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MCVXOHEMPODAPMAKOIOMAA Tom 14, N2 4, 2023 [NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris 1
YIK 612.825:615.214

DOI: https://doi.org/10.17816/phbn568613

HayuHas ctaTtbs

W3meHeHne obMeHa MOHOAMUHOB B F0JIOBHOM MoO3re
NPy YHUNaTepanbHOM KOPKOBOM pacnpocTpaHAoLLeics
penpeccum y Mblwen BALB/c

.B. Kapnosa, B.B. Muxees, E.P. bbiukos, [1.[1. LlabaHoB

WHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHkT-etepbypr, Poccus

AHHOTALNA

AkTyanbHocTb. Mbiwm nmHum BALB/c MoryT cnyxuTb aaeKBaTHoI Moaenbilo Ans BbIICHEHNUS 0COBEHHOCTEN AeiicTBIS Herpo-
TPOMHbIX NPENapaToB B YCII0BUAX aHOMaJIbHbIX MEXMONYLLAPHBIX B3aMOAENACTBUN.

Lenb. N3yuntb BAMAHME YHUNaTEPasbHOM KOPKOBOM pacnpoCTpaHAIoLLEenca aenpeccuu Ha 06MeH MOHOAMMHOB Y MbILLEN JIN-
Hun BALB/c.

Matepuanbl U MeTofbl. JKCePUMEHTbI NPOBEAEHbI Ha 24 NOMOBO3peNbIX caMuax Mbilueid i BALB/c. YHunatepanbHyto
KOPKOBYIO pacnpocTpaHsioLLylocs Aenpeccuio (GyHKLMOHaNBHOE BbIKIIOYEHNE KOPbl OFHOM M3 BOMbLUIMX NOMTyLIApWiA FO0B-
HOro Mo3ra) BbI3bIBa/IM NYTEM annavKauuu GunbTpoBanbHon bymaru 1x 1 MM, cMoueHHoW 25 % pacTBOpOM X/opuaa Kanus.
Yepes 15 MMH nocne BO3AEHCTBUA HMBOTHbIX AeKanUTUPOBanu. MeTofoM BbICOKO3(PEKTMBHOM KNUAKOCTHON XpoMaTorpadum
C 3NEKTPOXUMUYECKUM [ETEKTOPOM B Kope DoMbLUMX NonyLuapuii, runnoKamne, 06oHaTeNnbHOM byropke 1 cTpuaTyMe onpefie-
NANM cofepanue HopaapeHanuHa (HA), nodamuHa (JA), cepotoHuHa (5-I'T) u ux MeTabonutoB — AMOKCUBEHUNYKCYCHOM
(JODYK), romoaHunmHosoit (FBK) n 5-rugpokcumHaonykcycHon (5-MYK) kucnor.

Pesynbtathl. YHunatepanbHas KOpKOBasi pacnpOCTpaHSIOLLAsCs [enpecccusi COMpOBOXAANacb CHUKeHUEM ypoBHs HA
B FMMMOKaMre U BO3pacTaHWeM MoKasaTenen aKcTpakseToyHoro obmeHa [IA (FBK w/wnu MBK/LLA) B 0boHsTebHOM Byropke
W CTpUATyMe Ha CTOPOHE MHAKTUBMPOBAHHOW KOpbI. [pu 3TOM TONBKO (YHKUMOHANbHOE BLIKIIYEHWE NpaBoOro nonyLiapus
BbI3bIBaJIO, KPOME MepeyuncineHHbix 3¢ deKToB, brunatepanbHoe CHUXeEHME YPoBHA HA B Kope, a TaKKe CHUXEHUE COAepHaHus
HA v cootHowwenus JOOYK/LIA B neBoM (KoHTpanatepanbHOM) rMnMNoKaMne. 3aKOHOMEPHbIX M3MEHEHMIA N03bl XMBOTHBIX M0-
C/le 0QHOCTOPOHHEN MHAKTUBALMM KOpbl B0MbLLIMX NONYLLIApUA BbISBEHO He Bbio.

3akniouenme. lonyyeHHble JaHHbIE NO3BOMAT NPELNONOMKUTB, YTO Y Mbilel i BALB/c Kopa npaBoro nonywapus urpa-
€T AOMVHUPYIOLLYIO POfib B PEryNsALMM aKTUBHOCTU HOPaApEHepPruyeckoi CUCTEMBI FOIOBHOM MO3ra.

KnioueBble cnoBa: Mbilun nuHuu BALB/c; Moaenb ayTU3Ma; KOPKOoBas pacnpocTpaHALWaaca genpeccua; MOHOaMUHbI; acCUM-
METPUA roJI0BHOIO0 MO3ra.
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Kapnosa W.B., Muxees B.B., bbukos EP, LUabaHos [.[. VI3meHeHne obMeHa MOHOAMMHOB B TOJIOBHOM MO3re MpU YHUIATEPaibHOM KOPKO-
BOW pacripocTpaHsiolencs aenpeccun y Mblweid BALB/c // Mewxodapmakonorus - buonorndeckas Hapkonorus. 2023. T 14, N 4. C. 221-228.
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Research Article

Changes in monoamine metabolism in the brain during
unilateral cortical spreading depression in BALB/c mice

Inessa V. Karpova, Vladimir V. Mikheev, Evgeny R. Bychkov, Petr D. Shabanov

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: BALB/c mice can be adequate models for elucidating the actions of neurotropic drugs in conditions of abnormal
interhemispheric interactions.

AIM: To examine the effect of unilateral cortical spreading depression on monoamine metabolism in BALB/c mice.
MATERIALS AND METHODS: Twenty-four adult male BALB/c mice were analyzed. Unilateral cortical spreading depression
(functional inactivation of one of the cerebral hemisphere cortex) was induced by applying a 1x 1 mm filter paper moistened
with a 25% KCl solution. Fifteen minutes after exposure, the animals were decapitated. By using high-performance liquid
chromatography with an electrochemical detector in the cerebral cortex, hippocampus, olfactory tubercle, and striatum, the
levels of norepinephrine (NE), dopamine (DA), serotonin (5-HT) and their metabolites (dioxyphenylacetic [DOPAC], homovanilinic
[HVA] and 5-hydroxyindolacetic acids) were measured.

RESULTS: Unilateral cortical spreading depression was accompanied by a decrease in NE levels in the hippocampus and an
increase in the DA extracellular metabolism (HVA and/or HVA/DA) in the olfactory tubercle and striatum on the side of the
inactivated cortex. In addition to the listed effects, only functional inactivation of the right hemisphere caused a bilateral decrease
in the NE level in the cortex and a decrease in the NE level and the DOPAC/DA ratio in the left (contralateral) hippocampus.
No regular changes were noted in the posture of animals after the unilateral inactivation of the cerebral cortex.

CONCLUSION: The results suggest that in BALB/c mice, the right hemisphere cortex plays a dominant role in regulating the
activity of the noradrenergic system in the brain.

Keywords: BALB/c mice; autism model; cortical spreading depression; monoamines; brain asymmetry.
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MCUXOHEVPODAPMAKONO/A

BBEJEHUE

ApnexBaTtHbIN Nofbop HEMPONENnTUKOB U aHTMAENPeccaH-
TOB — BaXHbIA acneKT MepcoHUPULMPOBAHHON Tepanuu
paccTpoicTB aytucTuyeckoro cnektpa [1, 2]. OtMeuaetcs,
YTO ayTM3M COMPOBOM/AETCA HapyLUeHWeM pa3BUTUS MO30-
JCTOTO TENa W, Kak CNeAcTeue, U3MEHEHUEM NaTepanusa-
unn dyHKUMIA ronoBHoro Mosra [3-5]. OgHon M3 mopeneii
ayTU3Ma Ha KMBOTHbIX CYMTAlOTCA MblwK NinHuM BALB/c
[6, 7]. YcTaHoBREHO, YTO, B 0T/IM4MeE OT benbix 6ecnopoaHbIx
MBbILLEW, A1 KOTOPbIX XapaKTepPHO aCUMMETPUYHOE CTPOEHME
MO30/IUCTOrO TeNa, y MblLei i BALB/c MosonucToe Teno
cMMMeTpUYHO [8]. Mo3ToMy 3TU XKMBOTHbIE MOFYT CIYKWTb
afleKBaTHOW Mofenblo Ans BbIICHEHUS 0COBeHHOCTEN aen-
CTBMS HEMPOTPOMHBIX NpenapaToB B YCNOBUAX aHOMabHbIX
MEXNOMYLLAPHBIX B3aUMOLENCTBUN.

OCHOBHbIM MeTOAMYECKUM MOLXOAOM B 3KCMEpUMEH-
Tax, MOCBALLEHHBIX UCCNEA0BAHMIO JOMUHUPOBaHWUA OLHOMO
U3 MONyLwapuii rofloBHOTO MO3ra B Perynauuu pasfinyHbIX
(usmnonormieckux GyHKLMIA, CIYKWUT YHUNaTepabHas UHaK-
TUBaLMA KOpbI FOIOBHOTO MO3ra C NOMOLLbI0 PacnpoCTpaHs-
loLLeiics aenpeccum — TepMUH, NpeanoxeHHbIn A. Ledo [9].

Ha ¢doHe yHunatepanbHOi KOpPKOBOM PacnpocTpaHAl-
Lieiics Lenpeccuv COeAMHEHWS, U3MEHSIOLME MOHOAMM-
HepruyecKyto nepepady, No-pasHoMy BAMAIOT Ha MoOBeLEHME
benbix 6ecnopoaHbix M Mblweit nvHuy BALB/c [10]. OaHako
BO3JEMCTBME CaMOM npoueaypbl GYHKLUMOHANBHOM BbIKIO-
YeHWs KOpbl FONTIOBHOIO Mo3ra Ha 06MeH MOHOAMMHOB [0 CUX
Mnop W3y4eHo He Bbino.

LUenb paboTbl — u3yyeHue BAUSHWE YHUMaTepanbHOM
KOPKOBOM pacnpocTpaHsitoLLelics aenpeccun Ha 06MeH MoHo-
aMVHOB Y MblLLeii nuHuM BALB/c.

MATEPWUAJIbI U METObI

OnbITbl MPOBOAMAN HA 24 MONOBO3pENbIX CaMuaX Mbl-
wen nuHum BALB/c maccoii 18-22 r. *uBoTHbIX copepanu
no 8 ocoben B CTaHLAPTHbIX KNETKax-TeppapuyMax co CBO-
DOAHBIM JOCTYMOM K NULLE U BOAE. IKCNEPUMEHTBI HAYMHANH
He paHee YeM Yepes 2 Hef, Nocsie NOCTYMNEHUS UBOTHbIX
U3 NUTOMHMKa. Tlepes HavanoM aKcrepuMeHTa Mbiwu Bbiu
pa3feneHbl Ha 3 rpynnbl, No 8 0cobeit B Kawaom: C BbIKIO-
UEHHbIM JIeBbIM MONYLIAPUEM, C BbIK/IOYEHHBIM NPaBbIM
MnosyliapueM W JIOXKHOOMEpUPOBaHHble. 3a 2 CyT [0 3KC-
NepUMEHTa Y KUBOTHBIX NOA 3(MPHBIM HAPKO30M YAANsy
(dparMeHT KOXM Mexay ywamu, a C obHamwuBLUelica no-
BEPXHOCTU Yepena — HagKocTHULUY. Mocne 3Toro Haz ofHoi
13 reMucdep B TEMEHHOIM KOCTM Yepena BbiCBEpNIMBANM OT-
BepcTve auametpoM 1-1,5 MM. OBHOCTOPOHHIO KOPKOBYH
pacrpoCTPaHAIOLLYIOCS AENPeccuio Bbi3bIBaNM NyTeM 3Mnu-
LYpanbHOW annnKauum GpunbTpoBanbHoi bymarn 1x 1 MM,
cMoyeHHon 25 % pacTBopoM xnopuaa Kanus (KCL) [9, 10].
Y noHoONepUpoBaHHbIX MbILLEH, KOTOPbIE CITYXWUMW KOH-
TPONbHOW rPYNNoW, NPOAENbIBaNM BCE Te e NOAroToBUTESb-
Hble OMepaLuM U MaHunynauuK, Ho 6e3 TpenaHaummn Yepena
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¥ annivkaumu. Yepes 15 MuH nocie annankaumm KCL kaxgaoe
KMBOTHOE NMOMELLLANN Ha [MaJKylo ropU30HTa/IbHYI0 NOBEPX-
HOCTb W BM3YasnbHO OLEHNBANK 04YEBUAHbIE U3MEHEHUSA MO3bI,
nocre Yero AeKanuTpoBau.

W3 npasoi 1 neBoi MOMOBMH MO3ra Ha JibAy BblAENANM
Kopy 6onbluMx monywapuid, runnokamn, oboHATeNbHbIN By-
TOPOK U CTpUaTyM, KoTopble cpa3y noMewanu B 0,1 M pac-
TBOp CcOnsHOW Kucnotbl. 06beM pacTBopa AN MOAroTOBKM
npob Mo3ra MbiLlei bbin cnepytoLmM: cTpuatyMm — 50 MK,
runnokamn u oboHsaTenbHbIW Byropok — 100 MK, Kopa
BonbLwmx nonywapuii — 150 MKn. Mpobbl roMoreHn3svpoBa-
JIN C MOMOLLbI0 MeXaHUYecKoro romoreHusaropa-bnexpgepa
(10 000 06/MuH), nocne yero LEeHTpUGYrupoBanu B TeueHue
20 muH ¢ yckopenunem 14 000 g npu Temnepatype 6 °C. Ha-
[0Caflo4HYI0 KMAKOCTb cobupanu B NpobMpKW U XpaHWu
[0 aHanu3a npu Temnepatype He Bbiwe —70 °C. Mpobbl no-
BTOPHO Pa3MOpaXvBanu B LeHb aHanu3a, nocne Yero no-
BTOpHO LeHTpudyrupoBanu (14 000 g, 20 muH, npu 6 °C),
BO M3bexKaH1e BO3MOXHOIO NOMafaHMs 0CTaBLUMXCS YacTuL
ocapKa B xpoMmatorpaduyeckyto cuctemy. KoHueHTpaumum Ho-
pagpeHanuHa (HA), nodamuna ([A), cepotoHuHa (5-I'T) n ux
MeTabonutoB — pamnoKcudeHunykcycHon (JOOYK), romo-
BaHUnuHoBon (TBK) n 5-ruapokcumnaonykcycHoit (5-TNMYK)
KMCTOT Onpeaensniv MeTofoM obpalLeHHo-ha3Hol BbICOKO-
3hPeKTMBHOMN KULKOCTHOI XpoMaTorpadum ¢ 3NeKTPOXUMU-
YecKoM feTekumeli Ha xpoMatorpade «Beckman Coulter»
(Beckman Coulter Inc., CLLA). XpomaTorpadmueckas cucte-
Ma BKJ/louana uHxektop «Rheodyne 7125» (Rheodyne LLC,
CLUA) ¢ netneit Ha 20 MKN anst HaHeceHWs 06pa3LoB, KOMOHKY
«Phenomenex» (4,6 x 250,0 Mm) ¢ copbenToM «Sphere Clone
5u 0DS(2)» (Phenomenex Inc., CLLIA) u amMnepoMeTpuyecKuin
netektop LC-4C BAS (Bioanalytical Systems Inc., CLUA).
OnpefeneHne KOHLEHTpaLMI UCCneayeMbIX BELLECTB NPOBO-
avnm npu noteHumane +0,70 B. MoaeuHan dasa cogepxana
5,5 MM uutpatHo-docdarHblii bydep ¢ 0,7 MM okTaHCynbdo-
HoBol kucnotoi, 0,5 MM EDTA 1 75 % aueTtonutpuna (pH 3,0).
CKopocTb 3ntoUMM NOABUMKHON (Basbl cocTaensna 1 MiI/MUH,
BpeMs aHanM3a 0fHoM npobbl — 0Koo 20 MUH.

Pe3ynbTtathl 0bpabaTbiBanu ¢ UCNoNb30BaHWEM MaKe-
Ta NpuKnagHblx nporpamMm «GraphPad Prism», Bepcus 6.0
(GraphPad Software, CLUA). [lna nonapHoro cpaBHeHus
rpynn NPUMEHSNM HenapHbliA t-KpuTepuii CTbloaeHTa. Paznu-
YMA MEXAY OLHOMMEHHLIMW MOKA3aTeNisIMU, U3MEPEHHbIMU
C pasHbIX CTOPOH MO3ra, OLeHMBaIN N0 NapHOMY {-KpUTepHIO
CrbtopeHTa. Pasnuunsa cuntanucb CTaTUCTUYECKU 3HAYUMBIMU
npu p < 0,05.

PE3YJIbTATbl UCCJIEAOBAHUA

OyHKUMOHaMNbHOE BbIK/IOYEHWe OfHOT0 M3 MONyLIapum
y Mblwweit nuHum BALB/c He npuBoamno K 3aKoHOMepHbIM
M3MEHEHMAM N03bl XMBOTHBIX. [1py BbIKIIIOYEHNUM JIEBOIO MO-
nywapusa (BJN) y 62,5 % Mbiwweit Habmtopancs noBopoT Tena
BneBo, a y 37,5 % — BnpaBo. Bbik/ioueHue Kopbl NpaBoro no-
nywapwms (BMM) y 37,5 % ocobeli conpoBoxaanock NoBopoToM

DOl https://dolorg/ 10.17/816/phbn568613

223



224

PSYCHOPHARMACOLOGY

Tena BneBo, y 375 % — Bnpaso, a y 25 % nosa bbina cuM-
METPUYHOM.

PesynbTathl u3mMepenus cogepxanus MA u ux metabonu-
TOB B KOpe O0/bLUMX NONyLIApUiA FONIOBHOM MO3ra Y MblLLEeN
nuHun BALB/c npeactaeneHbl B Tabnuue 1. YpoeeHb HA po-
CTOBEPHO CHMManca Tonbko npu B, npuyeM paHHoe Bo3-
LeCTBUE NMPOUCXOAMNO He TONBKO Ha CTOPOHE BO3AEiCTBUS
(p < 0,01), HO ¥ B KoHTpanaTepanbHOM (eBOM) MonyLLIapUK
(p < 0,01). BJIN He npuBOAMNO K CTAaTUCTUYECKN AOCTOBEp-
HbIM M3MeHeHMAM YpoBHA HA: Ha CTOpoOHe MHaKTMBaLUU
oTMeYanacb JMWb TEHAEHUMS K CHUKEHUIO COAEpIKaHus
HA (p = 0,0654; cM. Tabn. 1). Mpu BN B Kope BbIKKOYEH-
Horo monywapusa Bospactano copepanue BK (p < 0,05).
Mpwn 310M y Mblwei ¢ BT Bo3HMKana acuMMeTpus c npe-
obnagaHveM faHHoro metabonuta [IA Ha CTOpOHe MHaK-
TmBaumm (p = 0,0561, cM. Tabn. 1). Mpu BIIM Ha cTopoHe
WHaKTWBaLUuMM (cmpaBa) BO3pacTano COLEPXaHWe Apyroro
meTabonuta JA — [OOYK (p < 0,05, cM. Tabn. 1). HecMotps
Ha T0, 4T0 YHKLMOHANBHOE BbIK/IOYEHWEe KOpbl He MPUBOAMITO
K BOCTOBEPHbIM M3MEHEHUAM NoKasaTenei - T-eprveckoi
CUCTEMBI, NOCNE BbIKMIOYEHUSA Moboro nonywapus BO3HU-
Kana acMMMeTpus no ypoBHKO MeTabonuta 5-IT (5-TUYK)

Vol 14 (4) 2023

Psychopharmacology and biological narcology

¢ npeobnagaHneM LaHHOTO NOKa3aTens Ha CTOPOHE BbIKJIH-
yeHHom Kopbl (p < 0,01, cM. Tabn. 1).

OyHKUMOHaNbHOE BBIK/IOYEHNE KOPbl KaXaoro nony-
LIapus MPUBOSMIO K CHUMeEHMIO ypoBHA HA B runnokam-
ne (tabn. 2). Mpwu BJIN copepanne HA cHMKanoch ToMbKO
Ha cTopoHe Bo3aeiicteua (p < 0,01), a npu BIMM — cneea
(p < 0,05) n cnpaea (p < 0,01). BnusiHus BbIKOYEHNS NONTY-
wapuit Ha [A-cucteMy runnokamna 6bin cneuuduyHbIMY
Ana cTopoHbl BosgeiicTaud. BJMN npuBogumno K noseneHuto
acuMMeTpun no copepxanuio [JOOYK ¢ npeobnapaHueM
37T0ro MetabonnTa Ha CTOpOHe MHakTuBaumm (p < 0,05), xots
caM ypoBeHb [I0OYK B runnokamne npu MHaKTMBaLMM KOpbI
He n3MeHsancs (cM. Tabn. 2). Mpu BII BospacTano cooTHoLue-
Hue [JOOYK/[A B KoHTpanaTepanbHOM (eBOM) rMnnoKaMne
(p < 0,05), npu 3TOM BenMuMHA [aHHOTO MOKA3aTens cniesa
cTaHoBWnacb bonblue, yeM cnpasa (p < 0,05, cM. Tabn. 2).
Mo cootHowenuto MBK/OA npu BIMN Bo3HMKana npotusono-
noxHas acummetpus (p < 0,05, cM. Tabn. 2). B/ nopobHbIx
3((heKTOB He BbI3bIBANO.

OyHKUMOHANbHAA MHAKTMBAUMSA KaXAOoro nomyLapus
BbI3blBaNa WMcunaTepasbHoe MOBbILIEHUE COLEPHaHUS
IBK B oboHsTensHoM Gyropke (p < 0,01 cneea u p < 0,05

Taﬁnuu,a 1. BnusiHmne CbYHKLI,l/IOHaJ'IbHOI'O BbIKJTlOYEHNA KOpbl O4HOI0 U3 nonyLuapm7| Ha coaep>KaHue MOHOAMWHOB U UX meTabonnToB B Kope

DoNbLUMX MOMYLLApUIA TONIOBHOMO MO3ra Y MblLlei MHuv BALB/c

Table 1. Effects of the functional inactivation of the cortex in one of the hemispheres on the levels of monoamines and their metabolites

in the brain cortex of BALB/c mice

Ipynna XMBOTHbIX n BbikntoueHue Kopbl BbikntoyeHue Kopbl
. 0)KHOOMEpUPOBaHHble
(s03aeicTBME) neBoro nonywapus npaBoro nosyLiapus
Mo oTHoWeHUIO
. - uncu- KOHTpa- KOHTpa- uncu-
K MccnepyeMoii CTopoHe Mo3ra
CropoHa Mo3ra nesas npasast nesas npasast nesas npasast
HA 0,17+0,02 0,16+0,02 0,12+0,02 0,13+0,02 0,11+0,02* 0,09+0,01**
")p = 0,0654
JA 0,27+0,06 0,17+0,03 0,25+0,04 0,32+0,08 0,30+0,06 0,19+0,02
JOOYK 0,18+0,03 0,14+0,02 0,21+0,02 0,16+0,03 0,15+0,01* 0,19+0,02*
JOOYK/OA 0,76+0,18 0,77 +0,08 0,84+0,14 0,75+0,19 0,56+0,07 0,75+0,14
BK 0,08+0,01 0,08+0,02 0,13+0,01* 0,09+0,01 0,08+0,01* 0,10+0,01
(#)Acp =0,0561
IBK/DA 0,33+0,06  0,43+0,07 0,51+0,07 0,38+0,11 0,29 +0,06" 0,35+0,04
5-IT 0,09+0,01 0,08+0,018 0,10+0,02 0,09+0,02 0,09+0,01 0,07+0,01
5-TMYK 0,15+£0,02 0,15+0,02 0,19+0,03 0,14 +0,02##AC 0,11+0,01* 0,14+0,01##AC
5-TUYK/5-TT 1,85+0,27 1,68+0,10 2,59+0,38 1,97 0,24 1,47 £0,17* 1,83+0,21

IMpumeuatue: *p < 0,05, **p < 0,01, ®)p = 0,0654 — 0TAMUMA OT COOTBETCTBYIOLLIETO NOKA3ATENS, U3MEPEHHOIO Y NIOXHOOMNEPUPOBAHHBIX MMBOTHBIX;
#p < 0,05, #p < 0,01 — pocToBepHbIe pasnnums PesysbTaToB BbIKIIOYEHNS KOPbI NOMYLUAPWS, UNCKU- U KOHTPAATEPAIbHOTO M0 OTHOLIEHMIO K CTO-
poHe u3MepsieMoro napametpa; #¢ p < 0,01, ¥AC p = 0,0561 — nposiBneHMs acuMMeTpUM (PasnnumMa MesKay COOTBETCTBYIOLUMMM NOKa3aTensaMm
NeBOM U NpaBoii CTOPOHbI Mo3ra) — no t-Kputepuio Crbtopenta. HA — HopaapeHanuH; A — podamut; 5-IT — cepotonuH; JOOYK — auok-
cudeHunykcycHas kucnora; FBK — romoBanunmHoBas kucnota; 5-MMYK — 5-ruppoKcumHaonyKcycHas Kucnota.

Note: *p < 0.05, **p < 0.01, (*)p = 0.0654, differences from the corresponding index measured in sham operated animals; *p < 0.05, #p < 0.01,
significant differences in the results of switching off the cortex of the hemisphere, ipsi- and contralateral to the side of the measured parameter;
#ACp < 0.01, ¥ACp = 0.0561, manifestations of asymmetry (differences between the corresponding parameters of the left and right sides of
the brain) by Student’s t-test. 5-HIAA — 5-hydroxyindoleacetic acid; 5-HT — serotonin; DA — dopamine; DOPAC — dioxyphenylacetic acid;
HVA — homovanillic acid; NE — norepinephrine.
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Tabnuua 2. BnvsiHue YHKUMOHANBHOMO BbIK/KOYEHNUS KOpbI OAHOTO M3 MONYLLIApUiA Ha COfepXaHue MOHOAMMHOB M WX MeTabonuToB
B rMNMOKamne y MbiLLieii iuHum BALB/c

Table 2. Effects of the functional inactivation of the cortex of one of the hemispheres on the levels of monoamines and their metabolites
in the hippocampus of BALB/c mice

Ipynna »u1BOTHbIX n BbiksitoueHue Kopbl BbiknioyeHue Kopbl
o 0)XHOOMEepUpPOBaHHble
(Bo3peiicTBme) neBoro nonywapus npaBoro noJtyLiapus
Mo oTHoWeHMIO
o - uncu- KOHTpa- KOHTpa- uncu-
K uccnepyeMoid CTopoHe Mosra
CropoHa Mo3ra nesas npasas nesas npaBas nesas npaBas
HA 0,37+0,01 0,39+0,03 0,27 +0,03* 0,32+0,04 0,29+0,03* 0,27 +£0,03*
A 0,33+0,05 0,30+0,05 0,31+0,03 0,27 +0,02 0,25+0,03 0,26+0,04
JIOOYK 0,21+0,03 0,24+0,054 0,22+0,03 0,17:£0,02#¢ 0,20+0,02 0,17+0,03
JIOOYK/DA 0,51+0,09 0,71+0,12 0,70+0,05 0,62+0,08 0,84+0,08* 0,66 +0,04%C
MBK 0,14+0,02 0,11+0,02 0,14+0,02 0,11+0,01 0,13+0,04 0,12+0,02
IBK/DA 0,47+0,12 0,42+0,09 0,45+0,04 0,40+0,04 0,354+0,04 0,49 +0,06"¢
5-IT 0,32+0,05 0,38+0,08 0,39+0,05 0,40+0,05 0,254+0,02% 0,27 +0,02%
5-TUYK 0,42+0,05 0,41+0,05 0,45+0,05 0,42+0,04 0,33+0,03" 0,35+0,04
5-TUYK/5-TT 1,33+0,09 1,21+0,16 1,25+0,15 1,10+0,11 1,36 £0,15 1,31+0,15

IMpumeuatue: *p < 0,05, **p < 0,01 — oTAMYMA OT COOTBETCTBYIOLLIEMO MOKA3aTeNs, U3MEPEHHOO Y NIOXKHOOMNEPUPOBAHHBIX XMBOTHIX; *p < 0,05 —
[0CTOBEPHbIE Pa3fM4MA PE3YNbTATOB BbIKMOUYEHUS KOPbl MOMYLLAPUSA, UNCU- U KOHTpanaTepanbHoro no OTHOLUEHMIO K CTOPOHe WU3MepsieMoro
napametpa; *Cp < 0,05, — nposeneHma acuMMeTpuM (PasMums MeXAy COOTBETCTBYIOLUMMM NMOKA3aTeNAMM JIEBOM M MPaBOil CTOPOHbI MO3-
ra) — no t-kputepuio CrotopeHta. HA — HopappeHanud; [JA — podamun; 5-TT — cepotonuH; JODYK — auoKcndeHunyKeycHas KucnoTa;
'BK — romoBaHunuHoBas kucnota; 5-TMYK — 5-ruppokcumHaonyKeycHas Kucnora.

Note: *p < 0.05, **p < 0.01, differences from the corresponding index measured in sham operated animals; #p < 0.05, significant differences in the
results of switching off the cortex of the hemisphere, ipsi- and contralateral to the side of the measured parameter; #p < 0.05, manifestations
of asymmetry (differences between the corresponding indicators of the left and right sides of the brain) by Student’s t-test. 5-HIAA —
5-hydroxyindoleacetic acid; 5-HT — serotonin; DA — dopamine; DOPAC — dioxyphenylacetic acid; HVA — homovanillic acid; NE— norepinephrine.

Tabnuua 3. BrvsiHMe YHKUMOHANBHOMO BLIKIIHOYEHWS KOpbI OAHOTO M3 MONYLLIApUiA Ha CofepaHue MOHOAMMHOB M WX MeTabonuToB
B 000HsATENbHOM Byropke y Mblwei nuHuu BALB/c

Table 3. Effects of the functional inactivation of the cortex of one of the hemispheres on the levels of monoamines and their metabolites in
the olfactory tubercle of BALB/c mice

[pynna XwBoTHbIX FloxXHoonepUpoBaHHble BuIknioueHme Kopbl BuIKNIoueHMe Kopbl

(o3aeiicTaue) NeBoro nonywapusa npasoro nonywapus

Mo oTHoOWeHMIO
K MccriepyeMoli CTopoHe Mosra - nneu- KOHTpa- KOHTpa- nneu-

CropoHa Mo3ra nesas npasas nesas npasas nesas npasas
HA 0,40+0,03 0,49+0,03"C  0,37+0,03 0,42+0,04 0,42+0,02  0,42+0,03
A 2,23+0,26 2,38+0,16 2,34+0,20 2,24+0,22 2,43+0,19 2,23+0,19
LODYK 0,40+0,04 0,45+0,04"C  0,42+0,03 0,39+0,05 0,44+0,04 0,40+0,03
LOOYK/LOA 0,20+0,03 0,19+0,02 0,18+0,02 0,18+0,03 0,18+0,02 0,19+0,029
IBK 0,21+0,01 0,21+0,01 0,28+0,02**  0,21+0,02%#C  0,22+0,01*  0,28+0,02%AC**
IBK/DA 0,09+0,01 0,09+0,01 0,12+0,01**  0,10+0,01%C  0,10+0,01*  0,13+0,01#C#**
5-IT 0,29+0,02 0,33+0,02 0,25+0,02 0,28+0,03 0,27+0,01 0,30+0,02
5-TUYK 0,22+0,02 0,22+0,02 0,20+0,02 0,19+0,02 0,20+0,02 0,20+0,02
5-TUYK/5-IT 0,76 +0,08 0,67 0,08 0,78+0,05 0,69+0,07 0,76 +0,08 0,69+0,07

IMpumeuarue: *p < 0,05, **p < 0,01 — oTMuMs OT COOTBETCTBYIOLLIErO MOKA3aTeNA, U3MEPEHHOO Y JIOKHOOMEPUPOBAHHBIX JMBOTHBIX; p < 0,05 —
[0CTOBEPHbIE Pa3NNuMA Pe3YNbTATOB BbIKIKUEHUS KOPbI MOMYLUAPWS, UNCK- U KOHTPanaTepabHOro Mo OTHOLLIEHWIO K CTOPOHE M3MepsieMoro napa-
MeTpa; *Cp < 0,05, #*°p < 0,01, ##4°p < 0,001 — nposBNEHMA acUMMETPUM (pasnnumMs MeXy COOTBETCTBYIOLLMMM NOKa3aTeNsMIU NIeBOM W NpaBoi
CTOPOHbI Mo3ra) — no t-kputepuio CblofeHTa. HA — HopappeHanut; JA — podamut; 5-I'T — cepotoruH; JOOYK — aunokcudennnykeycHas
kucnota; NBK — romoBanunnHoBas kucnora; 5-TMYK — 5-ruppokcunHponykeycHas kucnora.

Note: *p < 0.05, **p < 0.01, differences from the corresponding index measured in sham operated animals; *p < 0.05, significant differences in the results
of switching off the cortex of the hemisphere, ipsi- and contralateral to the side of the measured parameter; *p < 0.05, #*%p < 0.01, ##4°p < 0.001,
manifestations of asymmetry (differences between the corresponding indicators of the left and right sides of the brain) by Student's t-test. 5-HIAA —
5-hydroxyindoleacetic acid; 5-HT — serotonin; DA — dopamine; DOPAC — dioxyphenylacetic acid; HVYA — homovanillinic acid; NE — norepinephrine.
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Tabnuua 4. BnusHne QyHKUMOHANbHOMO BBIK/OYEHUS KOPbI OJHOMO M3 MOMYLIAPUA Ha COAEPIKaHWe MOHOAMMHOB U WX MeTabonuToB
B CTpUaTyMe Y MbiLLieli iuHum BALB/c

Table 4. Effects of the functional inactivation of the cortex of one of the hemispheres on the levels of monoamines and their metabolites
in the striatum of BALB/c mice

Ipynna »1BOTHbIX n BoiknioyeHue Kopbl BbiknioyeHue Kopbl
o 0)XHOOMEpUPOBaHHbIE
(Bo3peiicTeme) NeBoro nonywapus npaBoro noJtyLiapus
Mo oTHoWeHMIO K nccne-
o - uncu- KOHTpa- KOHTpa- uncu-
AyeMoii cTopoHe Mo3ra
CropoHa Mo3ra nesas npasas nesas npasas nesas npaBas
HA 0,20+0,01 0,20+0,01 0,19+0,02 0,20+0,02 0,17+0,02 0,18+0,03
JA 3,40+0,22 3,97+0,71 2,98+0,24 3,49+0,43 3,98+0,63 2,71+0,37
JOOYK 0,62+0,05 0,59+0,05 0,63+0,02 0,53+0,07 0,59+0,07 0,54+0,07
JOOYK/OA 0,18+0,02 0,18+0,03 0,22+0,02 0,16+0,01#¢ 0,16+0,01% 0,21+0,03
IBK 0,31+0,07 0,32+0,04 0,42+0,03*  0,24+0,03%C 0,30+0,04* 0,35+0,03%C#
IBK/DA 0,09+0,01 0,09+0,01 0,15+0,01**  0,07+0,01#4C 0,08+0,017### 0,14 +0,07##AC ### =
ST 0,13+0,01 0,14+0,01 0,12+0,01 0,12+0,01 0,11+0,01 0,11+0,02
5-TUYK 0,22+0,02 0,22+0,02 0,21+0,02 0,20+0,02 0,20+0,03 0,20+0,03
5-TNYK/5-TT 1,80+0,17 1,67+0,17 1,79+0,22 1,76 +0,21 1,84+0,19 2,05+0,38

IMpumeyarue: *p < 0,05, **p < 0,01 — oTNMUMA OT COOTBETCTBYIOLLIETO MOKA3aTeNs, U3MEPEHHOIO Y NI0XHOONEPUPOBaHHBIX MMBOTHBIX; *p < 0,05,
#p < 0,01, #p < 0,001, #*p < 0,0001 — noCTOBEPHbIE Pa3NUUNA PE3YNbTATOB BLIKIKOYEHUS KOPbI MOMYLLAPUA, UMCK- U KOHTPanaTepasbHoro
M0 OTHOLLEHMIO K CTOPOHE M3MepsieMoro napametpa; *¢p < 0,05, #4p < 0,01 — nposenenrs acuMMeTpuy (Pasnnums MeXay COOTBETCTBYIOLIMMN
MoKa3aTeNsiM1 NEBOM M NpaBoi CTOPOHLI Mo3ra) — no {-kputepuio CTetopeHTa. HA — HopappeHanuu; JA — podamuh; 5-IT — cepoToHuH;
NOOYK — puokcudenmnykeycHas kucnoTa; F'BK — roMoBaHunuHoBas kucnota; 5-TMYK — 5-ruppoKcumHponyKeycHas Kucnora.

Note: *p < 0.05, **p < 0.01, differences from the corresponding parameter measured in sham operated animals; p < 0.05, #p < 0.01, ##p < 0.001,
####p < 0.0001, significant differences of the results of switching off the cortex of the hemisphere, ipsi- and contralateral to the side of the measured
parameter; "Cp < 0.05, #4%p < 0.01, manifestations of asymmetry (differences between the corresponding indicators of the left and right side
of the brain) by Student's t-test. 5-HIAA — 5-hydroxyindoleacetic acid; 5-HT — serotonin; DA — dopamine; DOPAC — dioxyphenylacetic acid;
HVA — homovanillinic acid; NE — norepinephrine.

Tabnuua 5. CraTCTUYECKW 3HAUMMble M3MEHEHWS MOKa3aTeneil 06MeHa MOHOAMMHOB B CMMMETPUUHBIX CTPYKTypax nepefHero mMosra
MblLLeit i BALB/c nocre hyHKUMOHANBHOO BbIKIOYEHUS Kopbl

Table 5. Statistically significant changes in monoamine metabolism in symmetrical forebrain areas in BALB/c mice after functional
inactivation

W3MeHeHune nokasatenen JleBoe nonywapue MpaBoe nonywapue
Bospeiicteue B/N BMNM
(ILH) (IRH)
CropoHa Mo3ra JleBas cropoHa MpaBas cTopoHa JleBas cTopoHa lpaBas cTopoHa
Kopa 6onbLumx nonyLiapui JHA (p = 0,0654) JHA {HA
TBK TH0OYK
[unnokamn JHA {HA {HA
TA0OYK/LA
060HsTENbHBIN ByropoK 1TBK 1TBK
TTBK/OA TTBK/OA
Crpuatym TIBK TIBK/DA
TrBK/OA

[pumeyaHue: 3epKanbHo CMMMeTpUYHble 3hdEKTHI BbigeneHbl XUpHbIM WwpndTtoM. HA — HopapgpeHanuu; 1A — podamuu; 5-IT — cepo-
ToHuH; [JOOYK — pnuokcudenunykcycHas kucnota; TBK — romoBaHunuHoBas kucnota; 5-TMYK — 5-ruppoKcumHOonyKcycHas Kucnota;
BJIN — BbiknioueHue Kopbl fieBoro nonywwapus; Bl — BbiknoyeHWe Kopbl NpaBoro nosyLuapus.

Note: Mirror-symmetric effects are in bold. 5-HIAA — 5-hydroxyindoleacetic acid; 5-HT — serotonin; DA — dopamine; DOPAC — dioxyphenylacetic
acid; HVA — homovanillic acid; ILH — inactivation of the left hemisphere; IRH — inactivation of the right hemisphere; NE — norepinephrine.
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cnpaga) u cooTHowweHns MBK/LA (p < 0,01) ¢ nposiBneHueM
CTAaTUCTUYECKW 3HAUMMOW acUMMETPUM M0 3TUM MoKa3saTe-
naMm (tabn. 3). IddeKTbl bbiNM 3epKanbHO CUMMETPUYHBIMM.
Mockonbky BK sBnsieTcs NpoayKTOM aKTMBHOCTU KaTexon-
0-MeTunTpaHcdepaskl, NOKaNM30BaHHON BHeKeTouHo [11],
LaHHble MU3MEHEHWS! CBULETENbCTBYIOT O NOBbILLIEHUN BbIOPO-
ca [1A B 0boHATENBHOM BYropKe Ha CTOpPOHE BbIKIYEHHOM
Kopbl.

Bo3pencTBue yHUnaTepanbHOM MHAKTUBALMKM  KOpbI
Ha nokasatenu obMeHa MOHOaMWHOB B CTpUatyme Obino
MPaKTUYECKN TaKUM Ke, Kak U B 06OHATENbHOM Oyropke.
OyHKUMOHANBHOE BBIK/IOYEHWE KOpbl MPUBOAMIO K WMCK-
natepansHoMy Bo3pacTaHuio ypoBHa [BK (moctoBepHo —
cnesa: p < 0,05 u cootHowenua BK/OA (p < 0,01 cnesa
1 p < 0,05 cnpaBa, Tabn. 4). HecMoTpA Ha To, YTO COOTHOLLIEHWE
[OOYK/IA npu BbIKIIOYEHMM KOpbI LOCTOBEPHO He W3Me-
HANOCb, 3HaYeHWe JaHHOrO MoKasaTens B Mrcunatepaib-
HOM CTpMaTyMe HecKONbKO MOBbILWANOCh, @ B KOHTpana-
TeparbHOM — CHWXaNnocb, YT0 MPUBOAMIO K MOSBEHUIO
NeBOCTOPOHHel acummeTtpum nocne BIN (p < 0,05), Ho He BIM
(cM. Tabn. 4).

OBCYXAEHWE PE3YJIbTATOB

Y Mbiwweit nuHmn BALB/c npw BJIM 6binu 3apeructpupo-
BaHbl M3MeHeHWs 7 NoKasaTenei, NpuyeM ToNbKO Ha CTOPOHE
Bo3gencteusa, a npu BINIM — 9 nokasatenei, 6 U3 Kotopbix
MPOUCXOAMIM Ha CTOPOHE BO3LEMCTBUSA, @ 3 — Ha NpoTUBO-
MosoXHOW. bonbLIMHCTBO 3 EeKTOB, BbI3BAHHHBIX yHUMaTE-
panbHOWM MHaKTMBALMEN Kopbl BonbluMX nosywapuid, bbim
3epKaribHO CUMMETPUYHBLIMU, MPOSBNIANIUCL HA CTOPOHE BO3-
LEeVCTBUSA M BKIKOYANM CHKeHWe ypoBHs HA B Kope 1 runno-
KaMmne, Bo3pacTaHue cootHowenus [BK/OA B oboHsTeNnbHOM
byropke n ctpuatyme u BK — B oboHsTENbHOM Byropke.
Mpw BIM ypoeHb HA B Kope v runnokaMne cHuxancs buna-
TepanbHo (tabn. 5). Kpome Toro, Tonkko npm BI1M BospacTa-
no cootHowenne JODYK/IA B neBoM (KOHTpanatepanbHoM)
runnokamne (cM. Tabn. 5).

CnepyeT 0TMETUTb, YTO Y Mbllei nHum BALB/c, HecMo-
TPSA Ha paHee NoKa3aHHy CUMMETpUI0 Mo3oamncToro Tena [8],
NPOSBMANUCL YepTbl NPaBOMNOYLLAPHOTO AOMUHUPOBAHMA
B perynsLum HopagapeHepriyeckoi cucTeMbl: Tonbko npu BIM
npoucxogmio bunatepansHoe cHKeHue ypoBHs HA 1 B Kope
BosbLLMX NoNyLUapKiA, M B runnokamne (cM. Tabn. 5). laHHas
3aKOHOMEPHOCTb KOCBEHHO MOATBEPIKAAETCA pesynbTaTamMi
(apMaKoNnorMyecKoro UCcciefioBaHNsA U3MEHEHUS! BHYTPUBHU-
[0BOT0 MOBELEHMSA MbILLER Ha QOHe yHWUNaTepanbHOM Kop-
KOBO pacnpocTpaHAIoLLENCs LENPECCUM: Y HMBOTHBIX C «Bbl-
KIOYeHHBIM» NpaBbIM nonyluapuem bbinn bonee BbipaxeHsl
3 deKTbl NpenapaTtos, BO3AeHCTBYOLWMX Ha HA-epryeckyto
cuctemy [10].

MonydyeHHble AaHHbIE MO3BOASIOT MPEAMONOMMTb, YTO
y MblLeit inHum BALB/c kopa npaBoro nonyLuapus Urpaet Be-
LYLLYI0 ponib B PETYNALMM KaTeXONaMUHEPrUYECKUX CUCTEM,
cnocofcTBys Noaaepxaxuio ypoeHs HA B Kope 1 runnokamne

Tom 14, Ne 4, 2073

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

u nogaensa Bblbpoc [JA B uncunatepanbHbIX NOAKOPKOBBIX
CTPYKTYpax M03ra Y MHTAKTHBIX }KWBOTHBIX.

BbiBOAbl

1. YHunatepanbHas KOpPKOBas pacnpocTpaHstoLlascs
LEenpeccus y Mbllen ¢ CUMMETPUYHBIM CTPOEHWUEM MO30-
nmucToro Tena (MMHus BALB/c) conpoBoAaeTcs CHUMXEHNEM
cofepxanua HA B runnokamne u Bo3pacTaHMEM MOKa3a-
Tenei aKkcTpakneTouHoro obMeHa JA (TBK w/unm TBK/LA)
B 000OHSATENBHOM BYropKe U CTpMaTyMe Ha CTOPOHE MHAKTHU-
BUPOBAHHOW KOpbl.

2. Y Mbiwei nuimm BALB/c Kopa npaBoro nonywapus
UrpaeT LOMUHUPYIOLLYIO POfb B PErYNALMM aKTUBHOCTU HOp-
aJ\peHepruyecKomn CUCTEMbI FOJIOBHOMO MO3ra.

AOMO/THUTENNbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbIA BKIAL
B pa3paboTKy KOHLENuuK, NpoBefeHWe UCCNEA0BaHUA U NOATO-
TOBKY CTaTbW, MPOYNM W 0[0BPMAM BMHaMbHYID BEPCUIO Nepea Mny-
bnvKaumein. Bknag Kaxaoro astopa: U.B. Kapnosa — nogrotoBka
1 aHanm3 npob MetogoM B3XKX, HanucaHwe ctatbm; B.B. Mixees —
pa3paboTka 06LLel KOHLeNUMK, OnepaLyn Ha XMBOTHBIX; E.P. Bbiu-
KOB — CTaTMCTUYecKas obpaboTka pe3ynbTatos; [1.[. LLabaHoB —
pa3paboTka 0bLLel KOHLEMNLMM, HanMCcaHe CTaTby.

KoHnmnKT uHTepecoB. ABTOpLI AEKNapMPYIOT OTCYTCTBUE SIB-
HbIX W MOTEHLMabHBIX KOHPIMKTOB MHTEPECOB, CBA3aHHbIX C My-
O/IMKaLMEN HACTOALLLEN CTaTbM.

WUcTouHuk duHaHcMpoBaHua. PaboTa BbiMosHEHa B paM-
Kax rocyaapCcTBEHHOro 3agaHua  MwuHobpHaykm Poccum
FGWG-2022-0004 Ha 2022-2025 rr. «[loMcK MoneKynspHbIX
MULLUEHEN Ana (GapMaKonorMyecKoro BO3AEWCTBMS Mpu ap-
AVKTUBHBIX M HEMPO3HAOKPUHHBIX HapyLUEHU W CO3[aHWe Ho-
BblX (DapMaKONOrMYeCKU aKTUBHbIX BELLECTB, AENCTBYHIOLLMX
Ha peuenTopbl LIHC».
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The developing brain in the formation of oxidant and
antioxidant systems

Petr D. Shabanov, Irina V. Zarubina

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: The structures, tissues, and systems of the brain differentiate gradually. The values of biochemical constants
vary depending on the timing of development, that is, the embryonic, early, and late postnatal periods. In this respect, the
multicomponent oxidation and antioxidation systems that do not mature at the same time are of interest.

AIM: To examine the processes of lipid peroxidation based on the level of malonic dialdehyde and antioxidant protection
(superoxide dismutase, catalase, and reduced glutathione) in the brain of rat embryos and offspring at different periods of
pre- and postnatal development.

MATERIALS AND METHODS: Thirty-nine pregnant female Wistar rats weighing 220-250 g were selected, from which
176 embryos and rat pups of different sexes and age were obtained, including embryos in the third trimester of pregnancy
(13-17 days of gestation) and rat pups aged 1-14 weeks. The concentration of malonic dialdehyde (indicator of lipid peroxidation)
was determined in the brain tissue, and the activity of superoxide dismutase, catalase, and level of reduced glutathione was
found as indicators of antioxidant defense systems.

RESULTS: The brains of the embryos were characterized by low levels of malonic dialdehyde, and its concentration sharply
increased immediately after the birth of rat pups. A similar but a less pronounced pattern was also recorded for indicators of
antioxidant protection (superoxide dismutase activity and level of reduced glutathione). The opposite reaction was observed
in catalase, which demonstrated high activity in the brain in the prenatal period but significantly decreased after birth. With
further postnatal development up to sexual maturity (14 weeks, or 3 months of age), no significant changes in the activities of
superoxide dismutase, catalase, and concentration of reduced glutathione were noted; however, a twofold drop in the level of
malonic dialdehyde in the brain was noted.

CONCLUSION: Already in the first months of life in rats, a quite stable status of lipid peroxidation and antioxidant defense
systems of the brain tissue developed.

Keywords: oxidation/antioxidation system; brain maturation; oxidative status; embryos; rats.
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Pa3BMBalOLMMCA MO3I KaK 00bEKT U3y4eHuUs
CTaHOBJIEHUS! OKCUAAHTHbIX U aHTUOKCUAAHTHbIX CUCTEM

M.[. Wabanos, U.B. 3apybuHa

BoeHHo-MeanumHcKan akapemus uMenn C.M. Kuposa, CankT-[letepbypr, Poccus

AHHOTALMA

AkTyanbHocTb. [IuddepeHUMpoBKa CTPYKTYp, TKaHEH M CUCTEM MO3ra NPOMCXOAMT NOCTENEHHO. 3HAYeHMS OTAENbHbIX Buo-
XMMUYECKUX KOHCTAHT BapbUpYeT B 3aBUCMMOCTW OT CPOKOB 3MOPUOHANBHOTO, PaHHETO W NO3[HEr0 NOCTHATaNbHOIO Nepuosa
pa3BuUTMS. B 3TOM OTHOLIEHMM MHTEpEC MPEACTABNANT CUCTEMbI OKCMAALMM/aHTUOKCMAALMM, KOTOPbIE MHOTOKOMMOHEHTHbI
1 N03TOMY CO3peBalOT HEOLHOBPEMEHHO.

Lienb. W3yyenne npoLieccoB NepekUCHON0 OKUCNIEHWUS IMMULOB M0 YPOBHIO MaslOHOBOMO aNbAerMaa U aHTMOKCUIAHTHOW 3a-
WwKThl (CynepoKcMaaMcMyTasa, KaTanasa, BOCCTAHOBIEHHbIW [MYTaTUOH) FOfI0BHOTO Mo3ra 3MOPMOHOB W MOTOMCTBA KpbIC
B pa3Hble CPOKM NMpe- W NOCTHATaIbHOMO PasBUTUSA KpbIC.

Matepuanbl u Metoabl. Bbinu oTobpaHbl 39 6epeMeHHbIX caMoK Kpbic Buctap Maccoit 220-250 r, oT KOTopbIX NOAYYeHOo
176 3MBPMOHOB M KpbICST Pa3HOro NMofia M BO3pacTa, BKIoYas IMOpUoHbI 3-ro TpuMectpa bepeMeHHocTH (13—17-# aHu recta-
LMm) U KpbicsiT B Bo3pacTe ot 1 o 14 Hep. B TkaHM ronoBHoro Mosra onpeaensiu KOHLEHTpaLmMIo MaloHoBOro Auanbieruaa
(NoKa3aTenb NEepeKUCHOT0 OKUC/IEHUS NIMMUAOB), @ TaKXKe aKTUBHOCTb CYNEepPOKCUAAMCMYTa3bl, KaTanasbl U YpOBEHb BOCCTA-
HOBJNEHHOTO FNyTaTUOHA B KA4eCTBE MOKa3aTeNiell CUCTEM aHTUOKCMAAHTHOM 3aLLUTI.

PesynbTathbl. YcTaHOBNEHO, YTO FONIOBHOM MO3T 3MOPUOHOB XapaKTEpU3YeTCA HU3KMMU 3HAYEHUSIMU YPOBHEW MasloHOBOTO
OWanbernaa, KoHLEHTpauus KOToporo pe3ko BO3pacTaeT cpasy nocnie poXAeHWs KpbicaT. CxopHas, Ho MeHee BbipaXKeHHas
3aKOHOMEpHOCTb PerucTpupyeTcs W Afs NoKasatenei aHTUOKCMAAHTHOMN 3alumThl (aKTUBHOCTb CYNepoKCMAAMCMYTasbl U ypo-
BEHb BOCCTAHOBJIEHHOIO [yTaTUOHa). MpAMO NPOTMBOMONOXHYI0 peakumio Habnganu B cnyyae C Katanasoi, aKTMBHOCTb
KOTOpO/A B FONIOBHOM MO3re B MpeHaTaibHbI Nepuop bbina BbICOKOW, a Nocne POXAEHUs 3HaUMMO CHUManach. B nepuopg
JanbHemLwero nocTHaTanbHoOro pasBuTUA BMJIOTb A0 MosoBo3penoct (14 Hep., M 3-MecauHbIA BO3pacT) He NPOUCXOAMNO
CYLLIECTBEHHOIO M3MEHEHUSA B aKTUBHOCTU CYNePOKCUMAAMNCMYTa3bl, KaTaasbl U KOHLEHTpaLMU BOCCTAHOBNEHHOTO IyTaTUOHa,
HO perucTpupoBanu 2-KpaTHoe najieHre YpoBHS ManoHOBOMO AuanbAermaa B Mosre.

3aksioyeHmne. Yxe B nepBble MECALbl XU3HW Y KPbIC CKNaAblBaeTCs BMOMHE CTabWIbHBIA CTATyC MEPEKUCHOO OKUCTEHUS
JIMMULOB M CUCTEM aHTUOKCWAAHTHOW 3aLLUMTLI MO3rOBOM TKaHMU.

KnioueBble cnoBa: cucTeMa OKCMAALMKM/aHTUOKCHAALMK; Cco3peBaHKe roJIoBHOMO Moa3ra; OKCWIATUBHbIN CTaTyc; 3M6pI/IOHbI;
KPbICbI.
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noruyeckas Hapkonorvs. 2023. T. 14, N2 4. C. 229-236. DOI: https://doi.org/10.17816/phbn623031
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INTRODUCTION

Brain structures, tissues, and systems differentiate
gradually. Biochemical constants vary depending on the
timing of embryonic, early, and late postnatal development.
Oxidation/antioxidation systems are multicomponent and do
not mature simultaneously [1]. The response to physiological
stimuli and pharmacological agents depends on the maturity
of individual systems.

This study analyzed rats with a gestation period that
lasts 21-22 days. However, a study showed [2] that
neurotransmitter mechanisms in the brain are largely
underdeveloped at birth and cannot provide an adequate
behavioral response in newborn animals. Rats are born
without fur and vision and only become fully developed and
active by days 9-10. They are capable of self-sustaining
behavior only by day 17 of postnatal development [3]. This
finding was the basis for conducting experiments to identify
critical periods of development in animal organisms. The
experiments involved removing the animals from their
mothers and growing them in single cages under complete
intraspecific and partial sensory isolation. These and
similar studies have demonstrated [4, 5] that in rats, the
third trimester of pregnancy and early postnatal period
(typically considered up to days 14-21 of life) are the most
vulnerable to the effects of extreme environmental factors,
such as hypoxia and neurotoxins. Data indicate that the
prolonged maturation process of the brain’s biochemical
systems affects both the prenatal and postnatal periods.

Vol 14 (4) 2023
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Based on the established scheme of brain maturation [6],
which relies primarily on neurohistological studies (Fig. 1),
seven primary morphogenetic processes were identified:
proliferation, migration, differentiation, synaptogenesis,
apoptosis, gliogenesis, and myelination. These processes
provide sufficient detail to characterize the maturation of
the central nervous system structures.

These processes typically occur simultaneously,
following the laws of interaction and interpenetration.
However, each process can be characterized individually
and in relation to other processes. Morphologists combine
these processes into histogenesis and organogenesis.
However, these concepts do not help explain the
biochemical processes that occur within the cell and at
the synaptic contact level. These processes include the
synthesis of mediators, their axonal transport, deposition
in vesicles, release under the influence of nerve impulses,
release into the synaptic cleft, interaction with receptors,
and disintegration or recapture by presynaptic endings. To a
lesser extent, processes such as the maturation of enzyme
systems involved in synaptic transmission and oxidation/
antioxidation maintenance systems, which involve many
substrate and enzyme systems, can be characterized.

Therefore, this study examined the processes of lipid
peroxidation (LPO) by measuring the levels of malonic
aldehyde and antioxidant defense (AOD) in the brain,
including the activity of superoxide dismutase and reduced
glutathione (RG), in rat embryos and offspring at various
stages of pre- and postnatal development.

I—- BIRTH

T
I EMBYONAL [ FETAL | POSTNATAL £
OVULATION FUNCTIONAL ORGANIZATION
FERTILIZATION !
IMPLANTATION HISTOGENESIS
|7| ORGANOGENESIS
: 5-6 15 H
) DAYS 89 n 21-22 15 35-45
NEURULATION 1

PROLIFERATION AND MIGRATION

S

DIFFERENTIATION AND SYNAPTOGENESIS

APOPTOSIS

GLIOGENESIS

MYELINIZATION

Fig. 1. Basic morphogenetic processes occurring in the developing rat brain [6, as modified]. A central vertical line separates the prenatal
and postnatal periods of development. The central abscissa axis indicates the days of development in the prenatal and postnatal periods

Puc. 1. OcHoBHble MopdoreHeTU eCKMe NPOLLeCChl, NPOUCXOASALLME B Pa3BMBalOLLLEMCA MO3re Kpbic [6, ¢ u3MeHeHusMu]. LieHTpanbHas Bep-
TUKaNbHas YepTa pasfenseT NpeHaTasbHbIA U NOCTHaTaNbHbIA Nepuofbl pa3BuTus. Mo LeHTpanbHOM ocK abcumce yKasaHbl AHWU PasBUTUS

B HPEHaTaﬂbelﬁ 1 NOCTHaTaNbHbLIN nepuoabl
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MATERIALS AND METHODS

The research protocol involved studying the brains
of embryos and offspring of female Wistar rats obtained
from the Rappolovo nursery in the Leningrad region. In
total, 176 embryos and rats of different sexes and ages
were obtained from 39 pregnant females weighing 220-
250 g. The sample included embryos from the third tri-
mester of pregnancy (days 13-17 of gestation) and rats
aged 1-14 weeks. The female and offspring animals were
kept in vivarium conditions with inverted light from 8:00
to 20:00 at 22°C + 2°C. They were provided with dry bri-
quetted feed and water ad libitum. Each group consisted of
10-12 animals.

In biochemical studies, researchers examined whole
embryonic brains or brains of rats obtained after euthanasia.
Brains were isolated, freed from their membranes, and
washed with Na-phosphate buffer (50 mM at pH = 7.4).
Then, they were homogenized in the same buffer at a ratio
of 1:4-6 in terms of weight and volume of the buffer. The
resulting brain homogenate was centrifuged for 25 min at
4000 g. The precipitate was removed, and the supernatant
was recentrifuged for 60 min at 15,000 g. The supernatant
was obtained and used to determine the activity of
superoxide dismutase (SOD) and the level of malonic
dialdehyde (MDA) as an indicator of LPO. Catalase activity
was determined by treating the intermediate precipitate of
the mitochondrial fraction with a Na-phosphate buffer (50
mM at pH = 7.4) and homogenizing it in 1% Triton X-100
solution as a detergent in a volume equal to the volume
of the homogenate initially taken. The homogenate was
selected and centrifuged for 40 min at 15,000 g. Catalase
activity was determined in the supernatant and expressed as
UM H,0,/min - mg protein.

The state of brain AOD was characterized by three
indicators: SOD activity, catalase, and RG levels. These
indicators were determined in 10% brain homogenate using
25 mM Tris-HCl with 175 mM KCl buffer at pH 7.4. SOD activity
was measured using the method described in [7], which
determines the degree of inhibition of nitroblue tetrazolium
reduction in the presence of phenazine methosulfate and
nicotinamide adenine dinucleotide. The protein content of the
samples was estimated using the unified method [8], and the
results were expressed as A/mg protein. The concentration of
RG was measured by reacting it with excess alloxan [9] and
expressed as pM/g. The concentration of MDA resulting from
LPO was measured by reacting it with 2-thiobarbituric acid
[10] and expressed in uM/g of protein.

Statistical differences were assessed using GraphPad
Prism 6 software (Graphpad Software Inc., USA). One-
factor analysis of variance and Student’s t-test were used
to compare the control and experimental groups. Statistical
significance was considered at p < 0.05. The data were
presented using the arithmetic mean and standard error of
the mean.
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RESULTS

In embryos, the brain's LPO activity, as determined
by the MDA content in brain tissue, exhibited relatively
low values, not exceeding 1-2 uM/g protein. During the
first 1-3 weeks after birth, the MDA level in the brain
tissue sharply increases, which gradually decreases by
7-14 weeks of postnatal development (Fig. 2a). A similar,
albeit less pronounced, pattern was observed for AOD
indicators, specifically SOD activity (Fig. 2b) and RG level
(Fig. 2d). These studies have demonstrated that during
the first week of postnatal development, the measured
indices increase, but not as sharply as that of MDA.
Conversely, despite high activity levels during the prenatal
period (30-40 pM H,0,/min - mg protein), a decrease in
catalase activity was observed in the brain after birth
(Fig. 2¢).

As a result, the birth of rats and their first week of life
are characterized by a sudden increase in MDA levels, a
slight increase in SOD activity and RG levels, but a significant
decrease in catalase activity in the brain tissue. The period
of postnatal development up to puberty (14 weeks or
3 months of age) does not significantly affect SOD activity,
catalase activity, or RG concentration. However, it causes
a twofold decrease in MDA levels in the brain. This finding
suggests that rats develop stable LPO and AOD levels in the
brain tissue during the first months of life.

DISCUSSION

When discussing the obtained results, it is important to
address the following two main questions:

1) How does the developing brain differ from the adult
brain in terms of LPO and AOD?

2) To what extent can these results be applied to the
traditional approach of studying brain functions, which
mainly assesses neurotransmitter systems related to motor,
cognitive, and emotional functions?

The first question has an obvious answer: yes, a
significant difference exists. The investigation of the
dynamics of selected indicators of LPO and AOD systems
revealed that various components of the studied systems
change differently during the maturation process of
brain structures. Thus, regarding MDA, the primary and
conventional laboratory indicator of LPO, the changes are
significant. We observed a sharp increase in the first week
of the postnatal period, which resulted in a 3-3.5-fold
increase in MDA compared with that in the prenatal period
(end of pregnancy).

The AOD systems should logically react to the increase
in LPO to compensate for changes in the oxidant status.
However, this is not observed. However, the SOD activity
and RG level mildly increased during this period. In contrast,
the catalase activity sharply decreases by approximately
fourfold. These observations suggest either insufficient
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Fig. 2. Dynamics of oxidation/antioxidation parameters (M + m) in the brain of embryos and offspring of rats of different ages. The ordinate
and abscissa show the studied indicators and time (days, weeks), respectively: a — malonic dialdehyde (umol/g protein); b — superoxide
dismutase (A/mg protein); ¢ — catalase (umol H,0,/min-mg protein), d — reduced glutathione (umol/g)

Puc. 2. [InHamuka nokasatenei oKcuaaLmn/aHTMokenaaumum (M+m) B ronoBHOM Mo3re 3MOPUOHOB M NOTOMCTBA KPbIC Pa3HOro BO3pacTa.
Mo ocy opAMHaT — WccedoBaHHbIe NOKa3saTenu; no oc abeuuce — BpeMs (OHKM, Heflenu): @ — MaJoHOBbIA Avanbaerug, (MkMonb/T ben-
Ka); b — cynepokeupamcMyTasa (A/Mr benka); ¢ — Katanasa (MkMonb H,0,/MuH - Mr 6enka), d — BOCCTaHOBEHHBIN IYTaTUOH (MKMOb/T)

maturity of the oxidation/antioxidation systems or a not
yet fully formed harmony of biochemical control of these
processes. Both assumptions appear to be supported by
research conducted in our laboratory [1, 3-5] and other
studies [11]. Qur conclusion that the LPO and AOD systems
reach a stable status within the first 3 weeks of the
postnatal period is well supported.

The second question concerns the correlation
between intracellular oxidation/antioxidation processes
and traditional neurotransmitter mechanisms. These
mechanisms are believed to explain the realization of
different brain functions, including motor, cognitive,
emotional, and motivational functions. The study
demonstrated that the critical periods for the development
of dopaminergic (6-hydroxydophamine) and serotoninergic
(5,7-dihydroxytryptamine) neurotransmitter systems are
days 13-14 of the prenatal period and days 4-10 of the
postnatal period [12]. The disturbances in monoaminergic
neurotransmitter systems during the periods considered
should be assessed as critical for the formation of deviant
behavior associated with the use of psychoactive drugs [13].

In addition, the cholinergic neurotransmitter system of the
brain is more involved in cognitive processes, specifically
memory, attention, and motor functions. The cholinergic
system in the brain performs universal functions and is
associated with oxidative and antioxidative processes. Unlike
the dopamine, noradrenaline, and serotoninergic systems,
it is not represented by specialized conductive pathways;
therefore, it is delocalized. V.I. Tikhanov [14] demonstrated
a close relationship between cholinergic mechanisms
and the oxidative status of humans. Unfortunately,
V.I. Tikhanov did not consider ontogenetic problems related
to the cholinergic systems of the organism. However,
his studies convincingly demonstrated that the activation
of M- and H-cholinergic mechanisms also activates the
oxidation/antioxidation system, whereas the blockade
of these receptors moderately suppresses this system
[15, 16].

The data above confirm that the oxidation/antioxidation
systems in ontogenesis develop in parallel with the
neurotransmitter systems of the brain and largely determine
their operation. This clarifies the critical periods in the
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development of both systems and the possibility of comparing
the data obtained with those obtained in the study of the
formation of neurotransmitter systems of the brain [3, 13, 17].
The discussion of neuromorphological concepts related
to the formation (histogenesis) of individual processes,
as previously mentioned, does not provide significant
insight into the issue of functional parallelism in the
development of neurotransmitter and oxidative systems
in the brain.

CONCLUSIONS

1. MDA levels in the brains of embryos are low but
increase sharply immediately after the birth of rats.

2. A comparable, albeit less pronounced, pattern was
observed for markers of AOD, such as SOD activity and RG
levels.

3. A directly opposite response was observed in catalase,
whose activity in the brain was high in the prenatal period
and significantly decreased after birth.

4. During postnatal development up to puberty (14 weeks
or 3 months of age), no significant change was found in the
activities of SOD and catalase, and the RG level remained
stable. However, the MDA level in the brain decreased by
twofold. This suggests that rats have a stable status of
the LPO and AOD systems in brain tissue from an early
age.
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HayuHas ctatbs

KuccnentuH yMeHbLIaeT NposiBNIEHWUSA NOMIOBOW
BUCHYHKLUMM Y KpbIC B MOAENM NOCTTPaBMaTUYECKOro
CTPeccoBOro paccTpoMcTBa

N.10. Tuccen, A.A. Jlebepes, C.I. UnkyHos, M./, LLIabaHos

WHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHkT-etepbypr, Poccus

AHHOTALNA

BeepeHue. HapyweHue cexkcyanbHon GyHKUMKM He SBRSIETCA CNELMBUYECKUM CUMMTOMOM MOCTTPaBMaTUYECKOr0 CTPECCOBOrO
PaccTpoOCTBa, OAHAKO 3T0 YacTas KIMHWYecKas xanoba. Kak nokasbiBaloT pe3ynbraTbl MCCIe0BaHNS, Mpbi3yHbl, NoaBepr-
LuMecs BO3AENCTBUKO OAHOMO NCUXOTPABMUPYHOLLETO COBLITUSA, AEMOHCTPUPYIOT HapyLLEHWe NOBELEHUA B TeCTaX, NpeaHa3Ha-
YEHHbIX 4118 OLEHKW 3MOLMOHAMbHOTO NoBeAEHUS. B OTHOLLEHWUM NONOBOM0 NOBEAEHWS BO3LENCTBME OCTPOro CTpecca npu-
BOAMT K CHUMEHMIO YacToThl 3AKYNALMMK, @ TaKKe K YBESMYEHWIO NaTeHTHOCTW MepBOro NofoBoro akTa, Nepeol MHTPOMUCCUM
U 3sKynAuMM. Kncenentui — 310 HEMpOMENTUA, UrPatoLLMIA BaXKHYI0 pojib B GYHKLMOHMPOBaHWM rMnoTanamo-runogumsapHo-
roHagHoW ocy. OH TakxKe MrpaeT posib B M0JI0BOM MOBEAEHMM.

Lenb. N3yuntb BAMSHWE OAHOKPATHOMO TPaBMUPYIOLLENO COBLITUSA, BBI3BAHHOM XMLLHMKOM, Ha MOJIOBOE NOBELEHUE U MOTU-
BaLMIO0 Y CaMLIOB KPbIC U CKOPPEKTUPOBATb WX C NMOMOLLbI0 FOPMOHANbHBIX M HEFOPMOHANbHBIX PEryNATOPOB.

Martepuansi u Metoabl. bbino ncnonb3oBaHo 60 KONYNATUBHO HaMBHBLIX CaMLIOB Kpbic Buctap B Bospacte 90-100 aHeit Mac-
coii 220-230 r, pasgeneHHbIx Ha 6 rpynn no 10 XMBOTHbIX B Kaxaoi. HuBoTHbIe 1-1 rpynnbl BbIM MHTAKTHBIMK, B OCTasIbHBIX
rpynnax Mogenv1poBany NoCTTpaBMaTMYecKoe CTPECCOBOE PacCTPOMCTBO IKCMO3NLMEN C XULLHWKOM (TUrpoBbIid MUTOH). B akc-
NepyMEHTaNbHBIX MPYNMax JKMBOTHbIE Mofyyanu bycepenvH, kuccnentuH-10 u oxuMbuH. [Ing oueHKM NonoBoW MoTUBaLMM
UCMonb30Banu Kamepy HepfocTUKMMoro noakpennieHus. CBoboaHYI0 JIOKOMOTOPHYI0 aKTUBHOCTb JKMBOTHBIX M3y4anu B TecTe
«OTKpbITOE None». [INA OLEHKM CTpecca MCroNb30Banu TecT «NpUNOAHATHIA KpecToobpasHbid NabupuHT». 06pasLbl KpoBu
W CTPYKTYp Mo3ra cobupanu ans TeepaodasHoro MMMyHodepMeHTHOrO aHanu3a TecToCcTepoHa U KOPTUKOCTEPOHa.
Pesynbtathbl. OCTpbI CTPeCC, BbI3BaHHbIA XWLLHWUKOM, KaK XMBOTHas MOAENb NOCTTPaBMaTUYecKoro CTPeccoBOro paccTpoid-
CTBA, 3HAYNTENbHO CHUXAET HEKOTOPbIE KOMMOHEHTbI M0/I0BOI MOTMBALMM Y CaMLIOB KPbIC 1 NOBBILIAET YPOBEHb KOPTUKOCTE-
pOHa B CbIBOPOTKE KpoBU. Kak MHTpaHa3anbHoe, Tak M CUCTEMHOE BBELEHME KUCCMENTMHA MOBLILIAET NOMOBYK MOTMBALMIO
Yy CaMLOB KpbIC MOCNe XPOHUYECKOro cTpecca. bycepenuH oKasbiBaeT 3HAUMTENBHOE BAUSIHUE Ha CEKPELMI0 TECTOCTEpOH,
Ho cnlabo BAMSET Ha NONOBYI0 MOTUBaLMIO. CUCTEMHOE BBELEHME KUCCMENTUHA YaCTMYHO BOCCTaHaBNMBAET BbIpaboTKy TecTo-
CTepOHa y KpbiC B 1aHHO MOJIeNM CTPECCOBOO PAcCTPOMCTBA. MoXUMBMH He BAMAET Ha FOPMOHaNIbHLIA YPOBEHb 1 OKa3biBaeT
Ae30praHu3ytoLLee BO3ENCTBUE Ha MONOBYI0 MOTMBALMIO Y KpbiC. HU 0OAMH U3 UCMO/b30BaHHbIX FOPMOHANLHbIX U HEFOPMO-
HasbHbIX PErynaTopoB He 0Ka3an BAMSHUSA Ha YPOBEHb KOPTUKOCTEPOHA.

3akuioyenue. MonyyeHHble JaHHbIE MOKA3bIBAOT, YTO BO3LEMCTBME CTPECCA, BbI3BAHHOIO XWULLHUKOM, B Bonblueii cTeneHu
B/MSIET Ha MOMIOBYI0 MOTMBALMIO W rMNOTanamo-runom3apHo-HaaMnoue HUKOBYI0 0Cb, YEM Ha NPOAYKLMIO NONOBbIX FOpMO-
HOB. 370 CO3[,aeT NPEANOCLITKM A NOMCKA HOBbIX MEXaHU3MOB, JIEXALUMX B OCHOBE PEerynsiuu penpoayKTMBHOIO noBee-
HWSA W BAMSHUA CTPECCOBbLIX PaKTOPOB Ha ero peanu3auuio.

Kniouesble cnioBa: nosioBoe NoBefieHWe; NOCTTPaBMaTMYeCKOe CTPECCOBOE PacCTPOMCTBO; KUCCMENTUH; BycepenuH; oxmuM-
BWH; KOPTMKOCTEPOH; KPbIChI.
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Kisspeptin reduces sexual dysfunction in a rat model
of posttraumatic stress disorder

|lja Yu. Tissen, Andrei A. Lebedev, Sergei G. Tsikunov, Petr D. Shabanov

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Sexual dysfunction is not a specific symptom of posttraumatic stress disorder (PTSD); however, it is a common
clinical complaint. Rodents exposed to a traumatic event exhibit behavioral disturbances in tests designed to measure emotional
behavior. In relation to sexual behavior, exposure to acute stress leads to a decrease in the frequency of ejaculation and an
increase in latency to first intercourse, first intromission, and ejaculation. Kisspeptin is a neuropeptide that plays important
roles in the functioning of the hypothalamic—pituitary—gonadal axis and sexual behavior.

AIM: To examine the effects of a single traumatic event caused by a predator on sexual behavior and motivation in male rats
and correct them using hormonal and nonhormonal regulators.

MATERIALS AND METHODS: We used 60 copulatory-naive male Wistar rats aged 90-100 days weighing 220-230 g, which
were divided into six groups of 10 animals each. Animals of group 1 were intact; in the remaining groups, PTSD was modeled
by exposure to a predator (tiger python). In the experimental groups, animals received buserelin, kisspeptin-10, and yohimbine.
An unattainable reinforcement chamber was used to assess sexual motivation. The free locomotor activity of animals was
evaluated in the “open-field” test. The elevated plus maze test was used to assess the effects of stress. Blood and brain
samples were collected for testosterone and corticosterone enzyme-linked immunosorbent assay.

RESULTS: Acute predator stress, as an animal model of PTSD, significantly reduces several components of sexual motivation
in male rats and increases serum corticosterone levels. After chronic stress, both intranasal and systemic administrations
of kisspeptin increase sexual motivation in male rats. Buserelin significantly affected testosterone secretion but had slightly
affected sexual motivation. Systemic administration of kisspeptin partially restored testosterone production in a rat model of
stress disorder. Yohimbine did not affect hormonal levels and had a disruptive effect on sexual motivation in rats. None of the
hormonal and nonhormonal regulators used affected corticosterone levels.

CONCLUSION: The findings indicate that exposure to predator stress has a greater effect on sexual motivation and the
hypothalamic—pituitary—adrenal axis than on sex hormone production. This necessitates searching for new mechanisms
underlying the regulation of reproductive behavior and the influence of stress factors on its implementation.

Keywords: sexual behavior; posttraumatic stress disorder; kisspeptin; buserelin; yohimbine; corticosterone; rats.
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MCUXOHEMPO3HOOKPAHONOMVIA

BBEAEHUE

MocTTpaBMaTMyecKoe CTPECCOBOE  PacCTPOWCTBO
(NTCP) — 370 cBA3aHHOE CO CTPECCOM COCTOSIHWE, BO3HU-
KaloLLiee nocse BO3AeNCTBUS IKCTPEMaTbHOM0 TpaBMUpYlo-
Lero cobbITHs, TaKOTO KaK yrpo3a CMepTH, Taxenas TpaBMa
UNK ceKcyanbHoe Hacunme. [laxe KOCBEHHOE BO3AEHCTBHE,
HanpuMep, NPUCYTCTBUE B KaYecTBe CBUAETENS Yben-nnbo
TpaBMbl, MoxeT Bbi3BaTb [1TCP. HapyleHue cekcyanbHoii
GYHKUMK He aBnseTcsa cneunduyeckum cumntomom [TCP,
0[HAKO ABNSETCA YaCcTOW KIMHUYECKOW xanobon [1]. [pbi-
3yHbl, NOABEpriuMecs BO3AEUCTBMI0 OHOKPATHOrO TPaBMH-
pytoLLero cobbiTus, KaK 1 N0y, LEMOHCTPUPYIOT HapyLue-
HWe NOBeAEHUs B TeCTax, MPeAHa3HauYeHHbIX IS OLIEHKY
3MouMoHanbHoro noeefdeHns [2]. BospeicTBue ocTporo
dM3MyecKoro cTpeccopa NoBbILIAET YPOBEHb TPEBOMKHOCTH
B TecTe «MPUNOAHATLIA KpecToobpasHblit NabupuHT». B oT-
HOLLIEHUW NOJI0BOTO NOBELLEHUS BO3ECTBME OCTPOrO CTPec-
Ca NpUBOAMT K CHUMEHWI0 YacToTbl 3AKYNALMM, a TaKKe
K YBEJIMYEHUIO NATEHTHOCTW ANS AOCTUKEHUS MEepBOro no-
NIOBOr0 aKTa, NepBoi MHTPOMUCCUM U 3sKynaumu. [pu MTCP
roMeocTaTMYeCKUe MeXaHWU3Mbl BOCCTAHOBIIEHUS HAPYLLEHBI,
YTO MPUBOAMT K AJIMTENBHOMY COCTOSIHUIO MOBBILLEHHOM BO3-
byauMocT1 CUMNATUYECKON HEPBHOW CUCTEMBI. VI3MeHeHHas
aKTUBHOCTb rMNoTanaMo-runodu3apHo-HaanoyeyHUKOBOM
cucteMbl (TTHC) MoxkeT urpaThb onpefeneHHyo ponb B 0be-
cneyeHun nonoson dyHKumm npu MTCP, nockonbKy ypoBeHb
KaTexollaMMHOB He PerynupyeTcs Bo BpeMs MOSI0BOMO BO3-
by paeHus. Coobuaetcs, uto npm [TCP ypoBeHb KopTM3ona
cHukeH [1, 3]. CumtaeTcs, 4To CHUMKEHWE YPOBHSA KOpPTM30Na
B MOMEHT MepexuBaHNs TpaBMbl cnocobcTeyeT dhopMupo-
BaHUI0 NPOJOIKUTENBHOTO CUMMNATUYECKOrO 0TBETa. TecTo-
CTEPOH TaKXKe CBA3aH C KOHTEKCTHbIM 06YCNOBAWBaHMEM
CcTpaxa. Y MblLLeii CHUXKEHWe YPOBHS TECTOCTEPOHA, Bbl3BaH-
HOe KacTpauuei, NPUBOAMT K 3HAUUTENIbHOMY CHUKEHMIO
MPOSIBNEHNSA YCNOBHBIX KOMMOHEHTOB CTpaxa.

KuccnentuH — 370 HeMponenTua, Wrpalowmin BaXHYH0
pofib B (YHKUMOHWMPOBAHWM TrUMOTanaMo-runodusapHo-
roHagHoi ocu. KuccnenTuH B 0CHOBHOM BbipabaTbiBaeTcs
B POCTpanbHOM NepUBEHTPUKYNIAPHON 001acTH TPETLErD Xe-
NyAoyKa W nyroobpasHoM appe runotanamyca [4, 5]. Chu-
JKEHUEe YPOBHSA KMUCCMENTUHA BbI3bIBAET rMMNOrOHaA0TPON-
Hbli TMMNOrOHAAMU3M Y YesoBeKa U APYrX MIIEKOMUTAOLLMX
yepes [AeperynsuMio roHafOTPOMUH-PUIU3NHT TOPMOHa.
KuccnenTuH TakKe UrpaeT ponib B N0JI0BOM noBeaeHuu [6, 71.
[OpMOHaNbHO MHTAKTHbIE CaMubl MbILLEW-HOKayTOB reHa
kiss1r He BeMOHCTPUpPYIOT 0OOHATENBHOrO Pacro3HaBaHus
napTHepa, HeCMOTPS Ha HOPMOCMMIO, YTO NOATBEPXAAETCS
COMOCTaBMMBIM BPEMEHEM, NMPOBOAMMBIM C CaMLaMU 1 caM-
Kamu, B TecTe cBoboaHoro Bbibopa [6].

Lienb uccnepoBaHus — u3ydyeHue BAUSHUA OHOKpaT-
HOro TpaBMUpYyIOLLEro cobbiTusl, BbI3BAHHOTO XWLLHUKOM,
Ha NOBeAEHME 1 MOMOBY0 MOTMBALMIO y CaMLIOB KPbIC U UX
KOPPEKLMS C NMOMOLLbI0 FOPMOHANBHBIX W HEFOPMOHAJTBbHBIX
PerynsTopos.
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YXuBoTHble. B paHHOM uccnemoBaHuM mcnonb3oBa-
nmn 60 KonynATMBHO HaMBHBIX CaMLOB KpbiC nMHuM Buctap
B Bo3pacTe 90-100 pgHeit maccoit 220-230 r, pasgneneHHbIx
Ha 6 rpynn no 10 m1BOTHbIX B Kaxaou. HueoTHble 1-# rpynnbl
ObINM MHTAKTHBIMK, @ B OCTaNbHBIX FPyNMax MoAenupoBany
MTCP nyteM oaHoKpaTHOro BO3aeicTBMS XuLLHKKa [8]. Tpynny
13 20-22 Kpbic noMeLuanu B TeppapuyM (1,2x0,7 x 1 M) ¢ Tn-
rPOBbIM MUTOHOM, [€ OJHO U3 UBOTHBIX rMB/0 B pesynbTate
MULLEBOTO NOBEAEHWS XULIHMKA. TecTUpoBaHWe NoBefeHMs
HauMHanM Ha 7-# peHb nocne Bo3gencTsus. 0QHON U3 3KC-
MepuUMeHTaNbHbIX FPYNN BBOAWNW GU3NONOrMYECKUA pacTBop,
a 0CTasbHbIM rpynnaM — ropMOHasIbHbIE U HETOPMOHAJTBbHbIE
PerynsaTopbl NoA0BOr0 NOBEAEHMS.

BewectBa. B 1-ii 3KkcnepuMeHTanbHOM rpynne 3KWBOT-
Hble nonyyanu aHanor roHaponubepuHa — 6ycepenuHa
auetart («PapMcuHTE3», Poccust) 2 MKI/MKN MHTPaHasanbHo
(M/na3) 20 mkn (10 MKn B Kaxayto Ho3apio) u 0,9 % pacTeop
X/0PMAa HaTpUs BHYTpUOpIOLLMHHO (B/6) 200 MKN. 2-5 rpyn-
na nomydana kuccnentuH-10 (MHcTuTyT ocobo uncTeix Buo-
npenapatos, Poccus) 0,15 Mkr/Mkn u/Has 20 mkn (10 Mkn
B Kaxayw Ho3gpwo) u 0,9 % pactop xnopupa Hatpus B/6
200 mMkn. 3-a rpynna nonyyana 0,9 % pacteop xnopuga
HaTpua u/Ha3 20 MKn (10 MKN B Kaxaylo HO34pPH) M Kuc-
cnentuH-10 0,15 mkr/mMkn B/6 200 MKn. 4-5 rpynna nony-
yana 0,9 % pactBop xnopuaa Hatpus u/Ha3 20 Mkn (10 Mkn
B Ka/yl0 HO34pI0) M oxMMOUHa rnapoxiopus («340poBben,
YkpauHa) 1 Mr/mn B/6 200 MKn. KOHTposbHbIE KMBOTHBIE M0-
nyyanm 0,9 % pacteop xnopuaa Hatpua u/Has 20 Mk (10 MKn
B Kaxayto Ho3apto) v B/6 200 MKn.

MoBepeHyeckmne TecTbl. [N OLEHKW anneTeHTHOMo no-
I0BOr0 MOBEfEHUs MCnofb30Banacb Kamepa 6a130cTu BO3-
Harpax<aeHus Ha oTKpbLITOM nosie w3 oprcTekna [9]. OTKpbiToe
none (85 x 35 x50 cm) obopyaoBanock kaMepoi ¢ NPo3payHoii
nepgopupoBaHHoii cTeHKom (15 x 35 x 50 ¢M), ycTaHOBNEHHOM
Ha ofHOM KoHue. lNepenHss nepdopupoBaHHas CTeHKa no-
3BONSAET WUCMBITYEMBIM MOAXOAUTb W UccnenoBatb (0bHHXU-
BaTb) JKMBOTHOE (CaMKy B CTafiuy 3CTpyca) B KaMepe, Ho npe-
[O0TBPALLAET TaKTWbHBIA KOHTAKT UM Konynaumio. B feHb
nepes TeCTMPOBAHMEM aMMEeTEHTHOMO MOBEAEHUS BCE UCMbI-
TyeMble Obl/IM aAaNTUPOBaHbI B YCTaHOBKE B TedeHue 30 MuH.

MNoBeneHMe caMUOB PErUCTPUPOBa/M Ha BUAEO B TEMHOIA
KOMHaTe C KpacHbIM cBeToM B TeyeHue 10 MuH. OTKpbIToe none
W KJETKY €O CTUMYNOM npotupank 3 % nepekucbio Bogopoaa
B NPOMEKYTKAX MEXY OMbITaMM, UTobbl YCTPaHUTL 060HATENb-
Hble pasgpamuTenu. B KauecTBe nokasareneil MoTUBaLMK No-
N0BOro BO30YXAEHUA 151 KAXKOOI0 XUBOTHOIO MCMONb30Banm
BpeMS, 3aTPayeHHOE Ha 0OHIOXMBaHWUE KNETKU C CAMKOW, KonW-
4eCTBO MOMbITOK A0CTUYb CAMKY U JIATEHTHOE BPeEMS Nepe 3TUM.

CBobofHylo ABUraTeNbHYl0 aKTUBHOCTb JKWBOTHBIX W3-
ydanu B TecTe «OTKpbIToe nosie». YcTaHOBKa NpeacTaBnsieT
cobon Kpyrnyto apeHy auametpoM 80 cM, orpaHuuyeHHyto
M0 OKPY}KHOCTU Henpo3spayHbiMu bopTamu BbicoTon 30 cMm.
Mo BceMy OTKpbLITOMY Momio pacnonoxeHo 16 oTBepcTui,
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KaXkaoe OvaMeTpoM 3 CM, npefHasHauyeHHbIX ANA BbisBe-
HWS BUOOBOr0 KOMMOHEHTa MCCeA0BaTeNlbCKO aKTMBHOCTH
Y IpbI3yHOB. {MBOTHbIX MOMeLUanM B LIEHTp nons 1 Habnio-
[anu 3a HUMK B TeyeHne 3 MuH. KomnnekcHoe noBefeHue
B OTKPLITOM MOJIe BKJIOYANO CREAyHLWMe eAMHUYHBIE aKTbl:
NoKoMouMs, 0BHIOXMBaHWe, NMOBOPOT Ha MecTe, BCTaBaHWe
Ha 3afiHWe Nanbl, CTOWKA C YNOpPOM Ha CTEHY, FPYMUHI, 3a-
rNAAbIBaHWE B HOPKM, 3aMMUpaHue, NOKON.

[lns oueHKM cTpecca MCnomb30Banu TeCT «MPUMOSHATHIA
KpectoobpasHblit 1abupuHT». J1abupuHT npeacrasnset coboii
KOHCTPYKLMIO, COCTOSAILLYIO M3 2 OTKPbITbIX pykaBoB 50x 10 cM
1 2 3aKpbITbIX pyKaBoB 50 x 10 cM ¢ OTKPLITON BEPXHEN YaCTbto,
PpacronoXeHHbIX NepneHaMKYNApHO Apyr apyry. Beicota Haa no-
noM coctaensina 1 M. *UBOTHbIX MOMELLLanK B LLEHTp NabupuHTa.
PeructpupoBanu Bpems, NpoBeJEHHOE B 3aKPbITOM W OTKPbI-
TOM pyKaBaX, CBELLMBAHWSA B OTKPLITOM pyKaBe W KOIM4ECTBO
aKToB rpyMuHra. lpoAomKMTENbHOCTL TECTA COCTABAANA 5 MUH.

UMMyHodepMeHTHBIM aHanu3. 06pasLbl KpoBM U CTPYK-
Typ Mo3ra 6bim cobpaHbl Yepe3 30 MMH nocne BBEAEHUS
BellecTBa. CbIBOPOTKY OTAENANM C MOMOLLBIO LEHTPUdYrH
(8000 06/MmH). CTpyKTypbl MO3ra roMOreHU31poBanm B XUA-
KOM a3oTe M cycneHaupoBanu B ¢ocdatHoM bydepe. 06-
pa3ubl OblM 3aMOPOXEHBI M XpaHWIKUCL NpKU TeMMNepaType
-80 °C o npoBeaeHns UMMyHodepMeHTHOro aHanu3a (NDA).
KoHLieHTpaLmIo TecTocTepoHa B CLIBOPOTKE KPOBM OMpeaens-
v meTofioM TBepaodasHoro MDA c ucnonb3oBaHueM TecT-
cucteMbl «TectocTepoH» — ctepoup UDA («Ankop-Buo»,
Poccus). KoHLeHTpaumio KOpTUKOCTEPOHA B CbIBOPOTKE KPOBM
onpegensanu MetogoM TeepaodasHoro NDA ¢ ucnonb3oBa-
Huem TecT-cucTeMbl «Corticosterone EIA Kit» (Cloud-Clone
Corp., Kutai). AHanMsbl NPoBOAMUNMCH B COOTBETCTBUM C UH-
CTPYKLMEN NPOU3BOANUTENS.
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1 2 4 5 [pynnbl KpbiC
Puc. 1. Bpems HaxoxneHuss B CBETIOM pyKaBe MPUMOLHATO-
ro kpectoobpasHoro nabupuHTa: no ocu opamHat — BpeMs (c),
no ocu abcumcc — rpynmbl KpbIC: 1 — KOHTPONb (MHTaKTHbIE);
2 — kpbicbl ¢ MTCP; 3 — Kpbicol ¢ MTCP + 6ycepenuy; 4 —
Kpbicbl ¢ [TCP + kuccnenTuH-10 WHTpaHasanbHo; 5 — KpbIChl
¢ MTCP + oxuMbuH. *p < 0,05 K KoHTpOnto

Fig. 1. Time spent in the light arm of the elevated plus maze. The
ordinate and abscissa axes present the time (sec) and groups of
rats, respectively: 1 — control (intact); 2 — rats with PTSD; 3 —
rats with PTSD + buserelin; 4 — rats with PTSD + kisspeptin-10
intranasally; 5 — rats with PTSD + yohimbine. *p < 0.05 to control
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Cratuctuka. [lns cratuctuyeckoin 0bpaboTku nonyyeH-
HbIX KOIMYECTBEHHbIX AAHHbLIX WCMOb30BanW NporpaMMbl
GraphPad Prism v.5 n SPSS SigmaStat 3.0. C uenbto oLeHKu
COOTBETCTBMA pacnpefeneHni ClyyYaiHbIX BESIMYWH rayccoB-
CKOMY MCNONb30BaCca Kputepuii HopManbHocTu KonMoropo-
Ba—CMupHoBa. [InA cpaBHEeHMs KOHTPOIbHOW U 3KCMepUMEH-
TaNbHOW FpyNN MCMONb30BaNK HeNapaMeTPUYECKUIA KpuTepuil
YWIKOKCOHa ANA NapHbIX CPaBHEHMIA U MeTof, OAHO(aKTop-
HOMO [MCMEPCUOHHOI0 aHanusa C NoCcNeayloLLMMN MHOXe-
CTBEHHBIMU MEXTPYNMOBLIMWA CPABHEHWUAMM MO KPUTEPUID
HbtoMeHa—Keiinca. [laHHble npeacTaBneHbl Kak «cpegHee
apuMpMeTUYECKOE + CTaHAaPTHOE OTKIIOHEHMEY.

PE3YNIbTATbI UCCNEAOBAHUM

lNepBas 3agaya aKCNepUMeHTa 3aKJiloyanacb B U3Mepe-
HWUW KOMNOHEHTOB NOBELEHMSA, CBA3AHHbIX CO CTPECCOM, B OT-
KPbITOM M0j1e M MPUMOJHATOM KpectoobpasHoM nabupuHTe.

B npunogHsaToM KpectoobpasHoM nabuputte (puc. 1)
CTPECCUPOBaHHBIE KPbIChI NOKA3anu MeHbLLEE BpeMs], NpoBe-
AeHHoe B cBeTIoM pykaBe (19,0+6,8 ¢ npotus 32,2+ 15,1 ¢),
M0 CPABHEHMIO C KOHTPOSTbHOM rpynnoi. 31oT 3 deKT He bbin
3HAQUUTENIbHO CKOPPEKTMpOBaH KuccnentuHoM (17,2+77 c),
bycepenuHoM (20,2+7,9 c) unu oxumbuHom (13,2+5,5 c).

B OTKpBLITOM Mone CTpeccuMpoBaHHble KpPbIChl MOKa3anu
YMeHbLLEHHOe KonuyecTBo 0bHIoxuBaHwii (2,8+0,8 npotus
75+1,1), Ho BABOE YBENIMYEHHOE KONMYECTBO 3aMMpaHWi
(10,0 £ 1,0 npotue 4,5+ 1,5; p < 0,05). BeegeHue kuccnentuHa
B 2 pa3a yBeIM4MBANO0 JIOKOMOTOPHY0 aKTUBHOCTb (36,9 8,6
npotue 175+4,5; p < 0,05) U CHWMKaNo 4YMcno 3amupaHuii
(2,4+1,0; p<0,05) no cpaBHEHMIO CO CTPECCUPOBAHHLIMU
Kpbicamu. Beenenne bycepenuHa yBenuumuBano KonuM4ecTso
o6HtoxmBaHui 10 6,9+ 1,4 (p < 0,05). Kpbickl nocne BeefeHus
MOXUMOWHa [EeMOHCTPMPOBaNK YBENIMYEHWE YMCNa OBHIOXM-
BaHuA 1o 8,9+2,6 (p < 0,05 u rpymunra (9,9+2,6 npotus
3,5+1,5; p < 0,01).

Bropas 3agava aKcnepuMeHTa 3aK/04anach B U3MepeHuH
MoBEeJEHYECKUX KOMMOHEHTOB MOJIOBOI MOTUBALWM, TaKUX
KaK KOJIMYeCTBO MOMbITOK AOCTUYb CaMKK, NaTeHTHOE BPeMs
nepes MomnbITKOM U BpeMs, NPOBELEHHOE PSLOM C KNETKOM
caMku (puc. 2-4).

Bbi3BaHHbI XMLLHMKOM CTPEeCC He 0Ka3an CyLUecTBEHHO0
BIMAHMA Ha NlaTeHTHOCTb (8,9 +8,4 ¢ mpotuB 4,3+ 3,9 ¢ B KOH-
TPOJIe), HO 3HAYUTENIbHO CHWU3WIT KOJIMYECTBO MOMBITOK A0CTUYb
camku (14,9+3,8 npotus 19,6 +4,1 B KoHTpone; p < 0,05)
1 BpeMsi, NPOBeAEHHOe BO3Nie caMKm (266,6+30,3 ¢ npotus
372,3+378 c B KoHTpone; p < 0,05). bycepenuH He oKasan
CYLLECTBEHHOTO B/IUSIHUA HU Ha OMH W3 NapaMeTpoB (na-
TEHTHOCTb 7,3+ 6,2 C; KONMYECTBO NONbITOK 13,4+4,6 c; BpeMA
HaxXoMXeHUs Bo3fe caMku 254,1+45,3 c). BHyTpubprowmH-
HOe, HO He WHTpaHa3anbHoe BBEAEHWE KWUCCMeNTUHA CHU-
3uno nateHTHocTb (2,2+1,2 ¢ B/6p npotB 2,5+2 ¢ u/Has).
Kak BHyTpMOpIOLLMHHOE, TaK M MHTPaHasanbHOe BBELEHUE
KuccnenTUHa YBENMYMBANO BpeMsl, NpoBeJEHHOE BO3NE KNeT-
Ku ¢ camroii (330472 ¢ B/6p; p < 0,01 1 327+£295 c w/Has;
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p < 0,01), ¥ He BMANO Ha KONMYECTBO MOMbITOK [OCTUYb CaM-
K (17,3 £4,5 8/6p 1 19,2+3,5 n/Ha3). MoxmmbuH 3HaumTenbHO
yMeHbLLMN nateHTHocTb (1,4+0,7 ¢; p < 0,01) u Bpems, npo-
BefleHHoe Bo3sie caMkm (204 + 394 c; p < 0,01), Ho He noBM-
AN Ha Koin4ecTBo nonbITok (12,6 +3,9).

20 =

Bpems, ¢

1 2 3 4 5 6 Tpynnbl Kpbic

Puc. 2. JlateHTHoe Bpems [0 NepBoi NOMbITKM AOCTUYb CaMKY B TeCTe
anneTeHTHOro NOBELEHUS: N0 0CK OpAMHAT — BpeMs (C), No ocu ab-
CLUMCC — rpynnbl KpbIC: 1 — KOHTPONb (MHTaKTHbIE); 2 — KPbICI
¢ [TCP; 3 — Kpicbi ¢ MTCP + 6ycepenmH; 4 — Kpbicbl ¢ [TCP + kuc-
cnenTuH-10 BHYTPMBpIOLLMHHO; 5 — Kpbickl ¢ MTTCP + kuccnentH-10
WHTpaHa3anbHo; 6 — Kpbickl ¢ [TTCP + ioxuMbuH. *p < 0,05 K koHTporio

Fig. 2. Latent time before the first attempt to reach the female in the
appetitive behavior test. The ordinate and abscissa axes present time
(sec) and groups of rats, respectively: 1 — control (intact); 2 — rats
with PTSD; 3 — rats with PTSD + buserelin; 4 — rats with PTSD +
kisspeptin-10 intraperitoneally; 5 — rats with PTSD + kisspeptin-10
intranasally; 6, rats with PTSD + yohimbine. *p < 0.05 to control
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Puc. 4. Bpems, npoBefieHHOe BO3/le CaMKM, B TeCTe anneTeHTHo-
ro MoBeAeHMUs: N0 0CU opaMHaT — BpeMs (c), Mo ocu abcumce —
rpynnbl KpbiC: 1 — KOHTPOMb (MHTaKTHbIE); 2 — Kpbickl ¢ TTTCP;
3 — Kpbicol ¢ [TTCP + 6ycepenuH; & — Kpbickl ¢ MTCP + kuccnen-
TMH-10 BHYTpMBpPIOWKHHO; 5 — Kpbickl ¢ MTCP + kuccnenTuH-10
WHTpaHa3anbHo; 6 — Kpbicl ¢ [TTCP + noxumbuH. *p < 0,05 Mexay
2-1 1 5-1 rpynnamu.

Fig. 4. Time spent near the female in the appetitive behavior
test. The ordinate and abscissa axes present time (sec) and
groups of rats, respectively: 1 — control (intact); 2 — rats with
PTSD; 3 — rats with PTSD + buserelin; 4 — rats with PTSD +
kisspeptin-10 intraperitoneally; 5 — rats with PTSD + kisspeptin-10
intranasally; 6 — rats with PTSD + yohimbine. *p < 0.05 between
groups 2 and 5

[pynnbl Kpbic
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TpeTbei 3apayeit aKCNepUMeHTa bbiN0 U3MEpPEHUe KOH-
LleHTpaLmmM TecToCTepOHa M KOPTUKOCTEPOHA B CbIBOPOTKE
KpoBW. BbI3BaHHbIN XMLLHWMKOM CTpecc He OKasan cyie-
CTBEHHOTO BIUSIHWA Ha YPOBEHb TecTocTepoHa (8,6 +4,5 MKr/n
npotuB 13,5+7,1 mkr/n). lpuem GycepenuHa ysennunn

I
2 P =
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Puc. 3. Yucno nonbiToK JOCTUYL CaMKY B TeCTe anmneTeHTHOro no-
BE[lEHWS: N0 0CU OpAMHAT — YMCII0 MOMbITOK, NO ocu abeumuce —
rpynnbl Kpbic: 1 — KOHTPOSb (MHTaKTHbIE); 2 — Kpbicbl ¢ [TTCP;
3 — Kpbicol ¢ MTCP + bycepenut; 4 — Kpeicbl ¢ MTCP + kuccnen-
TUH- 10 BHYTpUBpIOLWMHHO; 5 — Kpbicbl ¢ MTCP + kuccnentuH-10 uH-
TpaHasanbHo; 6 — Kpbicbl ¢ [TTCP + noxumbuH. * p < 0,05 K KoHTposto

Fig. 3. Number of attempts to reach the female in the appetitive
behavior test. The ordinate and abscissa axes show the number
of attempts and groups of rats, respectively: 1 — control (intact);
2—rats with PTSD; 3—rats with PTSD +buserelin; 4 —rats with PTSD +
kisspeptin-10 intraperitoneally; 5 — rats with PTSD + kisspeptin-10
intranasally; 6 — rats with PTSD + yohimbine. *p < 0.05 to control
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Puc. 5. YpoBeHb TecTocTepoHa B CbIBOPOTKE KPOBM KPbIC: MO 0CU
OpAMHAT — YpoBeHb TecTocTepoHa (MKr/n), no ocu abcumcc —
rpynnbl Kpbic: 1 — KOHTPOSb (MHTaKTHbIE); 2 — Kpbicbl ¢ [TTCP;
3 — Kpbicol ¢ MTCP + bycepenuH; 4 — Kpeicbl ¢ MTCP + kuccnen-
TMH-10 BHYTpMBpIOWMHHO; 5 — Kpbickl ¢ MTCP + kuccnenTun-10
MHTpaHa3anbHo; 6 — Kpeickl ¢ [ITCP + noxumbuH. *p < 0,05 Mexay
2-i 1 5-1 rpynnamu, ***p < 0,01 Ko BceM rpynnam, kpome 3-i

Fig. 5. Level of testosterone in the blood serum of rats. The ordinate
and abscissa axes present the testosterone level (pg/L) and groups
of rats, respectively: 1 — control (intact); 2 — rats with PTSD;
3 — rats with PTSD + buserelin; 4 — rats with PTSD + kisspeptin-10
intraperitoneally; 5 — rats with PTSD + kisspeptin-10 intranasally;
6 — rats with PTSD + yohimbine. *p < 0.05 between the second

and fifth groups, ***p < 0.01 to all groups except for the third group

1
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Puc. 6. YpoBeHb KOpTMKOCTEPOHA B CbIBOPOTKE KPOBM KPbIC: N0 0CH
OpAMHAT — YpPOBEHb KOPTUKOCTEPOHa (MKr/n), no ocu abcumee —
rpynnbl Kpbic: 1 — KOHTPOMb (MHTaKTHbIE); 2 — Kpbickl ¢ TTTCP;
3 — Kpbicbl ¢ [TTCP + 6ycepenuH; & — Kpbickl ¢ [TCP + kuccnen-
TUH-10 MHTpaHasanbHo. *p < 0,05 K KoHTponto

Fig. 6. Level of corticosterone in the blood serum of rats. The
ordinate and abscissa axes present the level of corticosterone
(ug/L) and groups of rats, respectively: 1 — control (intact);
2 — rats with PTSD; 3 — rats with PTSD + buserelin; 4 — rats
with PTSD + kisspeptin-10 intranasally. *p < 0.05 to control

[pynnbl Kpbic

KOHLIEHTpaLuio TecTocTepoHa NpubAM3uTenbHO B 5 pas,
no 49715 Mkr/n (p < 0,01). WUHTpaHa3anbHoe BBeneHWE
KuccnenTuHa (12,2 +78 MKr/n) u oxumduHa (12,5+5,3 Mkr/n)
He MOBAMAIO0 Ha YpOBEHb TECTOCTEPOHA. BHyTpubpHOLIMH-
HOe BBEJEHME KWUCCMENTWHA MOBbLILLANO YPOBEHb TecTocTe-
POHA MO OTHOLLEHMIO K CTpeccpoBaHHbIM (16+5,8 MKr/n
npotuB 8,6 4,5 Mkr/n; p <0,05), HO He MO OTHOLLEHUIO
K WHTaKTHbIM XWBOTHBbIM (puC. 5). BbI3BaHHbINA XMLLHWKOM
CTPECC 3HauMTENbHO MOBbILLAN YPOBEHb KOPTMKOCTEPOHA
(97, 5+45,6 Mkr/n npotus 38,4+8,5 Mkr/n; p < 0,05). Hu by-
cepenuH (89,0+27,8 MKr/n), HY MHTpaHa3anbHOe BBeAEHWE
kuccnentuHa (112,4+35,8 MKr/n) He NOBAMANN Ha YPOBEHb
KOPTMKOCTEPOHA Y CTPECCUPOBAHHBIX XMBOTHbIX (pUC. 6).

OBCYXAEHWE PE3YJIbTATOB

HacTosiee uccnenoBaHue nokasblBaeT, YTo CTPecc, Bbl-
3BaHHbIN XMLLHWKOM, BIUSIET HA MOJIOBYH MOTUBALMIO U YpO-
BEHb KOPTUKOCTEPOHA Y CaMLIOB KPbIC, HO He BAMSET Ha Bbl-
paboTKy monoBbIX cTepouaoB. [OpMOHasNbHbIE U HEMPOHHbIE
CUCTEMbI, aKTMBMPYEMbIE MPU HOPMasbHOM MOI0BOM BrieYe-
Huv v nosegeHnn u npu MTCP, oueHb noxoxu. CekcyanbHble
CTUMYJTbI aKTUBMPYIOT CUMMATUYECKYH HEPBHYIO CUCTEMY, yBE-
nnumBas notpebreHne KUCNOPOAa M yCUNMBas LIMPKYNALMIO
KpoBu. 0nHaKo Ans 340poBoiA NONOBOM GYHKLUMKM Heobxoaum
ONTUManbHbIN HanaHc Mex/ay CUMNaTUYECKON WU NapacuMna-
TUYeCKom HepBHoii cucteMoid [3, 10]. B cnyyae cumnatuyeckon
rMnepaKTMBaLMM NosioBas QyHKUMA MOXET ObITb HapyLUeHa.
YMeHbLLEHWe BpeMeHM, NPOBEAEHHOMO PALOM C CaMKOW,
Y KpbIC, KOTOpbIM BBOAWUIM NOXUMOMH, MOXHO paccMaTpuBaTh
KaK paspyLuuTenbHOe LEeWCTBUE CUMMATUYECKOW HEpBHOA
cuctembl B Mogenu TTTCP [11]. Ponb ITHC B peanu3aummn no-
noBon GyHKUMM npoTuBopeumBa [12—14]. YMepeHHble YpoBHM
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KOpPTM30/1a MOTYT COOTBETCTBOBATh NMOMOBOMY BO3DYKAEHMIO.
HanpotviB, BbICOKME MW HWU3KME YPOBHU MOTYT LEMNCTBOBATb
yrHeTatowe. MyXUnHbl C MCUXOreHHOM 3PEKTWIbHOW AuC-
(yHKUMEN TaKkKe AEeMOHCTPUPYIOT BbICOKUA YPOBEHb KOPTU-
30M1a 1 TpeBOXHOCTb [14]. B HalweM uccnegoBaHuy noKasaHo
MOBbILLEHWE YPOBHS KOPTUKOCTEPOHA Y Kpbic B Mogenu [MTCP.
Hu oaHO M3 MCNoNb30BaHHBIX BELLECTB HE BAMANO Ha Ypo-
BEHb KOPTUKOCTEPOHA B ChbIBOPOTKE KpoBU. KuccnentuHoBble
HeMpoHbl B AyroobpasHoM Aape aKTUBMPYIOT HEMpOHbI, Npo-
AyumpyloLine roHagonmMbepuH B runotanamyce W ero cexpe-
umto [4, 6, 15]. BospmencTBue CTPeCCOBBIX CTUMYMOB B paHHEM
BO3pacTe HapyLlaeT CPOKM MOSIOBOI0 CO3PEBaHMS U CHUMKAET
ypoBeHb MPHK Kiss1 B MeamanbHoi npeonTuyeckon obna-
ctu (mPOA) y nybepratHbix Kpbic [5]. TMocTepopopcanbHas
MeduanbHas 0bnactb MUHAANMHDI, TAe Obiiu 0b6HapyXeHbI
HEMpPOHbI, pearvpylolLMe Ha KWUCCMENTWH, accoLMMpoBaHa
C peakumsMu Ha epoMOHbI, YTO MO3BONISET Npeanosaratk,
BO3MOXHYI0 POJIb KUCCMENTUHA B Perynsuuu nosioBoro no-
BefeHus [, 6, 16, 17]. Kak B HacTosLeM uccnefoBaHuy, Tak
W paHee Mbl NMOLAEPHKUBAEM MAEK CTEPOMAHO-HE3aBUCUMO-
ro MexaHuaMa 3¢dekToB KuccnentuHa [18]. Mbl nokasanu,
YTO MHTpPaHasanbHoe BBefeHWe KuccrnentuHa-10 BbibiBaeT
(opMUpOBaHWe YCNOBHOM peakuuu NpeAnoyTeHUs MecTa
y Kpbic [19]. 310 no3BoNsAET NPEANOoXUTb, 4To KuccnenTuH-10
CNocoOeH BbI3bIBaTb aKTWUBALMIO CMCTEMbI BO3HArPaXLeHMs
unu obnacreit Mo3ra, aCCOLMMPOBAHHBIX C HEW, YTO MPUBOAMT
K $HOpMMPOBaHWI0 3MOLMOHANBHO MOSIOXUTENLHOM COCTOSA-
HWSA Y KMBOTHOrO. HW3KKe [o3bl BycepenuHa aueTata Moryt
BbI3bIBaTb MPEXOASALLEe MOBLILIEHWE YPOBHS TECTOCTEPOHA
U MOryT ObITb NONE3HBI ANS CTUMYNALMW IMOUAO Y HEKOTOPBIX
MnexonuTaowwux [12]. B naHHOM uccnefoBaHum, Kak 1 paHee,
HaM He yLanocb NPoAeMOHCTPUPOBATH 3TOT AMEKT Y KpbIC.

3AKJIO4YEHUE

OcTpblit CTpecc, BbI3BaHHLIA XULLHMKOM, KaK JMBOTHas
mogenb [MTCP 3HauMTeNbHO CHUMKAET HEKOTOpble KOMMOHEH-
Tbl NOIOBOM MOTMBALMM Y CaMLLOB KPbIC W MOBbLILLIAET YpOBEHb
KOPTUKOCTEPOHA B CbIBOPOTKE KpoBM. KaK MHTpaHa3anbHoe, Tak
U CMCTEMHOE BBefeHuWe KuccrenTiHa-10 noBbILLaeT NonoByo
MOTMBALMIO Y CaMLIOB KpbIC MOCTIe XPOHMYECKOro cTpecca. byce-
PESTMH OKa3bIBAET 3HAYUTENBHOE BIIUSHWE HA CEKPELIMIO TeCTO-
CTePOHa, Ho cnabo B/MSET Ha NOMOBYO MoTVBaLMIO. CUCTEMHOE
BBE/EHWE KMCCTeNTUHA YacTUMHO BOCCTaHABIMBAET BbIPabOTKy
TectocTepoHa y Kpbic B Mopenm MTCP. MoxumbuH He BrmsieT
Ha rOPMOHaNbHBIA YPOBEHb M OKA3blBAeT [e30praHu3yloLLee
BO3JEMCTBME Ha NMosoByto MoTuBaumio B Mogenu MTCP y Kpbic.
Hu oouH 13 MCnonb30BaHHbIX FOPMOHANBHBIX M HEFOPMOHaJb-
HbIX PErYNATOPOB He OKa3asl BAMSHUS Ha YPOBEHb KOPTUKOCTe-
poHa. MonyyeHHble faHHble CBULETENBCTBYIOT O TOM, YTO BO3-
JelicTBMe CTpecca, BbI3BaHHOMO XWULLHMKOM, Gonblue BrmseT
Ha nosoByto MoTuBaLMio 1 [THC, 4eM Ha NPOAYKLMIO NONOBbIX
FOPMOHOB. 3T0 CO3[,aeT NPEANOCHIIKM A5 MOMUCKA HOBLIX Mexa-
HW3MOB, NEALLMX B OCHOBE PEryNALM1 penpoayKTUBHOIO no-
BElEHUS M BIUAHWA CTPECCOBbLIX (haKTOPOB Ha €ro peannsaLyio.

D0I: https://doiorg/ 10.17816/phbn623033
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HayuHas ctatbs

BnusHue akcnepuMeHTanbHOMU Tepanuu Ha ra3oBbii
U KUCNOTHO-OCHOBHOW COCTaB KPOBU B AUHaAMUKe
TOKCMYECKOro OTEeKa JIerkKux
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AHHOTALNA

AkTyanbHocTb. HacToswas pabota npeacraBnsiet coboil YacTb pacLUMPEHHOO U3bICKaHMS, COCTOSBLUENO B NOMCKe Cnocobos
NPeaoTBPALLEHNS W JIEYEHNS TOKCUYECKOTO OTEKa JIETKUX.

Lienb. M3yyeHune ra3oTpaHCNopTHON BYHKLMM, KUCIOTHO-OCHOBHOTO COCTOSHUS W Fa30BOM0 COCTaBa KPOBM B AMHAMMKE 3KC-
NePUMEHTaNIbHOIO TOKCMYECKOT0 OTeKa JIETKUX U BIUSIHWSA Ha HUX 3KCMePUMEHTabHOM Tepanuu KOMOMHaLMEN NIeKapCTBEHHbIX
CPEACTB, NOKa3aBLLUMX CBOK 3P PEKTUBHOCTb B NPeLBAPUTENBHBIX UCCIEA0BaHMSIX.

Matepuanbl U MeToabl. TOKCUYECKWIA OTEK JIETKUX MOLENMPOBANM NYTEM WHraLMOHHOIO OTPaBNIEHUs Mbillei (hocreHoM
B 3aTpPaBOYHON KaMepe B J03e, cooTBeTcTBYtoLel LCty,. OnpeaeneHne napaMeTpoB ra3oBoro W KUCIOTHO-0CHOBHOTO COCTaBa
KPOBW OCYLLECTBASNM NpK NOMOLLM ra3oaHanu3atopa Yepes 3 u 24 4 nocne otpaBneHms. Yact xuBoTHbIX Yepe3 30 MuH no-
Cnie 0TPaB/EHUS OCYLLECTBASNM BHYTPUOPIOLLIMHHOE BBELEHWE KOMMIEKCA NpenapaTtos, COCTOSALLEro U3 AUMepKanTonponaH-
cynbhoHata Hatpus (yHuTiona) 150 mr/kr, auknodeHaka Hatpus 35 MI/Kr 1 anpoTMHUHA (KoHTpuKana) 250 EN/kr.
PesynbTatbl. Yepes 3 4 nocne oTpaBneHMs B KPOBM OTPaBNEHHbIX KMBOTHbIX Dbl 0OHapYeHbI U3MEHEHUA Fa30BOr0 CO-
CTaBa KpOBW, NapaMeTPOB ra30TPaHCMOPTHOWM (GYHKLMM KpoBM, a Yepe3 24 yaca Nocne OTPaBNEHUA — HapyLLEHUEe KWUCNOT-
HO-0CHOBHOIO cOCTOsHUA. [pMeHeHne NeyebHoON KOMOWMHaLMKM NpenapaToB, COCTOSALLEN U3 AUMepKanTonponaHcybpoHaTa
HaTpuA (yHUTMONa), AMKNOdEHaKa HaTpUA M anPOTUHWHA (KOHTPUKana), NPUBOAMNO K YaCTUYHOM HOPMANM3aLmMy U3MEHEHHBIX
napameTpOB ra30BOr0 COCTaBa KPOBM M NapamMeTPOB ra30TPaHCMOPTHOM (YHKLMM KPOBMW, HO He COMPOBOXAAN0Ch HOpMasu-
3aUmen KUCIOTHO-O0CHOBHOMO COCTOSHMA KpoBu. ccnenoBaHue AeiicTBUS caMoii peLienTypbl Ha U3y4aeMble napameTpbl UH-
TaKTHBIX KMBOTHbIX NPOAEMOHCTPUPOBANO BbIPAXKEHHOE OTPULLATENbHOE BIIMSIHME Ha ra3oBbIii COCTaB KPOBW. JleueHue oTeKa
NErkux npenapaTtoM CpaBHEHWs YHUTUOMIOM He COMPOBOXAANOCh HOPManu3aLMel ra3oBoro COCTaBa M KUCIIOTHO-OCHOBHOMO
COCTOSIHWSI OTPABNEHHbIX WBOTHBIX.

3akntoueHme. JleueHne TOKCUYECKOTO OTEKa NIerKUX KOMBMHaLMel NleKapCTBEHHbIX NpenapaToB NPUBOAMNO K YNyYLLIEHMIO ra-
30BOr0 COCTaBa M ra30TPaHCMOPTHON YHKLMN KPOBMU.

KnioueBble cnoBa: OTeK JIerkux; d)OCI'eH; OTpaBfieHne; rasbl KPOBY; KMUCIIOTHO-O0CHOBHOM COCTaB KPOBW; 3KCNepuMeHTasibHoe
Jie4eHune; YHUTUoN; JJ,VII-(J'IOCIJEHaK HaTpuA; anpoTUHWH.
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Effect of experimental therapy on the gas
and acid-base composition of the blood
in the dynamics of toxic pulmonary edema
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ABSTRACT

BACKGROUND: This study is part of an extended research onfinding ways to prevent and treat toxic pulmonary edema.
This study aimed to examine the gas transport function, acid—base state, and gas composition of blood in the dynamics of
experimental toxic pulmonary edema and the effect on them of experimental therapy with a combination of drugs that have
shown effectiveness in preliminary studies.

MATERIALS AND METHODS: Toxic edema of the lungs was modeled in mice by inhalation of toxic doses of phosgene LCtg.
Gas and acid-base composition parameters of the blood were determined using a gas analyzer 3 and 24 h after poisoning.
Thirty minutes after poisoning, parts of the animals were injected intraperitoneally with a complex of drugs consisting of natrii
dimercaptopropansulfonas (unitiol) 150 mg/kg, diclofenac sodium 35.0 mg/kg, and aprotinin (contrikal) 250 1U/kg.

RESULTS: The results revealed 3 h after poisoning of animals, changes in the gas composition and parameters of the gas
transport function in the blood were detected, and 24 h after poisoning, impaired acid-base balance was noted. The use of a
therapeutic combination of drugs consisting of sodium dimercaptopropanesulfonate (unithiol), sodium diclofenac, and aprotinin
(kontrikal) led to the partial normalization of the altered parameters of the blood gas composition and parameters of the blood
gas transport function but was not accompanied by the normalization of the acid-base state of the blood. The formulation
demonstrated a pronounced negative effect on the blood gas composition in intact animals. The treatment of pulmonary edema
with the comparison drug unithiol did not result in the normalization of the gas composition and acid-base state of the poisoned
animals.

CONCLUSION: The treatment of toxic pulmonary edema with a combination of medications led to an improvement in the gas
composition and gas transport function of the blood.

Keywords: pulmonary edema; phosgene; poisoning; blood gases; acid-base composition of blood; experimental treatment;
unithiol; diclofenac sodium, aprotinin.
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IKCMEPUMEHTASTEHAA HEPOMCYXODAPMAKOSIONM A

BBEAEHUE

Hacroswas pabota npegcranser coboii YacTb pacium-
PEHHOT0 M3bICKaHWS, COCTOSIBLLETO B MOMCKe cnocoboB npe-
LOTBPALLEHUS U JIeYeHUs TOKcuyecKoro oteka nerkux (TOJ).
04HWM 13 0CHOBHbIX NaToreHeTM4eCKuX 3eHbeB TOJT aBnseT-
cA 3aTpynHeHue Auddysum ra3os Yepes anbBeosIoKanuIAp-
Hylo MeMbpaHy [1-3], B pe3ynbTate Yero U3MEHSIOTCA KUC-
JIOTHO-O0CHOBHOE COCTOSIHWE M [a30Bblil COCTaB KpoBm [4—T7].

Lenb uccnepoBaHus — u3ydeHue rasoTpaHCMOPTHON
QYHKLMW, KUCNOTHO-OCHOBHOTO COCTOSIHWSI M Tra30Boro Co-
CTaBa KpoBMW B AWHaMWKe aKcnepuMenTanbHoro TOJT v Bams-
HWSA Ha HUX 3KCNEPUMEHTaNBHON Tepanun KoMbuHaumen ne-
KapCTBEHHbIX CPEACTB, MOKa3aBLKMX CBOK 3M(EKTUBHOCTL
B NpefBapuTENbHbIX UcCiesoBaHuax [8].

MATEPUAJIbI U METObI

JKCnepuMeHTbl NpoBOAKAM Ha benbix 6ecriopofHbIX Mbl-
Lwax-camuax Maccoi 18—-20 r. Tokcudeckuii otek nerkux (TOJ)
MOZENIMPOBany NyTeM MHraNALMOHHOMO OTPaBNEHWS XMUBOT-
HbIX )OCTEHOM B 3aTpaBOYHOW KaMepe B [j03€, COOTBETCTBY-
toweit LCtg; [5]. HuBOTHBIX AexanuTMpoBanu u nonyvanu
CMeLLaHHy0 (MpeuMyLLECTBEHHO BEHO3HYHO) KpoBb. B KpoBw
onpeaensnu pH, napunanbHoe Aasnenne kucnopopa (p0,),
yrnekucroro rasa (pC0,), copepxaHue obLuero remMornobu-
Ha (tHb), okcuremornobuHa (O,Hb), kapbokcureMornobuHa
(COHb), MeTtremornobuHa (MetHb), BocctaHoBneHHoro (peay-
LmpoBaHHoro) remornobuHa (RHb), kucnopoaHoe HacbileHve
(s0,m), KoHueHTpauumto kucnopoaa (0,ct) n KucnopoaHyto eM-
KocTb (0,cap), napumanbHoe faeneHne kucnopoaa npu 50 %
HacbiLLieHn Kposm (Ps,), coaepaHme obLuero anokcuaa yre-
poaa (tCO,), copepxanue nctnHoro (HCO,) u ctaHaapTHoro
bukapbonara (SBC), akTyanbHbii (BE,)  cTaHAapTHbI 136bI-
TOK 0cHoBaHWN (BE,;), aHWoHHyI0 pa3Huuy. M3amepeHue npo-
BOAWIM C UCMONIb30BaHMEM ra3oaHanu3satopa «Synthesis 45»
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[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

(Instrumentation Laboratory, USA), yepe3 30 MuH, 3 1 24 4
nocse Ha4ana sKkcnepuMeHTa. Yepes 30 MuH nocne oTpaene-
HWS OCYLLIECTBANM BHYTPUDPIOLLMHHOE BBELEHUE KOMMJIEKCA
npenapaTo., COCTOALLEro U3 AUMepKanTonponaHcynbhoHaTa
HaTpus (yHutnona) 150 Mr/Kr, puknodeHaka Hatpus 35 Mr/Kr
U anpoTuHuUHa (KoHTpukana) 250 E[l/kr. Kak nokasanu paHee
NpOBeLEHHbIE 3KCNEPUMEHTbI, BBELEHME [JAHHOM KOMJIEKCa
MbILLAM Nocsie OTPaBfIeHNs OKCUAAMM a30Ta NO3BOSISET yBe-
JINYUTL BbIKWUBAEMOCTb OTPABIEHHBIX MMBOTHBIX W CHU3UTD
BblpaxkeHHocTb TOJT [8]. B KayecTBe npenapata cpaBHeHWs
UCMoMb30BanM AMMepKanTonponaHcynbdoHaT HaTpus (yHu-
THON) B TOW e [03e, B KOTOPOW OH NPUMEHANCS B NieyebHol
KoMOuHaumm npenapatoB — 150 Mr/Kr. KOHTPONBHBIM K-
BOTHbIM BBOAM/IM 3KBUBANEHTHbIN 00bEM (M3MONOrNYECKOT0
pactBopa. [lapannenbHo OLEHWBanNW BMUSIHME KOMMJIEKCa
npenapaToB Ha McciesyeMble MOKa3aTeNM KPOBU MHTAKT-
HbIX XUBOTHbIX. CraTucTuueckylo obpaboTky pesynbratos
npoBoAMNIX Mo 06LLENpPUHATOMY MeTody C UCMONb30BaHUEM
t-kputepus CTblofeHTa ¥ NpUKNAAHOM0 NakeTa cTaTMcTUYe-
CKMX NPOrpamMMm 18 NepcoHabHOM KoMMbloTepa.

PE3Y/IbTATbl U OBCYXOEHWUE

YcraHoBneHo, yto Yepe3 30 MMH Mocie MHMLMALMK TOK-
CMYECKOr0 OTEKa JIErkMx HW OAMH U3 NoKa3aTeneil rasoBoro
COCTaBa M ra30TpPaHCMOPTHOM QYHKUMM KPOBU 3KCMEPUMEH-
TaNbHbIX KUBOTHBIX He M3MEHSANCA. 3HauMMble U3MEHEHNS
3TUX NOKasatenen obHapyuBauCb TONBKO yepe3 3 vaca
nocne oTpaB/ieHUs MyIbMOHOTOKCUKAHTOM (Tabn. 1).

YcTaHoBneHo, 4To Yepe3 3 4 nocsie OTPaBEHUs MOKasa-
Tenb pH KpoBW, XapaKTepusyHoLmii KUCNOTHO-OCHOBHOE CO-
CTOSHUE W ABNSAIOLLMIACA OHUM W3 CaMbIX «KECTKUX» napa-
METPOB KPOBYW, CMECTUIICA B KUCTYIO CTOPOHY.

B rpynne otpaBneHHbIx GpOCreHOM JKMBOTHbIX 06Hapye-
HO [0CTOBEPHOE MOBbLILLEHWE NAPLMANBHOM0 AABIEHUS YIie-
kucnoro rasa (napametp pCO,). [pn HopManbHbIX 3HaYEHNAX

Tabnuua 1. [a30BbIit cOCTaB KPOBM MbiLLEl Yepe3 3 4 nocre oTpaneHus GocreHoM B TOKCHyecKoi fose LCty, (M+m, n=6)
Table 1. Blood gas composition of mice 3 h after phosgene poisoning at a toxic dose of LCty (M +m, n=6)

MNapameTpbl
[pynna »1BOTHbIX
pH pCO,, MM pT. cT. | p0,, MM pT. CT. tHb, r/n 0,Hb, % COHb, %

MHTaKTHbIE 7366+0,024 32,2+6,2 570+6,0 96,0+14,0 725+4,8 6,3+2,0
OTtpaeneHHble 1272 +0,068* 42,0+3,9* 53,0+14,0 92,0+£30,0 56,6 +95* 6,5+3,0
OTpaBneHHble 1 nonyumBlumMe nede- 7,250+ 0,040* 41,1+6,0 58,0+6,0 890+90 63,3+3,6 70+1,6
HWe KOMBWHaUMeNn npenapartos

OTpaBneHHble 1 nonyuuBLumMe neve- 7,249 +0,013* 46,5+3,3* 53,0+70 74,0+ 170 53,1£99* 97+3,4
HWEe YHUTUONIOM

WHTaKTHbIE, nonyumBme nevebHyro  7,300+0,024 * 35,624 470+6,0 78,0+6,0* 53,3+76* 4,9+17

KOMOMHaLMIO npenapatos

[MpumeyaHue: * pasnnume ¢ UHTAKTHBIMU XMBOTHBIMK 3HauMMo npu p < 0,05; pCO, — napumanbHoe faeneHue yraekvcnoro rasa; p0, — nap-
LmanbHoe AaeneHne kucnopopa; tHb — copepixanne obuero remornobuHa; O,Hb — copepxatne okcuremornobuna; COHb — copepikanme

KapbokcuremornobuHa.

Note: * The difference with intact animals was significant at p < 0.05; COHb — carboxyhemoglobin content; 0,Hb — oxyhemoglobin content;
pCO, — partial pressure of carbon dioxide; p0, — partial pressure of oxygen; tHb — total hemoglobin content.
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KOHLIEHTpaLyi UCTUHHOrO BukapboHaTa 1 cTaHAapTHOro 6u-
KapboHarta (napametpsl HCO,_ 1 SBC, Tabn. 3), 370 yKasbiBaeT
Ha pasBuTUE PecnMpaToOPHOrO auuzo3a, NPUYMHON KOTOpOro
MOXeT bbiTb anbBeonspHas runoBeHTUnALMS. lpyu 3toM 06-
HapyXeHOo MOBbILLEHUE NapUManbHOro ABNEHWUS KUCIopo-
fAa npu 50 % HacbilLeHnn kposu (napameTp Pyy), T. e. casur
KpWBOI MCCoLMaLMM OKCUTeMorTIobMHa BNpaBo, YT0 MOXKHO
paccMaTpuBaTh Kak OfMH W3 KOMMEHCATOpHbIX MeXaHU3MOB,
KOTOpbIiA MPUBOANT K 06N1er4eHmI0 BbICBODOXAEHNSA KUCIOPO-
Aa B TKaHax. KpoMe Toro, B rpynne oTpaBieHHbIX GocreHoM
JMBOTHBIX 0OHApYXEHO YMEHbLUEHUE COLEPIKaHUS OKCure-
MornobuHa (napametp O,Hb, cM. Tabn. 1) u kucnopopHoro
HacblLLeHns Kposu (napameTp sO,m, Tabn. 2), saenstowwmecs,
KaK HaM npencTaBnseTcs, CleACTBUEM NPOUCXOAALLMX M3-
MEHEHMIA B KPOBM U JIETKUX 3KCMEPUMEHTANBHBIX UBOTHBIX.
Mpu 3TOM NapumanbHoe Aaenenune yrnekucnoro rasa (pCo,,
CcM. Tabn. 1) nocToBEpHO W NOrMYHO noBbiwanoch. Kpome
TOro, Y 3TUX JKMBOTHBIX B KPOBW OBHapyKuBancs MeTreMo-
ro6uH, KOTOpOro He HabnAAN0Ch Y MHTAKTHBIX UBOTHBIX.
Yepes 24 4 nocne oTpaBfieHUs BCe UCCNe0BaHHbIE Napame-
TPbl ra30BOr0 COCTaBa W ra30TPaHCMOPTHOM (YHKLUMW KpoBM
BbIXMBLUMX KMBOTHBIX B OCHOBHOM BO3BPALLAJIUC K YPOBHIO
MHTaKTHBIX }UBOTHBIX.

WccnenoBaHue KMCNOTHO-OCHOBHOTO COCTaBa KPOBM Mo-
Kasano cnepytowee. Yepes 30 MuH 1 3 4 nocne MHULMALIMKA
TOKCMYECKOr0 OTEeKa JIerKUX HU OAMH M3 MCCNefOoBaHHbIX
nokasatenen He usMmeHsncs. CywlecTBeHHble W3MEHEHUs
M0 CPABHEHMIO C MHTAKTHBIMU JKMBOTHBIMM BO3HUKAIW TOMbKO
yepes 24 4 HabnogeHus.

lMoKa3aTenu KUCNOTHO-0CHOBHOMO COCTOSHUS KPOBM Mbl-
Lei Yyepe3 24 4 nocnie oTpaB/eHNUs NPeACTaBneHbl B Tabnu-
Le 3. YcraHoeneHo, uto Ha GoHe HopManusaumm pH npowuc-
X0OMNO0 MOBbILIEHWE COLePXaHUA UCTUHHOro BuKapboHaTa
(napametp HCO,_), ctaHpaptHoro bukapboHata (napametp
SBC). Momumo 3T0ro, M3MEHANUCh MOKa3aTeNn aKTyasbHOro
(napametp BE,) u ctaHpaptHoro (napametp BE,;) n3bbitka
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0CHOBaHWIA, 4TO CBMAETENLCTBOBANO 00 YMEHbLUEHUN Hepo-
CTaTKa OCHOBaHMI B KpoBU. [laHHble M3MeHeHus, BUAMMO,
HOCAT KOMMEHCATOPHbIN xapakTep. 06HapyKeHo TaKkKe NoBbI-
LeHWe cofepanus oblero auokeuaa yrmepoga (napamerp
tCO,) KpoBM, YTO TaKKe YKNaAbIBAETCA B IOMMKY NPOUCXOAMB-
LUMX U3MEHEHUIA.

TakuM 06pa3oM, Bo BpeMs CKpLITOro Nepuoja oTpase-
Hua docreHoM (yepe3 30 MUH Nocne oTpaBNEHMUS) HUKaKMX
AOCTOBEPHBIX WM3MEHEHWI CO CTOPOHbI Fa3oBOro CoCTa-
Ba W ra3oTpaHCMoOpTHOW QYHKLMM KPOBU HE BbISIBANOCH.
Ha atane Bblpa)eHHbIX KJIMHWYECKUX MPOSIBNEHMI OTEKa
nerkux (4epes 3 4 nocnie OTpaBNieHNA) B KPOBM 0bHapy-
UBanocb cHuxeHue pH, copepxanns okcuremornobuHa
U KUC/IOPOAHOTO HACHILLEHWSA KPOBM, @ TaKXe MOBbILLEHUE
napLManbHoOro LaBfieHUs YITIEKUCIOro rasa, T. e. Mpu3Ha-
KW [blXaTeNlbHOW HeA0CTaTOMHOCTM U KOMMEHCUMPOBaHHOM
pecnupaTopHoro auupo3a. Yepes 24 4 nocne oTpaBneHus
Y BbDKMBLUMX JKMBOTHbIX MpOMCXoAMNna HopManusaums
KMCMOPOAHOro CTaTyca C COXpaHAKLMMUCSA NMpU3HAKaMK
pa3banaHCUpOBKYM, @ TaKKe W3MEHeHWe NapaMeTpoB KuC-
NOTHO-OCHOBHOTO COCTOSIHASI KPOBM, HOCWBLUME KOMMEH-
CaTopHbIN XapakTep. lpumeHeHne neyebHoin KoMbMHaLMK
npenapato., cOCTOSALLEN U3 AUMepKaNTonponaHcynbdoHa-
Ta HaTpus (YHUTMONA), AMKNO(EeHaKa HaTpus U anpoTUHWUHA
(KOHTpUKanNa), NPMBOLAMNO K YaCTUYHOW HOPManM3aUnn U3-
MeHEeHHbIX NapaMeTpoB. TaK, B Fpynne NeYeHHbIX XUBOTHbIX
0bHapyKeHa HopManu3aumus COAepIaHUs OKCMreMornobu-
Ha, napuuanbHoro AasneHus yrnekucnoro rasa (pCo,) (cm.
Tabn. 1) n napumanbHoro aasneHus kucnopopa npu 50 %
Hacbllwennn Kposu (Pg;) (cM. Tabn. 2) no cpaBHeHuIo ¢ no-
Ka3aTenisiMW O0TPaBINEHHbIX XMBOTHLIX. KpoMe Toro, y nony-
UMBLLIMX NIEYEHME HMBOTHBIX, MO CPABHEHUIO C OTPAB/EHHbI-
MW, B KPOBW He 0BHapymwuBancs MeTremornobuH. Cnegyet
TaKKe OTMEeTUTb HEKOTOPYI0, XOTb U HEeLOCTOBEPHYIO, HOP-
Manu3aumio y MNOJTyuMBLUMX JIEYEHUE IKMBOTHBIX YPOBHS
BOCCTaHOBIEHHOIO (peayuMpoBaHHoro) reMornobuHa (RHb)

Tabnuua 2. [a3oTpaHcnopTHas GyHKLMA KPOBM MbiLLie Yepe3 3 4 nocie oTpaBneHnst GocreHoM B ToKcUueckoi aose LCty (M+m, n=8)
Table 2. Gas transport function of blood of mice 3 h after phosgene poisoning at a toxic dose LCtg, (M +m, n=8)

NapameTpbi

Ipynna uBOTHbIX

MetHb, % RHb, % | s0,m, % | 0,ct, 06.%0, | O,cap, 06.%0, | Pg MM pT. cT.
MHTaKTHblE 0 22,5+5,2 77.3+5,7 9719 125+1,7 374414
OTpaBneHHble 0,4+0,2 379+16,2 60,6 +74* 73+3,2 12,1+4,0 44,8+3,8*
MonyumBlme neveHne KoMbuHaLmel 0 30,2+2,1* 68,1+2,7* 78+1,2 1n5+1,3 43,6+3,0
npenaparos
MonyuunsLuMe NeyeHne YHUTUONOM 0,2+0,1 40,1+94 573+8,9* 56+22 95+1,9 46,9 +1,6%
WHTaKTHbIE, monyumBLUMe NievebHyo 0 42,8+8,8* 56,1+8,7* 5,8+0,6* 10,3+0,8* 42,610

KOMOMHaLMIO npenapatos

[MpumeyaHue: * pasnnume ¢ MHTaKTHBIMU UBOTHBIMW 3HauMMo npu p < 0,05; MetHb — copepxanue MeTreMorniobuHa; RHb — copepxkatue Boc-
CTaHOB/EHHOIO (pefyLMpoBaHHoro) reMormnobuta; s0,m — KucnopofHoe HackilLieHue kposu; 0,ct — KoHLeHTpaums kucnopofa kposu; 0,cap —
KMCTIOpO[IHaA eMKOCTb KpoBY; Py, — napumanbHoe Aasnenue Kucnopopa npu 50 % HacbiLeHnn Kposu.

Note: * The difference with intact animals was significant at p < 0.05; MetHb, methemoglobin content; 0,cap, blood oxygen capacity; 0,ct — blood
oxygen concentration; Py, — partial pressure of oxygen at 50% blood saturation; RHb — reduced (reduced) hemoglobin content; sO,m — blood

oxygen saturation.
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Tabnuua 3. KncnotHo-ocHOBHOM COCTaB KPOBYU MblLLIeii Yepes 24 4 nocne oTpaeneHus (pocreHOM B ToKcuueckoii fose LCtg, (M+m, n = 6)
Table 3. Blood acid-base composition of mice 24 h after phosgene poisoning at a toxic dose LCtgy (M + m, n=6)

NapameTpbi
Ipynna »XMBOTHbIX H HCo,_, SBC, tCo,, BE,, BE., Anion Gap,
P MMoOJIb/N MMoJIb/N MMonb/n MMonb/n MMonb/n MMoNb/N

MHTaKTHbIE 7335+0,021 18,9+ 1,4 18,6 +1,0 20,2+15 -713+12 -8,6+1,2 23,010
KoHTponbHble 7294+0,068 23,7+£3,00 218+15* 254+3,2* -3,0+23* -3,5+27* 22,0+2,0
OTpaBneHHbIe M Mosy4nB- 7406+0,040  23,4+1,6* 22,3+1,3* 26,9+16% -25+17* -3,3+18* 190+2,0
LUWe ieYyeHne KoMbuHa-
LMen npenapaToB
OTpaBneHHbIe M MofyunB- 7299 +0,013 24,L+3,4 21,721 26,1+3,6 -2,9+2,7 -3,5+3,0 21,0+1,0*
LUMe JIeYEeHWEe YHUTUONIOM
WHTaKTHbIE, Nony4mBLIME 7342 +0,071 4+24 209+2,8 23,1+4,6 -2,9+27 -4,5+3,6 21,815

neyebHy0 KOMbMHaLMIO
npenaparos

IMpumedanue: *p < 0,05 B cpaBHEHUM C MHTAKTHBIMM XMBOTHbIMY; tCO, — coaepxanme oblero auoxcnaa ymepoaa, HCO,  — copepxaHue uc-
TUHHOTo 6ukapboHata, SBC — copepxaHne ctaHpapTHoro bukapboHarta, BE, — axTyanbHbIit n36biTok ocHoBaHuid, BE, . — cTaHaapTHbIN M3bbIToK

0CHOBaHMi, Anion Gap — aHWOHHas pasHuua.

Note: *p < 0.05 in comparison with intact animals; BE, — actual base excess; BE,

.« — standard base excess; HCO,_ — concentration of true

bicarbonate; SBC — concentration of standard bicarbonate; tC0O, — concentration of total carbon dioxide.

W KUCNOPOAHOrO HackllweHua Kposu (sO,m) (cM. Tabn. 2).
Mpn 3TOM YCTAHOBNEHO, YTO JIEYEHME MOPAXKEHHBIX KUBOT-
HbIX KOMBWHaLMei npenapaToB U YHUTUONOM He OKa3blBa-
710 BIUSIHUS HA U3MEHEHME KUCIIOTHO-0CHOBHOMO COCTOSHMS
(cM. Tabn. 3).

WccnepoBaHue fencTBus caMoii peLenTypbl Ha U3yvae-
Mble MapaMeTpbl MHTAKTHbIX UBOTHbIX NPOLEMOHCTPUPO-
Basio ee cnocobHocTb cHuxaTh pH, copepxanue obuero
remMornobuHa, pakuum okcureMornobuHa, KUCNopofLHoe
HaCbILLLEHME KPOBM, KOHLIEHTPALIMIO 0BLLEr0 KMCIIOPOAA, KUC-
NOPOLIHYI0 EMKOCTb KPOBW, U 3HAYUTENIbHO, NOYTH B 2 pas3a,
MOBbILIATL COAEPIKAHWE BOCCTAHOBNEHHOTO, T. €. 0TAABLLEr0
Kucnopog, remornobuna [9, 10]. BeipaxkeHHoe otpuuatens-
HOe BAMSIHWE KOMBMHALMKM NpenapaTtoB Ha rasoBbli COCTaB
KPOBM WHTAKTHBLIX MMBOTHbIX MOXET CBMAETENbCTBOBATH
0 ee CaMOCTOATENBHOM TOKCUYECKOM [leNcTBUN. JledeHue e
OTPaBNEHHBIX UBOTHbIX MPEnapaToM CPaBHEHUS YHUTUO-
JIOM COMPOBOXAN0Ch HEKOTOPLIM YXYALLUEHWEM Ta30BOro
COCTaBa KPOBM AaXKe N0 CPABHEHUIO C He NONYYaBLUMMU fe-
YeHWe XMBOTHBIMW. YHUTWON cnocobCcTBOBaN M NOSBNEHMIO
B KPOBU OTPABJIEHHBIX JKMBOTHBIX METreMOrnobuHa.

BbiBOAbI

N3yyeHne KMCNOpOAHOMO CTaTyca M KUCNOTHO-OCHOBHO-
IO COCTOSIHUA OTPaBNEHHLIX QOCTEHOM MBOTHbIX MOKa3ano,
YTO Ha 3Tane BbIPaXEHHbIX KIIMHUYECKMUX NPOSBNEHNA OTEKa
nerkux (4epes 3 4 nocne oTpaBfieHUs) B KpoBM 0BOHapymy-
BaNuCb NPU3HAKW [bIXaTeIbHOW HEA0CTaTOMHOCTU U KOM-
MeHCUPOBAHHOIO PecrupaTopHoro auuaosa. JleyeHue otpas-
NEHHbIX JKMBOTHbIX KOMOMHaLMeN npenapaTtoB NPUBOAMIO
K HOPManu3auuu HeKoTopbIX MapamMeTpoB ra3oBoro COCTaBa
KPOBM Ha (hOHE COXPaHSIOLLErocs pecnupaTopHOro aumaosa

W AblXaTeNbHOM HepfocTaTouHOCTH. JleyeHne oTeKa Nerkux
npenapaTtoM CpaBHEHUS YHWUTMONOM He COMpPOBOXAAnochb
HOpManu3auuei U3MeHeHHbIX NPX OTPaBfIeHUM NapaMeTpoB
KpoBH.

AOMO/THUTENNbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHLIA BKMAL
B pa3paboTKy KOHLLENUMM, NPOBEAEHME UCCNEA0BaHNA M MOATOTOBKY
CTaTby, MPOYIN M 0p0bPUIM GUHAMBHYI0 BEPCUIO Nepes NybamKaum-
el. Bknag kaxporo astopa: A.B. 3emnsaHoi, 0.B. TopkyHoBa — Ha-
nucaHue CTaTby, aHanm3 AaHHbIX; M1.A. TopkyHos, 1.1, LLlabaHoB —
pa3paboTKa 0bLLEeM KOHLENLMM CTaTby.

KoHdnmKT uHTepecoB. ABTOpLI AEKIAPUPYIOT OTCYTCTBYE ABHBIX
1 NOTEHLMaNbHbIX KOHGIMKTOB MHTEPECOB, CBSA3aHHbIX C NybnmKa-
LMeN HacTOALLLEN CTaTbW.

McTouHMK rHaHCUpOoBaHMA. ABTOPLI 3aSB/IAOT 00 OTCYTCTBIN
BHELLHEro hMHaHCVMPOBaHKA NPpY NPOBEAEHWM UCCNENOoBaHMS.
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Review Article

Opioid, cannabinoid, cocaine, and methamphetamine
epidemics: History, risk factors associated with them,
and characteristics of drug action

Aleksandr L. Urakov', Petr D. Shabanov?

! Izhevsk State Medical Academy, Izhevsk, Russia;
2 Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

In the last century, mankind has made significant progress in the search and study of new pain-relieving drugs through the
targeted synthesis of chemical analogs of natural opioids, cannabinoids, cocaine, and amphetamines. Experience with the
medical use of new synthetic opioids, cannabinoids, and amphetamines has shown not only their high analgesic efficacy but
also their high danger because of the risks of drug dependence and addiction, which have caused drug epidemics. The paper
described the history of relevant drug epidemics, and the pharmacodynamics and pharmacokinetics of the most dangerous
drugs, as well as the risks associated with drug epidemics, were outlined. Specifically, the risk of drug dependence to opioids,
cannabinoids, amphetamine, and cocaine was not recognized until too late. Therefore, the drug crisis was initially largely
iatrogenic. In recent decades, controls on the prescription of narcotic drugs have tightened; thus, drug addiction as iatrogeny
occurs less frequently. However, criminal elements of society have established clandestine production of drugs and their
realization in the youth and LGBT community disguising as new, fashionable designer drugs and devices for their use. Moreover,
new synthetic drugs differ from natural drugs in their stronger psychostimulant effects, ability to cause addiction after the first
use, and high risk of fatal poisoning. Thus far, no drugs were the treatment of opioid, cannabinoid, amphetamine, and cocaine
abuse. However, the development of specific vaccines for these drugs has begun in recent years. Active immunization of drug
abusers with specially created vaccines is expected to assist doctors in treating drug abusers in the future.

Keywords: cannabis; screw; pervitin; ecstasy; spice; vape; snus; hookahs; electronic cigarettes.
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0630pHas cTaTbs

OnuoupHas, kKaHHabuHouAHasA, KOKauHoBas

U MeTamdeTaMMHOBasA 3NUAEMUN.

UcTopua, dakTopbl pucKa, CBA3aHHbIE C HUMM,
U 0CO6EHHOCTU AEeUCTBMA HAaPKOTUKOB

AJ1. Ypakos', 1.[1. LLlabaHos?

! MixeBCcKan rocyaapcTBeHHas MeIMUMHCKas axkaneMus, Vkesck, Poccus;
2 YIHCTUTYT 3KCepUMeHTanbHOM MeanLHbI, CaHkT-TeTepbypr, Poccus

AHHOTALMA

lMoKkasaHo, YTo B MOCNEAHEe CTONETHE YENOBEYECTBO A0DMNOCH 3HAUYUTENBHBIX YCMEXOB B MOWUCKE M M3YYeHUM HOBbIX DO-
NEYTONSIOLLMX NEKAPCTBEHHbIX CPEACTB NYTEM LiefIeHanpaBieHHOro CUMHTE3a XMMUYECKMX aHanoroB MPUPOAHLIX OMUOMAOB,
KaHHabWHoMAOoB, KoKanHa M aMpeTaMnHoB. OnbiT MEAMLMHCKOTO MPUMEHEHUS! HOBBIX CUHTETUYECKUX OMMOWAOB, KaHHabu-
HOMAOB M aM(eTaMMHOB NOKa3as He TONIbKO MX BLICOKYH GoneyTonatowylo apdeKTUBHOCTL Npu 60NE3HAX, HO W BbICOKYIO
ONacHOCTb B CBSA3U C PUCKaMK Pa3BUTMA JIeKapCTBEHHOM 3aBUCMMOCTU M HAapKOMaHWUW, KOTOpble CTajn MPUYMHON HapKOTH-
YecKux anmuaeMuin. OnucbiBaeTcs UCTOPUS PasBUTUS COOTBETCTBYHLLMX HAPKOTUYECKMX 3MWUAEMMIA, YKa3bIBAKOTCA 0CODEHHO-
CTU hapMaKoaMHaMUKKU M QapPMaKOKMHETUKM Hanbonee onacHbIX HapKOTMKOB, a TAKXKE PUCKM, aCCOLIMMPOBAHHbIE C HAapKo-
TMYECKUMU 3NMUAEMUAMU. B 4acTHOCTM, YKa3bIBAETCA, YTO OMACHOCTb Pa3BUTMA JIEKAPCTBEHHOW 3aBUCUMOCTM K ONMOMAAM,
KaHHabuHomaaM, aMpeTaMuHy M KOKauHy Bbina oueHeHa ¢ 0mo3faHueM. B ¢BA3M ¢ 3TUM MepBOHAYabHO HAPKOTUYECKMIA
KpU31C MMeN BO MHOTOM AITporeHHyto npupoay. OaHaKo B nocniefHne fecAaTUneTUs KOHTPONb 3a Ha3HaYeHWEM HapKOTUYECKUX
NeKapCTBEHHbIX CPEACTB YXKECTOUUNCS, NO3TOMY HapKOMaHWA KaK ATPOreHUst BO3HWUKaeT pexke. Ho KpUMMHaNbHbIE 31eMeHThI
obLLecTBa CMOMM HanaauTb NoANObHOE NPOM3BOACTBO HAPKOTUKOB W Peann3aumio Ux B MOJIOAEKHOMN cpeae U B o0LLecTBe
JITBT nop, BUOOM HOBbIX, MOAHBIX AM3aiHEPCKUX HApKOTUKOB M YCTPOWCTB UX MPUMeHeHUs. MpuyeM, HoBble CUHTETMYECKME
HapKOTMKM OTNIMYAIOTCA OT NPUPOAHBIX HAPKOTUKOB 60Nee CUNbHBIM NCUXOCTUMYNMPYIOLLMM LeNCTBUEM, CMOCOBHOCTLIO BbI3bl-
BaTb HAPKOMaHMIO NOc/e NepPBbIX MPUMEHEHMI U BbICOKOW OMACHOCTLIO OTPaB/EHNN CO CcMepTeNbHbIM ucxoaoM. Coobluaetcs,
YTO He CyLLeCTBYeT 0f0OpEeHHbIX JIEKAPCTB [J1A JIEYeHUs HAPKOMAHOB, 3/10yNoTPeONSIoWMX 0NMonaaMm, KaHHabuHouaamu,
amMdetamnHaMn 1 KokauHoM. OgHaKo B noc/efHWe oAbl HavaTa paspaboTKa creumanbHbIX BaKUMH OT 3TUX HApKOTUKOB.
MpeanonaraeTcs, YTo B OyAyLLEM aKTUBHAs BaKLMHALMA HApKOMaHOB CreLyaibHO CO3[aHHbIMW BaKLUMHaMU NMOMOET Bpa-
YaM B NIeYeHUM HAPKOMaHOB.

KnioueBble cnoBa: KaHHabWC; BUHT; NMepBUTUH; 3KCTa3w; CMaucbl; BEMMbI; CHIOCbI; KaJlbIHb; 3JIEKTPOHHbIE CUrapeThI.
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INTRODUCTION

Throughout history, humans have sought effective pain
relief. The earliest pain medications were derived from
plants such as mandrake, opium poppy, Indian hemp,
and coca. These were prepared domestically and used
alongside alcohol [1-3]. Opium, the dried milky juice of
the soporific poppy plant (Papaver somniferum), has the
longest documented history of use in medical anesthesia.
A Sumerian clay tablet dating back to approximately 2100
BC, the world's oldest document of medical prescriptions,
included the use of opium [3]. However, opium is a
mixture of various chemicals, only some of which have
a pain-relieving effect. For a long time, researchers
have attempted to isolate the main painkilling substance
of opium. In 1805, Friedrich Serturner succeeded in
isolating such a substance — an alkaloid that was named
“morphine” [4]. The name “morphine” was chosen to honor
Morpheus, the Greek god of sleep and dreams, because
of the substance’s ability to induce sleep and cause visual
hallucinations. Despite this, morphine was not widely used
in medicine until 50 years after its discovery, when the
development of the needle and syringe for subcutaneous
injections made it more practical [4, 5]. Soon after, with
the intravenous injections of morphine, its concentration in
the blood quickly increased and exerted a significant effect
on the body. However, simultaneous intravenous injections
of morphine and its analgesic effect demonstrated several
undesirable effects, including addiction and acute poisoning
[6]. In the last century, the use of morphine and morphine-
like substances by many patients led to the development of
the opioid crisis (opioid epidemic) [7].

In the late 1800°, cocaine, an anesthetic, was isolated
from the sap of coca leaves and was initially recognized as
an ideal energy booster. It was even added to tonic drinks.
However, in the early 20" century, the uncontrolled use of
cocaine led to addiction, which caused the cocaine crisis or
“cocaine epidemic”. Under public pressure, The Coca-Cola
Company was forced to remove coca from the formulation
of its popular drink. Even now, cocaine is still perceived as
an extremely dangerous drug.

The medicinal use of cannabis dates back to ancient
China, Egypt, and Greece, before the birth of Christ.
However, it was not until 1964 in Israel that Meshulam and
Gaoni isolated the main psychoactive substance of the plant,
tetrahydrocannabinol (THC) [10]. In recent decades, THC
analogs with more potent hallucinogenic and psychotropic
effects have been synthesized. The rapid adoption of these
newly synthesized cannabinoids resulted in addiction [11],
leading to a widespread epidemic [12].

The first amphetamine epidemic was believed to have
developed in the USA in the 1940° and 1960° because of
inappropriate prescription, which was essentially iatrogenic.
According to reports, the prevalence of drug dependence on
amphetamines has remained at the same level as that in
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1969, which was the peak of the epidemic [13-15]. The use
of stimulants containing amphetamines and prescription
stimulants is increasing in many countries across all age
groups, particularly among adolescents and young adults
[16-18].

HISTORY AND CAUSES
OF THE OPIOID EPIDEMIC

Over the past century, the need for safer alternatives
to the natural opioid morphine has led to the synthesis of
many new morphine-like drugs (opioids or opiates). These
compounds have similar biochemical and pharmacological
effects, including the ability to induce feelings of relaxation,
euphoria, and well-being. The pharmacological effects of
morphine-like substances have found wide application in
nonmedical and recreational purposes [19]. The ability of
opioids to induce euphoria and improve mood has caused
the development of psychiatric dependence.

Since the late 20th century, synthetic opioids have become
increasingly popular as synthetic analogs of morphine
because of their superior analgesic activity and reduced
side effects, including transient hypersalivation, nausea,
vomiting, defecation, and urination. The use of synthetic
opioids in combination with neuroleptics (antipsychotic
drugs) has become more popular in the medical community,
a practice known as “neuroleptanalgesia” [20]. Synthetic
opioids have become increasingly popular among drug
abusers because of their higher efficacy and availability
and their difficulty in detection through conventional testing
technologies compared with classical opioids [21]. Fentanyl
is the most commonly used synthetic opioid because of its
analgesic effect, which is 50 times stronger than that of
morphine. Analogs of fentanyl that exceed its activity and
duration have been synthesized. Carfentanil, a fentanyl
analog is reported to be 10,000 times more effective than
morphine [22].

Since the 1990%, the medical use of synthetic opioids has
expanded. The prescription of opioid analgesics peaked in
2011 [23-35]. However, this led to the diversion of narcotic
drugs from medical facilities, increased trafficking, drug
abuse, and overdose deaths of patients and addicts.
Currently, contemporary Western society is still in the midst
of an opioid crisis (opioid epidemic) [26—30]. Opioid use,
whether for medical or recreational purposes, has become
a public health problem in some countries, including the
USA [30].

The risk of drug overdose has reportedly increased
because of the substitution of fentanyl and other synthetic
opioids into heroin and counterfeit prescription opioid
preparations without the user’s knowledge. This is because
drug traffickers market fentanyl and other new synthetic
opioids as new psychoactive substances with desirable
effects [31-34].
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History and causes of the cannabinoid epidemic

In recent years, the interest in cannabinoids as
hallucinogens within the addiction community has
significantly increased [35]. Historically, these hallucinogens
were primarily derived from marijuana, including cannabis,
Indian cannabis, and wild hemp (Cannabis sativa).
However, the synthetic production of these substances
has become more prevalent [36, 37]. Compared with their
synthetic counterparts, hemp herb and its extracts are
more accessible to addicts because of the widespread
availability of wild-growing hemp [38]. Individuals who
are addicted to smoking mixtures containing parts of
hemp plants, such as marijuana, cannabis, or hashish,
inhale the smoke. Inhalation of smoke from a lit smoking
mixture containing cannabis herb, leaves, stems, and/or
inflorescences can cause symptoms of acute poisoning
in a healthy person without addiction or dependence.
However, an addict may experience drug intoxication. Signs
of poisoning with mood deterioration or narcotic action with
mood improvement typically appear within 15-20 s, reach
a maximum in 10-30 min, and then gradually decrease
over 1-3 h. Cannabinoid poisoning can cause various
symptoms in healthy individuals (not an addict), including
nausea, vomiting, dizziness, confusion, unsteady gait,
weakness, tachycardia, hypertension, dry mouth, mydriasis,
photophobia, seizures, auditory and visual hallucinations,
and mood deterioration with fear and nightmares. When
administered to an addict, cannabinoids can induce narcotic
intoxication. This is characterized by an improved mood,
disappearance of feelings of fatigue and irritability, and
emergence of feelings of joy and cheerfulness. In addition,
auditory and visual hallucinations and inappropriate
behavior may develop.

In recent years, various ready-to-use fumigation mixtures
and incense, often containing synthetic cannabinoids with
intoxicating effects, have become nearly ubiquitous. The most
well-known products are spice, vape, snus, hookahs, and
e-cigarettes [39]. E-cigarettes, or e-hookahs, are long, pen-
like devices for vaping (inhaling vapor) that were introduced
to the US market in 2014 and are highly sought after by
adolescents and young adults [39-41]. The use of cannabinoid
flavor blends is expanding because of a widespread public
perception that e-cigarettes are less harmful to health than
conventional cigarettes.

Concurrently, cannabinoids are widely used because
of their sedative effects, neuroprotective properties, mood
enhancement effects, appetite stimulation effects, antiemetic
properties, analgesic effects, muscle relaxation effects,
immunosuppressive properties, reduction of inflammation
and allergy symptoms, intraocular pressure reduction,
bronchial dilation, and antitumor effects [41-44]. Following
the discovery that tetrahydrocannabinol was the primary
psychoactive substance in cannabis extract, drug traffickers
gained access to information on its chemical structure and
synthesis. Consequently, cannabinoids are now synthesized
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in clandestine laboratories and sold on the illicit drug market
as designer drugs. In the early 2000°, synthetic cannabinoids
became available and popular under brand names such
as Spice and K2. This was partly attributed to their ability
to avoid detection by standard cannabinoid screening
tests [45, 46].

Illicitly produced synthetic cannabinoids, also known
as designer drugs, can be 2-100 times more potent
hallucinogens than THC [44]. Some may also have more
potent analgesic, anticonvulsant, anti-inflammatory, and
anticancer effects [45]. However, synthetic cannabinoids
can cause various medical and psychiatric emergencies
because of their physiological and psychoactive effects,
which are similar to those of THC but more intense. These
emergencies may include acute renal failure, psychosis, and
suicidal ideation [46]. Nausea, vomiting, dyspnea, depressed
respiration, hypertension, tachycardia, chest pain, and muscle
twitching may develop independently [44, 47, 48].

History and causes
of the methamphetamine epidemic

Methamphetamine, also known as amferoxin, gerovit,
sondrex, dezamine, methedrine, and neodrine, and
commonly referred to as “meth”, “ice”, or “crystal glass”, is
a powerful hallucinogenic drug that belongs to the group of
psychostimulants and is chemically related to ephedrine-type
amphetamines. Over the past 50 years, amphetamines have
been classified as illicitly trafficked drugs in many countries,
leading to restricted access [49]. However, pharmacies still
sell drugs such as naftisin, sanorin, galazolin (runny nose
drops), and solutan (bronchospasm remedy), which contain
substances with chemical structure and pharmacological
effects similar to ephedrine. This has led to the production
of a drug with effects similar to those of methamphetamine
in the criminal environment [50]. Methamphetamine is
synthesized clandestinely from ephedrine and its analogs
using reductive reactions. The Birch, Nagai, Leuckart,
and Emde methods are commonly used under unsanitary
conditions with pseudoreactants such as battery acid,
sewage cleaner, potassium permanganate, and antifreeze.
The resulting drug is a crystalline substance that appears as
clear, fairly large crystals or shiny bluish-white stones. The
drug referred to by addicts as “vint” or “npervitin” is not a
pure amphetamine.

The injection of chemically impure methamphetamine is
associated with the development of postinjection necrosis
at the injection site. Methamphetamine users have reported
serious adverse effects and incidents of fires, explosions, and
toxic waste from methamphetamine laboratories that pose a
threat to human welfare [51].

The drug’s most concerning attribute is its potential to
cause addiction after just one use. Therefore, homemade
“pervitin” should not be considered a medical pervitin
analog created using pure methamphetamine. Instead,
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it is more appropriate to refer to homemade pervitin by
its slang name “vint." In recent years, the synthetic drug
3,4-methylenedioxymethamphetamine has been included
in “vint” or used as a substitute. Illicit distribution of drugs
commonly referred to as “ecstasy” or “Molly” (the latter
being slang for “molecular”) frequently occurs in nightclubs
and dance parties, also known as “raves.” These drugs
are also commonly referred to as “club drugs”. Because
of the lack of quality control, users may be unaware
of the exact composition of the substance they have
ingested [50].

The methamphetamine epidemic, which began during
World War Il, was associated with the widespread use of the
medical drug pervitin and was iatrogenic [13-18]. Currently,
the prevalence of methamphetamine addiction continues to
increase annually. The current methamphetamine epidemic
has contributed to more overdose deaths than the opioid
epidemic. In 2021, methamphetamine was ranked among the
top 10 deadliest drugs in the USA [49, 52].

The pharmacodynamics of amphetamines are attributed
to the release of catecholamines into the bloodstream from
the adrenal glands and the stimulation of adrenoreceptors.
Consequently, the pharmacological effects of amphetamines
align with those of adrenaline and noradrenaline.
Amphetamines increase the reactivity of the organism, basic
metabolism, heart rate, and activity of the central nervous
system, respiratory system, and skeletal muscles. They also
decrease the functional activity of the digestive organs. In
addition, amphetamines increase the blood flow to the brain
and heart muscles. They are considered doping because they
enhance the mental and physical performance of athletes,
which may violate sports ethics [51].

The pharmacological effects of therapeutic doses of
amphetamines, when first administered to individuals
not addicted to amphetamines and hallucinogens, are
characterized by mydriasis, photophobia, oral and nasal
dryness, sore throat, bronchial dilation, inability to sit still,
increased mental and physical performance, improved
senses (smell, hearing, and vision), elimination of fatigue
and drowsiness, and suppression of smooth muscles
and gastrointestinal glands [52-54]. Tachycardia and
hypertension may also occur. Toxic doses of amphetamines
can exert various negative effects, including insomnia,
mental and physical hyperactivity, paranoia, hallucinations,
illusions of omnipotence, increased aggression, anxiety,
fear, and violent behavior. In some cases, seizures and
convulsions may occur, which can be fatal. Inadequate
behavior may develop when a person is unable to sit still
and has an irrepressible desire to run away from someone.
This can lead to situations where a person in fear runs for
a long time through a dark forest in an unknown direction,
not feeling tired or pain from the branches and with clothes
torn by the tree branches. Sometimes, such behavior can
result in death because of accidental injury or exhaustion.
This is because a period of excessive excitement is often
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followed by a period of complete weakness and sleep. In
some cases, the patient’s condition may resemble an acute
attack of schizophrenia [50-55].

Amphetamine addiction is characterized by the inability
to function normally without regular and repeated use of
the drug. Addicts often describe their lives as a constant
attempt to escape the fear of death. The drug is typically
injected intravenously, causing immediate excitement and
sometimes aggression toward others. This stage can last
up to 30 min. After the initial stage of narcotic intoxication,
which lasts for 416 h, the user enters a stage of uncontrolled
drug use characterized by a desire to prolong the euphoria.
During this stage, addicts seek to take an additional dose
of the drug. This state can last for 3—15 days. During this
period, the addict experiences an increase in mental,
intellectual, and physical activity. However, a subsequent
phase develops in which additional doses of the drug no
longer produce euphoria or narcotic intoxication. Instead,
the addict’s body craves sleep, leading to insomnia and
potentially resulting in psychosis, hallucinations, irritability,
and aggressiveness. This can make the addict dangerous
to others and may cause injury. As addicts fall asleep, they
remain in deep sleep for 1-3 days. During this period, they
are practically immobile and do not pose a threat to others.
Upon waking up, the person may feel sleep-deprived and
hungry. The addict may experience dehydration, physical,
mental, and emotional exhaustion, and depression. They
may lose the ability to experience pleasure without the drug
and may even have suicidal thoughts. This period typically
lasts between 2 and 14 days, during which the addict’s
primary focus is to take another dose of methamphetamine
(vint) [50-55].

In recent years, a study reported an increase in the
use of combinations of stimulants and opioids among
methamphetamine addicts [56]. Regrettably, this has resulted
in a rise in deaths caused by simultaneous overdoses of
amphetamines and synthetic opioids [57].

The current methamphetamine epidemic has led to an
increased preoccupation with the drug among lesbian, gay,
bisexual, and transgender (LGBT) individuals because of its
ability to enhance sexual feelings. This has resulted in mobile
advertising of the drug through a mobile application used
by members of the LGBT community, which has expanded
the geographic location of drug users [58-61]. In addition,
acquired immunodeficiency syndrome is a risk factor
associated with methamphetamine addiction because people
with human immunodeficiency virus infection try to improve
their mood with such drugs [62, 63].

CONCLUSIONS

Over the past century, significant progress has been
made in the chemical modernization of pain medications
through the synthesis of compounds that are analogs of
natural opioids, cannabinoids, cocaine, and amphetamines.
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Synthetic analogs of these pain medications are highly
useful in medicine but also highly dangerous, increasing
the risk of drug and substance dependence. Assessment
of the risk of developing drug dependence to opioids,
cannabinoids, amphetamine, and cocaine was delayed.
Accordingly, the drug crisis was initially largely iatrogenic.
In recent decades, the prescription of narcotic drugs has
been strictly controlled to reduce the likelihood of medical
professionals and the drugs themselves from causing drug
dependence. However, criminal elements have become
more active during this time, establishing clandestine drug
production and distribution, particularly targeting the youth
and LGBT communities by marketing new and fashionable
drugs and devices. Moreover, synthetic drugs differ from
natural drugs in their stronger psychostimulant effect,
ability to cause addiction after the first use, and high risk
of fatal poisoning.

Currently, no medications have been approved for treating
opioid, cannabinoid, amphetamine, and cocaine abuse.
However, active immunization with specially developed
vaccines may offer hope for combating drug epidemics in the
future [64—67]. The initial results from experimental studies
are promising. Advances in the development of vaccine
conjugates, use of carrier proteins, and optimization of
adjuvants are expected to allow the production of the “right”
drug antibodies in drug abusers. With high levels of high-
quality antibody production, drug vaccines could become
clinical tools for treating substance abuse [68].

REFERENCES

1. Hamilton GR, Baskett TF. In the arms of Morpheus the
development of morphine for postoperative pain relief. Can
J Anaesth. 2000;47(4):367-374. DOI: 10.1007/BF03020955

2. Reisner L. Biologic poisons for pain. Curr Pain Headache Rep.
2004;8(6):427-434. DOI: 10.1007/511916-004-0063-3

3. Norn'S, Kruse PR, Kruse E. History of opium poppy and morphine.
Dan Medicinhist Arbog. 2005;33:171-184. (In Danish)

4. Klockgether-Radke AP. F.W. Sertiirmer and the discovery of
morphine. 200 years of pain therapy with opioids. Anasthesiol
Intensivmed  Notfallmed Schmerzther. 2002;37(5):244—249.
(In German). DOI: 10.1055/S-2002-30132

5. Brook K, Bennett J, Desai SP. The chemical history of morphine:
An 8000-year journey, from resin to de-novo synthesis. J Anesth Hist.
2017;3(2):50-55. DOI: 10.1016/}.janh.2017.02.001

6. Listos J, kupina M, Talarek S, et al. The mechanisms involved
in morphine addiction: An overview. Int J Mol Sci. 2019;20(17):4302.
DOI: 10.3390/ijms20174302

7. Robert M, Jouanjus E, Khouri C, et al. The opioid epidemic:
A worldwide exploratory study using the WHO pharmacovigilance
database. Addiction. 2023;118(4):771-775. DOI: 10.1111/add.16081

Tom 14, Ne 4, 2073

[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

ADDITIONAL INFORMATION

Authors contribution. Thereby, all authors made a substantial
contribution to the conception of the study, acquisition, analysis, in-
terpretation of data for the work, drafting and revising the article, final
approval of the version to be published and agree to be accountable
for all aspects of the study. The contribution of each author: A.L. Ura-
kov, P.D. Shabanov — manuscript drafting, writing and pilot data
analyses, general concept discussion.

Competing interests. The authors declare that they have no
competing interests.

Funding source. This study was not supported by any external
sources of funding.

A0NOJIHATENIbHAS UHOOPMALIUA

Bknap aBTtopoB. Bce aBTOpbl BHECAM CYLLECTBEHHBIA BKMaL,
B pa3paboTKy KOHLenuuu, NpoBefeHne MUCCef0BaHWs W Moaro-
TOBKY CTaTbi, NPOYM v ofobpuny hrHanbHy Bepcuio nepes ny-
bnvkaumen. Brnan kaxporo astopa: AJ1. Ypakos, M.1. Laba-
HOB — HamnucaHue CTaTbW, aHanM3 faHHbIX, pa3paboTka 0bLLen
KOHLLenumu.

KoHdnukT uHTepecos. ABTOpbI EKAPVPYIOT OTCYTCTBME SIBHBIX
W MOTEHLMANbHBIX KOHDIMKTOB MHTEPECOB, CBA3aAHHLIX C Myb/MKa-
LiMer HacToALLEN CTaTby.

UcTouHmnk dmHaHcUpoBaHms. ABTOpbI 3asBAIOT 00 OTCYTCTBUM
BHELLIHEro hMHaHCMPOBaHWA NpW NPOBEAEHUN UCCNeL0BaHMS.

8. Musto DF. Cocaine’s history, especially the American experience.
Ciba Found Symp 166: Cocaine: Scientific and Social Dimensions.
1992. P. 7-19. DOI: 10.1002/9780470514245.ch2

9. Musto DF. Opium, cocaine and marijuana in
American history. Sci Am. 1991:265(1):40-47.
DOI: 10.1038/scientificamerican0791-40

10. Crocq M-A. History of cannabis and the endocannabinoid
system. Dialogues Clin  Neurosci. 2020;22(3):223-228.
DOI: 10.31887/DCNS.2020.22.3/mcrocq

11. Charitos IA, Gagliano-Candela R, Santacroce L, Bottalico L. The
cannabis spread throughout the continents and its therapeutic use in
history. Endocr Metab Immune Disord Drug Targets. 2021;21(3):407-
417.D0I: 10.2174/1871530320666200520095900

12. Phillips J, Lim F, Hsu R. The emerging threat of
synthetic cannabinoids. Nurs Manage. 2017;48(3):22-30.
DOI: 10.1097/01.NUMA.0000512504.16830.b6

13. Rasmussen N. America’s first amphetamine epidemic 1929-
1971: a quantitative and qualitative retrospective with implications
for the present. Am J Public Health. 2008;98(6):974-985.
DOI: 10.2105/AJPH.2007.110593

DOI- https://doiorg/ 10.17816/phbn568586


https://doi.org/10.1007/BF03020955
https://doi.org/10.1007/s11916-004-0063-3
https://doi.org/10.1055/S-2002-30132
https://doi.org/10.1016/j.janh.2017.02.001
https://doi.org/10.3390/ijms20174302
https://doi.org/10.1111/add.16081
https://doi.org/10.1002/9780470514245.ch2
https://doi.org/10.1038/scientificamerican0791-40
https://doi.org/10.31887/DCNS.2020.22.3/mcrocq
https://doi.org/10.2174/1871530320666200520095900
https://doi.org/10.1097/01.NUMA.0000512504.16830.b6
https://doi.org/10.2105/AJPH.2007.110593

REVIEW

14. Moore TJ, Wirtz PW, Curran JN, Alexander GC. Medical use
and combination drug therapy among US adult users of central
nervous system stimulants: a cross-sectional analysis. BMJ Qpen.
2023;13(4):2069668. DOI: 10.1136/bmjopen-2022-069668

15. Maxwell JC, Brecht M-L. Methamphetamine: here
we go again? Addict Behav. 2011;36(12):1168-1173.
DOI: 10.1016/j.addbeh.2011.07.017

16. LaBossier NJ, Hadland SE. Stimulant misuse among youth.
Curr Probl Pediatr Adolesc Health Care. 2022;52(9):101265.
DOI: 10.1016/j.cppeds.2022.101265

17. Romanelli F, Smith KM. Clinical effects and management of
methamphetamine abuse. Pharmacotherapy. 2006;26(8):1148—1156.
DOI: 10.1592/phco.26.8.1148

18. Westover AN, Nakonezny PA, Halm EA, Adinoff B. Risk of
amphetamine use disorder and mortality among incident users of
prescribed stimulant medications in the Veterans Administration.
Addiction. 2018;113(5):857-867. DOI: 10.1111/add.14122

19. Shafi A, Berry AJ, Sumnall H, et al. Synthetic opioids:
a review and clinical update. Ther Adv Psychopharmacol.
2022;12:20451253221139616. DOI: 10.1177/20451253221139616
20. Raheemullah A, Andruska N. Fentanyl analogue overdose: Key
lessons in management in the synthetic opioid age. J Opioid Manag.
2019;15(5):428-432. DOI: 10.5055/jom.2019.0531

21. Cibulsky SM, Wille T, Funk R, et al. Public health and medical
preparedness for mass casualties from the deliberate release
of synthetic opioids. Front Public Health. 2023;11:1158479.
DOI: 10.3389/fpubh.2023.1158479

22. Zawilska JB. Anexpanding world of novel psychoactive substances:
Opioids. Front Psychiatry. 2017;8:110. DOI: 10.3389/fpsyt.2017.00110
23. Preuss CV, Kalava A, King KC. Prescription of controlled
substances: Benefits and risks. StatPearls. Treasure Island (FL):
StatPearls Publishing, 2023.

24, Horn DB, Vu L, Porter BR, Sarantopoulos K. Responsible
controlled substance and opioid prescribing. StatPearls. Treasure
Island (FL): StatPearls Publishing, 2023.

25. Dydyk AM, Sizemare DC, Fariba KA, et al. Florida controlled
substance prescribing. StatPearls. Treasure Island (FL): StatPearls
Publishing, 2022.

26. Upp LA, Waljee JF. The opioid epidemic. Clin Plast Surg.
2020;47(2):181-190. DOI: 10.1016/j.cps.2019.12.005

27. Harbaugh CM, Gadepalli SK. Pediatric postoperative opioid
prescribing and the opioid crisis. Curr Opin Pediatr. 2019;31(3):378-
385. DOI: 10.1097/MOP.0000000000000768

28. Goldberg RF. The opioid crisis: The surgeon’s role. Adv Surg.
2019;53:305-325. DOI: 10.1016/j.yasu.2019.04.015

29. Chisholm-Burns MA, Spivey CA, Sherwin E, et al. The opioid
crisis: Origins, trends, policies, and the roles of pharmacists. Am
J Health Syst Pharm. 2019;76(7):424—435. DOI: 10.1093/ajhp/zxy089
30. Bowlby MA, Crawford ME. Opioid crisis and acute pain
management after foot and ankle surgery. Clin Podiatr Med Surg.
2019;36(4):695-705. DOI: 10.1016/j.cpm.2019.06.009

31. Pérez-Mana C, Papaseit E, Fonseca F, et al. Drug interactions
with new synthetic opioids. Front Pharmacol. 2018;9:1145.
DOI: 10.3389/fphar.2018.01145

32. Baumann MH, Majumdar S, Le Rouzic V, et al. Pharmacological
characterization of novel synthetic opioids (NSO) found in the recreational
drug marketplace. Neuropharmacology. 2018;134(Pt. A):101-107.
DOI: 10.1016/.neuropharm.2017.08.016

Vol 14 (4) 2023

Psychopharmacology and biological narcology

33. Vandeputte MM, Tsai MM, Chen L, et al. Comparative
neuropharmacology of structurally distinct non-fentanyl
opioids that are appearing on recreational drug markets
worldwide.  Drug  Alcohol Depend.  2023;249:109939.
DOI: 10.1016/j.drugalcdep.2023.109939

34. Rojek S, Poljanska E, Chaim W, et al. Metabolic evaluation of
synthetic opioids on the example of U-47700 with the use of in
vitro and in vivo methods for forensic toxicology application. Toxics.
2023;11(3):220. DOI: 10.3390/toxics 11030220

35. Grotenhermen F. Pharmacology of cannabinoids. Neuro
Endocrinol Lett. 2004;25(1-2):14-23.

36. Schlienz NJ, Lee DC. Co-use of cannabis, tobacco, and alcohol
during adolescence: policy and regulatory implications. Int Rev
Psychiatry. 2018;30(3):226—237. DOI: 10.1080/09540261.2018.1465399
37. Padon AA, Young-Wolff KC, Avalos LA, Silver LD. Local laws
regulating cannabis in California two years post legalization:
Assessing incorporation of lessons from tobacco control. Cannabis.
2022;5(3):47-60. DOI: 10.26828/cannabis/2022.03.005

38. Urakov AL. Synthetic and natural cannabinoids, grass wild
hemp (marijuana, cannabis), hashish, spice, «aroma mix», managa:
pharmacological effects of smoking and ingestion. Advances in
current natural sciences. 2014:(2):21-26. (In Russ.)

39. Dube SR, Pathak S, Nyman AL, Eriksen MP. Electronic cigarette
and electronic hookah: A pilot study comparing two vaping products.
Prev Med Rep. 2015;2:953-958. DOI: 10.1016/j.pmedr.2015.10.012
40. Wagoner KG, Cornacchione J, Wiseman KD, et al. E-cigarettes,
hookah pens and vapes: Adolescent and young adult perceptions
of electronic nicotine delivery systems. Nicotine Tob Res.
2016;18(10):2006-2012. DOI: 10.1093/ntr/ntw095

41. Rezk-Hanna M, Gupta R, Nettle CO, et al. Differential effects
of electronic hookah vaping and traditional combustible hookah
smoking on oxidation, inflammation, and arterial stiffness. Chest.
2022;161(1):208-218. DOI: 10.1016/j.chest.2021.07.027

42, Rodriguez-Almaraz JE, Butowski N. Therapeutic and
supportive effects of cannabinoids in patients with brain tumors
(CBD oil and cannabis). Curr Treat Options Oncol. 2023;24:30—44.
DOI: 10.1007/s11864-022-01047-y

43. Stampanoni Bassi M, Gilio L, Maffei P, et al. Exploiting the
multifaceted effects of cannabinoids on mood to boost their
therapeutic use against anxiety and depression. Front Mol Neurosci.
2018;11:424. DOI: 10.3389/fnmol.2018.00424

4k, Castaneto MS, Gorelick DA, Desrosiers NA, et al. Synthetic
cannabinoids:  epidemiology, pharmacodynamics, and
clinical implications. Drug Alcohol Depend. 2014;144:12-41.
DOI: 10.1016/j.drugalcdep.2014.08.005

45. Henshaw FR, Dewsbury LS, Lim CK, Steiner GZ. The effects of
cannabinoids on pro- and anti-inflammatory cytokines: A systematic
review of in vivo studies. Cannabis Cannabinoid Res. 2021;6(3):177—
195. DOI: 10.1089/can.2020.0105

46. Gudsoorkar VS, Perez JA Jr. A new differential diagnosis: Synthetic
cannabinoids-associated acute renal failure. Methodist Debakey
Cardiovasc J. 2015;11(3):189-191. DOI: 10.14797/mdcj-11-3-189
47. de Oliveira MC, Vides MC, Lassi DLS, et al. Toxicity of synthetic
cannabinoids in K2/Spice: A systematic review. Brain Sci.
2023;13(7):990. DOI: 10.3390/brainsci13070990

48. 1zquierdo-Luengo C, Ten-Blanco M, Ponce-Renilla M, et al.
Adolescent exposure to the Spice/K2 cannabinoid JWH-018
impairs sensorimotor gating and alters cortical perineuronal nets

DOl https://doiorg/ 10.17816/phbn568586

257


https://doi.org/10.1136/bmjopen-2022-069668
https://doi.org/10.1016/j.addbeh.2011.07.017
https://doi.org/10.1016/j.cppeds.2022.101265
https://doi.org/10.1592/phco.26.8.1148
https://doi.org/10.1111/add.14122
https://doi.org/10.1177/20451253221139616
https://doi.org/10.5055/jom.2019.0531
https://doi.org/10.3389/fpubh.2023.1158479
https://doi.org/10.3389/fpsyt.2017.00110
https://doi.org/10.1016/j.cps.2019.12.005
https://doi.org/10.1097/MOP.0000000000000768
https://doi.org/10.1016/j.yasu.2019.04.015
https://doi.org/10.1093/ajhp/zxy089
https://doi.org/10.1016/j.cpm.2019.06.009
https://doi.org/10.3389/fphar.2018.01145
https://doi.org/10.1016/j.neuropharm.2017.08.016
https://doi.org/10.1016/j.drugalcdep.2023.109939
https://doi.org/10.3390/toxics11030220
https://doi.org/10.1080/09540261.2018.1465399
https://doi.org/10.26828/cannabis/2022.03.005
https://doi.org/10.1016/j.pmedr.2015.10.012
https://doi.org/10.1093/ntr/ntw095
https://doi.org/10.1016/j.chest.2021.07.027
https://doi.org/10.1007/s11864-022-01047-y
https://doi.org/10.3389/fnmol.2018.00424
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1089/can.2020.0105
https://doi.org/10.14797/mdcj-11-3-189
https://doi.org/10.3390/brainsci13070990

258

HAYYHBIE 0B30PHI

in a sex-dependent manner. Transl Psychiatry. 2023;13(1):176.
DOI: 10.1038/s41398-023-02469-4

49. Vosburg SK, Rabhins RS, Antshel KM, et al. Characterizing
prescription stimulant nonmedical use (NMU) among adults
recruited from Reddit. Addict Behav Rep. 2021;14:100376.
DOI: 10.1016/j.abrep.2021.100376

50. Urakov AL. Amphetamines: quality, methods of production,
composition, pharmacological effects. Problemy ehkspertizy
v meditsine. 2014;(1):50-52. (In Russ.)

51. Shabanov PD. Narkologiya. Prakticheskoe rukovodstvo dlya
vrachei. Moscow: GEOTAR-MED, 2003. 660 p. (In Russ.)

52. Weisheit R, White WL. Methamphetamine: Its history,
pharmacology and treatment. Hazelden, 2009. 296 p.

53. Shabanov PD, Shtakel'berg OYu. Narkomanii: Patopsikhologiya,
klinika, reabilitatsiya. Seriya: Mir meditsiny. Saint Petersburg: Lan’,
2000. 367 p. (In Russ.)

54. McKetin R, McLaren J, Lubman DI, Hides L. The prevalence of
psychatic symptoms among methamphetamine users. Addiction.
2006;101(10):1473-1478. DOI: 10.1111/j.1360-0443.2006.01496.x
55. Shabanov PD. Osnovy narkologii. Saint Petersburg: Lan’, 2002.
560 p. (In Russ.)

56. Zhan S, Ye H, Li N, et al. Comparative efficacy and safety of
multiple wake-promoting agents for the treatment of excessive
daytime sleepiness in narcolepsy: A network meta-analysis. Nat Sci
Sleep. 2023;15:217-230. DOI: 10.2147/NSS.S404113

57. Sarker A, Al-Garadi MA, Ge Y, et al. Signals of increasing co-use
of stimulants and opioids from online drug forum data. Harm Reduct
J.2022;19(1):51. DOI: 10.1186/512954-022-00628-2

58. Reback CJ, Fletcher JB, Mata RP. A theory-based mHealth
intervention (Getting Off) for methamphetamine-using men who have
sex with men: Protocol for a randomized controlled trial. JMIR Res
Protoc. 2021;10(2):622572. DOI: 10.2196/22572

59. Cheng B, Sang JM, Cui Z, et al. Factors associated with
cessation or reduction of methamphetamine use among gay,
bisexual, and other men who have sex with men (gbMSM) in
vancouver Canada. Subst Use Misuse. 2020;55(10):1692-1701.
DOI: 10.1080/10826084.2020.1756854

60. Khan SI, Khan MNM, Irfan SD, et al. The effects of
methamphetamine use on the sexual lives of gender and sexually

CMUCOK JIUTEPATYPbI

1. Hamilton G.R, Baskett TF. In the arms of Morpheus
the development of morphine for postoperative pain
relief // Can J Anaesth. 2000. Vol. 47, No. 4. P. 367-374.
DOI: 10.1007/BF03020955

2. Reisner L. Biologic poisons for pain // Curr Pain Headache Rep.
2004. Vol. 8, No. 6. P. 427-434. DOI: 10.1007/511916-004-0063-3

3. NornS, Kruse P.R,, Kruse E. Opiumsvalmuen og morfin gennem
tiderne // Dan Medicinhist Arbog. 2005. Vol. 33. P. 171-184.

4. Klockgether-Radke A.P. F.W. Sertiirner und die entdeckung des
morphins — 200 jahre schmerztherapie mit opioiden // Anasthesiol
Intensivmed Notfallmed Schmerzther. 2002. Vol. 37, No. 5.
P. 244-249. DOI: 10.1055/S-2002-30132

5. Brook K., Bennett J., Desai S.P. The chemical history of morphine:
An 8000-year journey, from resin to de-novo synthesis // J Anesth
Hist. 2017. Vol. 3, No. 2. P. 50-55. DOI: 10.1016/j.janh.2017.02.001

Tom 14, Ne 4, 2073

[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

diverse people in Dhaka, Bangladesh: A qualitative study. Arch Sex
Behav. 2021;50(2):479-493. DOI: 10.1007/s10508-020-01674-2

61. Card K, McGuire M, Bond-Gorr J, et al. Perceived difficulty of
getting help to reduce or abstain from substances among sexual
and gender minority men who have sex with men (SGMSM)
and use methamphetamine during the early period of the
COVID-19 pandemic. Subst Abuse Treat Prev Policy. 2021;16(1):88.
DOI: 10.1186/513011-021-00425-3

62. Colyer SP, Moore DM, Cui Z, et al. Crystal methamphetamine
use and initiation among gay, bisexual, and other men who
have sex with men living with HIV in a treatment as prevention
environment. Subst Use Misuse. 2020;55(14):2428-2437.
DOI: 10.1080/10826084.2020.1833925

63. Colyer SP, Lachowsky NJ, Cui Z, et al. HIV treatment optimism
and crystal methamphetamine use and initiation among HIV-
negative men who have sex with men in Vancouver, Canada:
A longitudinal analysis. Drug Alcohol Depend. 2018;185:67-74.
DOI: 10.1016/j.drugalcdep.2017.12.004

64. Prasad S, Mathew PS, Piper BJ, et al. The neurobiology of
methamphetamine addiction and the potential to reduce misuse
through conjugate vaccines targeting toll-like receptor 4. Cureus.
2023;15(6):e40259. DOI: 10.7759/cureus.40259

65. Kosten T, Domingo C, Orson F, Kinsey B. Vaccines against
stimulants: cocaine and MA. Br J Clin Pharmacol. 2014;77(2):368—
374.D0I: 10.1111/bcp.12115

66. Lee JC, Eubanks LM, Zhou B, Janda KD. Development of an
effective monoclonal antibody against heroin and its metabolites
reveals therapies have mistargeted 6-monoacetylmorphine and
morphine over heroin. ACS Cent Sci. 2022;8(10):1464—-1470.
DOI: 10.1021/acscentsci.2c00977

67. Eubanks LM, Pholcharee T, Oyen D, et al. An engineered
human-antibody fragment with fentanyl pan-specificity that
reverses carfentanil-induced respiratory depression. bioRxiv.
2023;2023:547721. DOI: 10.1101/2023.07.04.547721

68. Orson FM, Kinsey BM, Singh RA, et al. The future of vaccines
in the management of addictive disorders. Curr Psychiatry Rep.
2007;9(5):381-387. DOI: 10.1007/s11920-007-0049-2

6. Listos J., kupina M, Talarek S., et al. The mechanisms involved
in morphine addiction: An overview // Int J Mol Sci. 2019. Vol. 20,
No. 17. ID 4302. DOI: 10.3390/ijms20174302

7. Robert M., Jouanjus E., Khouri C., et al. The opioid epidemic:
Aworldwide exploratory study using the WHO pharmacavigilance database
// Addiction. 2023. Vol. 118, No. 4. P. 771-775. DOI: 10.1111/add.16081

8. Musto D.F. Cocaine’s history, especially the American
experience // Ciba Found Symp 166: Cocaine: Scientific and Social
Dimensions. 1992. P. 7-19. DOI: 10.1002/9780470514245.ch2

9. Musto D.F. Opium, cocaine and marijuana in American
history // Sci Am. 1991. Vol. 265, No. 1. P. 40-47.
DOI: 10.1038/scientificamerican0791-40

10. Crocq M.-A. History of cannabis and the endocannabinoid
system // Dialogues Clin Neurosci. 2020. Vol. 22, No. 3. P. 223-228.
DOI: 10.31887/DCNS.2020.22.3/mcrocq

DOI- https://doiorg/ 10.17816/phbn568586


https://doi.org/10.1038/s41398-023-02469-4
https://doi.org/10.1016/j.abrep.2021.100376
https://doi.org/10.1111/j.1360-0443.2006.01496.x
https://doi.org/10.2147/NSS.S404113
https://doi.org/10.1186/s12954-022-00628-2
https://doi.org/10.2196/22572
https://doi.org/10.1080/10826084.2020.1756854
https://doi.org/10.1007/s10508-020-01674-2
https://doi.org/10.1186/s13011-021-00425-3
https://doi.org/10.1080/10826084.2020.1833925
https://doi.org/10.1016/j.drugalcdep.2017.12.004
https://doi.org/10.7759/cureus.40259
https://doi.org/10.1111/bcp.12115
https://doi.org/10.1021/acscentsci.2c00977
https://doi.org/10.1101/2023.07.04.547721
https://doi.org/10.1007/s11920-007-0049-z
https://doi.org/10.1007/BF03020955
https://doi.org/10.1007/s11916-004-0063-3
https://doi.org/10.1055/S-2002-30132
https://doi.org/10.1016/j.janh.2017.02.001
https://doi.org/10.3390/ijms20174302
https://doi.org/10.1111/add.16081
https://doi.org/10.1002/9780470514245.ch2
https://doi.org/10.1038/scientificamerican0791-40
https://doi.org/10.31887/DCNS.2020.22.3/mcrocq

REVIEW

11. Charitos |.A., Gagliano-Candela R., Santacroce L., Bottalico L. The
cannabis spread throughout the continents and its therapeutic use in
history // Endocr Metab Immune Disord Drug Targets. 2021. Vol. 21,
No. 3. P. 407-417. DOI: 10.2174/1871530320666200520095900

12. Phillips J., Lim F., Hsu R. The emerging threat of synthetic
cannabinoids // Nurs Manage. 2017. Vol. 48, No. 3. P. 22-30.
DOI: 10.1097/01.NUMA.0000512504.16830.b6

13. Rasmussen N. America's first amphetamine epidemic 1929-
1971: a quantitative and qualitative retrospective with implications for
the present // Am J Public Health. 2008. Vol. 98, No. 6. P. 974-985.
DOI: 10.2105/AJPH.2007.110593

14. Moore T.J., Wirtz PW., Curran J.N., Alexander G.C. Medical
use and combination drug therapy among US adult users
of central nervous system stimulants: a cross-sectional
analysis // BMJ Open. 2023. Vol. 13, No. 4. ID e069668.
DOI: 10.1136/bmjopen-2022-069668

15. Maxwell J.C., Brecht M.-L. Methamphetamine: here we go
again? // Addict Behav. 2011. Vol. 36, No. 12. P. 1168-1173.
DOI: 10.1016/j.addbeh.2011.07.017

16. LaBossier N.J,, Hadland S.E. Stimulant misuse among youth //
Curr Probl Pediatr Adolesc Health Care. 2022. Vol. 52, No. 9.
ID 101265. DOI: 10.1016/}.cppeds.2022.101265

17. Romanelli F., Smith KM. Clinical effects and management of
methamphetamine abuse // Pharmacotherapy. 2006. Vol. 26, No. 8.
P. 1148-1156. DOI: 10.1592/phco.26.8.1148

18. Westover ANN., Nakonezny P.A., Halm EA., Adinoff B. Risk
of amphetamine use disorder and mortality among incident
users of prescribed stimulant medications in the Veterans
Administration // Addiction. 2018. Vol. 113, No. 5. P. 857-867.
DOI: 10.1111/add.14122

19. Shafi A, Berry A.J., Sumnall H., et al. Synthetic opioids: a review
and clinical update // Ther Adv Psychopharmacol. 2022. Vol. 12.
ID 20451253221139616. DOI: 10.1177/20451253221139616

20. Raheemullah A, Andruska N. Fentanyl analogue
overdose: Key lessons in management in the synthetic opioid
age // J Opioid Manag. 2019. Vol. 15, No. 5. P. 428-432.
DOI: 10.5055/jom.2019.0531

21. Cibulsky S.M., Wille T., Funk R,, et al. Public health and medical
preparedness for mass casualties from the deliberate release of
synthetic opioids // Front Public Health. 2023. Vol. 11. ID 1158479.
DOI: 10.3389/fpubh.2023.1158479

22. Zawilska J.B. An expanding world of novel psychoactive
substances: Opioids // Front Psychiatry. 2017. Vol. 8. ID 110.
DOI: 10.3389/fpsyt.2017.00110

23. Preuss C.V., Kalava A., King K.C. Prescription of controlled sub-
stances: Benefits and risks. In: StatPearls. Treasure Island (FL): Stat-
Pearls Publishing, 2023.

24. Horn D.B., Vu L., Porter B.R., Sarantopoulos K. Responsible con-
trolled substance and opioid prescribing. In: StatPearls. Treasure
Island (FL): StatPearls Publishing, 2023.

25. Dydyk A M., Sizemore D.C., Fariba KA., et al. Florida controlled
substance prescribing. In: StatPearls. Treasure Island (FL): StatPearls
Publishing, 2022.

26. Upp LA, Waljee J.F. The opioid epidemic // Clin Plast Surg. 2020.
Vol. 47, No. 2. P. 181-190. DOI: 10.1016/j.cps.2019.12.005

Vol 14 (4) 2023

Psychopharmacology and biological narcology

27. Harbaugh CM., Gadepalli S.K. Pediatric postoperative opioid
prescribing and the opioid crisis // Curr Opin Pediatr. 2019. Vol. 31,
No. 3. P. 378-385. DOI: 10.1097/MOP.0000000000000768

28. Goldberg R.F. The opioid crisis: The surgeon’s role // Adv Surg.
2019. Vol. 53. P. 305-325. DOI: 10.1016/.yasu.2019.04.015

29. Chisholm-Burns M.A,, Spivey CAA., Sherwin E., et al. The opi-
oid crisis: Origins, trends, policies, and the roles of pharma-
cists // Am J Health Syst Pharm. 2019. Vol. 76, No. 7. P. 424-435.
DOI: 10.1093/ajhp/zxy089

30. Bowlby M.A., Crawford M.E. Opioid crisis and acute pain manage-
ment after foot and ankle surgery // Clin Podiatr Med Surg. 2019. Vol.
36, No. 4. P. 695-705. DOI: 10.1016/j.cpm.2019.06.009

31. Pérez-Mana C., Papaseit E., Fonseca F., et al. Drug interactions
with new synthetic opioids // Front Pharmacol. 2018. Vol. 9. ID 1145.
DOI: 10.3389/fphar.2018.01145

32. Baumann M.H., Majumdar S., Le Rouzic V., et al. Pharmacologi-
cal characterization of novel synthetic opioids (NSO) found in the rec-
reational drug marketplace // Neuropharmacology. 2018. Vol. 134,
Pt. A. P. 101-107. DOI: 10.1016/j.neuropharm.2017.08.016

33. Vandeputte M.M., Tsai MM., Chen L., et al. Comparative
neuropharmacology of structurally distinct non-fentanyl opi-
oids that are appearing on recreational drug markets world-
wide // Drug Alcohol Depend. 2023. Vol. 249. ID 109939.
DOI: 10.1016/j.drugalcdep.2023.109939

34. Rojek S., Poljanska E., Chaim W., et al. Metabolic evaluation of
synthetic opioids on the example of U-47700 with the use of in vitro
and in vivo methods for forensic toxicology application // Toxics.
2023. Vol. 11, No. 3. ID 220. DOI: 10.3390/toxics11030220

35. Grotenhermen F. Pharmacology of cannabinoids // Neuro Endo-
crinol Lett. 2004. Vol. 25, No. 1-2. P. 14-23.

36. Schlienz N.J., Lee D.C. Co-use of cannabis, tobacco, and
alcohol during adolescence: policy and regulatory implica-
tions // Int Rev Psychiatry. 2018. Vol. 30, No. 3. P. 226-237.
DOI: 10.1080/09540261.2018.1465399

37. Padon A.A., Young-Wolff K.C., Avalos L.A., Silver L.D. Local laws
regulating cannabis in California two years post legalization: Assess-
ing incorporation of lessons from tobacco control // Cannabis. 2022.
Vol. 5, No. 3. P. 47-60. DOI: 10.26828/cannabis/2022.03.005

38. Ypakos AJ1. CuHTETMYECKME 1 eCTECTBEHHbIE KaHHabUHOMIMI,
TpaBa AMKOPACTYLLEN KOHOMIM (MapuxyaHa, KaHHabuc), ramu,
CnaMnc, «apoMa MUKC», MaHara: apmaKonormyeckme addeKTsl npu
KYPEHWUW W NpUeMe BHYTPb // Ycnexu coBpeMEHHOro ecTecTBO3Ha-
Hms. 2014, Ne 2. C. 21-26.

39. Dube SR, Pathak S., Nyman AL, Eriksen M.P. Electronic
cigarette and electronic hookah: A pilot study comparing two
vaping products // Prev Med Rep. 2015. Vol. 2. P. 953-958.
DOI: 10.1016/j.pmedr.2015.10.012

40. Wagoner K.G., Cornacchione J., Wiseman KD, et al
E-cigarettes, hookah pens and vapes: Adolescent and
young adult perceptions of electronic nicotine delivery sys-
tems // Nicotine Tob Res. 2016. Vol. 18, No. 10. P. 2006-2012.
DOI: 10.1093/ntr/ntw095

41. Rezk-Hanna M., Gupta R, Nettle C.0., et al. Differential ef-
fects of electronic hookah vaping and traditional combus-
tible hookah smoking on oxidation, inflammation, and ar-

DOl https://doiorg/ 10.17816/phbn568586

259


https://doi.org/10.2174/1871530320666200520095900
https://doi.org/10.1097/01.NUMA.0000512504.16830.b6
https://doi.org/10.2105/AJPH.2007.110593
https://doi.org/10.1136/bmjopen-2022-069668
https://doi.org/10.1016/j.addbeh.2011.07.017
https://doi.org/10.1016/j.cppeds.2022.101265
https://doi.org/10.1592/phco.26.8.1148
https://doi.org/10.1111/add.14122
https://doi.org/10.1177/20451253221139616
https://doi.org/10.5055/jom.2019.0531
https://doi.org/10.3389/fpubh.2023.1158479
https://doi.org/10.3389/fpsyt.2017.00110
https://doi.org/10.1016/j.cps.2019.12.005
https://doi.org/10.1097/MOP.0000000000000768
https://doi.org/10.1016/j.yasu.2019.04.015
https://doi.org/10.1093/ajhp/zxy089
https://doi.org/10.1016/j.cpm.2019.06.009
https://doi.org/10.3389/fphar.2018.01145
https://doi.org/10.1016/j.neuropharm.2017.08.016
https://doi.org/10.1016/j.drugalcdep.2023.109939
https://doi.org/10.3390/toxics11030220
https://doi.org/10.1080/09540261.2018.1465399
https://doi.org/10.26828/cannabis/2022.03.005
https://doi.org/10.1016/j.pmedr.2015.10.012
https://doi.org/10.1093/ntr/ntw095

260

HAYYHBIE 0B30PHI

terial stiffness // Chest. 2022. Vol. 161, No. 1. P. 208-218.
DOI: 10.1016/j.chest.2021.07.027

42. Rodriguez-Almaraz J.E., Butowski N. Therapeutic and support-
ive effects of cannabinoids in patients with brain tumors (CBD oil
and cannabis) // Curr Treat Options Oncol. 2023. Vol. 24. P. 30-44.
DOI: 10.1007/511864-022-01047-y

43. Stampanoni Bassi M., Gilio L., Maffei P., et al. Exploiting the mul-
tifaceted effects of cannabinoids on mood to boost their therapeutic
use against anxiety and depression // Front Mol Neurosci. 2018.
Vol. 11.ID 424. DOI: 10.3389/fnmol.2018.00424

4k, Castaneto M.S., Gorelick D.A., Desrosiers N.A, et al. Syn-
thetic cannabinoids: epidemiology, pharmacodynamics, and clini-
cal implications // Drug Alcohol Depend. 2014. Vol. 144. P. 12-41.
DOI: 10.1016/j.drugalcdep.2014.08.005

45. Henshaw F.R., Dewsbury LS., Lim CK., Steiner G.Z. The effects
of cannabinoids on pro- and anti-inflammatory cytokines: A system-
atic review of in vivo studies // Cannabis Cannabinoid Res. 2021.
Vol. 6, No. 3. P. 177-195. DOI: 10.1089/can.2020.0105

46. Gudsoorkar V.S., Perez JA. Jr. A new differential diagnosis:
Synthetic cannabinoids-associated acute renal failure // Meth-
odist Debakey Cardiovasc J. 2015. Vol. 11, No. 3. P. 189-191.
DOI: 10.14797/mdcj-11-3-189

47. de Oliveira M.C,, Vides M.C,, Lassi D.L.S., et al. Toxicity of syn-
thetic cannabinoids in K2/Spice: A systematic review // Brain Sci.
2023. Vol. 13, No. 7. ID 990. DOI: 10.3390/brainsci13070990

48. Izquierdo-Luengo C., Ten-Blanco M., Ponce-Renilla M., et al.
Adolescent exposure to the Spice/K2 cannabinoid JWH-018 impairs
sensorimotor gating and alters cortical perineuronal nets in a sex-
dependent manner // Transl Psychiatry. 2023. Vol. 13, No. 1. ID 176.
DOI: 10.1038/s41398-023-02469-4

49. Vosburg S.K.,, Robhins R.S., Antshel KM., et al. Characterizing
prescription stimulant nonmedical use (NMU) among adults re-
cruited from Reddit // Addict Behav Rep. 2021. Vol. 14. ID 100376.
DOI: 10.1016/j.abrep.2021.100376

50. Ypako AJI. AMdeTamMuHbl: KauyecTBo, CMOCObbI MonyyeHws,
coctaB, dapMaxonorndeckue abdexTsl // MpobneMsl 3KcnepTH3b
B MeamumHe. 2014. N2 1. C. 50-52.

51. WabaHos .[. Hapkonorus. MpaKTniyecKoe pyKoBOACTBO ANS
Bpayen. Mocksa: [3I0TAP-MEL, 2003. 660 c.

52. Weisheit R., White W.L. Methamphetamine: Its history, pharma-
cology and treatment. Hazelden, 2009. 296 p.

53. WabaHos MM.4., LWtakensbepr 0.H). HapkoMaHuu: MMatoncuxo-
NOrus, KIMHWKa, peabunutaums. Cepus: Mup MeamumHbl. CaHKT-
Metepbypr: JaHb, 2000. 367 c.

54. McKetin R, McLaren J., Lubman D.l, Hides L. The preva-
lence of psychotic symptoms among methamphetamine us-
ers // Addiction. 2006. Vol. 101, No. 10. P. 1473-1478.
DOI: 10.1111/].1360-0443.2006.01496.x

55. WabaHos M.[. OcHoBbl Hapkonoruun. CaHkT-TleTepbypr: JlaHb,
2002. 560 c.

56. Zhan S., Ye H,, Li N,, et al. Comparative efficacy and safety of
multiple wake-promoting agents for the treatment of excessive day-
time sleepiness in narcolepsy: A network meta-analysis // Nat Sci
Sleep. 2023. Vol. 15. P. 217-230. DOI: 10.2147/NSS.S404113

Tom 14, Ne 4, 2073

[NcrxodapMaKonoris v DV1oNOrMYEeCKas HapKoNoris

57. Sarker A, Al-Garadi MA,, Ge Y., et al. Signals of increasing co-use
of stimulants and opioids from online drug forum data // Harm Re-
duct J. 2022. Vol. 19, No. 1. 1D 51. DOI: 10.1186/512954-022-00628-2

58. Reback C.J., Fletcher J.B., Mata R.P. A theory-based
mHealth intervention (Getting Off) for methamphetamine-using
men who have sex with men: Protocol for a randomized con-
trolled trial // JMIR Res Protoc. 2021. Vol. 10, No. 2. ID e22572.
DOI: 10.2196/22572

59. Cheng B., Sang J.M., Cui Z, et al. Factors associated with ces-
sation or reduction of methamphetamine use among gay, bisexu-
al, and other men who have sex with men (gbMSM) in vancouver
Canada // Subst Use Misuse. 2020. Vol. 55, No. 10. P. 1692-1701.
DOI: 10.1080/10826084.2020.1756854

60. Khan S.I, Khan MNM, Irfan SD., et al. The effects of
methamphetamine use on the sexual lives of gender and
sexually diverse people in Dhaka, Bangladesh: A qualita-
tive study // Arch Sex Behav. 2021. Vol. 50, No. 2. P. 479-493.
DOI: 10.1007/510508-020-01674-2

61. Card K., McGuire M., Bond-Gorr J., et al. Perceived difficulty of
getting help to reduce or abstain from substances among sexual
and gender minority men who have sex with men (SGMSM) and use
methamphetamine during the early period of the COVID-19 pan-
demic // Subst Abuse Treat Prev Policy. 2021. Vol. 16, No. 1. ID 88.
DOI: 10.1186/513011-021-00425-3

62. Colyer S.P., Moore D.M.,, Cui Z, et al. Crystal methamphetamine
use and initiation among gay, bisexual, and other men who have
sex with men living with HIV in a treatment as prevention environ-
ment // Subst Use Misuse. 2020. Vol. 55, No. 14. P. 2428-2437.
DOI: 10.1080/10826084.2020.1833925

63. Colyer S.P., Lachowsky N.J., Cui Z, et al. HIV treatment optimism
and crystal methamphetamine use and initiation among HIV-negative
men who have sex with men in Vancouver, Canada: A longitudinal
analysis // Drug Alcohol Depend. 2018. Vol. 185. P. 67-74.
DOI: 10.1016/}.drugalcdep.2017.12.004

64. Prasad S., Mathew P.S., Piper B.J., et al. The neurobiol-
ogy of methamphetamine addiction and the potential to re-
duce misuse through conjugate vaccines targeting toll-
like receptor 4 // Cureus. 2023. Vol. 15, No. 6. ID e40259.
DOI: 10.7759/cureus.40259

65. Kosten T., Domingo C., Orson F., Kinsey B. Vaccines against
stimulants: cocaine and MA // Br J Clin Pharmacol. 2014. Vol. 77,
No. 2. P. 368-374. DOI: 10.1111/bcp.12115

66. Lee J.C, Eubanks LM, Zhou B., Janda K.D. Development of an
effective monaclonal antibody against heroin and its metabolites re-
veals therapies have mistargeted 6-monoacetylmorphine and mor-
phine over heroin // ACS Cent Sci. 2022. Vol. 8, No. 10. P. 1464-1470.
DOI: 10.1021/acscentsci.2c00977

67. Eubanks L.M., Pholcharee T., Oyen D., et al. An engineered
human-antibody fragment with fentanyl pan-specificity that re-
verses carfentanil-induced respiratory depression // bioRxiv. 2023.
Vol. 2023. 1D 547721. DOI: 10.1101/2023.07.04.547721

68. Orson F.M,, Kinsey B.M,, Singh RAA,, et al. The future of vaccines
in the management of addictive disorders // Curr Psychiatry Rep.
2007. Vol. 9, No. 5. P. 381-387. DOI: 10.1007/s11920-007-0049-z

DOI- https://doiorg/ 10.17816/phbn568586


https://doi.org/10.1016/j.chest.2021.07.027
https://doi.org/10.1007/s11864-022-01047-y
https://doi.org/10.3389/fnmol.2018.00424
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1089/can.2020.0105
https://doi.org/10.14797/mdcj-11-3-189
https://doi.org/10.3390/brainsci13070990
https://doi.org/10.1038/s41398-023-02469-4
https://doi.org/10.1016/j.abrep.2021.100376
https://doi.org/10.1111/j.1360-0443.2006.01496.x
https://doi.org/10.2147/NSS.S404113
https://doi.org/10.1186/s12954-022-00628-2
https://doi.org/10.2196/22572
https://doi.org/10.1080/10826084.2020.1756854
https://doi.org/10.1007/s10508-020-01674-2
https://doi.org/10.1186/s13011-021-00425-3
https://doi.org/10.1080/10826084.2020.1833925
https://doi.org/10.1016/j.drugalcdep.2017.12.004
https://doi.org/10.7759/cureus.40259
https://doi.org/10.1111/bcp.12115
https://doi.org/10.1021/acscentsci.2c00977
https://doi.org/10.1101/2023.07.04.547721
https://doi.org/10.1007/s11920-007-0049-z

REVIEW Vol 14 (4) 2023 Psychopharmacology and biological narcology

AUTHORS' INFO

*Aleksandr L. Urakov, Dr. Sci. (Med., Pharmacology), professor,
head of Pharmacology and Clinical Pharmacology Department,
Izhevsk State Medical Academy; address: 281, Kommunarov str.,
Izhevsk, 426034, Russia; ORCID: 0000-0002-9829-9463;
eLibrary SPIN: 1613-9660; e-mail: urakoval@live.ru

Petr D. Shabanov, Dr. Sci. (Med., Pharmacology), professor;
ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477,
e-mail: pdshabanov@mail.ru

* Corresponding author / ABTOp, OTBETCTBEHHBIN 3@ MEPEMMUCKY

Ob ABTOPAX

*Anekcanap JlusmeBuy Ypakos, [-p Mef. HayK, npodeccop,
3aBeflyloLLmMi Kadeapoit 06LLEN 1 KIMHUYECKOW hapMaKomorm
WeBCKon rocyaapCTBEHHOM MeOMLMHCKOW aKaleMum;

anpec: 426034, Poccus, Vixesck, yn. KommyHapos, a. 281;
ORCID: 0000-0002-9829-9463; eLibrary SPIN: 1613-9660;
e-mail: urakoval@live.ru

Metp Omutpuesny LLlabaHoB, o-p Men. HayK, npodeccop;
ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477,
e-mail: pdshabanov@mail.ru

DOl https://doiorg/ 10.17816/phbn568586

261


https://orcid.org/0000-0002-9829-9463
https://www.elibrary.ru/author_profile.asp?spin=1613-9660
mailto:urakoval@live.ru
https://orcid.org/0000-0002-9829-9463
https://www.elibrary.ru/author_profile.asp?spin=1613-9660
mailto:urakoval@live.ru
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru

NCTOPUA DAPMAKOOMN Tom 14, N2 4, 2023 [NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris -
YOK 53 (091)

DOI: https://doi.org/10.17816/phbné23094

WcTopryeckas cratbs

Kadepnpa ¢papmMakonorun BoeHHO-MeAULIUHCKOW
akapemuun B XX| BeKe: HoBble J0CTUXEHUSA
Ha OCHOBe UCTopuyeckux Tpaguumm (2000-2023)

M.0. LWabaHos

BoeHHo-MeguumHekasn akagemus uM. C.M. Kuposa, Cankt-lletepbypr, Poccus

AHHOTALINA

B Hauane 2000-x rr. Ha kadenpe dapMakonorum 610 pa3BepHYTHI aKTUBHbLIE UCCNEA0BAHNSA MEXaHW3MOB TMMOKCUM, CO3-
AaHUs aHTUTMMOKCUYECKMX NPenapaTtoB, U3ydYeHUs CPeLCTB M TEXHOMOMMIA NoBbILIeHUs paboTocnocobHoCTH, NpenapaTos UM-
MyHOMOZYNMPYIOLLIEro 1 penapaTuBHOM0 LercTBUsS. MexaHM3Mbl TMMOKCUM U KMU3HeobecneyeHns B 3KCTPEMabHbIX YCNOBM-
AX ObIN0 TPALMLMOHHBIM HaMpaBNEHMEM HaydHbIX UCCNefoBaHuii Kadeapsl. Hauatoe ewe B 1960-x IT. non pyKoBOACTBOM
B.M. BuHorpagoBa, 310 HanpaB/ieHue Nosy4uno PasBUTME M HaydHoe Mpu3HaHWe K KoHuy 1990-x rr. B ator nepuog 6binm
C03/1aHbl U OCHOBATESIbHO M3Y4eHbl HOBbIE aHTUIMNOKCAHThLI NPAMOr0 U HEMPAMOro LeNCTBUS — FYTUMUH, beMuTiun, amTu3on,
TPUMeTa3nanH W apyrue. B uccnegoBaHnsx yuacTBoBanu NpaKTUUECKU BCe COTPYAHWUKM Kadenpbl MU MHOTOUMCIIEHHbBIE COUC-
KaTenu yyeHbIX CTEMEHEN U3 YMCHA U aKaJeMUYeCKUX, M BHEAKaZeMUYeCKUX COTPYLHUKOB.

Wcnonb3ys noaxoAbl M NpeacTaBneHNs MONEKYNAPHOW duanonorum u dhapMakonoruu, 6binu nosyyeHsl BeCbMa MHTEPeCHbIe
1 NepCreKTUBHbIE AN BHEAPEHUS pe3ynbTaTbl. be3ycnoBHLIM yCMexoM B HayYHbIX WCCNEfOBaHUAX JAHHOMO HarnpasneHus
CTano BbISCHEHWE MONEKYNSAPHBIX MEXaHU3MOB [LEMCTBUS aHTUIMMOKCAHTOB aMUHOTMONOBOIO PALa, 3aKJIYaloLLMXCa B on-
TUMWU3aLMU 3HEPronpoayKLUMM W 3HepronoTpebneHus B KieTkax, cnocobHOCTM CoefMHeHWA YMeHblUaTb MeMbpaHHble no-
BpEXAEHWUA BCEACTBME NIUMMAHOW NMEPOKCMAALMN U BbIPAXKEHHO AKTMBMPOBATb aHTMOKCUAAHTHbIE cucTeMbl. BTopbiM Ha-
MpaBneHMEM CTano U3yyeHWe MOMEKYNAPHBIX MEXaHW3MOB YCTOWYMBOW afanTaumu K pasnuuHbiM daktopaM, Hauatoe elle
npod. A.B. CMupHOBbIM. TaK, BbiM yCTaHOBNEHBI 3aKOHOMEPHOCTM JONITOBPEMEHHOM afianTaumuy B npoLecce npucnocobnenus
OpraHu3Ma K BbICOTHOM MMMOKCWM, MeperpeBaHuio, TAKENbIM NOBTOPHLIM HarpyskaM. KonuuecTBeHHo onpefeneH BKnap oT-
LeNbHbIX 0praHoB B pa3BUTME YKa3aHHbIX afanTauMOHHbIX (heHoMeHoB. B aKkcnepuMeHTe paspaboTaHbl 3 deKTUBHbIE CXe-
Mbl 3KCTPEHHOW afanTauumn C UCNOJb30BaHMEM «UMMYALCHbIX PEXUMOB» TPEHUPYIOLLWX BO3LENCTBUN Ha GOHe MPUMEHeHNs
(apMaKonornyeckux afanToreHoB. YcTaHoBNeHa 3HaumMTeNbHO Honee BblpaXKeHHas afanToreHHasi akKTUBHOCTb y MpenapaTtoB
TMna TmobeHaumuaasona (bemMuTna) M TpeKpesaHa B CPaBHEHWW C M3BECTHBIMW ajanToreHamu — aubasonom, aneyTepo-
KOKKOM U ap. Ha ocHoBe 3KcrnepuMeHTanbHbIX JaHHbIX pa3pabotaHbl U anpobupoBaHbl Ha 340pOBbIX A0OpOBONbLAX aHaNno-
TMYHbIE CXEMbl )apMaKONOrMYECKU YCUIIMBAEMOM U YCKOPAEMOI 3KCTPEHHOW afanTauu, B YaCTHOCTM, K Pe3KOMy M3MeHe-
HUIO KIIMMaTUYeCKUX YCNOBUI (NeperpeBaHune, NepeoxiaXaeHne, MUMNOKCKS), a TakKe MeTabosMYecKue KOKTEMM Ha OCHOBE
aHTUrunokcanta 6emutuna (b-100, b-200 n B-300). 3T cxeMbl U dapMaKonoOrnieckue BMELLIATENLCTBA MO3BOSISKOT BCErO
33 HECKONBKO AHEN A0CTWUYb 3aMeTHOr0 NpUCMOCOBeHMs opraHu3Ma K AeWCTBUI0 OMPefeneHHbIX KMMaTniecknx akto-
poB TpeTbWM HamnpaBfeHUeM CTaio CO3AaHME M U3yYeHWe HOBbIX (hapMaKOoNoOrMyYeCcKUX CPeACTB As KOPPEKLMW NOCNELCTBMI
TUMOKCUM, TOKCMYECKOTO OTEKA JIEMKWX, MOPaKEHWN NEYEHN U UMMYHHOW CUCTEMbl HA OCHOBE KOHZEHCMPOBAHHbIX CUCTEM
WHOONa M MPOAYKTOB MX NpeBpalleHui. Kak okasanoch, Npou3BOLHbIE MHAONA (CMHTE3MPOBAHO M M3yd4eHo okono 60 co-
€[MHEHNIN) MANOTOKCUYHBI, 061aaK0T aHTUIMMNOKCUYECKUM, NPOTUBO34EMATO3HbIM, FeNnaTonpOTEKTOPHbLIM, aKTONPOTEKTOPHBIM
1 NPOTMBOBMPYCHBIM BULAMM aKTUBHOCTM.

KnioueBble cnoBa: aHTMIMNOKCAHTbI; METE0ALaNTOreHbI; renaTonpoTexkTopbl; MMMYHOMOLYNATOPbI; NPOTUBO3AEMATO3HbIe
cpencrtea; KOHAEHCMpOBaHHbIE UHAOJIbI.
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Department of Pharmacology of the Military Medical
Academy in the 21° century: New achievements based
on historical traditions (2000-2023)

Petr D. Shabanov

S.M. Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

In the early 2000s at the Department of Pharmacology, active research was launched into the mechanisms of hypoxia, creation
of antihypoxic drugs, study of means and technologies for increasing performance, and drugs with immunomodulatory and
reparative effects. The mechanisms of hypoxia and life support in extreme conditions have been a traditional area of scientific
research of the department. Starting back in the 1960s under the leadership of V.M. Vinogradov, this direction gained development
and scientific recognition by the end of the 1990s. During this period, new antihypoxants of direct and indirect actions were created
and thoroughly studied, namely, gutimin, bemithyl, amtizol, trimetazidine, and others. Nearly all employees of the department
and numerous applicants for academic degrees from among both academic and nonacademic employees participated in the
research. The use of approaches and concepts of molecular physiology and pharmacology achieved very interesting and
promising results for implementation. An unconditional success in scientific research in this area has been the elucidation of the
molecular mechanisms of action of aminothiol-type antihypoxants, which consist in optimizing energy production and energy
consumption in cells and the ability of compounds to reduce membrane damage caused by lipid peroxidation and clearly activate
antioxidant systems. The second direction was the study of the molecular mechanisms of sustainable adaptation to various
factors, which was started by Prof. A.V. Smirnov. Thus, long-term adaptation patterns were established in the body’s adaptation
to high-altitude hypoxia, overheating, and heavy repeated loads. The contribution of individual organs to the development of
these adaptive phenomena was quantitatively determined. In the experiment, effective schemes for emergency adaptation
were developed using “pulse modes” of training influences against the use of pharmacological adaptogens. A significantly
more pronounced adaptogenic activity has been established for drugs such as thiobenzimidazole (bemythyl) and trecrezan in
comparison with known adaptogens, such as dibazole and eleutherococcus. Based on experimental data, similar schemes for
pharmacologically enhanced and accelerated emergency adaptation have been developed and tested on healthy volunteers,
particularly to sharp changes in climatic conditions (overheating, hypothermia, and hypoxia) and metabolic cocktails based
on the antihypoxant bemityl (B-100, B-200, and B-300). These schemes and pharmacological interventions make it possible,
in just a few days, to make the body noticeably adapt to the action of certain climatic factors. The third direction was the
creation and study of new pharmacological agents for the correction of the effects of hypoxia, toxic pulmonary edema, and
liver and immune system damage based on condensed indole systems and their product transformations. Consequently, indole
derivatives (approximately 60 compounds have been synthesized and studied) are low toxic and have antihypoxic, antiedema,
hepatoprotective, actoprotective and antiviral activities.

Keywords: antihypoxants; meteoadaptogens; hepatoprotectors; immunomodulators; antiedema agents; condensed indoles.
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VCTOPAA GAPMAKOSIOM N

Tpagnumm  MepuKo-xupyprdeckon (BoeHHo-Meau-
LMHCKON) aKafieMun MpOYHO BOLLM B XM3Hb U KaXyTcs
He3blbieMbIMK. 3T0 BO MHOTOM KacaeTcs W Kadenpbl GapMa-
KOnoruu, oHoi 13 nepBbix 7 Kadenp AkageMun, yupexaeH-
Hoi B 1798 r. loapobHoe nanoxeHne uctopum Kadenpbl B XIX
1 XX BB. NpeACTaB/ieHo B HaLWMX Npeablaywmx paborax [1, 2].
2000 rop, cTan pybexHbIM He TONBKO U3-3a «KpYIoi» Lndpbl,
HO W cTapToBbIM rofoM HoBoit Poccuu, Koraa B PoccuiicKoid
(®efepaumn Ha4anmchb 3HaYMMbIE COLMANbHBIE NEPECTPOMKY,
BO MHOrOM 3HaMeHOBaBLUME Ufen 0BHOBMEHMS, B TOM umcie
1 B cepe HayKu. VIMEHHO B 3TOT Nepu1og, Hayanoch TapreTHoe
(uHaHcMpoBaHMe Hayku, nepexof, ¢ 6a30Boi Ha rpaHTOBYIO
cucTeMy (MHaHCMPOBaHMS, YTO MO3BONUIO HampaBieHHOo
pa3BuBaTb BOCTPEDHOBAHHBIE C HAYYHOW U COLMANbHOMN TOUEK
3peHUs HanpaBNieHUs Hay4HOM feATenbHoCTM (puc. 1).

Tak cosnano, yto B Hayane 2000 r. Bo3rnaBuTb Ka-
denpy dapMakonorum BoeHHO-MeAMUMHCKOW aKajeMuu
uM. C.M. Kuposa MO P® 6bin npurnalleH BHeaKafeMuye-
CKWIA CNeLMannucT — LOKTOP MEeAMLIMHCKUX HayK npodeccop
Metp Omutpuesuny LllabaHoB, B To BpeMs BO3rMaBNABLUMI
Kadenpy dapmakonorum UHcTUTyTa MeguUMHCKoro obpaso-
BaHWA HoBropofcKoro rocyaapcTBeHHOM0 YHUBEPCUTETA UM.
flpocnasa Myaporo (Benukuii Hoeropog). MHuumatvea npu-
Hapfiexana HavyanbHuKy AKagemum akapemuky Poccuiickoii
aKafeMun MeavumMHCKUX Hayk (PAMH), reHepan-nonKoBHUKy
MeauuMHCKoW cnyx6bl npodeccopy H0.J1. LLeBueHko, Koto-
PbliA peLLMn peopraHM3oBaTh HeKOTopble Kadenpbl akageMumn
3a CyeT NpUITaLLeHNs rPaXKAaHCKMX BHeaKaSeMUYeCcKmx cre-
umanucros. [1.[1. LLlabaHoB cTan nepBbIM U3 NPUMMALLEHHBIX
BO MHOMOM MOTOMY, YTO Ha Kadeppe dhapmakonorum B T0T
nepuos NpousoLlen pAag KOHGMKTOB MeXy 3aBeLyloLLmM
Kadenpon npodeccopoM A.B. CMUPHOBLIM M KOMaHA0BaHU-
eM AKkafieMuu, 4To mocrnefHee SIBHO He ycTpamsano. B artor
nepuog, A.B. CM1pHOB cunbHo 6onen, 1 Bbino NpuHATO pelue-
HWe He NPoAJeBaThb ero TPYLOBOW KOHTPaKT. B Hauane Mapta
2000 r. N.0. WabaHoB 3aHsan kadenpy, KOTOPOM PyKOBOAMI
22 ropa, po Mapta 2022 r. (puc. 2). C Mapta 2022 r. BpeMeHHO
UCTONHAKLLMM 0053aHHOCTM 3aBeflyloLiero Kadenpoi Ha-
3HayeH [OKTOP MEAMLIMHCKMX HayK, AOLEHT, NONIKOBHUK Me-
DMUMHCKOW cnyx6bi B.I. [aHanonbckuii.

M.0. WabaHoB K ToMy BpeMeHu Bbin yiKe U3BECTHBIM
B Hallleii cTpaHe U 3a pybexoM yyeHbIM B 0bnactu ¢usmo-
norum 1 GapMaKosiormn LeHTPasbHOM HepBHOI cucTeMbl. Ero
“ccnefoBaHus Bbiiv NOCBALLEHBI BbICHEHMIO MEXaHW3MOB
NaMsATH, NOAKPENJIEHUS, IMOLMI M BO3MOXHOCTAM WX yrpaB-
NeHNs ¢ NOMOLLbH hapMaKoIorMYeCcKUX BELLECTB.

M.0. WabaHos poannca 30 uioHa 1955 r. B r. LWurpel
Kypckoii obnactv B ceMbe cnyxawmx. B 1978 r. 3akoHumn
NeyebHblit dakynbTeT JIEHMHrPAACKOro CaHWUTapHO-rUrme-
HWYECKOT0 MeAMLMHCKOro uHcTUTyTa M3 PCOCP. B 1978 .
nocTynun B acnupaHTypy otaena dapmakonorumn MHctutyta
3KCMEepPUMEHTabHON MefuUUMHbI AKafeMun MeaULIMHCKUX
Hayk (AMH) CCCP, roe mop, pykoBofcTBOM akagemuka AMH
CCCP C.B. Annukosa u npodeccopa H.C. bopoakuHa 3a-
WmMTUN KaHamaatckyto (1982), a 3ateM u poktopckyto (1992)

Tom 14, Ne 4, 2073

MevxodapMaronoris 11 B1oNorYECKas HapKoNorvis

Puc. 1. 3panve kadeapbl apMaKonorv Nocne KanuTanbHoro pe-
MoHTa 2015-2017 rr., (2017)

Fig. 1. Building of the Department of Pharmacology after its major
renovation 2015-2017, (2017)

amcceptaumm. Paboras B 1980-x rr. B IHCTUTYTe 3KCnepUMeH-
TanbHoi MeamumHel AMH CCCP, M1.[. LWabaHos paspabotan
NpeACTaBNeHUs 0 TUNOBbIX MeXaHU3MaX HapyLUeHUA NaMATH.
WM Bbina npeanoxeHa opurMHaibHas KnaccupuKaums Ha-
PYLUEHU NaMSATU U KOHLENUMSA HO3TUKOB KaK CpeacTs, on-
TUMU3MPYIOLLMX BbicluMe GYHKUMK Mo3ra. PesynbTaTbl 3TUX
uccnefoBaHuid BowwAM B MoHorpadmm «HelipoxuMmueckue
MeXaHU3Mbl U3BNeYeHUs cnepnoB namatu» (1986), «Hapy-
LUEHMA NaMATU 1 UX KoppeKums» (1989), «HeTpaamumoHHele

Puc. 2. Mpodeccop .. LLlabaHos B cBoeM kabuHete (2008)
Fig. 2. Prof. PD. Shabanov in his office (2008)
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MeTOAbI NieYeHmns ankoronmama» (1993) u auccepraumto «Ha-
PYLLEHUA NAMATU M UX (hapMaKonorniyeckas Koppekuus (akc-
nepuMeHTaNbHO-KJIMHUYECKOe UCCIIE0BaHNE)» Ha COMCKa-
HWe Y4eHol CTeneHW AOKTOpa MeAMLIMHCKMX HayK (1992).

B 1990-e rr. oCHOBHbIM HanpaBfieHMEM Hay4HbIX U3blCKa-
Huit .. LLlabaHoBa cTano msyyeHue MexaHW3MOB MOAKpe-
NAeHNs 1 3MouuiA. B 3Tv rogpl, BoweaLme B uctopuio Poccun
KaK «rofibl nepecTpoiikuy, M1.[1. LLlabaHoB cMeHSIeT HECKOMbKO
MecT paboTbl: BO3rNaBnseT OTAEN SKCNEPTU3bI JIEKAPCTBEHHbIX
cpencTs locynapCTBEHHOM KoMuUccuu (hapMaKosIorM4ecKoro
KoHTpons Mapumn CaHkT-letepbypra (1991-1992), pabotaet
CTapLUMM Hay4HbIM COTPYLHUKOM B WHCTUTYTE Mo3ra yeno-
Beka PAH (1992-1994), npodeccopom Kadeapbl Baneonormm
B YHMBepcuTeTe neparormyeckoro mactepctsa (1994-1996),
3aBepyloWwmM Kadeapoi dhapMakonorv B MHCTUTYTe Mepm-
uuMHcKoro obpa3soBaHus HoBroponckoro rocynapcTBeHHOMO
yHuBepcuTeTa UMeHn fpocnasa Myaporo MuHobpasoBahus
PO (c 1998 r.), npodeccopoM Kadeapbl Hapkonorum CaHkT-
MeTepbyprcKoit MEAMUMHCKOW aKafeMun MocnefunioMHor
obpasosaHua M3 PO (c 1999 r.) u, HakoHew, ¢ Mapta 2000 r.
Bo3rnaenseT Kadenpy dapmakonorum BoeHHo-menuumH-
CKOM aKajeMuu. HecMoTps Ha BCE KMU3HEHHbIE TPYAHOCTH
M.[. LWabaHoB ocTaeTcs BepeH HayKe M NPUBA3aH Hay4HbIM
W3bICKaHWAM. CucTeMaTyeCKue UCCReaoBaHMsA B 00nacTy us-
Y4EHUA MEXaHU3MOB MOLKPENIEHUA U IMOLMIA, BbIMNOSTHEHHbIE
B 3T rofpl, N03BoAMIM eMy cHOpMyNUPOBaTb U TBOPHECKM
Pa3BUTb KOHLIENUMIO «(DNYKTYUPYIOLLErO rpajveHTa» peanu-
3aUMM MexaHu3MOB 3MOLMOHaNbHOro noakpennenns (1999)
U KPUTMYECKUX NEepuofoB GOpMUPOBaHWSA 3MOLMOHANBHBIX
peaKuuit B oHToreHese (2001). PesynbtaTbl 3TMX Mccneno-
Banun [1.[1. LLlabaHoB 0606wmn B MoHorpadmsx «[odpamun
1 NoaKpennsoLme cucteMbl Mosra» (2002), «CuHapoM co-
LmansHoi nsonaumm» (2004) n «3oocoumansHoe nosefeHue
mneKonuTatoLmx» (2006). MN.1. LabaHoB BHeC 3HaYUTENbHbI
BK/1aJ, B M3y4eHMe rOPMOHasIbHbIX MeXaHM3MOB NofKpense-
HWS, 4TO M03BOAMIO eMy ChHOpMYNMpOBaTh NPeACTaB/EHNS
0 [ITIIOKOKOPTUKOMAHBIX FOPMOHAX KaK 3HAOMEHHbIX MCK-
xoctumynaTopax (2002) u BHermnotanaMU4ecKol cucteMe
ynpaenenus amoumamm (2004). [laHHble 3TUX UCCEAoBaHMUI
0606LLLEHbI B KONIEKTUBHON MOHOrpadum « OCHOBLI HEMPO3H-
AoKpuHonorum» (2005).

HyxHo oTMeTuTb, uTo HayuHas aktueHocTb [1.[. Llla-
baHoBa npoTeKana B ABYX HamnpaBneHWAX: TPagWLMOHHOM
A5 HEro U3y4eHWUW NaMATH, IMOLMA U MEXaHU3MOB MOAKpe-
MneHus, KOTopoe NpoBoaunoch Ha base MHcTuTyTa akcnepu-
MEHTaNbHOM MEeAMLMHBI, M HOBOM A1 HEro HanpaeneHuu,
KacaBLUEMCS M3Y4eHUs aHTUIUMOKCAHTOB, aKTOMPOTEKTOPOB
W HeliponpoTEKTOPHBIX CPEACTB, KOTOPOe bbiNo cocpenoto-
yeHo Ha 6ase Kadenpbl hapMaxonorum BoeHHo-MeaMLMH-
CcKou akageMum uM. C.M. Kuposa. 310 Bbis10 He pasfBoeHneM
JMYHOCTH, @ BO MHOTOM BbIHY)XXEHHON Mepol. OuHaHcKpo-
BaHWe MccnefoBaHWd B BoeHHO-MedMUMHCKON akagemuw
uM. C.M. KupoBa Benocb Ha 0OCHOBaHUM 3asBNIEHHBIX Hayu-
HbIX TEM, 3HAUMMOCTb KOTOPbIX OMpefensna cama akape-
Mus, Ho B 6onbluen cTeneHy [NaBHOE BOEHHO-MEAMLIMHCKOE
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ynpaeneHne MunobopoHbl Poccuun. EctecTBeHHo, npegno-
YTeHWe O0THABaNoCh TEMaM C SIBHbIM BOEHHO-MEAWLMHCKUM
3HaueHueM. [paHToBoe GMHaHCMPOBaHWE, KaK MpaBwmio,
He pacnpocTpaHANoch Ha yupexaexus MuHobopoHsl Poccum.
Kak bbiiio 0TMeuYeHo BbilLe, BblENEHNE TPaHTOB Ha Hayuy-
Hble UCCNEeA0BaHWSA B 3TOT NepUOA OblIo BeCbMa aKTUBHBIM,
HO IOPUAMYECKUM MOJTyYaTeNeM rPaHTOB MOIMM BbITb MBO
yupexzeHus PoccuiicKol akaieMumn HayK, OTpacnieBble aKa-
aemuu, Brtovas PAMH, nnubo denepantHble yHUBEPCUTETI.
Yepes yupeaeHns aTUX BeAOMCTB Bbi0 3HaUMTENBHO Nierye
MoJy4ynTb rpaHToBOE (UHAHCMpOBaHWe, YTO U bbINO peanu-
30BaHO B TOT Mepuop, rpynnoin uccnenoBartesien Nof pyKo-
BoacteoMm [1.[. LLlabaHoBa (B obwen cnoxuoctv M.M. LWa-
6aHoBbIM 33 3T rofbl 6bi1o nonyyeHo 11 rpanTos). B utore
B 2011 r. .11 LWabaHoB 6bin npurnaleH BO3rnaBuUTb POLHON
AN Hero oTaen HenpodapMakonorum uM. C.B. AHuukoBa
WHCTUTYTa 3KCNepUMEeHTanbHOM MeaULMHBI, Fae OH HauMHan
CBOK HayuHyl pestenbHocTb (1978), npowen craHoBneHue
KaK Y4YeHoro, HakoHeL, Bbibpan nis cebs rnaBHble HayyHble
HanpaBneHusa uccnefoBaHui. Hactoswas ctatbst NOCBALLEHA
rMaBHbIM 0bpa3oM Kadeape dapmakonorun BoeHHo-Mmegu-
LMHCKol akagemun uM. C.M. Kuposa B 2000-2023 .

B Hauane 2000-x rr. Ha Kadenpe dhapMaKonorum oo
pa3BepHyTbl aKTUBHbIE MCCNEA0BaHUS MeXaHW3MOB TMMOK-
CUM, CO3[aHWUA aHTUIUMOKCUYECKUX MPenapartoB, U3y4eHus
CPEACTB M TEXHOMOTWA NOBbILEHWA paboTocnocobHoCTH,
npenapaToB WMMYHOMOZLYIUPYIOLLErO U penapaTUBHOMO
JENcTBUA.

MexaHn3Mbl TMNOKCMM U XKu3HeobecneueHus B 3KCTpe-
MarbHbIX YCNOBUAX OblN0 TPagMUMOHHBIM HanpaBneHUeM
Hay4HbIX McCneaoBaHuin Kadenpbl. Hauatoe ewe B 1960-x IT.
non pykooacTteoM B.M. Bunorpagosa [2, 3], ato Hanpas-
NeHWe MoMy4nuno pasBUTUE M HAYYHOE MPU3HAHME K KOHLY
1990-x rr. B 310T nepumop bbinu co3aaHbl ¥ OCHOBATESIbHO U3-
Y4eHbl HOBbIE AHTUIUMOKCAHTbLI NPSMOr0 U HEMpPAMOro Leu-
CTBUS — TYTUMWH, BEMUTUN, aMTU30A, TPUMETA3NAMH W Lp.
B nccnepoBaHmsx yuacTBoBaM NPaKTMYECKM BCE COTPYAHMKM
Kadenpbl, Ho B 6onbLueii ctenenn W.B. 3apybuna, b.U. Kpu-
Bopyuyko, O.M1. MupoHosa, C.B. Okosutbiit, J1.1. AHapeesa,
A.A. bonkoga, B.C. MetpoBa, H.A. KypuubiHa, B.B. Mapbiwesa
M MHOTOYUCNIEHHbIE COMCKATENN YYeHbIX CTEMEHEN U3 YuC-
Na M aKafeMMYECKUX, U BHEAKA[EMUYECKUX COTPYAHMKOB
(puc. 3).

Wcnonb3ys NoaxoAbl M NpeacTaBieHUs MONEKYNAPHO
¢u3unonorun n dhapmaronoruu, bbinm nonyyeHsl BeCbMa WH-
TEpecHble M MepCneKTUBHbIE [ BHELPEHUS pe3yNbTaThbl.
Be3ycnoBHEIM ycnexoM B Hay4HbIX MCCNEA0BaHNAX HAHHOMO
HanpaBneHWs CTano BbISICHEHUE MOMEKYNIAPHBIX MEXaHU3MOB
LeiCTBUS aHTUTMMOKCaHTOB aMMHoTUonoBoro psaaa (U.B. 3a-
pybuHa), 3aK0YAIOLLMXCA B ONTUMM3ALMM SHEPronpoayKLMK
W 3HepronoTpebeHnsa B KNETKax, CNOCODHOCTH COefUHEHUN
yMeHbLUaTb MeMbpaHHble MOBPEXLEHWUA BCNEACTBUE M-
NUOHON NEPOKCMAALMM W BbIPAXEHHO aKTUBMPOBATb aHTU-
OKCMAAHTHble cUCTeMbl. 3TO HALLO OTpaxKeHue B onybnu-
KOBaHHbIX MoHoOrpadusx «MonekynspHas dapmakonorus
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aHTMrunoKcaHToB» (2004), «MMnokeus u KapHuTUH» (2004),
«AHTUIMNOKCaHTLI NPU YepenHo-Mo3roBoii TpasMe» (2006),
«MeTabonuueckne KoppekTopbl rumokcumy» (2010) [4-7].
B maHHbIX pabotax Obinm chopMynmpoBaHbl 0000LLEHHbIE
TpeboBaHNA K aHTUrUNOKcaHTaM, 060CHOBaHbI 0bnactu ux
MPaKTUYECKOro MPUMEHEHUS, [OKa3aHa LienecoobpasHocTb
COYETaHUS aHTUMUMOKCUYECKOTO M aHTMOKCUAAHTHOO Aeii-
CTBMSA NPW CO3aHUN HOBbIX CPEACTB aHTUIMMOKCUYECKON Ha-
MPaBNEHHOCTW. B panbHeliLeM 310 NOCAYXMI0 0CHOBaHWEM
BHeJPeHUs! psAfa NIeKapCTBEHHbIX KOMMO3MTOB U peLentyp
Ha OCHOBE aHTUTMMOKCAHTOB B MPaKTUYeCKoe 3ApaBooXpaHe-
HWe ANst yMeHbLLEHWS NOCNeLCTBUI NEPEHECEHHBIX YEPEnHO-
MO3roBbIX TPaBM, XPOHUYECKOW anKOroNbHOM MHTOKCHUKaLMK,
MHTOKCMKaLWMKM NCUXOTPOMHBIMU CpeacTBamm (nupamun, Tpe-
KpesaH, b-200, b-300).

PaccMotpumM 6onee noapobHo pesynbTathl AaHHBIX UcCne-
[oBaHui. B dyHpaMeHTanbHbIX MoHorpadmsx [4, 7], noces-
LLEHHbIX MOJIEKYNApPHOK (hapMaKonoru aHTUrUMOKCaHTOB,
noAYepKUBaeTCs, YTo TeopeTHyecKoe 0BocHOBaHWe cyLue-
CTBOBaHWUS aHTUTMMOKCAHTOB, aKTONPOTEKTOPOB M HOOTPOMOB
npoucTekano u3 yyeHus o6 apantoreHax H.B. Jlasapesa.
B yacTHoCTH, MHOIME TeopeTUYECKIE MOCTPOEHMS LU MO MYTK
KOHKpeTM3aunmn OTAENbHbIX MOCTYNaToB 3T0ro yyeHus [8]. Ito
B MONHOW Mepe KacaeTcs M aHTUIUMOKCaHTOB. AHanornyHble

T -
= -
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CYXKLEHWS MOXKHO BbICKa3aTb M MO MOBOAY aKTOMPOTEKTOPOB
[9, 10], KoTopble BbIMM UCKYCCTBEHHO BbIAENEHBI U3 TPYNMbI
amuHoTuonoB, Bnocneactsun B.M. BuHorpagos [11] kBanm-
(GuvuMpoBan ee KaK COELMHEHUS C aHTUIMMOKCUYECKOW aK-
TMBHOCTbIO (QHTUTMNOKCAHTbI). B 3HaUUTeNbHOM CTENEHU KOH-
Lienumus HOOTPOMOB TaKXKe BnuTana B cebs NocTynatbl y4eHus
06 apantoreHax [8]. Hemaneko ywwnu u Teopetnyeckue no-
CTpOeHMsa 0 ncuxo3Heprusatopax [12]. Heckonbko ocobHs-
KOM CTOMT KOHLENUMS O HEMpOMPOTEKTOpaX, aKTMBHO pas-
BMBaeMasi C MO3WLMN KNMHUYecKoi hapmakonoruum [13, 14].
B paHHOM cnyyae peyb MaeT 0 hapMaKoNorMyeckux areHTax
(MeKcupon, HoonenT, CeMakc W Ap.), NPUOCTaHABAMBAIOLLMX
HelipoiereHepaTUBHbIE U3MEHEHUS B TKaHU Mo3ra, obnapa-
IOLLIMX CMOCOBHOCTBIO OKa3blBaTb aHTUOKCUAAHTHOE [eicTBIe
W MPOSBNIATL aHTArOHWU3M C aKTUBATOpaMy rNyTaMaTHbIX pe-
uentopoB (NMDA u AMPA). Takoi Habop 3ddeKToB no3so-
NSAET rOBOPUTb O BELLECTBAX, 3aLUMLLAILWMX LIEHTPabHYI0
HEpPBHYIO CUCTEMY OT BO3LENCTBUSA PasiMYHbIX arpeccUBHbIX
(akTopoB. Ha Haw B3rnsg, 3ta KoHUenuus He fobaBnseT cy-
LLLeCTBEHHO HOBOTO K Y3Ke U3BECTHBIM NPEACTABEHNSAM 0 HO-
OTPOMHOM Tune [eNCTBUSA NpenapaToB WK 0 AeUCTBUM apan-
ToreHoB. TaK wiM uHade, dopManu3oBaHHble TpeboBaHus
K paccMaTpuBaeMoli rpymnmne BELLECTB MOTYT ObITb BKIIHOYEHBI
B TEPMUH «COEAMHEHMS C HOOTPOMHBLIM TUMOM [ENCTBUSA»,

Puc. 3. Konnektus kadenpbl dapmakonorum B doie knyba Akagemum (2017). CneBa Hanpaso ctoaT: H.A. Kypuumna, H.[. Mstnbpar,
W.B. 3apybuHa, B.B. Muxees, II. Cycna, E.P. buiukos, J1.U. Angpeesa, C.A. ManbumkoBa, H.B. JlaBpos, A.A. boiikoBa, E.A. Jlebepnesa.
Cupsat: B.B. Mapbiwesa, E.b. Katkosa, [1.[. Laba+os, PI. Cnusakosa, M.B. Jlykk, T.E. Jlebenesa

Fig. 3. Staff of the Department of Pharmacology in the foyer of the academy club (2017). From left to right standing: N.A. Kuritsina,
N.D. Pyatibrat, I.V. Zarubina, V.V. Mikheev, G.G. Susla, E.R. Bychkov, L.I. Andreeva, S.A. Palchikova, N.V. Lavrov, A.A. Boykova, E.A. Lebedeva.
Sitting: V.V. Marysheva, E.B. Katkova, PD. Shabanov, R.P. Spivakova, M.V. Lukk, and T.E. Lebedeva
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MOCKONbKY HEMpOMpOTEKTUBHBIMW CBOWCTBaMM 0bnapjalT
MHOrMe BELLeCTBa, OTHOCALLMECS K pasHbIM rpynnaM Hew-
POTPOMHBIX CPEACTB, BK/OUas U HOOTPOMHbIe Npenaparsl [8].
C TOUKM 3peHuns TeopeTUHeCKoW hapMaKoIoruu, HUYEro MHo-
ro, KpOMe KaK MyTaHWLbl, TAKOE MCKYCCTBEHHOE BbIENEHME
HeliponpoTeKTopoB He AaeT. 0AHaKO € NO3ULMK KIIMHUYECKOI
dapMaKonorum BnosiHe oNpaBAaHHO roBOPUTL O BELLLECTBAX,
06n1aJatoLLmxX HeliponpoTEKTOPHON aKTMBHOCTbLIO, NOAYEPKHU-
Bas, YTO JaHHble Npenapatbl YMECTHbI A1 IEYEHUS MHOTUX
3abonieBaHuiA roNOBHOMO MO3ra (MLLEMUYECKUX, COCYAUCTBIX,
AEereHepaTUBHbIX).

Be3ycnoBHo, yueHue 06 afanToreHax Cbirpano CBOK Ba-
Hyl0 ponb B GOpMMPOBaHMM MUPOBO33peHUs GpapMaKonoroB
Ha TUMOBbIE NaTONIOTMYECKME NpOLiecchl, 0C0BEHHO HauMHas
¢ 1960-x rr. ycTb B HacTosALlee BpeMs 3Ta rpynna BeLLecTs
orpaHu4YeHa B 0OCHOBHOM MNpenapatamu pacTUTENIbHOMO U M-
BOTHOTO MPOMCXOXAEHUs, HO 06 ajanToreHax MOMHAT, UX
3HaloT, a TeopeTUdeckue 060bLieHus H.B. JlazapeBa aKkTuBHO
UCMOMb3YI0T AN 00BACHEHUS MHOMUX 3KCMEepUMEHTaNbHO
MoTyYeHHbIX (aKToB, 4acTo He MOAO3PeBas, 4To OHW chop-
mynupoBaHbl H.B. J1asapeBbiMm.

OpHaKo BHOBb BepHeMcs K (hapMaKosiorMm aHTUIMNOoK-
CaHTOB. MWTaK, aHTUrMMOKCaHTbI CnefyeT paccMmaTpuBaTh
Kak 3¢ deKTUBHbIE U NEpCreKTUBHbIE CPeLCTBa Npodunak-
TMKW W Tepanuu MUNOKCMYECKUX HapyLIeHWIA MyTeM Mof-
AEPXaHWUs U MOBLILEHUS 3HEPronpoayKuMu B CUCTEME
MWUTOXOHAPUANLHOM0 OKUCIUTENbHOMO (ochopUMpoBaHms.
MexaHn3M [eiCTBMS [aHHOW rpynnbl NpenapatoB CHOXEH
W He MOJHOCTHI0 U3YYEH.

B peanusaumm aHTUrMNOKCUYECKOro AeUCTBUA WUMeeT
3HaueHue pag MoMeHToB [15]. 370, BO-NepBbIX, CHUMXKEHME
KMC/IOPOLHOIO 3anpoca, B OCHOBE KOTOPOro, Mo-BUAMMOMY,
JIEXMUT 3KOHOMHOE MCNOfb30BaHKe Kucnopoga. [laHHoe sBne-
HWe MOXET BbITb CllieACTBUEM YTHETEHUS Hedochopunmpyro-
LuMX BUAOB okucneHus. KpoMe Toro, onpefeneHHoe 3HayeHme
MOXeT UMeTb W nepepacnpeneneHue notokos 0, oT opraHos,
HaXOLALLMXCA B COCTOSIHUM OTHOCUTENBHOTO (YHKLMOHAMb-
Horo 1 MeTabonmueckoro nokos, rae Hakonnexve A® oka-
3blBAeTCA MOANOPOroBLIM ANS aKTUBALWMW [bIXaHWs KNETKY,
K MHTEHCUBHO (PYHKLIMOHMPYIOLLMM OpraHaM C HafnoporoBbIM
ypoBHeM ALl® ansa obecrneyeHus HyXHON CTEMNEHN CTUMYNS-
UMM oKucauTenbHoro ochopunupoBanms. Bo-BTopbix, nog-
AepXaHue MMKoM3a B YCNoBuMsX ero beicTporo camoorpa-
HWYEHMS NIpU TUMOKCUM BCNEACTBME HAKOMNeHUs U3bbITKa
NaKTaTa, pasBuTMS auupo3a M ucuyepnaHus pesepBa HAL
M aKTUBALMA MTIIOKOHEOreHe3a, NPUBOAALLAA K YBENUYEHMIO
00pa3oBaHus [TIOKO3bl, YTO MO3BOJISIET 3KOHOMHEE pac-
X0[0BaTb 3amachl FMKoreHa. B MuUTOXOHApUAX Npoucxoant
CABMI B CTOPOHY NPEUMYLLECTBEHHOM OKUC/IEHNS YINEBOAOB,
YTO BbIFOAHO B YCIOBUAX MMMOKCUM, MOCKOMbKY HA €AVUHM-
Ly notpebnsemoro 0, OHW «AalT» HanbosblLee KONYeCTBO
3Heprum. B-TpeTbux, 3T0 NoAaepKaHue CTPYKTYpbl U YHK-
LiM MUTOXOHZPUIA MPY TUMOKCUU, YTO MPOSIBNSETCS YMEHbLLE-
HWeM HabyxaHusi MUTOXOHAPUIA W AECTPYKLUMW KPUCT, 3aMef-
NEHWEeM YrHeTeHUA feruaporeHas npu aeduumte KUcnopoaa.
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B-ueTBepTbIX, OTAEMBHBIM MYHKTOM PaccCMaTpUBAETCA 3alLMTa
Bronormyecknx MembpaH oT cBOHOAHOPAAMKANBHOMD OKMUC-
neHms. Bce aHTUIMNOKCaHTBI B TOW UM MHOM CTENEHW BAINSIOT
Ha npouecchl CBOHOHOPAAMKANBHOIO OKMCIEHNUS W 3HLOTeH-
HYI0 aHTUOKCWAAHTHYIO cucTeMy. 3T0 BNMSHUE 3aKJIKOYaeTCs
B MPAMOM WNN KOCBEHHOM AelicTBun. KocBeHHoe aelicTBue
MpUCYLLIE BCEM AHTUTWMOKCAHTaM W BbITEKAET M3 OCHOBHO-
ro — MOAAEpPXaHWA [OCTAaTOYHO BbICOKOr0 3Hepretuye-
CKoro noteHuuana npu feduumte 0,, 4To B CBOK OYepefb
npenoTBpaLLaeT HeraTMBHble MeTabonuueckue cABUMM, KO-
TOpble B KOHEYHOM CYeTe U MPUBOAAT K aKTUBaLuW cBoboa-
HOpaZMKaNbHOTO OKUCIIEHWUS M YTHETEHWI0 aHTUOKCUAAHTHO
cucteMmsl. [psiMoe feiicTBME MOXKET M oTcyTcTBOBaTh. Kpome
TOro, aHTUTMMOKCAHTbI CMIOCOOHBI YCKOPATb penapauyoHHbIi
1 apanTueHbli cuHTe3 PHK, depMeHToB, (YHKLMOHANBHBIX
U CTPYKTYpHbIX 6eNKoB, YTo cONMKaeT ux ¢ aHabonmuecku-
MW CPefcTBaMW CTEPOMAHON U HECTEPOUAHOI CTPYKTYPbI. 3Ty
CTOPOHY aKTUBHOCTM YC/I0BHO 0603HAYalOT KaK «penapaumoH-
HYI0» WM «BOCCTAHAB/MBAIOLLYHO».

lpenapartbl aHTUIMNOKCAHTOB (HaNpUMep, NYTUMUH W aM-
TM30J1), YCMELWHO MPOLIeALIMe KIMHUYeCKyl anpobauuio
MPU KPUTUYECKMX COCTOSHUAX C TMMOKCUYECKUMM U ULLEMU-
YECKUMM PaccTPOICTBaMM, HALLK CBOK 06nacTb NpUMeHe-
Hus. C ofHOW CTOpOHBI, 3Ta 06M1acTb [OCTATOMHO LUMPOKas,
MOCKOMbKY MMMOKCUS BCTPEYaeTCA BECbMa YacTo KaK TUMoBOM
naTonormyeckui npouecc. C apyron CTOPOHbI, ECIM BEPHYTLCA
K pabotaM, aKcnepUMeHTanbHO 060CHOBLIBAIOLLWM NPUMEHE-
HWe 3TUX NpenaparoB, TO OHKU KpanHe KOHKpeTHbI. Hampumep,
MpU M3Y4YeHUM TYTUMMHA U aMTU301a Y HUX Bbina oTMeyeHa
cnocobHOCTb NOBbILIATH PE3UCTEHTHOCT MO3ra K OCTPOMY
KMCNOPOAHOMY TONOAAHMI0, BbI3BAHHOMY HapYLUEHUEM pe-
TMOHApHOrO KPOBOOOpaLLEHUS, LbIXaTeNbHOM HELOCTAaTOUHO-
CTbl0 BCNEACTBUE BPEMEHHOW OCTAHOBKU AbIXaHWSA UNK pas-
pexenns atMochepbl. 3TV BbIBOAbI MOCNYKWIM OCHOBAHUEM
ONs peKOMeHAaLMM NpenapaToB K KIMHUYECKUM UCTbITaHU-
AM. B.M. BuHorpapmos B ogHoi 13 obobLuatowmx pabor [11]
KpaTKo NpWBOAMT CriedyloLLMe BbIBOALI MO IKCMEPUMEHTaNb-
HOMY U3YYEHUI0 aHTUTUMOKCAHTOB MPU OCTPOM TUMOKCUM.

1. Ha pasHbIx Moaensx KpUTUYecKoW MMMOKCMM (aHOK-
CMM) Mo3ra ryTUMWH U amtuzon B 1,5-3 pasa moBbiwaet
NepeHOCMMOCTb BO3AENCTBUSA, BPEMS NepeXMBaHNA MO3roM
TUMNOKCUM U BbIXKMBAEMOCTb MOAOMbITHBIX XWBOTHLIX B 3a-
OAaHHBIX rpaHnLax BpeMeHu. Mpu 3ToM npenapatbl HY B KOeiA
Mepe He 3aMEHSIKT KUC/IOPOL, a JINLWb BPEMEHHO MOBbILLIAT
YCTOMYMBOCTb TKaHeW Mo3ra K ero geduumry.

2. TMpodunakTuyeckoe AeicTBME NPENapaToB BbIPAXKEHO
cUnbHee, YeM neyebHoe, X0TA M NocnefHee UMeeT MecTo, 0Co-
DEHHO NpU YMepeHHbIX 3Ha4eHUsAX rMNoKcun. MecTo aMuHo-
TMOJOBbIX AHTUIMMOKCAHTOB aBTOPbI ONPEAENUAM KaK fono-
HWUTe/bHOe CPEeACTBO JIeYeHUs B CUCTEME PeaHUMALMOHHBIX
MeponpuATUiA, B MEAMLMHE KaTacTpod, a TakKe B onpefe-
NeHHBIX KIMHUYECKMX CUTYaLmsX, rae oxuaaetcs (v npu-
CYTCTBYET) BblpaKeHHas M HapacTaloLlas rMMoKcUs Mo3ra.

3. lNpencTtaBneHHbIN  3KCNEPUMEHTasbHBIN  MaTepuan
Mo3BONAET KOHKPETU3NPOBAaTb BO3MOXHblE MOKa3aHWA
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K NPaKTUYECKOMY NpUMEHEHWD (KSIMHWMYECKMM MCMbITaHu-
fIM) TYTUMMHA W aMTU30/1a NPWU HECKOJbKUX OYEBMOHBIX CHU-
Tyaumsx, CONpOBOXAAEMbIX MMOKCWE! Mo3ra ToW WU UHOM
cTenenun. K HUM MOXHO OTHECTW BHYTPUYTPOOHYIO MMMOKCHIO
Mn04a, YTONLIEHNS MUOMETPUS, MEHUHTOKOKKOBbI MEHUHIO-
3HUedanuT, ocTpble paccTpoMCTBa MO3roBOro0 KpoBoobpalLe-
HUWS, BK/IOYas ULLEMUYECKMIA MHCYBT.

B aKcnepumeHTe aMTi30n nokasan Oonee BblpaXeHHble
AHTUTMMOKCMYECKWE CBOIICTBA MO CPABHEHWIO C MYTUMMHOM.
B 10 3Ke BpeMs y Hero Bbinu BbISBNEHBI U Bofee BbipaeHHbIe
aHTUOKCUAAHTHble cBolicTBa. OH obnagaet npsMomn aHTUOK-
CMAAHTHOW M aHTUPaAMKabHOW aKTUBHOCTBIO, TaK KaK ero
(apmakronornyeckue 3QQeKTbl NPU ULLEMUN CXOLHBI C Aek-
CTBMEM MCTUHHBIX aHTUOKCWAHTOB.

MepcneKTUBHBLIMM MpenapaTaMu € aHTUTMMNOKCUYECKUMM
CBOMCTBAMU SIBNAIOTCA TPUMETasWaMH (NpeayKTan), U3BecT-
HOE aHTUaHTMHaNBHOE CPELCTBO, M NPOM3BOAHOE 3-OKCUMK-
puaMHa Mekcupon. TpUMeTasuamuH, 0bnafas BbipaXKeHHbIM
LMTOMPOTEKTOPHBIM AeiCTBMEM, MOKasan cebs u Kak 3ab-
(eKTUBHbIN LepebponpoTeKTop, YCMewWwHo 3almwas Mosr
OT OCTPOI TUMOKCKM, ULLEMWM, @ TaKKe MpU COYeTaHUU TU-
MOKCHK U nweMmm [16]. TpuMeTasmanH npegynpexkpan pas-
BMTME B MO3rY JTaKTAaTHOTO auuMao3a, 3HeprogedumumnTa, akTu-
BaLMI0 NPOLLECCOB NepeKucHoro okucnenus amnugos (M0J1)
W CHUXEHWUE aKTUBHOCTM aHTUOKCWAAHTHBIX CUCTEM. AHTUOK-
cupaHTHble 3 deKTbl TpUMeTasnanHa MoryT bbiTb 0bycnos-
NeHbl ero crnocobHOCTbIO YNyyLlaTh 3HEpPreTUYecKUn cTaTyc
HEliPOHOB, YTO COXPAHSAET MY SHAOTEHHbIX AHTUOKCUAAHTOB
1 TOPMO3UT MyCKOBbIE MeXaHW3Mbl CBOBOAHOPaAMKANBLHOIO
okucneHus. 0bnagas aHTMOKCMAAHTHBIM [ENCTBUEM, TPUMe-
TasWAWH, OJHaKo, YCTYNaeT amMTWU30/ly B aHTUPaAMKaNbHO
aKTUBHOCTM.

CyKuMHaTCconepKaLLmMe NPOU3BOLHbIE 3-OKCUMMPUAMHA,
HanpuMep MeKCWUAOoN, ABNAKTCA aHTUIUMOKCaHTaMu nps-
MOr0 3HEpPru3vpyloLLero TMna LencTeus, 3QMeKTbl KOTopbIX
obycnoBneHbl FMAPOAU30M NpenapaTta U BbiCBOOOKAEHUEM
BO BHYTPUKIIETOYHOE MPOCTPAHCTBO CYKLMHATA, OKUCNISAIO-
LIerocs 3aTeM B MUTOXOHAPUAX W HanpaBneHHOTO Ha BOC-
CTaHOBNIEHWE B YCNOBUAX KUCNOPOAHON HEA0CTaTOYHOCTH
HapyLUEHMIA NpOLLecca OKUCTUTENBHOTO GocdopunMpoBaHKS.
IK30reHHbI CYKLMHAT MI0X0 NPOHMKAET B KNETKU U NO3TOMY
BbI3bIBaeT ClaboBbIpayeHHbIi 3ddekT. CykumHaT obnagaet
W aHTMOKCMAAHTHBIMW CBOWCTBaMM, NPUYEM €ro pojib B Kade-
CTBE aHTMOKMCIUTENS coM3MepuMa € IPHEKTOM CUHTETUYe-
CKOro aHTMOKCWAAHTa MOHONA. YCTaHOBMEHO, YTO OH 0bnapaet
TaKKe CnocobHoCTbI0 MoandULMpoBaTL Gochonunuabl, obe-
CNeYmnBas X PECUHTES, U CHUXKAET bnarofaps 3ToMy MOHHYH
NPOHMLLAEMOCTb MEMOpaH U BbIXOL, Kanus U3 MUTOXOHApPUIA
Mo rpafMeHTy KOHLEHTpaLMW. CyKUMHAT, aKTUBMPYS OKMCIU-
TesbHble NPOLECChl, MOXET CMOCODOCTBOBATL YAANEHU0 U3-
BbiTKa aueTun-KoA 1 CHUMXKEHUIO TeM CaMbIM U30bITKa AMNK-
[0B 1 ux MeTabonutos [13, 13].

MeKcnaon OTHOCMTCA K OpPUTMHANBHBIM OTEYECTBEHHBIM
npenapaTtaM C aHTUOKCUZAHTHBIM U MEMOPaAHONPOTEKTOPHBIM
nenctemeM. Kak otmeyaet T.A. BopoHuHa [13], KnoyeBbiMM
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3BeHbAMK (hapMaKoAMHAMUKW MeKcupona MoryT bbiTb cne-

ayloLume:

1) npenapat yrHeTaeT cBoBOAHOpPaAMKanbHOe OKWUCIEHWE
nmnuaos buomMeMbpaH, aKTUBHO pearupyet C NepeKUCHbI-
MW pafMKanamu fMNUEO0B, MEPBUYHBIMA U TMAPOKCUIb-
HbIMW pagvKanamv nNenTuaos;

2) NOBBLILAET AKTUBHOCTb AHTUOKCWUAAHTHBIX (HEpPMEHTOB,
B 4acTHocTW cynepokeuanucmytasel (COL), oTBeTCTBEH-
HbIX 33 0bpa3oBaHMe W pacxofoBaHWe NepPeKMCcEn nMnu-
[I0B, @ TaKe aKTUBHbIX HOPM KMUCNopoaa;

3) wHrmbupyet cBobogHOpafMKanbHble CTafMM CHUHTe3sa
NpoCTarnaHAMHOB, KaTasM3npyeMbIX LIMKIIOOKCUreHa3om
W JMMOKCUreHa30M, MOBLILLIAET COOTHOLLEHWE MpoCTauu-
KIMH/TpoMBOKcaH A, 1 TopMO3UT 06pa3oBaHme NEKOTPU-
eHoB (JITB4 n ap.);

4) noBblwaeT cofepiaHue NONMAPHbIX GpaKkuMn IUNKUE0B
(pocdatnamnncepura n dhochaTMAUAMHOZNUHE) M CHUMXKE-
€T COOTHOLLEHUE XonmucTepuH/dochonunuapl, Yto CBU-
OeTenbCTBYET 0 €ro JIMMWUAPEryaMpyloWwmMx CBOMCTBAX;
YMeHbLUAeT BA3KOCTb MeMOpaH M yBeNMUMBAET UX TEKY-
YecTb, NOBLILLIAET COOTHOLLEHWE NMNUA/BenokK;

5) MopynupyeT aKTMBHOCTb MeMOPaHOCBA3aHHbIX (hepMeH-
T0B: (hochoamacTepasbl, aAEHUNATLMKIASDI, AbAOPEaYK-
Tasbl, aLETUNXONMHICTEpa3bl;

6) MOAYNMpYeT peLenTopHble KOMMMEKChl MeMbpaH Mo3ra,
B UX uncne beHsoamasenuHosein, TAMK, auetunxonmHo-
Bbll, yCUNMBas UX CNOCOBHOCTb K CBA3LIBaHMIO INraHAOB;

7) cTabunusmpyet buonornyeckme MeMbpaHbl, B YaCTHOCTM
MeMbpaHHble CTPYKTYpbI KITETOK KPOBM.

TakuM o0bpasoM, 3ddeKTbl MeKcuzona onpenensior
[Ba OCHOBHbIX MeXaHW3Ma: aHTMOKCWAAHTHbIA (BNUAHME
KaK Ha QepMeHTaTUBHbIE, TaK U HeepMeHTaTMBHbIE Npo-
ueccol M0JT) 1 MeMbpaHONPOTEKTOPHBINA, — KoTopble 0becne-
YMBAKOT OFpaHMYeHMe paspyLLAloOLLEro AeHCTBUA NPOAYKTOB
M0J1, crabunmsaumio 6uomMeMbpaH KNETOK, COXPaHEHWE MX
YNOPAA0YEHHO CTPYKTYPHO-(PYHKLMOHANBHON OpraH13aLim,
B YaCTHOCTU JIUNMAHOrO bucnos, BAMsAIOLLEro Ha MeMbpaHoc-
BAI3aHHbIE PELIENTOpHbIE KOMMEKChI, GepMEHTbI U MOHHbIE
KaHanbl. bnarogaps [aHHbIM MexaHW3MaM MeKcupon 06-
NajfaeT LWIMPOKWUM CreKTpoM tapMakonorndeckux addek-
T0B. OH OKa3blBaeT aHKCMOMUTUYECKOE, aHTUCTPECCOPHOE,
NPOTMBOCYOPOXKHOE, HEMpONpPOTEKTOPHOE, HOOTPOMHOE,
MPOTMBOrMMOKCUYECKOE U Opyrue BUAbI LencTBus, obnagaet
cnocobHoOCTbIO ynyyllaTh MO3roBoe KpoBoobpalleHue, UH-
rmbupoBaTb arperaumio TpomboumToB. CyllecTBEHHBIM Mpe-
MMYLLIECTBOM MEKCULI01a ABASIETCA TO, YTO OH MaJIOTOKCHYEH,
¢ 60n1bLLON TepaneBTUYECKOI LUMPOTON, NPaKTUYECKU He 06-
napaet noboyHbIMU IpdEKTaMU TPaSMULMOHHBIX NCUXOTPON-
HbIX MPenapaTtoB, a TaKXe He UMeeT NobouHbIX 3 deKToB,
CBOMCTBEHHBIX HEMPOMPOTEKTOPHLIM NpenaparaMm.

HecMoTps B 0CHOBHOM Ha MeTabonmuyeckue 3ddexTbl
AHTUIMMOKCAHTOB UM aKTOMPOTEKTOPOB, MPOM3BOLHLIX TUO-
MOYEBWHBI, AN HUX OMKUCaHbI U NPsIMble MEMBPaHOTPONHbIE
3 deKThI, T. €. CNOCOBHOCTb MeHSATb NPOHMLLAEMOCTb MOHOB
HaTpWsA, Kanus, Kanbuus B MeMbpaHax HelpoHoB. o3xe
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OHW CTanu NpeLMeToM MoapobHOro U3yyeHus W onybnuko-
BaHbl B MoHorpaduu [17]. He MUCKAOYeHO, KaK 1 B Ciyyae
C MEKCMAOMNOM, YTO B MeXaHW3Me aHTUOKCWAAHTHOro Aei-
CTBUS TMOBEH3UMMIA30/10B OHU UrPatoT Bosee CyLLecTBEHHOE
3HayeHue, YeM M3BECTHO B HACTOSALLEE BPEMS.

BaHbIM acneKToM MexaHu3Ma [eicTBUA aHTUIMNOKCaH-
TOB AIBNAETCA UX CMOCOOHOCTb aKTMBUPOBaTb afanTUBHbLIA
W penapaumoHHbIA CUHTE3 MHOTUX KNETOYHbIX BesKoB, B TOM
uuCcne U MUTOXOHAPUANBHBIX, BKYas depMeHThl. B yact-
HOCTW, aHTWUIMMOKCAHTbI C aKTOMPOTEKTOPHOW aKTUBHOCTBIO
YCWUIMBAIOT CUHTE3 (DEPMEHTOB [TIIOKOHEOreHe3a, aHTUOKCH-
[LAaHTHOW cUCTEMBbI M MHOTWX Apyrux benkos. Henpsamoi xa-
PaKTep aHTUTMMOKCMYECKOr0 AeWCTBUS onpefenseT ocobeH-
HOCTU UX NPUMEHEHNS: NPEACTaBNIAETCA HEPALMOHANBbHBIM UX
BBedeHue B a3y rnyboKon rMNoKCMM, XapaKTepu3yloLuelics
PeskuM 3HeprofeduLMTOM, NOCKONbKY A1 MPOSABNEHUS UX
JencTeua TpebyeTcs aKTUBALMA SHEPrO3aBUCUMBIX CUHTETH-
YeCKMX NpoLeccoB. B To e BpeMs aKTOMPOTEKTOPbI 0YEHb
NOAXOLAAT AN NPUMEHEHWS B NpeA- M MOCTTUMOKCUYECKMX
nepuogax. lpu 3toMm pobaBnslTCA AONOMHUTENbHBIE MO-
nesHble 3ddEKTbI: NPOTUBOACTEHUYECKUIA, PEreHepaTopHBbIN
¥ UIMMYHOCTUMYNUPYIOLLIMA, OCHOBaHHbIE Ha aKTUBALWM CUH-
Te3a benka [4, 18].

M HakoHeu, nocnepHee. opasnsiollee 60/bLUMHCTBO
aHTUTWUNOKCAHTOB W aKTOMPOTEKTOPOB 0bnajaeT Manon
TOKCMYHOCTbIO, He BbI3bIBAET CEPbE3HbIX MOBOYHBIX 3-
(EeKTOB W XOPOLLO COYETAeTCA C Pa3fUYHbIMU CPEACTBAMM,

Puc. 4. UccnepoBaHne MeTe0afianToreHHbIX CBOMCTB aHTUIMMOK-
caHToB Ha Kamepe Tobai. WccnepoBanue BenyT A-p buon. Hayk
1.B. 3apybuHa 1 aoKTopaHT Kadeapsbl KaHa. Meq. Hayk B.IN. TaHa-
nonbckuin (2007)

Fig. 4. Meteoadaptogenic properties of antihypoxants on the Tobai
chamber. The research was conducted by Dr. I.V. Zarubina and
V.P. Ganapolsky, a doctoral student of the Department, Candidate
of Medical Sciences (2007)
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UCMOMb3YEMBIMU NPU NIEYEHUN HEOTNOXHBIX COCTOAHMIA. Ha-
npuMep, NpU KIAMHUYECKOW OLeHKe nobouHbix 3ddekTos
BeMuTna oHM He npesbiwany 3 %. B T0 e BpeMs, BaXHO
MOAYEPKHYTb, 4TO aHTMUIMMOKCaHTLI 0bnapjakT bGonee Bbipa-
EHHBIM [eCTBMEM NpU MPOGMNAKTUYECKOM Ha3HauYeHWH,
yeM npu JieyebHOM Mcnonb3oBaHMU. 370 HeobxoauMo yuu-
TbIBaTb NPW NOBCEAHEBHOM Ha3HAYeHUW NPENapaTtoB C aHTU-
TMUMOKCMYECKWUM TUMOM LENCTBUS.

OnucaHHoe Hampae/ieHNe TECHO NPUMBIKAET K U3yYeHuHo
MONEKYNAPHBLIX MEXaHU3MOB YCTOWYMBOM afjanTauuv K pas-
NMYHbIM (aKTopaM, HayaToe ewle npodeccopoM A.B. Cmmup-
HOBbIM. TaK, B uccieaoBaHuax kadeapsl Nog pyKoBOLCTBOM
JOKTOpa buonormyecknx Hayk npodeccopa WU.B. 3apybunon
(H.A. KypuubiHa, C.A. XopueHkos, A.H. Poinees) bbinm ycTa-
HOBNEHbI 3aKOHOMEPHOCTM [0NITOBPEMEHHON ajanTauuu
B npoLecce npucnocobneHmns opraH3Ma K BbICOTHOW MMMOK-
CWUM, NEPErPEBaHUIO, TAXENbIM MOBTOPHLIM Harpy3KaM. Konu-
4EeCTBEHHO OMPefeNeH BKNAA OTAENbHbIX OPraHoB B pa3BuTue
YKasaHHbIX afanTalMoHHbIX (eHOMeHoB. B 3KcnepuMeHTe
pa3paboTaHbl 3QQEKTMBHbIE CXEMbI IKCTPEHHOW afanTaummn
C MCMONb30BaHNEM «UMMYMBCHBIX PEMMOBY» TPEHUPYIOLLMX
BO3JENCTBUA Ha (OHe npuMeHeHUs (apMaKoNorMyecKux
afanToreHoB. YCTaHOBMNEHa 3HaumMTeNbHO Honee BblpaeHHas
af,anToreHHas aKTMBHOCTbL npenapatoB Tuna bemutuna (Tpe-
KpesaH, b-300) no cpaBHeHMIO ¢ M3BECTHLIMW afanToreHa-
MU — anba3onoM, aneytepokokkoM u ap. [19, 20]. Ha ocHose
3KCNEpUMEHTasbHbIX AaHHbIX pa3paboTaHbl 1 anpobupoBaHb
Ha 300pOBbIX 406pOBONbLIAX aHaNOrMYHbIe CXeMbl PapMaKo-
NIOTUYECKM YCUNMBAEMOW M YCKOPSEMOW IKCTPEHHOW apan-
TaUMK, B YaCTHOCTU K PE3KOMY U3MEHEHMIO KJIMMAaTUYECKUX
YCNOBWI (NeperpeBaHue, NepeoxnaxaeHue, runokeus). Itm
CXeMbl N03BONIAIIOT BCEMO 3@ HECKOMBbKO IHEN J0CTUYbL 3aMeT-
HOro NpUCMocobneHms opraHn3Ma K onpefeneHHbIM KiuMa-
TyeckuM ¢akTopam (B.IN. laHanonbckuin, A.A. Enuctpatos,
M.B. Anekcangpos) [20].

Tak, pa3suBas NpefcTaBneHWs 0 MeTeoajanTtoreHax,
B.M. TaHanonbckwid [20-23] Ha 3mopoBbiX A06poBOMbLAX
MOKasa, 4To y HUX NpU BO3LEHACTBMM KPaTKOBPEMEHHbIX
3KCTPEMaNbHbIX KIIMMaTMYeckux (aktopoB dusmonoruye-
CKWe MoKasaTenu QyHKUMIA CepAeyHO-COCYAMUCTON CUCTEMBI
W BHELUHEr0 AbIXaHUS HaXoAsTcs B (M3MONOMMYECKOM WH-
TepBase pe3epBHbIX BO3MOXHOCTEN KapAMOpECnUpaTopHOi
cucTeMbl (puc. 4). MHTepecHo, 4To hapMaKonornieckue cpes-
CTBa C MOTeHUMaNbHbIMW AaNToreHHbIMM CBOMCTBaMY NpOSIB-
NAKT CBOE [ENCTBIE MMEHHO B 3TUX MHTEpBanax. B mpouecce
(opMMpOBaHMsA CPOYHON afanTauuy Ha OCHOBE KOMMEHCa-
TOpHO-NpUCNOCOBUTENBHBIX peaKLMiA OpraH13Ma, B TOM YMCTie
¥ NpU MCMONb30BaHWM MPEenapaTtoB ¢ MeTeoafanToreHHbIMU
CBOICTBaMM B NPELLJIOMKEHHbBIX PEXMMAaX BO3LENCTBUSA METEO-
ponorMyeckux (akTopoB, NPOMUCXOAUT MOBbILIEHWE YPOBHS
(um3nyecKon u yMcTBeHHol pabotocnocobHocTu. llpu atoM
(bapMaKonormyeckue cpefcTea C noTeHUManbHbIMU MeTeo-
afianToreHHbIMKU CBOMCTBaMM AEWCTBYIOT Haubonee cunbHO
(BblpaXKeHo), €CM OHW HE3HAUNUTENIbHO MEHSIKOT NapaMeTpbl
Kapamopecny1paTopHoOn CUCTEMBI, U, Ha0b0pOT, MUHUMATTBHBIE
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3(eKTbl OT MeTe0afanToOreHoB PErUCTPUPYIOTCA NpU Hanu-
UMM CYLLLECTBEHHbIX OTKJIOHEHMIA BEreTaTMBHbIX MapaMeTpoB.
Takum 0bpa3soM, cTeneHb BereTaTMBHbLIX M3MEHEHWU NPy BO3-
LENCTBAN 3IKCTPEMANBHOTO KIMMATMYecKoro dakTopa Ha-
XopuTcs B 0bpaTHOM 3aBMCMMOCTW OT YPOBHS QU3UYECKOM
pabotocnocobHocTM. BaxHo OTMeTUTb, 4TO NpU KpaTKo-
BPEMEHHOM XOJIO0BOM BO3AEMCTBUAM Haubonbluylo ajan-
TOrEHHYI0 aKTMBHOCTb, HanpaBNeHHYK Ha MOBLILLEHWE MO-
Kasatenen ¢m3nuecKkon 1 yMcTBeHHoi pabotocnocobHocTH,
NPOABASIOT HEKOTOpble NenTUAHbIe Mpenapatbl (KOPTEKCUH
W [enbTapaH), HOOTPOMHbIe CpeacTBa (BMHNOTPONWUA, (eHo-
TPONWN W NUpaLeTaM), aHTUTUMOKCAHT MEKCUAON W 3TaHoN
B Manblx go3ax (40 r/den). Yto Kacaetcs cyObeKTMBHOIO
BOCNpuATUA 3QPEKTOB METE0AANTOreHoB, TO aBTOP BbISABWUI,
YTO MOMOXMTENBHOE BIUAHUE Ha HETO OKa3bIBAKOT NpaKTUYe-
CKW Te Xe CpeAcTBa: NenTuabl HOOMENT W AenbTapaH, Hoo-
TPON (eHOTPONMA, aHTUIMNOKCaHTLI MEKCWAOA, peaMbepuH,
UMTOGNABMH U TUMOKCEH, a Takxe ataHon (40 r/uen).

B 0 e Bpems npu MofenMpoBaHUM BO3AENCTBUSA BbICO-
KUX TeMmnepaTyp HOOMeNT, CEMaKC W BUHMOTPONWA MOAJep-
JKMBAIOT BbICOKME NapaMeTpbl U3NYECKO U YMCTBEHHO pa-
boTocnocobHocTH (Ha ypoBHe NOKa3aTeNnel, perncTpupyeMbix
B TEPMOKOMOpTHBIX ycroBusx). Ha ypoBeHb ncuxosaMoLmo-
HaslbHOTO BOCMPUATUS HaubonbLUee MONOXUTENbHOE BAMSA-
HMe 0Ka3bIBaIOT NEeNTUAHbIE NpenapaTbl HOONENT, AefbTapaH,
AHTUMMNOKCaHTLI peaMbepuH, LMTOhNaBuWH, TMMOKCEH, MEKCK-
01, HOOTPONMbI BUHNOTPONWIT M MUpaLeTaM, a TakKe 3TaHol.
B mononHeHue K nonyyeHHbIM pesynbTataM Bbino NoKasaHo,
YTO B YCNOBUSAX TMMOKCUYECKOW TMMOKCUM OMTUMU3MPYIOT
(M3nyecKylo 1 YMCTBEHHYHO paboTocnocobHOCTb NeNTUAHbIE

Tom 14, Ne 4, 2073

[NcxodhapMaKonora v BVoNorYeckas HapKonors

npenapatbl HOOMENT, fefbTapaH, KOPTEKCUH, CEMaKC W au-
NenT, HOOTPONbI BUHMOTPONMA U NUPALLETaM, aHTUMUMOKCaH-
Tbl MeKCMAoN 1 uuTodnaBuH, a Takke ataHon. lpakTuyecku
BCE MCCefyeMble CPeAcTBa (3a MCKIIoYeHneM Liepebponu-
3MHa, JenbTapaHa W ceMaKca) NposBASoT MONOKMTENbHOE
B/MAHME Ha CyOBEKTMBHBIA cTaTyc AobpoBonbLeB. M3 Bcex
UCCNefoBaHHbIX (GapMaKoNorMiyeckux CpeacTB NMLLb MosK-
NenTUAHbIA Npenapat LepebponusuH He obnagan MeTeoa-
[anToreHHbIMU CBOACTBaMM. Ero npuMeHeHMe He 0Ka3biBano
HOPManu3yHLLEro WK aKTUBUPYIOLLIETO BAUAHWSA HA YPOBEHb
(YHKUMOHANBHOTO COCTOAHUS OpraHM3Ma npu BO3AEHCTBUM
3KCTpeManbHbIX (DaKTOpOB Cpedbl.

ABTop ucnonb3oBan ans cBOMX UCCNELOBaHUI UHTpaHa-
3aNbHbI NYTb BBEAEHWUS MENTULHbIX, HOOTPOMHBIX U aHTU-
TUMOKCUYECKUX CPeACTB, KOTOPbIA NPOAEMOHCTPUpOBAN
BO3MOXHOCTb MOJIOKWTENILHOMO BAMAHWA HAa MeTeoafan-
TaLMOHHbIE MPOLLECCHl NMPU CHUMEHWW [03 AENCTBYIOLLMX
BELLECTB B JecATkM pa3. IQPeKTUBHOCTb AEMCcTBUS npe-
napaToB NP1 MHTPaHa3aNbHOM BBELEHUM MO BbIPaXEHHOCTH
1 BpEMEHU HaCTyNNeHMs 0XKMAaeMoro apdeKTa B LIEIOM CO-
OTBETCTBOBasia TUNY [EMCTBUSA BELLECTB NOC/E CUCTEMHOIO
BBEJEHNSA.

BaxHo 0TMeTWTb, 4TO BbIPaXEHHOCTb aAanTOreHHoro
[LeCTBUSA UCCNEN0BaHHbIX NPenapaToB HEMCTOLLAIOLLEro TUNA
LeiCTBUA 3aBMCUT OT YC/IOBUIA Cpefbl, B KOTOPbIX OHM Mpu-
MeHsoTCs. TaK, BblSIBNIEHbI BELLECTBA, NOoBbILLalLWue Gusu-
YECKYH M YMCTBEHHYI0 paboTocnocobHOCTb Npy BO3AEHCTBUM
X0nofoBoro Qaktopa (KOpTEKCHH, AeNibTapaH, BMHMOTPO-
nun, GpeHoTponun), neperpeBaHus (HOOMENT, BUHMOTPONMI)
U runokeu (uMTodnaBuH, MeKCMOON, KOPTEKCUH, OUNenT,

= = P B

Puc. 5. Poccuitckuit HaumoHanbHbIN KoHrpece «4enoBek v nekapcteo». Mocksa (2009). Cumno3suyM «MeTtabonuyeckas npoteKums u ne-
UeHUe acTeHUYecKux paccTponcte». Cnesa Hanpaso: B.B. Boctpukos, M1.B. Pognukun, M1.1. LabaHos, B.A. 3emckos, B.M. [aHanonbckuii

Fig. 5. Russian National Congress “Man and Medicine”. Moscow (2009). Symposium “Metabolic protection and treatment of asthenic
disorders”. From left to right: V.V. Vostrikov, PV. Rodichkin, PD. Shabanov, V.A. Zemskov and V.P. Ganapolsky
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deHoTponun), a TakKe npenaparbl C yHUBEPCaSbHLIM TUMOM
AencTus (KOPTEKCUH, fienbTapaH, BUHNOTPONUA 1 uutodna-
BuH). B.M1. [aHanonbCKuii KoHcTaTUpyeT [22, 23], 4To npuMe-
HeHe (hapMaKONorMyecKux CpeAcTB HEUCTOLLAILLEro Tvna
peicTBus (nenTuaHble GuoperynaTopbl, HOOTPOMbI U aHTH-
TUNOKCaHTLI) ABNAETCA 3QMEKTUBHBIM U NEPCEKTUBHBIM
cnocoboM noBbiLEHNS HU3NMYECKON M YMCTBEHHOW paboto-
CnocobHOCTM NpY U3MEHEHUM KIIMMATUYECKUX YCIOBUI Cpe-
[Obl, Y4TO [I0Ka3bIBAETCA MONMOXMTENbHBIMIA PE3yNbTaTaMu UX
B/ISIHUA HA QYHKUMOHaNbHOE COCTOSHWE opraHuaMa. [pen-
cTaBnifeTca LenecoobpasHbiM BbleneHne rpynmbl MeTeo-
aflanToreHoB cpeay TabesbHbIX CPEACTB NOBbILIEHUS pabo-
TOCMOCOBHOCTM KaK CpefcTB CPOYHOM ajanTauuu YenoBeKa
K BbICTPO MEHALLMMCS YCNIOBUAM BHELLHEN CPEfbl.

B npogomxenue paHHbix uccnegosaHuin AA. Enuctpa-
TOBbIM [24, 25] Bbinn pa3paboTaHbl MeTabonMueckue Kok-
TEANM Ha OCHOBE aHTUrMNoKcaHTa bemutuna (b-100, B-200
n b-300), KoTopble NMPOAEMOHCTPUPOBaNM B LIEIOM Moso-
MUTeNbHOe AeiCTBME Ha YMCTBEHHYyl pabotocnocobHocTb
(puc. 5). Ito pencTBMe 3aBMCENO OT PYHKLMOHANBHOIO CO-
CTOSHWS| UCMIBITYEMBIX: Y UL, OTAOXHYBLUWX, HAXOLALLMXCS
B COCTOSIHUM (YHKUMOHanbHOro KoMdopta, b-100 u b-200
He OKa3blBa/IM CyLLLECTBEHHOIO BNUAHUA HA YMCTBEHHYIO pa-
60TOCNOCOBHOCTD, YMEPEHHO YNyuLLas KOTHUTUBHBIE DYHKLMM
1 caMOYYBCTBME JIWL, HAaXOAALLMXCA B COCTOSHUU OCTPOrO YM-
CTBEHHOrO YTOMNIEHMUs, a MeTabonnyeckuin Koktenb b-300
3HAYMTENBHO YNYYLIAN KOTHUTUBHbIE QYHKLUWM M CaMouyB-
CTBME YesIoBEKA Ha (HOHE MHTEHCMBHBIX YMCTBEHHBIX Harpy-
30K. lpu 3TOM OHOKPATHBIA OLHOBPEMEHHBLIN NPUEM MeTa-
bonmuyeckoro Koktenmna b-300 B [BOWHOM M TPOWHOM [03e
OKa3blBa/l Pa3fIMYHOE BIMSIHME HA [MHAMMKY MOKa3aTenem
YMCTBEHHOM paboTocnocoBHOCTH U CEHCOMOTOPHBIE HaBbIKY.
Tak, npuem aBoiHoit fo3bl b-300 noBbilwan yMCTBEHHYIO pa-
BotocnocobHocTb, cyLecTBeHHO (B 2 pa3a) yMeHbLUaN BpeMs
OLUMBKM peaKLy Ha ABMXKYLLMIACS 0DBEKT, yBENMUMBAN CKO-
pocTb nepepaboTkn nHdopMaLwm. [pruem TPOMHOIA 403bl KOK-
Tenna b-300 He conpoBoXaancs Bo3pacTaHUEM YMCTBEHHOM
paboTocnocobHocTH, HO yBennumMBan uucno owwnbok bonee
yeM B 2 pasa. 370 CBUAETENLCTBYET 00 aKTMBALMKU NpenmMy-
LLLECTBEHHO KOMMYECTBEHHBIX MOKa3aTesiel onepaTopcKoi
LeATeNbHOCTU B YLUEpO KaYeCTBEHHbIM.

CybbeKTBHOE COCTOSHWE WCMbLITYEMbIX, MPUHUMABLLNX
MeTabonnyeckue KOKTEWNM, Ynyyllanoch. Y MCnbITyeMbIX,
MPUHUMaBLLMX TpoiHyto fo3y b-300, pesko noBbilanock ca-
MOYYBCTBUE, aKTUBHOCTb U HaCTpOEHUe, MOSBNANOCh ena-
HWe [LeMCcTBOBaTb, UCMbITYEMbIE OTMEeYany Jierkyto andopuio,
UyBCTBO NMPUNMBA KPOBM K rOJIOBE, T. €. YMEPEHHbIN NCUX0aK-
TMBUpYoWMIA 3 deKT. CyLecTBEHHbIX OTKJIOHEHWM B 3[0p0-
BbE UCMbITYEMBIX B TEYEHUE NOCNEAyoWMX 48 4 nocne npu-
eMa MeTabomnMyeckuX KoKTeiineit He oTMeYany.

BaHo oTMeTuTb, 4To TpeKpesaH u MeTaboI4ecKui KoK-
Tennb b-300 nposBnsAnmM cBoiicTBa MeTeoaAanToreHa, cnocob-
CTBYHOLLIEr0 MOBLILIEHMIO CPOYHOI afanTauuy K BO3LENCTBUII0
3KCTpeManbHbIX (PaKTOpPOB BHELUHEN CPedbl (MOHWKEHHbIe
W MOBbILLEHHbIE TEMMEPaTypbl, TMMOKCUA). 3T0 BbIpaXanoch
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aKTUBaLMEN M NoJLepXaHWeM BbICOKUX MOKasaTenen ¢u-
3MYECKOW U yMCTBEHHOW paboTtocnocobHocTh npu beiCTpoM
M3MEHEHUN MEeTeOopONIOrMYeCKUX YCIIOBUIA BHELLHEN Cpefbl.
AsTop penaet BbiBog, [25, 26], uto TpekpesaH M MeTabo-
JINYECKME KOKTEIM HA OCHOBE aHTUTMMOKCaHTa bemuTtuna
(b-100, B-200 u b-300) MoryT paccMaTpuBaTbLCA KaK Cpef-
CTBa CTUMYNALWMW, COXPAHEHNS U BOCCTAHOBMEHUS YMCTBEH-
HOW 1 hU3MYeCKoin paboTocnocobHOCTH, NpUYEM MaKCUManb-
Hyl0 aKTMBHOCTb nposenseT b-300.

BaXKHbIM  HampaBNeHWEM Hay4HbIX WCCIeLoBaHWN
B 2000-e rT. Ha Kadeape CTAHOBATCS MCCNELOBAHUA (YHK-
LIMOHasbHOro 3HaueHus 6enkoB Tennosoro woka 70 kla,
BbIMOSTHSAIOLLMX POJib BHYTPUKIIETOUHBIX LUANepoHoB. [pynnoii
uccnepfoBatesien Nof PyKOBOACTBOM JIOKTOpa B1onornyeckmx
Hayk J1.W. Auppeesoii (A.A. boiikoBa, B.C. letpoBa) Obino
noKasaHo, 4to benku Tennosoro Lwoka 70 k[la npu aK30reH-
HOM BBEJiEHUM LEeNCTBYHT AENPUMMPYIOLLE Ha LIEHTPaNbHYH
HEPBHYI0 CMCTEMY, aKTMBUPYS LEHTPanbHble MEXaHW3Mbl
aHTUcTpecca [27, 28]. lNpu BBEAEHUM 3TUX BENKOB UK MHAYK-
TOpOB CcTpecca (KOPTUKOTPOMMH-PUITU3NHT FOPMOH) UBOTHBIM
B paHHEM OHTOreHese B nepuop, GopMUPOBaHUA U CTaHOBMe-
HWS 3MOLIMOTEHHBIX CUCTEM MO3ra HapyLuaeTcs GYHKLMOHU-
POBaHUe CUCTEMHBIX MEXaHW3MOB CTpecca y NofoBO3pebX
#uBoTHbIX (B.®. Crpenbuos, B.. Creuetko, LK. Mewepos,
B.A. KopHunoB). 370 nposiBNAETCA M3MEHEHMEM peaKuuu
Ha BBEJEHUE HEMPOJIENTUYECKUX, aHKCUOIUTUYECKUX U HO-
otponHbix cpeacts [29]. CnepoBatenbHo, bbiNO [OKa3aHo,
4TO AaXKe MMHUMaJbHOE BMELLATeNbCTBO B PAaHHEM OHTOrEHe-
3e MOXET 3anycKaTb MexaHW3Mbl, hopMuUpyloLLMe LeBUAHT-
Hble hopMbl noBegeHns. [JaHHble GopMbl OTKIIOHEHWIA MOXKHO
KOppUrMpoBaTh C MOMOLLbH NENTUAHBIX NpenapaTtoB (KopTeK-
CMH, HOOMENT, AMNENT W Jp.) UNM MeTaboNMYecKUX aKTuBa-
TOpOB Mo3ra, 06/1afaloLLMX aHTUTMMOKCUYECKUM [eNCTBUEM
(bemuTin M aHanoru, mMupanoH, TpekpesaH u ap.). [JaHHoe
HanpaeneHue onucaHo B MoHorpadwmsx [30, 31].

B 3™ roabl coxpaHseTcs TpagMUMOHHOE HanpasfeHne
Kadeopbl — CUHTE3 U W3yyeHMEe HOBbIX NIEKAPCTBEHHbIX
cpeacts Metabonuueckoro TMna genctsus. B uactHocTy,
B XMMU4ecKon nabopatopum Kadenpbl 3a 3TU roabl 6bio
CMHTE3MPOBaHO 1 n3y4eHo (B.B. Mapbiwwesa) bonee 60 HoBbIX
(hapMaKonoruieckux CpeacTs, NPOM3BOAHBIX MHAO0NA, CPeay
KOTOPbIX HalfeHbl NepCreKTUBHbIE COEAMHEHUS LI KOp-
PEKLMM NOCNeACTBUIA MMMNOKCHM, TOKCUYECKONO OTEKa JIETKKX,
nopaxkeHuit neyeHn u uMMyHHo! cuctembl ([1.A. TopkyHoB,
C.B. Oxosutbin, A.W. [aBpes, E.B. MokpeHko) [32, 33].

Ha ocHoBaHuu nccnepoBanui B.B. MapbiwweBoii [34—36]
Bbiio paspaboraHo HOBOE Hay4yHOe HamnpaBieHne — XUMUS
1 $hapMaKonorms HeM3BECTHbIX PaHee KOHZEHCUPOBAHHbIX
CUCTEM MHA0NA M NPOLYKTOB WX NPEBPALLEHUIA, — NO3BONSA-
foLLee nonyyaTb HoBble 3P heKTUBHbIE hapMaKonornyeckue
CpefcTBa LUMpOKOro cnekTpa Aencteusa. Kak okasanoce,
NPOW3BOAHbIE MHAOMA MAJIOTOKCMYHBI, 06afaloT aHTUrK-
MOKCUYECKUM, MPOTUBO3JEMATO3HbLIM, TenaTonpoTeKTop-
HbIM, aKTOMPOTEKTOPHBIM W NPOTUBOBUPYCHLIM BULAMM aK-
TMBHOCTM.
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B yacTHocTW, ans TMO- W auMArMapasoHOB M3aTUHA Mo-
Ka3aHo Haluyme 3HaUMTeNbHbIX aHTUTUMOKCUYECKUX CBOWCTB,
0[HaKO [ HUX TaKKe XapaKTepHO NpOTUBOBUPYCHOE, ByH-
rucTaTMYecKoe U NpoTMBOBOCMaNUTENbHOEe AeiicTeue. Cemu-
Kapba3oHbl u3aTHa u N-MeTunKM3aTMHa BbILENAKTCA B BULE
Z- v E-u30MepoB, KOTOpble MMEKT OLMHAKOBYK aHTUIU-
MOKCUYECKYI0, HO PasHyl NPOTUBOBUPYCHYIO aKTUBHOCT.
Mo NpoTMBOBMPYCHBIM CBOIMCTBAM AKTUBHOCTb MpPOABNSHT
TONbKO Z-u3oMepbl. BBegeHue 06beMHbIX 3aMecTuTesNen
B NONOXeHWe 3 UHOaHAMoHa-1,2 B peaKumsx C TMO- U ce-
MuKapbasugamu npensTtcTByeT 06pa3oBaHWK0 NPOAYKTOB
Mo MOMIOXEHWIO 2, NpU 3TOM NPOAOKUTENBHOE HarpeBaHue
Ans bonee MosHOMo NpoTeKaHUA peakumm cnocobcTByeT 06-
pa30BaHWI0 Z-U30MepoB, CPeay KOTOpbIX BbISBNEHbI COEMU-
HEHWUS C aKTOMPOTEKTOPHOM W aHTUIUMOKCUYECKOW aKTUBHO-
CTblo. BBefieHne 3aMecTuTeneid No 2 NONOXEHMIO B U3aTUHE
He NPUBOLMT K yTpaTe aHTUrUMOKCUYECKOW aKTUBHOCTM.

2,3-Aurnapo-3-Tnokco-1,2,4-Tpnasutol6,5-blunaon,
KOTOpbIN SBNSETCA POAOHAYaNbHUKOM 3-anKuUiTUoNpon3Bos-
HbIX, 06n1afaloWuX NPOTUBOBOCMANIMTENBHOW, AHTUIUMOKCH-
YeCKOW M ApYrYMM BuAAMM OMONOrMYECKOW aKTUBHOCTMH,
KaK bblno JoKa3aHo, CaM He OKa3biBaeT aHTUIUMOKCUYECKOTO
LeicTBUSA; ero ynobHee nosy4atb U3 OKCUHAO0NA, YTO 3HAYU-
TeNIbHO YNpOLUAET CMHTE3 M MO3BOMSET OTKa3aTbCA OT WUC-
Mo/ib30BaHNUA BbICOKOTOKCMYHBIX peareHToB. MMuaasol4,5-b]-
MHOON-2-TMOH, BbICOKOI((EKTUBHLIN  aHTUIUMOKCAHT,
renaTonpoTeKTop M pofoHaYanbHUK 6UOM0rMYECKN aKTUBHBIX
2-anKuNTUO-NpoM3BOAHbIX, Obin nonyyeH B.B. Mapbiwe-
BOW M3 1-aueTun-3-MHOO0/MHOHA OPUrMHaNBHBIM CMOCoBoM.
BaHO 0TMeTUTb, 4TO HOBas CTPYKTYpa 2-TWO-MPOU3BOAHbIX
uMuaasol4,5-bluHpona, noctpoeHHas no aHanorum ¢ bemu-
TUNOM, NPUBENA K YCUNEHWUO OMONOrMYECKOW aKTUBHOCTM
1 YMEHBLUEHMIO TOKCUYHOCTU.

B 70 3Ke BpeMsi coeAMHeHUA U3 psaaa TMasono[d,4-bluH-
Aona, ABNALWMECs BbICOKO3IhdEKTUBHBIMU aHTUTMMOKCaH-
TaMu, renaTonpoTeKTOPaMU M aKTOMPOTEKTOpaMK, Lienecoob-
pa3HO Mofly4aTb HOBLIM CocoboM M3 2-6poM-MpoU3BOAHbIX
1-auetun-3-MHOONMHOHA B3aMMOLENCTBUEM C TMOMOYEBH-
Hoit. CouneHeHue 2-aMWHOTMA30Ma C MHAONOM, KaK NpaBuno,
ycunueano bronornieckue CBOUCTBA N0 CPABHEHMIO C 2-aMu-
HOBEH3THA30/10M U aMTU30/IOM.

CpaBHeHWe aHTUIMMOKCUYECKOW aKTMBHOCTU Cpeau co-
eaMHeHuid uMnaasol4,5-bl- n Tmasonolb,4-bluHaonsHoro
psiia BbIABUMO MPUMEPHO paBHOe [ercTBUe Npu runobapu-
YECKOM TMMOKCKUW, HEKOTOPOE MpeBbILLEHNEe UMULA30MHAO-
NOB Ha MOLENM rUnepKanHUYecKon MMMNoKCKUW, a TMO30510-
WHOONOB — Ha MOMENM reMUYeckon rmnokcun. Beepenue
B MONOMKEHUe 2 CTPYKTYpbl MMKAa3o[4,5-bluHpona TMokco-
rpynnbl, @ TMasono[5,4-bluHacna nepBuyHoOl aMUHOrpynmbl
NPUBOAMIO K YCUNEHWKO aHTUIMMOKCUYECKOW aKTMBHOCTH,
3aMeLLeHWe B aMUHOrpynne BOLOPOAHbIX aTOMOB OCTaTKaMM
OpraHWYEeCKMX KUCNOT BESIO K YMEHBLUEHMIO aKTUBHOCTH bo-
nee 4eM B 2 pasa. bbinm BbigeneHbl 12 Hanbonee aKTMBHbIX
COEAVHEHWI, NepCreKTUBHBIX ANA JabHeuLLIeh paspaboTku
B KQUecTBe aHTUIUMOKCUYECKUX CPELCTB.

Tom 14, Ne 4, 2073

[NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

B cBolo ouepenb npousBoaHble TWasonolb,4-bluHaona
MPOSIBNANM BbICOKME 3alLMTHbIE CBOWCTBA MPU OCTPOM TOK-
CMYECKOM OTEKe JIerkux BCeacTBue BO3AecTBUA (ocreHa,
a TaKXKe MpW OCTPOM TOKCMYECKOM MOpaXKEHUM MeYeHM Te-
TpaxsiopMeTaHoM. [pu 3TOM BBefieHMe aToMa bpoMa B beH-
30N1bHOE SAPO CTPYKTYpbl TMa3ono([5,4-bluHaona ycunmeano
3alMTHble CBOWCTBA. [0 pe3ynbTaTaM 3KCMEpUMEHTAsbHbIX
1ccnefoBaHuin Takxe bblan BolgeneHbl 12 coegyHeHUR, nep-
CNEKTUBHBIX AN AanbHellwen pa3paboTku B KauecTBe Npo-
TMB03EMaT03HbIX M renaTonpoTeKTOPHbLIX CPEACTB.

Mpu M3y4eHnn MexaHM3Ma SENCTBUA NOYUEHHBIX COeaU-
HEHWU BbINO [10Ka3aHo, YTO OHWUM U3 BO3MOXHbIX MEXaHU3-
MOB [1eNCTBUSI BCEX M3YUYEHHbIX KOHLEHCUPOBAHHBIX NMPOU3-
BOAHbLIX MHA0NA ABNISETCA UX MeMOPaHOTPONHasA aKTMBHOCTb,
B YaCTHOCTH, AN NPOU3BOLHbIX TMa3010([5,4-b]uHaona noka-
3aHa TaKas aKTUBHOCTb B OTHOLLEHWM BCEX MEMOPaHHBIX MOH-
Hblx KaHanoB (Na, K, Ca). B koHueHTpaumm 1-10 MKMonb/n
OHY 00bIYHO aKTMBUPOBANN MOHHbIE TOKK, a B 60N1ee BbICOKMX
KOHLeHTpauusx nogasnsnm [37, 38].

Kpome Toro, BbifIBNEHO, YTO KOHAEHCAUMA MHAONA C re-
TEPOLMKIIAMK, COAEpPHALLMMU hparMeHTbl TUO- WU U30TUO-
MOYEBMHbI, CNOCOOCTBYET NPOABNEHUIO Y HOBLIX COEAMHEHUI
MoNMBaNEHTHOM BMONOrMYecKoi aKTUBHOCTH, obecnednBaeT
3aLUMTY OpraHM3Ma OT BAMAHMA HeONaronpuUaATHLIX (aKTopoB,
BO3JENCTBYIOLLMX Ha OpraHusM (PpuanyecKomn, XMMMYECKOM
1 buonormyeckoii npupoabl). CpaBHUTENBHBIA aHanu3 dap-
MaKOJI0rMYECKOI aKTUBHOCTU BHYTPM KaXA0ro paga u Mexay
U3Y4EeHHBIMW PAJAMM CUHTE3UPOBAHHBIX COEMHEHMIA CBUAE-
TeNbCTBOBaN 06 OTCYTCTBMM 0OLLEro aHTMIUMOKCUYECKOro
MexaHu3Ma [eUCTBMA NpU pasHbIX MaToNorusX, B KaXaon
KOHKPETHOM (hapMaKoIorM4ecKol CUTyaLmMn aHTUIMMNOKCaH-
Tbl peanu30Banu CBOW anropuT™ cneuupuyecKoro AencTBuA.
[na coenuHenni, obnagatowmnx bonee BblpaKeHHbIMU aHTK-
TMNOKCUYECKUMM CBOWCTBaMM, MOKasaH bosee LUMPOKMI
cneKTp hapMaKoNorMyecKMX aKTMBHOCTEN.

B uccneposanum T1.A. TopkyHoBa [32, 33, 39, 40] ckpu-
HUHIOBOW MOJENbl0 NS OLEHKM TOKCMYECKOro OTeKa Jjier-
KMX W U3y4eHns 3GEKTMBHOCTM NeKapCTBEHHBIX CPEACTB
MpW NOpa)KeHUW NyNbMOHOTOKCMKAHTaMM Obin BbIOpaH 0Tek
NErKMX, Bbi3BaHHbIA (OCreHOM, Yy MeNIKMX N1labopaTopHbIX
rPbI3yHOB (MbIwM). Moaenb no3Boinna OLEHUTb BbIpaeH-
HOCTb OTEKa NErK1x Mo JIeroYHoMy Ko3adULMEHTY, a TaKKe
3QHEKTUBHOCTb MPOPUNAKTUKM W JIEYEHUS TOKCUMYECKOO
OTEKa JIETKUX Ha paHHeil CTafun U Ha CTaguu paspeLueHuns
naTonorMyeckoro npouecca. Astop oTMevaer, yto matore-
HETUYECKUMU MPU3HAKaMKU OTPaBNieHUs (OCTEHOM Y 3KC-
NepUMeHTaIbHLIX XMBOTHBIX ABNAIOTCA pasBuUTMe 3MPu3e-
Mbl W OTeKa nerkux. py 3TOM yBeNMUMBAETCA COoAepIKaHue
DenKa u BELLECTB HM3KOW W CpefHeil MOEKYNSpHOMA Macchl
B NTABaXHOW KWAKOCTM, CHUKAETCA COLEpPXKaHMe MOJIOHO-
Boro auanbaermaa (MIIA) B KpoBu, MOBbILIAETCA Coaep-
anue SH-rpynn u SS-rpynn, yBenuuMBaeTcs CoaepaHue
BELLECTB HM3KOW M CpefHeil MOMEKYNAPHOWA Macchl, CHU-
YKaeTcA aHTMOKCMAAHTHLIN pe3eps, yBenuumBaeTca obluee
YUCNIo TPOMOOLMTOB, TPaHYNOLMTOB M «CPERHUX» KNeTOoK

DOl https://doiorg/ 10.1/816/phbné23094

273



274

HISTORY

(303uHOGMNOB U MoHOUMTOB), ocnabnsetca nedopMupye-
MOCTb M YBENIMUMBAETCA BA3KOCTHbIA MOKa3aTeNb 3pUTpo-
LMTOB, aKTUBMPYETCA TPOMBOLMTApHO-COCYAMCTBIA U KO-
arynsuMoHHbIA MeXaHW3Mbl TeMoCcTa3a C MOBbILIEHUEM
afireaVoHHON W arperauMoHHON CnocobHOCTM TPOMBOLMTOB,
cHuxaetcs pH n copepxatne oKcureMornobuHa, noBbILLaeT-
€A NapumManbHoe AaBMeHUe YITIEKUCNIONo rasa, AerpaHynaums
TPaHYNOLMTOB B JIEFKWX, KOHLEHTpaLMA HUTPUTOB B JIETKMX.
B uccnenoBaHuy HamaeHo, YTO HOBbIE KOHAEHCUPOBaHHbIE
MpOU3BOAHbIE WHAONA, CUHTE3UPOBaHHbIE B.B. Mapbiweson,
MPOSIBNIAIOT BbIPaXKEHHYK NPOTMBO3EMATO3HYH) aKTUBHOCT.
W3 ux uncna npodunakTuueckum aenctereM obiaaanm npons-
BOZHbIE MMPUMULOMHAONA, GOPMUAMHACNA, TMA300MHAONA,
N-(3-MHA0NnMN)TMOMOYEBUHBI, TPUA3MHOWHAONA U 2-apunMe-
TUNEH-3-MHA0NMHOHA. [Tpn 3TOoM HaubonbLyo 3¢deKTmB-
HOCTb MPOSIBUNO MPOM3BOAHOE TUa3ono[4,5-blunpona. Ero
MPUMEHEHME MO3BONIUNO0 NPeAOTBPaTUTL Kak hopMUpOBaHMe
TOKCMYECKOrO OTEKA JIErKMX, TaK U CMEPTHOCTb OTPABJIEHHBIX
JUBOTHbIX. M3 uMcna nsyyeHHbIX HOBbIX MPOU3BOLHbIX THA30-
nonHaona Havbonee BbipaXKeHHbIM NPOGUNAKTUYECKUM [eii-
cTBMEM obnajanu coeamHeHus bpomTuasonol4,5-blunpona
ruopobpomma n bpomtuasonol4,5-bluHaon, nevebHbIM aeii-
cTBUEM — OpoMTMasonol4,5-bluHpona cykumnmmmg [39, 40].

OTMeueHo, YTo NpY NPOQUNAKTUHECKOM NPUMEHEHMM 3¢-
(EeKTMBHO 3aLLMLLANK OT TOKCUYECKOrO OTeKa JIErKUX UHTMOU-
Top HAL®H-penykTasbl AON-noamna, nHrubuTop nHayumbens-
HOM M30(OPMbI aMUHOTYaHUAUH Y MIHTUBUTOP KOHCTUTYTUBHOM
nzodopmel L-NNA. Tpu neyebHoM npuMeHeHun Hambonee
3G PeKTMBHLI bl MHIMBUTOP MHAYLMOENbHOW U30(opMbI
aMUHOTYaHUOMH M UHTMBUTOP MHAYLMBENbHOW U KOHCTUTY-
TMBHOI M3odopmbl L-NAME. Ux ucnonb3oBaHue no3sonsno
YMeHbLUATb BbIPaXKEHHOCTb OTEKA JIErKUX U YBENMYUTL Bbl-
JKMBAEMOCTb OTPaBMEHHBIX XUBOTHBLIX (MpodunakTyeckoe
npumeHenue [ON-vwopmngpa). Kpome Toro, cpean UHrmMbuTo-
poB npoTenHa3s Hanbonee 3dPeKTMBHBIMM NpU NPOPUNAK-
TMYECKOM Mcrnonb3oBaHun sBnstoTca N-atunmanemHumug
U nHrMbutop dochonmnassl A2 a,n-aubpoMaLieTodEHOH,
npu neyebHOM WUCMONb30BaHUM — MHMMOMTOPLI MPOTEMHA3
bensuncynboxnopug n N-atunmanemHummg,. Mx ncnonb3so-
BaHWe NO3BOJIAN0 YMEHbLLATb BbIPaXEHHOCTb OTEKA JIEMKUX.

WNHTepecHo OTMETUTb, UYTO CPEAM UCCNENOBAHHBIX aHTU-
OKCMAAHTOB Hanbonee BbIPaXKEHHBIM MPOTMBO3AEMATO3HbLIM
AeiCTBUEM NpU NPOGUNAKTUHECKOM NpUMeHeHUM obnaganu
TMOCYNb®AT HAaTpUs, YHUTMON, MacnsHbliA pacTeop AMCO, nin-
noeBasi KUCNOTa U MOYEBas KUCNIOTa, Npu NleyebHOM npume-
HeHuM HaubonbLuein 3 derTUBHOCTLIO 0bnafanm TMocynbdar
HaTpus, YHUTMON, acKopbuHOBas KWUCoTa U AUMETUNCYMb-
dorena. Nx npuMeHeHe No3BONSIO0 YMEHBLUNTL BbIpaXeH-
HOCTb TOKCUYECKOTO OTEKA JIEMKMX.

B 10 e BpeMA cpeou McCNenoBaHHLIX MPOTUBOBOC-
ManuTeNbHbIX CPeACTB Haubonee addekTuBHoe neuebHoe
NpOTMBO3/1eMaTo3HOe [EeNCTBUE AOCTUranoch Npy NpuMeHe-
HuM guknodeHaka Hatpus. Ero ucnonb3oBaHve no3Bonsno
YMeHbLUATb BbIpaXKEHHOCTb OTEKA JIETKUX Ha PaHHel CTagumn
nopaxeHus.
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HakoHel, Hanbonee adekTUBHOM NeyebHoI NpoTMBO-
3[1eMaTo3HO KOMOMHaLMeN BELLECTB aBTOP CYMTAET coue-
TaHHOE NPUMEHEHWE YHUTUONA, anpOTMHWHA (KOHTpUKana)
U ouKknodeHaka Hatpus. lpeanoeHHas peuenTypa 3ames-
NANa pasBuTUE TOKCMYECKOrO OTEKa JIErKWUX Ha paHHMX CTa-
AMsAX nopaxeHust pocreHoM. ABTop fenaeT 3aKntoyeHue [33],
uto 3 EKTUBHOCTL KOMBMHALMM YHUTMONA C anNpOTUHWUHOM
(KOHTPUKaNoM) M AUKNIOMEHAKOM HATpUA NPU TOKCUYECKOM
OTEKE JIerkux 00yCIoBEHa CHUKEHUEM MOBLILLEHHOI NPOHK-
LLaeMOCTH aaporeMaTyeckoro bapbepa L1 XMUAKoCTH, ben-
KOB M NEMKOLMTOB, YMEHBLUEHNEM WHTOKCUKALMK, YBEUYe-
HWeM 06LLero aHTMOKCWMAAHTHOIO Pe3epBa KPOBY, CHUMXKEHWEM
MOBBLILLEHHOTO COAEPXaHWUA TPOMOOLWUTOB M JIEMKOLMTOB
B KPOBM, YNYYLIEHWEM PEONIOrMYECKUX CBOMCTB 3pUTPOLMU-
TOB, CHUXEHUEM MOBBILIEHHON arperaLMoHHoN CrnocobHoCTH
TpoMbOLMTOB, HOpManu3aLMen MOBbLILLEHHOW AKTUBHOCTM
NO-cuHTa3sbl B TKaHU nerkux. Vicnonb3oBaHue AaHHON KOM-
OWHaLMM BOCCTaHaBNMBAET MOBPEXAEHHBIE CTPYKTYPHbIE
KOMIMOHEHTbI JIErKWX, YNYyYLLAeT NPOXOAMMOCTb COCYNOB Be-
HO3HOrO 3BEHA JIETKUX, MPOXOAUMOCTb AbIXaTeNbHbIX NYTed,
(YHKUMOHaNbHY0 aKTUBHOCTb KIETOK, B TOM YUCIIE CEKpeTop-
HYI0 aKTUBHOCTb HOKaNoOBUAHBIX KNETOK U anbBeonoumTos |l.

Jlpyroii 0bnacTblo MPUMEHEHMS aHTUIMMOKCAHTOB, 00-
najalLmx WMMYHOMOAYIUPYIOLLMMK  CBOWCTBaMM, CTa-
N0 NPUMEHEHME WX MPU XPOHUYECKUX BOCMANUTENBHBIX
npoueccax. E.B. MokpeHko paspabatbiBan Mopenb Boc-
nasuTeNbHbIX AECTPYKTUBHbIX moBpexaeHuii (BAM) Tka-
Hell napofoHTa (napogoHTuTa) [41-43], BpOHXONEroYHoiA
cucTeMbl (MHeBMOHMSA) [44, 45] v npeacTatenbHol xene-
3bl (npocTatT ¢ [0OpOKaYecTBEHHOW runepnnasuen) [46]
C OLEHKOM MOp(ONOrNyYeCKon KapTWHBbI, MMUGHON MepoK-
CMLAUMKM, aKTUBHOCTU aHTUOKMCIITENIBHBIX CUCTEM, WUM-
MYHHOM0 M LIMTOKMHOBOIO CTaTyca Yy KpbiC, YTO, MO MHEHMIO
aBTOpa, NO3BOIMNO afiEKBATHO OLEHMBATL JieyebHo-npodu-
NaKTU4YecKoe AENACTBUE CUHTETUYECKUX UMMYHOMOAYNATOPOB.

Mpu BAN TKaHe! napoaoHTa (MapofOHTUTE) a3oKCMMeEp
(nonuokemaonui) + Metanpot (bemutun) = asokcumep + Tpe-
KpesaH (kpe3auuH) > MeTanpot > asokcumep > TpekpesaH
(Npenapatbl pacnonoxeHbl B Nopsiake yObIBaloLLeN aKTUB-
HOCTW) NpU KypCOBOM MPUMEHEHUM B Oonee BbIPAXKEHHO
cTeneHu, YeM 3ybHble nactbl «JlecCMUH-LeHT» > «KnaMuH-
LeHT» > «HoBbli eMuyr» (pacnonoxeHbl B nopsagke yobl-
BalOLLEH aKTUBHOCTM), YMEHbLUANN Y KPbIC MPOSIBNEHUS
BOCMaNEHMA TKaHEN NapOAOHTa, OLiEHEHHbIE M0 MOp(ONoru-
YECKOIA KapTuHe, COCTOSHUI0 NEPEKVUCHO0 OKMUCIIEHUS JIUMK-
0B M CUCTEM aHTUOKCWAAHTHOI 3awuThl. Kpome Toro, uMmy-
HoMopynsaTop TpekpesaH npu NofocTpoM BBefeHuH (3 aHs)
OKa3bIBaJl BbIPaXEHHOE MPOTMBOBOCMANUTENBHOE AEHCTBYE,
OLEHMBAEMOE MO YMEHBLUEHMIO JIMMWUAHOM NepoKcUpaLmm,
MOBLILLEHNUK AKTUBHOCTU aHTUOKUCITUTENBHBIX CUCTEM, MO-
BbILUEHWO TUMDOKUHNPOAYLMpPYIOLLEn bYHKLUMM numdoLm-
TOB U BOCCTAHOBNEHUIO (haroLMTapHON aKTUBHOCTM HEWTpO-
¢unos. lpu bonee npopomkuTenstHoM BBefeHuu (5—7 oHeh)
TpeKpe3aH HOPMann30Ba LIMTOKWUHOBLINA CTATyC M KIIETOYHbIA
MMMYHUTET, HapyLUeHHbI NpW MapoLOHTUTE, YTO MpOSBASETCS
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CHWKeHWeM uucna CD-3 (Mapkep T-numdouutos) n CD-79
(Mapkep B-numdounToB) aHTUreHoB. IddekThl TpekpesaHa
Maro 3aBucenu ot criocoba BBeAEHWS Npenapara: npu BHY-
TPUOPIOLLMHHOM BBEJEHUM OHU HECKONbKO Bonee Bblpae-
Hbl, YeM MpU BBEAEHUW BHYTPb, OAHAKO LeicTBue Tpekpe-
3aHa He CBA3aHO C BOBNEYEHWEM XENYA0UHbIX aphepeHToB.
Mpu 3toM TpekpesaH He3aBUCMMO OT cnocoba BBeLeHMs
(BHYTPb MW BHYTPMOPIOLUMHHO) aKTUBMPOBaN DUMOCMHTETH-
YeCKue NpoLecchl B KOCTHOM TKaHW NapofoHTa. 370 NposB-
NANOCb aKTUBaLMel penapaTuBHbIX NPOLECCOB B KOCTU ajlb-
BeO/Ibl NpK ydacTum octeobractoB. Takxe perucTpupoBany
HOB00Dpa30BaH1e KOCTHOW TKaHU Ha MOBEPXHOCTU COXPaHMB-
LUMXCA KOCTHbIX CTPYKTYp [42, 43].

MapannensHo aToMy uMMyHoMopzynsTopbl MeTanpor, Tpe-
Kpe3aH, a30KCUMEp U UX COYETaHWSA Npu KypcoBoM (5 aHe)
NPUMEHEHUWN Y KPbIC C 3KCnepuMeHTanbHbiM BLM TKaHen
nerxkoro (MHeBMOHWeN) obreryanu TeyeHWe BOCManUTENb-
HOro MPOLecca, YTO MPOSBASIOCH YBESIMHEHWUEM [ONU Bbl-
JUBLUMX JKMBOTHBIX, YMEHbLUEHUEM KONMYECTBA IKCCYyAaTa
B TKaHW JIETKNX, CHKEHWEM MOSHOKPOBHOCTU KPOBEHOCHbIX
COCy#OB, HOpManu3auuen Mopdonor1ieckoi KapTuHbl fe-
FOYHOW TKaHM (MeXanbBeonsipHble Neperopogku 0bbiYHOro
BMAA, BCE aNbBeOsibl HaMoMHeHbl Bo3ayxoM). MonoxuTens-
Hoe penctBue MeTanpota, TpeKpesaHa, asoKcMMepa U MX
COYeTaHWi Npu 3KcnepuMeHTansHoM BJIM TkaHel nerkoro
(MHeBMOHMelA) BbINo CBS3aHO C MX BbIpaXKEHHbLIM 3rpoTpon-
HbIM (3HEProCTabUAN3NPYIOLLIMM) U UMMYHOCTUMYMIPYIOLLIUM
AeiCTBMEM, MPOSBISEMBIM KaK CUCTEMHO (B KPOBU W ner-
KuX), Tak U MecTHO (B nuMdoumTax). Mpu 3ToM Habnopa-
NOCb CHUXEHME YPOBHS NaKTaTa, NPOAYKTOB ruaponusa ATO
(AL® 1 AMO), yBennyeHne conepKaHus NUPOBUHOTPAAHOM
Kucnotbl n AT B niMdoLMTax KPOBU M TKAHW NETKUX KPbIC,
noBbILanack MMMMOKUHNPOAYLMpYIoLWasn GyHKUMA IuMdo-
uuToB, haroumTapHas aKTMBHOCTb HEMTPODUNOB, aKTUBHOCTb
KMC/IOPOHE3aBMCMMBIX MUKPOBULMAHBIX cucTeM darounTos,
CHWXKanoch QarouMTapHoe YnCIIo, MoKa3aTeslb 3aBepLUEHHO-
CTU (arouMTo3a U aKTUBHOCTb KMCIOPOL,3aBUCUMBIX MUKpO-
BuUMAHBIX cucTeM (aroLMTOB KPOBM, CYLLECTBEHHO MEHSANCS
LMTOKMHOBLIN Npodunb B CTOPOHY NpeobnafaHus npoTuBo-
BOCMANMTESNbHBIX LUTOKUHOB [44, 45]. VHTEpecHO oTMeTUTS,
4YTO B aNbBEONIAPHBLIX M NEPUTOHEaNbHbIX MaKpodarax in vitro
MeTanpor, B oTanuue ot TpeKpesaHa, a3oKCMMepa U UX KOM-
BuHaumm ¢ MeTanpotoM, ycunuean dnyopecueHumio dna-
BOMPOTEMUZOB M CHUXaN (yopecLeHLM0 BOCCTAHOBNEHHbIX
NMUPUOMHHYKIEOTUAOB B anbBeo/sSpHbIX Makpodarax v uMm-
douuTax KpoBM KpbIC, YTO CBUAETENLCTBYET 00 YCUNEHUU UH-
TEHCMBHOCTM TKAHEBOrO AbIXaHWUA KneToK. Mo aprotponHomy
(3HeprocTabunusmpylolieMy) AedcTBUIO npenapatbl Obiiu
PacronioXeHbl B CefytlLeM nopsaKe: asokcumep < Tpe-
Kpe3aH < MeTanpot < MeTanport + a3oKcuMep = MeTtanpor +
TpeKpesaH; N0 MMMYHOCTUMYNIUPYIOLLLEMY [EICTBUSA B Clieay-
loLieM nopsake: Metanpor < TpekpesaH < a3okuMep < Meta-
MpoT + a3oKcuMep = Metanpor + TpekpesaH [40].

MpepnoxeHHas Mogenb [06pOKa4eCTBEHHOM runepnia-
3uM npepcTaTenbHoi enesbl U B npoctatsl (NpocTatuTa)
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C OLEHKOW MOp(hONOrMYeCcKon KapTWHbI, IMMMOHOW MEPOK-
CMAALWMW, aKTUBHOCTU aHTUOKUCIUTENBHBIX CUCTEM, UMMYH-
HOrO 1 LMTOKMHOBOIO CTaTyca Y KpbIC N03BONIS/IA afeKBaTHO
OLeHMBaTb NleyebHoOe AENCTBUE He TONBKO TPaAMLMOHHBIX
aHTMNPOCTaTUYECKUX CPEeACTB (apTe3unH), HO U CUHTETUYe-
CKUX UMMYHoMopynsTopos [44]. a,-AnpeHobnokatop apre-
3uH (0,5 Mr/Kkr) n umMmyHoMopynaTopbl asokeumep (1 Mr/kr)
1 TpekpesaH (25 Mr/Kr) npu KypcoBoM NpuMeHeHuu (5 oHei)
yMeHbLIanM 06beM npoctatel Ha 26—44 %. lpy ocnoKHeHU
runepnniasvn Xenesbl BocnaneHneM aQeKTbl a3oKcuMepa
¥ B MeHblUeW cTeneHn Tpekpe3saHa bbiiv Gonee BbIpaeHbl,
ueM JoKcasosuHa. Ha doHe pelictus asokcumepa v Tpekpe-
3aHa, B OT/INYMeE OT [ENCTBUSA apTe3nHa, Y KMBOTHbIX C [0-
BpoKayecTBEHHOM rMNepnasueli NPOCTaThl U e 0CIOXHEHUN
BAMN cTpyKTypa TKaHW xenesbl HOpManU3oBanach, B KPOBM
W JKENE3Ee CHUKANOCh COLEPKaHME NPOLYKTOB IMMUAHOI ne-
POKCUAALMM, NOBLILLANACh AKTUBHOCTb aHTUOKWCMTENBHBIX
cuCTeM, BOCCTaHaBNMBaNUCh MoKasaTenu darounTtosa, yse-
NMYMBanach peakums TOPMOXKEHUS MUTPaLMW NENKOLMTOB,
aKTUBHOCTb KMC/I0POLHE3aBMCUMBIX MUKPOBMLIMAHBIX CUCTEM
W CHWXanacb aKTMBHOCTb KUCNIOPOA3aBUCUMBIX aHTUMHGbEK-
LIMOHHBIX CUCTEM (DaroLMTOB, CMEKTP LIMTOKUHOB KPOBU CABU-
rancs B CTOPOHY NpeobnafaHWs npoTUBOBOCMANUTENbHBIX
LIMTOKMHOB [46].

CpenaH BbiBog, [47, 48], 4To npu pa3HoM NoKanu3aumu
BOCMaNMTENbLHOM NpoLiecca MUMMyHOMOZYNATOpbl TpeKpesaH,
asoKcuMep U MeTanpor, a Takke UX KoMBMHaLMKM NposiBASOT
BbIPaXEHHOE MPOTUBOBOCMANUTENBHOE M BOCCTAaHABNMBalO-
Lee Mopdonornyeckyto CTpYKTypy opraHa (0praHonpoTeKTUB-
HOe) [eNCTBUE, aHTMOKCUAAHTHBIE, UMMYHOCTUMYIUPYHOLLME
1 3proTponHble CBOMCTBA, No3BonstoLLMe bonee BbICTpo U 3¢-
(eKTUBHO NpeojoneTb AaHHOE NaTofIorMYecKoe COCTOSHUE.
WccneayeMble npenapatbl MOXHO KOMBUHWUPOBATb, NpU 3TOM
X NPOTUBOBOCMANUTENBHOE Y UMMYHOCTUMYNIMPYIOLLIEE AeN-
cTBUe ycunmsaeTcs (puc. 6).

Bce npuBeneHHOE BbilLe BMOSHE YKNaAbIBAETCA B PAMKV

—

Puc. 6. HaV cbesne TepanesToB Poccun. Mockea (2010). 1., LLab6a-
HOB Y CTEH/1a, NOCBSALLEHHOI0 aHTUrMNoKcaHTy MeTanpoty (bemutuiy)

Fig. 6. At the V Congress of Therapists of Russia. Moscow (2010).
PD. Shabanov at the stand devoted to antihypoxant Metaprot (Bemitil)
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KOHLenuuW agantoreHos, cdopMynupoBaHHoii H.B. Jlasape-
BbIM ewe B 1958 r. [7, 8]. OTMeTUM, YTO COTpYLHUKM Kadenpbl
(hapMaKonoruM envMKaTHo, C YBaXKEHWEM U TBOPYECKM OT-
HOCATCA K HacNeduio CBOEr0 BESIMKOr0 MpefLecTBEHHMKA,
NMPUBHOCA HOBOE BUAEHME NpobneMbl B COOTBETCTBUM C €€
BPEMEHHbIM pa3BuTHEM. 3T0 CTaBUT nepep kadenpon u ee
COTPYAHMKaMM OMpefeneHHble 3ajauyn, Tpebyiowme yrny-
BneHHOr0 U3y4eHs, OCMBICIIEHNSA W PELLEHUS OCHOBHBIX Ha-
YUHbIX HanpaeMeHuiA, npexae Bcero Npobnembl aHTUIMMOK-
CaHTOB, B TeKyLLe/ NOBCEAHEBHON LeATENbHOCTM Kadenpbl.

18 nekabpsa 2023 r. BoeHHO-MeaMUMHCKasa aKafeMmus
uM. C.M. KupoBa otmeuaeT cBoi 225-neTHuii tobuneit. Ka-
denpa dapmaKonorum, Kak poBecHUK AKaZeMuu, TaKKe
MOLBOLMT WTOTM CBOEro MHorofieTHero passutus. Cra-
HOBNEHMIO W pa3BuTUio Kadenpbl B XIX u XX BB., KaK yxe
0TMeyanoch, OblM NOCBALLEHbI CTaTbW, ONYBNMKOBaHHbIE
B JKypHane paHee [1, 2]. HacToswas cTaTbs oxBaTbiBaeT
nepsylo uyetBepTb XXI B. 3T0T nepuog o03HaMeHoBancs
MHOTMMU Hay4YHbIMU OTKPBITUSIMW, CPEAN KOTOPbIX MOXK-
HO BbILEeNNTb NpobneMy aganTaumm YenoBeKa K BHELLUHUM
ycnioBuaM cpefbl. 3Ta TeMa cTana BefyLUel B ucciefoBa-
HUAX KONNEKTUBA Kadeapbl C TOUKW 3pEHUS ee BO3MOXHO-
ro apMakonormyeckoro ynpasnieHus. [pukpenneHHbIMU
K Kadefpe cOTpyAHMKaMM ObIAW BbINOSHEHBI MHOMOUMUCEH-
Hble [IMCCEPTALMOHHbIE UCCEA0BaHMSA NO 3TOW TEMATUKe.
TonbKo 3a paccMaTpuBaeMbIid Mepuoj, Nof PyKOBOACTBOM
npog. MN.[. WabaHoBa 3awwuwieHbl bonee 35 HOKTOPCKMX

| L |
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u okono 60 KaHAMAATCKMX AMcCepTauuii, NOA PYKOBOA-
cteoM npod. W.B. 3apybuHon — 2 [OKTOPCKMX M 4 KaH-
OWMIATCKUX QMUCCepTauuu, noj, PYKOBOLACTBOM [-pa Mej.
Hayk B.I1. [aHanonbckoro — 1 foKTOpCKas U 4 KaHampar-
CKMX [LMCCepTauuid, nod PyKOBOACTBOM [-pa buon. Hayk
B.B. MapbliweBoii 1 a-pa mMea. Hayk B.B. BopobbeBoint —
no 1 KaHAMAaTcKoW aucceptaumm (Tabn. 1). CotpynHuKa-
Mu Kadeapbl onybnukoBaHo 6onee 60 MoHorpadun u py-
KoBoACTB, 6onee 45 yyebHbIX M MeTOAMYECKMX Nocobui,
nonyyeHo bonee 50 nartentoB Poccuitckoii ®epepaumnn
Ha u3obpetenue. M.[. LWabaHoB U cOTpyAHWKM Kadenpbl
(B.B. MapbiweBa, B.IN. TaHanonbcKuit) HeOLHOKPATHO yya-
CTBOBa/M B MEXAYHapOLHOM CanoHe MPOMBbILLIEHHOI
cobcTBeHHOCTU «Apxumep», rae Mx paboTbl nonyvanu
rpaH-npu (2007), Harpaxpaanuce 3onotbiMu (2005, 2007)
u cepebpsHbiMK (2004 1 2005) MepanaMu, a TakKe aM-
nioMaMu noyteHus u bnarogapHoctu (2002, 2003, 2004),
a TaKKe WHbIMU 3HauUNMBIMKM Harpaaamu. Ha 6a3e kadeppei
ObinM NpoBeAeHbl MHOMOYUCIEHHbIE HAYYHbIE Meponpus-
tus: IV cvesn dapmakonoros Poccum (2007), Beepoccui-
CKME HayyHble KOHbepeHUUU «[UMOKCUSA U aHTUIMMOKCaH-
Tbi» (2014, 2019), «DapMaKonoruyeckas HeponpoTeKLUs»
(2013), «apMakonorusa akcTpeMasnbHbIX COCTOAHUIA» (2015),
«®DapMakonorusa sHAOKPUHHOMN cucTeMbl» (2020), «MenTu-
Obl, TOPMOHbI U HepBHas cucTeMa» (2023), pacLuMpeHHble
3acefaHusa CaHkr-lleTepbyprckoro dapMakonoruyeckoro
06LLecTBa, HayyHble COBELLAHNUA pa3Horo YpoBHA (puc. 7).

Puc. 7. Ha Il BcepoccuiickoM paboyeM coBeLuaHim «[Mnokeus u aHturunokcaHTbl». Kadenpa dbapmakonorum (2019)
Fig. 7. At the second all-Russian workshop “Hypoxia and antihypoxants”. Department of Pharmacology (2019)
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Ta6nuua 1. MepeyeHb avccepTaLmii Ha COMCKaHMe yUeHol CTeNeHW JOKTOpa HayK, BbINOIHEHHBIX Ha ba3e BoeHHO-MeAULMHCKOI akaeMum
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uMm. C.M. Kuposa B nepuoa 2000-2023 rr.
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N2 ® HayuyHbiit

9 aMUNna UMA foa u MecTo

n/n OTYECTBO HasBanue CI'IELlMaHbHOCTb 3aLuTI pyKoBoauTesb
(KOHCYNbTaHT)

1 3apybuHa MpuHa  OcHoBHble MeTabonuueckue 14.00.25 — dapmakonorus, BMepA, CM6.,  CmwupHos A.B.
BukTopoBHa 3 EeKTbI aHTUMMMOKCAHTOB U UX KNMHU4YecKas dapmakonorus 2000

3HepreTMyeckoe obecneyeHre (bnonornyeckme Hayku)

2  KaMmblweHues (apMaKonormyeckas Moayns- 14.00.25 — dapmakonorus, WHcTuTyT LLlabanos M.[.,
Muxaun LM KneTo4Horo MeTabonnama KJMHWUYecKas dhapMakonorus, ToKeukonornm — [lapanu B.A.,
BacunbeBuy KaK MeXaH13M perynsuum co- 14.00.03 — 6unoxumua (buo- M3 PO, CN6.,  3yesa JL.IN.

CTOSIHWS PECNIMPATOPHO-BUPYCHOM  JIOTMYECKME HayKy) 2001
UH(EKLIMK

3 Jlebenes Auppein  Heiipobuonorus u dpapmakonorus  14.00.25 — cdapmakonorus, WHcturyT Tok-  LLabanos .1.

Anppeesny MOAKpennSLLMX CMCTEM Mo3ra KNMHMYecKas dapmakonorus cuKonorm M3
(bnonornyeckure Haykm) PO, C6., 2002

4 OxoBuTbIN 3JKCnepuMeHTaNbHO-KNHMYe- 14.00.25 — dapmakonorus, BMegA, CM6.,  LWabanos .1,
Cepreii CKoe 0b0CHOBaHMe NpUMeHeHus KNMHWYecKas hapMaKonorus, 2003 KanuuuHa H.M.
Bnagmmmposuy npenapatoB ¢ MeTabonnyeckum 14.00.36 — annepronorus

¥ UIMMYHOTPOMHBIM [1eCTBUEM ¥ UMMyHororus (MeaULMHCKWE
NPV Pa3NIMYHON NaTeNIOTUM MEYEHN  HayKM)

5  MewepoB (MapMaKonornyeckas KoppeKums 14.00.25 — dapmakonorus, BMegA, Clb.,  LLab6aHos M.0.
LWamunb nocnefCcTBUiA CoLManbHo U30- K/IMHMYecKkas dapmaKonorus 2004
KapnmoBuy nALMM (MeAMUMHCKME HayKw)

6  PopnukuH MaBen  Perynaums MOTOpHbIX GYHKLMIA 03.00.13 — ¢wmsuonorus, BMegA, CM6.,  Cbicoes B.H.,
Bacunbesuy Yy CNOPTCMEHOB BbICOKOr0 Kiacca 14.00.25 — dapmakonorus, 2004 LLla6aHos 1.4,

1 ee ONTUMM3aLMS C NOMOLLBIO KNMHM4YecKas dapmakonorus
afianToreHoB, aHTUIUMNOKCAHTOB (MenMUMHCKMe Haykw)
U runepbapuyecKoii OKcureHaLmm

7 PycaHoBckuit Heipoduaunonorusa u papmakono-  03.00.13 — ¢msuonorus, BMepA, Cl6., Lllabanos M.0.,
Bnagnmmnp M 300COLIMANbHOIO NOBEAeHUs 14.00.25 — dapMakonorus, 2006 Jlebenes A.A.
Bacunbesuy Y pa3HbIX MIEKOMUTAIOLLMX KJMHWUYecKas dhapMakonorus

8  HypmaHbeToBa MonekynsipHble MeXaHW3Mbl 14.00.25 — dapmakonorus, WHcTtutyT LWlabaHos M.4.,
®apupa LeiicTBUA MeTaboNMYecKux K/IMHMYecKas dapmakonorus TOKcuKonorun  3apybuHa WU.B.
HycymkaHoBHa aKTMBATOPOB MO3ra Mpu ero (MeAMUMHCKME HayKw) OMBA, CI6.,

TPaBMaTMYECKOM U TOKCUYECKOM 2006
MOBPEXAEHUN

9 Muxees Helipodapmakonorusa acummetpun  14.00.25 — dapmakonorus, WHcTuTyT LLlabanos M.4.,
Bnagumup rOfI0BHOIO MO3ra B PErynALMM No-  KIMHWYEeCKan hapMakonorus, ToKcukonorn  Jlebepes A.A.
Bnagmmmposuy BeAeHus, boneBon YyBCTBUTENb- 03.00.13 — ¢wmsmonorus (Guo-  OMBA, CI16.,

HOCTU W aHanresumn NOTUYECKME HayKK) 2006

10 Mapbiwesa Bepa  Paspabotka u usydenume ouonoru-  14.00.25 — dapmakonorus, WHeTuTyT LLlabaHos M1.0.

BacunbesHa UECKO aKTUBHOCTM HOBBIX @HTU-  KJIMHUYecKas (apMaKonorus TOKCUKONIOrUM
TUMNOKCAHTOB B PAAAaX KOHAEHCH- (bronoruyeckme Haykm) OMBA, CI6.,
POBaHHbIX MHAONOB 2007

11 TopkyHos lMaBen  ®apMaKonoryeckas KoppeKLms 14.00.25 — dapmakonorus, BMegA, CM6.,  LWab6anos M.0,,

AHatonbeBuny TOKCWUYECKOrO OTeKa erkux KNMHWUYecKas hapMakonorus, 2007 Yenyp C.B.
14.00.16 — natonoruyeckas
Quauanorms (MeOULMHCKVE Hayku)

12 Escees Anfpeii MeTanncopepalume aHTUOKCH- 14.00.25 — dapmakonorus, BMepA, Cl6., Lllabanos M.0.,

BukTopoBuy [aHTbl NPY OCTPOW 3K30reHHOM KJIMHWYecKasa papMakonorus, 2008 lpaBaue-
TUMNOKCUU 03.00.13 — ¢m3mnonorus (Me- Lues B.A.
OVILMHCKWE HayKu)

13 [aHanonbcKui Pa3spaboTKa n u3y4eHne HoBbIX 14.00.25 — dapmaronorus, BMegA, CM6.,  Llab6anos M.1.
Bayecnas MeTeoafAanToreHoB KNMHM4YecKas dapMakonorus, 2008
Maenosuy 03.00.13 — ¢wm3mnonorus

(MeonUMHCKMe Haykw)
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[podonmicerue mabn. 1
o ® HayuyHbiit
- aMUIUA NMA HasBanue CneumanbHocTb fon u mecto pyKoBoguTenb
n/n 0TYecTBO 3aLUUThI
(KOHCYNbTaHT)

14 baiipamoB Anek-  XonMHepruyeckas cuctema B Me- 14.00.25 — dapmakonorus, BMegA, CM6.,  CanpoHos H.C.,

6ep AsuzoBuy XaHW3Max LieHTpanbHoM peryns- KNMHM4YecKas dapMakonorus, 2009 LLlabanos M1.0.
LMW NonoBoM (yHKLMU yponorus (MeLyUMHCKME HayKu)

15  TpowwmH Cepren CuanupasHas aKTMBHOCTb 03.00.25 — ructonorus, un- HWW akcnepu-  LLa6aHos M1.0.

Hukonaesuy 1 MophONornyeckue U3MeHeHNs TONorus, KNeTouHas buonorus MEHTasbHOM

ONyX0NeBbIX KIETOK HEMPanbHOr0  (MEAMLIMHCKUE HAYKK) MeLULMHBI

U1 MbILIEYHOMO NPOMCXOXAEHUS C30 PAMH,

Cre., 2009

16 CrpenbLoB (®apmakonorus KopTukonubepm- 14.00.25 — dapmaronorus, CMoneHcKas LLlabaHos M.0.
Brnagumup HOBbIX MeXaHU3MOB MofKperJie- KJIMHUYecKas apMaKonorus roc. Meg.
®enoposuy HWS W 3aBUCUMOCTH (MenuUMHCKMe Haykw) aKapemus,

CMONEHCK,
2009

17 [pobneHkos Mopdonormyeckue usmeHeHus Heii-  14.00.02 — aHaTomus yeno- CMoermMA, KapenuHa H.P,
Anpgpeit POHOB M MaKpOITIMOLMTOB OCHOBHbIX  Beka, 03.00.25 — ructonorus, Chne., 2010 Lla6anos M.1.
Bcesonogosumy OTAENOB ME30KOPTUKONMMOMYECKOW  LMTONOTUS, KneTouHas buorno-

[0haMVHEPTUYECKOI CUCTEMBI rvs (MeLULMHCKME HayKK)
Mpy BO3AEMCTBUM 3TaHOMa

18  [aeneHko MaToreHeTUYeCKUE 3BEHBA 14.03.03 — natonoruyeckas BMegA, CM6.,  Upiran B.H.,
Banepui (opMUpOBaHNA anKorosbHoM du3monorus, 14.03.06 — 2010 LLlabanos M1.0.
MaBnoBuy 3aBMCMMOCTU KaK OCHOBa ee (apMaKonorus, KMHu4ecKas

nabopaTopHoil AMarHOCTUKM (apmakonorus (MeLuUMHCK1e
HayKu)

19 Jlyuakos Hpwit Tepmoperynaumsa romoiiotepMHoro  03.03.01 — ¢usmonorusa (buo-  HWAW skcnepu-  LLlabanos M.,
WNBaHoBKY OpraHu3Ma B TEPMOHENTPasIbHO NOTUYECKME HayKK) MEHTaJIbHOM

30He MegumHbl C30
PAMH, CT16., 2011

20 KartyHuHa MoncK W U3yyeHne HOBbIX aHTU- 14.03.06 — dapmakonorus, HWW skcnepu-  Labanos M./,
Hatanes TUNOKCUYECKUX CPEACTB KJMHWUYecKas dhapMakonorus MEHTasIbHOM
MaBnoBHa (6uonornyeckune Haykm) MeLULMHbI

C30 PAMH,
Cre., 2012

21 BopobbeBa (MapMaKonoruyeckas Koppekums 14.03.06 — dapmakonorus, BMepA, CM6.,  LWa6awHos M.[.
BukTopus MOCNeACTBUN BO3AEACTBUA BMOpa-  KIMHWYeCKan apMaKonorus 2014
BrnagumuposHa LMW U TOKCUKAHTOB (MennLUMHCKMe Haykw)

22 l0HycoB OyHKuMOHanbHo-MeTabonmuyeckas  14.03.06 — dapmakonorus, BMegA, C6,  LWabanos MN.4.,
Wcnomypau aKTUBHOCTb MEYEHU NpU TAKENOW  KIMHWUYEeCKas hapMakonorus, 2014 3apybuna U.B.
AHUpAMHOBMY KOMMPECCMOHHON TpaBMe U ee 14.03.03 — natonorunyeckas

(apMaKonoruyeckas 3awmra (u3uonorus (MeguLMHCKKe
HayKu)

23 CocuH Jenuc CeneHcopepxalume MeTan- 14.03.06 — dapMakronorus, BMegA, Cl6.,  Llab6aHos N.[.,

BnapumupoBuy NOKOMNJIEKCHbIE COeANHEHNS KNMHMYecKas (apMakonorus, 2015 Escees A.B.
Mpu OCTPOIA 3K30reHHOM rumokeun  14.03.03 — natonornyeckas
Guavionorms (MeoUUMHCKYE Hayky)

24 TnyweHko Bura PaumoHanbHas dbapmakoTepanus 14.03.06 — dapmakonorus, BMepA, CM6.,  LWa6anos M.[.

BaneHTWHOBHa rMNEePKUHETUYECKOrO PacCTpoii- KJIMHWYecKas papMaKonorus 2015
CTBa Y NOAPOCTKOB (MeHAMUMHCKME HayKu)

25 HapewH (apMaKonornyeckas Koppek- 06.02.03 — BeTepuHapHas KpacHogap- LWabaHos M.4.
KoHcTaHTHH LiMSt UMMYHHBIX HapyLLEeHWI (apMaKonorus ¢ TOKCUKONOMU-  CKas roc. Ceflb-

AnekcaHgpoBuy  mpu auddy3HOM BocmaneHum co- et (bronornyeckue Haykm) X03. aKagemus,
eAVHUTENbHON TKaHM Y KPYMHOro Kpactonap,
poraroro cKota 2016
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[NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

Oxox4aHue mabn. 1

o HayuyHbiit
° ®amunus ums loa n MecTo
n/n OTYECTBO HasBanue CneumanbHocTb 3alMTHI pykoBoguTenb
(KOHCYNbTaHT)
26 Matmbpar MoneKynspHble MexaHU3Mbl 03.03.01 — dwusuonorus WHcTuryT LLlabanos M1.0.
Anexcangp ¥ hapMaKonoruyeckas noaaep-  (MEAULMHCKUE HAyKK) 3KCnepu-
OneroBumy Ka afianTauum K npodeccuoHanb- MEeHTasbHOM
HOM [leATeNbHOCTU B 3KCTPEMAJlb- MeOULMHbI,
HbIX YCII0BMSAX Cne, 2016
27  Tanubos Abcet OyHKUMOHaNbHas Kapauonorus 03.03.01 — dwmamnonorus cnery, Cne, LLlabanos M.[.,
XaKkueBuy 3[10pOBOT0 YeN0BEKa MU afanta-  (BMonoruyeckue Haykm) 2017 Hosppaues A.[L.
LMK K CUCTEMATUYECKUM (Du3mnye-
CKWM Harpy3kam
28  Pouk PomaH (®apMaKonorus LeHTPanbHbIX 14.03.06 — dapmakonorus, benly, benro-  Labanos .1.
Onerosumy MeXaHM3MOB MOAKPEN/IeHNs 1 33-  KIIMHUYecKas (papMaKonorus pog, 2019
BUCUMOCTHU (MeMUMHCKMe Haykw)
29  TuxaHo Buktop ~ (apMaKonormyeckmii aHanus ceo- 14.03.06 — dapmakonorus, BMepA, Cl6.,  UWa6anos M.[.
MBaHoBWY B0HO-paaMKanbHOro OKUC/IEHMS K/MHMYecKas dapMaKonorus 2019
JMNUEOB MEYEHMN XONMHOTPOMHBIMU  (MeAWLIMHCKME HayKy)
CPenCcTBaMy Mpy NepeoXIaXaeHNN
30 By3Huk lanvHa (DapMaKoTepanms acTeHUYECKMX 14.03.06 — dapmakonorus, CMoneHcKuii LLlabanos M.4.,
BukTopoBHa PaccTPOMCTB Yy pasHbIX KaTeropuii  KiMHWYecKas hapMakonorus MY, Cmo- Poauukux M.B.
B0MbHbIX (MeAMUMHCKME HayKK) NeHcK, 2021
31 TeTpocsH Mapus  HoBble aHanory JeHcKux no- 14.03.06 — dapmakonorus, WHcTuTyT LLla6aHos .4,
AnatonbeBHa NOBbIX CTEPOMAHBIX FOPMOHOB: KJMHWYecKas hapMakonorus 3KCnepu-
pa3paboTKa NoAXOf0B K UX U3- (buonornyeckmne Haykm) MEHTasbHOM
YUEHMIO 1 OLieHKa Buonoruyeckoro MELULMHBI,
JencTeua Chne., 2021
32 Mopo3os (®apmakonorus nentuaHbix Mexa-  3.3.6 — dapMakonorus, CMoneHcKui LWabaHos M.0.
Buranun HW3MOB aJIKOrOJIbHOM M HAapKOTU-  KJIMHWMYeCKan apMaKonorus MY, Cmo-
MBaHoBMy YeCKOM 3aBUCMMOCTH (MeAMUMHCKME HayKK) neHcK, 2021
33 KapnoBa MHHeca  AcuMMeTpus MOHOAMWUHeppruye- 1.5.5 — dwmsuonorus; WHcTuTyT LLlabaHos M.0.
BnagumuposHa CKUX CUCTEM MO3ra 3.3.6 — dapmakonorus, 3Kcnepu-
KIMHWUYecKas dhapMakonorus MEeHTabHOM
(bronorunyeckme Haykm) MeAULMHBI,
Cne., 2022
34 MoKpeHKo MoneKynsipHble MexaHU3Mbl 3.3.6 — dapmakonorus, BMegA, C6.,  LWabanos MN.4.
EBreHuit BOCNaneHus 1 ux apmakonoru- KNMHM4YecKas dapMakonorus 2022
Bnagumuposuy YeCKas KOPPEKLMSA C NOMOLLbO
MMMYHOMOLYNSTOPOB
35 bblukoB EBreHmit  MonekynsipHas gapMakonorus 3.3.6 — dapmakonorus, BMegA, CM6.,  Labanos MN.4.
Pynonbdosuy MPOTUBOMAPKUHCOHUHECKMX K/MHUYecKas dapMaKonorus 2022

cpeacTs

CoTpyaHMKM Kadenpbl aKTUBHO y4acTBYIOT B pefaKLMOH-
HbIX KONNErusax U pefakuMOHHbIX COBETaX POCCUACKUX Ha-
YUHbIX ypHanoB: «0630pbl N0 KNMHUYECKOW papMaKono-
TMM U NeKapcTBeHHOM Tepanuu» (rn. pea. WabaHos M1.1.),
«llcuxodapmakonorus U 6Guonormyeckas HapKoNorus»
(rn. pen. LWabaHos M.[.), «MeanuUMHCKMIA aKkapgeMuye-
CKWIA KypHan», «JKCMepuMeHTanbHas M KAMHMYeCcKan
dapmakonorus», «Bonpockl Hapkonorum», «Hapkono-
rua», «KnuHuyeckas natodusmonorus», «Becthuk Poc-
CWICKON BOEHHO-MEeAMLMHCKOW aKkagemMun», «HenpoHay-
Kn», «POCCUIMCKMIA BMOMEONLMHCKNIA XKypHan», «BecTHMK
CMoneHCKoM rocynapCTBEHHON MeLULMHCKOW aKafeMumy,
«BectHuk Knuuunueckoro rocnutansa um. H.H. bypaeHko»,

«MenuKo-6ronornyeckme U counanbHO-NCUXONOMMYECKUE
npobnemMbl 6e3onacHOCTM B upe3BblYAWHBIX YCNOBUAXY,
«International Journal on Addiction Research», «CEPNESP
Bulletin» (bpasunus) n apyrux nepuoanyecKux M3gaHusx.

lMopgBoas utorn pabotbl Kadeapbl papmakonorum Me-
LMKO-XMpyprudeckon (BoeHHO-MeaMLMHCKON) aKafemMuu
33 Becb 225-NeTHWUA Nepuo ee CyLLEeCTBOBAHWUA, MOXHO
3aKJI4MTD, YTO Kadeapa B HaYanbHbIA Nepuop, ee UCTopUM
(XIX B.) sBNsinackb Konblbenblo oTeYeCTBEHHOM hapMaKooruu
[1, 3, 491, B nepuop pacugeTa (XX B.) U3 Hee BbILLIO NOAAB-
nsowee BOMbLIMHCTBO KPYMHbIX CrieuManuctoB B obnactu
(apMakonoruu, Korga bbinM [OCTUrHYTHI Haubonee Bre-
yatnALmMe HayyHble pesynbTathl [2, 3, 50, 511, u HakoHeu,
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B MocsieHue 25 et cTanu nepuoaoM CTabunbHoro GyHKUMo-
HWPOBaHMA B KauecTBe BefylLen Kadeapbl cpeay MeauLMH-
CKUX BY30B CTpaHbl. [103TOMy MOXHO CMenio yTBepXAaTb,
yto uctopus Kadenpbl Gapmakonorum Meamnko-xupyprive-
CcKoin (BoeHHO-MeMLIMHCKOM) aKageMu — 370 B 3HaUMTENb-
HOW Mepe UM UCTOpUSt BCEeN OTeYeCTBEHHOW (apMaKonoruu.
Kadepnpa BHecna BECOMbIN W HEOLEHMMBIN BKJ1a, B 00y4eHMe
1 BOCMUTaHUE MHOMUX MOKONIEHUI BOEHHBIX M FPaMKAaHCKUX
Bpayeii, a TaKKe MOAroTOBKY CreuuanmcToB-hapMaKonoros
U KMHWYeckux dapmakonoro. OHa W cerdyac npoponxa-
eT MAMpoBaTh B pa3paboTKe MpUOPUTETHBLIX Hay4HbIX Ha-
MpaBJieHni, NEpPCNEKTUBHBIX KaK ANA BOEHHOW MeaMLMHbI,
TaK U AN NPaKTMYECKOro 3paBooXpaHeHns. N3noxeHHble
B CTaTbe HanpaBNieHWs WUCCNeA0BaHWA, pPa3BMBaBLUMECS
3a nocnegHue rogpl, yxe B XXI B., B 3HAYMTENbHOW CTEMNEHM
MoATBEPXKAAI0T aKTyaNbHOCTb U NPUOPUTETHOCTL ONUCAHHBIX
(apMaKoNorMyecKnx WUccnenoBaHuiA, NPOBOAMMBIX Ha CU-
CTEMHOM, KJIETOYHOM W MOJIEKYNIAPHOM YPOBHSIX.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN BKNAA
B pa3paboTKy KOHUenumu, NpoBeAeHNe WCCNefoBaHMA U Mod-
FOTOBKY CTaTbM, NPOYM M 0406pMAM BWHaNbHYI BEPCUO Nepeq
nybnvKaumen. Bknag kaxaoro astopa: 1.1, LlabaHoB — Hanwca-
HWe CTaTbM, aHanM3 JaHHbIX; pa3paboTka 0bLLer KoHLenumn.

KoHpnuKT uHTepecoB. ABTOpPbI [EKNapMpYKT OTCYTCTBME
ABHbIX W MOTEHLMabHLIX KOH(IIMKTOB WMHTEPECOB, CBS3aHHbIX
¢ NybnvKaLmMen HacTosILLE CTaTby.

WUcTouHMK dMHaHCMpoBaHUA. ABTOpLI 3asBMIAKOT 06 OTCyT-
CTBMM BHELUHEr0 (QUHAHCMPOBaHUSA MpU MPOBELEHWMM WUCCNeao-
BaHMs.
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