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METOAbI V1 TEXHONOMMN BUOMEQVLIMHCKUX UCCNELOBAHN |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

https://doi.ora/10.33647/2074-5982-18-1-8-21 K

ANEKTPOONTUYECKUA METO[,
OUATHOCTUKU HAPYLLEHUW KPOBOCHABXEHUSA MONIOBHOIO
MO3rA YEJNNIOBEKA

M.B. Kosansuyk', H.H. KapkuweHnko?, [1.6. YaiBaHoB"", 0.A. YUyauHa',
A.A. Hukonaes', A.A. BapTaHoB'

! ®'BYH HayuoHarnbHbIl uccnedosamenbsckuli yeHmp «Kypyamosckuli uHcmumymsy
123182, Poccutickasi ®edepayusi, Mockea, nn. Akademuka Kypyamosa, 1

2 O®IBYH «Hay4Hbil ueHmp 6uomeduyuHckux mexHonoauli ®MBA Poccuu»
143442, Poccutickas ®edepauyus, Mockoeckas 061., KpacHozopckuli p-H, rn. Ceemrble 2opbl, 1

B nacrosmeit pabote onrcaH HOBBIM METOA AUATHOCTUKHU HApYLIEHUH KpOBOCHAOKEHHS TOJIOBHOTO MO3Ta,
OCHOBAHHBIH Ha (PH3UKO-MAaTEMaTHYECKHUX, ONOMEIMIIMHCKUX, TICHXO(H3NOIOTMYECKUX METOaxX U HHMOp-
MAaILMOHHBIX TEXHOJOTUsX. IIpeanoxKeHHbI METO COCTOUT B CPABHEHUH M BBISIBICHUH CTETIEHU COOTBET-
CTBUS AJIUTEIBHOCTH CEPAEYHOTO IHKIIA, PETUCTPUPYEMOH METOIaMH 3MeKTpoKaparorpadguu u ¢ororuie-
tusMorpaduu. MeTonom anekrTpokapauorpaduu cepAeHHbIi UK GUKCHPOBAIM B BHAE JUIMTEIBHOCTH
KapAANOMHTEPBAJIOB, KOTOPBIE OTPAXKAIOT MPEHMYIIECTBEHHO HHTPAaKapAHaIbHBIE PETYISTOPHBIE MEXaHU3-
MbI; MeToJl (OTOINIETH3MOrpaduy MCIOIb30BAIM JUISl 3aIMCH CEP/ACYHOTO LMKJIA B BUAE JUIMTEIBHOCTH
MYJTCOBBIX BOJTH, KOTOPBIE SIBIISIOTCS OTPAKEHUEM IKCTPaKapIHaIbHBIX MEXaHU3MOB PETYIISIINHU CEPACUHO-
cocynuctoif cuctemsl. IlepBoHauanbHO 3HAYEHHS JAMUTEIBHOCTH KapJHOMHTEPBAIOB U IYIHCOBBIX BOJIH
CpaBHHBAJIM Y 37I0POBBIX JOOPOBOJIBLEB, IIPH 3aITHCH IEKTPOCUTHANA B CTAHIAPTHOM OTBEACHUH U (OTO-
CHrHalla B TPEX Pa3HbIX OTBEJCHHAX OOHAPYKMIM HauOOJblIee COBIAACHUE NPHU 3aMHCH (OTOIIETU3IMO-
rpaMMBI OT YIITHOTO JaTuuka. Jlanee cpaBHEHHE JITUTETLHOCTH KapJHOMHTEPBANIOB U MYJIbCOBBIX BOJIH IPO-
BOJMJIM Ha MPUMEpPE MATOJOTNYECKHX COCTOSHUH, COMPOBOXIAIOIINXCSA HAPYIIEHUSIMU KPOBOCHAOKEHUS
TOJIOBHOTO MO3ra, CPEAM KOTOPBIX PacCMAaTPUBAIM CHHJPOM ITO3BOHOYHOMN apTepHUu MPU OCTEOXOHIPO3E
IICHHOTO OT/eJ1a TO3BOHOYHHKA M CHHIPOM BEreTaTUBHOMN TuchyHKIMH. OOHAPY UM yMEHBIICHUE CTEIe-
HM COBITaJICHHS JUTUTEIBHOCTH KapIHONHTEPBAJIOB M ITyJILCOBBIX BOJIH y J00POBOJIBLIEB C PACCMOTPEHHBIMH
MaTOJIOTHSIMU TI0 CPABHEHUIO C HOPMOH. 3aTeM OMpeeniIu IPUHAUIEKHOCTh K TPYIIIE HOPMBI U K TPyTI-
1aM € pacCMOTPEHHBIMH MaTojorusiMu. HakoHell, Ha 0CHOBE pe3y/IbTaToB JUCKPUMHHAHTHOTO aHAITN3a y/a-
JIOCH BBISIBUTH HAa0OP MOKa3aTesel, MO3BOJISIOMINX PA3INYaTh TPH PACCMOTPEHHBIE IPYIIIEI MEX1y COOOi.

KiioueBble cJ10Ba: HapyleHHs KPOBOCHAOXEHUS T'OJIOBHOTO MO3ra, CHHIPOM IO3BOHOYHOW apTepuu
HPH OCTEOXOHIPO3€ LICHHOTO OT/ieNa II03BOHOYHNKA, CHHAPOM BEI€TaTUBHOM TUCHYHKINH, JITUTEILHOCTD
KapJIMOMHTEPBAJIOB, JUIMTEIBHOCTD IYJIbCOBOI BOJIHBI, SJIEKTPOKApANOrpaMMa, (hOTOIIETH3MOTpaMMa
KoH(}IMKT HHTEepecoB: aBTOPHI 3asBHIN 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

Jas uutupoanus: Kosansuyk M.B., Kapkumenko H.H., Yaiisanos JI.b., Uynuna 10.A., Hukonaes A.A.,
BapraHoB A.A. DIeKTpOONTHYECKUI METOI TUarHOCTHKY HapyILIeHUH KPOBOCHA0XKEHHSI TOJIOBHOTO MO3Ta
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The article describes stages in the development of an electrooptical method for diagnosing blood supply
disorders in the human brain. The proposed method is based on the comparison and identification of the
correspondence of cardiac cycle durations recorded by electrocardiography and photoplethysmography.
Electrocardiography was used to record the cardiac cycle as the duration of cardiointervals, which reflect
mainly intracardial regulatory mechanisms. Photoplethysmography was used to record the cardiac cycle
as the duration of pulse waves, which reflect extracardial regulative mechanisms of the cardiovascular
system. Initially, the duration of cardiointervals and pulse waves were recorded and compared in healthy
volunteers. The most pronounced coincidence was observed when recording a photoplethysmogram from
an ear sensor. Further, the obtained data was compared with that recorded in pathological conditions ac-
companied by impaired blood supply to the brain, including vertebral artery syndrome in cervical spine os-
teochondrosis and autonomic dysfunction syndrome. A decrease in the degree of correspondence between
the durations of cardiac intervals and pulse waves was found in volunteers with the considered pathologies
compared to the norm. Subsequently, based on the duration of cardiac intervals and pulse waves, the volun-
teers were divided into three groups: the norm group and two groups of the considered pathologies. Finally,
based on the results of a discriminant analysis, a set of indicators was identified, allowing the three groups
to be differentiated.
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BBepneHune

3J1€KTpOOHTH‘ICCKHﬁ METO/J MpCIAHA3HAYCH HOCTUKH COCYIOB, SABJIACTCA BO3MOXHOCTH

JUIsl TUarHOCTUKHM COCYAMCTBIX HapylICHUH,
MPOSBIAIOIIUXCS KaK CAMOCTOSATEIbHBIE 3a-
OoNieBaHUSl MM KaK CHUMIITOMBI Pa3IM4HBIX
COMAaTUYECKUX MAaTOJIOruil. [ aBHBIM Npeumy-
IIECTBOM HOBOI'O METOZA MIEKTPOOIITHYECKON
JMAarHOCTUKH, B OTJIMYME OT BCEX MCIIONIB3Y-
IOLUXCA B HACTOALIEE BPEeMsl METONOB AMAar-

OCYIIIECTBJICHUS XOJITEPOBCKOTO MOHHTOPH-
pPOBaHMsI HUX COCTOSHHs. XOJITEPOBCKOE MO-
HUTOPUPOBAaHME IIO3BOJISET OCYIIECTBIATh
HETMPEPHIBHYIO (PHKCAIMIO COCTOSIHUS COCY/IOB
B TCUCHUC CYTOK WJIM OOJIBIIEC, TPOBOAUTH eé
BHE CTEH MEIUIIMHCKOTO CTAlMOHAPA, a TaKXKe
B YCJIOBUSIX (PU3MUYECKOH aKTHBHOCTH.

BUOME/MLIMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 8-21 9



METOQAbI M TEXHONOM MU BUOMEOULIMHCKUX MCCIEQOBAHUNA |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

Emé ogHO mpenmMymiecTBoO 3JIEKTpOONTHYE-
CKOT'O METO/Ia COCTOUT B TOM, YTO OH MTOJXOAUT
JUIsL paHHEW AMarHOCTMKM TaTOJNOTHUH cocy-
JIOB TOJIOBHOTO MO3Ta U MOXKET MPUMEHATHCS
JUTSL BBISIBIIGHUS JOKJIMHUYECKOM CTauu coCy-
JIUCTBIX HAapyIICHUH, 3aMEeHsIsI TaKUe CIIOKHBIE
afnrmaparHble METOABI, KakK YIbTpa3ByKOBas
1 MarHUTHO-PE30HAHCHAs JTUATrHOCTHKA, aHTH-
orpadus u T. 1. B 3T0# CBsI3U MEPCIIEKTUBHBIM
SIBIISICTCSL U3Y4YEHHUE BO3MOXKHOCTU HCIIONbB30-
BaHUS DJIEKTPOONTHYECKOTO METOfa MM BBI-
SIBJICHUS COCYIUCTBIX HapyIICHUN Pa3IuIHbIX
OpPraHOB U TKaHEH, SBIAIOIINXCA HadaJIbHBIMU
MIPU3HAKAMU UX MaTOJIOTHYECKUX U3MEHEHHH.

Co3ngaHue  3IEKTPOONTHYECKOTO  METofa
OBLIO CBA3aHO C OOHAPYKEHUEM PACXOXKIICHUI
B IIPOIOJDKUTENIBHOCTU CEPACYHOTO LKA, 3a-
MUCAaHHOM METOJaMM 3JIEKTPOKApPIHUOTPaMMBI
u ¢doromern3morpamMmsl. Takoro poaa pacxo-
KIIeHNs1 PUKCHPOBAIIU U paHee, HO OHU BCeT/a
CUUTAJIHMCH apTe(aKTOM U UX CBSI3BIBAIIHM C OCO-
OCHHOCTSIMH 3aIlMCH JJIEKTPUYECKUuX U (HoTo
curHanoB [17]. TlepBoHauaqbHO MBI TaKXke
NPUACPKUBAINCH JTaHHOW  TPaJUIIMOHHOU
TOYKH 3PEHUS, U Pe3yJIbTaThl HAIero Hcclie-
JIOBAaHMsI Ha 3J0POBBIX A0OPOBONBIAX SBIIS-
1oTcs ToMy noareepxkaeHueM [19]. Onnaxo
OKCIIEPUMEHTAILHO O00OHAapY)XKEHHOE HECOOT-
BETCTBHE MEXy IIUTEIbHOCTHIO KapAHOHMH-
TEpBAJIOB U IYJIBCOBBIX BOJH NpPH IaTOJIOTHU-
SIX, COIPOBOXIAIOUIUXCS HEJ0CTaTOUHOCTHIO
KpOBOCHaO)KeHHUsSI ToJIoBHOTO Mosra [8, 13],
MO3BOJIMJIO paccMaTpuBaTh 3TO HECOOTBET-
CTBHE KaK NPHU3HAK HapyIIEHUS MEXaHH3MOB
pEerysiMU  CepAEYHO-COCYIUCTON CHCTEMBI.
IIpoBenéHublli  AUCKPUMUHAHTHBIA — aHAJINU3
MO3BOJIMI BBISIBUTH KPUTEPUH, MO KOTOPBIM
HayaJIbHBIE TPOSBICHUS HEIOCTaTOYHOCTHU
MO3TOBOTO KPOBOCHAOKEHHSI MOXHO OTJIH-
YHUTh OT HOPMHI [14].

DJIeKTPOONTHYECKUIT MeTo] ObUT anpoou-
pOBaH Ha IpUMeEpe NAaTONOTHH, MpeCTaBIs-
IOLIUX HadaJbHYIO CTAJMIO HEIOCTaTOYHOCTHU
KPOBOCHAO)XEHHMSI TOJIOBHOTO MO3Ta, KOTOpas
XapakTepu3yeTcs HapyLICHUSAMH PperyiasTop-
HBIX MeXaHu3MoB. CIeroBaTeNbHO, JAaHHBIN

METO/ SIBIISICTCS TPUTOAHBIM JIJISl TUATHOCTHU-
KM DPa3M4HbIX 3a00JeBaHUN W MaToJOTrHYe-
CKHUX COCTOSHHM, CONPOBOXKAAIOLINXCS pac-
COITIaCOBAaHMEM  MEXAaHHU3MOB  PETYISLUU
CeplIeUHO-COCYAUCTON cuctembl. Kpome Toro,
B CIUTy 0COOEHHOCTEH peructpanuu (koMpopT
JUTS TIAIIMEHTOB) M MPOCTOTHI 00PabOTKHU JaH-
HBIX AIIEKTPOONTHYECCKUI METONl MOXET OBITH
HCIONB30BaH B BapHaHTe KakK IUTEIBHOTO
HETPEePhIBHOTO MOHUTOPUPOBAHUS, TaK U JKC-
Ipecc-AUarHOCTUKH.

ITouck BO3MOXKHOCTEH IPUMEHEHHUS 3JIEK-
TPOONTHYECKOTO MeTofa JUIsl JUarHOCTH-
KU HE TOJbKO HApyIICHWH, 3aTpardBarOIIMX
WHTpaKkapauaibHble M OJKCTpakapIuajibHbIe
MEXaHU3Mbl peryJsuuy, 3abojeBaHHN cep-
JICYHO-COCYAUCTON CUCTEMBI, HO U HIMPOKOTO
CIIEKTpa JAPYTUX MATOJOTUH SBISETCS HOBBIM
U TICPCICKTUBHBIM HAMpaBlICHHEM OHOMEIH-
LIMHCKUX UCCJIEI0BaHUMN.

MaTonoruu, cBsa3aHHbIe C HApYLUEHUSIMU
KPOBOCHa0XeH1s1 FONIOBHOro Mo3ra

AXTyanbHOCTb Pa3padOTKU METOIOB paHHEH
JUAarHOCTHKM HapylIeHHs KPOBOCHAOKEHUS
TOJIOBHOTO Mo3ra O0yCJIOBJIEHA, C OIHOM CTO-
POHBI, POCTOM KOJIMYECTBA TAKUX HAPYIICHHI
Cpeny TPYI0CIOCOOHOTO HACETICHHS Pa3BUTHIX
CTpaH, a C JPYyrod CTOPOHBI — HAaWOOIBIICH
9 (EeKTUBHOCTBIO MPOPUIAKTHYECKIX Mep
" TCpalvu Ha paHHUX CTaJIudgX pa3BUTUA MATO-
JIOTHH.

B Hacrosimee Bpemsl CaMbIMH  Pacrpo-
CTpaHEHHBIMH SIBJISIIOTCS  3a00JeBaHUs  cep-
JICYHO-COCY/IUCTON CHUCTEMBI, Ha JOJI0 KOTO-
pbIx npuxoautcs bonee 50% ot ob1iero yucia
JICTAJIBHBIX MCXOJ0B, B 60J'II:H.II/IHCTB€ CJIy4acB
MIPOUCXOMSIINX [0 MpPUYMHE IIepeOpoBacKy-
nsapHON maronoruu [6]. Iloxaszarens cmeprt-
HOCTH BCJIE/ACTBHE IepeOpOBACKYIISIPHOM Na-
Toyiornu B Poccum sBiseTcs OJHUM H3 CaMBbIX
BBICOKUX B MHPE M 3aHMMaeT BTOPOE MECTO
B 0O0IIeil CTPYKType CMEpPTHOCTH HaCEIeHHUS
Hanie crpansl [12].

TpaI[I/II_[I/IOHHO HIIEMUYCCKHUC TMOPAKCHUA
TOJIOBHOTO MO3Ta, CBSI3aHHBIC C HapyLICHHS-
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MH MO3TOBOTO KpPOBOOOPAILCHUS, CUUTAIOTCS
MIPUCYIIUMH JTIOASIM TOXKHIJIOTO U CTap4eCKOro
Bo3pacTta. OJHAKO, COIIACHO COBPEMEHHBIM
JTaHHBIM, Oosee 10% ocCTphIX HapylIeHUi
MO3rOBOTO  KpOBOOOpalieHHs OOHapyKUBa-
I0TCS y JIHI B Bo3pacTe oT 15 mo 45 ner [24],
NPENCTABISIONMX TPYAOCIOCOOHYIO TpyIITy
HaceneHus. OcTpble HapyLIeHHUS MO3TOBOTO
KpPOBOOOpAIIIEHUST IUIOXO MOAJAIOTCS  Jiede-
HHUIO U TPeOYIOT JJIMTEIBHON peadHIMTaLnH,
YTO JleNaeT 1ieJeco00pa3HbIM  IMPOBEICHNE
JIUarHOCTUYECKUX M TEpareBTHYECKHX Mepo-
NPUATHI HA PAaHHUX CTaUsX Pa3BUTHA Lepeo-
POBACKYJSIPHBIX 3a00JIEBaHUIA.

IIpusHakamMu HayaJbHOW CTaJMU Pa3BUTUS
1IepeOpPOBACKY/ISIPHBIX 3a00JICBAHUI  SIBIISIOT-
Csl HauaJIbHBIC TPOSIBICHUS HEIOCTaTOYHOCTH
KpoBocHabxeHus roioBHoro mosra (HITHKM),
KOTOpBIE CO BpEMEHEM Mpeo0pasyroTcsi B Xpo-
HUYECKYI0 HEJOCTaTOYHOCTH MO3TOBOTO KpO-
BoOOpaleHus. Y MalyeHTOB JaHHOW TPYIIbI
BIIOCJIE/ICTBUM PA3BUBAIOTCS JUCLUPKYIATOP-
Has dHIe]anonarus, NpexoAsIIne HapyIIeHNs
MO3TOBOTO KPOBOOOpAIIEHUS U1 MO3TOBOWM WH-
CyJbT [6].

OcHoBHoI1 npenockukoi passutust HITHKM
SIBJISIFOTCSL OOLIME COCYMUCTBhIE 3a00JieBaHUs
pa3IMYHOTO TeHesa, Takhe Kak aTepocKIIepos,
aprepuanbHas TUIEPTEH3HUs, CHHAPOM Bere-
TAQTUBHOM JAUCTOHMM [6] wiu comarodopm-
Hasi BereraruBHas quchyHkuus [2]. B atux
cinydasx narorene3 HITHKM cBsizan ¢ uzme-
HEHUSIMU TOHYCA M CTPYKTYphl CTEHOK COCY-
JIOB TOJIOBHOTO MO3ra, MOBBIIMIEHHEM HX IIPO-
HUIIAEMOCTH, W3MEHEHHEM DPEOJIOTHUECKUX
CBOWCTRB M JIMITUIHOTO COCTaBa KPOBHU, OOIIETO
TOPMOHAJIBHOTO CTaTyca, HapylIeHHEeM oOMe-
Ha BELIEeCTB U T. II.

IIpeanoceutkoit passutus HITHKM Taroke
MOXET CTaTh BepTeOpoOasWIsApHAs HEIOCTa-
TOYHOCTB, (hopMUpYIOIIascs Ha (JOHE Hapylile-
HUW WIEWHOTo OTJieda MO3BOHOYHHMKA, HAIpH-
Mep Tpu HIeHoM ocTeoxoHapose [11, 16].

OKCHepUMEHTATIBHO OBIJIO TIOKa3aHO, YTO JI0-
KJIMHUYECKast cTaaus AUCQYHKIMH, MPHUBOAS-
nmx K passutuio HITHKM, cpenu koTopsix

comaroopMHass BereraTMBHas JUCHYHKIUS,
OCTEOXOH/IPO3 IIEITHOrO OT/ieIa MO3BOHOYHHKA,
apTepualibHasi TUIEPTEH3Us, LepeOpallbHbINA
aTepoCKIIepo3, OKUPEHHE, ACIPECCUBHBIC pac-
CTPOWCTBA, XapaKTepH3yeTCsl ABYXCTOPOHHUM
CHIDKCHHEM CKOPOCTH KPOBOTOKA IO MepeaHeit
MO3TOBOW M MTO3BOHOYHOMN aprepusmM, auddys-
HBIM THIIEPTOHYCOM MAarucTpajbHBIX apTe-
PHIi TOJNOBBI CO CHIDKEHHEM HX 3JIaCTUYHOCTH
B KapOTUIHBIX OacceiHax M ITyJIbCOBOTO KpO-
BEHAIIOJHEHHsI MO3Ta B OacceliHe JIeBOil M03Bo-
HOYHO# aprepuu; U Gy3HBIM THIIEPTOHYCOM
apTepHOJ M MO3TOBBIX BeH U T. 1. [ 1, 2, 21].
Hapymienne KpoBOTOKa B MarucCTpasIbHBIX
apTepusx TOJIOBHL, B T. 4. B COCyJax BepTeOpo-
0a3WIISIPHOI CHUCTEMBI, K KOTOPOH OTHOCST-
Csl TIO3BOHOYHBIE apTepuH, SBISIETCS OTHOM
13 OCHOBHBIX NPHYMH HEJOCTaTOYHOCTH KpO-
BOCHAO)KEHUsI TOJIOBHOTO MO3ra, YacTo MPHBO-
JIe K 1epeOpoBacKyIApHbIM HapyIICHUSAM.
Taxoro poja auctupkyasiuu B 25% ciaydaes
MIPOTEKAI0T OECCUMOTOMHO U MOTYT OBITH 00-
Hapy>eHBbI TONBKO MPH MIPOBEJCHUH CTICIHANb-
HOTO MHOTO3TAIHOTo 00cenoBanus. B ciyuae
HEJIOCTYITHOCTH TaKOro OOCJEIOBaHHS aKTy-
aJNBbHOM CTaHOBUTCS HEOOXOIMMOCTh pa3paboT-
KM METOIOB JKCIPECC-IUarHOCTHKH PaHHHUX
nposiBieHu# AokauHnYeckoi ctaaun HITHKM.

Llenbro macrosiiei crarbu SIBISETCS OIH-
CaHHME OJTaloB pa3pabOTKU BICKTPOONTHYC-
CKOTO METOJIa, IPEIHA3HAYCHHOTO I paHHEH
JUAarHOCTUKU HapylIIeHUH KPOBOCHAOKEHUS
TOJIOBHOTO MO3ra IO IMOKa3aTesiM JTATEITb-
HOCTH CepieuHOro Iwkia. [Ipemmonaraercs
BBISIBUTH BO3MOXHOCTHU OJAHHOI'O METOAAa U OT-
JIMYaTh TOOPOBOJIBIICB C MATOJIOTHSIMH, COTIPO-
BOXKIAIOIIMMHUCS PAaHHUMHU HApYIICHUAMH KpO-
BOCHA0XEHUS TOJIOBHOTO MO3Ta, OT 3I0POBBIX
JOOpOBOJIBIIEB 0€3 KaKHX-THOO COCYIAMCTBHIX
3a00JICBaHHIA.

MeToaouyeckue OCHOBBbI

3NeKTPOoONTUYECKOro Metoaa
DNEKTPOONTUYECKUIA METOJ OCHOBaH

Ha COIIOCTABJICHUU JJIUTCIBHOCTH CepacU-
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HOTO IIMKJa, 3a()MKCHPOBAHHOM MO JAHHBIM
anekrpokapauorpammbel  (OKIY) u  dotomne-
tusmorpammsel  (®IIIN). C nomompro OKIT
PETUCTPUPOBANN  JUIMTEIBHOCTh  KapIuo-
nutepanoB ([AKW) wmin RR-unTepBanos
B cTaHaapTHoM otBeaeHud. JIKU mpencras-
JIS€T MOJIHBIM CEpACUHBIA LIMKJ, CBSI3aHHBIN
¢ BO30yXIEHHEM CHHYCOBOTO y3ia, U OT-
paxkaeT M3MEHeHUus cepaeyHoro putma [7].
3aKOHOMEPHO MPEANoN0oXKUTh, YTO AJTUTEINb-
HOCTh CEpIIEYHOr0o LUKIa, (UKCUpOBaHHAS
¢ nomoinbsio Metona IKI, orpaxaeT peanusa-
IIUI0 MEXaHU3MOB HHTpPaKapAMaJIbHOW pery-
JISIUHU CepAEeYHO-COCYIUCTON CUCTEMBI.

C nomomsio Metona OIII" 3anuceiBanu Au-
TeJIBHOCTH MyAbCOBLIX BOJIH (JII1B). [TynscoBas
BOJIHA (hopMHpYyeTCst 3a c4ET BBHIOpOCAa KPOBU
B COCYIUCTOE Pyclio; e€ MHKH OTPaXKaroT CH-
CTOJIMYECKUA W JMACTOINMYECKUN NEpHOAbI
cepaedHoro nukia. I[lo IMTensHOCTH MyIbCO-
BOM BOJIHBI CYIAT O MPOAOIKUTEIBHOCTH Cep-
JIEYHOTO LHMKJA, MPOJOKUTENBHOCTH CHCTO-
JIBI ¥ YaCTHYHO TUACTONBI M MX COOTHOILICHUH
[20]. U3BecTHO, YTO B LIENOM MPONOIKUTEIh-
HOCTbH ITyJIbCOBOW BOJIHBI 3aBUCHT OT OCOOCH-
HOCTEH padoThI cepllia, a BelNninHa U Gopma
e€ NMHKOB OMNpeensieTcs COCTOSHHEM COCYyAHU-
ctoit cTenku [17]. JIMTeNbHOCTh CEPACUHOTO
I[UKJIa, PETUCTPUpYyeMasi C MOMOIIBIO METoaa
OIII, sBiseTCS OTPa)KEHUEM MEXAHU3MOB IIpe-
HUMYIIECTBEHHO JKCTpaKapIUaJIbHON peryms-
UM CEPACYHO-COCYANUCTOMN CUCTEMBI.

JAKWM u [IIB sBrngooTcs moKa3areasiMu
MIPOIOJDKUTENIBHOCTH CEP/ICUHOr0 IMKIIA, 3a-
(DUKCUPOBaHHON COOTBETCTBEHHO B BHJC
JNIEKTPUYECKOI aKTUBHOCTH CepJlla U CBETO-
MIPOHUIIAEMOCTH COCY/a B 3aBUCHMOCTH OT €r0
KpOBEHANOIHEHUsI. B HIeanbHBIX yCIOBHAX
BenuuuHbl JIKW u 1B 101KHBI OMTHOCTBIO
COBIIaJIaTh, 0OCOOEHHO €CIIM OHU OyayT 3a(uK-
CHUpPOBaHBl OAHOBpeMeHHO. (CienoBaTeIbHO,
conoctrapnenne KW wu [IIB Bo3MOXHO
Ha ocHoBe cuHxpoHHOU 3anucu DKI' u OIIT
(puc. 1).

Ha puc. 1 BuaHo, 4TO HpU CHHXPOHHOI
3anucu nonydenue naHHeix @I mo cpaBHe-

12

Huto ¢ ganHbiMU OKI' mpoucxoaut ¢ Heko-
TOpOH 3aiepKKOW. JIJIMTEIBHOCTh TakoW 3a-
JepKKH 3aBUCUT OT JIOKAJIM3allM{ JaTdyuKa
OTII". B 00BIYHBIX YCIOBUSIX KPOBb JOCTUTAET
ManbleBOro JaT4yuka uepe3 3—5 ¢, a yurHoro
JaTYMKa OHA JOCTUraeT depe3 2—3 c mocie
ceprevuHoro cokpamienus [23]. JnuTenbHOCTh
3aJIepKKH TOJTY4YEHUS JaHHBIX HE BIHACT
Ha caMu JaHHble. TakuM 00pa3oM, BENUYUHbBI
JAKUW u 1B 10mKHBI OJHOCTHIO COBMAIaTh
BHE 3aBUCHMOCTH OT JIOKAJH3alUK JATYUKOB.
IIpoBepka 3TOro MONOXKEHHUA TPOBOIMIACH
Ha MEPBOM dTare pa3paboTKH dIEKTPOONTHYE-
CKOTO METOAA.

Pukcaumsa OnNUTENIbHOCTU cepaevyHoro
umkna c nomoluubio metopos IKI n O

B skcnepumMenTanbHOM HccnenoBaHuu [19]
Ha 3/I0POBBIX JIOOPOBOJIBIIAX OBLIO MOKAa3aHO,
YTO TOYHOCTH COBIAJCHUS MPOJOIKUTEb-
HOCTH cepjiedyHOro Iukia mo gaHHbeiM KT
u OIII' 3aBUCUT OT PACHONIOKEHUS IAaT4uKa
OIII. B kauecTBe mokasaressi CTENEHU COB-
NajieHus] JJIMTENbHOCTH CEPACYHOTO IUKIIA
no panHeM OKI™ u @I ucnons3oBanu cpen-
HekBajparuyHoe otkinoHeHue KW ot AIIB.

Puc. 1. [lpumep cunxpounoi 3anucu Kapouounmepea-
7106 (c8epxy) u nynbcosvix 8oaH (cnusy). Kpacnoii nunueti
obosnauena KU — onumenvnocms Kapouounmepsana
Medncdy coceOnumu R nuxamu; cumeii aunuell nokasama
JIIB — onumensHocms nyibCo8OU BONHbL MEHCOY COCEOHU-
MU nuUKamu 801wl nynvca [13].

Fig. 1. An example of synchronous recording of cardio
intervals (above) and pulse waves (below). The red line
indicates the DCI ([JKH) — the duration of a cardio
interval — between adjacent R peaks; the blue line shows
the DPW (JI1B) — the duration of a pulse wave — between
adjacent peaks of the pulse wave [13].
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JIIB ¢uxcupoBanu OJHOBPEMEHHO OT TPEX
JIaTYUKOB C Pa3HOW JIOKalM3aluei: OT Majb-
I[EBOTO JaT4YMKa, PACIIOJIOKEHHOTO Ha KOHIIe-
BOW (haslaHre yKa3aTeJbHOTO Tajblia JICBOM
PYKH; OT YIIHOTO JaT4MKa, PaclojOKEHHOTO
Ha MOYKE JIEBOTO yXa; OT MIEWHOTO JaTdu-
Ka, PacHOJIOKEHHOTO Ha IMOBEPXHOCTU NIEU
B MIPOEKIUN COHHOI apTepHH ¢ JeBOil cTopo-
Hbl. HauGonbmas crenens coBnaaenus KW
n JII1B Obuia obHapyxeHa npu 3anucu OIIT
OT YIIHOTO JaT4MKa, YTO MO3BOJMJIO CIenaTh
BBIBOJI O TOM, YTO 3aIIMCh JAHHBIX C 3TOTO JaT-
YPKa MEHBIIE BCEro IOJABEPXKEHA BIMSIHUIO
CITy4alHBIX (PaKTOPOB.

B naHHOM HCce1oBaHUH TakKe OBIIO MOKa-
3aHO, 4TO creneHb coBnaaenus KW u [II1B
yBEJIMYMBAJIach B 3aBUCHUMOCTH OT 3Tama HC-
CJIeIOBaHMs U HE 3aBHCeNa OT (pyHKIHMOHAIb-
HOTO COCTOSTHHSI T0OpoBobLEeB [19].

MNokasaTenu cteneHun coBnageHus
ANMNTeNnbHOCTU cepaevYHOro uMkKna,
cdomMKcupyemom ¢ NoMoLLbLI0 MeToA0B
SKI n @Il npn naTonorusix cocyaoB

Crnenyromuii stanm  pa3pabOTKH  3NEKTPO-
ONTHYECKOTO MeTojia ObLT MOCBSAIIEH H3yde-
HHUIO BOIPOCA O TOM, KaK HOBJIHSIOT Ha COB-
nagenue KW u JAIIB maromoruu cocymnos.
W3BeCcTHO, 4TO XapakTep IyJbCOBOW BOJIHBI
3aBHCHUT HE TOJIBKO OT CEpACYHOMN aKTUBHOCTH,
HO M OT COCTOSIHUSI COCY/JIOB, KOTOPOE OIpese-
JsieTcs ANIaCTUYHOCTBIO COCYAHCTON CTEHKH,
HIIMPUHON TPOCBETa COCYIOB, W3BHTOCTHIO
cocynuctoro pycna [17, 20]. 3akoHOMepHO
MPEINOJIIOKUTh, YTO TIPH COCYIUCTBIX Ia-
TOJIOTHSIX, CONPOBOXKAAIOUIUXCS CYXCHHUEM
WIH pacUIMpeHHEeM IIPOCBETa COCyaa, Hapylle-
HHUEM 3JTaCTHYHOCTU COCYAUCTON CTEHKH U U3-
MEHEHHEM CKOPOCTH KpoBOTOKa, [[I1B mMoxeT
MOJIBEPTaThCsl HEKOTOPHIM UCKAKECHUSM.

J1n1st IpOBEPKU ATOTO TPE/IIONIOKEHHS HE00-
XOIUMO OBLIO BBIOPATh MATOJOTHH, KOTOPHIC
OTBeYaJi ObI CIIEIYIONINM yCAOBUIM: 1) ObLTH
CBS3aHBl C HapylIEHHEM COCYyIOB; 2) Ipen-
CTaBIISUIM JOoKNHHUYecKyto crtaanto HITHKM;
3) uMenu pa3IuYHyI0 3THONOTHIO. [[71s1 aHamu-
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32 HaMM OBUTM BBHIOpPAaHBI CUHJPOM IO3BOHOY-
HOW apTepUu IpU OCTEOXOHJPO3e IIEHHOro
otaena no3poHouHuka (OLHOIT) u cunapom
BeretaruBHOW nuchynknuu (CB/I), npencras-
nsromue JokiauHudeckyto craguio HITHKM,
JIMarHOCTUKA KOTOPOW Ba)KHA NIl IEPBUYHOU
npodHIaKTHKKY UHCYNbTa [1].

Hapymienuss M03roBoro KpoBOOOpalleHus
npu OLOIT Bo3HUKAIOT B pe3yNbTare cMelle-
HUS WU CJIaBIMBaHM TO3BOHOYHBIX apTepuit
U UX HEPBHBIX AIEMEHTOB. Pa3npaxeHue me-
pHApTEepHAIBFHOTO CHMIIATHYECKOIO  CIUIeTe-
HUsL 1e()OPMUPOBAHHBIMU KPIOYKOBHHBIMU
00pa3oBaHUAMH NPUBOAUT K PEQICKTOPHO-
My CYXEHHIO TO3BOHOYHON aprepum [18].
PaznpakeHue mO3BOHOYHOTO HEPBa, IOBBI-
miasi TOHYC IO3BOHOYHOM apTepuH, MOXKET
YMEHbIIAaTh CKOPOCTh KPOBOTOKA B Hel Ha 1/3
OT MCXOJHOHN BEIWYMHBI, a JAJIUTEIBHOE BO3-
JeficTBHE Ha COCYJHCTYIO CTEHKY CTaHOBHUT-
csl TPUYMHOW O0Opa30BaHMsI ATEPOCKIIEPOTH-
YeCKHUX OJsIIeK B TO3BOHOYHOM aprepuu [4].
B pesynsrare pa3sBuBacTCs aHIMOIUCTOHHUYE-
CKO€ COCTOSHHE U OTrpaHHuYEHHE KpPOBOTOKA
mo Bcel BepreOpodazuisipHON cucteme [15,
16, 21].

Hapymienuss M03roBoro KpoBOOOpalleHus
npu CB/] pa3BuBarotcs B pe3ynbTare Hapylie-
HUSl HEHPOT'YyMOpPaJIbHOU PEryNALUU ACSTelb-
HOCTH BHYTPEHHUX OPTaHOB, B T. Y. CEP/ICUHO-
cocyaucToi cucremsl [5]. [IpuunHaMu Takux
HEHUPOIyMOpAJIbHBIX HApyLICHUH CUUTAIOT
HacJICJICTBEHHbIE U NMPHOOpPETEHHBIE 0COOCH-
HOCTU AaKTHBHOCTU BETETAaTUBHONW HEPBHOM
CHUCTEMBI, MNPOSBISAIOIINECS B BHIE HaJCer-
MEHTApHBIX  BETeTaTHUBHBIX  PacCTPOMCTB,
MIPEeUMYIIIECTBEHHO BaroToHM4eckux [9, 22].
CB/l siBnsieTcst NpUYMHON HAYaJIbHBIX CTaInui
XPOHHUYECKOM MIIEMHUH MO3ra, BO3HHKAIOIIEH
Ha ()OHE HEJOCTATOYHOCTH €ro KpPOBOCHAO-
JKEHUsI, KOTOpOe 00YCIIOBICHO THIIEPTOHYCOM
[1apacUMIIATUYECKOM HEPBHOM CUCTEMBI, T'U-
MTOKMHETUYECKUM THUIIOM IEHTPAJIBHOTO KpO-
BOOOpAIIEHHsI; JIBYyCTOPOHHHM CHHKEHHEM
JINHEWHBIX CKOPOCTEM KpPOBOTOKA MO TNEpes-
HEW U CpeAHEW MO3TOBBIM aAPTEPUSIM; AHTHO-
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JIMCTOHUYECKUM THUIIOM IepeOpaibHONW remMo-
JTuHaMHUKH [2, 3].

OKCIIepUMEHTAIFHOE HCCIIEAOBaHUE JUIH-
TENBHOCTH CEPJCUHOI0 IMKJIAa IO JaHHBIM
OKT u OIII' mpoBoauan Ha JOOPOBOIBLAX
¢ OLIOIT u CBJ [8, 13]. B atux wuccneno-
BaHISIX OBUIM BBIABICHBI ITOKA3aTeNH, OTpa-
atone creneHb cosnagenus KU u [II1B
B HOpPME U IPU TakUX Harojorusax, kak CBJ]
n OLIOII, mnpencrapisAOMmMUX AOKIMHUYE-
ckyto craauto HITHKM.

JlBa moKa3zarens, OTpakalollue CTeNeHb
pasznuunst mexay JKW u 1B, — 310 mepa
pazmuuust (MP) u kBajgpaT Mepsl pa3nuyus
(KMP). KMP Bbluucnsuin kak cpennee apug-
METHYECKOE CYMMBI KBaJpaToB pa3HOCTEH
JKW u 1B, a MP Bbuucnsiim kak KOpeHb
kBazaparubliii u3 KMP. [Tokazarenu KMP u MP
OTPaXXaloT, HACKOJBKO Pa3IMYaOTCs MEXIY
coboit JIKM u AIIB: yem Gomblile 3HAYECHHE
JTAaHHBIX MIOKa3aTesei, TeM OOJIbIIIe OTIINYAeTCs
JUINTEIBHOCTh CEP/ICYHOr0 LUK, 3a(pHKCH-
poBanHas 1o faHabM DKI™ u OIIT. 3nauenus
nokazareneidr KMP u MP munumanbsHbl (cTpe-
MATCSL K HYJIO) y 370POBBIX 1OOPOBOJIBIIEB
W yBEJIMYHMBAIOTCS Y JOOPOBOJBIEB C TAKMMHU
natonorusimu, kak CBJ] u OILOIIL. 3to mo-
3BOJIIET TOBOPHUTH O HAJTMYHH BBICOKOH CTere-
Hu coBnaaenus mexnay KW u JII1B B HOopMe,
KOTOpasi CHWXKaeTcs y JOOPOBOJIBLEB C COCY-
JIUCTBIMU TIATOJIOTUSIMH.

Crnenyromuili mokasaresb OTpaXkaeT CTe-
NIeHb BapUaTUBHOCTH JJIMTENBHOCTH CepAaed-
HOTO LIMKJa, 3a(UKCUPOBAHHOW C MTOMOUIBIO
OKI' u OIIl. Otknonenne HAKU u HIIB
ot ux cpennero 3HaueHus (OC) BbIUMCISUIIN
KaKk KOpeHb KBaJpaTHBI M3 cpelaHero apug-
METHYECKOTO OT CYMMBI KBaJIpaToOB pa3HO-
creii 3nauenuit JIKWU u [IIB o mx oOmiero
cpenuero. Ilokazarens OC oTpakaeT OTKIIO-
nenue KU u JIIIB ot ux o0Iiero cpeaHero
apu(pMETHYECKOro: YeM OoJibllle 3Ha4YEeHUE
9TOr0 TOKa3aTessl, TeM OOJbIIe OTKIOHACTCS
JUIUTEJIBHOCTh KapJHOMHTEPBAJIOB U IIyJbCca
OT CpeAHeN AITUTEIHHOCTH CEPIIeUHOTO IHKIIA.
[Tokazarens OC y 310poBbIX OOPOBOIBIIEB
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MIPUHUMAET 3Hau€HHE BHIIIE CPEAHEro, KOTO-
poe y IOOpOBOJIBIICB C MATOJOTHSIMH OTJIH-
4aeTcs B CTOPOHY 3HAYMTEIBHOTO CHMKCHHUS
nnu nosbimeHus. CienoBaTenbHO, B HOpME
BapUaTUBHOCTH — BBIIIIE CPEHETO, a MPH Ta-
TOJIOTHSIX OHA YBEIMYHBAETCS WM yMEHbIIA-
eTcs.

Tpu cnenyromnye moxasaress OTpaXkaroT Ha-
JINYMe JIMHEMHOW CBA3U WM CTENEHb CXOJICTBA
(xoppemnsamuio) mexny JKW un AIIB. Cpean
Hux koddduiment nakiaona (KH) anmpok-
cumupytomeit mpsmoii 3aBucumoctu  JIKU
or JIIB, xoap¢uument cmemmenus (KC) an-
NPOKCUMHUPYIOUIEH MpsAMON  3aBUCHMOCTH
JKU or AIIB u k03pdUIMEHT JOCTOBEPHO-
ctu annpoxcumarmu (KJ[A) 3aBucumoctu
JKU ot AIIB. IMokazarenu KH, KC u KJIA
otpaxatoT creneds cosnaaenus KU u 1B
B TEUECHUE HEKOTOPOTO MPOMEXKYTKa BPEeMEHH,
B KOTOPOM OCYIIECTBJISIETCS 3alMCh JaHHBIX.
DTH moKa3areiau ObUIH BBISIBIICHBI B XO/€ JIH-
HeitHo# ammpokcumanuu KU u IIIB, xorto-
past OCYIIECTBIsIaCh METOOM HAMMEHBIIHX
kBajaparoB. Jluneitnas 3aBucumocth KU
u [IIB onuceiBaeTcs CpefHEH JIMHUEH, KOTO-
pas B 00111eM BUJIe MOXKET OBITh IpeCcTaBlIeHa
ypaBHeHHEM 1:

y=ax+b (),
rIe a — KO3(QUIMEHT HAKJIOHA arpoK-
cumupyoued npsmoi; b — koaddunuent

CMEIICHHS] WJIM OTKJIOHEHUsS TOUEK OT MPSIMOi
B CHCTEME KOOpJIMHAT.

B cmyuae BBICOKOH CTemeHH COBIAACHUS
JAKUW u JIIB 3nauenus KH um KJIA pactyT,
a 3HayeHue KC — ymeHsbImaercs.

Ilo pesyneratraM SKCIEpPUMEHTANBHBIX HC-
crenoBanwii [8, 13] 6bUTO MOKa3aHO, YTO A0OPO-
Boubllel ¢ OIIOIT u CBJI ommuyatotcst oT HOp-
MBI Oojiee HU3KO cTeneHbio coBmaaeHust KN
n JIIB mo mnoka3zarensiM JMHEHHOW CBA3M.
Jlns wnmocTpalii HIKE TPEeICTaBIeHBl Ipa-
¢uku nuHenHbIx 3aBucumMocteit JJKU u JII1B
JUTsl TOOPOBOJIBIIEB M3 Pa3HBIX IpymIl (puc. 2—4).

Ha puc. 2 npexncrapien rpaduk JTUHEHHON
3aBucumoctu Mexay KW u 1B nns Tummy-
HOTO J100pOBOJIBIIA U3 TPYIIBI HOPMBI, KOTO-
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Puc. 2. Ipaguueckoe npedcmasnenue IuHeUHOU 3a6U-
cumocmu  mMexcoy ONUMENbHOCHbIO KAPOUOUHMEPBANO8
U OIUMENbHOCHBIO NYIbCOGLIX 8OMH 00Oposovya b.A.
u3 epynnel Hopmwl. Ilokazamenu coenaoenus JJIKH u JII1B:
KH = 0,985; KC = 12; KJIA = 0,989.

Fig. 2. Linear relationship between the duration of cardio
intervals and the duration of pulse waves in volunteer B.A.
from the norm group. Coincidence indicators of DCI and
DPW: KH (slope factor) = 0.985; KC (bias factor) = 12;
KJIA (approximation confidence factor) = 0.989.

pBII IeMOHCTPUpPYET HauOOJBIIYIO CTEIECHb
copmagenuss JIKW wu [IIB. J[oOpoBOJbIIbI
U3 IPYMIBI HOPMBI UIMEIOT HauOoJbliee 3Ha4Ye-
nue nokazareneit KH u K/IA u Haumenbiiee
3Hayenne KC. Y noOpoBobIIEB M3 TPYMIIBI
OHIOIT u CB/I o cpaBHEHHUIO ¢ HOPMOU 00-
Hapy>KeHbl MEHbIINE 3HAYECHUS IMOKa3aTels
KH u KJIA u 60o7b111e 3HaueHus okasarenei
KC, uto yka3biBaeT Ha 6osiee HU3KYIO CTEIICHb
cosnazgenus KW u [IIB y npencraButeneit
U3 TPYIII C UCCIETyEMbIMH aTOJIOTHAMHU.
CpaBHeHUE IMHEHHONW 3aBUCHMOCTH MEX-
ny AKU u 1B y noOpoBoiblEeB U3 TPy
OLIOIT (puc. 3) u CBJl (puc. 4) mo3Bonser
Cpa3y YBUAETh pa3HUIly MexXay HUMU. [{ng no-
opososibita u3 Tpymmnsl OLIOIT xapakTepHa
YHOPSIIOYEHHOCTh  TOUEK  AlpPOKCUMHUPYIO-
med npsMoil, a y 100poBOINbIIA U3 TPYIIIBI
CB/] Touku pacnonoxeHs! 00Jee Xa0THIHO.
Mensmiee coBnagenue JAKU u /1B B rpyn-
Iax C MaToJIOTHSIMH, CBA3aHHBIMHU C Hapylle-
HUEM TOHYCa U YMEHBIICHHEM IIPOCBETa COCY-
JIOB, SIBJISIETCSl MapKepoM HeOJIarornoiyYHoro
COCTOSHUS cocynoB. VIMEHHO cOCYIUCTHIE Ha-
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Puc. 3. Ipaguueckoe npedcmasnenue IuHeuHOU 3a6U-
cumocmu  Mexcoy — ONUMENbHOCMbIO  KapououHmepea-
1068 U ONUMENbHOCbIO NYIbCOBLIX BONH 000POBONLYA
Y. uz epynnut OLLOII. Ilokazamenu coenaoenus JJKH
udlB: KH = 0,725; KC = 162; KJIA = 0,758.

Fig. 3. Linear relationship between the duration of car-
dio intervals and the duration of pulse waves in volunteer
Ch.D. from the group of cervical spine osteochondrosis.
Coincidence indicators of DCI and DPW: KH (slope fac-
tor) = 0.725; KC (bias factor) = 162; K/IA (approxima-
tion confidence factor) = 0.758.
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Puc. 4. Ipapuueckoe npedcmasnenue nuHeluHou 3a6u-
cumMocmu  mMexcoy ONUMENbHOCHbIO KAPOUOUHMEPEANLO8
U ONUMETbHOCMbIO NYIbCOBbIX 60MH 00bposorvya 1.0.
usz epynnwt CB/]. Iloxkazamenu cosnadenuss JKU u JI1B:
KH =0,793; KC = 202; K/I{A = 0,773.

Fig. 4. Linear relationship between the duration of car-
dio intervals and the duration of pulse waves in volunteer
G.O. from the group of autonomic dysfunction syndrome.
Coincidence indicators of DCI and DPW: KH (slope fac-
tor) = 0.793; KC (bias factor) = 202; KJ]A (approxima-
tion confidence factor) = 0.773.

pPYLIEHUS. BHOCST LIYMOBYHK) COCTABIISIOLLYIO
B JIIIB, KOTOpast BBIABIAECTCS NIPU CPAaBHEHUU
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eé ¢ JIKU. DkcnepuMeHTaabHO OBIIO MOKa3a-
HO, 4TO 3Ta IIIyMOBasi COCTaBIISIONIAs OTCYTCT-
BYeT B TpyIIe HOPMBI (puC. 2) U BBIABISACTCA
B rpynnax ¢ naronorusmMu. lllymoBast cocras-
JSAI0IIas OIMYAeTCs B TPyIIax C MaToJIoTus-
mu: ais rpynmel ¢ OIIOIT xapaktepHo yrio-
PALOYEHHOE PACIONOXKEHUE TOYEK JTUHEHHON
3asucumoctu JIKU1 ot AI1B (puc. 3), a rpynmna
CBJl ornnuaetcs 0ojiee XaOTHYCCKUM pac-
noJokeHHeM Touek (puc. 4). DTo ykas3bIBaeT
Ha TO, YTO IIyMOBas COCTABIAIOINAs SBIA-
€TCsl MapKepoM MaToJIOTHYECKOro IMpoliecca,
MIPOUCXOAIIETO B COCyJaX IPU COOTBETCT-
Byrollel marosjoruu. Vi3MeHeHHE COCTOSIHUSA
cocynoB mpu OIIOII xapaxTtepusyercs Me-
XaHWYECKUM  CIABIMBAaHUEM  COCYIHCTBIX
U HEpBHBIX DJJIEMEHTOB, 4YTO OTpa)kaercs
B BHJIE YIOPSIIOYCHHOM IIIyMOBOI COCTaBIISAIO-
e, BBIABIsIEMOM mpu comoctasienun JJKU
n JIIB. CB]l xapakTtepusyeTcsi HapyleHUEM
BEreTaTUBHOM PETYIALUN COCYIUCTOTO TOHY-
ca, MPOSABJLIIONUMCS B BHJAE CHACTUYECKHX
SIBICHUH, YTO MPEJCTABICHO XaOTHYECKOil
HIyMOBOI1 cocrtaBisitoiieil. OcoOeHHOCTH JH-
HeitHoit 3aBucuMocty Mexay KW u JI1B xo-
POLIO pa3In4YuMBbl Tpauvecku, U UX CIeIyeT
YUUTBIBATh NPU AUGPEpeHIIAINH TaTOIOTHI
JIpyT OT JipyTa.

Pe3ynbTarhl  9KCIEPUMEHTAIBHBIX — HCCIIe-
noBaHuii [8, 13] yka3pIBalOT Ha pa3Iuyus
B 3HAQUCHUAX II0Ka3areled JIMHEHHOW CBA3U
JKU u JJI1B Mmexay rpynmnoi HOpMBI U TPpyII-
naMy JTIOOPOBOJIBIIEB C COCYIMCTBIMHM MAaro-
norusmMu. JIoOpOBONBIBI U3 TPYMIBI HOPMEI
XapakTepU3yloTCs yCTOWYMBOW  JIMHEHHOM
cea3pto JIKW u /IIIB, npu kotopoii ompene-
JISIOTCSL BBICOKHE 3HaueHMs mokasatenedt KH
n KA wu #uskue 3nadenus mokasarenss KC.
J106pOBOJIBLIBI C COCYMCTHIMH ITaTOJOTUSMH
XapaKTepU3YIOTCS CHI)KEHHEM YCTOWYMBOCTH
JIMHEIHON CBSI3M IIO CPABHEHMIO C HOPMOIL:
IIpU MATOJIOTHSIX 3HaueHus nokasarened KH
n KJIA Hmke, a 3HaueHus mokazartens KC
3HAUYUTENFHO BBIIIE 110 CPABHEHHIO C HOPMOIA.
CrenoBarenbHO, OOHApPY)KHMBAETCS HATUUUC
MeHblIei crenenn conaaenus KW u JAI1B
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B rpymmnax jpodposoinbues ¢ OLIOIT u CBJ]
II0 CPABHEHMIO C HOPMOM, 4YTO IIO3BOJSAET
CUMUTATh DJIEKTPOONTUYECKUM METOJ IIPUTOJ-
HBIM JUIsl PaHHEW AMArHOCTUKU HapyIIEHUM
KpOBOCHaO)KeHMsI rOI0BHOrO Mosra. OnHako
OCTaEéTCsl HEPEUIEHHBIM BOIPOC O KOHKpPET-
HBIX KPUTEPUSX, MO3BOJISIOUIMX OIPEIEIUTh
TO, K KakKOi IpyIie MOXeT ObITh OTHECEH HO-
BBIH 00CIIEIyeMBIi.

OVWCKPUMMHaAHTHbLIN aHanu3
nokasaTernemn cTerneHn coBnageHus
ANMNTeNnbHOCTU cepaevYHoOro uuMkna,
coMKcupyemoi ¢ NoMoLb0 MeToaoB
OKIr v onr

Crnenyromuii stanm  pa3pabOTKH  3IEKTPO-
ONTHUYECKOTO MeTofa OBLT MOCBSIIEH OIpe-
JICTICHUIO KPUTEpUEB MPUHAIICKHOCTH J10-
OpOBOJIBLIEB K OMHOM M3 TPEX TPYIIL: TPYIIIBI
MIPAKTUYEeCKH 370poBBIX, rpymnsl  OIOII
u rpynnsl CBJI. Jlns 3TOro mpoBenu AUCKPH-
MUHAHTHBIA aHaNW3 TII0Ka3aTeled CTeleHH
cosnanenus KW u JAIIB no TpéM 3a1aHHBIM
rpynnam [14]. B pe3ynasrare AUCKPUMHHAHT-
HOTO aHaju3a ObLIM OMpeiesieHbl 0Ka3aTeln
cosnagenus KW u [IIB, obmamaromiue au-
CKPUMHMHAHTHOH CIIOCOOHOCTBIO PAa3JIeisTh
TpH 3a1aHHbIe Tpynnbl. HannydmmM obpasom
JUCKpUMHUHALIUA TPEX TPYIHH OCYLIECTBIIS-
JIach C IIOMOILIBIO TPEX IOKa3arelel, cpenu
KOTOpBIX Mepa pasnuuusa mexay JAKU u [AI1B,
BapuaruBHocts JIKW u [IIB (OC) u tecHo-
Ta JuHedHou cBs3u Mmexny JKW or [IIB
(KIA). 3ananHble TpyNIbl XapaKTepU3yroTCs
ONPEACIEHHBIMY MTATTEPHAMU 3HAYCHUM TPEX
JUCKPUMHHAHTHBIX MTOKa3aTesiell COBIaICHUS
JKU u [IIB, Ha 0OCHOBE CpaBHEHMS KOTOPBIX
BO3MOJHO OIIPEJEICHUE IPUHANIECIKHOCTH
HOBBIX JI0OPOBOJIBIIEB K OJTHOI M3 TPEX 3a]aH-
HBIX rpyni: 310poBsie, OILLIOIT u CB/I.

CpaBHeHHE JAMCKPUMMHAHTHBIX I[OKa3a-
Tened B IpyImnax ¢ MaTONOTHAMHU M B IpyIIe
HOPMBI MTO3BOJIMIIO BBISIBUTH KOJIMUECTBEHHbIC
PacXOXXACHUSA B MX 3HAYEHHUSAX, KOTOpBIE OT-
paXkaroT OCOOEHHOCTH PETYJSIIIMU CepACYHO-
COCYIHUCTOH cucTeMbl. Ipymnmel ¢ paccmo-
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TPEHHBIMU TIATOJIOTHUSAMHU XapaKTePU3YIOTCS
YMEHBIIEHHEM TECHOThl JIMHEHHON CBA3U
mexay JKW u ITIB no cpaBHEHUIO C HOPMOH,
YTO yKa3bIBaeT Ha HaJM4He OOIeH Hecoriaco-
BaHHOCTH B pab0OTe MHTPAKAPAUAIbHBIX U IKC-
TpakapIuaIbHBIX PEryIATOPHBIX MEXaHU3MOB.

Mepa pazmmuus mexny HKWU wu 1B
MPU PAaCCMOTPEHHBIX MATOJOTHAX YBEITUYHBa-
€TCs TI0 CPAaBHEHMIO C HOPMOH, YTO YKa3bIBaeT
Ha HapylleHHEe MEXaHM3MOB JKCTpaKapIuallb-
HOU PEeryJIAIMH, IPOSBIISIONIeecs B GpopMe Me-
XaHUYECKOTO WJIM CTIACTHYECKOTO CAABIIMBAHUS
COCY/IOB, MPHUBOJAIIETO K YMEHBIICHUIO MPOC-
BETa COCYJOB W 3aTpyIHEHHIO KpOBOoOpaie-
HUS U B UTOTe — K HEJOCTAaTOYHOCTU KPOBO-
CHAO>XEHUS OPraHOB U TKaHEH.

Wsmenenne BapuaruBHoctu JIKW u JII1B
MPU PACCMOTPEHHBIX MATOJIOTUSAX B CTOPOHY
3HAYUTENFHOTO YMEHBIIIEHUS ¥ 3HAYUTEIHHOTO
YBEJIMYCHHUS 110 CPABHEHHUIO C HOPMOH YKa3bl-
BaeT Ha M3MEHEHHS B COOTHOIICHHMU BKJIaja
WHTpaKapJUabHBIX M OKCTPaKapIUaIbHBIX
MEXaHM3MOB B OOLIyl0 peryisuuoo. B Hop-
M€ HHTpaKapIualbHas U JKCTpakapaualibHas
peryssIus pealu3yloTcs MO MPUHIUIY B3a-
HMMOJIOTIONIHEHHSI, 00eCreynBasi HAWITYYIlee
COCTOSIHHE  CEpJICYHO-COCYAUCTOM  CHUCTEMBI
B 3aBUCHUMOCTH OT H3MEHSIONIMXCS YCIOBUH.
IMpu OILOIT obHapyxuBaeTcsi Ype3MepHas
CTaOMIBHOCTh BO B3aMMOICHCTBUU HHTpaKap-
JIMANBHBIX M 9KCTpaKapIUaIbHBIX MEXaHU3MOB,
a npu CBJl HabnromaeTcst upe3MepHasi H3MEH-
YUBOCTh B WX B3aumozeicTBuu. MckaxeHus
MEXaHU3MOB PETYISAIMN CEPICTHO-COCYTUCTON
CUCTEMBI TIPY PACCMOTPEHHBIX MATOJOTHUAX 00-
YCIIOBJIEHBI COIPOBOMKIAIONIMMHU UX XapaKTep-
HbIMU W3MEHEHUSIMH, TPUBOIAIIMMU K Hapy-
MIEHUSIM MO3TOBOTO KPOBOOOpAIIIEHHSI.

B pesynbrare AMCKpUMHUHAHTHOTO aHAJIM3a
ObUTH BBISIBJICHBI TPYObIC HAPYIIICHHUS COIIACO-
BaHHOCTH B pabOTE [[EHTPAIbHBIX MEXaHU3MOB
HEUPOBETeTATUBHON PETYISLUU  CEPIEYHO-
COCYJIUCTOW CHCTEMBI, HEPBHO-MBIIIEYHOTO
aBTOMAaTH3Ma cepiia U ero addepeHTHOM
PeryJlUY NPU PACCMOTPEHHBIX MATONOTHSIX,
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COTIPOBOXAAIOIINXCS HApyIIEHHSIMH KPOBO-
CHaO)KECHUSI TOJIOBHOTO MO3Ta.

OnucaHue  pe3ylbTaToB,  MOJyYEHHBIX
B XOJie pa3pabOTKH 3MEKTPOONTHYECKOTO Me-
TOZa, MO3BOJMIO C(OPMYIHPOBATH CIEAYIO-
IIT1€ BBIBOJIBL:

*  DJIEKTPOONTHYECKUH METOA OCHOBaH
Ha COIMOCTaBICHUU MJIUTEIBHOCTH CEpedHO-
O LUKIIA, 3aUKCUpOoBaHHO# 1o gaHHbM DK
u ®IIT, no nokasaresnsM COBIAACHUS KOTOPBIX
MOXKHO CYyAMTh O COOTHOIIEHUH WHTpaKapiu-
aJbHBIX M IKCTpaKapAHajJbHBIX MEXaHH3MOB
peryisuum;

* DKCHEPUMEHTAIIHO Yy 3IO0POBBIX J00pO-
BOJIbLIEB ObLJIa BbIsSIBIIEHA HAUOOJBIIIAs CTEIIEHb
COBIAJICHUSI MEXIY JUIMTEIBHOCTSIMU CepJiey-
HOTO IHMKJIA, 3a()UKCHPOBAaHHBIMU IO JIAHHBIM
OKT' B cTaHAapTHOM OTBEICHUU U 1O JJAHHBIM
OIII" B yIIHOM OTBEACHUH;

* BapHaHT PETUCTPaLUH UINTEIBHOCTH Cep-
neuHoro nukia no nanaeiM OKI' B cranmapt-
HOM oTBeZicHuU U 110 JaHHbM OIII' B ymHOM
OTBE/ICHUM MOAXOAUT MJISI JTMarHOCTHKH Ha-
YaIbHBIX MPOSBICHUN HEJOCTAaTOYHOCTH KpO-
BOCHAOXKEHUSI TOJIOBHOTO MO3ra, M3yYEHHBIX
Ha nnpumMepe OILIOIT u CBJ;

* [0 pe3yabTaraM IUCKPUMHHAHTHOTO aHa-
J13a OBbUTH BBISIBIICHBI IOKA3aTENN COBIAICHUS
JUTUTEIILHOCTH CEPACYHOro IMKIA, 3a(HKCH-
posanHoii o nanHbsM JKI™ u ®III, Ha ocHOBe
KOTOPBIX BO3MOXHa A depeHIanpHas Juar-
HOCTHKA Ha4yaJIbHBIX MPOSBIECHUH HEI0CTaTod-
HOCTH KPOBOCHAO)XEHHUS TOJIOBHOTO MO3Ta, M3-
yueHHbIX Ha nmpumepe OLOIT u CB/I;

* Mepa pa3Nu4us MEeXIy JJITHTEIBHOCTBIO cep-
JICYHOTO [IMKJIA, 3a(UKCUPOBAHHOM MO JAHHBIM
OKT' u OIII, sBrseTcs mokazareieM COXpaH-
HOCTH (B HOpME) M HapyulieHus (IpH Harolio-
THAX) MEXaHM3MOB 3KCTpakapIUalbHOM pery-
JSIHUU  CEePAECYHO-COCYIUCTON NesTeNbHOCTH;

* TECHOTA JIMHEHWHOW CBSI3U IJIUTEIBHOCTH
Cep/IeYHOr0 KA, 3a(MKCUPOBAHHOMN TIO JaH-
HeiM OKI™ u OIII, saBnsercs nmoka3areyneM Ha-
nuuus (B HOpME) MM OTCYTCTBUS (TIpH IaTo-
JIOTUSIX) OOLIeH CONIacOBaHHOCTH B padoTe
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HHTpaKapAuaJbHBIX W JOKCTpaKapAUuaJIbHBIX
PErYIATOPHBIX MEXaHNU3MOB;

* BApUATUBHOCTh pA3NIMUAA MEXKAY [JIH-
TEJILHOCTBIO CEPIIEYHOT0 LUK, 3a(UKCHPO-
BanHoi mo jaHHbiM OKI' u ®III, sBiugercs
nokasaresieM cOalTaHCHPOBAHHOTO (B HOpMeE)
n HecOallaHCUPOBAaHHOTO (TIPH IATOJIOTHSX)
COOTHOIICHUA BKJIaJ0B HWHTPAKapAUAJIbHbIX
U SKCTpaKapAHaIbHBIX MEXaHU3MOB B O0IIYI0
PETYISIIUIO CePICYHO-COCYAUCTON CHCTEMBI.

3aknioyeHue

DJIEeKTPOONTUYECKUI METOA NpeaHa3sHaYeH
JUIl paHHEW AMArHOCTHKU HAapyLIEHHH Kpo-
BOCHA0)XEHHSI TOJIOBHOTO MO3ra. DTOT METOI
MIO3BOJIICT ONPEJEIIUTh HAJIUYHUE HAPYILICHUIL
COCYZIOB Ha paHHEU NOKJIMHUYECKOW CTaauH,
[IPY Ha4YaJIbHBIX IPOSIBJICHUSAX HEN0CTATOYHO-
CTH KpOBOCHa0XeHHUs rojiopHoro mosra. C mo-
MOILBIO TaHHOTO METOJa MOXKHO OIIPEIEIIUTh
HaJU4ue COCYIUCTBIX HCKaXCHWUM, OTCYTCT-
BYIOIIIMX B HOpME. MeToa sBisieTcs 4yBCTBU-
TEIbHBIM B OTHOILUEHUM IATOJOTMYECKUX CO-
CTOSIHUH COCYJIOB, BBI3BAHHBIX MEXaHUYECKUM
CHABJIMBAaHUEM COCYAHUCTOIO pycila, IPU KO-
TOPOM pPa3BHUBACTCA CUHAPOM IO3BOHOYHOMH
apTepuu IIPU OCTEOXOHAPO3€ MIEHHOIO OTAEIIA
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MCTOLWAKOLIAA ®USUNYECKAA HATPY3KA
BbI3SbIBAET MHOIMOKPATHOE MNMOBbIWWEHUE TPAHCKPUMNLUUAU
rEHA HMGB1 B IMM®OLUUTAX MUHU-NNTOB

B.H. KapkuuweHko, U.A. MombiTknH, H.B. MeTtpoBa*, H.B. CtaHkoBa, O.B. AnumMkuHa,
10.B. ®okuH, A.M. 3y6anun, H.A. IlaprowmnHa, U.A. BacunbeBa

®@IBYH «HayuHbit ueHmp 6uomeduyuHcKux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayusi, Mockoackasi 0b11., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

BrepBrle mokaszaHo, 4TO McTOmmAromas (u3ndeckas Harpy3ka BBI3BIBA€T KPAaTKOBPEMEHHOE MHOTOKpAT-
HOE MOBBINIEHNE TpaHCKpHUIny reHa HMGB1 B kieTkax JeHKOIUTapHOH (Gpakiun KpoBu (mMbonuTax)
MHHHU-IIATOB M CTaTHCTHYECKN 3HAYMMOE IIOBBHIINICHHE YPOBHS JICHKOIIMTOB IPH HEM3MEHHOCTH JPYTUX
MOP(}OTOTMIECKHX ITapaMeTPOB KPOBH 3a CUET YBEIMUCHUS YHCIIA HEHTPODHIOB B IIOCTHATPY30YHOM IIe-
puofe (0 6 9 BKIFOIUTETbHO). HeHTpohHiIel MOTyT paccMaTpHBATHCS B KAYE€CTBE MapKepa AT U3yUeHUS
BIIMSIHUS TIPEAENBHON (DM3MIecKoil Harpy3KH Ha MPOIECCH, CBI3aHHBIE C BOCCTAHOBICHHEM, U KaK MOTEH-
OUATBHBIN TOBPEXIAOIMUi pakrop. JIMMPOIUTEL, MPEMOoN0KUTENBHO, IBISIOTCS HecTouHnKkoM HMGB1
IPU KPaTKOBPEMEHHOH MCTOLIAIOMIEH (pU3MUeCcKOl HarpysKe, a BHIIBICHHOE ITOBBINICHIE TPAHCKPHITIIAN
reHa HMGBI] HOCUT KOMIEHCATOPHBIA XapaKTep W HAIpaBIeHO HA BOCCTAHOBJIEHHE ITyla JMMQOIHUTap-
Horo 6enxa HMGB1 B noctrarpy3ounom nepuoge. HMGBI1 nefikonnToB MOXeT HrpaTh posib HOBpPEKAA-
I0IIero (akTopa WK (HaKTopa pereHepanuy B 3aBUCHMOCTH OT BHJIa M IPOAODKUTEIIBHOCTH (DPU3HUIECKOi
Harpy3KH, Y9UTBIBast €T0 0CO0YI0 POJb B YCKOPEHHH (POPMHPOBAHHS HOBBIX MBIIIEYHBIX BOJIOKOH, YBENH-
YeHUH UX pa3Mepa M BacKyIspU3aliy MBIIIETHON TKaHU.

Kuarouessie ciioBa: HMGBI, reH, 6emmok, TeHKOIUTEL, TAMPOIUTEI, HEHTPODIITBI, PH3HYecKas Harpy3Ka,
HCTOIICHHE, BOCCTAHOBJICHHE, MUHH-TTUTH

KoH}uMKT nHTEpeCcOB: aBTOPHI 3asiBIJIH 00 OTCYTCTBHH KOH(INKTA HHTEPECOB.

Jas untupoBanmsi: Kapkummenko B.H., Ilomeitkur WM.A., IletpoBa H.B., CrankoBa H.B., Anmvku-
Ha O.B., ®okun 10.B., 3ydammiit A.M., Jlaprommua H.A., BacuneeBa U.A. Vcromaromas ¢u3myeckas
Harpy3Ka BbI3BIBAET MHOTOKPATHOE ITOBBIIICHHE TPAHCKpUIINK reHa HM GBI B tuMponnTax MUHA-TIATOB.
buomeouyuna. 2022;18(1):22-31. https://doi.org/10.33647/2074-5982-18-1-22-31
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EXHAUSTING PHYSICAL EXERCISE CAUSES A MULTIPLE
INCREASE IN THE TRANSCRIPTION OF HMGB1 GENE
IN MINI PIGS’ LYMPHOCYTES

Vladislav N. Karkischenko, Igor A. Pomytkin, Nataliya V. Petrova*, Nataliia V. Stankova,
Oksana V. Alimkina, Yuriy V. Fokin, Anastasiya M. Zubaliy,
Nadezhda A. Laryushina, Irina A. Vasil’eva

Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

It is shown for the first time that debilitating physical activity causes a short-term multiple increase in the
transcription of the HMGBI1 gene in the cells of the leukocyte blood fraction (lymphocytes) of mini pigs
and a statistically significant increase in the level of leukocytes. At the same time, other morphological

22

BUOME/MLIMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 22-31



B.H. Kapkuwetko, N.A. MombiTknH, H.B. MNeTtposa, H.B. CtaHkoBa, O.B. AnvmMknHa,
H0.B. ®okuH, A.M. 3ybanun, H.A. INapiowurHa, N.A. BacunbeBsa

«McTowarowasn dmamyeckas Harpyska Bbl3blIBaeT MHOrOKpaTHOE MOBbILLEHUE
TpaHckpunuumn reHa HMGB1 B numdoumTax MUHU-MUIOB»

parameters of the blood remain unchanged due to an increase in the number of neutrophils in the post-exer-
cise period (up to 6 hours inclusive). Neutrophils can be considered both as a marker for investigating the
effect of limiting physical activity on the processes associated with recovery and as a potential damaging
factor. Lymphocytes are presumably the source of HMGBI1 during short-term debilitating physical activity.
The revealed increase in HMGB1 gene transcription is of a compensatory nature and is aimed at restoring
the HMGBI1 lymphocytic protein pool in the post-exercise period. Leukocyte HMGBI can play the role
of'a damaging factor or a regeneration factor depending on the type and duration of physical activity, given
its specific role in accelerating the formation of new muscle fibers, increasing their size and vascularization
of muscle tissue.

Keywords: gene, protein, leukocytes, lymphocytes, neutrophils, exercise, exhaustion, recovery, mini pigs
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BeeneHune

benok Gokc 1 rpynmbl BBICOKOH MOABHXK-
Hoct (HMGBI, high mobility group box 1)
MpeACTaBIsieT co00i KOHCEpBaTUBHYIO IIO-
CJIEI0BATEILHOCT, U3 215-TH aMUHOKHCIIOT,
40 u3 KOTOPBIX COCTABJIAIOT OCTATKH JIM3MHA.
[TosToMy Tpu (U3MONOTHYECKHUX YCIOBHAX
HMGBI1 sBiseTcst MONMKATHOHOM, CII0CO0-
HBIM 00pa30BBIBATh KOMILJIEKCHI C HYKJIEHHO-
BbIMH kuciaotamu. HMGB1 mpenmymectBen-
HO JIOKQJIN30BaH B f1pe, I7le OH JEHCTBYET
kak manepos /IHK u yuactByer B perymasnuu
KJIFOYEBBIX COOBITHH, TakuMX Kak oOpa3oBa-
nue kxomruiekcoB ¢ JIHK, wmsrubanue JIHK,
CTaOMIM3alUsl ~ HYKJICOCOM,  peIUIMKaIMs
JHK, Boccranosnenue nospexaéuHoi JTHK
U TpaHCKpUMNuMsA reHoB. OAHako B pe3ylib-
Tare TMOCT-TPAHCISILUOHHBIX MOIU(PHKAIMN
HMGBI, takux kak aneTwiupoBanue, (oc-
(dopuMpoBaHue U METHIIMPOBAHHKE, SIICPHBIN
HMGBI1 moxer mnepexomuTs B IUTOIIA3MYy
U Jlajiee BO BHEKJIETOYHOE MPOCTPAHCTBO, T/Ie
OH TpOSIBISAET CBOMCTBA LIUTOKMHA, OONazas
CIIOCOOHOCTBIO CBS3BIBATHCSI C PELENTOPOM
KOHEUYHBIX MpoaykToB mukuposanus (RAGE),
Tos-nofpo0HbIM peuentopom 4 (TLR4), a Tak-
ke elé ¢ JeCSITKOM JIPyTUX PELeNTOPOB B CO-
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CTaBe KOMIUIEKCOB C TPETBUMH MapTHEPaMHU.
B uenom Ouonoruueckue ¢pynkunn HMGBI
pa3HOOOpa3sHBl M 3aBUCAT OT MHOXECTBA
(akTOpOB, BKIJIIOYAS IPUPOLY HOCT-TPaHC-
JSIIMOHHBIX  MOAM(UKALUK, OKHCIUTEIbHO-
BOCCTAHOBHUTENBHOE COCTOSHHUE, KIIETOYHYIO
WIM BHEKJIETOUHYIO JIOKAJIM3allhIo, a TaKxke
KOOIIepalHtIo C IpyTUMHU MosieKynamu [13].

WNutepec k  BHeknerouHomy HMGBI
B MEJMIUHE OOYCJOBJIEH TEM, YTO OKHCIICH-
Has Mopudukauuss HMGBI1 (nucynsbun) ur-
paeT pojb KIIIOUEBOTO NMPOBOCHAIUTEIHHOTO
(axTopa, xotopsiii aktuBupyer TLR4 u yts-
JKEJsIeT TeueHue psija 3a00JieBaHUi, BKIIO-
Yyasg WH(EKUUOHHbIE 3a00NeBaHMs, ayTOUM-
MYHHbIE 3a0oyieBaHUs, 3a00JeBaHUs JETKHX
U CEepAECYHO-COCYJUCTOM CHUCTEMBI, a TaKXke
anpTepalyy, BbI3BaHHbIE TPAaBMOMN, HHCYJIBTOM
Wi nemuei-penepdysueii [13, 18].

B 1o xe Bpems BHeknerounslii HMGBI1
B BOCCTAHOBJIEHHOM COCTOSIHUW (JUTHON)
ydacTByeT B IIpolleccax pereHepanuu TKa-
HEl, B YaCTHOCTH CKEJIETHOH MYCKYJIATyphbl
U KocTell ckenera. Bo3nelcTBys Ha peuentop
RAGE na nosepxnoctu muobnactos, HMGB1
YCUJIMBAET U MOJJIepKUBaeT AupGhepeHIupoB-
Ky MHOOJIaCTOB U ()OPMUPOBAHHE MBIIICUHBIX
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TpyOOK KaK Ha CTaIMU Pa3BUTHSI MyCKYJIaTypBbl,
Tak ¥ MpPHU BOCCTAHOBIECHUH MBIIICYHBIX allb-
Tepanuii [8, 9, 15, 16]. B cocraBe xomIuiekca
¢ CXCL12 Beiaessttomuiicst Ipu TpaBMe U Iie-
penomax HMGBI1 gutnon yckopsier pereHe-
paIyio MBIIIII, CKelleTa, IeYeHU U Ap. TKaHeH,
onocpenoBanHylo CXCR4-peuentopom [14,
17]. TpombouuTapusiii HMGBI1 yckopsieT pe-
TeHepaIuio MOBPEXKIEHHBIX cyXxoxmui [20].
OcoOyro posib B TpoOLECCax pereHepanuu
Meini urpaet HMGBI nelikoninToB, KOTOPHIi
HEOoOXOIMM Uil YCKOpeHUs: (popMHpOBaHUS
HOBBIX MBIIICYHBIX BOJOKOH, YBEIMYEHUS HUX
pa3sMmepa, a Takxke paspacTtaHus (sprouting)
COCYZIOB B MBIIIEYHOW TKaHHU, Kak ObUIO TO-
Ka3aHO B DKCIIEPUMEHTaX Ha JIMHUHU MBIIIEH,
HOKayTHBIX 10 Jierikonutapaomy HMGBI [7].

B psnme wuccienoBaHuit OBLIO IMOKa3aHo,
YTO WHTEHCHBHBIE (HM3MYECKHE YNPaKHEHUS
MOTYT CONPOBOXKJIATHCS IIOBBIIICHUEM KOH-
neHTpauu BHexsetouHoro HMGBI B kpoBw,
U 3TOT MPOLECC 3aBUCUT OT THUIA Harpy3ku
[4, 5, 21]. B «nuoHepckoi» paboTe O CBS3U
HMGBI u ¢puznueckux ynpaxHeHHH yPOBEHb
HMGBI1 B mma3me cnoptcmeHoB (n=9) co-
XpaHsuIcs OMM3KUM K HOPME IIPU yMEPEHHOU
Harpy3ke Ha OeroBoi JOpOXKe, HO OBICTPO
(B TeyeHHE HECKOJBKMX MHHYT) IHOBBIIIAJICS
B Cpe/iHeM Ooliee yeM B TP pasa IpH Mojyye-
HHUH KPaTKOBPEMEHHOI ucTomiatoniei gpuznye-
CKO Harpy3KH M Takxe OBICTPO BO3BpaIaCs
K HOpMeE Tocje CHATHA Harpy3ku [4]. YpoBeHb
HMGBI B kpoBu HenpogeccuoHabHBIX Oe-
IyHOB Ha MapadoHckyio (n=34) u moiyma-
padoHckyro (n=36) IMCTAHIMK MOBBIIIAJICS
B 1,5 1 2,3 pa3za cOOTBETCTBEHHO cpazy Mocie
3a0bera ¥ BO3BpAIIAJICS K MCXOMHBIM 3HAUCHH-
M 4epe3 2—7 aHel mocie OKoH4YaHMs 3abera
[5]. B mpotuBoBec 3THM pe3yibTaram Cpen-
Huil yposerb HMGBI1 B mma3me He MeHsuics
y CHOPTCMEHOB, yYacTBOBAaBIIUX B JUIUTEIb-
HOil BenocumnenaHoi rouke ([Tapmx—bpect—
IMTapux, 1200 xm; n=11), unu y cnopTcMeHOB,
BemonHABIIMX 100 majgeHuit 10 BepTHKAIBHO-
ro npeikka (DVIJ; n=10), mpu ToMm, 4TO Y 3THX
e CIIOPTCMEHOB HAOIONAINCh CTaTUCTHYE-
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CKU 3HauMMBble M3MEHEHHUS ypOBHEH KpeaTuH-
KHMHa3bl. DTO NMPOTHBOPEYHE, [0 MHEHHUIO ca-
MHX aBTOPOB HccienoBaHus [3], Morio OBITh
CIIC/ICTBMEM TEXHUYECKOH OIIMOKH Hu3Mepe-
nuit HMGBI B kpoBu [3, 12].

HuskonHTeHCHBHAs perynsipHas (usnye-
CKas Harpys3ka, HalpOTHUB, MOXET CHIDKAaTh
XpoHHYecKH ToBbIeHHbIe ypoBHH HMGBI
B KPOBHU B IIEPHOJIE MOCIIE OCTPOro HH(apKTa
Muokapna [10] u mpu HEKOTOPBIX 3a00JICBaHM-
SIX, TAKUX KaK pak MOJIOUHOM >kene3sl [11].

O oyukussx HMGBI, Beigenstormierocs
B pesyibrare (pU3MYecKOd Harpy3ku, U3BECT-
HO MaJjo, NMpHYEM paccMaTpUBAECTCS TOJIBKO
ero TmoBpexnaaromiee aeiicteue. Kak Obuio
MTOKA3aHO B HCCJICIOBAHUM HA JIMHUM MBIIIEH
C57Bl/6, Boinenenne HMGB1 B matpuke cy-
XOXKWIHSI TIOCTC WHTCHCHUBHOW (DH3HMUeCKOn
Harpy3Ku Ha OeroBod JOPOXKKE MOXET OIOC-
pernoBaTh pa3BUTHE TEHIWHONATHH, BOCHa-
JUTENBHOTO 3aboneBaHus cyxoxuwnuit [21].
MexaHu3M NOBPEXKAAOLIET0 JCUCTBUS BHE-
kierognoro HMGBI cBs3aH ¢ 10303aBrcumoit
aKTUBaLMEH BOCHIAINTEIbHON PEAKIIMU B KJIET-
Kax ¥ TKaHAX CYXOXWINH, 4yTo Habmromaaock
npu BBejeHun dk3orenHoro HMGBI1 6e3 ¢u-
3MYECKOI Harpy3Kd WJIM B COUYETaHUH C (HU3M-
YECKOI Harpy3Koil Ha OeroBoii gopoxke [19].

06 wucrounukax BHekimerounoro HMGBI,
BBIJICIISIIOIETOCS TPU  MCTOIIAIoIeH  (Qu3u-
YEeCKOMl Harpyske, NpakTHYECKH HUYEro He-
nU3BeCTHO. ECTh TONBKO HE MOATBEPKAEHHOE
MOKa MPEANOJIOKEHUE, YTO TaKUMH HUCTOYHH-
KaMH MOTYT CIIYXKHTh paOoTarolue KIeTKH
CKEJIETHOM MYCKyNIaTrypsl (MHMOIMTHI), a TaK-
K€ UMMYHHBIE KJIETKH, B3aUMOJIEHCTBYIOIINE
¢ paboraromieid Mermiei [12]. XoTs u3Bec-
TeH caM (haKT TOBBIIICHUS YPOBHEH Oeika
HMGBI B kpoBu nipu pu3nuecKux Harpyskax,
B JIUTEpaType HE UMEEeTCS KaKHX-TH0O NaH-
HBIX O BIMSHUH 3TUX Harpy30K Ha TPaHCKPHII-
ruto reHa HMGBI1 B opranax u TkaHsX, B T. 4.
B JIEMKOLIUTAaX, KOTOPbIE UTPAIOT 0COOYIO POJIb
B ()OPMHUPOBAHUN MBIIIEYHOTO BOJIOKHA, & TaK-
e MPOpacTaHHe COCYJIOB B CKEJICTHYIO MBIII-
1y ¥ aJanTaiuio K TUIoKcHH [7].
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Llenbro paboTbl ObUIO M3y4eHHE H3MEHE-
HHUH KJIETOYHOTO COCTaBa KPOBH BO BPEMEHH,
a Takke skcripeccun rena HMGBI B numpo-
nUuTax KpoOBU MUHHU-TIUTOB IO/ BJIUAHHUEM ITPEC-
JIENIBHBIX HUCTOINAIONIMX (U3UYCCKUX Harpy-
30K («paboTa 0 OTKazay).

MaTtepuanbl u meToabl

Kueommoie

Hcnonp30BaHbl MUHU-TIUTH CBETJIOTOPCKOM
MOMYJISIIIMK, CaMIlbl B Bo3pacTe 4—6 Mec. co
cpenueit maccot tena 15,6+0,9 xr (n=8), BbI-
BeneHubie B ®I'BYH HIIBMT ®MFBA Poccun
(MockoBckast 00i., KpacHoropckuit p-H).
JKuBoTHBIE cozmepkanuch B OJHOM IOMeIle-
HUH, B TPYIIIOBBIX CTaHKax 1o 4 ocolu, ¢ om-
TUMAJIbHBIMU TIapaMeTpaMH MHUKPOKIUMATa
U OCBEIIEHUS Ui COAEP)KaHMs KPYIHBIX Ja-
OOpaTropHBIX  KHMBOTHBIX. Vcmonb3oBacs
CTaHJAPTHBIA THUI KOPMJICHHSI — TIOJHOPAIIU-
oHHbIll komOuKopMm CK-8 (Hopma — 320 r/cyT
Ha TOJIOBY), TOCHUE Oe3 orpaHUucHUi. B 1eHb
MIPOBEJICHUS T€CTa )KUBOTHBIX HE KOPMUJIH, J10-
CTYIH K BOJIe HE orpaHn4MBaiy. McciaenoBanus
MIPOBOAMIINCH B COOTBETCTBHM C Ilpukazom
Munsnpasa Poccun ot 01.04.2016 . Ne 1991
«O6 ytBepxnenun [IpaBun Hajexareil na-
00paTOPHOM MPAKTHKIY, a TaKke JJupeKkTHBOM
EC 2010/63/EC o 3amure )XUBOTHBIX, UCITOJIb-
3yEMBIX B HAYUHBIX IeJIsIX. Bee akcnepumMeHThl
07100peHb! OnoaTnueckoit komuccueit ®I'BYH
HIOBMT ®MBA Poccun.
Tecm 6eca munu-nueos Ha mpedbare 00 OmKasa

Tect mnpousBomwiIcAs € MHCHOIB30BAaHUEM
OCroBoi TOPOXKKH I JKUBOTHBIX THma Pet
Treadmill wikiRUN Ne 3 ¢ 3amutHO# ceTkoi
(Poccust), amanTupoBaHHOM A1 MUHH-ITHTOB.
Tect nmo oTkaza moapazymeBaeT Moja coOoi
HHTEHCUBHOCTh Harpy3ku 95-100% ot mak-
CHMaJIHOM. DTOT NOKa3arelib ObUT pacCYuTaH
Ha OCHOBE OIpeACiCHUs (U3NUECKOH pabo-
TocrocoOHocTH MHHU-TTHTOB [1]. JKuBoTHBIC
B TPYIIE UMEN OJUHAKOBBIH ypOBEHbL pPabo-
tociocobHoctd — 4,05 km/u. Takum oOpa-
30M, CKOPOCTb JABMXKEHHS OETOBOWM TOPOXKKU
BO BpeMs TECTHPOBAaHUS A0 OTKaza I BCEX
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JKMBOTHBIX B Tpymnne cocraBwia 5,13 km/4.
Peructpupyemsplii  mokasarellb —  BpeMsd
Oera [2]. TectupoBaHHE NPOBOIMIM YTPOM
B CIELUAJIBHOM IIPOBETPUBAEMOM IIOMeEIIe-
Huu nipu Temneparype 20°C.

Ananu3z xposu

3a00p BEHO3HOH KpPOBH JJisi TeMAaTOJOTHU
u aHanusa I11[P npoBonuics u3 kpaHUAJIBHOI
nonoii Benbl. OOLIMI aHANIN3 KPOBH IPOBO-
JIUJICS. HAa aBTOMaTHYECKOM TeMaToJI0r HYeCKOM
ananuzarope Mindray BC-3600.

Buvioenenue numgpoyumos

Opaxiuio TUMOOLNTOB BBIIEISITN U3 MOTY-
YEHHBIX 00pa3lOB KPOBU LEHTPH(YTHPOBAHHU-
€M C HCIIONb30BaHHEM (UKOII-yporpaduHa
(rumotHocets — 1,077 v/mn) [6].

Buioenenue PHK

s Beigenenust toransHoit PHK u3 Owo-
Marepuana (JuMQOLUUTOB) OBUIM HCIIOIB30-
Banbl Habopwsl «PHK-Dkcrpan» («CuuTOm,
Poccusi) B COOTBETCTBHU C MHCTPYKIMSIMHU
¢upmbI-niponzBouTens. s mony4yeHus: KoM-
mwiementapuoir THK (x/JHK) 6butn ucmosnb-
30BaHbl Ha0OpHI «PeBepra-Ly («AmmumCeHey,
Poccust). [Ins ompenenenus mopdomoruye-
CKHX TapaMeTpoB KPOBH H3rOTaBIMBAJIHCH
Ma3Kl Ha MpPEeIMETHOM CTeKJe, OKpallhBa-
HUE OCYWIECTBISIOCH C IIOMOIIBIO KPacKu
Leukodif 200 («Erba Lachemay, Yexus), mMu-
KPOCKOIIMPOBaHHE MPOU3BOIMIOCH HA MUKPO-
ckorie MT4300L («Meiji Technoy», SInonus).

1I1]P 6 peanvhom epemenu

Anammz IIIP mpou3Boguau Ha MaTpu-
ne JIHK, momydeHnHoil B pe3ynprare o0pat-
HOM TpaHckpunuuu oxaHonenodedyHorn PHK
B k/IHK. Cunte3 meppoit nemu k/I[HK mpo-
BOIWIN CODIACHO HHCTpyKiun «Kommext
pearenToB ans nomyudenus k/JHK na marpu-
e PHK «PEBEPTA-L» npu 37°C — 30 muHn
B TEYEHHE OJIHOTO IHKIIA. MccnenoBaHue K-
npeccun reHa HMGBI B uccieayeMbix mpo-
0ax MpPOM3BOIMIOCH C MOMOIIBIO JIETEKTUPY-
tomtero amrutugukaropa CFX-96 («BioRady,
CIIA) c ucmnonb3oBaHHEM CHELUPHYECKHX
npaiiMepoB U (IIyOpEeCUEHTHBIX 30HJIOB, yKa-
3aHHBIX B Ta0On. 1. B xauectBe pedepencHoro
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reHa ObLT BBIOpaH TEH «IOMAIIHEro XO3si-
ctBa» GAPDH. Pe3yneraThl NpeaCTaBICHBI
KaK cpefHee + OMHUOKa CpeIHEro TPaHCKpUII-

uuu reHa HMGBI B yka3aHHBII MOMEHT Bpe-
MEHU JI0 M TOCJIe Harpy3Kd OTHOCUTEIHHO
TPAHCKPUIIIMH 3TOTO K€ TeHa JI0 HArPy3KHU.

Taénuya 1. Onueonyxneomuousie npaiimepst u 3010t IIL[P-cucmemvr ona demexyuu 2cena HMGB1
Table 1. Oligonucleotide primers and PCR probes used for detecting HUGBI gene

HMGBT sus F TGAAGAGGATGAGGAGGAGG
HMGB1 sus R CCACCAGGACAGGGCTATCT
HMGBT1 sus ROX-AGGATGAGGAGGAAGAAGAAGATGA-BHQ,

CraTtuctu4yeckasi oopabortka

JlaHHbIE IPEACTaBICHBI KaK CpeIHee £ OIImo-
ka cpenHero. HopmanbHOCTH pacmpenese-
HU OLCHUBAJIU C HUCIIOJIB30BAHUEM KPUTCPUA
KonmoropoBa—CwmupHoBa. CTaTHCTHYECKYIO
3HaUUMOCTh ONPEACSIM € TIOMOIIBIO  OfI-
HO(DAKTOPHOTO  JMCIEPCHOHHOTO  aHajHu3a
C TMOBTOPHBIMM M3MepeHusMH (one-way RM
ANOVA) ¢ nocnenyoonmmM TectoM JlaHHeTTa
(Dunnett’s test) umm kpurtepus Dpummana
(Friedman) ¢ nocnenyroumm rectom JlaHHeTTa
JUIsl MHOMKECTBEHHOI'O CPAaBHEHHS pa3iavyuui
Mexnay rpynnamu. Cuimy mauHeiHON B3au-
MOCBA3U MCKAY MNEPEMEHHLIMU OLCHUBAIINU
C UCTIOJIb30BAHUEM JIMHEHHOTO KOd(hPHIIUEeHTA
koppensiuuu [Tupcona (Pearson’s r). Paznuuus
MCXKIY TpynrnamMu CUUTAINUCh CTaTUCTUYCCKHU
3HauuMBbIMU IIpu p<0,05. JlaHHbBIE aHATU3UPO-
BaJIM C MCIOJIb30BaHHEM NPOrPaMMHOTO 0bec-
neyenust Prism («GraphPady, CILIA).

Pe3ynbraThl uccrneaoBaHUm

WuauBHayanbHbIC MTOKa3aTenu (pu3nyecKoit
Harpy3KH A7 Kaxaoi ocobu (n=8) mpencras-
JIeHBI B Ta0. 2.

W3 panHbIX Taba. 2 BUAHO, YTO OJHO KH-
BOTHOE HE CIIPABWIIOCH C 33JJaHHON Harpy3KoH,
CKOPOCTh TPHUIIUIOCH CHU3HUTh U TECT OCTaHO-
BHUTD. Pe3yJ'H)TaT YUYHUTBIBAJICA 11O MOJTYUYCHHBIM
JaHHBIM.

dusnyeckas Harpy3ka npuBesia K CTaTUCTH-
YECKHU 3HAYUMBIM H3MEHEHHSIM OOIIEro ypoB-
HA ﬂeﬁKOHHTOB B KPOBHU B IMOCTHArpy304YHOM
nepuose (tabm. 3; puc. 1A). Kpome toro, Ha-
0J1F01JI0Ch KPaTKOBPEMEHHOE CTaTUCTUYECKU
3HAQYMMOE TOBBIIICHUE CKOPOCTH OCEIaHHs
sputporuroB (COJ) Ha 60-it MUH TIOCTHArpy-
304HOTO Teprona (Tabdm. 3).

Ananu3z JelikonurapHod (Qpakuumu mnoka-
3aj], 4To (U3MYecKas Harpy3ka HO-pasHOMY
BIIMSET HAa HEUTPOMWIIBI M JUMQOIMTHI, CO-

Taénuya 2. Hnousudyanvhvle nokazamenu Qu3uiecKol Haspy3Ku

Table 2. Individual indicators of physical activity

16,99
17,25
18,20
18,59
12,30
13,09
14,30
14,00

0N OO b~ WN =
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3 7
5,13 10
5,13 24
5,13 27
5,13 26
5,13 26
5,13 25
5,13 10
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Taonuya 3. Knemounbwiii cocmas Kposu 00 u nocie Quauieckol Hazpy3Ku
Table 3. Cellular blood composition before and after exercise

TNenkoumnTsl, 109N 11,8+1,1 13,5¢1,3
TpomGouuTsl, 10%/n 477,0+16,7 471,6+24,3
SputpouuTsl, 10'?/n 7,9+0,3 7,7+0,2
FemMorno6uH, r/n 142,6+5,0 138,6+4,3
emaTokpuT, % 42,5+1,7 40,5+1,4
CO3 1,6+0,4 2,6x1,4

IIpuMelumue: * — cmamucmuuecku 3HauuMoe omauyue on

17,141, 1% 18,3+0,9**** 16,8+0,9****

473,3+21,3 482,3+23,3 373,917 ,4
7,540,2 7,640,2 7,540,2
135,945,1 138,543,7 137,44£3,9
39,4x1,5 40,4£1,3 40,3+1,2
2,0£0,7 7,524 3,1£0,6

3Hauenutl 0o Haepys3ku npu p<0,05;

X cmamucmuyecku 3nauumoe omaudue om navenutl 0o naepysku npu p<0,0001.
Note: * — statistically significant difference from the values before exercise at p<0.05;
***% _ statistically significant difference from the values before exercise at p<0.0001.

cTaBisonme B cymme 97-99% ot ooOmiero
yucna Kietok ¢pakuun. OnHOodakTOpHBINA
JUCTIEPCUOHHBIM aHalIU3 C MOBTOPHBIMH H3-
Mepenusimu (one-way RM ANOVA) BeisBun
CTaTUCTUYECKH 3HAYMMbIC M3MEHEHHs Coiep-
xaHus Heltpodunos (puc. 1B; F4,28=19,52;
p<0,0001) B KpoBHU B MEPHOL 0 U MOCIE (PH-
3MYEeCKOH Harpys3ku, npuuéMm post-hoc tect
JlanHeTTa TmOKa3aJl CTAaTHCTUYECKH 3HAuu-
MoOe TIOBBIIIEHHE 4Yuciia HelTpoduios B 1,5
(p<0,05); 1,9 (p<0,0001); 2,0 (p<0,0001) n 2,2
(p<0,0001) paza o cpaBHEHHUIO C UCXOAHBIMHU
3HaueHussMHu Ha 0-i, 30-i, 60-i u 360-ii MuH
MIOCTHAarpy304HOI0 Mepruoja COOTBETCTBEHHO.
OnHO(AKTOPHBIA  JAMCIICPCHOHHBIA  aHAU3
C MOBTOPHBIMH M3MepeHusaAMH (one-way RM
ANOVA) c nocneayromuMm TectoM JlaHHeTTa

a
Eipesn, bus

A 3 &

HE BBIIBWJI CTAaTHCTUYECKH 3HAYUMBIX H3Me-
HEeHUil cojepkaHusi JTUM(OLUTOB B IMOCTHA-
rpy3ouHoM nepuosae (p>0,05) mo cpaBHeHHIO
C UCXOJHBIMH 3HaYEHUSIMU JI0 Harpy3KU.
[MpenenvHas ¢u3nyeckas Harpys3ka MpHBe-
Jla K CTaTUCTUYECKH 3HAYMMOMY M3MEHEHUIO
TpaHckpunuuu rena HMGBI B mumdounTax
KPOBH KMBOTHBIX (pHc. 2; p<0,001; xpurepuit
®punmMana), mpuuéM TecT J[aHHETTa BBISBHI
CTaTUCTUYECKH 3HAYMMOE TOBBIIICHUE TPaHC-
kpunuu rerka HMGB1 B 17,8 (p<0,001)
u 51,1 (p<0,05) pasa ma 0-ifi u 30-if mMuH
MOCTHArpy304HOTr0 TEPHOa COOTBETCTBEHHO
[0 CPAaBHEHUIO C MCXOJHBIMHM 3HAYCHUSIMH.
3t0T 3(hdeKT Harpy3KH Ha JUHAMHKY TpaHC-
KPUIIIMK TeHa OBUI HEMpOJOIKUTEIbHBIM,
U yxe uepe3 1 4 mocne 3aBeprueHus Oera

c
L ] o BA
®  noche "‘2 & nocne
]
i
[l .
x|
[
e me 0 M & 3
Bfrum. WAH

Puc. 1. Cocmasg netikoyumapHoii ppaxyuu Kposu 00 u nocie npedeibHol Qusuieckol Hazpy3Ku.
IHpumeuanue: * — p<0,05 no cpasHeHuro ¢ UCXOOHBIMU 3HAYEHUIMU 00 Hazpysku, **** — p<( 0001 no cpasuenuto

C UCXOOHBIMU 3HAYEHUSMU 00 HA2pY3KU.

Fig. 1. Composition of the leukocyte blood fraction before and after extreme physical activity.
Note: * — p<0.05 compared with the initial values before exercise; **** — p<0.0001 compared with the initial values

before exercise.
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Puc. 2. Vposuu HMGBI1 mPHK 6 numpoyumax ceemno-
20PCKUX MUHU-CBUHEU 00 U NOCie CYOMAKCUMANbHOU Pu-
suueckoti Hazpysku ¢ mecme PWCI70.

Ilpumeuanue: (0) — unousudyanvhvle 3Havenus, (®) —
cpeoHee + owubka cpeore2o (N=8) 6 YKA3aHHbIX BPEMeH-
Hblx moukax, * — p<0,05 no cpaenenuro ¢ uUCxoOHbLIMU
3HaweHusMuU 00 Hazpysku, *** — p<0,001 no cpasnenuro
C UCXOOHBIMU 3HAYEHUAMU 00 HASPY3KU.

Fig. 2. HMGBI mRNA levels in the lymphocytes of Svet-
logorsk mini pigs before and after submaximal exercise
in the PWC170 test.

Note: (0) — individual values; (®) — mean + mean error
(n=38) at the specified time points; * — p<0.05 compared
with the initial values before exercise; *** — p<0.001
compared with the initial values before exercise.

ypoan HMGB1 MPHK B numdonurax cHu-
KaJMCh J10 3HAYCHUH, CTATUCTUYECKH HE OT-
JUYUMBIX OT HAOJIOMaeMbIX 0 (pusmyecKoit
Harpy3ku (p>0,05).

AHamu3 ¢ HCHOJB30BAaHHEM KpUTEpPHUs
[TupcoHa He BBISIBMJ HAJIW4YUSI CTaTHCTHYE-
CKHU 3HAYMMOH THHEHHON KOoppemnsuuu (CBA3H)
MEXAy M3MEHEHHSIMHU B TPAHCKPHIIHH TeHa
HMGBI B nuMdouuTax 1 U3MEHEHUSIMH B 00-
nieM ypoBHe numdorutos (p>0,05) B mepuon
JI0 U 1ociie cyOMakCMMalbHOH (DU3UUECKOM
Harpys3KH.

O6cyxaeHue pe3ynLTaToB

[MpenenvHas ¢u3nyeckas Harpys3ka IMpHBe-
JIa K CTaTUCTUYECKU 3HAYMMOMY IOBBIIICHUIO
YPOBHS JICHKOLIUTOB IIPY HEU3MEHHOCTU LIPY-
MX MOP(OJIOTHYECKUX TapaMeTpoOB KpPOBH.
V3MeHeHus B ICHKOIUTAPHON (BpaKIIUHU MPOU-

28

30IIIM MPAaKTUUYECKU HCKIIOUUTENFHO 3a CUET
YBEJIMYECHUS] YHCIa HEHTPO(DUIIOB B IMOCTHA-
rpy304HoM nepuoze (o1 0 10 6 4 BKIIOYUTENb-
HO). Takum 00pa3oM, HEHTPODUIBI IPEICTAB-
NS0T coboli Hambosiee MHTEPECHBIN OOBEKT
JUISL M3YyYCHMsl BIUSHUS TPEIeTbHOH (U3M-
YEecKOll Harpy3Kd Ha IpPOIECCHI, CBA3aHHBIC
C BOCCTAHOBJICHHEM, M B KauecTBE IOTCHIHU-
aJIBHOTO MOBPEXKIAIOIIETO (haKkTopa.

Hamu BrmepBble MOKa3aHO, YTO HCTOILAIO-
mast pusuydeckas Harpyska MPUBOAUT K MHO-
TOKPaTHOMY MOBBIIIEHUIO TPAHCKPUIILIUH TeHa
HMGBI B numdoITax B MOCTHATPY304HOM
nepuoge. OTO TMOBBINIEHHE TPAHCKPUIIUU
COBIIAJACT 10 BPEMEHU C CaMOM Harpys3kou
n OBICTPO 3aTyXaeT, CHWXKasiCh 10 YpPOBHEM,
CTaTUCTUYECKH HE OTIMYUMBIX OT HMCXOAHBIX
3Ha4YeHUH yxe uepe3 | 4 mocie okoHYaHHS Ha-
rpy3kd. BBISIBICHHBI HAMU MPOQUIbL TpaHC-
kpunimuu HMGB1 61130k kK 0myOIMKOBaHHO-
My paHee BPeMEHHOMY NMPOQMITIO BBIIEICHUS
6enka HMGBI1 mpu ¢usnuecknx Harpyskax
y atnetoB [4].

MOXKHO MPEAIOIOKUTh, YTO JIUM(OIUTHI
sBisiroTest ucrounnkoM HMGB1 mpu  kpart-
KOBPEMEHHOW  HCTOIIaromed  (Gpu3ndeckoi
Harpyske, a BBIIBJICHHOE HaMH IOBBIIICHHE
TpaHckpuniuu rena HMGBI HOCUT KOMIIEH-
CaTOPHBI XapakTep M HalpaBlIeHO Ha BOC-
CTaHOBJEHHUE Iyjda JuMmdouuTapHoro Oenka
HMGBI1 B nocrtHarpy3o4HoMm nepuozae. JT1a
THIIOTE3a, OJHAKO, HYXAaeTCsl B IKCICPUMEH-
TanbHOW mpoBepke. lIpeacrout taxxke BbIsc-
HUTb, KaKylo (YHKIHIO — IOBPEKAAIOIIYIO
WIH, HAlpOTHUB, PEreHepaTOpHYyI0 — BBIION-
usier HMGB1 numdouunToB nmpu pasHbIX BH-
Jax (pU3MYeCcKOl HArpy3KH, YUUTHIBasl N3BECT-
HYI0 0co0yI0 poib Jeiikorurapaoro HMGBI1
B YCKOPEHUHU (POPMHUPOBAHHS HOBBIX MBIIIEY-
HBIX BOJIOKOH, YBEJIMYEHHMU UX pa3Mmepa U Ba-
CKYJISIpH3aIMM MBIIIEYHOH TkaHu [20].

3akntoyeHue
B mHacrosimeit pabore BHepBbIe IOKaza-
HO, YTO HcTowmiatomas Qusnyeckas Harpyska
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BBI3BIBACT KPATKOBPEMEHHOE MHOTOKPAaTHOE
MOBBIIIEHHE TpaHCKpunuuu reHa HMGBI
B KJICTKaxX JICUKOUUTApHOU (paKIUU KPOBH.
Onupasich Ha U3BECTHBIC JaHHBIE O BIUSHUU
neiikonurapuoro HMGB1 Ha dopmuposa-
HHUE MBIIIEYHBIX BOJIOKOH M MPOPACTAHUE CO-
CYIOB B CKEJETHYIO MBIIIILY, MBI II0OJIaraeM,
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LEHTPAJIbHbIE MEXAHU3MbI JINMTOCOMUPOBAHHbLIX ®OPM
ALETUNXONMUHA N UHCYITUHA NMOCPEACTBOM AHAJIU3A
KOMHUTUBHbIX, MCUXO3MOLMNOHAIJIbHbIX
M NMOBEAOEHYECKUX NAPAMETPOB KPbIC

B.H. KapkuweHko, K0.B. ®okun*, C.J1. lTiobnuHckmnn, U.A. MombITknH, O.B. ANUMKUHa,
J1.LA. Ta6osikoBa, A.B. Kanuos, M.M. BopucoBa, H.H. KapkuweHko

@IBYH «HayuHbit ueHmp 6uomeduyuHcKux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayusi, Mockoackasi 0b11., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

M3ydeHs! eHTpaIbHbIE MEXaHU3MBI JTUI0COMHUPOBAHHBIX ()OPM aIEeTHIXOJIMHA M HHCYINHA IPH TPAaHCMY-
KO3aJIbHOM BBEAEHHHU KpBICaM. AHAJIN3 ITapaMeTPOB YIBTPa3ByKOBOH BOKAIM3alNH, CBOOOIHOTO ITOBEIE-
HUS ¥ KOTHUTHBHBIX (DYHKIIHH ITOKa3aJl HEOCPEICTBEHHOE BIINSHNE TECTHPYEMBIX BEIIECTB HA OCHOBHEIE
MEXaHU3MBl BBICIIEH HEPBHOH JesTenbHOCTH. [1oCcpeacTBOM KOMIUIEKCHOTO OHOMEAMIIMHCKOTO TECTH-
POBAaHUSI YCTAaHOBJIEHB! M IOATBEPKICHBI AaHKCHOIUTHUECKHE NPH3HAKW C CEIATHBHBIM KOMIIOHEHTOM,
obecrieynBaroNe yITydlIeHHe KOHCONUIANNN IaMsITH W YMCTBEHHBIX criocoOHocTei. Hambonee BbIpa-
JKeHHBIH 3 (eKT 1o aHanm3y yIsTpa3ByKOBOH BOKaNIM3anuH 0OHAPYXUBAETCS JUIS MHCYIHMHA, a Hanboee
nH()OPMaTHBHEIE STOJIOTUUECKHE TTapaMeTPHI KPBIC 110 aHATN3Y aHTHACHIPECCUBHBIX CBOMCTB B TaOMPHHTE
YCTaHOBJIEHB! Ha (pOHE NMPUMEHEHUs aneTwmixonuHa. KypcoBoe mprMeHeHHe B TedeHHe 7-MH JHEH JH-
MIOCOMHMPOBAHHOTO MHCYJHMHA IOBBIMIAET KOTHUTHBHBIC CIIOCOOHOCTH XXMBOTHBEIX Ooilee 4eM B JiBa pasa,
aIeTHIXOIMHA — OoJiee 4eM B 4eThIpe pa3a, YTO OTpakaeT BBICOKOUACTOTHBIE [3- U Y-puT™MsI (Bbimme 20 I'm)
THIIIOKAMIIA, CBSI3aHHbIE C aKTHBHOCTHIO BCTABOYHBIX HEHPOHOB M IIMPAMHIHBIX KJIETOK TOJIOBHOTO MO3Ta.
MHHOBaMOHHAs TapreTHas JOCTaBKa JICKAPCTBEHHBIX BEIIECTB HA OCHOBE HEHPOMEINAaTOPOB M TOPMOHOB
OKa3bIBaeT yOeAUTENbHOE BIMSIHUE al[eTHIXONIMHA U HHCYINHA Ha XonuHeprudeckyio u TAMK-epraeckyro
CHCTEMBI, a TAKKe MTO3BOJIIET MOJICTMPOBATE U N3Y4aTh MEXaHU3MBI U CIIOCOOBI JIeYeH s HeHponaThii.

KuroueBble cji0Ba: aleTHIXONHWH, WHCYJIMH, KOTHUTHBHBIE (DYHKIINH, ICHXO3MOIMOHAIEHOE COCTOSHUE,
MOBEICHUE, JINTIOCOMBI, KPBICHI

KoH}uMKT nHTEpecoB: aBTOPHI 3asiBIJIH 00 OTCYTCTBHH KOH(INKTA HHTEPECOB.

Jas nurupoBanusi: Kapkumenko B.H., ®okxun 10.B., Jlroomuuackuit C.JI., [Tompitkun U.A., AnuMka-
Ha O.B., TabosxoBa JI.A., KammoB A.B., bopucosa M.M., Kapkumenko H.H. LlenTpanbHbsle MexaHH3-
MBI JIHIIOCOMHPOBAHHBIX (HOPM alETHIIXOJMHA W HHCYJIUMHA MOCPEICTBOM aHaIH3a KOTHUTHBHBIX, TICH-
XOOMOIIMOHAIBHBIX U TIOBEICHYECKUX ITapaMeTpoB Kpbic. buomeouyuna. 2022;18(1):32-55. https://doi.
org/10.33647/2074-5982-18-1-32-55
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CENTRAL MECHANISMS OF LIPOSOMATED FORMS
OF ACETYLCHOLIN AND INSULIN REVEALED BY AN ANALYSIS
OF COGNITIVE, PSYCHO-EMOTIONAL
AND BEHAVIORAL PARAMETERS OF RATS

Vladislav N. Karkischenko, Yuriy V. Fokin*, Stanislav L. Lyublinskiy, Igor A. Pomytkin,
Oksana V. Alimkina, Lidiya A. Taboyakova, Alexander V. Kaptsov, Mariya M. Borisova,
Nikolay N. Karkischenko
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Central mechanisms of the liposomal forms of acetylcholine and insulin were studied during their
transmucosal administration to rats. An analysis of the parameters of ultrasonic vocalization, free behavior
and cognitive functions showed a direct effect of the tested substances on the main mechanisms of higher
nervous activity. By means of complex biomedical testing, anxiolytic signs with a sedative component
were established and confirmed, providing an improvement in the consolidation of memory and mental
abilities. The most pronounced effect in the analysis of ultrasonic vocalization was observed for insulin,
while the most informative ethological parameters of rats in the analysis of antidepressant properties in the
maze test were established for acetylcholine. The administration of liposomal insulin and acetylcholine
for 7 days increases the cognitive abilities of animals by more than two times and four times, respectively.
This reflects high-frequency B- and y-rhythms (above 20 Hz) of the hippocampus associated with the
activity of intercalary neurons and pyramidal brain cells. Innovative targeted delivery of the drugs based
on neurotransmitters and hormones has a convincing effect of acetylcholine and insulin on the cholinergic
and GABAeric systems. This also facilitates modeling and studying the mechanisms and methods
of treating neuropathies.
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BeeneHune

B MOKIMHHYECKHX HCCIEAOBAaHUAX MeXa-
HU3MOB JIeHCTBHSA TOTEHIHAJIBHBIX JIEKap-
CTBEHHBIX BEIIECTB M (HhapMaKOJIOIHYECKHX
CpencTB 0c000€ MECTO 3aHUMAET U3YUYEHHE HX
BJIMSHUS Ha XapaKTePUCTUKU MOBEACHUS, SMO-
I[MOHANBHOTO CTaTyca M KOTHUTHBHBIX CIIO-
coOHocTeit )KUBOTHBIX. CBeleHHs 0 DYHKIHUAX
Bcex ypoHed I[THC MoryT OBITH MOJNyYEHBI
C TOMOIIBIO PA3IUYHBIX HEBPOJIOTHYECKHUX
TecToB, BKIIouas «OTKpeITOE MONE» MU pas-
nu4HbIe Ta0upuHTHL. [ToMeleHue >KUBOTHOTO
(KpBICHI) B HOBOE OKpYXEHHE BEAET K BO3HUK-
HOBEHHUIO HCCIIEJ0BATEIbCKOTO IIOBEIEHHUS,
KOTOPOMY B TO 7K€ BpeMs MPEMATCTBYIOT yCIIO-
BHS, BBI3BIBAIOIINE CTpax. /[Be aHTaroHucTu-
YecKHe TeHJICHIIMH XapaKTepU3yroTcs pasiiny-
HbIM BpE€MEHHBIM XozaoM. Ilo sToii mpuuumne,
HECMOTpPS Ha YyMEHBIIEHHE CTpPaxa, AaKTHUB-
HOCTb JKUBOTHOTO K KOHILY OIBITA CHIDKACTCH.

BEMOMEOVLMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 32-55

JlydiiuM BbIpaK€HUEM YMEHBIIEHUSI CTpaxa
Y JKABOTHBIX SIBJISIETCS HMCCJENOBAaHHE HUMU
BHYTPEHHHUX CEKTOPOB, KOTOPOE€ MOCTEINEHHO
CTAHOBHUTCS 0Oo0Jiee MHTECHCHUBHBIM OT OITbITA
K ombITy. Kak mpaBuiio, opueHTUPOBOYHO-HC-
CIIeI0BATENbCKAs PEaKIUs KPbIC OLIEHUBAETCS
110 TOPU3OHTAIIBHOW M BEPTUKAJIBHOW JBUTa-
TENBHOW aKTUBHOCTH, BPEMCHH pPEaKIdu 00-
HIOXMBaHUS. B TO e BpeMsi SMOIIMOHAIbHBIN
CTaTyc >KMBOTHOTO OICHHBAIOT MO YHCIYy 00-
JIFOCOB, ypUHALUI, TPYMUHIOBOM aKTUBHOCTH,
BPEMEHH BBIXOZA U3 LICHTPA U BPEMEHU 3aMHU-
panus [1]. [Tomumo 3TOro, WHGOPMATHBHEIC
JTAHHBIC O JKUBOTHBIX MOTYT OBITH MOJYYCHBI
MyTEM M3MEPEHMS MX BOKAJIM3ALMU, CYIIECT-
BEHHasl 4acThb KOTOpOH IpejcTaBieHa B Yilb-
TPa3BYKOBOM JMaNa30He: OHA MOXKET CITYKUTh
MEpOH OLEHKH TEKYIIEro COCTOSHUS KUBOT-
HBIX U SIBJSIETCA BaXXHOW KOMMYHUKATHBHOMU
0COOEHHOCTBIO, KOTOPasl J0JKHA TIPUHUMATh-
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Cs BO BHUMAaHHUE NPH aHAINU3€ Pa3UYHBIX CO-
I[HAJIBHBIX AaCIEKTOB (ClapuBaHUe, KOpMile-
HUE, arpeccusl, 3aluTa 1 T. 1.) [44].

ArnerunxonuH (ALIX) urpaetr KpUTHUIECKYIO
pOJb B Pa3BUTHUHM M aKTHBHOCTH KODBI TOJIOB-
HOTO MO3Ta, KOHTPOJIE MO3TOBOTO KPOBOTOKA
W LHUKJIa «COH — OOIPCTBOBaHUE», & TAKXKe
B MOAY/ISIIMM KOTHUTUBHBIX (YHKIHMH U TIPO-
neccoB oOyueHuss u mamsatu [37]. YpoBHuM
AI[eTUIXONHMHA 3aBUCIT OT aKTUBHOCTH JIBYX
MPOTUBOIOJIOKHO  JCUCTBYIOIIMX  (hepMeH-
ToB — XonuH-aneruntpacdepassr (ChAT;
EC 2.3.1.6), karanusupytoiieii o0pa3oBaHue
alleTWIXONMMHA H3 XojuHa U aneTuin-CoA,
u anetwixoiunadctepassl (AChE; EC 3.1.1.7),
KaTaJM3upylome TUAPOJIUTHYECKOE  pac-
HieTjieHne  aneTwixonuHa. [Ipu  crapenun
XOJIMHAPTUYeCKHe HEWPOHBI MpeTepIeBaroT
YMEpEHHbIC JEreHEpaTHBHbIE H3MEHEHUS,
MPUBOIAIINE K CHIDKEHHIO YPOBHEH aleTui-
XOJMHA W XOJIMHEPTUYECKOi T'urnodyHKIUH,
a TaKKe K CHIDKEHHUIO NaMsTH, Haubosee BbI-
paxeHHOMY Tipu Oose3nn Aunblreiimepa (BA).
WHrubutopsl  aneTHIXOIMHICTEpas3bl, pas3pa-
OOTaHHBIC B paMKax 3TOH XOJIMHEPrUYeCKOi
THIOTE3bl, MPOAOJKAIOT OCTAaBaThCSI OCHOB-
HBIM (PapMaKoOJIOTHYECKUM KJIACCOM Cpelu
CPEACTB CHMIITOMAaTH4eckoro JedeHus BA
[28].

Mo3r sBisieTCS MHCYJIMHYYBCTBUTEIBHBIM
opraHoM. MucynmuuoBsle perentopsl (InsR)
IIMPOKO PacIpPOCTPAHEHBI B CTPYKTYpax MO3-
ra, IJIe OHU JIOKAJM30BaHbI IPEUMYIIECTBEHHO
B CUHAIICaX HEHPOHOB U B MEHbILIEH CTEIIEHU —
B acTpoLUTapHBIX KieTkax [8, 16, 33]. InsR
Y4acTBYIOT B (pOPMHPOBAHUU U PEMOAECIHPO-
BaHNM CHHANCOB [12], a Taxke B peryasiuuu
CHHAINTHYeCKO! muacTuaHocTH [15]. MHCcynuH
JI0303aBHCHUMO CTUMYIHPYET TPaHCIOKALHIO
(GyHKIMOHANBHBIX perenTopoB N-metun-D-
acmaptara (NMDA) k kieTouHOUW MeMOpaHe
[39] u moTennmpyet Toku peuentopo NMDA
[19, 24, 25], obneryast TakuM 0Opa3oM BO30Y-
XIAIONIYI0 HelporpaHcmuccuio. Kpome Toro,
UHCYJIMH CTUMYJIHUPYET TPAHCIOKALUIO0 CyOb-
€MHUI] pelenTopa Y-aMUHOMACISHON KHCIO-
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Tl THNIA A (TAMKA) X moBepxHOCTH MeMOpa-
HBl M YBEIUUUBACT YHUCJIO (DYHKIIMOHAIBHBIX
'AMKA B kierounoit memOpane [18, 43], Tem
CaMbIM CIOCOOCTBYsI MHTHOUPYIOIICH HeHpo-
Tpancmuccud. InsR ydactByer B mopynsanuu
nonroBpemennoit noreHnuanuu (LTD) u mon-
roBpemenHoit aenpeccun (LTD), oOyuenun
u namsTu [27]. OyHKIMN WHCYJIHMHA B MO3Te
HE OTPaHMYMBAIOTCS €r0 CHHANTUYECKUMHU (-
(hexTaMu, HO TaKXKe CBSI3aHBI C €T0 CIIOCOOHO-
CTBIO MOBBINIATH META0OIHM3M IJIFOKO3bI B MO3-
re. PerynupyeMblil MHCYJIMHOM TpaHCIOPTEP
rroko3bl 4 (GLUT4) skcnpeccupyercst B 00-
JIACTSAX MO3Ta, CBA3aHHBIX C KOTHUTHBHBIM I10-
Be/ICHHEM, TaKuX Kak Oa3alibHble OTHEJbI T1e-
peIHero Mo3ra, TMIIIOKaMIl, MUHAAJICBUIHOE
TeNo, KOpa TOJIOBHOT'O MO3ra M MO3XKE4OK
[9], a Taxxke B rumorazaMmyce, KOHTpPOJIH-
pyloleM MoTpeOJeHUe MUIIM U Maccy Teja
[22]. MHCYnUH CTUMYIHpYeT TPaHCIOKAIUIO
GLUT4 B mna3marnveckyio MeMOpaHy THII-
IoKamIia Kpbicel [17], ycunuBas JOKaJbHBIN
DIMKOIUTHYECKUH MeTaboJIu3M M IPOCTpaH-
CTBEHHYIO MamsTh [26], 0COOEHHO BO BpeMms
00y4eHus1, COIPOBOXKIAIOIIETOCs BBICOKOH 110-
TpeOHOCTBIO B 3Hepruu [32]. Muruduposanne
GLUT4 npenorspamano 3¢dexr ycuneHus
KOTHUTUBHBIX (GYHKIUH uHCYynuHOM [31].
Hapymiennas nepenada curHanoB InsR Bme-
CTe C CHHANTHYECKON HEIO0CTaTOYHOCTHIO SIB-
JISIOTCSl HauOoJiee paHHUMH TpH3HakaMu BA
U IPEJUIECTBYIOT SIBHOM JEreHEepaluy HeHpo-
HOB [38, 40, 41]. LlenTpanbHas HHCYIHHOBas
PE3UCTEHTHOCTh, T. €. CHI)KEHHE OHOJIOTH-
YECKOT0 OTBETa Ha MHCYIMH B KJIETKaX MO3-
ra, pacCMaTpHUBaeTCs KaK OJUH U3 KIIFOUEBBIX
MaTOreHETHYECKUX (DaKTOPOB, HAXOASLIMXCS
Ha TepeceyeHnd MeTabOoNINYeCKUX U KOTHH-
TUBHBIX HapyuieHuit [23]. B moareepxaeHue
STOW TUIOTE3bl WHTPAHA3AIbHBIA WHCYIIUH
yJTyulIan KOTHUTHBHBIE QYHKIMH Y JIUI] C MSAT-
KMM KOTHUTHBHBIM CHIDKEHHEM M paHHel BA
IIpU Tepanuu B TedeHue 4 mec. [14].

O  B3aUMOJEHMCTBUH  XOJMHIPTHUUECKOU
CUCTEMBl M HHCYJIMHOBON CHUTHAJIBHOM CH-
CTeMBl B MO3T€ U3BECTHO HEIOCTaTO4HO,
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HO TO, YTO H3BECTHO, YKa3bIBaeT Ha HX KOO-
nepaTuBHOe B3auMojeiictBue. CoBMecTHas
nokanm3anus InsR u ChAT Gbuta oOHapyxkeHa
B HEHpOHaX KOpBI TOJIOBHOTO MO3Ta YeJIoBeKa
[35, 42]. MonekynsipHble KOMIIOHEHTBI CHT-
HaJIbHOW CHCTEMbl MHCYJIMHA, Takue Kak InsR,
cybctpar uncyiauHoBoro perenropa 1 (IRS-1),
nporenHknHaza B (PKB wmu Akt) n mikoren-
cuntazel kuHasza 3B (GSK-3f), ko-skcmpec-
CHUPYIOTCA C MapKepaMH XOJIHWHAIPIHYeCKOil
cucteMsl, TakumMu kak ChAT, B mupamuais-
HeIXx Kknertkax CAl permoHa runmnokammna
MBI, YTO, IT0 MHEHHIO aBTOPOB, YKa3bIBa-
€T Ha ydyacTHe HMHCYIMHOBOH CHUTHANIHU3aLluU
B BBINOJIHEHUH XOJUHIPTUYECKUMHU HeHpo-
Hamu ux QyHkuwmit [42]. JlanHble 0 cTEeneHU
U HalpaBJICHUU BIIMSHUSA MHCYIMHA HA aKTHUB-
HOCTb ()epPMEHTOB XOJIUHIPTHUECKOH CUCTEMBI
ChAT u AChE Bo MHOroM NHpOTHBOpPEUUBBHI
M TOKa3bIBAIOT 3aBHCUMOCTH 3TUX 3((ekToB
OT JIOKaJIu3aluu HEWpOHOB. VHCYIMH NOBBI-
man aktuBHOCTh ChAT B KynbType cenrainb-
HBIX XOJIMHAprudeckux Hewponos [10, 21],
KyJIbType HEMpOHANBHBIX KIETOK YeJIoBeKa
PNET?2 [35], B HelipoHax ceTuaTku mmasa [34],
HO cHmwkan aktuBHOCTH ChAT B Heiiponax
ctpuaryma [10]. MHCYnuH He BIMAT Ha ak-
tuBHOCTh AChE B roMorenarax mosra KpbIC
B (usnonoruueckoM HHTEpBajJe KOHIEHTpa-
I[Ui1, HO MOBBIIIAN 3Ty aKTUBHOCTh B KOHIICH-
TpaLUsIX, MPEBBIIAIOINX (H3HOIOrUYEeCKUe
[11]. Macynun He3HaunTensHO cHIkan MPHK
AChE u He BIUsUI Ha OSKCIPECCHIO Oerka
AChE B KyneType HEHpOHaJBHBIX KJIETOK 4e-
noseka PNET2. ¥V 6onbbIx BA mporpeccus-
HOE CHMJKEHHE JKcIpeccud uHcynauHa U InsR
B KOpe MO3ra IPOMCXOAWIO C OIHOBpPEMEH-
HBIM YTSDKEJIEHHEM KIMHHYECKUX CHMIITOMOB
BA u cumxennem MPHK ChAT npu Henszmen-
HoM ypoBHe skcripeccun AChE [35]. B nenom
9TH JaHHBIC YKa3bIBAIOT HAa TO, YTO AKTHB-
HOCTh MHCYJIMHA B OOJNAcTAX MO3ra, CBsI3aH-
HBIX C BBIMOJHEHHEM KOTHUTHUBHBIX (DYHKIUH,
MO-BUAMMOMY, HAaIpaBJCHAa Ha IOBBIIICHHE
skcripeccun ChAT B XOJIMHAIPrU4ecKux Hew-
pOHaxX M Ha yCHUJICHHE CHHTE3a alleTUIXOIHHA,
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4T0 0COOCHHO Ba)KHO MPU JICYCHHH IepUaTpH-
yeckol nucdyHkuuu namsati u bA (puc. 1).

Hdoctryp 3G QEeKTUBHOI  KOHLEHTpAILMH
B KIJIETKE-MUIICHH TO3BOJISIET aJpecHas Jo-
CTaBKa JICKAPCTBEHHBIX IPENaparoB C IOMO-
b0 UocoM. OCHOBHBIM NPEHMYIIECTBOM
JIMIIOCOMAJIBHBIX YaCTHI[ SIBISETCS WX CIIO-
CcOOHOCTh K OHWozerpajalii ¥ MMMYHOJIOTH-
YyecKasi HeMTpalbHOCTh, YTO MO3BOJISIET YITyd-
Tk pod s 6e3onacHoctH JIC. OCHOBHBIM
KOMITOHEHTOM JIMIIOCOMAJIbHON MEeMOpaHBbI sIB-
JSI0TCsT POChOTUIHIBI, KOTOPBIC 0OecIeurBa-
10T €€ MPOYHOCTh U 3AIIUTY OT MEXaHUYECKUX
BO3eHcTBUH. JInmocomalibHble YacTULBl pa3-
JIMYAIOT 1O Pa3Mepy U KOJIMUECTBY OMCIOMHBIX
o06osouek, 00pa3yroNIMX BE3UKYJbI; TAKKE BbI-
JISTISIFOT JIMTIOCOMBI € HEJIaMeJUTSIPHOM OpraHu-
3anueit. CocTaB M pa3Mep JHUIIOCOM BBIOHMpa-
I0T B 3aBUCHMOCTH OT IIOCTaBJIEHHBIX LEJNEH,
BKJIIOYass B MeMOpaHy BCIIOMOTarellbHBIE Be-
LIECTBA, BIUSIONIME Ha CBOMCTBA M (QYHKIIMU
JIUIIOCOM, B T. 4. HA CKOPOCTb BBICBOOOXKICHUSI
COZIEPKMMOTO BE3UKYJ, CPOJCTBO JIUIIOCOM
K TKaHu-MuiieHu u ap. Co3gaHue JUIOCOM,
YYBCTBUTCIABHBIX K PA3JUYHBIM BHEIIHUM
WIA BHYTPCHHUM (U3UKO-XUMHUYCCKUM CTH-
MyJiaM, T03BOJIIET peann3oBarbh 3(dexTrs-
HocTb JIC, ToKan130BaTh MECTO €ro ACHCTBUS
U YMEHBILIUTH KOJMYECTBO U CEPbEZHOCTH MO-
OOYHBIX SIBJICHUU.

Takum 00pa3oM, NPHUMEHEHUE JHUIOCOMH-
pPOBaHHBIX (DOPM TOTEHIMANBHBIX JIEKApCT-
BEHHBIX BEUIECTB B KaueCTBE WHHOBALIMOHHOM
CHCTEMBI UX TapreTHOH JIOCTaBKU OIPENETHIO0
00J1aCTh MHTEPECOB HACTOSIIETO MCCIIEA0BaHHSI.

Llenbro paboTel SBUIOCH M3yYEHHE IIEHT-
paJbHBIX MEXaHHU3MOB JIMIIOCOMHPOBAHHBIX
(GopM aleTUIXOIMHA U HMHCYJIHHA IOCPEACT-
BOM aHAllM3a MCHXOIMOIHOHATBHBIX, IOBE-
JICHYECKHUX M KOTHUTHBHBIX TTAPAMETPOB KPBIC.

MaTepuanbl u metoabl
O6BbekmbI uccsiedogaHuli
JlaboparopHbie KpBICBI-CAMIIbl  JIMHUU
WAG/GY B BO3pacTe 2 Mec., KOHBCHIIHO-
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Puc. 1. Brusinue uncynuna Ha cunmes ayemunxonuHa u XonuHIPUecKkylo Heupompancmuccuro. Mucynunossiii peyen-
mop (InsR) u xonunayemunmpancgepasa (ChAT) ko-sxcnpeccupylomes 6 xonunapeuueckux neiuponax [35, 42]. Uncy-
un cmumynupyem sxcnpeccuto ChAT, ycunueas makum o6pasom cunmes ayemunxonuna (ACh) uz xonuna (Ch) 6 xope
2onosnozo mozea [35]. ACh nakannueaemcs 6 CUHANMUYECKUX 6E3UKYNAX, CEKPEMUPYEMCcs 8 CUHANMUYECKYIO ujeNb
U HeUPOMPAHCMUCCUIO, KPUMUHECKU 8AXHCHYIO 8 NPOYyeccax 00y4eHUs u namsamu.

Fig. 1. Effect of insulin on acetylcholine synthesis and cholinergic neurotransmission. The insulin receptor (InsR)
and choline acetyltransferase (ChAT) are co-expressed in cholinergic neurons [35, 42]. Insulin stimulates ChAT ex-
pression, thus enhancing the synthesis of acetylcholine (ACh) from choline (Ch) in the cerebral cortex [35]. ACh accu-
mulates in synaptic vesicles, is secreted into the synaptic cleft, and binds to acetylcholine receptors on the postsynaptic

membrane, triggering cholinergic neurotransmission, which is critical in learning and memory processes.

HaJbHOIO CTaryca, € HA4YaJIbHOM CpegHeil
maccoir 200+10 1, nomydyeHHwble U3 QuiHa-
na «CromboBasy ®I'BYH HIBMT ®OMBA
Poccun (MockoBckas 0011., UexoBckui p-H).
JKusoTHbIe METOAOM paHJOMH3AIUN 6bIJ'II/I
pa3acyiCHbl Ha KOHTPOJbHYIO U JIB€ OIBITHBIC
IpyHIsl 1o 8 ocobeid B KayI0M.

JKuBoTHEIE COACpKAJIUCh B MHUKPOU30JIA-
TopHoit cucteme RAIR IsoSystem o 5 ocobeit
B KJIETKe. B kauecTBe nojcTuia ncroib30Baiu
CTCPUJIbHBIC APEBECHBIC OITMJIKU. B kauectBe
KOpMa — CTaHIApTHBIM KOMOMKOPM T'paHyiIH-
POBaHHBIN TOIHOPALMOHHBIN 115 Jaboparop-
HBIX ’KMBOTHBIX (3KCTpyaupoBaHHsli) ITK-120
I'OCT P 51849-2001 P.5. BomompoBoaHas
OYHIICHHAas BOJAa BCCM XXHWBOTHBLIM JaBajiaChb
BBOJIIO B CTAaHJAAPTHBIX ITOUJIKAX. JKusotHsie
COIEPKAIUCh B KOHTPOJIUPYEMBIX YCIOBHAX
OKPYXKAIOIEH CpeAbpl: TeMIeparypa BO3ZAY-
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xa — 18-22°C, oTHOCUTENbHAS BIAXKHOCTh —
60-70%. OcBelieHNE B MOMEIIEHUSX — €CTe-
CTBECHHO-UCKYCCTBCHHOC. BHoBB HpI/I6I)IBIHI/Ie
JKUBOTHBIC HAXOJAWJIUCh Ha KapaHTHHE B TC-
yeHue 7 mHelt B kietkax. Kopmuenue, comep-
JKaHUEC, KapaHTUH U 06pameHI/Ie C JXHUBOTHBI-
MH COOTBETCTBOBAJIM IIpaBUJIaM, NPUHATHIM
EBponeiickoit KonBeHuueil mo 3ammure 1mo3Bo-
HOYHBIX XUBOTHBIX, UCIIOJIB3YEMbIX IJIs OKC-
NEPUMCHTAJIBHBIX W HWHBIX HAYyYHBIX ueﬂeﬁ
(European Convention for the Protection
of Vertebrate Animals Used for Experimental
and other Scientific Purposes (ETS 123),
Strasbourg, 1986). HccrnenoBanus BBIMOJHS-
JIKCh COTIACHO YTBEPKAEHHOMY TUCEMEHHOMY
ITPOTOKOJTY, B COOTBETCTBUU CO CTAaHAAPTHLBIMHU
OTIEpaAIIMOHHBIMH TIPOLIETyPaMHU HCCIIE0BaTe-
JIs, CAHUTapHBIMU NIPAaBUIAMU 110 yCTPOUCTBY,
00OpYIOBaHUIO M CONIEPKAHHIO IKCIEPHMEH-
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TaNbHO-OMONOTHYECKUX KIMHUK (BUBapHEB),
a Takke ¢ PyKoBOICTBOM 1O J1aOOpaTOpHBIM
JKUBOTHBIM M aJIETCPHATUBHBIM MOJICIISIM B OH-
OMETUITMHCKUX UCCIIeIOBaHUIX [6].

Jlo sKcreprMeHTa PerucTpupoBTUCH GOHO-
BbI€ JIaHHBIE, 3aT€M DKCIIEPUMEHT ITPOBOJIMIICS
Ha 1-i, 2-#, 4-i u 7-1i THU KypCOBOTO BBEICHUS
(uepe3 1 4 mocie BBeAeHUs) 1 uepes 2 qus (9-i
JICHB) TI0CJIe OKOHYaHHs Kypca BBEACHHSI.

lMony4yeHue nunocom

C UHCYJTUHOM U auemulJiXOJIUHOM

s BKJIFOYCHHS B JIMIIOCOMBI TOTOBHJIH
P-pBl HHCYJIMHA U AlleTUIIXOJIMHA B MTPEABapH-
TenpHO moporperoit 10 30+2°C nenoHn30BaH-
HOMH BOJE.

B moaroroeieHHblE p-pbl  HOCTENEHHO,
NpU TIOCTOSSHHOM MEIUICHHOM [epeMellBa-
HuH, BHOCcHIH 70%-i pocdarnannxonauH ¢ uH-
JIEKCOM OKHciaeHHocTH He Ooimee 0,25 mo ero
KOHEYHOU KoHIeHTparmu 10%.

[ToaroToBieHHbIE p-pbl MHCYJIMHA W alle-
TUIIXOJIMHA C JICHUTHHOM JIMCIIEPTUPOBAIIH
0 o0pa3oBaHMsi TOMOTEHHOW IpeaucIep-
CHH, TIOCTENIEHHO YBEJIMYHBAas CKOPOCTh 000-
potoB 110 20 ThIC. 00./MHUH.

ITomyuennsle mnpengucnepcuu obOpadaThI-
B Ha TOMOTEHH3aTOpEe BBICOKOIO JIaBlie-
HUS B TeueHue 3—5 MUKIOB Mo 3—5 MUH Kax-
NIBIH, MOCTENEHHO MOAHUMAas nasjieHue ot 10
no 40-80 Mmna, npu Ttemmeparype 33+3°C,
MOCTOSIHHO KOHTPOJIMPYSl pa3Mep MOJy4eH-
HBIX YaCTHIl C MOMOIIBI0 aHajIM3aTopa pas-
Mepa 4acTHIl METO/IOM Jla3epHOH Audpakiunuu
cBeta (638 um). [Ipu JoCTIXKEHNHU YacTUIIAMU
cpennero pasmepa 150+£50 HM romMoreHHU3a-
LU0 3aBepIIalIH.

[To oxOHYaHWW TOMOTEHUW3AlMU B JAUCIEp-
CHIO JI00aBJSUTM KPHONPOTEKTOP B COOTHO-
menun K Qocdonunuaam 1:2 U BHOBb ro-
MOTECHU3UPOBAJIM B TEUYEHHE OJHOTO ILHMKIJIA
npu 10-20 MIla g nonydeHus KOHEYHOTO
p-pa TUIIOCOM.

[ToaroToBNieHHbIE  JUNOCOMANBHBIE  JIU-
criepcuu JTHOQUIM3UPOBAIH. B mMoyyeHHBIX
KOHEUHBIX MPOJyKTax cojaepxkanocs 100 mr
(2860 ME) uncynuna u 100 Mr aneTuiIxoiauHa.
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Crnocob6 eeedeHust U Ao3bl
uccnedyembix HelipomponHbIX
cpedcme

Jlunocomuposanubie Gopmbr ALIX 1 uHCy-
JIMHa BBOAMJIMCH TPAaHCMYKO3aJbHO B J103aX,
SKBUBAJICHTHBIX Macce Tella KPbIC, eXKeTHEBHO,
OJIHOKpPAaTHO, B TEUEHHE 7-MHU CYyT, YTO MO3BO-
JSIeT YCTAaHOBUTh MH(OPMATUBHBIC MPU3HAKH
UX BIUSIHUSL HA LEHTPAJbHYI0O HEPBHYIO CHC-
temy (IIHC) *XUBOTHBIX.

ExenneBnas noza AIIX B jaumocomax co-
crapisa 2,5 mr/kr (mo ALX), nmn 34 mr/kr
(o nnodunuzary); 103a MHCYJIMHA B JIMTIOCO-
Max — 270 mr/kr (ucxonst u3 pacuéra 10 ME/
OpraHu3M).

KoHTposbHas rpynima >KUBOTHBIX MOJTydana
9KBHOOBEMHOE KOJIMYECTBO JIMIIOCOM B (hH3.
P-pe, BBOIUMBIX aHAJIOTHYHBIM CIIOCOOOM.

BbisienneHue yeHmpasbHbIX

MexaHu3moe delicmeusi

HelipomponHbix cpedcme

AHAJIU3 KOTHUTUBHBIX (PyHKIMIi

KoruuTtuBHBIE (yHKIUH, KOTOpbHIE, 1O Ha-
IIMM COOCTBEHHBIM JIaHHBIM U CBEIICHUSM 3a-
pyOexxHo# nmutepatypsl [2, 3, 4, 29, 30], cBs-
3aHBl C aKTHBHOCTBIO BBICOKOYAaCTOTHOTO
Yy-IMama3oHa snekTporpamm mosra [7, 13, 20,
36], olLEHHBAIUCH C IMOMOIIBI0 HHCTPYMEH-
TaJbHBIX METO/IOB U3MEPEHUS IIEMEHTAPHBIX
MPOSIBJICHUH M MEPLUENTUBHBIX LUKIOB CIIOX-
HBIX MOBEICHUYECKMX YKBHBAJIICHTOB MICHXOMO-
TOPHBIX PEAKLUI YEJIOBEKA.

Venosnas peaxyus akmugnozo

usbezanus (YPAH)

Kaxmoe *KMBOTHOE MOMEIIATOCH B KaMepy
«Mentep» (OO0 «HeitpoboTuke», Poccus).
K nporpamMmmHomy obecrieuennto GpupMbI-mpo-
M3BOJUTENS MPUMEHSIICS CIenyromuil pa3pa-
6otannsii cueHapuit (YPAN-HIIBMT): 5 cek
— CBeT, 2 CeK — 3BYK, 5 CeK — dJIeKTpopa-
3apaxenne. CymMMapHsli Uk (12 cex) moBTo-
pscst 5 pas. Ilpu nepBoMm n3mepenuu ((oHo-
BbI€ JIaHHBIE) KPBICHI 00y4JaJINCh MEPEXOAUTH
U3 OJIHOTO OTCEeKa KaMepbl B JIPYrod TaKUM
00pa3zoM, 4YTOOBI HE MOJYYUTH IJIEKTPOKOXK-
HOTO pa3Ipa)keHus (3allOMHHAasi, 4YTO CHaYaja
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B OTCEKE KaMephl, I7ie OHM HaXOAATCs, BKIIIOYa-
€TCsI CBET, IIOTOM 3BYK, IIOTOM — 3JIEKTPOTOK).
PeructpupoBanocs BpeMs peakiiiuy B CEKyHIax
M0 KKAOMY U3 5-TH IUKJIOB (MaKCUMalbHO —
12 cex), a Taxke CyMMapHOE IepeMeleHHe
(npoiineHHbIN yTh) B MeTpax. Takum oOpazom,
o0l1ee BpeMst TecTa COCTaBsuIo | MUH, MOcie
Yero Kpbica M3BJIEKajach U3 KaMephl U BO3Bpa-
1a1ach B KIETKY.

AHAJIU3 NICUX03MOIOHAJIBLHBIX

napaMeTpoB

VYnbTpa3ByKOBBIE  BOJHBI  (DUKCHPOBAIHCH
C TIOMOIIBIO CHEUHUAJIBHBIX MHUKPO(QOHOB CHC-
tembl Sonotrack («Metris B.V.», Hugepnanmsr).
MuKpohOHBI  yCTaHABIMBAINCH JIUCTAHTHO,
Ha paccTosiHuM 20-25 CM OT TOJIOBBI KHBOT-
HbIX. YacToTa nuckperusanuu cocranisina 200
k'L, curnan 3anuceiBasics B nudpoBom ¢opma-
Te. Peructpanuio yasTpa3ByKOBBIX KosieOaHMIA
OCYILECTBIISUIN B Te€UeHUE |5 MUH, HEPEPHIBHO.
[Mocne ynanenus: puzndeckux apredaxro (Mo-
HOTOHHBIX ITyMOB) OCYIIECTBIISUTM CIEKTpab-
HBI aHaNW3 YIbTpa3Byka C HCIOJIb30BAaHHEM
npoLenypbl ObicTporo npeodpazoBanus Pypbe
B 4yacToTHOH monoce oT 15 mo 100 xI'y ¢ mo-
Molipio nakera nporpamm MATLAB metonom
VYoan4a, B pe3yisTaTe NONydalad BEKTOP-CTPOKY
HN3MEHEHHUH yNIbTpa3Byka, B KOTOPOM HAaXOJIUIN
MakcUMyM, npupaBHuBas ero k 100%, ocranb-
HbI€ 3HAYEHUS H3MEHSIM IPONOPLUOHAIBHO
MakcumyMmy. ITocie 3Toro HaxoauIM MeAHaHBI
0 Ka)kJIOM 4acToTe, yUUTHIBasl BCE JIOXU aHa-
JIM3a B 3KCHEPUMEHTE JUIA KaXJI0TO )KHBOTHOTO
u no rpynnam. i OLEHKH CTaTUCTUYECKOU
3HAUUMOCTH HM3MEHEHMH BHYTPH TPYIIBI HC-
MoJB30BaIN 95%-11 TOBEPUTENHHBINA HHTEPBAJL.

AHaIu3 NoBeleHYeCKUX NapaMeTpoB

Tecm «Omxpwimoe noney

Perucrpamuss moBeleHUYECKUX  KOMIIOHEH-
TOB MPOHUCXOIMNIA C TNPUMEHEHHEM KOMIIbIO-
TepHOM cuctembl Laboras («Metris B.V.y,
Hunepnaunel), koTopas Mo03BOJsUIA
CIISITh JJIMTENILHOCTh TaKUX (POPM MOBEACHHUS,
KaK JIOKOMOITMH (TOPU30HTaJIbHAs aKTUBHOCTH ),
HETOABKHOCTh (MMMOOMIN3AIHS), CTONHKH

BbIYU-
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(BepTHKaIbHas aKTUBHOCTH), YMBIBaHHUE (TpY-
MuHT). Kpome Toro, orieHrBanocs BpeMs mpo-
YHX AJIEMEHTOB CUCTEMHOTO ITOBEICHUS.

[o xa1oMy >KUBOTHOMY OMPENEIISUIN -
TEJILHOCTh KaXKA0# (POPMBI MOBEJCHUS OT 00-
IIeTO MHTEpBajia HCCIEJOBAaHUS, COCTABIISIB-
mero 15 mun (900 cex). [lonmyueHHble TaHHBIE
IPYNIHPOBAIN B 3aBUCHMOCTH OT TECTHpYe-
MOTO Tpernapara, BPEMEHHOTO MPOMEXYTKa
1 GOpMBI IIOBEJCHUS, PACCUUTHIBAIN CPEHEE
3Ha4YE€HHE KaXXAOTo TIOKas3aTens Mo Tpymie
JKMBOTHBIX U CPaBHHMBAJIN C COMOCTaBUMBIM
PE3yabTaTOM KOHTPOJIbHOU IPYIIIbIL.

Tpunoownsimoiii kpecmoobpasmwlil 1aOUPUHM

Perucrpanus 3TOIOrMYecKUX KOMIIOHEHTOB,
OTPAXKAIOLIUX TICUXO3MOIMOHAIBHBIE U OpH-

€HTHPOBOYHO-UCCIIE/IOBATEIbCKIE  (DyHKIMU
JKUBOTHBIX, TIIpoUCXOoAuWJia C MNPUMEHCHUEM
ycranoBku  «IlpunonHsaTelii  KpecTtoobpas-

Hblit mabupuTy (OO0 «OTKpHITas Haykay,
Poccust) u Buneokamepsr «Munotaspy (OO0
«HeiipoboTukc», Poccust), koTopasi 3amuchiBa-
JNa JaHHbIe B II(ppoBoM (opmare, a c TOMOIIBIO
MPOrPaMMHOTO  00ECIEUEHUS] BBIYUCIISUTHCH
Takue (OpPMBI TTOBEJCHUS, KaK JUIUTEIbHOCTh
HaXOXK/ACHHS B LICHTPAIIbHOM 30HE TaOMpHHTA,
OTKPBITBHIX M 3aKPBITHIX «PYKaBax», KOIHUYECT-
BO CTOEK (BEepTHKaJIbHAs aKTUBHOCTB).

OOmmast JIJIUTENbHOCTh HCCIIEOBaHUS CO-
craBmsia 1 muH (60 cex). IlomyueHHsle
JaHHBbIE TPYNIIUPOBAIA B  3aBUCHMOCTH
OT TECTHUPYEeMOIro Ipernapara, BPEMEHHOIO
MPOMEXYTKAa M (OPMBI TIOBENICHHUS, PACCUU-
THIBAJIM CpeAHEE 3Ha4eHHE KaKJOro IOKa-
3aTessi 10 TPYIIe KMBOTHBIX M CPaBHUBAIU
C COIIOCTaBMMBIM PE3yJIbTaTOM KOHTPOJIBHON
TpYIIIBL.

Pe3ynbTaTthl M X 06cyxaeHue

AHAJU3 KOTHUTHBHBIX (PyHKIMIA

Pesynbrarsl HccnenoBaHUS KOTHUTHUBHBIX
¢ynkimid kpeic ¢ nomouipio  YPAU-tecra
IIpeCTaBJICHbI B Taom. 1.

YcTaHOBIIEHO, YTO 00a MCCIIENOBAaHHBIX Be-
IIeCTBA 3HAYUTEIBHO YIY4IIaoT KOTHUTHBHBIE
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Tabnuya 1. Bpems peaxyuu (cpednee no epynne) Kpvic 6 mecme « YcnosHas peaxyusi akmuHoeo uzoe2anusy, cex
Table 1. Reaction time (average for the group) of rats in the conditioned active avoidance test, sec

AUX-nuno 7,2+1,05 100
doH WMHcynuH-nuno 6,4+1,16 100
KoHTponb 5,9+0,86 100

AUX-nuno 9,9+0,99 137 35

1- neHb WHcynuH-nuno 9,2+1,27 144 28
KoHTponb 10,2+0,62 172

AUX-nuno 8,5+1,40 117 47

2-1 neHb WHeynuH-nuno 10,8+0,66 170 6
KoHTponb 9,7+1,16 164

AUX-nuno 11,3+0,41 156 36

4-i feHb WMHcynuH-nuno 11,4+0,39 179 14
KoHTponb 11,4+0,43 193

AUX-nuno 11,7+0,37 161 39

7-1 peHb WMHcynuH-nuno 10,9+0,63 171 30
KoHTponb 11,8+0,19 201

AUX-nuno 11,1£0,74 153 51

9-1 feHb WHcynuH-nuno 11,5+0,57 180 24
KoHTponb 12,0+0,00 204

Donosvie danHble
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Puc. 2. V3B kpvic epynnvl «Konmponvy 6 ¢honoswix usmepenusix. Ilo ocu abcyucc — vacmoma Y3B, kl'y. Ilo ocu
opounam — cnekmpanvhas niomuocms mowHocmu (CIIM) V3B, %. Kpachas kpusas — meouanvl 4acmom, CuHue
auHuu — 95%-1i 0osepumenvuwill unmepsan (25-i u 75-i npoyenmuau,).

Fig. 2. USV of rats in the control group in background measurements. The abscissa shows the USV frequency, kHz.
The y-axis shows the power spectral density (PSD) of USV, %. Red curve — medians of frequencies, blue lines — 95%
confidence interval (25th and 75th percentiles).
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¢yHkuuK (0OydyeHue, MaMsTh) KPbIC: Ha BceX  AHAAU3 NCUXOIMOUUOHATLHBIX RAPDAMEMPOB
JTanax SKCrepruMeHTa OOHapy)KUBaeTcsi yMeHb-  MH(}opMaTuBHBIE NapaMeTpbl IICUXOIMOIIU-
HIeHHe BpeMeHH peakuuu (Oomee OBICTPBII OHAJIBHOTO COCTOSIHHUSI KpBIC, MCCIIEOBAaHHBIC
MepPEXo/l U3 OIHOTO OTCEKa KaMepbl B APYroil C MOMOLIBbIO aHAIU3a UX YJIBTPa3BYKOBOW BOKa-
JI0 BKJIFOYEHHSI DIIEKTPOKOKHOTO pasznpaxe- suzauuu (Y3B), npencrasnensl Ha puc. 2—19.

HHS) 10 CPaBHEHHUIO C aHAJOTHMYHBIM Tokaza-  Makcumym CIIM V3B XKHBOTHBIX 0OHapy-
TeleM B KOHTPOJIbHOW Tpymme. Haubonmpmmii  sxuBaeTcst Ha yactoTe okoio 38 kI'11, uto cBuje-
CYMMapHBIH pPe3yJbTaT OTMEYaeTcsi B TPYyINIE TENbCTBYET O MIPEUMYILECTBEHHO TTO3UTHBHOM,
«ALX-mumo» (208%) 1o CpaBHEHHIO C Tpym- KOM(GOPTHOM 3MOIMOHAIBHOM COCTOSIHHUH JKH-
noit «ucynun-nmuno» (102%). BOTHBIX (pHC. 2).

Cnekr PAREHAR TUTOTHOCTH MOMIHOCTI (TN

] T H ! H i i -
20 30 40 50 60 T &0 S0 100

Yscrora i

Puc. 3. V3B kpvic epynnor «AL{X-1unoy é gponosvix uzsmepenusx. Bee obosnauenus — xax na puc. 2.
Fig. 3. USV of rats in the acetylcholine liposomal group in background measurements. All designations are similar
to those in Fig. 2.

IMuku Y3B cXOmHOW MOIIHOCTH PETUCTPH- HUYHOM 3MOI[MOHATHLHOM COCTOSHHHU KHBOT-
pytorcst B jauanaszonHax 18-22 u 37-39 xlu, HbIxX (puc. 3).
YTO CBUJETENBCTBYET O MEPEXOJHOM, HOrpa-
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Cnesrpuasiag naomoects someeem (CTIM )

Waciols T

Puc. 4. V3B xpvic epynnot «HAncyiun-muno» é ponoswix usmepenusix. Bee 0bo3nauenus — kax na puc. 2.
Fig. 4. USV of rats in the insulin liposomal group in background measurements. All designations are similar to those
in Fig. 2.

Makcumym CIIM Y3B XKHBOTHBIX OOHapy- KOM(OPTHOM 3MOLMOHAIBHOM COCTOSHUM JKH-
JKMBaeTcs Ha yactore okoso 38 kI'1, 4To cBUne- BOTHBIX (puc. 4).
TEJILCTBYET O INPEUMYILECTBEHHO IIO3UTHUBHOM,

1-i1 Oenwv sxCcnepumenma
L)

100 T T T T T

=3

CiekTpiibian naomiocTs soumocti (CTIM)
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¥
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Yacrota

Puc. 5. V3B kpvic epynnot « Konmponvy 6 1-1i Oenv sxcnepumenma. Bece 0603nauenuss — Kkak Ha puc. 2.
Fig. 5. USV of rats in the control group on the Ist day of the experiment. All designations are similar to those in Fig. 2.

BEMOMEOVLMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 32-55 41



OOKIMMHUYECKUE MUCCITIEOOBAHNA B BUOMEONLIMHE |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

Makcumym CIIM V3B XMBOTHBIX OOHa-
pyxuBaercs B quanazone 16-26 xl'u. Jlomon-
HHUTENbHBIE TIMKM MOIIHOCTH PETHCTPHPY-
JOTCA Ha dYacTtore okoimo 39 kI, ogHako HX

100

CIIM nourn Ha 30% MeHbIlle JOMHHHUPYIOLIEH.
Ha ocHOBaHMH 3TOr0 MOXHO 3aKJIIOYUTH O MPEU-
MYILECTBEHHO TPEBOYKHOM, HAIIPSHKEHHOM 9MO-
LMOHAJIEHOM COCTOSIHMM J>KMBOTHBIX (pHC. 5).

90 |

BO |

T

Ciestpanssinn naomiocts sommocti (CTIMy
=

Yacroma

elu

Puc. 6. Y3B kpvic epynnot «ALLX-1uno» & 1-ii denv sxcnepumenma. Bece 0bo3nauenuss — Kaxk Ha puc. 2.
Fig. 6. USV of rats in the acetylcholine liposomal group on the 1st day of the experiment. All designations are similar

to those in Fig. 2.

[Muku Y3B cxomHON MOIIHOCTH PETHUCTPU-
pyroTcst Ha yacToTax okono 16, 23 u 38 k',
YTO CBHJIETENBCTBYET O MEPEXOAHOM, MOTrpa-

B0D §

Cnespasing nuormocT sowsocti (CTIM )

Fu k] @0 =

HUYHOM DMOLIMOHAIBHOM COCTOSIHUM JKHUBOT-
HBIX (pHC. 6).

&0 L L] W hlo]

agrana L

Puc. 7. V3B kpvic epynnoi « Aucynun-auno» 6 1-ii denv sxcnepumenma. Bece obo3nauenuss — kaxk Ha puc. 2.
Fig. 7. USV of rats in the insulin liposomal group on the 1st day of the experiment. All designations are similar to those

in Fig. 2.
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IMuku Y3B cX0mHO# MOIHOCTH PETUCTPUPYIOT-  JIETEIBCTBYET O MEPEXOJHOM, TIOIPAHUYHOM 3MO-
cs1 Ha yacToTax okoso 21, 25 n 35-43 k['11, uTo CBU-  IIMOHATBHOM COCTOSIHUM JKUBOTHBIX (puc. 7).

2-11 0eHb IKCnepumMerHma

Cnekrpamiin mioTsects mommoct (CTIM)

ot

o ] &0 ELl & fL] & w0 100

Hacrom i

Puc. 8. V3B xpvic epynner «Konmponvy 6o 2-1i Oenv sxcnepumenma. Bee o6o3nauenus — xax na puc. 2.
Fig. 8. USV of rats in the control group on the 2st day of the experiment. All designations are similar to those in Fig. 2.

Maxkcumym CIIM V3B XHBOTHBIX OOHapy- TENILCTBYET O TPEBOXKHOM, HANPSHKEHHOM 3MO-
JKUBaeTCs B nuamnazoHe 16—19 k1, 9To cBUe- IMOHAILHOM COCTOSHHH JKHUBOTHBIX (pHC. 8).

"

W ' . ' . . ' . . "

o

Crermpanieing maormocts moaeocti (CTIM)

w

Yacremm lu
Puc. 9. V3B xpvic epynnovir «AL{X-1unoy 6o 2-ii denv sxcnepumenma. Bee o6o3nauenus — xax na puc. 2.

Fig. 9. USV of rats in the acetylcholine liposomal group on the 2st day of the experiment. All designations are similar
to those in Fig. 2.
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[Tuku Y3B cxonHO# MOITHOCTH PETUCTPUPY- TEIBCTBYET O MEPEXOTHOM, OTPAHUIHOM IMO-
FOTCs1 Ha 9acToTax 0koyto 22 39 k', yTo CBUIe- [MOHATBHOM COCTOSIHUH HBOTHBIX (pHC. 9).

"l

100 F

sl

s 3 s

s

CnexTpanssan miorsocts sommocrn (CTIM)

0

Puc. 10. Y3B xpvic epynnvt « Ancynun-aunoy» 6o 2-ii Oenv sxcnepumenma. Bee o6o3navenus — xax na puc. 2.
Fig. 10. USV of rats in the insulin liposomal group on the 2st day of the experiment. All designations are similar to those
in Fig. 2.

[Tk Y3B cXOMHOH MOIIHOCTH PETHCTPUPY- JICTEIBCTBYET O TICPEXOIHOM, ITOIPAHUYHOM 3MO-
10Tcs B uanazoHax 18-25 u 3745 kI'11, 9To CBU-  [MOHAIBHOM COCTOSIHUM KHMBOTHBIX (puc. 10).

4-i1 denv sKCnepumenma
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Puc. 11. Y3B xpuic epynnvt «Koumponvy 6 4-it denv sxcnepumenma. Bee obosnauenus — xax Ha puc. 2.
Fig. 11. USV of rats in the control group on the 4st day of the experiment. All designations are similar to those in Fig. 2.
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Best CIIM V3B kMBOTHBIX OOHApYKHBAaeT- CTBYET O AUCKOM(OTHOM, IUCTPECCOBOM 3MO-
csl Ha yactote okojo 23 k1, 4To cBUAETENb- LMOHAIBLHOM COCTOSIHUH XXMBOTHBIX (puc. 11).

Cnewr paihieas nrriwocts sommoet (CTA)

il'm

=

Haciea

Puc. 12. V3B xpuic epynnuvt « ALIX-1unoy» 6 4-ii Oenv sxcnepumenma. Bee o603navenus — xak na puc. 2.
Fig. 12. USV of rats in the acetylcholine liposomal group on the 4st day of the experiment. All designations are similar
to those in Fig. 2.

Makcumym CIIM Y3B XHMBOTHBIX OOHapy- JETENbCTBYET O JIMCKOM(OPTHOM 3MOIHMO-
JKMBAeTCsl Ha 4acToTe OKoJio 23 KI'11, 4TO CBU- HAJLHOM COCTOSIHUM >KMBOTHBIX (puc. 12).

100 F

aoeTh soiEeerE (CTIM
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Puc. 13. V3B kpvic epynnot « AHcyrun-munoy 6 4-ii 0eHv sxcnepumenma. Bee 0603nauenus — kax Ha puc. 2.
Fig. 13. USV of rats in the insulin liposomal group on the 4st day of the experiment. All designations are similar to those
in Fig. 2.
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Makcumym CIIM  Y3B  kuBOTHBIX  00-
Hapy)XHBaeTcsi Ha dactore okono 27 xlm.
JlonomHuTeNbHBIE NMHKHA MOILTHOCTH PETrHCTpH-
pyroTcs Ha 4actore okoio 38 kI'l, omHako HX

CIIM Ha 20% MeHbI1e TomMuHHEpYromel. Ha oc-
HOBaHUM 3TOTO MOXHO 3aKJIIOYUTH O IMpPEUMy-
IIECTBEHHO TPEBOXKHOM, HANpPSHKEHHOM 3MO-
LHOHAIBHOM COCTOSHHMHU JKMBOTHBIX (puc. 13).

7-1i Oenb dKCnepumenma
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Puc. 14. V3B xpvic epynnvt «Konmponvy 6 7-1i Oenv sxcnepumenma. Bee o603navenus — xax na puc. 2.
Fig. 14. USV of rats in the control group on the 7st day of the experiment. All designations are similar to those in Fig. 2.

Makcumym CIIM  Y3B  kuBOTHBIX  00-
HapyxuBaeTcsi B guamazoHe 1623 «xlm.
JlononHuTeNbHbIE MUKA MOIIHOCTH PErUCTpPH-
pytorcst B nmuanazone 36-38 kl'1, omHako ux
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CIIM nHa 20-25% MeHbIE JIOMUHHpYIOIIEH.
Ha ocHOBaHMH 3TOT0 MOYKHO 3aKJIFOUHUTE O TIPEu-
MYIIECTBEHHO TPEBOKHOM, HANPSHKEHHOM 3MO-
[MOHATIBHOM COCTOSIHUM XHBOTHBIX (puc. 14).
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Puc. 15. V3B kpvic epynnvl «ALLX-nuno» 6 7-it denwv sxkcnepumenma. Bee obosnauenus — xax na puc. 2.
Fig. 15. USV of rats in the acetylcholine liposomal group on the 7st day of the experiment. All designations are similar

to those in Fig. 2.
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Makcumym CIIM V3B sxuBotHbiX 00- CIIM Ha 20% MeHbliie qoMuHupytorieii. Ha oc-
Hapy)xuBaercss B JuamazoHe 16-19 kI'm. HOBaHMM 3TOT0 MOXKHO 3aKJIIOYUTH O MPEUMY-
JlononHUTENbHBIE TTMKHA MOIIHOCTH PETHCTPH- IIECTBEHHO TPEBOXKHOM, HANPSHKEHHOM 3MO-
pytorcst Ha yactote okoio 40 kI'm, ogHaKo MX ITMOHAJIBLHOM COCTOSIHUHU JKUBOTHBIX (pHcC. 15).
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Puc. 16. Y3B kpvic epynnvl « UHCyruH-1uno» 8 7-ii 0eHv dkcnepumenma. Bee 0603nauenus — kax na puc. 2.
Fig. 16. USV of rats in the insulin liposomal group on the 7st day of the experiment. All designations are similar to those

in Fig. 2.

Makcumym CIIM V3B xwuBotHbIX 00- CIIM Ha 20% Menbie qoMunupytorei. Ha oc-
HapyxuBaeTcsi B JuamazoHe 1620 xk[m. HOBaHMM 3TOT0 MOXKHO 3aKJIOYUTH O NPEUMY-
JlononHuTENbHbIE TMHUKHA MOIIHOCTH PETHCTPH- IECTBEHHO TPEBOXKHOM, HANPSDKEHHOM 3MO-
pytorcs B quanasone 36-40 x['1, omHako MX IMOHAJBHOM COCTOSIHMM >KUBOTHBIX (pHcC. 16).

9-11 Oenb IKCnepumeHma

100 ——1 — e

cri (TN b

Tl ML

CrewTpasima i

Wacora L

Puc. 17. V3B xpuic epynnvt «Koumponv» é 9-1i Oenv axcnepumenma. Bee o6o3nauenus — xax na puc. 2.
Fig. 17. USV of rats in the control group on the 9st day of the experiment. All designations are similar to those in Fig. 2.

BUOMEMLIMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 32-55 47



OOKIMMHUYECKUE MUCCITIEOOBAHNA B BUOMEONLIMHE |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

Makcumym CIIM V3B xuBOTHBIX OOHapy- JOMHHHUpYoIIei. Ha ocHoBaHMM 5TOr0 MOXKHO
xuBaeTcs B auamasoHe 15-20 kIl ¥ Ha 4a- 3aKIIOYHUTH O IMPEUMYIIECTBEHHO TPEBOXKHOM,
ctoTe okojo 25 kI'n. JlomodHUTENbHBIE TUKH  HAaNpsDKEHHOM  SMOLIMOHATIBHOM COCTOSIHUHU
MOIITHOCTH PETHCTPUPYIOTCS Ha YacTOTE€ OKO- KHBOTHBIX (pHc. 17).

1o 37 x['u, ogquako ux CIIM Ha 20% MeHbIe
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Puc. 18. V3B kpvic epynnot « ALLX-1uno» ¢ 9-ii denv sxcnepumenma. Bece 06o3Hauerus — Kak Ha puc. 2.

Fig. 18. USV of rats in the acetylcholine liposomal group on the 9st day of the experiment. All designations are similar
to those in Fig. 2.

Ob6napyxuBaeTcst B quanazone 17-25 k[, mnpsHpkEHHOM 3MOIMOHAIBHOM COCTOSHUH KH-
YTO CBHJETEIBCTBYET O TPEBOXKHOM, Ha- BOTHBIX (puc. 18).
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T T BRI
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Puc. 19. V3B xpuic epynnul «HMncynun-aunoy» 8 9-ii Oenv sxchepumenma. Bee obosnavenus — xax na puc. 2.

Fig. 19. USV of rats in the insulin liposomal group on the 9st day of the experiment. All designations are similar to those
in Fig. 2.

48 BMOMEOMLMHA | JOURNAL BIOMED | 2022| Tom 18 | Ne 1 | 32-55



B.H. Kapkuwenko, K0.B. ®okuH, C.J1. JobnuHckmn, U.A. NMombiTkuH, O.B. AnumknHa,

J1.A. TabosikoBa, A.B. Kanuos, M.M. bopucosa, H.H. KapkuiieHko

«LleHTpanbHble MexaHWU3Mbl IMMOCOMMPOBAHHbLIX (POPM aLETUNXONMHA Y UHCYNUHA

nocpeacTBOM aHanm3a KOrHUTUBHBIX, NCUXO3MOLIMOHANBbHbLIX U MOBEAEHYECKNX NapaMeTPOB KPbIC»

IMuku Y3B cxXomHOW MOIIHOCTH PErucTpH-
pYyIOTCsSl Ha YacToTax okoio 16, 22, 36 u 38—
40 xI'm, 4TO CBUIETENHCTBYET O MEPEXOIHOM,
MOTPAaHUYHOM AMOIIMOHAJIIEHOM COCTOSHHH
JKUBOTHBIX (pHc. 19).

VYcTaHOBNIEHO, YTO [0 Hayajla BBEJCHMS Te-
CTHPYEMBIX BEIIECTB IICUXO3MOIIMOHAIBHOE
COCTOSIHME )KUBOTHBIX OLIEHUBAJIOCH KaK OJIH3-
Koe K kKombpopTHOMYy. B 1-ii neHb BBeacHHS
BO BCEX IpyNnax OOHApYXHBAETCS MEPexoi-
Hoe (TOrpaHMYHOE) COCTOSIHHE, YTO CBS3aHO
C MPOBOAMMBIMH MaHHUMYAAUsIMU. OpHaKo
BO 2-# J€HB 3KCIIEPUMEHTA B OMNBITHBIX I'PYyTI-
nax CIIM VY3B cymiecTBeHHO BBIIIIE B AHANa30-
He «KOM(OpPTa» 110 CPABHEHUIO C PE3YIIBTaTOM
B KOHTPOJIBbHOM rpynme. B 4-it nens kypcoBoro
BBE/ICHHsI JAaHHBIA dQdeKT npociexuBaercs
B rpynne BemiectBa «HcynuH-nunoy». Ha 7-i
JIeHb JKCIIEPUMEHTa yOeAUTENbHBIX OTINYU

B Y3B JKHUBOTHBIX KOHTPOJIBHON M OIBITHBIX
Ipynin He oOHapyXMBaeTcs, a CHyCTs 2 JHS
MocJie OKOHYaHUs Kypca BBeAeHus (9-1 1eHs)
JKUBOTHbIE TIpymnmbl «VHCYIMH-IMIIO» CHO-
Ba XapaKTepH3YIOTCs 0ojiee OIaromnpHsTHbIM
TMCUXOOMOIIMOHAJIBHBIM COCTOAHHUEM I10 CpaB-
HEHMIO C KOHTPOJIEM.

B nenom crnemyer 3akirO4MTh, YTO TECTHU-
pyemble BeliecTBa OOJIQAlOT IMPHU3HAKAMH
AHKCUOJIUTUYCCKUX CPCACTB C CCAATUBHBIM
KOMIIOHEHTOM,  Ham0OoJiee  BBIPKCHHBIN
hdekT oOHapyKUBaeTCS [UIsl BEIIECTBA
«MHCYynUH-TUIION.

AHanu3z nosedenueckux napamempos

Tecm «Omkpwimoe noney

Pesynmprarhl  MccrnenoBaHUsT  CBOOOJHOTO
MOBEJICHUSI KpBIC TNpeJCTaBIeHBI B Talm. 2.
B KOHTpOJIBHOH IpylIe >KUBOTHBIX Ha IIPO-
TSOKEHUHM BCETO 3KCIEpUMEHTa HaONIomasuch

Tabnuya 2. Cpeonuss OnumensHocms nogedenueckux gopm kpuvic 6 mecme « Omxpvimoe none» (Laboras), cex
Table 2. Mean duration of behavioral forms in rats in the Open Field test (Laboras), sec

KoHmpornbHasi epynna

DdoH 197 44 116 371 172
1-1 AeHb 234 36 163 248 219
2-i peHb 235 58 186 200 221
4-14 neHb 285 43 144 206 222
7- peHb 225 38 180 219 238
9-11 oeHb 238 56 95 297 214

WHcynuH-nuno

®oH 289 52 110 329 120
1-n oeHb 323 33 161 184 199
2-i peHb 345 25 280 143 107
4-n feHb 336 35 182 210 137
7-1 peHb 317 44 143 281 115
9- oeHb 298 47 84 272 199

ALX-nuno

PoH 181 68 150 261 240
1-V oeHb 222 40 165 224 249
2-11 fieHb 295 47 176 203 179
4- peHb 200 43 225 188 244
7- oeHb 220 55 161 245 219
9-1 neHb 278 36 124 202 260

Ipumeuanue: SCII — snemenmut cucmemnozo nogedenus; I. a. — 20pu3oHmanbHas akmueHOCmMs (TOKOMOYUU),

Hm. — ummobunusayus (Henoosudicnocmy), B. a. — eepmukanvras akmugnocms (cmotiku); I'p. — epymune (ymviganue).
Note: DCII — elements of systemic behavior; I a. — horizontal activity (locomotion); Um. — immobilization (immo-
bility); B. a. — vertical activity (ascents); I'p. — grooming (washing).
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MOBBIIIEHUE ATUTEIHHOCTH YMbIBaHUS 1 DCII,
MPEUMYIIECTBEHHOE IOBBIIICHUE HEOBUX-
HOCTH, CHI)KCHUE BEPTHKaIbHOW aKTHBHOCTH
u nonudaszHble U3BMEHEHHS B TOPU30HTAILHOM
AKTHBHOCTH.

B 00enx ONBITHBIX TpyMIlax Takke HaOIto-
nanichk ToBeimeHue umrtenbHoctn  OCII,
MPEUMYIIECTBEHHOE IOBBIIICHUE HEIOIBHX-
HOCTH, CHIDKCHUE BEPTUKAILHON aKTUBHOCTH,
nonugasHple U3MEHEHUS! B TOPU30HTAILHOMN
AKTMBHOCTH U JUIUTEIILHOCTH YMBIBAHUSL.

MOoXHO OTMETHTB, 4TO OTIH4Ms d(deKxToB
OIIBITHBIX TPYMIT OT COMOCTaBUMBIX 3(PEKTOB
KOHTPOJIBHOW TPYIIIBI 3aKJIFOYAIOTCSl B CHIKE-
HUU TOPU30HTAIILHON aKTUBHOCTHU BO 2-i1 U 9-i

JHHU DSKCIIEPUMEHTa, a TaKkKe TUTENBHOCTH
YMBIBaHUS BO 2-i1 U 7-# THU SKCIIEPUMEHTA.

Takum 00pazom, HcciieyeMble Hpenaparsl,
o BCeil BUIMMOCTH, 00JIaJaloT CeaTHBHBIMU
IIPU3HAKAMHU.

Tpunoownsimoiii kpecmoobpazmwlil 1aOUPUHM

Pesynbrarhl nccnenoBanus MHGOPMAaTHBHBIX
3TOJIOTUYECKUX MTApaMETPOB KPBIC IIPEACTaBIIC-
HBI B Ta0OI. 3.

B KOHTpOJIBHOH IpyIIle >KMBOTHBIX HA IIPO-
TSOKEHUH BCETO 3KCIIEpUMEHTa HaONIomanch
NIPEUMYILECTBEHHOE CHMKEHUE JJINTENBHO-
CTH TpeObIBaHMS )KUBOTHBIX B LIEHTPAJIbHOM
30HE M 3aKpPBITBIX «pyKaBax» JaOMpHHTA,
MIPEUMYIIIECTBEHHOE MOBBIIIEHUE KOJIHUECTBA

Taonuya 3. Unghopmamuenvie smonocuyeckue napamempul (cpednue no epynne) Kpoic 6 mecme

«[Ipunoonamuiii kpecmoo6pasnvlii 1AG6UPUHIM»

Table 3. Informative ethological parameters (group averages) of rats in the Elevated Plus Maze test

KoHmporibHas epynna

doH 10,98 10,00 3,51 0,13
1-1 peHb 11,04 8,51 2,70 0,39
2- peHb 8,41 11,56 2,95 0,76
4-7 peHb 12,30 7,50 2,88 0,89
7- OeHb 6,23 9,68 1,01 0,39
9-1 feHb 10,89 6,94 2,19 0,25

WHcynuH-nuno

doH 15,76 7,09 3,68 0,26
1-1 AeHb 8,65 8,11 3,49 0,00
2- peHb 11,24 7,12 2,52 0,50
4-4 neHb 5,87 12,10 1,59 0,75
7-1 peHb 8,49 7,93 4,50 0,38
9-1 oeHb 7,25 11,99 3,61 0,00

ALIX-nuno

PoH 15,53 7,94 2,95 1,64
1-1 peHb 11,25 9,03 2,83 0,76
2-7 oeHb 6,11 12,04 2,30 0,13
4-1 peHb 4,30 10,43 2,71 0,26
7-7 oeHb 4,66 10,83 2,83 0,51
9-11 geHb 7,58 7,76 2,59 0,00

Ipumeuanue: T 3. p. — epems naxoxcoenus @ 3akpblmulx «pykagaxy aadupunma; T o. p. — epems Haxoxcoenus

6 omKpbimulx «pykagaxy aabupunma; T y. 3. — epems HAXOXHCOEHUS 8 YEHMPATLHOU 30He TabUpuHma;

N 6. a. — Konuyecmeo 3nu30008 BEPMUKALLHOU AKMUBHOCTU (CINOEK).

Note: T 3. p. — the time spent in the closed spaces of the labyrinth;T o. p. — the time spent in the open spaces

of the labyrinth; Ty. 3. — the time spent in the central zone of the labyrinth; N 6. a. — the number of vertical activity

episodes (ascents).
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CTOeK M Tosuda3Hble U3MEHEHUS JJIUTEIb-
HOCTH TpeOBbIBaHHS B OTKPBITHIX «PYyKaBax»
nabupuHTa. Takas 3Tojornyeckas KapTHHA
B I[€JIOM TUIIUYHA 7S TAHHOTO HUCCIIEIOBAHUS
U OTpaXkaeT MPUBBIKAHNE JKUBOTHBIX K HOBBIM
YCIIOBHSIM CPEIbI.

B 00enx ONBITHBIX rpymnax HaOIOJalIOCh:
TOTaJbHOE CHUXEHHE JUINTEIBHOCTH IIpe-
ObIBaHUS KMBOTHBIX B 3aKPBITHIX «PyKaBax»
NabUpUHTA; NpeuMylIecTBeHHOoe (It Tpe-
napara «/HCYIHH-INIIO») U TOTalbHOE (IJIs
npenapara «AL[X-muno») CHIDKEHHE M-
TEJILHOCTH TpeOBbIBaHUS KUBOTHBIX B IICH-
TPaJIbHOM 30HE; NpPEUMyLIECTBEHHOE (s
npenapara «ALlX-1umno») u TotampHOE (I
npenapara «HCYTUH-THIIO») TOBBIICHHUE
JUINTEILHOCTH TNPEOBIBAHUSI B OTKPBITBIX
«pyKaBax» JJAOMPHHTA; TOTAIBHOE CHUKEHUE
KoJMuecTBa croek (it mpemapara «AIlX-
JIUIO») U nojudasHble U3MEHEHHsI 3TOTO I10-
Kazarend juid npenapara « IHCYIHH-THIOoY.

Takum oOpa3om, HaOIOHaEMasi STOJOTHYE-
CKas KapTHHA, XapaKTepU3YyIOUAsics MOBbI-
IICHHEM BpPEMEHH NpPeObIBaHUSA B OTKPBITBIX
«pyKaBax» JIaOMpPHHTA U CHIDKCHHEM — B 3a-
KPBITBIX «pyKaBax», IEHTPAJIbHOM 30HE U Bep-
TUKaJbHONH AaKTUBHOCTH, CBHUAETEIbCTBYET
00 yIydIIeHUH ICUXOSMOLMOHAIBHOIO CO-
CTOSTHUSI )KUBOTHBIX (CHIKEHHH TPEBOXKHOCTH,
MOBBIIICHUS OpPUEHTHPOBOYHO-UCCIIEA0BA-
TEJIbCKOM aKTHBHOCTH) Ha (DOHE MPUMEHEHHUS
uccieayemMsix npenaparoB. [lo cymme amuso-
JIOB, Korna ObUTM 3a)MKCHUPOBAHBI OTIHYHS
OT KOHTPOJBHOW Tpynmbsl, Haubosee Mpes-
MOYTUTEIBHBIM CJIEAyeT CYMUTaTh Mpernapar
«ALIX-numoy.

AUETHIXOIUH — pacipOCTpaHEHHBIN Menu-
aTOp HEPBHOW CHUCTEMBI, KOHTPOJIUPYIOLIUI
npouecc BO30YKACHHS B KOpe TOJIOBHOTO
MO3ra, HeHpOHax CIHMHHOTO Mo3ra (KJIeTKax
Penmioy), mapacuMmaTu4eckoM OTAEJEe Bere-
TaTUBHOM HEPBHOM CHUCTEMBI, B pPE3yJbTare
4yero o6ecrnedynBaroTCs JUHEHHbIE N3MEHEHUS
B MOBEJCHUU U MCHUXOIMOIMOHAIBHOM COCTO-
SITHUU XHUBOTHBIX, a TaKXKe YIydIlIeHHe UX KOT-
HUTHBHBIX CIIOCOOHOCTEH.

ComnocraBiiss ONUCaHHbIE PE3YNBTATHI C IMO-
Jy4YeHHBIMH HAaMH paHee NpU H3Y4YEeHHUH OC-
HOBHBIX HeWpomenuartopos, BKmrodas ALLX,
MOXHO TPOCIEIUTh OOIIHOCTh B YCTAHOB-
JICHHBIX CENaTHBHBIX d(dekrax u nHpopMma-
TUBHBIX Tapamerpax Y3B [5]. Cxoxwue 3¢-
(exThl HAOMIONAIOTCS TPU  HMCHOJNB30BAHUH
JIMIIOCOMUPOBAaHHBIX (OpM TOpPMOHA WHCY-
JIMHA, KOHTPOJHUPYIOIIET0 OINOCPEJOBaHHOE
BiusiHre AMK Ha MHTpaneHTpaabHbIE OTHO-
IIEHUS TOJIOBHOTO MO3Ta U BHICIIYIO HEPBHYIO
NESITENBLHOCTD KMBOTHBIX. DTO HAET OCHOBa-
HUS Tpeanoararh, yto aevicreue ALIX u uH-
CY/IMHA OTPa)KaeT IICHTPAJIbHBIC MEXaHH3MBbI
xonmuHeprudeckor 1 I'AMK-eprudeckoit Mo-
IOyJSIIMA TUONOKaMna H MpedpoHTaibHOro
HEOKOPTEKCa, a TAKXKe OKa3bIBAaeT MMO3UTHBHOE
BJIMSIHHAC HA YMCTBEHHYIO pa00TOCIIOCOOHOCTh
1 KOTHUTHBHBIE ITPOIIECCHI.

BbiBoAabI

VYcraHOBIEHO, 4YTO HeWpoMmeauarop are-
TUJIXOJUH ¥ TOPMOH WHCYJIUH, TIPUMEHSIEMbIE
B JIMIIOCOMUPOBaHHBIX (OpPMax, OKa3bIBAIOT
BIIUSTHUE HA IIEHTPAIbHBIE MEXaHU3MBI BBIC-
el HEpBHOMU JIEATEIbHOCTU U KOPPEIUPYIOT
IIOCPEICTBOM  NPeoOpa3oBaHUS  YaCTOTHO-
CHEKTPANbHBIX XapaKTEPUCTHK YIBTPa3ByKO-
BOW BOKaJM3alllH, apaMeTpOB CBOOOIHOIO
MOBEJICHUS M KOTHUTHUBHBIX CIIOCOOHOCTEH
11ab0paTOPHBIX KPBIC.

OCHOBHOW pe3yibTaT HCCICJOBAaHUS CO-
CTOUT B TOM, 4YTO JIMIIOCOMHUPOBAaHHBIE WH-
CYIMH W aleTHIXOJIWH O00NafaloT OJHOHA-
NpaBleHHbIM  JeiicTBueM.  TecTupyembie
BEIleCTBa O0JaJal0T TPH3HAKAMH aHKCHO-
JUTUYECKUX CPEACTB C CEJaTUBHBIM KOMIIO-
HeHTOM. Hambosiee BbIpakeHHBIH dPPEeKT
[0 aHaJIM3y YJIBTPa3BYKOBOM BOKAJIH3aIUU
oOHapy>XuBaeTCst JJIsl MHCYJIMHA, a Hauboee
WH(OPMATHBHBIE TOJIOTHYECKHE ITapaMeTphl
KPBIC [0 aHAJIN3Y aHTUAETIPECCUBHBIX CBOMCTB
B JIAOMPHMHTE yCTaHOBJICHbI Ha (OHE NpUMe-
HeHHs aneTuiaxonuHa. KypcoBoe HenenbHOe
IIPUMEHEHHE JINIOCOMUPOBAHHOTO HMHCYIHHA
MOBBIIIAET KOTHUTHUBHBIE CIIOCOOHOCTH >KH-
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BOTHBIX 00Jiee 4eM B [[Ba pa3a, alleTHIXOJH-
Ha — Goylee YeM B YeThIpE pasa, 4To OTpaxka-
€T BBICOKOYACTOTHBIE P- W Y-pUTMBI (BBIILIE
20 I't) runmoKaMNaJbHOTO OTAEJA TOJIOBHOTO
MO3ra, CBsA3aHHBIC C AKTHUBHOCTBIO BCTaBOY-
HbIX HEMPOHOB U MUPAMUIHBIX KJIETOK, MOAY-
JHUPYIOIINX MPOTHBOTPEBOXKHOE, aHTHICTIPEC-
CUBHOE, 00¢300JIMBAIOIIEE U MTPOYUE CXOMHBIC
I[efICTBHH HCCIICAYEMBIX BEHICCTB, a TaKKE
YIAy4lICHUC KOHCOJIUJAaUUW IMaMATH U KOTHH-
TUBHBIX QyHKIHI.

IlonydyeHHBIE  pe3yabTarbl  YKa3blBarOT
Ha NCPCHEKTUBHOCTb MPUMEHCHUA JIMTIOCOMU-
POBaHHBIX (DOPM alEeTHUIXOJUHA U HHCYJIHHA
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MOP®ONIO'MYECKASA OLIEHKA HEMPOIMPOTEKTUBHOIO
OENCTBUA SKCTPAKTOB CYXUX RHAPONTICUM UNIFLORUM
N SERRATULA CENTAUROIDES NP rMNOKCUN/PEOKCUT'EHALIUA

K.B. MapkoBa'?’, /1.I. PasyBaeBa', A.A. Toponosa', [.H. OneHHukoB'

" ®I'6YH WHcmumym obuwel u skcnepumeHmarnbsHol 6uonoauu CO PAH
670047, Pocculickasi ®edepauyus, Pecrniybnuka bypsmus, YnaH-Y0a3, yn. CaxbsiHosol, 8

2 @Ire0Y BO «bypsimckuli 2ocydapecmeeHHbIl yHusepcumem um. [Jopxu baH3aposa»
670000, Poccutickasi ®edepauyusi, Pecnybnuka bypsimus, YnaH-Y03, yn. CmonuHa, 24a

Ilenmpro mccnenoBaHuUs SIBHIACh MOPQOIOrHIecKas OIEHKa HEHPOIPOTEKTHBHOTO NEHCTBUS AKCTPAKTOB
cyxux Rhaponticum uniflorum (L.) DC. n Serratula centauroides L. mpn runodapudeckoi THIIOKCHN/
peoxcurenanuu. MccrenoBanus nmpoBefeHs! Ha 32 cepTH(GUIMPOBAHHEIX OEbIX KpbIcax-camiax Wistar
noce nepeHecéHHol nmu 30-MUHYTHON THIIO0OapUIECKON THITOKCHHU U TPEXIacOBOH PEOKCUTeHANH. DKC-
TpakTel cyxue R. uniflorum u S. centauroides B no3e 100 MI/Kr BBOJWIM XHBOTHEIM B TeueHHe 14-TH
JHEH 10 BOCTIPOM3BEACHHUS THIIO0apHIECKOH THIOKCHH. [ MOP(OIOTHIEeCKUX HCCIIE0BAHIIA TOTOBHIN
THCTOJIOTMUECKHE Tpernaparsl TOJOBHOTO Mo3ra, okpamenHslie o Huccmo. Bo II-V crosx kopsr 60:s-
LIMX MONyIIApUi OLEHUBAJIM CTENEHb MOPaXKEHUs HEHPOHOB MyTEM MOACYETA YETHIPEX KaTeropuil Kie-
TOK — HOPMOXPOMHBIX, PE3KO THIIOXPOMHBIX, PE3KO THIEPXPOMHBIX (TMKHOTHYECKNX) M «KJIETOK-TEHEW.
YcTaHOBIIEHO, UTO KypCOBOE BBEICHUE YKUBOTHBIM IKCTPAKTOB CyxXux R. uniflorum n S. centauroides or-
paHUYMBAIO HA ()OHE THIOKCHH/PEOKCUTEHAIINN 00pa30BaHKe B Kope OONBIINX MONymapuil 6ebIx Kphic
MUKHOTHYECKNX HelpoHoB Ha 36 u 45%, pe3ko rHIOXpOMHEIX HelipoHoB — B 10,5 n 7,0 pasa (p<0,05)
U «KJIETOK-TeHei» — B 2,4 u 1,8 paza (p<0,05) mo cpaBHEHHUIO ¢ KOHTpoieM. TakuM 00pa3oM, SIKCTPAKTHI
cyxue, oydeHHbIe U3 TUCTheB R. uniflorum u S. centauroides, 0ka3pIBalOT HEHPOIIPOTEKTUBHOE ICHCTBHUE
IIPU THIOKCHH/PEOKCUTCHAIINHL.

Kuatouessie ciioBa: Rhaponticum uniflorum (L.) DC., Serratula centauroides L., HefiponpoTeKTHBHOE NeHi-
CTBHE, OeIbIe KPBICHI, THITOKCHS/PEOKCUT€HAIIVSI, TOJIOBHOI MO3T

KoHMKT HHTepecoB: aBTOPHI 3asBHIA 00 OTCYTCTBUH KOH(MIIMKTAa HHTEPECOB.

Hcrounuk GpUHAHCHPOBAHUSA: HCCIIEJOBAHNS IPOBEICHBI B PaMKaxX BBIITOTHEHHUS TEMBI TOCY/IapCTBEHHO-
ro 3aganus Ne 121030100227-7.

Jst uutupoBanusi: Mapxosa K.B., Pazysaesa S1.I., ToporoBa A.A., Onennuxos [I.H. Mopdonorudeckas
OIIEHKa HEHPOTIPOTEKTUBHOTO IEUCTBUS SKCTPAKTOB CyXUX Rhaponticum uniflorum v Serratula centauroides
MIPU THITOKCUH/peoKcureHanuu. buomeouyurna. 2022;18(1):56—62. https://doi.org/10.33647/2074-5982-18-
1-56-62
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MORPHOLOGICAL ASSESSMENT OF NEUROPROTECTIVE
EFFECTS OF RHAPONTICUM UNIFLORUM
AND SERRATULA CENTAUROIDES DRY EXTRACTS
IN HYPOXIA/REOXIGENATION
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This article presents a morphological assessment of the neuroprotective activity of dry extracts from
Rhaponticum uniflorum (L.) DC. and Serratula centauroides L. in hypobaric hypoxia/reoxygenation. Ex-
periments were carried out on 32 male Wistar rats. The animals in the experimental groups received R. uni-
florum and S. centauroides dry extracts at a dose of 100 mg/kg for 14 days, with the last dose administered
30 minutes before inducing hypoxia. The animals in the intact and control groups received purified water
according to an analogous scheme. On the 14th day of the experiment, the animals in the control and ex-
perimental groups were exposed to acute hypobaric hypoxia followed by 3-hour reoxigenation. Acute hy-
pobaric hypoxia was simulated by elevating laboratory animals to a height of 9000 m at a rate of 50 m/sec
using altitude test facilities. The animals were kept under these conditions for 30 min followed by 3-hour
reoxigenation. Brain histological preparations were prepared by Nissl staining. The degree of neuronal
damage was assessed by counting four categories of cells: normochromic, sharply hypochromic, sharply
hyperchromic (pyknotic) and shadow cells in the cerebral cortex II-V layers. It was found that R uniflo-
rum and S. centauroides dry extracts limited the formation of pycnotic neurons by 36 and 45%, sharply
hypochromic neurons by 10.5 and 7.0 times (p<0.05) and shadow cells by 2.4 and 1.8 times (p<0.05)
in the cerebral cortex under the action of hypoxia/reoxygenation. Therefore, dry extracts obtained from
R. uniflorum and S. centauroides leaves exhibit a neuroprotective activity under the conditions of hypoxia/
reoxygenation.

Keywords: Rhaponticum uniflorum (L.) DC., Serratula centauroides L., neuroprotective effect, white rats,
hypoxia/reoxygenation, brain
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BeeneHune

JlinTensHOE BIMSHHE THUIOKCHYECKHX CO-
CTOSSHUA Ha HEPBHYIO CHCTEMY IPHBOAUT
K TIOBBIIICHHOW CTUMYISAIMM HEPBHBIX Kile-
TOK, MOCTEIYIOmEeMy H3MEHEHHIO HUX CTpPYK-
TYpbl U (QYHKIHHU, B PE3yJlbTaTe 4ero pa3BH-
BAaIOTCSl HeBpoJornueckue 3aboseBanus [1].
Jleuenne 3abosieBaHWiI HEPBHOW CHCTEMBI
U BOCCTAaHOBMUTEJbHBIM IIEPUON B TSHKEIBIX
ciydasx TPeOyrOT OONBIIOrO KOJUYECTBa Bpe-
MEHH, a TakXe JUINTEeNIFHOrO IpuéMa JeKap-
CTBEHHBIX IpPEnapaTroB, YTO MOXET IMPUBECTH
K TIOSIBJICHUIO MOOOYHBIX 3((HEKTOB M pa3Bu-
THUIO TOKCUYECKUX peakuuil. B cBsa3u ¢ atum
MEPCIEKTUBHBIM B MPO(UIAKTHKE U JICUSHUN
3a00JIeBaHUI HEPBHOM CHCTEMBI SIBISIETCS

BEMOMEOVLMHA | JOURNAL BIOMED | 2022 | Tom 18 | Ne 1 | 5662

MIPUMEHEHHE JIEKAPCTBEHHBIX CPEICTB PacTH-
TEJIBHOTO MPOUCXOKICHHUS, KOTOPhIC B MEHbB-
1IeH CTEMCHU MPH JUTUTEIILHOM MPUMCHCHUN
BBI3BIBAIOT BO3HHUKHOBCHHE HEKEIATCIBHBIX
peakuuii [7].

OcoOblii MHTEpEeC MNPEACTaBISIOT MHOTO-
JIETHHE pacTeHHs cemeiicTBa Asteraceae —
Rhaponticum uniflorum (L.) DC. u Serratula
centauroides L., — o001agaomme BLICOKHUM
cofiepKaHuEeM BKAucTepounoB [2]. JlaHHBIE
BUIBI NTPOM3pACTAIOT Ha TeppuTopuu Poccum
(Cubuppr n [anenuii Boctox) n CeBepHoii
MOHTOJTUY ¥ IIUPOKO MPUMEHSIFOTCS B TpaIu-
IIMOHHON THOETCKOM, KUTAMCKOW M MOHIOJIb-
CKOI1 MeITIIMHE KaK JIEKapCTBEHHbIE CPEJICTBA,
CHOCOOCTBYIOIIME TIOBBIIMICHHIO YCTOMYHMBO-
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CTH YeJloBeKa K NMCUXUYECKUM U (pU3NYecKuM
Harpy3kam [6]. CoracHo paHee MPOBEAEHHBIM
SKCHEPUMEHTANIBHBIM HCCIIEIOBAHUAM, 3KC-
TPAKThI CyXHe HaJ3eMHOM yact R. uniflorum
u S. centauroides TOBBILAIOT yCTOHYUBOCTD
opraHu3Ma K JEHCTBUIO MHTEHCHBHBIX (hU3U-
YECKHMX Harpy30K ¥ K KHCIOPOAIAC(PUIUTHBIM
COCTOSIHUSIM DAa3JIMYHOTO TeHe3a. YKa3aHHBIE
SKCTPAKThl  IOBBIMIAIOT  OPUEHTHPOBOYHO-
UCCIIEIOBATENIBCKYI0 aKTUBHOCTh, CHHXAIOT
YPOBEHb TPEBOXHOCTH U 3MOIMOHAIBHOCTH
JKUBOTHBIX, @ TaKXKe CTUMYIUPYIOT KOTHUTHB-
Hble QYHKIMH )KUBOTHBIX [4, 5].

Lenb nccnepoBaHus — mopdomnoruye-
CKas OLICHKA HEHPONPOTEKTUBHOTO IEHUCTBHUS
9KCTPAKTOB CYXHX, MOJYYECHHBIX M3 JIUCTHEB
R. uniflorum u S. centauroides, Ha poHe rurmo-
OapuyecKol TUIIOKCHU/PEOKCUTCHAIINH.

MaTtepuanbl u meToabl

OKCTpaKkThl CyXH€ MOJy4ald M3 BBICYIICH-
HOTO PACTUTENBHOTO  CBIPbS, COOPaHHOTO
B PecniyOnuke Bypsitust, —nucteeB R. uniflorum
(paza Oyronmzarmu, CelCHIHHCKUN paiioH,
2019 1) u nuctheB S. centauroides (ha3za Oy-
ToHM3auWu, WBonruHckuii paiion, 2019 r).
BeicylieHHOE ¥ M3MENBUEHHOE PacTHTEILHOE
CBIpbE JKCTpAarupoBaiu ABaxabl 60%-M sTa-
HOJIOM B YNbTpa3ByKoBoW BaHHe mpu 45°C
B TeueHue 60 MUH, MOCJe YeTro CIUPTOBOM DKC-
TPaKT KOHIEHTPUPOBAJIHM B BaKyyMe Jaocyxa
U u3Mensdany. s ocylecTBICHUs KoJlnye-
CTBEHHOI CTaHIapTH3ALH SKCTPAKTOB CyXHX
NPUMEHSUIN METOJ BBICOKOA(()EKTHBHON XpO-
Mmarorpaduu ¢ ynerpaduosneroBsiM (YD) ne-
TEKTHPOBAHUEM, C TIOMOILBIO KOTOPOTO OIpe-
JIensiau  conepxkanue 20-THAPOKCHIKAU30HA
[14, 15]. Conmepxanue 20-TuAPOKCUIKAN30HA
B U3y4aeMbIX CPEICTBAX COCTABUIIO HE MEHee
3% B 3KcTpakTe CyxoM R. uniflorum u He Me-
Hee 2% B IKCTpakTe CyxXoM S. centauroides.
[TpuHuMas Bo BHUMaHKe, 4TO HauboJee BbIpa-
JKEHHOE aHTUTUIIOKCHYECKOE BJIMSHHE HCIIbI-
TyeMmble (PUTOIKCTPAKTHI MPOSIBISIIOT B /103X
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100 u 200 mr/kr [3-5, 13], B maHHO# padote
UX BBOIWIM XMBOTHBIM B HauMEHbIIEH 3¢-
¢bexTuBHO# 103¢ — 100 MI/KT.

HccnenoBanus BeINONHEHHI Ha 32 cepTudu-
UPOBaHHBIX OeNbIX Kpbicax-camuax Wistar
ucxonHo maccoit 160-180 1, momydeHHBIX
u3 ¢wmana «Crondosasy ®I'BYH HIIBMT
®OMBA Poccuu. ConepskaHue >KUBOTHBIX COOT-
BeTcTBOBANIO «IIpaBmiam 1abopaTtopHOH mpa-
ktuku» (GLP) u [Ipuka3zy Munzapasa Poccun
Ne 1991 or 01.04.2016 . «O6 yTBepKICHUH
IIpaBun Hagnexameld JlaboparopHoil mpa-
KTUKIY. KpBICHI coepauch B OMHAKOBBIX
ycnoBusx, mo 10 ocobeii B KiieTke, co cBOOOI-
HBIM JIOCTYIIOM K muine u Bofe. Ilepen Hava-
JIOM 3KCIIEPUMEHTOB XKHBOTHBIX, OTBEYAIOLIIX
KPUTEPHUSIM BKIIIOYEHHUS B 3KCIEPUMEHT, pac-
NpeAessUId Ha TPYIHIBl C y4YeTOM IPUHIIU-
na paHAOMHU3ALUH. OKCIEPUMEHTAIBHYIO
paboTy OCYWIECTBISIIM B  COOTBETCTBHHU
¢ «IIpaBunamu, npunsaTeiMu B EBponeickoi
KOHBEHIMM T10 3aIUTE NMO3BOHOYHBIX >KHBOT-
HbIX» (Ctpacbypr, 1986 r.). IIpoTokon uccie-
JIOBAaHUS COINIACOBAH C STHUECKUM KOMHTETOM
O3B CO PAH.

JKuBoTHBIE OBUIM pa3ieieHbl Ha YeThbI-
pe TPyHIbl: MHTAKTHAs, KOHTPOJbHAA U JBE
ONBITHBIX. JKMBOTHBIM ONBITHOW Trpymmsl |
BHYTPIDKEJIYIOUYHO BBOAMIM IKCTPAKT CyXOH
R. uniflorum, onprrHoii rpymnnsl I[I — skcTpakT
cyxoit S. centauroides. Vccnemyembie cpen-
ctBa B 703¢ 100 MI/Kr BBOJMIM YXHBOTHBIM
B TeueHue 14-TM JHEH, mocieaHee BBEACHUE
ocymecTBsuid 3a 30 MUH 10 BOCTIPOU3BEIE-
HUS TUNo0apuyuecKoil rumokcuu. JKUBOTHbIC
WHTAKTHOW W KOHTPOJBHOW TPy MOJy4dasId
BOJY, OUMILIEHHYIO II0 aHAJIOTHYHOM cXeMme.
Ha 14-e cyT axcniepuMeHTa )KUBOTHBIX KOHTPO-
JIBHOM U OIBITHBIX I'PYIII IOABEPrad OCTPOU
THII00apUYECKON THUIIOKCHHU C TOCIeNyoNen
TpéxuacoBol peokcureHanueit. OcTpyro rumo-
0apHYecKyro THIIOKCHIO MOJICTTUPOBAIH Ty TEM
«TOZIbeMa» JTA0OPATOPHBIX )KUBOTHBIX B Oapo-
KaMEepHOW yCTaHOBKe Ha «BbIcOTy» 9000 M
cO cpemHel ckopocThio 50 M/C M Haxoxne-
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HUSI MX B 3TUX YCJIOBHAX B TeueHHe 30 MHH.
UYepes 3 1 mociie BOCCTAaHOBIICHHSI HCXOHOTO
pEeKUMa KHCIOPOIHOTO OOECIeueHHsT KpbIC
JIEKalTUTHPOBAIH N0/ 3(QUPHBIM HAPKO30M.

Marepuanaom s MCCIIENOBaHHUS CIYXKWIa
KOpa OOJIBLIMX MOJNYIIAPUI TOJOBHOTO MO3Ta.
l'ucronornyeckue cpessl, NPUTOTOBICHHBIC
M0 CTAaHJIAPTHOW METOIUKE, OKpAIIUBaK Kpe-
swiBKosaeroM o Huccmo. Mopgonoruueckue
n MOp(HOMETPUYECKUE HCCIICIOBAHUS KOPBI
OONBIIMX TMOJYIIAPUI TOJOBHOIO MO3ra Ipo-
BOJAMJIM C TIOMOIIBIO MHKPOCKOMA «AXio
LAB.Al» ¢ uudpoBoii kamepoit «AxioCam
ERcS5s» ¢ mporpaMMHBIM — oOecrieucHHEM
JUTsE aHasm3a u300paxenuit Axio Vision SE64
Rel.4.8.3 u ZEN 2012. Bo II-V cnosix kopbl
OONBIIMX TIONYLIAPUH OLEHUBAIIA CTENEHb
MOpa)keHUsI HEHpPOHOB IMyTEM mojcyéra Mpo-
LEHTHOTO COJIEPXKaHUsi HEHPOHOB, KOTOpBIC
muddepeHpoBan Ha YEeThIpe Kareropuu —
HOPMOXPOMHBIE, PE3KO THUIIOXPOMHBIE, PE3KO
THIIEPXPOMHBIE (MTMKHOTHYECKUE) U «KIIETKH-
TEHW».

Craructuyeckas oOpa0OOTKa MOITYyYEHHBIX
pe3yabTaToB MpPOBOIMIACH C IOMOLIBIO Ma-
keta mporpamm Statistica for Windows 6.0.
CrarucTUUecKUe  pa3iuyusi  OLICHHBAIH
¢ moMoupio t-kputepus CtbrofeHTa. Pazmiuust
CUUTAJM CTATHCTHYECKH 3HAYUMBIMU TPH JI0-
CTUTHYTOM YpoBHe 3HaunMocTu p<0,05.

Pe3ynkTaTthl M X 06cyxaeHue

Pesynerarel  Mopdosorudeckux uccieno-
BaHMI ITOKa3aiy, 4To Ha ()OHE THIIOKCHUU/pe-
OKCHI'CHALMM B KOpE OONBLIMX MOJYyHIapUii
Pa3BHBAIOTCS CTPYKTYpPHbIE H3MEHEHHS, XapaK-
TEPHU3YIOLIMECS YBEIMICHHEM KOJIMYECTBA pe3-
KO TUIEPXPOMHBIX MUKHOTHYECKUX HEWPOHOB
(B 5,5 paza), a TakKe HCHPOHOB C TOTAJTbHBIM
JIU3UCOM THTPOMIHOTO BeriecTa (B 3,5 pasa)
M0 CpPaBHEHUIO C JAaHHBIMU JKUBOTHBIX HH-
TaKTHOM Tpynnbl. B ominume oT mocneaHux,
B «KJIETKax-TCHSX», YUCIO KOTOPBIX Y KUBOT-
HBIX KOHTPOJIHOH TPYIIBI MOBBICHIOCH OT-
HOCHTEIBHO MHTAKTHOTO TMoKazareins B 9,0 pas,
Ha (oHE OJEeTHO OKpAIICHHON TIOMOTCHHOU
LUTOIUIa3MBI SIEPHbIE KOMIIOHEHTBI (MeMOpa-
Ha, SAPBIIIKO, XPOMATHH) HE KOHTYPHPOBAJIUCh.
Tena MUKHOTUYECKUX HEHPOHOB OBUIN YMEHB-
LIEHBI B pa3Mepax, a aluKaJbHBI HCTOHYCH-
HBIIl ICHAPUT MPOCIIEKHUBAIICS HA UTUTEIILHOM
paccrosiHuU (puc. a). IIMKHOTHUYEeCcKHe HeWpo-
HBI OTMEUYAJIUCh B OOJBIIMHCTBE ciayuacs B 111
1 V CIosiX KOpPbI, TOIZA KaK «KJICTKU-TEHI» —
1 dy3HO BO BceX ClosiX. SIBIEHUsI HEHPOHO-
(arny ¥ caremmTo3a OTMEYaIHCh EIMHUYHO,
YTO COMOCTAaBUMO C MHTakTOM. Onpenensics
MIEPUBACKYIISIPHBIA ¥ TIEPULICILTIONSPHBIN OTEK.
B sapax HOPMOXpOMHBIX HEHpPOHOB OTMeYa-
JIOCh CHI)KEHHE KOJIMYECTBA SIIPBIIICK M YBe-
n4yeHne o0beMa reTepoxpoMaTrHa.

Puc. Kopa 6onvuux nonywapuii 6ensix kpbic npu cunobapuyeckoli cunokcuu/peoxcuzenayui. OKpacka Kpesuneuonemom

no Huccmo. Ye. x200.

Ipumeuanue: a — sxcusommnoe KOHMpPOILHOU 2pynnvl; b — dcusomnoe, nonyuasuwiee sxcmpakm cyxou R. uniflorum;
¢ — dlcusomHoe, noyuaguiee IKCmpakm cyxou S. centauroides.

Fig. The white rat cerebral cortex under hypobaric hypoxia/reoxygenation. Nissl staining with cresyl violet. Magn. x200.
Note: a — a control animal; b — an animal having received R. uniflorum dry extract; ¢ — an animal having received

S. centauroides dry extract.
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Taénuya. Bausnue sxcmpakmos cyxux Rhaponticum uniflorum u Serratula centauroides na mopgomempuuecxue noxa-
3amenu Kopbl GOILUUX ROTYMAPULL OETbIX KPbIC NPU 2UNODAPUYECKOU SUNOKCUL/PEOKCULCHAYUU

Table. Effects of Rhaponticum uniflorum and Serratula centauroides dry extracts on the morphometric parameters
of the white rat cerebral cortex under hypobaric hypoxia/reoxygenation

HopmoxpomHble 96,1+0,42 86,9+1,05* 94,9+0,36** 93,7+0,42**
Pe3ko runoxpomMHbie 0,6+0,08 2,1+0,46* 0,2+0,11** 0,3+0,10**
Pe3ko runepxpomHble 0,2+0,01 1,1+£0,35* 0,7+0,23 0,6+0,19

«Knetku-TeHn» 1,1+0,09 9,9+0,76* 4,2+0,21** 5,4+0,41**

Ilpumeuanue: I'T/P — eunobapuyeckas 2unokcus/peokcuzeHayuss; * — pasiuyus CMamucmuyecku SHauuMbl Mexcoy
UHMAKMHOU U KOHMPOabHOU epynnamu npu p<0,05; ** — paznuyua cmamucmuyecku 3HA4UMbl MeXHCOY KOHMPOIbHOU U

onvimHoti epynnamu npu p<0,05.

Note: I'T/P — hypobaric hypoxia/reoxygenation; * — differences between the control and intact groups are significant
at p<0.05; ** — differences between the control and experimental groups are significant at p<0.05.

Ha ¢one BBeneHHs1 )KUBOTHBIM DKCTPAKTOB
R. uniflorum u S. centauroides B xope 0OBIITUX
MOJNyIIApUi HaOIIOAAINCh MEHee BhIPayKeH-
HBIE€ CTPYKTYpHbIE U3MEHEHUS 110 CPaBHEHUIO
¢ koHTposieM (puc. b, €): KOJINYECTBO MHKHO-
THYECKUX HEHPOHOB ObLI0 HIXKE Ha 36 u 45%,
pe3Ko THIOXPOMHBIX HeipoHoB — B 10,5
u 7,0 pa3, «xietrok-TeHein» — B 2,4 u 1,8 paza
cooTBeTCTBeHHO (Tabin.). Cpean HOPMOXPOM-
HBIX HEMpPOHOB OTMEYaJIUCh HEHPOHBI C yMe-
PEHHBIM TEPUPEPUUCCKUM THIIO- W THIEp-
XpOMaTO30M, 4YTO CBHJETEIBCTBYET 00 HX
(GyHKIMOHANBHOW akTHBHOCTH. Ha Mukpo-
mpemnaparax >KUBOTHBIX ONBITHBIX TPYII
«KIJIETKU-TEHUW» BCTPEYAIUCH B IOJIE 3PEHUS
€AMHUYHO, U, KaK CJICICTBUE, «MECTa OIyCTO-
LICHUI» MPH MaJIOM yBEJIHYEHHH HE OTMeda-
nuck. [lepuBackynsapslid 1 EpULEITIONAPHBIN
oT€KM OBbLI MEHEE BBIPAXKCHBI M0 CPABHEHHUIO
C KOHTPOJIEM.

OrpanudyeHue oOpa3oBaHMS y  JKHUBOT-
HBIX OINBITHBIX TPYII PErPECCHUBHBIX (GOpM
HEIPOHOB CBUETENBCTBYET O IOBBIIICHUU
YCTOMYMBOCTH TKaHEW TOJOBHOTO MO3ra K I'd-
MOKCHH Ha (pOHE NMPHUMEHEHHS HCCIIENyeMbIX
IKCTPAKTOB, YTO OOYCJIOBJIEHO COAEp)KaHHUEM
B R. uniflorum u §. centauroides mupoKoro
CreKTpa OMOJIOTHYECKH AKTHBHBIX BELICCTB!
SKANCTEPOUJIOB, (PIIaBOHOUIOB, TEPIIEHOUIOB,
(EHONMBHBIX M OPraHMYECKHX KHCIOT U T. 1.
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OKCIepUMEHTAIbHBIE MCCIIENOBaHUS MOKA3bI-
BAalOT BBIPAKEHHOE HEHPONPOTEKTUBHOE BIIH-
sIHUE (PUTODKANCTEPOHUIOB MPU TOKCHYECKHX,
JICTCHEPATUBHBIX M COCYJHMCTBIX MOBPEKIACHH-
X HepBHOH cuctemsl [8, 9]. CymiecTBeHHbIH
BKJIAJ B MPOSIBIICHUE HEUPONPOTEKTUBHON aK-
TUBHOCTH BHOCAT (P1aBOHOMBI, TEPIICHOUIBI
u (eHoIKapOOHOBBIE KHCIIOTHI, 00JIa/IafolIHe
QHTHOKCUJIAHTHOW  aKTUBHOCTBIO,  IIPEIIST-
CTBYIOLIIME TEHEPALMH W TOBPEKAAIOIIEMY
JICWCTBHIO aKTUBHBIX (JOPM KHUCIOpOJa U TeM
caMbIM MoBkIIIaonue 3GHEeKTUBHOCTh COMpsi-
JKEHUsI TKAHEBOTO JIbIXaHHsI U OKHCIIUTEIbHO-
ro ¢pochopunuposanus [7, 11, 12, 18]. Kpome
TOr0, MHOTOUYMCJICHHBIE HMCCIIEIOBAHUS TOKa-
3BIBAIOT, YTO JICKAPCTBEHHBIE PACTEHHS M HX
COC/IMHEHUS OKa3bIBAIOT HEHPONPOTEKTOPHOE
BIIMSTHHE 32 CYET PETYIUPOBAHHs OCIIKOB, CBS-
3aHHBIX C aHTHANONTO3HOM M MPOTHBOBOCIA-
JUTENIbHOM akTuBHOCTHIO [10, 16, 17].

Takum  oOpa3zom, wuccieayeMble — cpel-
CcTBa — DOKCTpakThl cyxue R. uniflorum
u S. centauroides — B DKCIEPHUMEHTAIbHO-

TepaneBTHYeCcKoi 03¢ 100 MI/Kr OKa3bIBalOT
BBIPAKEHHOE HEMPONPOTEKTUBHOE JCHUCTBUE
Ha (oHE TrUnodapUIECcKOil TUIIOKCUU/PEOK-
CUIeHAIlMW, OrpaHN4MBas o0pa3oBaHUE [H-
cTpouuecKy M3MEHEHHBIX U PErpecCHBHBIX
(hopM HEHPOHOB B KOpPE OOMBIIUX MOTYIIAPHIA
6eTBIX KpBIC.
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BeseneHue

I'unokcuueckue COCTOSIHUSA Pa3iIMYHOM ITU-
OJIOTHH SBJISIIOTCS CEPhE3HBIMU TTaTO(PU3NOIIO-
THYECKHUMH COCTOSIHUSIMHU, TPEMSTCTBYIONIH-
MU TIOJIHOIICHHOMY JICUEHUIO W TIPUMEHEHHIO
CTaHIAPTHBIX cxeM JeucHus. Jleduiur suep-
THH, JISKAIUH B OCHOBE JIF000H (pOPMBI THITOK-
CUM, TIPUBOIUT K KAYECTBEHHO OJHOTUITHBIM
METa0OIMYSCKUM U CTPYKTYPHBIM HM3MCHCHU-
sM [3, 4]. OnHuM U3 IpenaparoB, MOBBIIIAIO-
IUX YCTOWYUBOCTH K THUIIOKCUSAM DPA3IUYHOMN
STUOJIOTHH, SIBISIETCSI DModeH, OTHOCSIIUICS
Mo KJacCU(hUKAIMKA K €CTECTBCHHBIM KOMIIO-
HEHTaM JbIXaTeJIbHOM Lenu. SIBIsAsICh CHHTETHU-
YEeCKMM aHajioroM kodepMenTa Q v mpuHUMAas
HETOCPEACTBEHHOE YJacTHE B OKHUCIUTEIBHOM
dbochopunupoBanuu, DnodeH SBISCTCS 3BE-
HOM IIEMH INepeHOca 3JIEKTPOHOB B MHUTOXOH-
JIpUSIX U TIPUHUMAET y4acThe B BOCCTAHOBIIEC-
HUU aHTHUOKCUJIAHTHOW aKTUBHOCTU BUTaMHHA
E [2, 6]. Kodepment Q ywacTtByer B mepeHo-
ce anexktpoHoB ¢ NADH-neruaporenazHoro
U CYKIHHATICTHUAPOr€Ha3HOTO KOMILIEKCOB
Ha KOMIUIEKC YOMXHMHOI—IIUTOXPOM-OKCHIO-
PpeLyKTa3bl, HEIOCPEICTBEHHO yYacTBYS B CHH-
Te3e ageHosunTpudocdara [5]. [IpumeHenne
OnodeHa TO3BOJNSET BOCCTAHABIWBATH IPO-
I[ecC TEeHepalud MAaKpO3PTHYECKHUX MoJie-
KyJl, HapylIeHHbIH WM MpPEpBaHHBIA TEeMHU
WM UHBIMU TIATOJIOTUYECKUMH MPOIECCaMHU.

Llenbr pgannoro wuccienoBaHus ObUIO
OIpejieieHHe MapaMeTPOB OCTPOM TOKCHYHO-
CTH Tpemnapara DmnodeH.

MaTtepuanbl n meToabl
B 3KCHepI/IMeHTaX 6I)IJ'II/I HUCIIOJIB30BAHBI CaM-
k¥ MbIeii muauu Balb/c maccoii Tema 19+£2 T

64

mo 10 >xuBOTHBIX B rpymne. VICTOUHUK MOTy-
YEeHUs] KUBOTHBIX — (uinan «AHIpPEeBKay
OI'bBYH HIIBMT ®MBA Poccun. Jlns oueH-
KA OCTPOW TOKCHYHOCTH Mpernapar pacTBO-
pain B HHCTHHﬂHpOBaHHOﬁ BOAC, BBOJUIIN
BHYTPWIKEITYIOYHO C IOMOIIBIO MeTajulnye-
CKOT0 aTpaBMaTHyeckoro 3oH1a 18 G B 00béme
0,5 mMi1. BHYTpHOPIONIMHHO MpenapaT BBOIU-
Ji1 ¢ MTOMOIIBIO MHCYJIMHOBOTO IOIpHIAa B 06’1)-
éme 1 mut. JImuTenbHOCTh Meproaa HaOome-
HUs TIOCJIE€ BBEICHHUS Iperapara COCTaBWIIA
2 HCICIIN, B TCHCHUEC KOTOPBIX OCYIIECTBIIAIN
y‘IéT MOTHOIINX W BBDKUBIINX >KUBOTHBIX.
Juanazon uccnenyembix a03: 200-300-400—
500-600-800-1000—-1200-1500-2100 wmr/kr.
Uepes 14 cyT mocne Hayayia HCCIIETOBAHUS
BCC JXUBOTHBIC 6I:IJ'II/I BBIBCJICHBI U3 OIIbITa
METO/IOM JeKamuTanuu. B mpoOupku ¢ 3Tu-
JIeHIMaMHHTEeTpayKcycHOM kucnoroit (O[[TA)
OblTa B35Ta KPOBb JUIS I'€MaTOJIOTHYECKOTO
uccienoBanus. ['emaronoruueckue ucciemno-
BaHM OBLLIH IMMPOBEACHLI HA aBTOMAaTH4€CKOM
remarojiornyeckoM ananuzatope BC-2800
Vet («Mindray», Kwuraiif). Onpeznenenue mna-
paMeTpoB OCTPOH TOKCHYHOCTH TPOBOAWIIN
MeTomoM TmpoOuT-aHanuza 1o Jlutuduamy
1 YUIKOKCOHY; PacuéT IOJYJIEeTalbHOU J103bI
(JIA50) mpoeomunu 1o wmeroxay Kepobepa;
cpenHeapr(pMeTHIECKy0 OLIMOKY pacCUUThI-
Basu o hopmyiie I'ennema u coasr. [1].

Pe3ynbraTthl uccnegoBaHum
H3zyuenue ocmpoil moxcuuHocmu npenapa-
ma dnogen npu 6HympuOpIOWUHHOM 86€0eHUU
VY Mpllel, NOJy4YMBIIMX [03y Ipernapara
Onogen 800-1200 Mr/kr, CMEPTHOCTH cOCTa-
Bwia 100% B Teuenune 30 MUH. Y JKUBOTHBIX,
TMOJTYYHBIIUX 6onee BBICOKHC J103bI, B IICPBLIC
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CEeKyH/Ibl HAOIONAINCh TIOBBIIICHHAS JIBU-
rarenbHas aKTMBHOCTh M arpeccust ¢ Iocie-
JYIOIIUM HACTYIJICHUEM CYJOPOT, JJISIIAXCS
OT 5 MHUH U JI0 TIOJTy4aca, CMEPTh YaCTH JKUBOT-
HeIX B rpymne. [locne BBenenus B no3ax 300-
600 Mr/Kr KapTUHA TOKCHYECKOTO OTPAaBJICHUS
HacTyIlana y >KUBOTHBIX Cpa3y MOCIIE BBEACHHS.
Pe3ko cHmxkamach aBurareibHas aKTHBHOCTD,
HaOJIOAIOCh y4allleHHe IbIXaHUs U Ccepiie-
OueHMs, B3bEPOIINBAJIACH MICPCTh. JKUBOTHEIC,
MoJTy4uBIIKe 10361 Tpernapara 500—-600 mr/kr
u He norudmmue B nepsbie 30 MuH, ObUTH He-
MOJIBMYKHBI, B3BEPOIICHBI, OTMEYAINUCh OTKa3
OT €JIbl ¥ BOJIBI, ITUAHO3 KOXKU U CITU3UCTBIX 000-
JI09eK. Y KUBOTHBIX, MTOJyUUBIIHX JIO3Y Mperna-
para 200—400 mr/kr, HabIIOANOCH YTHETEHHOE
COCTOSIHHE, OTKa3 OT €]Ibl, yUaIEHHOE JIbIXaHHe
U cepaeoueHue; uepes 48 9 y 3THX KUBOTHBIX
OTMEYAJIOCh HEKOTOpOe YIIydllleHHe OOILero
COCTOSIHUS, MOSIBIISUICS aIlleTUT, HO IEPCTHBIN
MIOKPOB OCTaBaJCs B3bepolIeHHbIM. Uepes 72 u
1 B TedeHue cieayromux 10 cyT )KUBOTHBIE BbI-
JISIICHM KIIMHUYECKUMHU 3I0POBBIMH, TPOSIBIIS-
U HOPMAJIbHYIO JIBUTATENbHYI0 aKTUBHOCTbD,
anmneTut. Mpiu, noxyuusnime 103y 100 mr/kr,
HE OTIMYAJINCh OT KOHTPOJbHBIX J>KUBOTHBIX,
y HUX OBUT COXpaHEHbI alMeTUT, IBUraTeIbHAs
AKTUBHOCTb, INEPCTHBIA IOKPOB OCTAaBAJICA
TJIaIKAM.

[To maHHBIM BCKPBITHUSI U MaKpOCKOIHYE-
CKOTO HCCJIEIOBaHMsI BHYTPEHHHX OPTraHOB
MaBIIUX UBOTHBIX OTMEYEHO YBEIUMUCHHE
pa3Mepa TEYEHH M CeNe3E¢HKH OTHOCHUTEIb-
HO KOHTPOJIbHBIX XUBOTHBIX. [Ipu BHeurHEM
OCMOTpE LIepPCTh ObUIAa TYCKJIOH, B3bEPOIICH-
HOHM, HEOINpATHOro BuAa. Buaumele ciauzu-
CTble 00OJIOUKHM OBLIH OJETHBIMH, TTaJIKHMH.
Brinenenus M3 eCTECTBEHHBIX OTBEPCTUN OT-
CYTCTBOBAJIH.

JII84 u JIA16, ompenenéHHbIE METOAOM
npobur-anaau3a, coctaBmin 220 u 490 mr/xr
JKUBOM MaccChl TeJIa COOTBETCTBEHHO. CpeHsis
ommOKa cpeaHed g03bl  d(dekra, BHIYUHU-
cienHas mo Qopmyie: MEdSO=KxExd/10
(rne K — mocrosiHHbI MHOXHUTENL = 0,606;
E — ocHOBHOE OTKJIOHEHHE, OIpeJensIeMoe
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Kak nonypasnocts 1/2x(JI[A84 — JIA16); d —
HHTEpBaJI MEXKAY 103aMH), — cocTaBmiIa 32,5.
JIJ150, paccuntannas mo merony Kepbepa, co-
craBmia 350 Mr/kr.

H3yuenue ocmpoti mokcuuHocmu npenapa-
ma 2nogen npu GHYmpuiCceryO04HOM 86e0eHUU

[Mocne BBeneHus DnodeHa y )KMBOTHBIX, TIO-
Jy4aBInmuX J03el npenapara 1000—1500 mr/kr,
4yepe3 5 MUH T0CIe BBEACHHS ObUTH 3a(UKCH-
POBaHbI KOHBYJIbCHH, TPOAOJDKABIINECS B Te-
yeHne 5-30 MUH O MOMEHTa HACTYyNJICHHUS
CMEPTH YacTU MbIIIEH. Y MBbIIIEH, MOJIy4UB-
mmx 7036l npenapara 500-800 mr/kr, yepe3 He-
CKOJIBKO MHUHYT II0CJIE BBEJCHUS Pa3BUBAJIOCH
CHJIHO YTHETEHHOE COCTOSIHUE, MBIIIN CXKH-
MaJUCh B KOMOK, MIEPCTHBIM IMOKPOB ObLI
B3BEPOIICH, OTMEYAIOCHh yYalICHUE JbIXaHUs
U cepaueOneHus, B TEUSHHWE CYTOK OTMeda-
Jach THOENb YacTH )KUBOTHBIX. Y JKMBOTHBIX,
noyuuBInux 10361 200—-400 Mr/Kr, CHU3MIACH
JIBUTaTeNIbHAs aKTUBHOCTH B MepBbie 12 4 mo-
cie BBeAeHUs. [lo JaHHBIM BCKPBITHS, MPO-
Be/IEHHOTO cpa3y IOCJE€ CMEPTH JKHBOTHBIX,
U MaKpOCKOITMYECKOTO HCCIEOBaHUs BHY-
TPEHHHUX OPraHoOB, Pa3UYUil MEXIy >KUBOT-
HBIMH, TTOJYYMBLIMMH Pa3IM4HbIC J03bI Ipe-
rapara, He YCTaHOBJICHO, KPOME YBEIHUCHUS
MICYCHHU.

JII84 wu JII16, ompenenéHHblE METOAOM
npobur-ananusa, coctasmind 500 u 890 mr/kr
JKMBOM MAaccChl Tella COOTBETCTBEHHO. CpenHss
ommubka cocraBuma 32,5. JIJI50 cocraBuia
690 Mr/kr.

Uepe3 14 npHeit mocie OKOHYaHUS SKCIIe-
pUMEHTa BCE J>KUBOTHBIC OBUIM BBHIBEICHBI
U3 OKCHEpHMEHTa METO/IOM JICKalUTAalUH;
B npobupku ¢ JATA Obina B3ATa KpOBB
JUISL TeMaToJIOTHYECKOro HccienoBanus. Bee
nokasarenu ObUIM B mpesenax (pU3HOJIorHye-
CKOM HOPMBI.

BbiBoabI

B xome wuccnemoBanus ObLIO YCTaHOBIEHO,
YTO W3y4yaeMbIM Mpernapar OTHOCHTCA K 4-My
KJIACCy YMEPEHHO TOKCHYCCKHX BEIECTB B COOT-
BerctBur ¢ [OCT 12.1.007-76 «Knaccudukarms
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u obme TpeOoBaHus Oe3omacHocTY. Tak,
JIJIS0 mpu BHYTpHXKETYIOUHOM BBEJCHUH CO-
craBuna 690 Mr/kr xuBoit Macchl Tena. [1pu BHY-
TpuOptommHHOM BBeaenuu JIJI50 cocraBuna
350 mr/kr >xuBoi Macchl Tena. VccnenoBanue
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BeeneHune

B mocnenHue roapl coBpeMEHHOE OOIecT-
BO MOCTOSHHO TIOIBEPraeTcsl BO3JEHCTBHIO
CTPECCOTeHHBIX (PaKTOPOB HH(OPMAIIMOHHOTO
XapakTepa (MCIONb30BaHHE COLMANBHBIX Ce-
Tell B NMOBCEIHEBHOM OOIIEHHM, POCT YHUCIA
WH(QOPMALMOHHBIX ¥ KOMMYHHUKAaIMOHHBIX
CHCTEM, NPUMEHEHHE KOMITBIOTEPHBIX TEXHO-
JIOTUH, MOOMJIBHBIX CPEACTB OOLICHUS U JIp.),
YTO MPUBOAUT K UCTOIICHUIO aalTallHOHHBIX
BO3MOXXHOCTEH OpraHm3ma M pa3BUTHIO (YHK-
IIUOHABHBIX HAPYIIEHUI CO CTOPOHBI CUCTEM
opraHu3ma, B 4aCTHOCTH MMMYHHO# [2, 3, 5,
10, 12].

PaccmarpuBas MexaHM3MBI DPa3BUTUS Ha-
pYLIEHUN CO CTOPOHBI UMMYHHOH CHCTEMBI
B YCIOBHUSIX CTPECCOT€HHOTO BO3JEHCTBHA,
HEOOXOIMMO 0C000 OTMETUTH POJb OKHCIIH-
TENBHOTO CTpecca, COMPOBOXKIAIOIIETOCs He-
KOHTPOJIUPYEMBIM  CBOOOJHOPATUKAIBHBIM
okucieHneM. [10 MHTEHCHUBHOCTH ATHUX H3Me-
HEeHUM, 00pa3yIOMINXCS MPHU OKUCIUTEITBHOM

68

cTpecce, MOXKHO CYIUTh O KOMIIEHCATOPHO-
MPUCTIOCOOUTENBHBIX MpoIleccax OpraHu3-
Ma TpU Pa3BUTHUU PA3IMYHBIX IaTOJIOTHYE-
CKHX COCTOSTHHM, BBI3BAaHHBIX B T. Y. B OTBET
Ha CTpeccOoreHHoe Bo3jaeiicTBue. B cBa3m
C TeM, 4TO CTPECCOPHBIC PEAKIIMU SIBISIOTCS
YHUBEpCAJIBHOM Hecnenu(puyeckod 4YacThbio
OONBIIMHCTBA MAaTOJOTMYECKUX COCTOSHHM,
HCCIIeJOBaHWE JAEHCTBUSI CTpecc-(aKTopoB,
B T. 4. UH(QOPMALMOHHBIX, Ha (YHKINOHAIIb-
HYI0 AaKTUBHOCTh HMMYHOKOMIIETEHTHBIX
OpPTraHOB SBJSIETCA TNEPCIEKTUBHBIM M aKTy-
anpHbIM [14]. Hapsny ¢ 3TUM TOMCK YHH-
BEpCAJBHBIX OHUOPETYJISITOPOB, CIIOCOOHBIX
OKa3bIBaTh BOCCTAHaBIIMBAlOIlee JeicTBHE
Ha HMMYHOKOMIIETEHTHBIC OpraHbl, NPHUBO-
Il K HOpMaJM3alM AucOaiaHca B CHUCTEME
MIPO/aHTHOKCUAAHTOB B YCJIOBHSX CTPECCO-
TEeHHOTO BO3JCHCTBUS, ABISICTCA BaKHBIM
1 aKTyaJbHBIM HallpaBJICHHUEM COBPEMEHHOU
SKCIIEPUMEHTAILHON MeTuINHEI [6, 8, 18, 19].
B kadecTBe MepCHEKTUBHBIX CPEACTB KOPpEK-
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LUU CTPECC-UHAYLUPOBAHHBIX HAPYILICHUI
WMMYHHOH CHCTEMBI HWHTEpEC Npe/CTaBIIsA-
0T HeﬁpOHeHTHI[LI, OTHOCAIHECA K I'pyIne
MenanokoptuHoB: Cemakc (AKTI'(4-7)-Pro-
Gly-Pro), 3aperucrpupoBaHHBIIl Ipemnapar,
KOTOpPOMY TNPHHJICKHUT BaKHAs pOJIb Cpe-
1 W3BECTHBIX PEryasTopoB romeocrasa [1,
2, 10, 16, 17], u HOBBI aHaAJOT (hparMeHTa
aapeHoKopTukoTpornHoro ropmona (AKTI) —
AKTT(6-9)-Pro-Gly-Pro. B nHactosimee Bpemst
WCCJICZIOBaHMUS, HaIpaBJICHHbIE Ha pacumpe-
HHE crHekTpa (hapMaKoJIOTHYECKUX CBOMCTB
MEJIAHOKOPTHHOB, aKTUBHO ITPOJIOIKAIOTCSL.

Llenbro uccienoBanusi SBUJIOCH W3y4YEHUE
BJIMAHUA MCJIAHOKOPTUHOB HAa HHTCHCUBHOCTD
nepekucHoro oxucienus junugaos (I10JI),
AKTHBHOCTH KaTalla3bl B THMYCE M Cele3EHKe
KpbIC-CaMIIOB B YCJIOBUAX OKCICPUMCHTAJIb-
HOW MOIeTH HH(POPMAIMOHHOTO CTpecca.

MaTtepuanbl u MmeToabl

HccnenoBanusi  BBHINOJHEHBI Ha  OeJbIX
HEJIMHEHHBIX KpBICAaX-CcaMIlax B BO3pacTe
6—8 mec., maccoit 250-350 r, moITy4eHHBIX
n3 BUBapus Jaboparopuu (usnonoruu, mMop-
¢donorun, reaetuku u onomenuiuasl IEOY
BO «AcrpaxaHckuil ToCy1apCTBEHHBIH Meau-
LUHCKUK yHUBepcureT» Munsapasa Poccuu.
Ha npotspxkeHnM Bcero sKCIeprUMEHTa JKHUBOT-
HBIX COJIEPKaJIU B CTAHJAPTHBIX YCIOBUSAX BH-
Bapus ACTpPaxaHCKOTO TOCYJapCTBEHHOIO Me-
JUIIMHCKOTO YHHUBEPCUTETA. DKCIIEPUMEHTHI
MPOBOAMIN B COOTBEeTCTBUHM ¢ Ilpukazom
Munsnapasa Poccuu Ne 1991 ot 01.04.2016 .
«O0 ytBepxkaenuu I[lpaBun Hamiexamei a-
OoparopHoii mpakTuku». JlaboparopHsie Xu-
BOTHBIC ObLIH pa3ziencHbl Ha 4 rpymmsl (n=10):
IpyMIia HHTAKTHBIX CaMIOB, KOTOPBIE MOTyYa-
JM B DKBUBAJICHTHOM O0OBEME BONY JUIS MHbB-
eKI1I BHYTPUOPIOIIMHHO; TPYIIIa )KUBOTHBIX,
Ha KOTOPBIX BOCHPOU3BOJMIN MOJIeNb HH(Op-
MAaIMOHHOTO CTpecca M KOTOpbIe BHYTPHOPIO-
HIMHHO TMOJYy4Yald B SKBUBAJCHTHOM OOBEME
BOAY AJS MHBEKIMH Ha mpoTshkeHuH 20-Tu
JTHEeH; 2 OMBITHBIE TPYIIBI KPBIC-CAMIIOB, IO-
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nyuasimx Cemakc 1 AKTT'(6-9)-Pro-Gly-Pro
B 7103¢ 100 MKI/Kr/cyT Ha (hOHE CTPECCOrCHHO-
ro Bozzeiicteust (20 queit). HbopMamoHHbII
CTpeCcC MOIEIUPOBAIN ITyTEM (HPOPMUPOBAHUS
HI/IHIG]IO6I)IBaTeJ'H)HOFO IIOBECACHUS B MHOI'O-
ansTepHaTuBHOM sabupunte [11]. JIns ycnox-
HCHUA 3aJaydu, MOCTAaBICHHOMN nepea KuBOT-
HBIMH, CTPYKTYPY JaOMPHHTA MEHSUTH KaX JIbII
neHb. Jns ompenenenus mokazatenei [1OJI
(MCXOMHOTO COJepPXKaHMsI MaJOHOBOTO IHalb-
neruna (MJIA), ckopocTH CIIOHTAHHOTO U ac-
kopbar3zaBucumoro [10JI (ACK-3aBrcumoro
ITIOJI)), a Taxke ISl OLIEHKH AaKTUBHOCTH
Karajasbl B TOMOT€HAaTe TUMycCa U CeJe3EHKU
OKCIICPUMCHTAJIbHBIX KUBOTHBIX MNPHUMCHS-
JU CTaHIApTHBIE CHEKTPO(OTOMETPUIECKUE
MeTonbl [9]. PesynbraThl sKcrepuMeHTa CTa-
TUCTUYECKU 00pabaThiBaJii C HCIOJIB30BAHU-
em nporpamMm Microsoft Office Excel 2007
(«Microsoft Corp.», CIIIA), BioStat 2008
Professional 5.1.3.1 («AnalystSoft», CIIA).
Jnst 06paboTKU MONMYyYEHHBIX PE3yNbTaTOB UC-
MOJIb30BAJIM MapaMeTpU4ecKkuii MeTon (orpe-
nenenue t-kputepus CThIOACHTA C TONPaBKON
Boudepponn). CTaTUCTHYCCKH 3HAYUMBIMU
pazmuuus cuutanu npu p<0,05.

Pe3ynbTaTthl M X 06cyxaeHue

B Xone npoBeaéHHOrO IKCIIEpUMEHTa Y KH-
BOTHBIX, NOABCPraBUINXCA BOSL[CﬁCTBI/IIO HH-
¢dopmanmoHHoro  crpecca,  HaOMOOANOCh
yBeNIUUeHHe CKopocTd crnoHTanHoro I1OJI —
Ha 30% (p<0,05), ACK-3aBucumoro [1OJI —
npaktrdecku Ha 40% (p<0,01), a Tarke wuc-
xoxHoro ypoBHst MJIA B cenezénke — Oonee
yem Ha 40% (p<0,01) (puc. 1). Cnenyer otme-
TUTb, YTO B YCJIOBUAX OJSKCIIECPUMEHTAJIbHOIO
MH(OPMAIIMOHHOTO CTpecca OTMEedaeTcsl 3Ha-
YUTCJIBbHOC IMOBBIIICHNEC aKTUBHOCTHU KaTajla3bl
B cpeHeM B 2 pa3za (p<0,001) oT KOHTPONBHBIX
3HAYECHUH, YTO B CBOIO O4YEpelb CBHIETEIb-
CTByeT O (HOPMHUPOBAHHHM OKUCIUTEIBHOTO
cTpecca.

B YCIOBUAX BBECACHUA MCJIAHOKOPTUHOB KU~
BOTHBIM, MOABEPraBIInMCs BOSHeﬁCTBHm HH-
(hopMaIMOHHOTO cTpecca, HabIIaI0Ch CHU-
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ungopmayuonnozo cmpecca.

Fig. 1. Effects of the studied neuropeptides on lipid peroxidation and catalase activity in the spleen of male rats exposed

to informational stress.

xerne nokasareneit [10J1 B cenesénke (puc. 1).
B ycnoBusix BBemenusi CeMakca HUCXOIHBIHM
ypoBeHb M/JIA nonmxaincs 6osnee ueM Ha 40%
(p<0,001) B cpaBHEHMH C YpOBHEM JAaHHOIO
TMOKa3aressi y )KUBOTHBIX, ITOABEPTIIMXCS BO3-
JieicTBHIO MH(OPMAIIMOHHOTO cTpecca. MeHee
akTuBHBIM okazaics AKTI(6-9)-Pro-Gly-Pro,
cHIKast ypoBeHb TBK-peakTHBHBIX IPOIYKTOB
y KMBOTHBIX, TTOJBEPTaBLUIMXCS BO3JCHCTBUIO
MH(OPMAIIMOHHOTO ~ CTpecca, IPaKTHYeCKU
Ha 30% (p<0,05). [Ipu uzydeHuu nEHUCTBUS
MEJIaHOKOPTHHOB Ha MIOKA3aTeIH CIIOHTaHHOTO
n ACK-3aBucumoro IIOJI B cene3énke Kpbic-
CaMIIOB B YCJIOBHSX HH(POPMAIIIOHHOTO CTpeC-
ca ObLJIO YCTaHOBIJIEHO, YTO U3ydacMble HEWpO-
MENTHHbIE COCAWHEHHS CIOCOOHBI CHIKATh
YpOBEHb JAaHHBIX IOKa3areneil B cpeaHeM 06o-
nee yeM Ha 30% (p<0,01). IIpu ouenke moka-
3aTefiell akTMBHOCTH KaTajas3bl B TOMOI€Hare
cele3EHKH B IPYIIax )KHUBOTHBIX, [TOTYyYaBIIHX
Cemakc u AKTI(6-9)-Pro-Gly-Pro Ha ¢one
BO3JCHCTBUST MH(OPMAIIMOHHOIO CTpecca, Ha-
OJIOIaNIOCh CHIDKEHHE M3Y4aeMoro IoKasare-
151 B cpenneM Ha 30% (p<<0,01).

OJIHUM M3 JTaroB UCCIEAOBaHUS OBUIO M3-
yueHHe BIUSHUS MH(GOPMAIIMOHHOTO CTpecca

70

Ha MPOLIECCHI IEPOKCHIAIINY B TUMYCE, B XO/I€
KOTOPOTO OBLIO OMpeneieHo (HOPMHPOBAHHE
HMMYHHOTO JucOaiaHca, IMpOSBISIOIIETOCS
YBEIMYEHUEM CKOPOCTH TIOKa3arejied CIOH-
tanHoro 1 ACK-3aBucumoro I1OJI, a Taxxke
ucxogHoro yposHs MJIA 6onee uem Ha 40%
(p<0,01) (puc. 2). CnexyeT OTMETUTH TOBBI-
LIEHHE aKTMBHOCTH KaTasia3bl B TPYIIIE CTpec-
CHUpPOBAHHBIX XKMBOTHBIX Oonee deMm Ha 30%
(p<0,01). Y xpbic-caMIIOB, MOJBEPKEHHBIX
BO3JIEHCTBHIO HMH(OPMAIIMOHHOTO CTpecca,
B TOMOI€HaTe THMyCa OTMEYaJoCh CHHIXKE-
HUE€ HCXOMHOTO ypoBHS MJIA mom BIUSHU-
em Cemakca mpaktudecku Ha 40% (p<0,01),
nox BiausaueM AKTI'(6-9)-Pro-Gly-Pro —
Ha 30% (p<0,01). B xone uzydeHus HeHpormern-
THJIOB B YCIJIOBUSIX MH(OPMALMOHHOTO CTpEC-
ca ObUIO ycTaHOBIEHO, YT0 CeMaKc MpOsIBHII
ce0si kak 3 QPEKTUBHBII HNMMYHOKOPPEKTOP,
MOAABIISISl CTPECC-PEaKTUBHBIE MPOSIBICHUS,
cHIDKas ckopoctTh crnioHTanHoro [10JI u ACK-
3aBucumoro [10JI B cpeauem Ha 40% (p<0,01)
B TOMOI€HATe THUMYyCa >KHBOTHBIX OIIBITHBIX
rpymn. B ycnoBusix  AKTI(6-9)-Pro-Gly-
Pro ckopocths cniontanHoro I1OJI cHusunacek
6onee yem Ha 30% (p<0,01) B cpaBHeHHMH
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Fig. 2. Effects of the studied neuropeptides on lipid peroxidation and catalase activity in the thymus of male rats exposed

to informational stress.

C JKMBOTHBIMH, TOJABEPraBIInMCs BOSHeﬁCT-
BUI0 MH(OPMAIIMOHHOTO CTpecca, a CKOPOCTh
ACK-3aBucumoro  IIOJI  BoccTaHOBMIIACH
J10  KOHTPOJIBHBIX 3HaYeHUH. AKTHBHOCTH
KaTaJia3bl 1OJ BJIHUAHUEM MCIIAHOKOPTUHOB
CHHU3WJIACh B cpefaHeM mpaktuueckd Ha 40%
(p<0,01) mo cpaBHEHHIO C TPYMION >XUBOT-
HBIX, ITIOABEPKEHHBIX CTPECCY.

HOHy'—IeHHI)Ie JaHHbIC CBUJACTCIILCTBYIOT
O Hagu4Yud BBIPAXKCHHBIX CTPECC-TIPOTEK-
TOPHBIX U HMMMYHOMOIYJIMPYIOIIUX CBOMCTB
kak y Cemakca, Tak ¥ Y HOBOTO COEIMHEHHUS
n3 rpynnsl  MenaHokopTuHoB  AKTI'(6-9)-
Pro-Gly-Pro, 4to Beipakajioch B OIABICHUN
AKTHBU3UPOBAaHHBIX IPOIYKTOB CBOOOIHO-
panuKaIbHOTO OKUCIEHUS. BakHO OTMETHTH,
yTo BiusiHMe CemMakca Ha UMMYHHYIO CHUCTe-
My HaOIIoJanoch M paHee: OBUIO JOKa3aHO

HMMYHOKoppurupymouiee neiicteue Cemakca,
CIOCOOHOTO BOCCTaHABJIMBATh HapyLICHUs
CO CTOPOHBI MUMMYHHOH CHCTEMBI, 4TO IOJ-
TBEP)KIAETCS U HAIIMMH HCCIIETOBAHUAMHU

[1’ 27 65 9]'

BbiBOoabI

Takum 00pa3oM, aKkTyaJbHOCTb HAay4HBIX
M3BICKaHUH B 00JIACTH MMMYyHOpEarnpoBaHUs
B YCIOBUSX CTPECCOTCHHOIO BO3ICHCTBUS
CBHJETEIBCTBYET O HEOOXOAUMOCTH TMOHCKa
BEUIECTB, OKA3bIBAIOIIUX CTPECCIPOTEKTOPHOE
U HMMMYHOMOAYIMPYIOLEE ACHCTBUE, Cpelu
CPEACTB HEWPONENTUIHON IIPUPOABL, KOTOPBIE
XApaKTEPU3YIOTCS IIUPOKUM CIIEKTPOM JEMCT-
BUs, YTO ONpENENAET IEPCIEKTUBHOCTD Jallb-
HEHUILEro U3y4YeHHs C LEbI0 MOCIEAYIOLIEro
IIPAKTUYECKOTO IPUMEHEHUS B MEULIMHE.
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