenun temy bynyulieit
KaHauaaTckon aucceptaumm U.B. 3apybuHoii «MeTabonmuyeckas ak-
TMBHOCTb MEYEHU B paHHEM Nepuoie CUHAPOMA JJIMTENBHONO pas-
[aBNMBaHUA». TeMa BayHas U Mano paspaboTaHHasi B To BpeMs,
BO MHOTOM MHCMWUPMPOBaHHan 3eMneTpsAceHneM B TawwkeHTe 1976 T.
Ho Tonbko mocne Taxeneniumx KatacTpod, Takux Kak 3eMneTps-
ceHue B Cnutake (Apmenns) 1988 r., ¢ MaccoBoii rubenbto niogeit
¥ BOMbLIMM KONMYECTBOM NOCTPafaBLUMX OT CAABMMBAHUA KOHeY-
HOCTEW 1 YacTeli Tena obpywarowmmucs pparMeHTaMu 6ETOHHBIX
CTPOEHUA, BblbpaHHas TeMa 3a3Byyasia No-HOBOMY, KaK aKTyasibHas
W BaXkHas AN U3YYEHUS U MPAKTMYECKOTO PeLUeHns. A B XU3HM
N.B. 3apybuHol HacTynuno BpeMs TPYAOEMKUX W AJIUTESbHbIX
OMbITOB. B 3KcnepuMeHTe TpaBMaTMUYECKMIA TOKCUKO3 OHa MOJENM-
poBajia HaNOXeHUeM Ha MSArKWe TKaHu 6espa MMBOTHBIX (KpbIC)

Bce npasa 3almieHs!
© 3Ko-Bextop, 2024
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creunanbHbIX TUCKOB B TeYEHME YETBIPEX YacoB, MOC/E Yero 3a-
bupana TKaHu AN UCCnefoBaHUS MeTabonMyecKux M3MEeHeHWN
B [AMHaMWKe TPaBMaTMYeCKOro LUOKa — 4Yepe3 4, 6, 12 n 24 4
nocne fekomnpeccuu. MonyyeHHble TOrLa AaHHbIe Bblav BO MHOTOM
YHUKaNbHBI, M TaKUe MCCNELOBaHUA BbIMOHEHbI BNepBble B MUpe.
B 1989 r. U.B. 3apybuHa ycnewHo 3awwumtuna AMcCepTaumio Ha co-
MCKaHMe YYeHOI CTeneHW KaHamaaTa OMoNorMyeckux HayK nof py-
KosoacTeoM npodeccopa 10.H. LLlaHuHa, BosrnasuBLLero Kadeapy
naToforMyeckoir GU3MoNorMM akajeMun nocne HeoXWAaHHOM
LS BCEX U ABHO NpexaeBpeMeHHon cmepTu npodeccopa B.K. Ky-
NaruHa, MHuUMaTopa Hanpaenenus uccneposaui U.B. 3apybuHoii.

Matodu3nonoru akagemMum BCerfa TeCHO COTPYLHUYAM C Ka-
tenpon hapmakonoruu, kotopyto B To BpeMms (1968—1987) Bosrnas-
nsn npodeccop B.M. BuHorpapaos v no3xe ero yyeHuK npodeccop
A.B. CmupHoB (1988-2000). MpobneMbl hapMaKonormyeckoit noa-
LEPXKKU NPU IKCTPEMarIbHbIX COCTOSIHMSX BCErAa WHTEpecoBany
1.B. 3apybuHy, noatomy B 1990 r. oHa nepeluna B KayecTse CTap-
LUero Hay4yHoro COTpyAHMKa Ha Kadenpy GapMaKkonorum akagemum.
1 nocnepytowwme rofibl BO MHOMOM BbIni NOCBSALLIEHBI peanu3aLmm
HayuHbIX ugeit B.M. BuHorpagoBa, 0CHOBOMOMOXHMKA W pa3pa-
BoTuMKa HoBOro apMaKoNOrMYecKoro Kacca aHTUrMMOKCaHTOB
W aKTOMpoTeKTOpoB. [MorpyeHue B 3yyeHue NpobneMbl 3aLUTbI
OT KUC/IOPOJHOI HeoCTaTOuHOCTM Aanu TONMYOK HOBOMY YBrieye-
HW0 MpuHbI BUKTOpOBHBI — ropHOMY Typu3My. Heckonbko net
W.B. 3apybuHa nogHMManach Ha pasHble BbiCcOTbl 3nbbpyca, no-
cewana InbbpyccKylo MeauKo-bronoryeckyto ctaHLmio, Npoaon-
Xalowylw (yHaaMeHTanbHble UCCNef0BaHUS TMMOKCKMW, HayaTble
B ropax 3nbbpyca ewe B 1929 r. BbIAAOWMMCS 0TEYECTBEHHBIM Na-
TodusmonoromM axkapemukom H.H. CupotuHuHbIM. TpepnoxeHHas
W.B. 3apybuHoii KoHLeNUMA aaanToreHHOro 3HepreTUYecKoro on-
TMMyMa BMOXUMUYECKUX NPOLLECCOB NP MUMOKCKM NErNa B OCHOBY
ee [LOKTOPCKOW AMccepTaumy, ¢ BNecKoM 3alLMLLEHHYH0 B CTEHaX
akapemuu B 2000 r. HayyHbIM KOHCYNBTAHTOM MO AOKTOPCKOWA AuMC-
ceprauuu W.B. 3apybuHoit Beictynun npogeccop A.B. CmupHoB,
cneumanuct B 0bnactn broxmmmyecKoid hapMaKkonorum runoKcum
(QHTUrMNOKCAHTOB) M YTOMMEHNA (aKTONPOTEKTOPOB).

C 2000 r., ¢ npuxopoM Ha Kadeapy npodeccopa .1. Laba-
HoBa (Bo3rnaenan Kagenpy B 2000-2022 rr.), ans W.B. 3apybu-
HOM Hayascs HOBbIA 3Tan HayyHoW fesTenbHocTW. [pynna 6uoxu-
MWueckoi dapMakonorim Bo rmase ¢ .B. 3apybuHoii He npocTo
aKTUBHO BKJOYMNach B paboTy No M3yyeHMto BasncHBbIX MeXaHu3-
MOB KOPPEKLMM MMMOKCMM, HO U CAenana MOLUHbIA PbiBOK U, CO-
OTBETCTBEHHO, KPYMHBIA Hay4HbIil BKMAg, B 3Ty npobnemy B Yactu
n3yyeHns hapMaKoNorMyecKo HoOpManu3auumu 3HepreTMHecKoro
06MeHa, CyLLecTBEHHO CTPAZaOLLEro NpU MUMOKCUMM Pa3HOro reHe-
3a M NaTeNorMYeckux COCTOSHUAX, MPOTEKAIOLLUMX C FUMOKCUYECKUM
KOMMOHEHTOM B WX PasBUTUW (TPaBMaTWYECKMIA LLOK, CMHLPOM
LJMTENBHOTO CAABMEHUS, XPOHUYECKOe BocnaneHue u 1. A.). Uro-
roM 3Tux paboT cTana nybauKaums psna MoHorpadui, B UX Yucie
«MonekynsipHoii papMakonorum aHTMrunokcanTos» (2004), «Tunok-
cust M KapHUTUH» (2004), «AHTUIUMOKCAHTLI NPY YepenHo-Mo3roBoM
TpaBMe» (2006), «<MeTabonuueckue koppeKTopbl rUnoKcumn» (2012),
«TpaBMaTUYECKMI TOKCUKO3 M aHTUTMMOKCaHTbI» (2014), B KOTOPbIX
OnMcaHbl MPUHLMMBI METab0MYECKON KOPPEKLIMM TUMOKCUM U aHa-
NOTUYHBIX NATONOTMYECKUX COCTOSHMIA. KpoMe Toro, B 3T rofbl
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W.B. 3apybuHa bbina oduunanbHo NpU3HaHa Kak pyKoBoAuUTeNb
BOEHHOIA Hay4HOIA LWKonbl «DapMaKonorus aKCTpeManbHbIX COCTON-
HWM» (2004). Mo MaTepranam yKasaHHbIX MCCIEA0BAHMI Y4EHUKaMK
.B. 3apybuHoi noproToBneHb! M ycnewHo 3alumLLeHbl 2 auccep-
TaLMM Ha COMUCKaHWe Y4YeHOM CTeneHU AOKTopa M 7 Ha COMCKaHue
Y4eHoi cTenexu KaHauaata Hayk. B 2009 r. U.B. 3apybuHoii npu-
CBOEHO y4eHoe 3BaHue npodeccopa.

3a roabl HayyHo-uccnepoBaTenbckon pabotel U.B. 3apybu-
HoW onybnukoBaHo bonee 400 HayyHbIX CTaTel B BeQyLUMX OT-
e4eCTBEHHBIX 1 3apybeHBIX }ypHanax. Ha npotaxeHun Heckonb-
kux net U.B. 3apybuHa sBnsnach 0TBETCTBEHHBIM MCMOSHUTENEM
HECKONBKUX HayyHbIX TeM Mo 3aKa3sy [MaBHOro BOEHHO-MeRULMH-
cKoro ynpaeneHus MuHobopoHbl Poccun, ofHa 13 KoTopbIX, NOCBS-
LLleHHas pa3paboTKe HOBbIX aHANbreTUKOB, 3aHs/1a NPU30BOE MECTO
B KOHKypce «HayuHo-uccnefoBaTenbckue TeMbl Hay4HO-Nefaroru-
yeckux pabotHukos 2017-2018 rr.».

.B. 3apybuHa aKkTUBHO NepenaeT CBOW OMbIT MONOALIM UcCrie-
[0BaTeNsAM, BbIMOMHAN GYHKLMW He TONBbKO HACTaBHUKA, HO U pe-
anbHOro HayyHoro 3k3aMeHatopa. OHa B TeyeHWe MHOMMX neT
Bblna UneHoM AMUCCepTaLMOHHBIX COBETOB MO 3aluMTe AOKTOPCKMX
M KaHOMJATCKUX LMUCCEpTaLmiA Mo HayyHOW CreuuanbHoCTH «dap-
MaKoJorus, KiMHUYecKas hapMaKonorms» B akagemum u MHctu-
TyTe 3KCnepuMeHTanbHoN MeauumHbl. KpoMe Toro, W.B. 3apybuHa
ABNISIETCS YIEHOM PELKONIErUM OTEYECTBEHHbIX JypHanos «0630-
Pbl MO KJIMHWYECKON (hapMaKosorMM U NEKapCTBEHHOW Tepanumy,
«[Mcuxodapmakonorus u buonoruyeckas Hapkonorus» u «Paspa-
BoTKa 1 perucTpaums NeKapcTBEHHBIX CPELCTBY.

C 2015 . U.B. 3apybuHa 3aHMMaeTCA Hay4HBIMU M3bICKaHWAMMU,
MefarorMyeckoil 1eaTeNbHOCTbH B KAUECTBE JIEKTOpa U NpenojiaBa-
Tens apmakonorum Ha kadeape Gapmakonorum akagemuu. Ha ee
NEKUMSAX, NPAKTUYECKUX 3aHATUAX U 3K3aMeHax uaput bnaronpu-
ATHaA u pobpoxenatenbHas yuyebHas atMocdepa. W.B. 3apybuna
yMeeT yBJieyb KypCcaHTOB M CTYAEHTOB CBOMMM 3HAHUSIMM, YUUT MbIC-
JUTb, He }KaneeT BpeMeHU Afs MOMOLUM 0CBOEHUS Kypca dapMa-
Konoruu. 13BecTHo, 4To MeTodbl 00y4eHUs — 3T0 JyLua 3aHATHS.
N npodeccop WU.B. 3apybuHa ucnonb3yet HoBble MHHOPMALMOHHbIE
TEXHONOTMM B CBOEI MPOGECCMOHaNBHON feaTenbHOCTU. Ee nekum-
OHHbIE NPE3eHTaLMN BbI3bIBAKOT MHTEPEC Y KYPCAHTOB U CTY,EHTOB,
MOCKONbKY HArNAAHbI, COAEPXaTeNbHbI, NOTMYHbI U NEPeaaloT UH-
dopMaLmio MakcuManbHo addeKTusHo. HapabotanHble U.B. 3apy-
BuHOM 3a roAbl NpenofaBaHMs MeToauyeckue NpUeMsl B MOSHON
Mepe PacKpbIBAKOTCA B OTKPBITbIX YPOKaX, MHCTPYKTOPCKO-MeToaM-
YECKMX 1 NMOKa3HbIX 3aHATUSAX.

N.B. 3apybuHa He TONbKO ONeCTALMI Y4eHblid W meparor,
HO U JobpoxKenaTenbHas MaTb W babyLuKa. Ee cbii IMuTpuii Bane-
pbeBuY — cneuuanuct B obnactu IT-TeXHONOruiA, @ BHYK W BHYY-
Ka — y4alumecs CpefHeii LUKOMbI, KOTOpble OXOTHO MU MHOrO Npo-
BOAAT cBOBOAHOIO BpeMeHM co cBoel babyLUKO.

PenakumonHas Konnerus ypHana xenaet VpuHe BuktoposHe
300p0BbA, [albHEMLLMX TBOPYECKMUX YCMEXOB BO BCEX €€ HauWHa-
HWSX, BHUMaHWS, [OOPOKENaTeNbHOCTU U NOAAEPKKA CO CTOPOHbI
CeMbM 1 COTPYLHUKOB Kadenpbl hapMaKenoruy akafeMmuu.

Mpodeccop MN.0. LWabaHos,
TNaBHbIi peflakTop XypHana, MapT, 2024 r.
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