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ITpusemcmaue eAaBHO20 pedakmopa

[IpuBeTCcTBUE TAABHOIO pepAaKTOpa

Irybokoysamaembie korre2u!

Bropoit Homep xypHaaa «VIHTerparuBHast GpU3MOAOrMSI» BBIXOAUT B TPEBOKHOE AASI BCETO
MIMPOBOTO CO001IlecTBa BpeMsl TaHAeMuy KopoHaBupycHoit uHpexuyu COVID-19.

JKepTBamu KopoHaBMPYCHOM MHMEKLINY CTAHOBSITCS AIOAV BCEX BO3PACTOB, IIPY 3TOM BBIAEASIIOTCS
TPYIIIIBI PUCKA, Y KOTOPBIX 3200A€BaHNE IIPOTEKAET TSHKEAO Y MOXKET IIPUBOAUTD K A€TAABHBIM MICXOAAM.
HaAnume comyTCTBYIOIMX XPOHMYECKIX 32a00A€BaHNIT, KOTOPbIE Y TO>KMABIX AIOA€V BCTPEYaroTCs Yallle,
BHOCUT BECOMBII1 BKAQA B HEOAAQroNpUATHOE TeuyeHue 00Ae3HU. DTU 00CTOATEABCTBA MTOAUEPKUBAIOT
HEOOXOAMMOCTD Pa3BUTHUS MHTETPATMBHON (PU3MOAOrMM, KOTOpasl HalleA€Ha Ha ITOHMMaHue, KaKUM
00pa3oM Ka’KABIIl KOMIIOHEHT OpraH/3Ma paboTaeT Kak YaCThb, MHTETPUPOBAHHAS B €r0 GYHKLMOHUPO-
BaHIeE KaK eAVHOTO LIeAOT0, B 3A0POBbe 1 00AE3HIL.

[ToMMMO MaryOHOTO AEMCTBUSI HA 3AOPOBbE AIOAEN CaMOIl KOPOHABUPYCHON MHPpeKLuy, HebAaro-
MIPUSTHBI M TOCAEACTBYS BAUSHMSA TPEBOKHOM CUTYALIMM U BBIHY>KAEHHBIX YCAOBMI CAMOM3OASALIUN.
ITO AOA’KHO PAaCCMATPUBATbCS KaK HOBBIN BBI30B HE TOABKO AASI KAUHULIVICTOB, HO U AASI GM3MIOAOTOB.
OueBUAHBIM CTAHOBUTCSI HEOOXOAMMOCTb MHTEHCUBHOTO MPOAOAXKEHMS PU3MOAOTMYECKUX UCCAEAO-
BaHMIT B 00AACTU CTpecca U MOCTTPaBMAaTUYECKIX CTPECCOBBIX PACCTPOIICTB C BHIXOAOM PE3YABTaTOB
9TUX VICCAEAOBAHUI B IIPAKTUKY.

ITpuBeTCTBYS unTaTEAEN BTOPOrO HOMEpa )XypHaAa «VIHTerparuBHasi puanoAOrus», BBIpadkalo Ha-
AEXKAY Ha TIOAy4YeHMEe PYKOIIMCell, COAepPYKALIIX HOBBIE 3HAHMS O PU3MOAOTMYECKMX IIPOLIECCaX Opra-
HU3Ma, SIPKO MAAIOCTPUPYIOLIVX 3HAUMMOCTb MHTETPATUBHON (PU3MOAOTUU AAST MEAVLIVHBI M 3APABO-
OXpaHeHVsI.

C 6AaropapHOCTBIO KO BCEM, KTO CAEAAA PEAABHOCTBIO BBIITYCK BTOPOTO HOMepa )XypHaAa «VIHTe-
rpaTuBHAs GU3MOAOTHS».

C yBaxmeHnuem,

2AABHbLLL peOaKmop
A. II. Qurapemosa

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 2 81
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Annomanyus. 3anrMasich ¢ 1901 ropa Bonpocamu $Gu3MOAOrMY BBICLIEN
HEpPBHOI AeSITEABHOCTU >KUBOTHBIX, VIBaH [TeTpoBuu [TaBAOB 0AHOBpeMEHHO
CTaA yAEASATb O0ABIIIOE BHUMAHIE (U310AOIMYECKOMY HOHMMAHIIO ICUXINYECKOM
AESITEABHOCTU YeAOBEKa B HOpMe U ITpU pa3AnyHbIX matosorvsix. C 1918 ropa
OH Hauaa noceuarb [lcuxmnaTpuyeckyo 60ABHULY B YAEABHON, a MO3XKe
M3y4aA UCTOPUY 6OAE3HEN TALMEHTOB ICUXUATPUIECKON KAMHUKY YKeHCKOro
mepmpuHckoro nHetutyTa. K 1930-M ropam B Aaboparopusix [TaBaroBa 6bia
HaKOIIA€H OIPOMHBIN OIIBIT MICCAEAOBAHUI BBICLIEN HEPBHOI AESITEABHOCTU
JKMBOTHBIX HE TOABKO B HOPME, HO U IIPU pasAanyHbIx naroaorusx. C 1920-x
TOAOB Y TIOAOIIBITHBIX COOAK C MMOMOIIBIO PAa3AMYHBIX PAa3APKUTEAEN U MX
COYeTaHMI YCIEIIHO BbI3bIBAANCDH SKCIIEpMMEHTAAbHbIE HEBPO3bl. BpIAO
AOKAa3aHO, YTO CMAQ U TAYOMHA HEBPOTU3ALMU 3aBICEAA OT TUIA HEPBHOM
cucrembl cobaku. Kaaccubukanus sTux Tumnos, no muenuo [TaBAoBa,
BO MHOT'OM COBITaAaAa C KAQCCUYECKOU KAacCUUKalMeil TeMIIEPAMEHTOB
rno I'mnmokpary (dbAermaTuk, CAaHIBUHUK, XOAEPUK U MEAAHXOAMK).
DKCcIeprMeHTaAbHbIE HEBPO3bI ACUMAY PA3AUYHBIMU MeTOAAMU (OpOMUCTBIE
MperapaTsl, IepPePbIBbl B SKCIIEPUMEHTAX U T. I.). YBEpEeHHOCTb [laBAOBa
B TOM, YTO HAKOIIA€HHBII OIBIT M3y4EeHU NMAaTOAOTMYECKUX IIPOLIECCOB
B BBICIIEIl HEPBHOI AEATEABHOCTU KUBOTHBIX MOKET OBITh IPUMEHEH AAS
YCIIELHOT O Ae4eHNsT OOABHBIX HEPBHBIMU U IICUXNYECKUMMU 3a00AEBAHUSIMIY,
IpyBeAa K CO3AaHMI0 6 OKTA0psi 1931 ropa npu VIHCTUTYTe SKCIIepYMEHTaABHOM
meputysel (MI9M) OTpesa maTodus3noAOTHHM BICIIEN HEPBHOIT AESITEABHOCTH
yeAoBeka. [Ipy HeM OBIAM OTKPBITHI AB€ KAMHUKM — MCUXMATPUIECKasi
U HEpPBHAs, B KOTOPBIX pasBepHyAach paboTa Mo A€YEHUIO MALMEHTOB
COBMECTHBIMMU YCUAVISIMU IICUXUATPOB U (pr3MOAOTrOB. BriepBbie B 0TeueCTBEHHO
HEBPOIMATOAOTUU CTAA TIPOBOAUTHCS PUBMOAOTUYECKUIT PAa3OOP HEPBHBIX
U IICUXMYECKMX 3a00A€BaHUIT, TAKMX KaK HEBPACTEHMSI, ICUXACTEHVSI, UCTEPUSL,
a TaKoKe MM30(peHNst, HAPKOAEIICYS, MAHMAKAABHO-AETPECCUBHBII TICUX03
u Apyrue. B pe3yabraTe OblA AQH Pa3BEPHYTHIN ATOPU3MOAOTMYECKMI aHAAN3
6oaee yem 200 maiMeHTOB, IPOXOAMBIINX AeuyeHe. CTeHOIPaMMbl KAMHIYECKMX
3acepaHni ObIAY OITyOAMKOBaHBI B 19541957 IT. B BUAE TPEXTOMHOIO UBAQHUS
«ITaBAOBCKIME KAMHUYECKUE CpeAbD» (1931-1936 rT.).

Kamwuesote crosa: V1. T1. TTaBAOB, ucTOpUst PUBUOAOT UM, UCTOPYSI HEBPOAOTUH,
VCTOPUS NCUXMATPUN, KAUHVUKY VIHCTUTYTa SKCIIePUMEHTAABHO MEANLIVHBL
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Nutepec . I1. [laBAoBa K HeBpoAOTUU

Saint Petersburg 199034, Russia

Abstract. Having studied the physiology of higher nervous activity in animals
since 1901, Ivan Petrovich Pavlov simultaneously began to devote great
attention to the physiological understanding of human mental activity
in normal conditions and in various pathological states. In 1918 he began
to visit the Psychiatric Hospital in Udelnaya, and later studied the patient
histories in the psychiatric clinic of the Women’s Medical Institute.
By the 1930s, Pavlov’s laboratories had accumulated vast experience in studying
animal higher nervous activity not only in the norm, but also in various
pathologies. Since the 1920s, experimental neuroses were successfully induced
in test dogs applying various stimuli and their combinations. It was proven
that the strength and depth of a neurosis depended on the type of the dog’s
nervous system. The classification of these types, according to Pavlov, largely
coincided with the classical types of temperament defined by Hippocrates
(phlegmatic, sanguine, choleric and melancholic). Experimental neuroses
were treated with various methods (bromide preparations, recesses
in experiments, etc.). Pavlov was confident that the accumulated experience
of studying pathological processes in the higher nervous activity of animals
could be used to successfully treat patients with nervous and mental diseases,
and his conviction in the matter led to the establishment of the Pathophysiology
of Higher Nervous Human Activity Department at the Institute of Experimental
Medicine (IEM) on October 6, 1931. The department supervised two new
clinics — a psychiatric and a neurosis one, where psychiatrists and physiologists
joined their efforts in administering treatment to the patients. For the first
time in the history of Russian neuropathology, the physiological analysis
of nervous and mental illnesses, such as neurasthenia, psychasthenia, hysteria,
and also schizophrenia, narcolepsy, manic-depressive psychosis, etc., was
conducted. A detailed pathophysiological analysis of more than 200 patients’
medical histories was produced as a result of this effort. Transcripts of clinical
conferences were published between 1954 and 1957 in the form of a three-
volume edition of “Pavlov’s Clinical Wednesdays” (1931-1936).

Keywords: 1. P. Pavlov, history of physiology, history of neurology, history
of psychiatry, clinic of the Institute of Experimental Medicine.

pMYECKOTo MaTeprasa OTAMYAAOCh OT OOBIYHOTO

" Incuxmarpmmn

3aHumasice ¢ 1901 ropa Bonpocamu GpU3NOAOTUM
BBICILI}I HEPBHOV AATEAbHOCTH KUBOTHBIX, /IBaH
ITerpoBuy [TaBAOB OAHOBPEMEHHO YAEASIA OOABILIOE
BHUMaHMe GpU3NOAOTNYeCKOMY IOHVMAHUIO IICU-
XMYECKOM AeATEeAbBHOCTY YeAOBEeKa B HOpMe U IIpU
pasanuHbIx maToAorusx. Eme ¢ 1918 ropa oH Havaa
nocemath [lcuxmaTpuyeckyo 60AbBHULY B YAEAD-
HOI, KOTOPOJl PYKOBOAMA €TI0 APYT U KOAAEra
1o BoeHHO-MeAMLMHCKONM aKkapeMuy AAeKCaHAD
BukTtopoBuu Tumodees, 1 3HAKOMUTBCS C UCTO-
pusimu 60Ae3Hel ee nanyeHToB. OAHAKO OTHOLIIE-
Hue [laBAOBa K OlLleHKe M3y4yaeMOro ICUXUAT-

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2

OTHOLIEHMSI CIIeLIaAVICTOB.
B cBoeit paboTte «IlcuxmaTpust Kak mocobHuIA
bM3MOoAOrUY OOABIINX TTOAYIIAPUIT», BbILLIEALIEN
B cBeT yxe B 1919 1., [laBAOB mucaa: «...fI Bcaea-
CTBME IIPEABAPUTEABHON MHOTOAETHEN Aabopa-
TOPHOJI NIPAaKTUK/ MBICAVA B M3BECTHOM HaIlpaB-
A€HNY, BCe BpeMsI OCTAaBaACs CTOSITb Ha UMCTO
($U3MOAOrMYECKOI TOYKE 3PEHMSI, TOCTOSTHHO
BBIpaKast AASI Ce0sI ICUXUYECKYIO A€ITEABHOCTD
OOABHBIX B OIIpeAEAEHHBIX (PU3MOAOTUYECKUX
MOHATUAX U cAoBax» (I[TaBaoB 1951, xH. 1, 347).
B03MOXHOCTh HAaOAIOAEHUS 32 TICUXUATPUYIe-
CKUMM OOABHBIMIU, TIPEAOCTaBA€HHAasI TMOdeeBbIM,
AaBaAa [TaBAOBY OOIIMPHBI MaTepUaA AASI HOBBIX
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MICCAE€AOBAHMI 11O PUBMOAOTMY BBICIIEN HEPBHOM
AESITEAbBHOCTU Y€AOBEKA U XXVMBOTHBIX.

SKCHCPI/IMCHTaAbeIe HEBPO3bI Y )KUBOTHDBIX

K 1930-m ropam B Aaboparopusix [TaBaoBa
CMAAMM CAaMOT'O YYEHOT'O ¥ €r0 MHOTOYMCAEHHBIX
COTPYAHVMKOB OBIA HAKOIIAE€H OTPOMHBIIT OIIBIT UC-
CA€AOBAHMII BbICLLIEN HEPBHOU AEATEAbHOCTU
JKUBOTHBIX He TOABKO B HOPM€, HO U ITPU Pa3AMYHbIX
naroaorusax. Kpome Toro, yaeHbIM yAQAOCh CAMUM
BbI3bIBATh B 9KCIIEPMMEHTE HEBPO3bl Y TOAOTIBITHBIX
>KMBOTHBIX. OCHOBY 3TMX MEXaHM3MOB 3aA0XKUAU
onbiTel M. H. EpodeeBoit, BbipabaTbiBaBliein yc-
AOBHbIE peAEKChI Ha CUABHOE AeICTBYE DAEKTPU-
YeCKUM TOKOM, a Takoke akcnepumeHTsl H. P. IlleH-
rep-KpecTOBHUKOBOI, KOTOpas BbIABASIAQ TIPEACA
AuddepeHLpoBaHMs COOAKOV CBETOBBIX pa3Apa-
JKUTeAel — Kpyra M SAAUIICA OAMHAKOBOIO pas-
Mepa. Kpyr mnopKpenasiAcs padeit eAbl, SAAUIIC — HeT.
ITocTerneHHO OT OTHOLIEHU AMAaMETPOB Kpyra
u aaAmnIca 1:2 cobake NMpeabsIBASIAU Bce Ooaee
1 60Aee CKpYTA€HHOe U300pakeHMe aaaunca. Ha-
KOHell, KOTAQ 3TO OTHOLIeHe CTAaHOBUAOCH ITOUYTU
HEOTAMYVMBIM, T. €. AOCTUTAAO 3HaueHus: 8:9, co-
0aKa CTaHOBMAACh YPE3BbIYAITHO BO30Y)KAEHHOI,
BbIAQ U pBaAacCh M3 CTaHKA, OAMHAKOBO pearupys
BBIA€AEHMEM CAIOHBI Ha M300pa’keHUe Kpyra
" sAAuIica. Il B ToM, 1 B ADYTOM CAydae HEBPOTHU-
YeCKOe COCTOSIHNE Y )KUBOTHBIX BOSHMKAAO BCACA-
CTBME YCAOXXHEHUSI 00CTAaHOBKM OIBITA U HEIO-
CUABHOT'O BO3AENCTBYS HA X HEPBHYIO CUCTEMY.

Ho 0co0b1i1 TOAYOK ITOAOOHBIM UCCACAOBAHMAM
AQAO MOIIJHOE HaBOAHEHNe B AeHUHIpaAe, TPoU30-
wepliree B 1924 roay (puc. 1). IToaoBaabHbIe TOMe-
weHust Gusnoaormyeckoi aaboparopun AkapeMun
HayK, KOTOpoy pyKoBoAVA [TaBAOB, ObIAM TOAHOCTBIO
3aTONAEHBI, U COTPYAHMKM HeBEPOATHBIMU
YCUAMSAMMU CITAaCAYM HaXOASIIVXCSI TaM co0ak,
Y KOTOPBIX B Pe3yAbTaTe 3TO CTPeCCOBOM CUTYaLIUU

BO3HUKAU TSPKEAbIE HEBPO3bI.

Puc. 1. HaBopneHue B AeHuHrpaae. 1924 1.
Fig. 1. Flood in Leningrad. 1924
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[TaBAOB IMOHMMaA TIOA HEBPO3aMI XPOHUYECKIE
(B TeueHUe HEAEADb, MECSLIEB U AAJKE AET) OTKAO-
HEHV:I BbICLIEN HEPBHOM A€ATEAbHOCTY IIOAOIIBIT-
HBIX XMBOTHBIX OT HOPMBL. B X0A€ OmbITOB C CO-
6aKaMM II0 VICKYCCTBEHHOMY BBI3bIBAHUIO Y HUX
9KCIIEPUMEHTAABHBIX HEBPO30OB OBIAO TTOKA3aHO,
YTO OHM BO3HMKAIOT B CAEAYIOIIMX CAYYasIX: KaK
OTBET Ha CAUIIKOM CUAbHBIE VAU CAUIIIKOM CAOX-
Hble PasAPaXUTeAl, AMOO B pe3yAbTaTe IepeHa-
MpSDKEHUsT TOPMO3HOTO TpOoLiecca, U, HaKOHell,
B pe3yAbTaTe CTOAKHOBEHMS (T. H. CIIMOKY) 060X
MPOTUBOIIOAOXKHBIX HEPBHBIX TIPOLECCOB — BO3-
Oy>KAeHMs ¥ TOpMOXKeHus (puc. 2). DKCrepuMeH-
TaAbHbIE HEBPO3bI AETKO BHIPA0AThIBAAMICH TAKKE

Puc. 2. TTopombiTHasE cobaKa B CTAaHKE TOTOBA
K paboTe 1o BbIpabOTKE SKCIIEPUMEHTAABHOTO HEBPO3a

Fig. 2. A test dog is prepared for an experiment
in the development of a neurosis

1 Y KaCTPUPOBAHHBIX )XMBOTHBIX, T. €. Y )KMBOTHBIX
C HapYIIEHHBIM TOPMOHAABHBIM (HOHOM. [TposiBASI-
AUCh OHU AMOO B 0cAabAeHUU 060UX HEPBHBIX
MPOL[ECCOB, AMOO B XaOTUYECKOI HEPBHOI ACSITEAD-
HOCTHU, A00 y COOaK BO3HUKAAM pa3AMyHbIe (Haspl
T. H. TUTTHOTUYECKOT'0 COCTOSIHMSI — IIPOMEXYTOY-
HOTO COCTOSIHMSI MEXXAY OOAPCTBOBaHIEM U CHOM,
KOTAQ TMIOAOTIBITHOE KUBOTHOE HE BBIITOAHSIAO
BO BpeMsI 9KCIIEPUMEHTA MPUBBIYHBIE AASI HETO
A0 aTOTO AeiicTBUsL. CrAa ¥ TAYOMHA HEBPOTU3ALUN
3aBUCEAU OT TUIA HEPBHO CUCTEMbI COOAKM.

Tunsr HepBHOiI AEATEADPHOCTUN Y )KBOTHBIX

K Tomy Bpemenu ITaBAOB BbIAEASIA TPU TAKUX
TUIA: T. H. IEHTPAABHBIIT, 80COAIOTHO HOPMAAbHBII
TUII, y KOTOPOro 00a HepBHBIX Ipoliecca (Bo30yX-
A€HIe VI TOPMOYKeHJe) HAXOAMAVICh B PABHOBECUM.
DTOT TUII MOT ObITb IIPEACTABAEH B ABYX Pa3AMYHBIX
BapuaHTax. OAHU KMBOTHbIE OBIAY CITOKOJHBI,
yPaBHOBEILIEHDI, & APYTVie — HA00OPOT, OYEHb I10-
ABVDKHBI, O)KVBAEHDL.
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ABa Apyrue Tuma, Ha3BaHHbIE UM KPallHUMU,
MIPEACTABASIAM COOOIT TPOTUBOMOAOKHOCTU. OAMH
13 HUX ObIA OYEHb CUABHBIM, HO CO CA200 Pa3BUTHIM
IIPOL[ECCOM TOPMOXKEHUsI, @ BTOPOI — COBEPIIEH-
HO cAa0ObIM, TA€ 00a HEpPBHBIX Ipolecca ObiAU
CAa0bI, HO 0COOEHHO TOPMO3HOM Mpoliecc. DTa
KAaccudukays, mo MueHuo [TaBAOBa, BO MHOTOM
COBITaAaAa C KAACCUYECKOI KAaccuduKaLmen TeM-
repaMeHTOB 110 [nnmnokpary (pAermaTuk, CaHIBU-
HUK, XOAE€PUK U MEAAHXOAUK) (puc. 3).

Ty
Y

LEET

>

-
RIS

7]’7}0”},\1%

Z)t/lujl hy

7‘6("((/ ]Glll }0’"!1
Jaeiosy |

om ew

# ﬂmfmax [

7 i /

Puc. 3. HlyTOYHBI AUTIAOM, IIPEIIOAHECEHHbI
WM. T1. TTaBAOBY COTpyAHMKaMM, HA KOTOPOM
n300pakeHbl COOAKM YEThIPEX TEMIIEPAMEHTOB:
MeAAHXOAMK (cAabBI TUI), GAEIMATUK, CAHTBUHIK
u xoAaepuk. Aexabpp 1926 r.

Fig. 3. A mock diploma presented to I. P. Pavlov by
the staff, depicting dogs of four types of temperament:
melancholic (weak type), phlegmatic, sanguine
and choleric. December 1926

Aevenne IKCNIEPUMEHTAADHBIX HEBPO30B

AeueHne sKcniepyMeHTAaAbHBIX HEBPO3OB Y CO-
0aK OCYI[eCTBASIAOCDH C MTOMOIIbI0 OPOMUCTBIX
npenaparoB AK0O nepepbiBaMi B HECKOABKO AHEN
MEKAY OIBITaMU, KOTOPBIE TIPEACTABASIAU AAS
JKMBOTHBIX, ITO0 cAoBaM IlaBAOBa, «cepbesHylo
HEepBHYI0 paboTy». Bo3HMKaBIIMe B 9KCIIEpUMEHTE
HEBPO3bI COOAK IIPOSIBASIAKCH II0-Pa3HOMY: Y CUAB-
HBIX TUIIOB — PE3KUM 0CAa0A€HNEM TOPMO3HOTO
IIpOLiecca, a y CAAObIX — HACTYIAEHUEM BSIAOTO,
COHAMBOTO cocTosiHus. [Ipu aToM 6poM xopouio
MIOMOTaA M3A€UEHMIO B IEPBOM CAy4Yae U COBep-
IIIEHHO He AEVICTBOBAA, @ 4YaCTO YCYTyOASIA HEBPO-
TUYECKOe COCTOSIHME CAabOro Tuma >KMBOTHBIX.
ITepepbIBbI >Ke B ONbITaX HA HECKOABKO AHEN AaBa-
AVI TIOAHO€ BOCCTQHOBAEHVE€ HOPMaABHOTO TeYEHV
YCAOBHBIX pedAeKcoB (puc. 4).

Pe3yAbTaThI TUX KCCAEAOBAHUIT OBIAYL AOAOIKE-
Hbl [[aBAOBBIM Ha 1 Me>XAyHapOAHOM HEBPOAOTH-
yeckoM KoHrpecce B bephe 3 centsiopst 1931 r.
B AOKAaAe «DKCIlepMMeHTaAbHble HEBPO3bI»,

UnmeepamusHas gﬁusuozloeu,q, 2020, m. 1, Ne 2

B KOTOPOM AOBOABHO MOAPOOHO OBIAU U3AOKEHBI
HOBEITIIINE OIBITHI 10 UX BhIPAbOTKE Ha TIpUMepe
KaCTPVPOBAHHBIX JKUBOTHBIX. 3AKOHUMA CBOM AO-
KAap ViBaH IleTpoBuY cAeAYIOIIMM 3asiBAEHMEM:
«...Cepbe3HO aHaAOTMPOBATh HEBPOTUYECKIE CO-
CTOSIHMSI HAIIMX COOAK C PA3AMYHBIMU HEBPO3aAMU
AIOA€iT HaM, pusnoAOram, He 3HAKOMbBIM OCHOBaA-
TEABHO C YeAOBEYECKOI HEBPOITATOAOTYIEN, SIBASI-
eTcs 3apavell eABa AU AOCTyIHOM. Ho s yoexxaeH,
OAHAKO, YTO paspelleHle VAU CYIIeCTBEHHOe
OAArOMPUATCTBOBAHME PA3PEIIEHNI0 MHOTX BaXK-
HBIX BOIIPOCOB 00 3TMOAOTUU, €CTECTBEHHOI CU-
cTeMaTus3aLy, MeXaHu3Me ¥, HaKOHeLl, AeUeHU!
HEBPO30B Y AIOAEV HaXOAUTCS B pyKaxX sKCIEPU-
MeHTaTopa Ha >KUBOTHBIX» ([TaBAaoB 1951, kH. 2,
191).

IMpodeccop ncuxobuororun KopHeabckoro
yHuBepcuteta I. C. AuAAEAA BBICKa3bIBAACH
o [TaBaoBe Takum obpaszom: «...Cap DaBapa Llap-
nei-1lledep ckazaa 0OAHaXKABL, UTO “3apaya HAyKu
3aKAI0YAETCS B TOM, YTOOBI CUMTATh, B3BELIMBATh
" n3MepATh. [IaBAOB TBEpPAO BEPUA B TO, UTO
HU OAHA ODAACTH MEAVLIVHBI, HE MICKAIOYAS AQKE
IICUXVATPUIO, HE AOAXKHA YKAOHATBCS OT BBIITOA-
HeHMs 3TOM 3apaun» (Auppeaa 1967, 297).

Yuactue [laBAOBa B KOHIrpecce MMEAO LieAb,
1o caoBam camoro VBana IleTpoBuua, «ropsiuo
PEKOMEHAOBATb HEBPOIATOAOTaM paboTy ¢ HOP-
MaAbHBIMM U ITATOAOTMYECKVIMYU YCAOBHBIMMU ped-
Aekcamm» (ITaBaoB 1951, kH. 2, 192).

K Hawgaay 1930-x ropoB ITaBAOB yXe MMeA AO-
BOABHO OOTaTbIi1 ONBIT U3YYEHNS MICTOPUI OOABHBIX
C pa3AMYHBIMY GOPMaMU AYIIEBHBIX PAaCCTPONICTB

PRSI

Puc. 4. M. K. TTeTpoBa ¢ IOAOMIBITHOI COOAKOIT
BO BpeMs IlepepbiBa MEXAY ONbITAMU

Fig. 4. M. K. Petrova with a test dog during a break
between experiments
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B IICUXMATPUUECKO KAMHYKe YKeHCKOTro MeAULVH-
CKOTO MHCTUTYTa U Ha Kadeape MCUXUATPUM,
KOTOpYI0 Bo3raaBasiA npodeccop IT. A. OcTaHkoB.

Co3panne Otaera naTopu3NOAOTUY BbICIIEN
HEPBHOII AeSITEABHOCTH Y€AOBEKa

VBepeHHocTb [TaBAOBa B TOM, UTO HAKOMAEHHBbIN

ONBIT M3yYeHUs] MAaTOAOTUYECKUX MPOLIEeCCOB
B BBICILIEV] HEPBHOM AESATEAbBHOCTHU >XUBOTHBIX
MOYET U AOAYKEH OBbITh MMPUMEHEH AAS TIPABUAb-
HOTO U YCIELIHOIO AeYeHUsI OOAbHBIX HEPBHBIMU
M TICUXUYECKUMU 3200AeBaHUSAMMY, TIPUBEAA €TO
K ellle 60Aee aKTVBHOMY YBA€UEHMIO HEBPOAOT M€

Puc. 5. 3panue 6oabHULIBI M. VI. M. BaAnHCcKOTO
Ha 5-11 AMHUM BacuAbeBCKOro OCTpOBa,
T'A€ PaclioAaraAach ICUXUATPUIeCKask KAVHMKA
VMHcTUTyTa 5KCNIepUMEHTAABHOM MEAULIVIHBI

Fig. 5. The building of I. M. Balinsky hospital
in the 5™ Line of Vasilyevsky Island,
where the psychiatric clinic of the Institute
of Experimental Medicine was located

u ncuxuarpuent. EMy y>ke ObIAO HEAOCTATOYHO OT-
PBIBOYHBIX HAOAIOAEHNII 32 ALIEHTaMM B KAVHM-
Kax, BO3HMKAQ IOTPEOHOCTb CUCTEMATUYECKOTO
M3y4yeHUsI OOABHBIX. DTO IIPUBEAO K CO3AAHMIO
no nHuuMaTuBe IlaBaoBa npu VIHCTUTYyTe aKcIe-
pumenTaabHOI MepnuuHel (VIDM) OTpaeaa mato-
dbu3noAOTUM BBICIIEN HEPBHOW AESITEABHOCTHU
YeAOBEKa, KOTOPbIN ObIA OPraHM30BaH 6 OKTAOPsI
1931 roaa npukaszom Ne 154 mo MIOM. B npuxkasze,
B YaCTHOCTMU, TOBOPUAOCH, YTO OTAEA OpraHu3y-
€TCS «...B CBSI3U C 3HAUUTEABHBIMY pE3YAbTaTaMU,
HOAy4Y€eHHBIMY AabopaTopueit aka. V. IT. [TaBao-
Ba 110 pM3MOAOT MY BBICLIEN HEPBHO AEATEABHOCTHU
>KMBOTHBIX, AASI UCIIOAB30BaHUS VIMEIOIVXCS
TeopeTUUeCKNX AOCTVDKEHUI B IpUMeEHEHU!U
K yeAoBeKy...» ([akkeab 1961, 508).

IIpu HOBOM OTAeAe OBIAM OTKPBITBHI ABE
KAMHUKYU — ICUXuaTpudeckas (Ha 5-11 AMHUM
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Puc. 6. 3paHne AAeKCAaHAPOBCKOI 6OABHUIIBI
Ha 15-11 AMHMM BacuAbeBCKOro oCcTpoBa, B KOTOPOM
pacroAaraAachb KAMHMKA HeBpo30B VHcTuTyTa
9KCIIepYMeHTaAbHON MEeAULIVHDI

Fig. 6. The building of the Alexander Hospital
in the 15% Line of Vasilievsky Island, where
the neurosis clinic of the Institute
of Experimental Medicine was located

BacuabeBckoro octpora Ha 6ase GOAbHUILIBI
um. V1. M. Baaunckoro) (puc. 5) u HepBHast (Ha 15-i1
AVIHMM TIpU A AEKCAaHAPOBCKOIT O0AbHULIE) (pUC. 6),
K&KAQsI U3 KOTOPBIX MMeAa 10 25 CTalMOHAPHbBIX
MeCT.

3aBeAyOIIMM HePBHOM KAVMHMKON CHa4YaAa ObIA
B. H. Bupmasn, a mosxe (¢ 1933 ropa) C. H. AaBu-
A€HKOB. I [cuxmaTpryeckoi KAMHMKON PYKOBOAVA
A.T. ViBaHoB-CmoAeHckuit. OOLM pyKOBOAUTE-
A€M U BAOXHOBUTEAEM BCETO AeAa ObiA cam [TaBAOB.

Ipy ncyxmaTpuyeckoy KAMHNKe ObIAQ OpTraHy-
30BaHa AabOPaTOPVS 11O M3YYEHUIO BbICIIEN HEPBHO
AESITEABHOCTU Y€AOBEKA, PV HEPBHOM KAMHUKE —
ABe AabopaTopum: broxumudeckas (puc. 7), KoTopoi

Puc. 7. Buoxumuyeckast Aaboparopust
KAVHUKY HEBPO30B

Fig. 7. The biochemical laboratory
of the neurosis clinic
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craaa pykoBoAUTb A. M. [TeTpyHbkuHa, 1 matodpu-
3MOAOTUY BBICIIIEN HEPBHOI AESITEABHOCTU YEAOBE-
Ka, KOTOpyio BHayaae Bo3raaBua A. O. AoAnH,
a 3areMm (c 1935 r.) @. I'1. Mariopog.

Pabota AabopaTopuit AaBara BO3MOXKHOCTb
HE TOABKO ITOCTOSIHHO HabOAIOAATh 32 OOABHBIMU
B KAMHMKAX, HO U OLIEHUBATh U3MEHEHUS UX CO-
CTOSIHVSI B XOA€ A€YEHMsI, CBOEBPEMEHHO IIPOBOAUTD
TeCThI KaK KAMHUKO-(PU3MOAOTMYECKME, TaK U O110-
XUIMMYecKye. ITO O3BOASIAO aKTVBHO IIPUMEHSTh
OTIBIT U3Y4YeHNsI PUBUOAOTUY Y TATOAOT VM BBICLIEN
HEPBHOII AESITEABHOCTU AASI TOHUMaHUS aTodu-
3MOAOTMYECKMX MEXaHNU3MOB HEPBHBIX pac-
CTPOVICTB — HEBPO30B U IICUXO30B.

B 1932 roay B KAMHMKaX MCCAEAOBAAU pas-
AuvYHbIe GOPMBbI HEBPO3OB — HEBPACTEHUIO,
MCUXACTEHUIO, UCTEPUIO, & TAKXKe MIU30bPEHNIO
VI MAaHMAKaABHO-AETPECCUBHBIN MCUXO03.

[lepBble MONMBITKY PUMEHEHUS
G131OAOTMYECKX 3HAHUIT AASL A€YEHUST
HEPBHBIX M ICUXNYECKHUX 3a00AeBaHUIT

CpaBHMBas AVHAMMKY Pa3BUTHSA SKCIIEPVMEH-
TAAbHBIX HEBPO30B U ITOCAEAYIOIIETO BOCCTAHOB-
A€HUS Y )KUBOTHBIX C HEKOTOPBIMY 3200A€BaHUSIMU
MALMEHTOB HePBHOM U IICUXUATPUIECKON KAVMHUK,
ITaBAOB yKa3blBaA Ha TOXKAECTBO HEPBHBIX IIPO-
1]eCCOB, IIPOUCXOAAIIVX B TOM U APYTOM CAyYae.
O6 5TOM OH IOAPOOHO BBICKA3aACS B CBOE CTATbe
«O HeBpoO3ax YeAOBeKa U KMBOTHOTO», BIIepBbIe
onyOAMKOBaHHOM B 1932 ropay B aMepUKaHCKOM
xypHaae The Bulletin of the Battle Creek Sanitarium
and Hospital Clinic.

OAHaKo, TOAYEPKIMBAA OH, «...B CAy4ae YeAOBe-
Ka, IPY CAO’KHOCTM €ro >KU3HEHHON 00CTaHOBKU
VI TIpY MHOT000pa3uy peakLuil ero Ha Hee Kak AAsI
AQHAAM3Q, TAK U AASI LIEeAV I3A€UEHM S, BCETAQ IIPeA-
CTOUT OYEHb TPYAHBIV BOIIPOC: KaK/e )KM3HEeHHbIE
00CTOsITEABCTBA OBIAM HETIOMEPHO CHABHBI AASI
AHHOI HEPBHOM CUCTEMBI, TA€ U KOTAQ CTAAKMBa-
AVICb, HEBBIHOCUMO AASI Hee, TpPeOOBaHMsI AeSTEAb-
HOCTU U TpeboBaHus 3apep>kku eex» ([TaBaos 1951,
KH. 2, 151).

BriepBple B 0TeueCTBEHHON HEBPONIATOAOTUM
CTaA NPOBOAUTBCS PUBMOAOTMIECKUIT padbop
HEPBHBIX U MICUXUYECKUX 3ab0aeBaHuit (puc. 8).
O®usnoAornieckoe 3HaueHne TOPMO3HOIO MPO-
1jecca KaK OXpaHUTEAS] KA€TOK KOPbI OOABIINX
MTOAYIIAPUIL, TPMHOCUBIIETO IIOAB3Y ITOAOIIBITHBIM
cobakaM Ipy CTPECCOBBIX CUTYALIMSIX, CTAAO IIPU-
MEHATBHCSI B COOTBETCTBYIOIINX YCAOBUAX U AAA
AeyeHM HeBPO30B NMAL[MIeHTOB TABAOBCKMX KAVHMK.
BriepBple HEBPO3bl CTaAM OLIEHMBATbCA C TOUYKU
3peHMUsI «<HEPBHOTO CPbIBA», M OBIAY TIPEATIPUHSITHI
yCIelLIHble TIONBITKY VX A€UeHNs TPOAOAKUTEABHBIM
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Puc. 8. KoAAeKTUB HEpBHOI KAMHUKHM (Bpauyn
u pusnororn). CupST (CAeBa HATIPABO)

M. K. IletpoBa, C. H. AaBupeHkos, V. IT. [TaBaoB,
A. O. Aoaun, H. A. Kpsiosa. Crosr (cAeBa Harpago)
A. H. ITaxomos, H. III. Apucros, H. V1. KopoTkuH,
A. B. l'akkeas, b. B. Auppees, M. M. Cycaosa,

A. C. Muxaiiaosuy. Kparnuuii cripasa @. I'T. Maitopos

Fig. 8. The neurosis clinic team (doctors
and physiologists). Seated (from left to right)
M. K. Petrova, S. N. Davidenkov, L. P. Pavlov,
A. O. Dolin, N. A. Kryshova. Standing
(from left to right) A. N. Pakhomov, N. Sh. Aristov,
N. L. Korotkin, L. B. Gakkel, B. V. Andreeyv,
M. M. Suslova, A. S. Mikhailovich, F. P. Mayorov
(on the far right)

cHoM. «OmnbpIT okazaacs ypaueH. KavHuuctsl
BBIABUTAIOT TIepeA GU3MOAOTaMI HOBbIE TIPOOAEMBI
¢dusnoAorum, Mo HOBOMY pa3BepPTHIBAIOT CBOIO
9KCIIEPMMEHTAABHYIO pabOTy», — TaK OLIEHMBAA
paboTy MaBAOBCKMX KAMHUK AupekTop VIDOM
A.H. ®epopos Ha 3acepanuu [IpaBrTeAbBCTBEHHOM
aKcrepTHOM Komuccuu 25 nioHs 1933 roaa.

Kannnueckue cpeabl

O6cyxA€eHMe 9KCITEPUMEHTAABHO-KAMHNYECKIX
MaTepraAs0B IPOXOAUAO B KAMHMKAX, KaK U B Aa-
6oparopusix ITaBaoBa, o cpepam. Kaxkayio cpeay
€ro y4eHUK!U COOMPAANCh B YTPEHHME Yachl B Aad-
6oparopuu AAst pazbopa BCero MaTepuaaAa, MoAy-
YEHHOTO 32 HEAEAIO, 2 BO BTOPOJ ITOAOBMHE AHS
B TOM K€ COCTaBe IIEPEXOAVAY B OAHY U3 KAUHUK,
rA€ IPOBOAVACS Ppa300p OTAEABHBIX KAMHUYECKUX
cAy4aeB. Ha 5TUX HayuHBIX 3aCEAQHUSX B Pas3HbIE
OTpe3KU BPEMEHU PaCcCMATPUBAAUCH TUITMYHBIE
CAy4Yayul HEBPO3OB HaBSI3YMBBIX COCTOSIHUIL, PeaK-
TUBHBIX HEBPO30B UCTEPUIECKOIO TUIIA, [ICUXACTE-
HMM, HEBPO3a CTpaxa, aropadobun, AernpeccuBHBIX
COCTOSIHUIA, ada3uu, pasAnuHbIX GopM 1mzodpe-
HUY, HAPKOAEIICUH, STIUAETICUN, AAKOTOABHOM
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Puc. 9. V1. T1. IlaBAOB Ha 3acepQHUM B HEPBHOI
kanHuke (1933 r.) Caea nampaso: f. A. llpaitbep
(opamnnaTop 60abHMLED), C. H. AaBUAEHKOB,

. T1. TTaBaoB, M. K. IlerpoBa, B. H. Kpsruxo
(crenorpaductka). Bpau-opaunarop
M. M. baromkuna (CycaoBa) AOKAAABIBAET
UCTOPUIO 0OAE3HU

Fig. 9. 1. P. Pavlov at a conference at the neurosis clinic
(1933). From left to right: Ya. L. Schreiber (an intern),
S. N. Davidenkov, I. P. Pavlov, M. K. Petrova,

V. N. Kryachko (a stenographer). Resident physician
M. M. Blumbkina (Suslova) reports
on a medical history

MapaHoNM, CAAOOYMNS ¥ MHOTHX APYTUX 3a00Ae-
BaHumit (puc. 9).

Y4acTHMKM 3aCeAQHUI TTOAPOOHO U3y4YaAu
1 00CY>XAQAM He TOABKO COCTOSIHME OOABHBIX,
HO U MICTOPUM VX >KU3HU U OOA€3HM, ee TeyeHue,
IpY 3TOM 4YacCTO PasropaAlcCh >XapKue CIIOpPbI
Yl AICKYCCUML.

«fl 3ameTnAa, — BCIIOMMHAaAa COTPYAHMLA
HepBHOM KAMHMKM H. A. KpbimoBa, — 4To ero
(TTaBAOBa) O4YeHb pasppa’kaAyl MHOTOCAOBHbIE,
HEKOHKpEeTHbIe BBICTYIIAEHNSI HEKOTOPBIX Bpaueri,
IPEAIOAOXKEHMSI, He IOAKPETIAEHHbIe HAOAIOAEHM-
ssMU U paKTaMM; TOTAQ OH CEPAMACS, 0OpbIBaA
rOBOPSILLEro, ObIBAA MHOTAQ HEBEXXAMB... OH He
AIOOVIA BBICAYIIVBATh HECEPbE3HBIE Peul, & TIPEA-
IOYMTAA Y3HABaTb IPOAYMaHHBIE Y apTyMEHTHPO-
BaHHbIE 00001eHNST COTPYAHUKOB, KOTOpbIe OBl
OIMPAAVICh HA HAOAIOAEHIST M QHAAU3 XOAQ A€UEHUST
60AbHBIX» (KpbioBa 1967, 134).

ITpucyrcTBys Ha 6ecepax ITaBAOBa ¢ 6OABHBIMY,
OHa ObIAa MOpa’keHa ero OTHOIIEHVEM K HUM:
«...OH BAYMYMBO U AEAMKATHO pacCIpallBaA
VX 0 3AOPOBbe, CUMIITOMax 60Ae3HM, 0 mpodeccu,
ceMbe, YCAOBMSIX OBITA, MIHTEPECOBAACS, HPABUTCS
AV IM B KAVMHMKe, KaK OHJ OTHOCSTCS K Bpayawm,
He UMeIOT AV >KaA00. CBeA€HMsT, KOTOPBIE OH ITOAY-
JaA B pe3yAbTaTe 3aAYIIEBHON OeCeAbl, LIeIIKO
YAEP>KMBAAUCh B €ro HmaMATU M IIOMOTaAU
ViBany IleTpoBu4y OpUrnHaAbHO, IO-CBOEMY aHa-
AVI3MIPOBATb NPUYMHBI 32a00A€BaHM MTALIMEHTA,
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oceeecenn

Puc. 10. ©. I1. MaitopoB 3a peAaKTpOBaHUEM
CTEHOIPaMM KAMHMYECKUX 3aCeAQHUN

Fig. 10. Fedor Petrovich Mayorov edits clinical
conference transcripts

HaMey4aTb COOTBETCTBYIOLIee AeueHre» (KpbiroBa
1967, 135).

ITaBAOB ObIBaA OUY€Hb AOBOAEH, KOTAQ MY YAQ-
BaAOCh Pa3bsACHUTD 3allyTaHHbBIN KAVMHUYECKUI
cAyuait ¢ GU3MOAOTMYEeCKUX TO3ULMIL. B pesyapra-
Te KAMHUYECKMX 3aCeAaHMiT ObIA AQH pasBep-
HYTBIV TaTOGU3MOAOTMYECKUIT aHAAKU3 DoAee yeM
200 naLyeHToB, IPOXOAMBIINX A€UeHNe B KAMHMKAX.

ITpaxTuyecku cpasy (c Host0ps 1931 r.) KAMHK-
yecKye 3aCepaHMsI CTaAM CTeHOrpadupoBaThCs;
3amuchiBaAa becepbl IOCTOSIHHASI CTeHOrpadmCTKa
cpea B. H. Kpstuxo, koppekTupoBaa TekcTbl Depop
[TeTpoBuyu MaitopoB, UCIIOAHSIBLINIT 00513aHHOCTU
ceKpeTapsi «<KAMHUYeCKUX cpea» (puc. 10).

B 1934 roay ObIA BbINyIeH IepBbIT COOPHUK
TPYAOB IaBAOBCKMX KAMHMK. Ho moaHoe Tpex-
TOMHO€e U3AaHMe CTeHOrpaMM 3acepaHun «Ilas-
AOBCKME KAUMHUYeCKUe cpeabl» (1931-1936 rr.)
BBIIIAO B CBET TOABKO B 1954—1957 rr. (puc. 11).

AKALEMHAsI HAYK CCCP
MHCTHTYT ®U3UOAOTHH HMEHH W.II.IIABAOBA

: - TIABJIOBCKHUE
[TABAOBCKUE o SRSy

KA HUIEGKIE - TR
CPEILBI . g

CTEHOTPAMMBI  3ACEJAHMI1
B HEPBHOW M ICUXMATPUYECKON
KAV HHKAX

7 Tom S

J1931-] I [-1933]
el

HM3IATEABCTBO AKANEMMM HAVK CCCP
a wrean

1954

Puc. 11. Ilepsbiit ToM uspanus «IlaBaoBckue
KAMHUYECKNE CPEABI» BBIILIEA B CBeT B 1954 roay

Fig. 11. The first volume of “Pavlov Clinical
Wednesdays” was published in 1954
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CTUAMCTMKA STOTO N3AQHUA TEM Ooree UHTEPECHa,
4YTO COXpaHUAa >KUBOM, pasrosoprU?[ A3BIK CaMO-
ro ITaBaoBa u ero COTPYAHMKOB, a TaKXX€ TOT AyX
Hay4YHbIX AI/ICKYCCI/IIZ, KOTOpPbI€ BO3HMKAANM Ha 3a-
CeAaHMAX.

[MonbITKN AeyeHus nmmm3odpernn
bu3MOAOTMYECKUMU METOAAMU

ITaBAOB 0TMeuaA, YTO HabAOAQEeMbIE B AabOpa-
TOPUM SIBA€HUS T. H. «TUITHOTU3ALMK» Yy COOaK
C 9KCIIePMMEHTAAbHO NTOAYYEHHBIMM HEBPO3aMU,
TaKye KaK HeraTMBU3M, CTE€PEOTUIINS, MTApaAOK-
caabHas asza 1 T. I, HAOAIOAQIOTCS U Y IICIXUYECKU
OOABHBIX, HAIPUMED, C AUATHO30M «IIU30(PEHMSI».
OH B0O0O11je HE BUAEA PE3KUX PA3SAUYUIT MEKAY
HEPBHBIMU U MICUXUYECKUMU 3200AE€BaAHUSIMU,
CUYNTAsI UX MPOSIBAEHMSIMY HapPYIIEHMSI MO3rOBOI
TKaHM €CAU HE B CTPYKTYPHOM, TO B QYHKLIMOHAAD-
HOM OTHOLIEHUH, 1 OO'BbSICHSISI pPa3HULLY MEXXAY HUMMU
TOABKO CTEIIeHbIO 3TOT0 HapylleHus. B «Aekiuax
0 paboTe OOABLINX ITOAYIIAPUIT TOAOBHOTO MO3Ta»
ITaBAOB aHaAU3MpYeT NPUUMHBI BOSHUKHOBEHMS
3TUX HapYLIEHMUI Y )KMBOTHBIX U AloAel: «...Ha
cobakax Mbl T03HAKOMUANCD C ABYMS YCAOBUSIMU,
MPOV3BOASLIVMY PYHKLMIOHAABHO HEPBHBIE pac-
CTPOVICTBA, — NMULIET OH. — DTO — TPYAHAsI BCTpe-
4ya, CTOAKHOBEHME Pa3APaKUTEABHOTO Y TOPMO3-
HOT'O IIPOLIECCOB U CHUAbHBbIE Upe3BblUallHbIE
pasapaxenus. OHM Ke COCTaBASIIOT U OOBIKHOBEH-
Hbl€ IIPUYMHBI HEPBHBIX U IICUXNYECKKX 3a00A€Ba-
HUI AfoAelt. JKu3HeHHbIe TTOAOKeHMs, BO30YXAa-
IoIIlJe HAaC B BBICIIEN CTelleHY, HalIpMMep B CAy4ae
YKeCTOKUX OCKOPOAEHNI, CUABHOTO TOPSI, I BMECTE
¢ TeM 00sI3bIBaIOLIME HAC CAEP>XKMBATD, TOAABASITH
eCTeCTBeHHble peaKLiMM Ha HUX, YaCTO U BEAYT
K TAYOOKOMY U AOATOBPEMEHHOMY HapyLIEHUIO
HEPBHOTIO U AyllIeBHOTO paBHoBecus. C Apyron
CTOPOHBI, AIDAUM TAK)Ke 4aCTO AEAAIOTCSI HEPBHO
Y TICUXUYECKU OOABHBIMMU, TOABEPTasiCh YPE3BBI-
YaMHBIM OITACHOCTSIM, YTPOJKAOIUM UM CaMUM,
a TAK)Ke UX AOPOTMM OAU3KUM, AU AQXKe TOABKO
MPUCYTCTBYS IPU CTPAIIHBIX COOBITUSIIX, HU UX
caMuX, HU UX OAM3KUX HEITOCPEACTBEHHO He Ka-
casuuxcd. Ilpu aTom 3amevaeTcs, KaK IIPaBUAO,
4YTO Te >Ke 00CTOSATEABCTBA OCTAIOTCS 0e3 aTux
MMOCAEACTBUI AAS APYTUX AU, KaK FOBOPAT,
He PacIOAOXKEHHBIX K 3a00A€BaHMUIO, T. €. ¢ boAee
CUABHOIT HepBHOM cuctemMoin» ([TaBaos 1999, 431).

V13y4nB niposiBA€HYSI 60OA€3HM Y MHOTVIX ITALIM-
eHTOB, [TaBAOB B cBoel1 cTaTbe «IIpoOHast aKCKyp-
cust GpusnoAaora B 00AaCThb NCUXMATPUM» BBICKA3aA
MBICAb O TOM, UTO «...IIM30(peHMs] B UBBECTHBIX
Bapuauusx 1 pasax AeICTBUTEABHO PEACTABASIET
C000J1 XpOHIYECKMII TUITHO3, @ TAYDOKO€e OCHOBaHMe
9TOrO TMITHO3a €CTh CAabas HepBHAs CUCTEMA,

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 2

CIIEIIMAABHO CAQ00CTb HEPBHBIX KAETOK... DTO CO-
CTOSIHUE, C OAHOVI CTOPOHBI — TMATOAOTMSI, TAK KaK
OHO AUIIIAET MalieHTa BO3MOXXHOCTY HOPMaABHOM
AESITEABHOCTH, C APYTOJl — TI0 CYIeCTBY $pusuo-
AOTVMYecKasi Mepa, IOTOMY YTO OHO IIPEAOXPaHsIeT
KOPKOBbI€ KAETK/ IIPOTUB YIPO>KAIOLIEro paspy-
LLIEHVST BCAEACTBME HETOCMABHOM paboTsi» ([TaBAOB
1951, xu. 2, 131).

Ha ocHoBaHMM TeopeTuyecKuX BbIBOAOB I1aB-
AOBa 00 OXPaHUTEABHOM 3HAY€HUU TOPMOKEHUS
B KAMHMKAX ObIAO OPTaHM30BAHO A€YEHIIE HE TOAD-
KO HEBPO30B, HO U KN30PPEHUN METOAOM AAU-
TEABHOT'O MEAMKAMEHTO3HOTO CHA, YTO IIPUBOAUAO
€CAU He K U3A€YEHHIO, TO K AOCTATOYHO BbIPa)KeH-
HOW peMuccuu 3a00AeBaHU.

ITonnmanue cuMNTOMOB MCTEPUN
C TOYKU 3peHus GU3NOoAOTUN

B cBoeit 3HamenunTon craree «IIpoba ¢pusuo-
AOTVYECKOTO MOHUMAaHMSI CUMITTOMOAOTUY ICTEPUI»
(1932) ITaBAOB paeT rAyOOKUI HU3UOAOTUYECKIUT
aQHAaAM3 CUMIITOMOB U OOAE3HU B LIEAOM, TAKXKe
paccMaTpuBasi ee B KaueCTBe «IIPOAYKTA CAa0O0
HepBHOI cucTeMbl». CAa00CTb KOPbI OOABIINX
TIOAYILIAPUIL TIPUBOAMT, ITO €T0 MHEHMIO, K 3aIIPEAEAD-
HOMY TOPMO>XEHUIO U, KaK CA€ACTBUE 3TOTO,
K [TOBBIIIEHHON 9MOLMOHAABHOCTYU UCTEPUKOB, Ub
HOCTYIIKY OIIPEAEASIIOTCSI HE CTOABKO PacCyAKOM,
CKOABKO 4yBCTBAMMU U SMOLMSIMU. «...C ycTpaHe-
HUEM U 0CAADAEHMEM AESITEAbHOCTU OOABIINX
HIOAYILIAPUIL AOAYKHA IPUYMHHO CBSI3bIBAThCSI OOAEe
VAM MEHee XaOTUYEeCKast, AUIIIEHHAST AOAYKHOI MePbI
M COTAAQCOBAHHOCTM C YCAOBUSIMM AQHHOIT 00CTa-
HOBKU AESATEABHOCTb MMOAKOPKU», — CYUTAET
oH (ITaBaoB 1951, kH. 2, 205).

VIMEHHO C 9TUX ITO3ULIUI OH IIOAPOOHO OTMCHI-
BaeT pa3sAMYHbIE TPOSIBAEHUSI UCTEPUY, TAKME KAK
BHYILIA€MOCTb (M CAaMOBHYIIEHVE), CIOHTaHHO
BO3HUKAIOIIME aHAATe3UM, TAPAAUYHY, & B HEKOTO-
PBIX CAYYasiX CTUTMAThl, YaCTO OTCYTCTBME PEAAD-
HOT'O OTHOIIEHMSI K )KU3HU, HeKast PaHTaCTUYHOCTh
U, HAKOHeEl], «0ercTBo B OOAE3HbY.

[To maTepuaraM KAMHUKO-(PUMOAOTUYECKUX
nccaepoBaHui [TaBAOB OITyOAMKOBAA €el1je HECKOAD-
Ko cratei: «O HeBpO3ax YeAOBeKa U XMBOTHBIX»
(1932), «HyBCcTBO OBAAAEHMSI U yAbTpamapa-
AokcaabHast dpasa» (1933), «ITpoba dusmorornye-
CKOrO MMOHUMAaHMS HaBsI34MBOTO HEBPO3a U Mapa-
Hoiu» (1934). OH TaKKe CAEAAA HECKOABKO AO-
KAQAOB Ha MEXAYHapOAHBIX KOHrpeccax. DTO
AOKAQABL: «DKCIIEPUMEHTAABHBIE HEBPO3bI»
Ha 1 Me>KAyHapOAHOM HEBPOAOTMYECKOM KOHIpeC-
ce B bepue (1931), «ITpumep sKCrieprMeHTAABHO
MPOM3BEAEHHOI0 HEBPO3a U €ro M3AeveHUe
Ha CAa0OM TUIIe HepBHOI cucTeMbl» Ha VI HeBpo-
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Puc. 12. V. T1. [TaBAOB BBICTyTIaeT C AOKAAAOM
«/AVHaM14ecKas CTepeOTUNNA BBICIIETO OTAEAR
roAoBHOro Mo3ra» Ha X Ilcuxoaornyeckom KoHrpecce
B Konenrarene (1932)

Fig. 12. I. P. Pavlov makes his presentation “Dynamic
Stereotypy of the Higher Part of the Brain” during
the 10" Psychological Congress in Copenhagen (1932)

AOTUYECKOM CKaHAMHABCKOM KoHrpecce B KomneH-
raree (1932), « AMHamMu4yecKasi CTEPEOTUIIUS
BBICILIETO OTAEAA TOAOBHOIO Mo3ra» Ha X ITcuxo-
Aornvyeckom koHrpecce B Konenrareune (1932)

(puc. 12) u aAp.

OTtHouenue [TaBaoBa K opranusanum
ICUXMATPUYECKON TOMOIIY B HaLllell CTPaHe

Nrak, ITaBAOB paccMaTpyBaA MHOTME CUMIITO-
MBI HEPBHBIX U IICUXMYECKUX 3a00A€BaHMIT KaK
MPOsIBA€HME 3aIUTHBIX CA OPTaHM3Ma, [I0Ka3aTeAb
OXPaHUTEAbHOTO TOPMOXX€HUs, 3alUIIAI0Iero
HepBHbIe KAETK! OT IepeHaNpPsDKEHNS U TUOeAN.
VIMeHHO 03TOMY €ro OTHOILEeHVe K OpraHU3aLUK
Ae4eOHOM MOMOLIY MICUXUYECKN OOABHBIM TaKXe
OTAMYAAOCH OT OOIIENPUHSATOro B Te ropbl. Co-
CTOSIHME TICUXMATPUIECKUX OOABHUL], TAE 4aCTO
YHIDKAAOCh YeAOBEYECKOE AOCTOMHCTBO, 3aCTaBU-
Ao ero eie B 1930 roay BbICKa3aTb B CBOEN CTaTbe
«[TpobHas akcKypcus pusnosora B 06AaCTb ICu-
XMaTPUN» TTOKEAAHUE, YTOOBI HEBMEHSIEeMbIe OOAB-
Hble OBIAVL OTAEAEHBI OT IPOLIEAIINX AeUeHVe
Ml «y>Ke PacCIOAAramllyX CO3HaH/MEM CaMMX cebst
B U3BECTHOI CTETIEHM», YTOOBI OTPAAUTD TOCAEAHUX
OT HeTaTUBHOI'O BAVSHUS Pa3APaKUTEAEN B BUAE
KPVKOB, YTPO3 1 IIPAMOTO HACUANS, YTO AO’KMAOCH
ObI HETTOCHABHBIM I'PY30M Ha X CAa0Oble KOPKOBbIE
KAETKI.

«...Y)Ke co3HaBaeMoe OOAbHBIM HapyllIeHue
CBOMX YeAOBEYEeCKMX IpaB, — mucaa IlaBaos, —
3aKAIOYAIOI[eeCs YaCThIO B OTPaHNYEHNY CBOOOADI,
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YaCThIO B €CTECTBEHHOM U TOYTU HEU3OEKHOM
TPETUPOBAHUM MAlJMEHTA KAaK HEBMEHSIEMOIO
CO CTOPOHBI CAY)KEOHOrO UM MEAULIMHCKOTO
MePCOHAAQ, HE MOKET He TIPEACTABASITD OIISITh XKe
CepbEe3HBIX YAAPOB IO 3TUM CAa0bIM KAETKaM.
CAep0OBaTeAbHO, HY’)KHO KaK MO>KHO CKOpee, CBO-
eBpeMeHHee KaK Obl TepeBOAUTD TaKMX AYLIEBHO-
OOABHBIX Ha MOAOXeEHNE OOABHBIX, CTPAAAIOLIUX
BCSKVMU APYTUMMU OOA€3HSIMU, KOTOpbIEe He MC-
TSI3aI0T TaK HEITOCPEACTBEHHO YyBCTBO YeAOBeYe-
ckoro poctouHcTBay (IMTaBaos 1951, kH. 2, 132).

ITo BOCIOMUHAHUSIM COBPEMEHHUKOB, TABAOB-
CKIi€ KAVIHVKY IO PEXXMMY U OTHOLIEHMIO K OOABHBIM
0OABIIIe HATIOMUHAAY CAHATOPUY, HEXKEAU TICUXU-
aTpuyeckne 60AbHuULbI (puc. 13).

K ViBany ITeTpoBuuy, 3Hast ero A06poe 1 BHU-
MaTeAbHO€e OTHOIIeHIEe K OOABHBIM, CTaAU 0Opa-
I[aTHCSI 32 COBETOM UM ITIOMOIIIbIO KaK CaMy OOABHBIE,
TaK U UX POACTBEHHMKU, IpUYEM SKUBYIIME
He TOABKO B Poccuu, HO 11 3a pyOexxoM, 0COOEeHHO
B CIIA. K xoH1y 1935 ropa oH cTaA NMOAyYaThb
B AeHb OT 5 A0 10 muceM, Ha KOTOpbIe He yCIeBaA
OTBETUTH. JTO, B KOHLIE KOHIIOB, 3aCTaBUAO €r0
obOpaTuThbCs B pepakiuio rasetsl «/3BecTus»
CO CAEAYIOIIMM MUCbMOM: «...IToucTHHe Bcecoros-
HOW MOABOI1 51 KaK-TO IIpeBpaileH 13 GUKTUBHOTO
Bpavya (MMeIo AUMAOM, HO HUKOTAQ HE A€YUA)
B MEAVLIMHCKOI'O YyAOTBOPLIA... HA MEHS Ty4aMu
CBIMTAIOTCS TIMChbMA C TOPSTYMMU MOABOAMU O TIO-
MOIIY, HAUMHAsI C MYCTSIKOB, BPOA€E CTBIAAVBOTO
MTOKPACHEHMS AUIIA, CAAOBIX BOAOC U T. A. M KOHYAs
TSDKEAEMIIMMU HEV3A€UYUMBbIMU OOAE3HSIMMU. ..

B oAHMX cAydasix He OTBeYaTb — HEAOBKO,
B APYTMX — IIPSIMO COBECTHO. A MEXAY TeM TPYA

Puc. 13. Kannuka HeBpo3os. Bpau A. b. Takkeap
n npodeccop b. H. Bupman ocmMaTpuBaT 60AbHYIO

Fig. 13. Neurosis clinic. Doctor L. B. Gakkel
and professor B. N. Birman examine a patient
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HaIpaCHBIN, OECITOAE3HBIN AASI 00€UX CTOPOH.
IToaToMy, TOXXe TOpsT40, IIPOIIY ITPEOAOAETDH 3TO
neyaAbHOe HepopasymeHue. I Iporry Apyrue raseTst
mepernevyararh 3To Moe obpaienue» (ITaBaos 1936).

[TucbMo ObIAO OMyOAMKOBAHO B razete 25 sH-
Baps 1936 roaa, a yepes Mecsil] BEAUKOIO YY€HOIO
He ctaAo. OH CKOHYaACs OT THeBMOHMM 27 deBpa-
As Ha 87-M oAy XKU3BHU.

B Halite BpeMs HEKOTOPBbII EPECMOTP B3TASIAOB
ITaBAOBa Ha MeXaHM3MBbI Pa3BUTUA OTAEAbHBIX
CUMIITOMOB ¥l CUHAPOMOB HEPBHBIX 3a00A€BaHUIA,
KOHEYHO, BO3MOXXeH. Ho o61ye mpurHLMIIBI
aHaAM3a IMATOAOTMYECKOTO COCTOSIHUS TOAOBHOTO
Mo3ra, chOpMUPOBaABILIKECS B IPOLECCe SKCIIePU-
MeHTaAbHON paboTsl camoro ITaBAoBa u ero
COTPYAHVMKOB, OCTAIOTCSI HEMI3MEHHBIMU U OTIpeAe-
ASIIOT TTYTh AQABHEMNIINX VICCAEAOBAHUI B HEMPO-
$U3MOAOTMM U IICUXVATPUL.

Bricoxo orjennBas Bkaaa IlaBaoBa B ncuxmarpuio,
npodeccop AMAAEAA THCAA, YTO KOTAA-HUOYAD,

OCHOBBIBAsICb Ha TPyAaX BEAUKOro ¢usmo-
AOTQ, «Bpa4-NIPAaKTUK OYAET B COCTOSIHUU C YBe-
PEHHOCTBIO IIPEeACKa3aTh AASI CBOETO IMaljleHTa
CYACTAVMBBII U YCIIELIHBI ITyTh B OYPHBIX T€YEHN-
SIX COLIMAABHOI 11 SKOHOMMUYECKOM XXU3HI» (AMAAEAA
1967, 300).

Cawm xe VBaH [TeTpoBuy cunTaa, 4to «...0b1A0
ObI OOABLIMM AETKOMBICAVIEM IIepBble Laru Gpusmo-
AOTVIM OOABLIMX IMOAYIIAPUIL... CUUTATh yXKe
3a KaKoe-TO pelleHMe TPAaHAMO3HOM 3apauu
O BBICIIIEM MEXaHM3Me YEAOBEUYECKOI HATYpHI...
CA0XHOE OepeTcsi HAaYKOM TOABKO IO YaCTSAM
1 0OpBIBKaM, HO OHO 3aXBaThIBAETCS €10 TIOCTEIEH-
HO Bce Ooaee u 6oaee. CaepoBaTEABHO, OYyAEM
HaAESITbCS U TEPIIEAUBO YXAATh, KOTAQ TOYHOE
Y TIOAHOE 3HaHMe Halllero BBICIIEero opraHa — ro-
AOBHOI'O MO3Ta — CAEAAETCS HallUM MOAAVHHBIM
AOCTOSIHMEM, @ C 3TUM U TAABHOI OCHOBOII IIPOY-
HOI'0 4eAOBeyecKoro cyacTbs» (ITaBaoB 1999,
428-429).
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Abstract. We examined the stimulatory effects of lubiprostone, a bicyclic
fatty acid derived from prostaglandin E  and a chloride channel type-2 opener
(CIC-2), on HCOQO,- secretion in the rat stomach and duodenum, with a focus
on the EP receptor subtypes involved in this action. Under urethane anesthesia,
an ex-vivo chambered stomach or a duodenal loop was perfused with saline,
and HCO,- secretion was measured at pH 7.0 using a pH stat-method.
Lubiprostone (0.1-30 M) was perfused in the chamber or loop for 10 min.
Indomethacin, ONO-8711 (an EP, antagonist), or AE5-599 (an EP, antagonist)
was given s.c. 1 h before the lubiprostone treatment, while AE3-208 (an EP 4
antagonist) or CFTR,  -172 (a cystic fibrosis transmembrane conductance
regulator (CFTR) inhibitor) was given i.p. 30 min before. Lubiprostone dose-
dependently and significantly increased HCO,- secretion in both the stomach
(= 10 uM) and duodenum (= 1 pM). The stimulatory effect in the stomach
was significantly abrogated by a pretreatment with the EP, antagonist, but
not the EP,/EP, antagonists or CFTR inhibitor, while that in the duodenum
was significantly attenuated by the EP,/EP, antagonists as well as the CFTR
inhibitor. Indomethacin had no effect on the response of either tissue
to lubiprostone. These results suggest that lubiprostone stimulated HCO,-
secretion in the stomach and duodenum in a manner that was mediated
by different EP receptor subtypes; the former was mediated by EP, receptors,
while the latter was mediated by both EP, and EP, receptors. CFTR/CIC-2
may be involved in the response observed in the duodenum, but not in
the stomach.

Keywords: lubiprostone, HCO, - secretion, prostaglandin EP receptor subtypes,
stomach, duodenum, rat.

Introduction

Lubiprostone, a bicyclic fatty acid derived from
prostaglandin (PG) E , has been used to treat chronic
constipation and irritable bowel syndrome with
constipation (Schey, Rao 2011). Its mechanism
of action has been attributed to the stimulation
of intestinal fluid secretion via the activation
of CIC-2 chloride channels, which are located in
the apical membranes of epithelial cells as a cystic
fibrosis transmembrane regulator (CFTR) bypass
channel in Cystic Fibrosis (Schwiebert et al. 1998;
Cuppoletti et al. 2004). Previous studies demonstrated
that lubiprostone activated PGE receptors (Bassil
et al. 2008; Mizumori et al. 2009; Cuthbert 2011).
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These receptors have been pharmacologically
subdivided into four subtypes, EP -EP, (Woodward
etal. 2011). Among them, the EP, receptor appears
to be the main target for lubiprostone. Cuthbert
demonstrated that EP, receptors in sheep were the
major target for lubiprostone to stimulate
the secretion of anions in ovine airways (Cuthbert
2011). In addition, several studies showed that
lubiprostone activated CIC-2/CFTR chloride channels
via EP, receptors (Cuppoletti et al. 2004; Bassil et
al. 2008; Bao et al. 2008). We previously reported
that PGE, ameliorated indomethacin-induced small
intestinal damage via the activation of EP, receptors
(Kunikata et al. 2002; Hatazawa et al. 2006; Takeuchi
2014). In consistence with these findings, we recently
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confirmed that lubiprostone also prevented
indomethacin-induced enteropathy via an EP,
receptor-dependent mechanism (Hayashi et al.
2014).

The secretion of HCO, from surface epithelial
cells is one of the main processes involved in mu-
cosal defense and plays an important role in pro-
tecting the gastroduodenal mucosa against acid
(Flemstrom, Garner 1982; Flemstrom, Turnberg 1984;
Takeuchi et al. 1986). The physiological regulation
of HCO, secretion involves several factors such as
PGs, nitric oxide, and neuronal factors (Flemstrom,
Garner 1982; Heylings et al. 1984; Takeuchi et al.
1991; Hogan et al. 1993; Sugamoto et al. 2001;
Takeuchi et al. 1997). Mizumori et al. (2009) re-
ported that lubiprostone stimulated CFTR-depen-
dent duodenal HCO, secretion in rats, and this
action was mediated by the activation of EP, recep-
tors. PGE, has been shown to stimulate HCO, se-
cretion in the stomach and duodenum in a manner
that is mediated by different EP receptors; EP, re-
ceptors in the stomach and EP,/EP, receptors
in the duodenum (Takeuchi et al. 1997; Takeuchi
et al. 1999; Aoi et al. 2004; Aihara et al. 2007).
However, it currently remains unknown whether
lubiprostone stimulates HCO, secretion in
the stomach similar to PGE, and which EP recep-
tors are responsible for its effects in the stomach.

In the present study, we examined the stimula-
tory effects of lubiprostone on HCO, secretion
in the rat stomach and duodenum, with a focus
on the EP receptor subtypes involved in these ef-
fects. Since lubiprostone is a CIC-2 chloride chan-
nel opener (Schwiebert et al. 1998; Cuppoletti
et al. 2004), we also determined the contribution
of CIC-2/CFTR channels to its HCO," stimulatory
effects in these tissues.

Materials and methods

1. Animals

Male Sprague-Dawley rats (200-260 g; Nippon
Charles River, Shizuoka, Japan) were acclimated
to standard laboratory conditions (12:12 h light-dark
cycle, temperature of 22 + 1° C). Animals were kept
in individual cages with raised mesh bottoms and
deprived of food, but allowed free access to tap
water for 18 h before the experiments. Experiments
were carried out using four to six rats per group
under urethane anesthesia (1.25 g/kg, i.p.). Body
temperature was monitored intermittently using
arectal thermometer (Natsume, Tokyo, Japan) and
maintained at ~35 °C by placing the animals
on a heat pad and exposing them to an external
heat lamp (40 W) (Takeuchi et al. 1986; Takeuchi
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etal. 1997). All experimental procedures described
were approved by the Experimental Animal Research
Committee of Kyoto Pharmaceutical University.

2. Determination of HCO, secretion

The secretion of HCO, was measured
in a chambered stomach or duodenal loop as de-
scribed previously (Takeuchi et al. 1997;
Takeuchi et al. 1990). The abdomen was incised,
and the stomach was exposed and mounted
on a chamber (exposed area: 3.1 cm?), while a duo-
denal loop (17 mm) was made between the pyloric
ring and area just above the outlet of the common
bile duct to exclude the influences of bile and pan-
creatic juice (fig. 1).

Salie (pH 7.0

Fig. 1. Schematic illustration of the perfusion system
and order of connection of the loop to determine
HCO, secretion in the whole stomach (A) or proximal
duodenum (B) of an anesthetized rat. The tissue was
continuously perfused at a rate of 0.2 ml/min with
saline, which was gassed with 100 % 0O,
heated at 37 °C, and kept in a reservoir. HCO,
secretion was measured at pH 7.0 using a pH-stat
method

The ex-vivo chambered stomach or duodenal
loop was perfused at a rate of 0.2 ml/min with saline,
which was gassed with 100 % O, and kept in a res-
ervoir. The secretion of HCO, was measured at pH
7.0 using a pH-stat method (Hiranuma Comtite-8,
Mito, Japan) and by the addition of 2 mM HCl
to the reservoir. To unmask HCO, in the stomach,
the secretion of acid was completely inhibited
by omeprazole, which was administered i.p.
at a dose of 60 mg/kg. Omeprazole at this dose has
been shown to have no influence on gastric HCO,
secretion in rats (Flemstrom, Mattsson 1986). After
the basal secretion of HCO, had been stabilized,
the chamber or loop was perfused at a rate of 0.2
ml/min for 10 min with lubiprostone (0.1~30 uM)
made isotonic with NaCl. In some cases, HCO,
secretion was stimulated in both the stomach and
duodenum by PGE, (1 mg/kg) given intravenously
(i.v.). Indomethacin (a cyclooxygenase inhibitor:
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5 mg/kg), ONO-8711 (an EP, antagonist: 10 mg/
kg), or AE5-599 (an EP, antagonist: 10 mg/kg) was
given subcutaneously (s.c.) 1 h before the applica-
tion of lubiprostone or administration of PGE,,
while AE3-208 (an EP, antagonist: 3 mg/kg)
or CFTR,  -172 (an inhibitor of CFTR: 1 mg/kg)
was given intraperitoneally (i.p.) 30 min before.
The doses of these EP and CFTR antagonists were
selected in order to induce the respective pharma-
cological actions according to the findings of previ-
ous studies (Hayashi et al. 2014; Takeuchi et al.
2011; Takeuchi et al. 2002; Norimatsu et al. 2012).

3. Determination of gene expression of the CIC-2
chloride channel and EP -EP, receptors

The gene expression of the CIC-2 chloride
channel and EP -EP, receptors was measured
in the gastric and duodenal mucosa by a reverse
transcriptional polymerase chain reaction (RT-PCR).
The stomach or duodenum was removed under
deep ether anesthesia, and stored at -80 °C prior
to use. Total RNA was extracted from tissue samples
using Sepasol RNA I (Nacalai Tesque, Kyoto, Japan).
Total RNA was reverse-transcribed with
a first strand cDNA synthesis kit (ReverTra Ace
alpha, TOYOBO, Osaka, Japan). The sequences
of the sense and antisense primers for the rat CIC-
2 chloride channel and EP -EP, receptors, and each
product size, are shown in Table 1. An aliquot

Table 1. Sequences of Sense and Antisense Primers
for CIC-2 and EP -EP, Receptors

Gene Primer Sequence 5-3' PCR Product

ClC-2 499 bp
Forward CAAGTTCCTCTCCCTCTTTG
Reverse GAACTGTCCAAAGCCAGGG

EP1 778 bp
Forward CCCAGGGTCCCCAATACATCT
Reverse GGGCAGCTGTGGTTGAAG

EP2 1178 bp
Forward CGCCCTCCACCATGGACAAT
Reverse AAGCAGCGCATGCTCACAAC

EP3 666 bp
Forward TGGCTGGCGCTCACCGACTTG
Reverse GCATTGCTCTACTGACATCTG

EP4 488 bp

CCCTGCAGCGCCTCAGTGACTTT
CTTGCCTCCGAGGCTGCTTTCAGT

Forward
Reverse
GAPDH
Forward
Reverse

331bp
GAACGGGAAGCTCACTGGCATGGC
TGAGGTCCACCACCCTGTTGCTG

of the RT reaction product served as a template
in 35 cycles of PCR with 0.5 min of denaturation
at 95 °C and 1 min of extension at 68 °C using
the Advantage 2 polymerase mixture (CLONTECH,
Mountain View, CA) in a thermal cycler (PC-806,
ASTEC, Fukuoka, Japan). A portion of the PCR
mixture was electrophoresed in 1.5 % agarose gel
in Tris-acetic acid-EDTA buffer (40 mM Tris, 20 mM
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acetic acid, and 2 mM EDTA; pH 8.1), and the gel
was stained with ethidium bromide and photo-
graphed (Bio Doc-It Imaging System; UVP, Upland,
CA, USA). Images were analyzed with Image ]|
(version 1.39).

4. Preparation of drugs

The drugs used were prostaglandin E,, indo-
methacin (Sigma Chemicals, St. Louis, MO), lubi-
prostone (Abbott Japan Co., Ltd. Tokyo, Japan),
ONO-8711 (an EP, antagonist), AE5-599
(an EP, antagonist), AE3-208 (an EP, antagonist)
(Ono Pharmaceutical Co., Ltd., Osaka, Japan),
CFTR(inh)-172 (a CFTR inhibitor; Wako Pure
Chemicals, Osaka, Japan), and urethane (Tokyo
Kasei, Tokyo, Japan). Prostanoids, including lubi-
prostone, were dissolved in absolute ethanol and
diluted with saline to the desired concentrations.
Indomethacin was suspended in a 0.5 % hydroxy-
propylcellulose solution (Wako Pure Chemicals).
Other drugs were dissolved in saline. All drugs were
prepared immediately before use, perfused intra-
luminally at a rate of 0.2 ml/min, and administered
subcutaneously (s.c.) or intraperitoneally (i.p.)
in a volume of 0.5 ml/100 g body weight or intra-
venously (i.v.) in a volume of 0.1 ml/100 g body
weight. Control animals received the vehicle alone.

5. Statistical analyses

Data are presented as means + SE for four
to eight rats per group. Statistical analyses were
performed using a two-tailed unpaired t-test and
Dunnett’s multiple comparison test, and values
of P < 0.05 were considered significant.

Results

1. Effects of lubiprostone on gastric HCO,
secretion

Under urethane anesthesia, the rat chambered
stomach spontaneously secreted HCO, at a steady
rate of 0.1~0.2 uEq/10 min, and secretion remained
unaltered after the perfusion of saline for 10 min
at a rate of 0.2 ml/min. The perfusion of the cham-
bered stomach with lubiprostone (1-30 pM) for 10
min increased the secretion of HCO, in a concen-
tration-dependent manner. The rate of HCO," se-
cretion was significantly increased by lubiprostone
perfusion at 30 pM compared to saline (fig. 2A),
while the net HCO, output was significantly great-
er at 10 uM and 30 uM than that in the saline-
perfused stomach; AHCO, outputs at 1, 10, and
30 uM were 1.11 + 0.42,2.15 + 0.36, and 3.53 £ 0.37
HEq/h, respectively (fig. 2B). The HCO," response
to lubiprostone in the stomach persisted for ap-
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Fig. 2. Effects of lubiprostone on gastric HCO,’
secretion in anesthetized rats. The chambered
stomach was perfused at a rate of 0.2 ml/min
for 10 min with lubiprostone (1-30 uM), and HCO,’
secretion was measured before and after the perfusion
of lubiprostone. Figure A: Data are presented
as the mean + SE of the values determined every
10 min from 4—6 rats. *Significantly different
from the control, at P < 0.05.

Figure B shows the net HCO, output for 1 h after
the perfusion of lubiprostone, and the data represent
the mean * SE from 4—6 rats. *Significantly different
from the control, at P < 0.05

proximately 2 h. Based on these results, lubiprostone
was perfused in the chambered stomach at 30 uM
in subsequent experiments.

2. Effects of lubiprostone on duodenal HCO,
secretion

The rat duodenum spontaneously secreted
HCO, at a steady rate of 0.3~0.5 uEq/10 min under
urethane anesthesia, and its secretion remained
unaltered after the perfusion of saline for 10 min
at a rate of 0.2 ml/min. However, lubiprostone
(0.1-10 uM) perfused luminally in the duodenal
loop for 10 min increased the secretion of HCO,’
in a concentration-dependent manner, and its se-
cretion was significantly greater at concentrations
of 1 pM and 10 pM than that in the saline-perfused
duodenum; AHCO, outputs at 0.1, 1, and 10 pM
were 1.62 £ 0.42,5.35 + 0.31, and 4.78 £+ 0.32 pEq/h,
respectively (figs. 3A and 3B). Based on these results,
lubiprostone was perfused in the duodenal loop
at 1 uM in subsequent experiments.

3. Effects of EP, EP, and EP, antagonists on
lubiprostone-stimulated gastric HCO, secretion

The luminal perfusion of lubiprostone (30 pM)
in the chambered stomach for 10 min potently
increased HCO, secretion, with AHCO, output
at 3.73 + 0.41 uEq/h, which was significantly high-
er than that (0.96 + 0.08 uEq/h) in the control.
The stimulatory effects of lubiprostone were sig-
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Fig. 3. Effects of lubiprostone on duodenal HCO,
secretion in anesthetized rats. The duodenal loop
was perfused at a rate of 0.2 ml/min for 10 min with
lubiprostone (0.1-10 uM), and HCO, secretion was
measured before and after the perfusion
of lubiprostone. Figure A: Data are presented
as the mean * SE of the values determined every
10 min from 5-6 rats. *Significantly different
from the control, at P < 0.05.

Figure B shows the net HCO, output for 1 h after
the perfusion of lubiprostone, and the data represent
the mean + SE from 4-6 rats. *Significantly different
from the control, at P < 0.05

nificantly attenuated by the pretreatment of animals
with ONO-8711 (10 mg/kg, s.c.), the EP, antagonist,
but not by either AE5-599 (10 mg/kg), the EP,
antagonist, or AE3-208 (3 mg/kg), the EP, antago-
nist, with the degrees of inhibition being 70.3 %,
16.2 %, and -16.1 %, respectively (fig. 4).

4. Effects of EP, EP,, and EP, antagonists
on lubiprostone—stimulateé duodenal
HCO, secretion

The luminal perfusion of lubiprostone (1 pM)
in the duodenal loop for 10 min significantly
elevated HCO, secretion over that in the control
group treated with saline; AHCO,  output was
5.38 £ 0.41 pEq/h. The HCO, stimulatory effect of
lubiprostone was significantly attenuated by the
pretreatment of animals with AE5-599 (10 mg/kg,
s.c.) and AE3-208 (3 mg/kg, i.p.), but not with
ONO-8711 (10 mg/kg, s.c.), and the degrees of
inhibition were 48.2 %, 75.9 % and 5.5 %, respec-
tively (fig. 5).

5. Effects of indomethacin and CFTR(inh)-172
on HCO, responses induced by lubiprostone
in the stomach and duodenum

Since the HCO, response to lubiprostone was
significantly attenuated by EP antagonists, this ef-
fect may be mediated by endogenous PGs. Lubi-
prostone has also been shown to activate CIC-2
chloride channels (De Lisle et al. 2010; Schiffhauer
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Fig. 4. Effects of various subtype-selective EP
antagonists on lubiprostone-stimulated gastric HCO,’
secretion in anesthetized rats. Lubiprostone (30 pM)
was perfused in the chambered stomach at a rate of
0.2 ml/min for 10 min. ONO-8711 (an EP, antagonist:
10 mg/kg) or AE5-599 (an EP, antagonist: 10 mg/kg)
was given s.c. 1 h before the perfusion of lubiprostone,
while AE3-208 (an EP, antagonist: 3 mg/kg) was given
i.p. 30 min before. Data are presented as
the mean + SE for 4-7 rats. Significant difference
at P < 0.05; *from the control; # from the vehicle

et al. 2013). In order to investigate the possible
involvement of endogenous PGs and CIC-2 chloride
channels in the HCO," stimulatory action of lubi-
prostone, we examined the effects of indomethacin
and CFTR(inh)-172 on HCO, responses to lubi-
prostone in the stomach and duodenum.

When lubiprostone was perfused for 10 min
into the chambered stomach or duodenal loop
at 30 uM or 1 uM, respectively, the secretion of
HCO, was significantly increased; AHCO, output
was 3.68 + 0.46 uEq/h in the stomach or 5.50 + 0.32
uEq/h in the duodenum, respectively. As shown
in Fig. 6A, HCO, responses in the stomach and
duodenum were not significantly affected by
the pretreatment of animals with indomethacin
(5 mg/kg, s.c.); the responses observed were simi-
lar to those in control tissues. On the other hand,
CFT(inh)-172 (1 mg/kg, i.p.), the inhibitor of CFTR,
significantly attenuated the HCO, response
to lubiprostone (1 uM) in the duodenum, but
not in the stomach, with inhibition at 41.6 %
in the former and 23.6 % in the latter (fig. 6B).

6. Effects of EP, EP, and EP, antagonists
on PGE -induced gastric and duodenal
HCO, secretion

To confirm the involvement of specific EP recep-
tor subtypes in the HCO, response to PGE,
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Fig. 5. Effects of various subtype-selective EP
antagonists on lubiprostone-stimulated duodenal
HCO, secretion in anesthetized rats. Lubiprostone
(1 uM) was perfused in the duodenal loop
at a rate of 0.2 ml/min for 10 min. ONO-8711
(an EP, antagonist: 10 mg/kg) or AE5-599
(an EP, antagonist: 10 mg/kg) was given s.c. 1 h before
the perfusion of lubiprostone, while AE3-208
(an EP, antagonist: 3 mg/kg) was given i.p. 30 min
before. Data are presented as the mean + SE
for 4-7 rats. Significant difference at P < 0.05;
*from the control; # from the vehicle

in the stomach and duodenum, we examined
the effects of various EP antagonists on PGE,-induced
HCO,  secretion in these tissues. The intravenous
administration of PGE, (1 mg/kg) significantly in-
creased the secretion of HCO, in the stomach and
duodenum; AHCO, output was at 3.48 + 0.96 uEq/h
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Fig. 6. Effects of indomethacin and CFTR_ -172
on lubiprostone-stimulated HCO,™ secretion in the
stomach (A) and duodenum (B) of anesthetized rats.
The chambered stomach or duodenal loop was
perfused at a rate of 0.2 ml/min for 10 min with
lubiprostone at 30 pm or 1 puM, respectively.
Indomethacin (5 mg/kg) was given s.c. 1 h before
the perfusion of lubiprostone while CFTR,_ -172
(1 mg/kg), the CFTR inhibitor, was given i.p. 30 min
before. Data are presented as the mean + SE
for 4-7 rats. Data are presented as the mean + SE
for 5-6 rats. Significant difference at P < 0.05;
*from the control; # from the vehicle
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Fig. 7. Effects of various subtype-selective EP
antagonists on PGE,-stimulated HCO, secretion
in the stomach (A) and duodenum (B) of anesthetized
rats. PGE, was administered i.v. at 1 mg/kg.
ONO-8711 (an EP, antagonist: 10 mg/kg) or AE5-599
(an EP, antagonist: 10 mg/kg) was given s.c. 1 h before
the administration of PGE,, while AE3-208
(an EP, antagonist: 3 mg/kg) was given i.p. 30 min
before. Data are presented as the mean + SE
for 4—7 rats. Significant difference at P < 0.05;
*from the control; # from the vehicle

and 5.43 + 0.62 pEq/h, respectively (fig. 7). The
response in the stomach was significantly inhibited
by ONO-8711 (10 mg/kg, s.c.), but not by AE5-599
(10 mg/kg, s.c.) or AE3-208 (5 mg/kg, i.p.), while
the response in the duodenum was significantly
attenuated by both AE5-599 and AE3-208, but not
by ONO-8711.

7. Gene expression of the CIC-2 chloride
channels and EP -EP, receptors in rat
gastric and duodenal mucosa

Since EP, and EP,/EP, receptors were found
to be involved in the HCO, stimulatory action
of lubiprostone in the stomach and duodenum,
respectively, we examined the gene expression
of various EP receptor subtypes (EP -EP,) in addition
to the CIC-2 chloride channel. As shown in fig. 8A,
EP-EP, receptors were expressed in both the gastric
and duodenal mucosa, although differences were
observed in the intensity of their expression.
The gene expression of the CIC-2 chloride channel
was also clearly detected in both tissues (fig. 8B).

Discussion

Lubiprostone has been used to treat chronic
constipation (Schey, Rao 2011), and its mechanism
of action has been attributed to the stimulation
of intestinal fluid secretion via the activation
of CIC-2 chloride channels (Schwiebert et al. 1998;
Cuppoletti et al. 2004). This drug is a bicyclic fatty
acid derived from PGE, and has been shown

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2
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Fig. 8. Gene expression of EP receptor subtypes
(EP,-EP,) (A) and CIC-2 (B) in the rat stomach
and duodenum

to activate PGE receptors (Bassil et al. 2008; Mizumori
et al. 2009; Cuthbert 2011). We recently reported
that lubiprostone prevented indomethacin-induced
small intestinal damage via the activation of EP,
receptors, similar to PGE, (Hayashi et al. 2014;
Flemstrom, Garner 1982), suggesting the prophylactic
use of this drug against NSAID-induced enteropathy.
In the present study, we demonstrated for the first
time that lubiprostone stimulated HCO, secretion
in both the stomach and duodenum via different
EP receptor subtypes; its effect in the stomach was
mediated by EP, receptors, while that in
the duodenum was mediated by both EP, and EP,
receptors.

The secretion of HCO, from the surface
epithelium is one of the mucosal defensive
mechanisms and plays an important role in protecting
the gastroduodenal mucosa. Various analogues
of PGs or agents that enhance the biosynthesis
of endogenous PGs stimulate HCO, secretion,
while nonsteroidal anti-inflammatory agents decrease
the secretion of HCO, by inhibiting PG generation
(Flemstrom, Garner 1982; Flemstrom, Turnberg
1984; Takeuchi 1986; Takeuchi et al. 2011).
We previously reported that PGE, affected HCO,’
secretion via distinctive mechanisms in the stomach
and duodenum concerning the EP receptor subtypes
involved in this process; its effect in the stomach
was mediated by EP, receptors coupled with
elevations in intracellular Ca?*, while that in
the duodenum was associated with the intracellular
accumulation of both Ca?* and 3}5’-cyclic adenosine
monophosphate (cAMP) caused by the activation
of EP,/EP, receptors (Takeuchi et al. 1997; Takeuchi
etal. 1999; Aoi et al. 2004; Aihara et al. 2007; Takeuchi
etal. 2011).

Since lubiprostone is derived from PGE, and
induces its pharmacological effects through EP receptors
(Schwiebert et al. 1998; Cuppoletti et al. 2004),
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this drug may increase the secretion of HCO, in
the stomach and duodenum via EP receptors.
Mizumori et al. (2009) was the first to report that
lubiprostone stimulated duodenal HCO, secretion
via the activation of EP, receptors in rats, and
suggested the possibility of its protection
of the duodenum from acid-induced injury.
We confirmed the HCO," stimulatory effect of
lubiprostone in the duodenum via EP, receptors
and further showed that this effect was mediated
by the activation of not only EP, receptors, but also
EP, receptors. As expected, we also found that this
drugincreased the secretion of HCO, in the stomach,
and this effect was significantly attenuated by
the pretreatment with ONO-8711, the EP, antagonist,
but not by the EP, or EP, antagonist, suggesting
that its action in the stomach was mediated by the
activation of EP, receptors. Lubiprostone is unlikely
to have stimulated HCO, secretion by increasing
endogenous PG levels, because this effect was
observed even under PG-deficient conditions caused
by indomethacin. This was also supported by previous
findings in which lubiprostone prevented the
intestinal ulcerogenic response caused by
indomethacin via EP , receptors (Takeuchi 2014,
Hayashi et al. 2014). In a preliminary study, we also
observed the effects of lubiprostone in an isolated
mouse stomach in vitro, which suggested its direct
action on epithelial cells without involving intrinsic
and extrinsic nerves (Takeuchi 2014).

Several studies demonstrated that lubiprostone
activated CIC-2/CFTR chloride channels via EP,
receptors (Bassil et al. 2008; Mizumori et al. 2009;
Cuthbert 2011). Lubiprostone has been shown
to stimulate CFTR-dependent duodenal HCO,
secretion without changing net Cl secretion, which
suggested that lubiprostone acts as a dual activator
of CFTR-independent Cl secretion and as a PG
receptor agonist (Mizumori et al. 2009). In the
present study, we confirmed the gene expression
of CIC-2 chloride channels as well as EP,-EP,
receptors in both rat stomach and duodenum, with
some differences in the intensity of their expression.
Although the cell types that express each EP receptor
subtype and CIC-2 chloride channels have not yet
been identified, we assumed that CIC-2/CFTR
channels are expressed in epithelial cells, even
in the stomach. However, we noted that the prior
administration of CFTR(inh)-172, an inhibitor
of CFTR, significantly attenuated the HCO,
stimulatory effect of lubiprostone in the duodenum,
but not in the stomach. Since the activation of EP,
receptors increases intracellular camp (Regan 2003),
and elevations in cAMP, in turn, activate CFTR
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(Li, Naren 2005), CFTR-dependent HCO,  secretion
by lubiprostone appeared to be consistent with
the activation of EP, receptors by lubiprostone.
Norimatsu et al. (2012) also confirmed that CFTR
was activated by lubiprostone via the EP, receptor
in oocytes, even though the drug had no direct
effect on either CIC-2 or CFTR channels expressed
in oocytes. It has not yet been determined why
the effect of lubiprostone in the stomach was
unaffected by the CFTR inhibitor; however, these
results suggest that the direct activation of CFTR/
CIC-2 chloride channels does not contribute to the
HCO, stimulatory action of lubiprostone in the
stomach.

Another interesting finding was that the effective
dose of lubiprostone markedly differed between
the stomach and duodenum; the stimulation
of HCO, secretion was observed at > 10 uM
in the stomach and at > 1 pM in the duodenum.
Consistent with our previous findings (Takeuchi et
al. 1997; Takeuchi et al. 1999; Aoi et al. 2004; Aihara
et al. 2007; Takeuchi et al. 2011), PGE, stimulated
HCO, secretion in both the stomach and duodenum
at the same dose level (1 mg/kg, i.v.); however, these
effects were mediated via different EP receptors
in these tissues, similar to those of lubiprostone.
Although this difference remains unexplained,
it may have been due to different affinities to
the EP receptor subtypes and/or CIC-2/CFTR-
dependency; higher affinity to both EP,/EP, receptors
than EP, receptors and CIC-2/CFTR- dependency
in the duodenum, but not in the stomach.

The present results suggest that lubiprostone,
a bicyclic fatty acid derived from PGE , stimulated
HCO, secretion in the stomach and duodenum,
similar to PGE,, and these effects were mediated
by different EP receptor subtypes in these tissues;
the effect observed in the stomach was mediated
by EP, receptors, while that in the duodenum was
mediated by both EP, and EP, receptors. In addition,
CFTR was involved in modulating HCO, secretion
in the duodenum, but not in the stomach. Considering
the findings in the present study, it is assumed that
beyond treatment of constipation, irritable bowel
syndrome and enteropathy, lubiprostone may have
potential to be used more for protection against
gastritis and peptic ulcer diseases, since it does
stimulate the secretion of HCO, in both the stomach
and duodenum. Furthermore, because duodenal
HCO, secretion was shown to be impaired
in patients with Helicobacter pylori (Tuo et al. 2004;
Tuo et al. 2009), it is also possible that lubiprostone
may be useful for treatment of Helicobater pylori-
related diseases.
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Conclusion

Lubiprostone stimulated gastroduodenal HCO,®
secretion, and these stimulatory effects differed
in the two tissues examined; the effect observed
in the stomach was mediated by EP, receptors and
independent of CFTR channels, while that
in the duodenum was mediated by both EP, and
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EP, receptors and dependent on CFTR channels.
Lubiprostone appeared to protect the stomach and
duodenum against acid injury by stimulating
the secretion of HCO,".
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AnHomayus. 1lleAblo AAHHOTO UICCAEAOBAHMSA OBIAO BBISICHEHUE POAU
HUTPEPrUYeCKMX MEXaHM3MOB B CHOCOOHOCTY OCHOBHOT'O IIPOBOCITAAUTEABHOT'O
uuTokuHa VIA-1{ okasbiBaTh BAMSIHME Ha TATTEPH ABIXQHMS M YYBCTBUTEABHOCTD
pecnmpaToOpHON CUCTEMBI K IMIIEPKAITHNNA. DKCIEPUMEHTDI IPOBOAMAUCH
Ha TPaXxeoCTOMMPOBAaHHBIX HAPKOTM3MPOBAHHBIX KpbIcax. [MnepKamHuiecKuit
BEHTUASTOPHBIN OTBET OLIEHMBAACS METOAOM BO3BPAaTHOTO ABIXaHUSA
TUMEePOKCUYECKN-TUMIePKAITHMYECKONM Tra3oBOM CMEChI0 AO M TOCAeE
LiepeOpPOBEHTPUKYASIPHOTO BBeAeHMst VIA-1P. AAsI BBISIBAEHMS y4aCTHUS OKCHAQ
a30Ta B BEeHTUASILIMOHHBIX 3¢ dexTax VIA-1[ ucrnoab3oBaAcs HecrielnpriecKui
nurnburop NO-cunrasHoi akrusHoctu L-NAME.

YcTaHOBAEHO, YTO IIPY 9K30T€HHOM IOBBILIEHNN 11epeOpaAbHOIO YPOBHS
VIA-1pB HabAIOAQETCSI AOCTOBEPHOE YBEAUUEHME BEHTUASILINY AETKUX HA POHE
CHIDKEHMSI BEeHTMASLIMOHHO YyBCTBUTEABHOCTH K runepKanHun. [Ipupoct
BEHTUASALIMOHHOTO OTBETA Ha IMIePKAITHMYEeCKNI CTUMYA YMEHbIIAeTCs
IOYTHU B ABa pasa Ha 40 MUH AelicTBUSI UUTOKMHA. [Ipu nmpeaBapuTeAbHOM
BBepeHuu L-NAME pecniuparopHsie adpdextsr VIA-13 He MpOsSBASIIOTCS.
CaeAaH BBIBOA 00 y4acTUM OKCHAQ a30Ta B MOAYASILIMM pedAEKTOPHBIX
MEXaHU3MOB PEryAsILIUU AbIXaHMS B YCAOBUSAX BOCITAA€HUs, IPY aKTUBALUA
VIMMYHHOJI CYICTE€MBI ¥ ITOBBIIIEHNY B OPTaHM3Me YPOBH:I IIPOBOCIIAAUTEABHBIX
LIUTOKVHOB.

Karouesvre croBa: UTOKYH, MTHTEPAEIKUH-10€Ta, TMIIepKaNHIIsL, PECTIMPATOPHBI
xeMopedAaekc, AbixaHue, BeHTuasALus, NO-cuHTasa.
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The role of nitric oxide in the effects of the pro-inflammatory
cytokine IL-1p on the hypercapnic ventilation response
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Abstract. The aim of the current study was to compare the respiratory effects
of IL-1P before and after pre-treatment with L-NAME, a nonspecific NO-
synthases inhibitor.

The experiments were performed on tracheotomised anaesthetised rats.
The hypercapnic ventilatory response was measured by means of the rebreathing
method using a hyperoxic-hypercapnic gas mixture (60 % O2, 7 % CO2) before
and after the cerebroventricular administration of human recombinant IL-1
in the amount of 500 ng dissolved in 10 pl of saline. In order to determine
the role of the NO-pathway in the ventilatory effects of IL-1p, L-NAME,
a non-specific inhibitor of NO-synthase, was used.

As aresult, the slope of the ventilatory response to carbon dioxide decreased
almost twofold at 40 min. after the cerebroventricular administration of IL-1f.
In contrast, the basal level of lung ventilation increased after the elevation
of IL-1B in CSE. L-NAME pre-treatment reduced these respiratory effects
of IL-1P. The data indicate that the inhibitor of NO-synthase significantly
reduces the effect of the pro-inflammatory cytokine IL-1f.

The authors conclude that the ability of IL-1p to enhance basal ventilation
and to reduce the ventilatory hypercapnic response may be mediated by NO-
dependent mechanisms.

Keywords: cytokines, interleukin-1, hypercapnia, respiratory chemoreflex,
breathing, ventilation, NO-synthase.

BBeaenue

K HacrosileMy BpeMeHU YCTaHOBAEHO, YTO
LIMTOKUHBI, OMMOAOIMYECKM aKTUBHbIE MENTUABDL,
9KCIIpeCcCcrpyeMble UMMYHOKOMITETEHTHBIMM KAET-
KaMy, y4aCTBYIOT B HEMIPOMMMYHHBIX B3aIMOA -
CTBUSIX, OKa3bIBasi MIPSIMOE VAU OTIOCPEAOBAHHOE
BAVSIHME HA KAETKY LIeHTPAaAbHO HEPBHOM CUCTe-
Mmbl (Mioab6epr, [puiimza 2006). VimmyHorucTo-
XUMUYECKME VICCACAOBAHMS MMOKA3AAM HAAMYUE
9KCIIPECCUU IIUTOKMHOB U UX PELENITOPOB B SIADE
COAUTAPHOTO TPAKTA U B BEHTPOAATEPAABHOM OT-
A€A€ TIPOAOATOBATOTO MO3T4Q, T. €. B peCIIUPATOPHO
3aBUCUMBIX parioHax cTtBoAa mosra (Churchill,
Taishi, Wang et al. 2006). 9To 103BOAsIET IIPEATIO-
AaraTb y4yacTyie IPOBOCIAAUTEABHBIX LIMTOKMHOB
B LIEHTPaAbHBIX MEXaHM3MaX PETYASILIU ABIXaHVSL.
Haruu npeabIAy1iye NCCAEAOBAHYS TIOATBEP)KAQIOT
5TO MPEATOAOKEHE, TIOKAa3bIBasI, YTO SK30T€HHOE
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noBbllIeHMe LiepebpaabHOro ypoBHs VIA-1p, karo-
YeBOTO MPOBOCIIAAUTEABHOTO LIUTOKMHA, BbI3bIBA-
€T M3MeHeHMe MMaTTepHa AbIXaHUS U 0CcAabAeHIe
BEHTUASITOPHOTO OTBETAa Ha TUIMEPKAMTHUIO
(Aleksandrova, Danilova 2010; Aleksandrova,
Danilova, Aleksandrov 2015). CHu>KeHue BEHTU-
ASITOPHOJ YYBCTBUTEABHOCTM K TUIIEPKAITHUM OBIAO
OOHapY)XeHO U TIPU YCUAEHUU SHAOTEHHOIT PO-
Aykuny OHO-a (pakTopa Hekposa omyxoaern),
KOTOPBIN TAKXKe SIBASIETCS TMPOBOCIAAUTEABHBIM
LUTOKMHOM, OAM3KUM IO CBOMM CBOJMCTBaM
K VIA-1P (Gosselin et al. 2003). B paapHeiteM 66140
YCTQHOBAEHO, UTO B MOAYASILIM ABIXaTE€ABHBIX
xeMopedAeKCOB, BBI3BAHHOI YBEAUYEHVIEM YPOBHS
MA-1B B XpoBu u/MAM B LlepeOPOCIMHAABHOM
XXMAKOCTH, Y4aCTBYIOT LIUKAOOKCUT€Ha3HbIE Ty TU.
AKTUBaLMS UUKAOOKCUTEHA3BI I YCUAEHME CUHTe-
32 MPOCTArAQHAMHOB SIBASIETCSI, BEPOSITHO, OAHUM
13 OCHOBHBIX CIelMPUIECKUX MEXaHU3MOB,
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MOCPEACTBOM KOoTOporo VIA-1f MmoxeT BAUSATH
Ha QYHKLMIO pECIIMPATOPHBIX HEIPOHOB U 3MEHSTh
(bYHKIIMOHAABPHOE COCTOSIHIE ABIXaTEABHOI CUCTe-
Mbl (Aleksandrova, Danilova, Aleksandrov 2015;
Hofstetter, Saha, Siljehav et al. 2007; Olsson, Kayhan,
Lagercrantz, Herlenius 2003). OpHako 13BeCTHO,
uro BAMsHMe VIA-1P Ha pusnoaornyeckue GyHKUM
MOXXeT OBITb OITIOCPEAOBAHO MHOKE€CTBEHHBIMU
MyTsIMY, B TOM YMCA€ U Yepe3 BBICBOOOXKAEHME
okcuaa asora (Graff, Gozal 1999). 910 nosBoasieT
MPEAIIOAAraTh, YTO YCUAEHME CUHTE3a OKCUAQ
a30Ta KAeTKaMU, KOTOPOe IMIPOUCXOAUT IIPY B3aun-
MoaevicTBuM VIA-1B ¢ COOTBETCTBYIOLIM MeM-
OpaHHBIM PELENITOPOM, MOXKET OKa3aThCsl ellje
OAHMM MEXaHM3MOM, OIIOCPEAYIOIMM BAMSIHVE
BOCIIAA€HMSI HA PECIIVIPATOPHYI0 QYHKLMIO.

LleAblo HacTOsIIEN PabOTHI IBMAACH ITPOBEPKA
9TOTO NPEATIOAOXKEHNS U ICCAEAOBaHE BO3MOXK-
Horo yuyactuss NO-epruyeckux MexaHU3MOB
B peaAM3aLM BAUSHU TIOBBIIIEHHOTO LiepeOpaAb-
Horo ypoBHs VA-1B Ha maTTepH ABIXaHUS
Y TUIIEPKAITHUYECKNIT BEHTUASITOPHBIN OTBET.
AAST AOCTVDKEHMST 3TOM LieAUr OBIAM IIPOBEAEHBI
9KCIIePUMEHTHI C UHTPaLlepeOpPOBEHTPUKYASIPHBIM
BBepeHueM VIA-1f Ha doHe penicTBUA
L-uutpo-aprunun-metua-spupa (L-NAME) — ue-
cneunduueckoro 6aokaropa NO-cunTtassl, dep-
MEHTA, KOTOPBII KaTaAu3MpyeT TpaHCchHOopMaLnIo
L-apruHuHa B L-UMTpyAAVH 1 ra3doo0pasHble Me-
anaropel NO. LNAME npepoTBpalaeT npoHUK-
HOBeHMe B KAeTKM L-apruHuHa 1 MHruoupyer ero
B3aMIMOAEIICTBME C AIOOBIMU M3OdOopMaMu
NO-cuHTa3, YTO yMEHbIIAET CUHTE3 SHAOTEHHOTO
OKCMAQ a30Ta.

Mertopuka

DKCIIep/IMEHTHI IPOBEAEHDI Ha 32 HApKOTU3HU-
POBAHHBIX TPaXeOCTOMVPOBAHHBIX CIIOHTAaHHO
ABILIAIMINX KpbIcax-caMuax AuHuu Wistar Becom
250-300 r. Hapko3 oCyIecTBASIACS BHYTpUOPIO-
IIMHHBIM BBEAEHMEM ypeTaHa M3 pacueTa
1400 mr/kr. PekTaAbHas TEMITepaTypa U3MepsIAaCh
Ha IPOTSKEHUM BCETO SKCIIEPVIMEHTA U IOAAED-
JKMBaAachb Ha ypoBHe, He npesbpiuasiiem 38 °C.
MccaepoBaHMe IPOBOAMAOCH HA XXUBOTHBIX U3
ouoxoasexkuum (LIKIT Buokoaaexkuus VId PAH)
C COOAIOAEHMEM OCHOBHBIX HOPM U TIPaBUA OUO-
MeputyHckoit atuku (European Community Council
Directives 86/609/EEC).

Bo Bcex akcrnepyMeHTax IPUMEHSIAACh ITHEB-
MoTaxorpapuieckasi METOAVKA AASI PETUCTPaLUU
00beMHO-BpeMEHHBIX MapaMeTPOB BHEIIHETO
AbixaHus. K TpaxeocToMU4ecKoil KaHIOAE TIOA-
KAIOYaAach MHeBMOMeTpuyeckast Tpyoka MLT-1L
(ADInstruments, ABcTpaaus), KoTopasi obecre-
4YMBaAa AAMMHAPHOCTb IIPOXOASIIETr0 CKBO3b Hee
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BO3AYIIHOTIO NIOTOKA. IIpy oMoy mHeBMoTaxo-
IPaMMBbI U3MEPSIAVL AAUTEABHOCTD BAOXA U BBIAOXA,
MaKCUMMAaABbHYIO CKOPOCTb BO3AYILIHOIO IIOTOKA
M 4aCTOTY AbIXaTeAbHbIX ABVDKeHMit (HAA). Abl-
xateAbHbI1 06beM (AO) paccunThIBAACS MPU TO-
MOIIM aBTOMAaTU4eCKOIO MHTETPUPOBAHNS ITHEB-
MoTaxorpaduueckoi KpUBOI1 B CIMporpaduieckyio.
MUHYTHBIT 00bEM ABIXaHUS PACCUUTBIBAACS KaK
npousBepeHne AO Ha HAA.

OusnoAornyeckye mapaMeTpbl perucTpUpoBa-
AuCh A0 BBepeHMs VIA-1P u xaxable 20 MUHYT
IIOCA€ €TO BBEAEHUsI Ha NpOTsoKeHun 90 MUHYT.
BeHTUASITOPHBIN OTBET Ha IMIIEPKAITHUIO TECTU-
pOBaAM IpU NMPOBeAeHUM 4-MUHYTHBIX P00
C BO3BPaTHBIM AbIXaHVEM I'MIIepOKCUYeCKU-TUIIED-
KaITHMYECKOM rasoBou cMechio (7 % COz, 60% O,).
IMapiumasbHOe AaBAeHMe yraekucaoro rasa (P.CO,)
B KOHEYHOI NOPLMM BBIABIXaeMOI'O BO3AYXa
M3MepsAAOCh IpM IIOMOILIM MeTOAd MaccC-
CIIEKTPOMETPUM.

JIA-1P BBOAMAY B TIpaBbIi1 60KOBOI >)KEAYAOUYEK
rOoAOBHOr0o Mo3ra. KoopaHaThI AAST BBEAEHUA
OIIPEAEASIANCH IO CTEPEOTAKCUYECKOMY aTAACy
mosra Kpbichl (Paxinos, Watson 1982) u coctaBasi-
au 0,8 MM KaypaAbHee ypoBHs bregma, 1,5 Mmm
AarepasbHee cpepHel AMHuM u 3,5—4,0 MM OT 1o-
BepXHOCTU uyeperna B KoanyectBe 500 HT Ha XXUBOT-
Hoe.

ITpu uccaepoBanuy NO-epruueckux MexaHus-
MOB, YYaCTBYIOLIMX B PeaAr3aLiii peClpaTOPHBIX
apdexToB MA-1B, 3a 10 MUH A0 BBeAeHUs
LMTOKVHA IPOM3BOAVIAY BHYTPUBEHHOE BBEAECHIE
B XxBoCTOBYI0 BeHy L-NAME Heus6upareAbHOro
unruouropa NO-cuHTa3 B Koandecte 10 Mr/kr
MacCChI TeAQ.

Craructuyeckas 06paboTKa AQHHBIX TPOU3BO-
AVIAQCB ITPOI'PAMMHBIMU CPEACTBAMU C ICIIOAB30-
BaHMEM CTAaTUCTUYECKOro makera Statistic for
Windows u Microsoft Excel. Beramcasiaach cpeaHsist
BeAMYVHA PETUCTPUPYEMBIX IAPAMETPOB U OLVO-
Ka CpeAHell. AASI BBISIBA€HUSI AOCTOBEPHOCTU
Pa3AMuMIT VICTIOAB30BAaACS OAHO(AKTOPHBIN
AVCIIEPCHIOHHBIN aHaAM3. PasAn4ms CYMTAANCH
AoctoBepHbiMu nipu P < 0,05.

Pe3yabTarsl U 00CYKAEHME

DKCIIepUMEHTHI C 1iepeOPOBEHTPUKYASIPHBIM
BBeAeHreM VIA-1f mokasaau, YTO 3K30reHHOE 0-
BBILIIEHME 1lepeOPAaABHOTO YPOBHS AQHHOTO IIPO-
BOCIIAAUTEABHOTO LIUTOKVHA BbI3bIBA€T AOCTOBED-
Hoe yBeanueHre AO, MOA u cpepHel ckopocTu
uHCcnpatopHoro otoka (V, ) (taba. 1). TTomumo
5TOTr0, HAOAIOAQETCSI TEHAEHLMS K YBEAMYEHUIO
YAA. VIameHeHuns napaMeTPOB AbIXaHUS OTMeva-
AMCB y>Ke Ha 20-11 MMHYTe mocAe BBeaeHus VIA-1P,
a Ha 40-11 MMHyTe CTAaHOBMAMCDH CTAaTUCTUYECKU
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TabA. 1. VI3MeHeHMe TapaMeTPOB AbIXaHUsI DY MOBBIIIEHNY LiepeOpaabHOro ypoBHs VIA-1P 1 coueTaHHOM A€CTBUI
MA-1p ¢ L-NAME

Table 1. Effects of interleukin-1p and interleukin-1f with L-NAME pre-treatment on the breathing pattern

ITapameTp VIA-1B (n = 8) MA-1B + L-NAME (n = 8)
dou 40 MuH 60 MuH dou 40 MmuH 60 Mmun
M
OA 104 £ 9,0 126 + 3,7** 131 £ 5,4** 227 + 11,0 240 + 12,9 252 + 14,2
(MA-MuHT)
AO .
(ma) 1,0 £ 0,05 1,13 +£ 0,06* 1,17 + 0,04* 2,2 + 0,08 2,2 0,09 2,2+0,11
M
YA
109 £ 6,0 113+ 6,8 115+ 6,4 105 + 4,0 110 £ 2,0 116 £ 3,0
(umrA-MuH1)
\Y%
(MZ‘:_CI) 3,7 % 0,27 4,4 +0,12° 45+019° | 81+033 | 80+042 | 87048
ITpumeuanne: * — P < 0,05 ** — P < 0,01 no cpasHeHU0 ¢ hOHOBLIMU BEAUHUHAMU

* _ P<0.05 * — P < 0.01 vs. baseline

3HaunMbIMu: AO AOCTOBEPHO BO3pacTaA B CpeAHEM
Ha 13 + 3 %, MOA Ha 40 + 5 %, an Ha 20 +3 %.
llepe6poBeHTpUKYAsIpHOe BBepeHue VA-1[3
Ha ¢one perictBusi L-NAME He BbI3bIBAAO AOCTO-
BEPHBIX M3MeHEHU B BEAUYMHE 00bEMHO-BpeMeH-
HBIX TTapaMeTPOB MMaTTePHA AbIXaHMUS.

AHaaV3 BEHTHASLVIOHHOTO OTBETA Ha IMIIepKall-
HMIO BBISIBVIA 3HAYMTEABHOE IBMEHEHVIEe UYBCTBUTEAD-
HOCTU AbIXaT€AbHOI CUCTeMbI K TMITepKalTHNYeCKOo
CTUMYASILIUY TIPY 9K30T€HHOM ITOBBIIIEHUN Liepe-
6paabHOro ypoBHs VIA-1B. Beiao mokasaHo, 4To
IIOCA€ BBEAEHMsI UUTOKVHA YMEHBIIIAETCsT YTOA Ha-
KAOHA AVIHUY TPEHAQ, YCPEAHSIOIel BEHTUASITOPHbIE
KpVBbBI€e, 3apPerviICTPYPOBAHHbIE B HECKOABKIX 9KC-
nepumenTax (puc. 1A, B, B). Kak 1 cAeA0BaAO O5K1AATb,
IIPY BO3BPATHOM ABIXaHMV I'MITePKAITHNYeCKU-TUTIe-
poKcuaeckoit razoBort cmecoio (7 % CO, 60 % O,)
TI0 Mepe POCTa MapumaAbHoOro AoaBaennst CO, B Kpo-
B1 HabAropAaAoch yBeandenne V, , AO 1 MOA kak
AO BBeaeHUs VIA-1P, Tak U 1ocae ero BBeAEHUs
(Aannaosa 2014). OpHAKO TOCAE BBEAEHMSI TIpeTia-
para AMHUM TPEHAA CTAHOBUAMCH OOA€€e TIOAOTIMY,
YTO CBUAETEABCTBYET O CHVPKEHMI BEHTUASLIIOHHOM
YyBCTBUTEABHOCTH K TMIIEPKAITHIYECKOM CTUMYASILIAIL
OrMeueHHBIN pecripaTopHbiit apdext VIA-1p ot-
YETAUBO MPOABASIACA Yyepe3 20 MVHYT AeMCTBUA
BellleCTBa, Yyepe3 40 MUHYT ObIA BbIpa)KEH MaKCU-
MAaABHO U 1cue3aA yepe3 90 MUHYT IOCAE BBEACHVS
npernapara (AMHUM TPEHAA CTAHOBUAMCH [TAPAAAEAD-
HbpiMK). [IpoBepeHre KOAMYECTBEHHBIX PACYeTOB
IIOKa3aA0 AOCTOBEPHOE CHYDKEHVE BEAMIMHBI ITpY-
poctaMOA, AOuV _ B OTBET Ha IMIIEPKAITHUYECKYIO
cTuMyAsiLMIo Ha ¢oHe AevictBus VIA-1P (puc. 2).
MakcumaabHbiit 3pdexT mposBAsIAC Ha 40-11 Mu-
HyTe AelicTBuA HuToKuHA. IIpnpoct MOA npu
yBeandenvn P, CO, Ha 1 MM pT. CT. yepe3 40 MuHyT
AevictBust VIA-1PB cHkaacs Ha 47 + 9 %, npupoct
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AO —nad0+8%uV, _ Ha38+9 %o cpaBHEHMIO
¢ GOHOBBIMY BEAMUMHAMM.

ITpu mpoBeaeHUM cepuM KOHTPOABHBIX JKCIIe-
PUMEHTOB C LIepeOPOBEHTPUKYASIPHBIM BBEAEHIEM
($b1310AOTMYECKOTrO pacTBOpa He OBIAO BBISIBAEHO
M3MEHEHUI ABIXaTeAbHBIX ITapaMeTPOB KaK B CIIO-
KOJIHOM COCTOSIHUY, TaK U IIPY TMIIepPKaITHUYECKO
CTUMYASILIVIN.

IToBsllieHMe LiepebpasbHOTO ypoBH: VIA-1f
Ha ¢oHe uHrnbmponanusi NO-cUHTa3HOI aKTUB-
HOCTU CTAaTUCTUYECKM 3HAYMMBbIX M3MEHEHUN
B 00b€eMHO-BPEMEHHBIX ITapaMeTpPax AbIXaHMs
He BbI3bIBaAO (TabA. 1). Kpome Toro, mpu coueran-
HoM AevictBuu VIA-1P u L-NAME He 6b1AO BbI-
SIBAEHO AOCTOBEPHBIX I3MEHEHUI YYBCTBUTEAD-
HOCTU ABIXaTE€ABHOV CUCTEMBbI K TUIIepKATTHIIeCKOI
CTUMYASILVY TIOCAe BBepaeHust VIA-1P. TToBbienne
LepebpaabHOro ypoBHs VIA-1f3 Ha poHe AelicTBUS
L-NAME He BbI3bIBAAO AOCTOBEPHOI'O CHV)KEHMUS
BEHTUASILIMIOHHOI'O OTBETA Ha TMIIEPKAITHUIO: YTOA
HaKAOHa AVHMII TPEHAQ, XapaKTepu3yIoLIui 3a-
BUCUMOCTb AbIXaTeAbHbIX mapameTpoB (MOA, AO,
V. ...) OT BEAMYMHBI TUTIEPKAITHUYECKOI CTUMYASI-
LMY, HEe U3MEeHSACs 1nocAe BBepeHus VIA-1[3
(puc. 1T, A, E). KoAnuecTBeHHast Ol[eHKA peaKiuit
Ha rUIepKanHuio nocae BBeaenns VIA-1p Ha poune
L-NAME nokasaaa, 4To B Te4eHUe BCETo dKCIIe-
pUMeHTa OTMeYaAach He3HAUUTeAbHAS TEHAEHLUS
K cHKeHuto npupoctoB MOA, AOuV . OpHa-
KO AOCTOBEPHBIX MI3MEHEHMI1 TPUPOCTA He HAOAIO-
AaAoCh (puc. 2).

IToayueHHbBIE AQHHBIE YKa3bIBalOT Ha TO,
YTO B OCHOBE MOAYAMPYIOLIETO BAUSIHUS IPOBOC-
MAAUTEABHBIX LIUTOKMHOB Ha lleHTpaAbHbIe MeXa-
HU3MBI PETYASILIUM ABIXaHUS A€KUT YCUAEHME
CUHTe3a OKCUAQ a3ora. MbI mpearnioaaraeM, 4to
B HALIIMX 9KCIIEPUMEHTAX LIepeOpOBEHTPUKYASIPHOE
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Puc. 1. BeHTUASLIMOHHBIN OTBeT Ha runepkamnHuio. [laneau A, B, B: cocTaBAsiioniie BEeHTUASILIMOHHOTO OTBeTa
AO (criaoliHast AMHYA) U Yepe3 40 MUH T0cAe (IYHKTUPHAs AMHMS) LiepeOpaAabHOTO BBepAeHus VIA-1P.
ITanean I, A, E: VIA-1p — cocTaBasiolie BEHTUASLIMOHHOTO OTBETA AO (CIIAOLIHAS AMHMSA) U Yyepe3 40 MuH
rocAe (IyHKTUPHAsT AMHUS) couyeTaHHOro BBeAeHms: VIA-1B u L-NAME

Fig. 1. Ventilatory response to hypercapnia in a representative animal before (solid line) and 40 min. after (dotted
line) the cerebroventricular administration of interleukin-1beta (IL-1p) with (A, B, B) and without (T, A, E)
L-NAME pretreatment. IL-1f treatment without L-NAME decreased the slope of minute ventilation,
mean inspiratory flow, and tidal volume response, whereas IL-1p treatment with L-NAME did not alter
the ventilatory response

BBeaeHMe VIA-1 compoBOXAQAOCH €ro B3alIMO-
AEVICTBMEM C COOTBETCTBYIOIVIMMY peLIeNITOPaMU,
AOKaAM30BAaHHBIMU Ha KAETKaX HEWPOTAUMU,
a Tax>Ke Ha SIIEHAMMHBIX KA€TKaX, BhICTUAAIOLIMX
JKEAYAOUKM MO3Ia, YTO BBI3BIBAAO YCUAEHME CUH-
Te3a OKCMAQ a30Ta, KOTOPBIN MOT U3MEHSThb aKTUB-
HOCTb HEIPOHOB, YYaCTBYIOIIVX B HEMPOHHBIX
CeTsIX, peryAupymomux Abixanue. Kak usBectHo,
HeOoAbIast MoAeKyaa NO, o6Aapast BBICOKOI ITPO-

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2

HUKAIOII[el CTOCOOHOCThIO, MOXKET BAUSITH Ha
BHYTPUKAETOYHBIE IIPOLIECCHI, HE B3aUMOAEICTBYS
C MeMOpaHHBIMU PeLleNTOPaMU, IIOCKOABKY OHa
criocobHa Aerko AndyHAMPOBATD Yepe3 Kae-
TOYHyI0 MeMOpaHy (AAekcaHApOB u Ap. 2015;
Brenman, Bredt 1996).

Kpome TOro, M3BeCTHO, YTO OKCHA a30Ta
00AaA2€eT CIIOCOOHOCTBIO YCMAUBATD CUHTE3 LiM-
KAOOKCUTeHa3bl. B HaIlIVX TPEABIAYIMX ICCAEAO-
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Puc. 2. YcrpaHeHue MHIMOMpytolero BAusHus VIA-13 Ha BEHTUASITOPHBIN IMIIEPKaITHUYECKUI OTBET
nipu AeiicTBuM L-NAME yepes 40 MyHYT nocae LiepeOpOBEHTPUKYASIPHOTO BBeaeHust VIA-1[.

ITo ocu OpAMHAT: IPUPOCT MUHYTHOTO 0O0beMa AbIxaHus (A), AbixaTeAbHOro oobema (B), cpeaHeit ckopocTu
MHCIpaTopHoro notoka (B) mpu yseandenun PCO, Ha 1 MM pr. c1. Beabte croAbuku — poHOBOE 3HaueHMe,
yepHble CTOAOUKM — AericTBue VIA-1P, saurrpuxoBaHHble CTOAOMKK — codeTanHoe aeiicTBre L-NAME u MIA-1f.
* — pAocToBepHbIe oTAnYMs OT ¢oHa mpu P < 0,05

Fig. 2. Change in the ventilatory response to hypercapnia slope as measured 40 min. after cerebroventricular
administration of interleukin-1beta (IL-1f) with (hatched bars) or without (black bars) L-NAME pretreatment.
The slope of ventilatory volume gain (A), tidal volume (B), mean inspiratory flow (B). * — P < 0,05 vs. baseline

BaHMSIX OBIAO YCTAaHOBAEHO, YTO OCAADAEHNE BEH-
TUASILIMOHHOTO TUIEPKAITHUYECKOIO OTBETA,
BBI3BAHHOTO MOBBILIIEHVEM LjepeOPaAbHOTO YPOBHS
MIA-1pB, onocpeAOBaHO A€ICTBUEM ITPOCTATAQHAM-
HOB Ha MeAyAAsipHble HelipoHbl (Aleksandrova,
Danilova, Aleksandrov 2015). O6 5TOM CBUAETEAD-
CTBYeT OTCYTCTBUE BAUSHUS LiepeOpOBEHTPUKY-
ASIpHBIX MHDBeKUMit VIA-13 Ha BEHTUASLIMOHHBIN
rUIepKanHuyeCcKUil OTBeT Ha GOoHe AeVICTBUS AU-
KAO(eHaKa, MHIMOMPYIOLero akTUBHOCTD LIMKAO-
OKcUreHasbl. Pe3yAbTaThl AQHHOT'O ICCAEAOBAHUS
yKa3bIBaIOT Ha B3aIMOAEIICTBHE LIMKAOOKCUT€Ha3-
HBIX ¥l HUITP3PIU4YeCKMX MEXaHM3MOB B peaAu3alum
pecnupaTopHbIX 3P HEKTOB MPOBOCIAAUTEABHBIX
LJUTOKMHOB, TaK KaK AOKa3bIBAaIOT, UYTO VHIU-
O0MpoBaHMeE HE TOABKO LIMKAOOKCUI€HA3HBIX,
HO ¥ NO-CHHTa3HBIX ITyTell yCTPaHsET BAUSHUE
MA-1pB Ha runepkanHnyeckuil xemopedAaexc.
[To-BuAMMOMY, 3aperucTpUpOBaHHbIE HAMU PECIIU-
parophble adpdexTsr VIA-1B BbI3BaHBI AEVICTBYEM

IPOCTArAQHAVIHOB, AASI YCUAEHMSI SKCIIPECCUM KO-
TOpbIX HeoOxoAuMa akTuBaius NO-CUHTa3HO
aKTMBHOCTU U YBEAVYEHVE CHHTE3a OKCHAA a30Ta,
KOTOPBII1 SBASIETCSI MOLIIHBIM MHAYKTOPOM 9KC-
npeccun COX-2, bepmeHTa, HEOOXOAUMOTO AAS
CUHTEe3a MPOCTAarAAHAVHOB.

DKCIIepUMEHTHI C BHYTPUBEHHBIM BBEAEHUEM
ToABKO L-NAME 6e3 nmocaeayoIiero moBbleHus
LiepebpaabHOro ypoBHsi VIA-1[ Takke He BbISIBUAU
HUKaKMX M3MEHEHUIT B TapaMeTpax CUCTEMbI BHEII-
Hero AbixaHusi. OTCYTCTBIUE COOCTBEHHOTO peCI-
patopHoro addexra nurn6uTopa NO-crHTa3HOM
aKTVMBHOCTY CBUAETEABCTBYET O TOM, UTO B 0ObIU-
HbIX ycAOBUsAX NO-CUHTa3HbIe Ty TV He BOBA€YEHBI
B PETyASILIMIO NIATTEPHA ABIXaHUS U TMIIepKaIlHU-
yeckoro xemopedaexkca. OAHaKO UX POAb B pery-
ASILIMY ABIXaHUsSI PE3KO BO3PACTAeT B YCAOBMSIX
BOCITAAEHMS], TPU AKTUBALMM UMMYHHO CUCTEMBI
Y TTOBBIIIEHUY B OPTaHM3Me YPOBHSI IIPOBOCIAAM-
TEABHBIX LIUTOKMHOB.
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AnHomanyus. Pabota IpoAOAXKAET ICCAEAOBaHE MEXAHM3MOB PEryAsLMI
BEHTUASITOPHON peakUuy Ha YPECKOXKHYIO dAEKTPUUECKYIO CTUMYASILIUIO
crimioro mosra (U9 CCM), BbI3bIBAIOLIYI0 AOKOMOTOPHBIN 0TBeT. CpaBHUBAAL
peaKkUy ABIXaTEABHOI CUCTEMbBI 3A0POBBIX A0OPOBOABLIEB Ha YDCCM
Ha ypoBHe T12-L1 nmo3BOHKOB, IPOU3BOAUMYIO Ha (OHe IMPON3BOAbHBIX
Y TIACCUBHBIX ABVDKEHUI HOTaMU C PaBHBIMM aMIIAUTYAHO-CKOPOCTHBIMU
rapaMeTpaMy, a TAKKe IIPY BHEITHEM CAep>KMBaHNU BbisbiBaeMoro Y9 CCM
AOKOMOTOPHOTO OTBETA, UTO II03BOASIAO MOAYAMPOBATb BKAAA HEMIPOT€HHOTO
MeXaHN3Ma PeryAsLMU ABIXaHUS B BEHTUASITOPHYIO peakuuio. AAs nccae-
AOBAHUIT UCIIOAB30BAAU PeabMAUTALMOHHBIN MexaHoTpeHakep. YDCCM
C VIHTEHCHBHOCTbIO, BbI3bIBAIOIIEN MBILIEYHBII OTBET, B YCAOBUY BHELIHETO
TOPMO>KEHUSI ABVDKEHMIT HOT BbI3bIBaAd YMEHBIIEHME TAYOMHBI AbIXaHUS
Ha 0,10 £ 0,03 A 3a cueT He3HaYUTEAbHOTO, HO CMHXPOHHOI'O YMeHbIIeHM
TIPOAOAKUTEABHOCTM M CKOPOCTM KaK BAOXQ, TaK U BbIAOXA. CTUMYASLIMS
Ha ¢oOHe CoBeplIeHMsI UCIBITYeMbIMU aKTUBHBIX ABV>KEHUI HOraMu
COIPOBOXXAAAACh AOCTOBEPHBIM YBEAUYEHNEM MUHYTHOTO 00 beMa BEHTUASILIUN
Aerkux Ha 3,23 + 1,06 A/MuH 3a cueT npupocTa rayouuer Apixanust Ha 0,10 £ 0,03 A.
PecriuparopHast peaxiusi Ha Y9CCM Ha GoHe MacCUBHBIX ABVMXKEHUN ObIAa
cAab0 BbIpa>keHa, OAHAKO ITPOCAEXKMBAAACH TEHAEHLVISI K YBEAUYEHMUIO YACTOTHI
VI CHVDKEHMIO TAYOVHBI ABIXaHMs, OBIAO OTMEYEHO AOCTOBEPHOE MOBBILIEHNE
rmorpebaeHust kucaopopa Ha 33,10 + 13,16 ma/mun. Ha ¢pone BeimoaHeHus
IacCUBHBIX ABVDKeHMIT 3¢ dexTel YDCCM 1 MeXaHN3MOB PETYASILIMI ABIXaHUS
TIPY MBILLIEYHOI AESITEABHOCTH OKa3bIBAIOTCS MIPAKTUIECKU COAAAHCUPOBAHHBIMU.
BoisiBA€HHBIE pa3AMuMsl B pecriuparopHbIx peakuusx Ha YICCM, ckopee
BCETO, CBSI3aHbI C HAAOXKEHMEM Pa3HOHAIIPAaBAEHHBIX 3P PEeKTOB CTUMYASILIAN
MTOSICHUYHOT'O YTOAIL€HVS CIIMHHOTO MO3T'a, C OAHO CTOPOHBI, ¥ KOMITAEKCA
HeJPOTeHHBIX Y 'YMOPaAbHO-PEPAEKTOPHBIX MEXAaHN3MOB PETYASILIAYI ABIXaHUS
pu $pusnIecKo pabore, C APYroit CTOPOHBL

Karwuesbte croBa: ueAOBeK, YPECKOXKHASL DAEKTPOCTUMYASILMSL CIIMHHOTO
MO3TIa, AbIXaHlie, BbI3BaHHbIE [IaraTeAbHbIE ABVDKEHV S, BEHTUAALIMA ACTKUX,
rasoo0OMeH.
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BBepenne

Abstract. The current research is a continuation of our recent study devoted
to the regulation mechanisms of the human respiratory system reaction
to transcutaneous electrical stimulation of the spinal cord (tSCS), which
causes a locomotor response. With healthy volunteers serving as the subjects
in our experiment, we compared the respiratory system reactions to tSCS
in the area of T12-L1 vertebrae, which was performed during the voluntary
and passive leg movements with equal amplitude and speed parameters, with
the reaction under the conditions of external suppression of the locomotor
response caused by tSCS, which made it possible to modulate the contribution
of the neurogenic mechanism of respiration regulation to the ventilatory
reaction. A rehabilitation biomechanical simulator was used for this investigation.
Our experiments showed that tSCS with an intensity that induced muscle
response under the conditions of external restraint of leg movements causes
a decrease in the depth of breathing by 0.10 + 0.03 I due to an insignificant,
but synchronous decrease in the duration and speed of both inspiration and
exhalation. Stimulation during voluntary leg movement was accompanied
by a significant increase in the minute volume of the ventilation of the lungs
by 3.23 £+ 1.06 I/min. due to an increase in the depth of breathing
by 0.10 + 0.03 L. The respiratory reaction to tSCS during passive leg movement
was weak, but there was a tendency towards an increase in the frequency and
a decrease in the depth of breathing with a marked increase in oxygen
consumption by 33.10 + 13.16 ml/min. In case of the passive leg movement,
the effects of tSCS and the mechanisms of respiration regulation during
muscular activity were almost coherent. The revealed differences in respiratory
reactions to tSCS are most likely associated with the imposition of multidirectional
effects of stimulation of the lumbar areas of the spinal cord, on the one hand,
and a complex of neurogenic and humoral-reflex mechanisms of breathing
regulation during physical work, on the other.

Keywords: human, transcutaneous stimulation of the spinal cord, respiration,
involuntary stepping movements, lung ventilation, gas exchange.

JKEeHIs, OKa3bIBaeT BAMSHNE Ha PeCIMPATOPHYIO
¢dyukuuo. AeitcrBue Y9CCM mnposBasieTcs

Panee OBIAO ITOKA3aHO, YTO Y 3AOPOBBIX AOOPO-
BOADBLIEB B ITIOAOKEHUM A€Xa Ha OOKY C BHELIHEN
MMOAAEP>KKOI HOT UYPECKOYKHAsI SAeKTpUIecKast
cTumyasinus crmHHoro mosra (U9CCM) B npo-
exyuy T11-T12 mo3BOHKOB C IMapaMeTpaMu CTU-
MYASILIMY, VTHULMVPYIOIVMMH LIaraTeAbHbIE ABU-

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2

B YBEAMYEHUU YACTOTBI ABIXaHUs (32 CUeT COKpa-
I[eHUSI AAUTEABHOCTY BBIAOXQ) U YMEHbBIIEHUN
raybouHsl Apixanus (MussieBa, [epacumenko, Mo-
nceesB 1 Ap. 2016; MunseBa, Moucees, [Tyxos u Ap.
2017). CpaBHUTEABHBII QaHAAU3 BEHTUASILIMM ACTKIX
npu Y2 CCM, BbI3bIBaBIIIeN IIaraTeAbHbIE ABUKe-
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HMSI MAAOV ¥ OOABIION AMIIAUTYABDIL, BBISIBUA CXOA-
HYIO AUHAMMKY IIapaMeTPOB BEHTUASILIMM A€TKUX
Y UICTIBITYEMBbIX C HU3KOJ1 1 BBICOKOJI CIIOCOOHOCTBIO
K AOKOMOTOpHOMY 0TBeTy Ha Y9 CCM. OTAnyasach
TOABKO BBIPa)KEHHOCTb HAOAIOAQEMBIX pecrupa-
TOpHBbIX peakuuit (MuHseBa, Moucees, ITyxoB
1 Ap. 2019). Ha ocHOBaHMM [TOAYYEHHBIX PE3YAb-
TaTOB OBIAO CAEAQHO IIPEATIOAOXKEHME O TOM, YTO
BbI3bIBawoast AokoMouuon Y9CCM MoXeT oKa-
3BIBATh BO3AEICTBIIE HA CIIOHTAHHYIO BEHTUASILIVIO
A€rKux 3a cuet Tpex paxTopos: (1) HeliporeHHOro
KOMIIOHEHTA, CBSI3aHHOTO C MBILIIEYHO aKTHUBHO-
CThIO IpYU 1IaraTeAbHbIX ABMKeHusx (Bpecaas,
BoakoB, TamboB1ieBa 2013), (2) mpsiMOit ak TUBALIUN
a0AOMMHAABHOI 3KCIIMPATOPHOI MYCKYAQTYPBHI,
00yCAOBAEHHOJI paclioAOKeHNeM pedepeHTHBIX
CTUMYAUPYIOIVX SAEKTPOAOB HaA TPEOHSIMM ITOA-
B3AOIIHBIX KOCTEN 1 MICIIOAb30BaHMEM OUITOASIPHBIX
VIMITYABCOB AASI CTUMYASILMY, U (3) CTUMYASLMYU
CIVHAABHBIX LIEeHTPOB, YYaCTBYIOIIVX B PETYASILIMN
abixanus (Vcaes, [epacumenko 2005).

B HacrosI1IeM 1CCAEAOBAaHMM CPAaBHUBAAU pe-
aKUU AbIXaTeAbHOU cucteMbl Ha YD CCM, mpo-
U3BOAMMYIO Ha (POHE IPOV3BOABHBIX U TACCUBHBIX
ABVKEHUI C PaBHBIMY aMIIAUTYAHO-CKOPOCTHBIMU
napaMeTpaMy, a TaKXKe IIPY MEXaHUIeCKOM CAep-
»kuBaHuu nHnmmupyeMoelx Y9 CCM ABIYDKEHMI HOT,
YTO MO3BOASIAO MOAYAVPOBATb BKAQA HEVIPOTeH-
HOTO M€XaHM3Ma PEryASILIY ABIXaHMSI B BEHTHAS-
TopHylo peakuuio (bpecaas, Boakos, TamboBLeBa
2013). Aass U9CCM ucrnoAb30BaAl MOHOTIOASIPHBIE
VIMITYABCBI, UTO MTO3BOASIAO CHUBUTD 3G eKT mpsi-
MOJ1 aKTMBaLV aDAOMMHAABHOV 3KCIPATOPHON
MYyCKyAaTypbl. Takum o6paszom, ObIAY CO3AQHBI
YCAOBUSI AASL ICCA€AOBAHMS BAVISTHYSI BBI3bIBAIOLIIEN
AokoMOTOpHBIN 0TBeT YD CCM CMHAABHBIX ABI-
xareAbHbIX 11eHTPOB (Vicaes, Tepacumenko 2005)
Ha CIIOHTAHHOE ABbIXaHIUeE.

MarepuaAbl 1 METOADBI

B rpymnmy MCHOBITyeMBIX BXOAMAUM LIECThb
MY>XYMH — CTYAEHTOB U COTPYAHUKOB Beanko-
AYKCKOM aKapeMuy Gpu3nIecKot KYAbTYPBI U CIIOP-
ta (BATADK). CpepHuit Bo3pacT UCIHBITYEMbIX
cocTtaBAsA 20,2 £ 0,96 ropa, MHAEKC MacChl —
22,4 + 0,45 xr/m2 Ha npoBeaeHMe UCCAEAOBAHUS
OBIAO TIOAYYEHO paspelleHrie KOMUTETA IO 3TUKE
BATAOK. B cooTBeTCcTBUYM C PUHLMIIAMU XEAD-
CHHKCKOJI A€KAQpaLM MICIIBITYeMbIMY ObIAO 0OPM-
A€HO MUCbMeHHOe NHPOPMUPOBAHHOE COTAACKE
HA y4yacTHe B UICCAEAOBAHUMU.

AAst perucTpauuu mokasaTeAeil BEHTUASILUA
AETKUX U Ta3000MeHa UCITOAb30BaAY MeTaboAorpad
Cosmed Quark CPET (Mraaus). Onpepeasiau
3Hau€eHMsI MMHYTHOTO 00'beMa BEHTUASILIVM AETKIX
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(VE, a/mun), apixateabHoro oobema (VT, A), ua-
ctoThl Abixauust (Rf, UKA/MUH), BpeMeHU BAOXA
(Ti, c) u BoIpOXa (Te, ¢), ckopoctu Bpoxa (VT/Ti,
Mma/c) u Boipoxa (VT/Te, Ma/c), MUHYTHOTO 00'B-
eMa NoTpebAeHMSI KUCAOPOAA (VOZ, MA/MVH),
AbIxareAbHOTO KoadduiimerTa (RQ), mapumasbHo-
ro paBAeHus kmcaopopa (PetO,, MM prT. cT.)
u yraekucaoro rasa (PetCO,, MM pT. CT.) B aAbBe-
OASIPHOM ra3e, OKCUreHaluy apTepUaAbHOM KPOBU
(SpO,, %).

AAs perucTpanunuy 3A€KTPUIECKON MBILIEYHON
AKTVMBHOCTY MICIIOAB30BaAU TEAEMETPUUECKMIT
16-kaHaAbHBIV 5AeKTpOHepomuorpad (ME 6000
MegaWin, OUHASHAMUS). DAEKTPOMUOTPAMMBI
60AbILIE0EPLIOBOIT 1 MKPOHOKHOI MBIIIL] IIPaBOi
" A€BOI HOT PETUCTPUPOBAAU C TIOMOLIBIO OAHO-
pasoBbix DKI-3AeKTpOAOB C aAT€3MBHOM ITOBEPX-
HocThIO AnameTpom 30 mMm (ARBO, H124SG).
AAst aHaAM3a MbIIIIEYHOI aKTUBHOCTY DMI-curnaa
VHBEPTUPOBAAU U CUUTAAU CPEAHIOI0 BEANYMHY
MbllleqHOro oTBeTa (m. tibialis, m. gastrocnemius).

AAst perucTpauyy KMHeMaTU4eCKMX XapaKTe-
PUCTUK ABVDKEHUN HOT UCIIOAB30BAAU BUAEO-
cuctemy (Qualisys, lIBeyus). [To AuHamuke us-
MeHEHMsI yTAOB Ta300eAPEHHOro, KOAEHHOTO
1 TOAEHOCTOITHOTO CYCTaBOB PaCCUMTBIBAAU CKO-
POCTb, aMIIAUTYAY Y YAaCTOTY IepeMelleHNs HOT.

Aasa Y9 CCM ucnoabzoBaau ctumyasitop «buo-
ctum-5» (000 «Kocumar) (Ipuinx, MouioHkmHa,
CoaomnoBa u Ap. 2016). IlpuMeHsIAM HaKO>KHbIE
BAEKTPOADBI C aAT€3MBHON TOKOIIPOBOASIIIEN I0-
BepxHOCThIO (Lead-Lok, Sand point, CIIIA). Kpyrabte
KaTOABI AMaMeTPOM 2,5 CM YCTaHAaBAMBAAU MEXAY
T12-L1 no3BoHKaMU, IPSIMOYTOAbHbIE aHOABDI
NAOIAABI0 5x10 cM? CUMMETPUYHO pacoAaraAu
Hap rpeOHSIMU MOAB3AOLIHBIX KOCTel. PUTMIYeCKyo
HeIpEepBIBHYIO CTUMYAALMIO ¢ yacToToi 30 Iy BbI-
ITOAHSIAY MOHOTIOASIPHBIMY IMITYAbCaMU AAUTEAD-
HOCTbIO 1 MC, 3alIOAHEHHBIMU MOAYAVPOBAHHOM
vactortoit 5 kl1. VMiHutencuBHOoCcTh UDCCM mOA-
0MpaAM MHAMBMAYQABHO, OPMEHTUPYSICh HA MUHH-
MaABHYIO IIOPOTOBYIO CUAY OAVMHOYHBIX MOHOIIO-
ASIDHBIX MMIIYABCOB AAMTEABHOCTBIO 1 MC
M 4acTOTOM 1 MMIyAbC B 2—3 CeK, BbI3bIBaBIIYIO
ABUTaTEAbHBIVI OTBET BO BCEX PETUCTPUPYEMbIX
MBILILIAX. AASI HEIIpepbIBHOM CTUMYASLIUA UCTIOAD-
30BaAM HAATIOPOTOBBIE IO CHAE VIMITYABCHI, BBI-
3BIBAIOII}E Y MCITBITYEMBIX MBILIEUHBIN OTBET IIPU
OTCYTCTBUM HENPUSTHBIX ollyieHuit. Paboumit
AMarasoH ToKoB coctasua 30-90 MA.

VicnpiTyeMble HaXOAVMAUCH B IIOAOXKEHUU
MOAyA€Xa B MexaHoTpeHakepe «brnoxkuu-2C»
(OO0 «Kocumay) (Ipuimn, Momoxnkuua, boopo-
Ba 1 Ap. 2019), mpeAHA3HAYEHHOM AAST peabuAu-
Tl ABUTATEABHBIX PyHKLMIL. Horu ncnbiTyembix
OBbIAY 3aKpENAEHBI B 00AACTY TOAEHOCTOIIOB IOAY-

DOI: 10.33910/2687-1270-2020-1-2-108-114
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XKeCTKMMM PUKCcaTopaMM K KapeTKaM, MapaAAeAb-
HO IlepeMeLIaLIMCS [0 HallpaBAsIoWuM. Tpe-
Ha)kep II03BOASIA VICIIBITYEMBIM CaMOCTOSITEABHO
BBIMIOAHSTb aKTUBHbBIE, UMUTHUPYIOLINE XOABOY Ha
MeCTe ABVPKEHVSI HOTaMy, 8 TAK>Ke MOT obecreyun-

BaTbh 9TU ABVDKEHIS 32 CYET IAEKTPOMEXaHUYECKMX
npuBoAOB (puc. 1).

Puc. 1. YcaoBust uccaepoBanus. [ToaosxkeHue
VICIIBITYEMOT'O B TPEHAKEPE

Fig. 1. Study conditions. The position of the subject
in the biomechanical simulator

ITepea HaUaAOM MICCAEAOBAHVS Y VICIIBITYEMBIX,
HaXOASIIUXCS B TPEHAKEPE C BBIMPSIMAEHHBIMU
HOTaMU, 5 MUH PETUCTPUPOBAAU MTAPAMETPBI AbI-
XaHUS B COCTOSIHUM ITOKOS.

3aTeM IOCAEAOBaTEABHO IIPOBOAVIAY TPYU CEPUU
VICCAEAOBaHUSL: 1) UCTIBITYeMble, A€Xa CIIOKOIHO,
He MPENATCTBYS M He TOMOTrasl ABVDKEHUSIM HOT,
BbpI3piBaeMbIM UDCCM, pemraau B yme apudpmern-
JyecKie 3aAauu (113 TPeX3HAYHOTO Y/CAQ OTHUMATD
ABY3Ha4HOe); 2) TPOM3BOABHO BBIIIOAHSIAK [TOOYE-
peAHbIe ABIDKEHMST HOrTaMy Ha MAaKCUMAABHO BO3-
MOYXHYIO aMIIAUTYAY C KOMGOPTHOI CKOPOCTBIO;
3) Aexka CITIOKOIHO, He MPENSITCTBOBAAU U He TIO-
MOTaAU MAaCCUBHBIM ABVD)KEHUSIM HOT, KOTOPbIE
3aAaBaA TpeHaxep. Bo Bcex Tpex cepusix muccaepo-
BaHUA ObIA OAMHAKOBBIN TOPSIAOK BKAIOYEHMUS
YD CCM: pecnipaTopHbIe 11 ABUTaTEAbHbIE TTapa-
MeTPbI PerMCTPUPOBAAYM HA MPOTSHKeHUM 1 MUH
6e3 crumyasuuy, 3arem 30 cex npu YD9CCM
Ha ypoBHe T12-L1. VIHAMBUAYaABHO TOAOOpaHHAs
MHTeHCMBHOCTD YDCCM AAS KaXKAOTO MCIBITYe-
MOTO BO BCEX CEpPUAX ObIAA OAMHAKOBOU. AMIIAU-
TYAHO-CKOPOCTHBIE XapaKTEPUCTHKU IPOV3BOABHbIX
1 TACCUBHBIX ABVDKEHUIT TPAKTUYECKU He Pa3AUYa-
AVICb, aMIIAUTYAQ COCTaBASIAQ COOTBETCTBEHHO
0,44 + 0,014 ™, ckopocTs 0,16 + 0,03 m/c.

[Tpu cTaTUCTUYECKOM aHAAM3€e ABIXAaTEABHBIX
U ABUTATEAbHbBIX TTAPAMETPOB OBIAU PaCCUYUTAHBI
cpeaHee apudMeTHyeCcKoe U OLMbOKa CpeAHero
apudmeTnyeckoro. AoCTOBEPHOCTb Pa3AUIMIL
MEXXAY 3HAUEHMSIMU ITapaMeTPOB OLIeHUBAAY C KIC-

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 2

II0Ab30BaHMeM HellapaMeTPU4ecKOro KpUTepus
YuAxkokcoHa. Pazanums cuntaau AOCTOBEPHBIMU
nipu p < 0,05.

Pe3yAbTaThl HCCAEAOBAHWIT M 00CYKAEHUE

ApIxaHle B ITOKOe y BCEX MCIBITYEeMbIX MIMEAO
HOPMOIIHOMYECKUN NaTTepH. I IpoAOAXKMTEeABHOCTD
BBIAOXA ObIAQ OOABIIE, YEM TIPOAOAXKUTEABHOCTD
BAOXa, OCYLIECTBASIBLIIETOCS C AOCTOBEPHO OOABILIEN
CKOPOCTBIO, YeM BBIAOX. ITokasareau BeHTHASALMN
A€TKVX ¥ ra3000MeHa He BBIXOAMAM 32 IPaHULIbI
pedepeHTHBIX 3HaYEeHNII, OAHAKO MPUCYTCTBOBAAU
HEKOTOpble NMPM3HAKM IMIIEPBEHTUASILUN. TaK,
MapLaAbHOE HAIIPsDKEHME KMCAOPOAQ B IOCAEAHEN
MOPLMY BBIABIXaEMOTO BO3AYXa OBIAO HECKOABKO
BBIIIIE, & COAEPIKaHIE YTAEKICAOTO ra3a ObIAO HIDKe
HOPMAaAbHBIX 3HAQYEHUII, UTO, BEepOsATHee BCETO,
OBbIAO TPOSIBAEHVEM ITPEACTAPTOBOM OMOLIIOHAAD-
HOW T'UIIePBEHTUASALUMN.

B 1-11 cepun Y9 CCM ABMXKEHMUS HOT NPaKTU-
YeCKY He BbI3bIBaAd. DTO CBSI3aHO C TEM, UTO IOA€-
HOCTOIIBI ObIAM 3aUKCUPOBaHbI B KapeTKax Tpe-
HaXkepa U ABVDKEHMSIM HOT IIPeIsITCTBOBAAM Kak
TSDKECTb KapeToK, TaK U TPeHMe, C KOTOPBIM KapeT-
KU IepeMeIaAMCh IO HalpaBAsSoIMUM. B aTux
YCAOBMSIX BbI3BaTb HEIPOU3BOABHbBIE ABVDKEHVS
Hor, npuMeHsss Y9CCM c mapaMeTpaMy, NCIIOAD-
30BaHHBIMMU B ITPEABIAYILIVIX ICCAEAOBAHMSIX, KOTAQ
HOTY OBIAM TTOABELIEHbI B HE3aBUCUMbIX KaueAsiX
Y KaueAM KOMIIEHCUPOBAAU CUAY TsDKecT! (MuHs-
eBa, [epacumenko, Moucees u pp. 2016; MuHsieBa,
Mouicees, [TyxoB u Ap. 2017), 6b1A0 3aTPYAHUTEAD-
HO (puc. 2).

HecMoTps Ha 10, 4TO B 1-11 cCepuy ICCA€AOBAHMS
UYSCCM mnpaKTU4eCcKu He BbI3bIBaAa BUAUMBIX
ABIDKEHUI HOT, CyMMapHas amnantyaa OMI' ak-
TUBHOCTH MBIIIL] TOA€HM AOCTOBEPHO YBEAUIMAACD.
B oTA€ABHBIX CAyYasiX IPOSBASIAACH ITAYeYHAs
aKTUBHOCTB (puc. 2). To eCTb MOXKHO TPEATIOAOXKHUTb,
4YTO AOKOMOTOPHBIM DMI marTepH Bo3HMKaA
B CTAaTMYECKOM PeXUMe.

US5CCM B cOCTOAHMUM IOKOS BbI3bIBaAad
AOCTOBEPHOE yMEHbIIIeHe TAYOMHbI ABIXaHMS
Ha 0,10 + 0,03 A 3a cyeT HE3HAYUTEABHOTO,
HO CUHXPOHHOTO YMEHbIIEHMS ITPOAOAKUTEAD-
HOCTU U CKOPOCTMU KaK BAOXA, TaK M BBIAOXA
(puc. 3). IToCcKOABKY KOMITEHCATOPHOE MOBBIIIEHNE
4aCTOTBI ABIXaH!S OBIAO CAAOO BBIPQ)KEHO, MUHYT-
HbII 00beM BEHTUASILIUU AETKUX HECKOABKO
CHUBUACH.

Takum 00pa3oMm, M3MeHeHMsI TapaMeTPOB AbI-
XaHUSA UCIIBITYEMBIX IT0A AericTBueM Y9 CCM
B YCAOBMSIX MEXaHNYECKOTO CAEP>KMBAHMS ABIKE-
HUI HOT TIPAKTUYEeCKM COBIIAAAIOT C PECIMpPaTOp-
HbiMu peakuysaMy Ha Y9 CCM B ycAOBMAX BHEIIHel
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Puc. 2. iamenenust IMI akTuBHOCTM MbII] tibialis

anterior (TA) u medial gastrochemius (MG)

M aMITAUTYABI ABVDKEHUIT OOABIIOTO IIAABLIA TIPABOM
soru (F) mpu Y9CCM Ha ¢one cocrosinus mokosi (1),
MPU TPOUSBOABHBIX (2) ¥ TACCUBHBIX (3) ABMIKEHMSIX.

CaeBa — npumepsl 3anvcert OMI 1 aMIAUTYABI
aBmkenuin uct. C. V.

Hauyaro Y9CCM (CT) 0603HaYEHO CTPEAKOIL.
CrpaBa — yCpeAHEHHbI€e 110 BCEM UCIIBITYEMbIM
nsMeHeHus cymmapHon OMI nmpu Y9CCM
OTHOCUTEABHO 3HAYEHUI A0 CTUMYASILIAN.

* — poctoBepHOCTD (p < 0,05) nameHeHMsT
[IapaMeTPOB IIPYU CTUMYASILIUY

Fig. 2. Changes in the EMG activity of the muscles
of the tibialis anterior (TA) and medial gastrochemius
(MG@G), and the amplitude of the right big toe
movements (F) under tSCS during rest state (1),
voluntary (2), and passive (3) stepping movements.
Left — examples of EMG records and the amplitude
of the movements of Subject S. 1.

The arrow indicates the beginning of stimulation.
Right — average data for all subjects, changes under
stimulation in the total EMG,
relative to the values before stimulation.

* — reliability (p < 0.05) of parameter changes under
stimulation

BbIBecku HOT (MuHsieBa, [epacumenko, Moucees
1 Ap. 2016; MuHsieBa, Moucees, ITyxoB u Ap. 2017).

Bo 2-11 cepun uccaeAOBaHMsI HAYaAO CTUMYAS-
111 Ha pOHe COBepLIEHMSI MCTIBITYeMbIMY aKTVBHBIX
ABVDKEHUI HOTaMY COITPOBOXAAAOCh AOCTOBEPHBIM
yBeAUYEHVEM MUHYTHOTO 0O'beMa BEHTUASILVU
A€rKyx Ha 3,23 + 1,06 A/MUH 32 CUeT AOCTOBEPHO-
ro IpUpOoCTa rAyOMHBI Apixanus Ha 0,10 £ 0,03 A.
ITpupocT nmoTpebaeHmst KUCAOPOAA OBIA HEAOCTO-
BEPHBIM. ABIXaTEAbHbII 00bEM YBEAUUUACS OAAro-
AQpst AOCTOBEPHOMY IIPUPOCTY OO'BEMHBIX CKOPO-
CcTell BAOXa U BbIpOXa Ha (POHE HEKOTOPOTO
COKpallleHVs UX IPOAOAKUTeABHOCTHU. [Tpu aToM
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Puc. 3. IameHeHMe TapaMeTPOB BEHTUASILIMY ACTKUX
n razoobmena npu Y9CCM Ha ¢doHe cocTosHUA
1oKos (1), Ipy MpOU3BOABHBIX (2) ¥ TACCUBHBIX (3)
ABVDKEHMSIX OTHOCUTEABHO 3HAYEHUIT AO CTUMYASILINY;
0003HaYeHsI TAPAMETPOB KaK B METOAMKE.
AocroBepHocTs (p < 0,05) U3MeHeHUsT TapaMeTPOB:
* — OTHOCUTEABHO 3HAU€HUI NIPU OTCYTCTBUU
CTUMYASILINY; CTOAOLIBI C )KUPHOI 00BOAKON —
OTHOCUTEABHO 3HAUEHUI ITPU COCTOSIHUY MTOKOST;
IITPUXOBKA — OTHOCUTEABHO 3HAUYEHUI
1P BBIIIOAHEHVM ITPOU3BOABHBIX ABVKEHUN

Fig. 3. The changes in the parameters of lung
ventilation and gas exchange under tSCS during rest
state (1), voluntary (2), and passive (3) stepping
movements, relative to the values before stimulation.
Reliability (p < 0.05) of parameter changes:

* — relative to values in the absence of stimulation,
bold bars — relative to values in rest state, hatched
bars — relative to values when performing voluntary
movements

HaOAIOAQAOCH AOCTOBEPHOE YBeAUYeHYe MapLy-
AABHOTO AQBAEHMSI YTAEKMCAOIO ra3a BO BbIABIXA-
emoM Bo3ayxe Ha 1,30 = 0,29 mm prt. c1. OpHaKO
OTMeYeHHble U3MEHEHNST ABIXaHMsI MOTAY OBITh KaK
pesyabraroM Hayasa Y9 CCM, Tak 1 CAEACTBUEM
peaAnsauny ryMopaAbHO-pepAEKTOPHOM Peryasi-
LIV ABIXaQHVS B OTBET Ha ITOBBILIEHME COAEP>KAHUS
YTA€KMCAOTO ra3a B KpOBU.

B 3-11 cepuu nccaepOBaHMS peclnypaTOpHas
peakuus Ha Hadaao UDCCM Ha doHe maccrBHBIX
ABIDKeHUI ObiAa caabo BeipaxkeHa. OAHAKO MPo-
CA€XMBAAACh TEHAEHLMS K YBEAUEHUIO YaCTOTBI
Y CHIDKEHMIO TAYOMHBI AbIXaHUsL. Bpiao oTMedeHO
AOCTOBEpHOE IOBBIILIEHVIE TOTPEOAEHNS KUCAOPO-
AaHa 33,1 + 13,16 MA/MUuH.

CpaBHenue pecnupatopHbix addexToB HDCCM
Ha ypoBHe T12-L1 no3BOHKOB BBISIBUAO OAHOHA-
IIpaBAEHHBbIE I3MEeHEeHVsI BpEMEHHBIX IapaMeTpOB
AbIxaTeAbHOTO 1MKAa (puc. 3). Toraa Kak ocTaAbHbIE
pecrnpaTopHble TapaMeTpbl AEMOHCTPUPYIOT pas-
HOHarpaBAeHHble peakiuy Ha Y9CCM: B cocTo-
ssHyM 1okost Y9CCM cHIMPKaeT CKOPOCTU BAOXA
" BBIAOXA U, KaK CAEACTBIE, BEHTUASILIIO AETKUX;
MIPY BBIMIOAHEHNY aKTUBHBIX U TACCUBHBIX ABIDKE-
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HII CKOPOCTU BAOXA, BBIAOXA M BEHTUASILIVISI A€T-
KMX pacTyT.

BoIsiBA€HHbIE pa3AMUMS B peCIIMPATOPHBIX pe-
akyusix Ha YD CCM, ckopee Bcero, CBsI3aHbI C Ha-
AOXKEHVEM pa3HOHAIpPaBAEHHBIX 3¢ }eKTOB CTH-
MYASILIVIY TOSICHUYHOTO YTOAIEHUS CIIMHHOTO
MO3TIa, C OAHOV CTOPOHBI, ¥ KOMIIA€KCA HelIpOreH-
HBIX Y TYMOPAAbHO-Pe(pAEKTOPHBIX MeXaHN3MOB
peryAsinum ApIXaHus npu pusudeckoi padore,
C APYTOl1 CTOPOHBIL. B pe3yabTaTe npyu BHEIIHEM
CAEP)KMBAHMY BBI3BAHHBIX CTUMYASILIMEN ABVKEHUI
BAusiHe YD CCM, moAaBASIOIel BbIIIOAHEHME
BAOXa 32 CYeT TOHMYECKON aKTMBALMM SKCIIMpa-
TOPHOU MYCKYAQTYpPbl, Ha BEHTUASILIUIO AETKUX
OKa3bIBAETCsI 3HAYUTEABHO OOA€€e MOIIHBIM, YeM
HePOTeHHOTO (CAEP>KMBaHVe KOHEYHOCTE Ipe-
IATCTBYET aKTUBALMY NIPOIPUOLENITOPOB) U I'y-
MopaAbHO-pedaekTopHOrO (3pexT AuHrapaa mpu
CTaTU4eCcKoil paboTe) MEXaHU3MOB PeryAsLun
ABIXaHMSI.

Hamnporus, mpu Y9CCM Ha ¢poHe BbITOAHEHUS
MPOM3BOABHBIX ABV)KEHMUIT OOA€€e MOLIHBIMU OKa-
3bIBAIOTCS 9P EKTHI HEMIPOTEHHOTO 11 T'YMOPAABHO-
pepAEKTOPHOr0 MEeXaHM3MOB PETrYASILIUU AbIXaHMSI,
HaIpaBAEHHbIE Ha yBeAVYEHM e BEHTUASILIU A€TKUX
B COOTBETCTBUU C METAaDOANYECKUMU MTOTPeOHO-
ctsamu opranuama. [1pu Y9 CCM Ha ¢poHe BbIOA-
HEeHMsI TACCUBHBIX ABIDKeHUIT adp ekt YDCCM
Y1 MEXaHVIBMOB PETYASILIMY ABIXaHMSI TPV MBILIEYHO
A€SITEABHOCTY OKa3bIBAIOTCS NPaKTUYECKHU

cbasaHcupoBaHHbIMU. CA€AOBATEABHO, MOXKHO
rOBOPUTH 00 y4acTMUM HENPSIMOM aKTUBALU a0-
AOMVHAABHOU 5KCIMPATOPHON MYCKYAQTypbl
¥ 00 aKTUBALUY CIIMHAABHBIX LIEHTPOB, CBSI3bIBa-
IOIIVX ABIXaTE€AbHBIN U IIaraTeAbHbIN TeHepaTopbl
(Vcaes, I'epacumenko 2005).

B HacTos1eM uccAepA0BaHMM, KaK U B ABYX Ha-
LLIVX ITPEABIAYIMX paboTax (MuHseBa, [epacumeHn-
Ko, Moucees u Ap. 2016; MunsieBa, Moucees,
ITyxoB u Ap. 2017), moKasaHo, 4YTO CTUMYASILIVS
CIIVIHHOT'O MO3T'a B HYIDKHETPYAHOM OTAEAE Y UEAO-
BeKa BbI3bIBAET OBICTPYIO, B T€UEHME TIEPBBIX AbI-
XaTeAbHBIX LIMKAOB, aKTUBALMI0 aOAOMMHAABHOM
MYCKYAQTyPBblL. DTO AQ€T OCHOBaHMe II0AAraTh, YTO
USCCM noTeHUMaAbHO MOYXKET IPUMEHSITbCS AASI
BOCCTAaHOBAEHMS ABIXaTeAbHOV QYHKLMY y TaLiy-
€HTOB C 3a00A€BaHVSIMY PECIVPATOPHOI CUCTEMBIL.

A0 HepaBHero BpeMeHM peaKLIMIO AbIXaTeAbHO
CUCTeMbI Ha 9AEKTPUUECKYI0 CTUMYASLIMIO CIIVH-
HOT'O MO3I'a M3y4YaAl TOABKO Ha )KUBOTHBIX MOAEASIX.
MeTtop Y2 CCM no3BoAsieT IPOBOAUTH UCCAEAO-
BaHM C YYaCTHEM AIOAEN B KA4eCTBE VICIIBITYEeMBbIX.
BosMoO)XKHasa 3apada CAEAYIOIIUX MCCAEAO-
BaHMI — TIPOBEPUTD, SIBASIETCS AU YBEAUYEHME
YaCTOTBI ABIXaHMS B OTBET Ha CTUMYASLIVIO CAEA-
CTBMEM IIPSMOM aKTUBALMU CIIMHAAbHBIX HEJIPOH-
HBIX CeTell VAU 3TO U30BEHTUAATOPHAs peaKuys
Ha CHIKeHlMe VAU HeAOCTaTOYHOe yBeAUdeHUe
TAYOVIHBI ABIXaHUSI, TO €CThb BTOPUYHAS peaKLiys
Ha 9A€KTPOCTUMYASLIUIO.
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Annomauyus. VlccaepOBaHO A€VICTBYE KOAXMIVHA HA IPUMepe MePBUYHON
KYABTYPBI p1OP0OAACTOB CEPALIA HOBOPOSKAEHHBIX KPBICST METOAAMY ATOMHO-
CUAOBOM U KOH(POKAABHOI AQ3€PHOV CKaHUPYIOIeN MUKPOCKOIMH. XOPOILIOo
M3BECTHO, YTO AEMCTBME KOAXMULIVHA IPUBOAUT K Pa3pyLIEHNI0 MUKPOTPYOOUYeK
KAeTOK. C Apyroil CTOPOHBI, 3TOT areHT UCIIOAb3YeTCsI B KaUueCTBe AeKapCTBEHHO
CyOCTaHLIMY B Tepamy psiad MaToAoruit. OAHAKO MOA€EKYASIpHbIE MeXaHU3Mbl
€ro AeNCTBUA OCTAIOTCSI MAaAOM3Yy4YeHHBbIMU. AaHHbIE AaTOMHO-CHAOBOI]
MUKPOCKOIIMY IIOKa3aAH, YTO KOAXVLIMH B KOHLIEHTPpaLuy 1 MKI/MA IPUBOAUT
K YBEAMYEHUIO XeCTKOCTU GpubpoOAacToB, mpuyeM Oosee BbIpakeHHas
peakuus HabAaopaeTcst y Gubpo6AaacToB co cTpecc-pubpraraMu: UX CPeAHNIT
MoayAb FOHTa 661 Ha 60 % Bblllle, YeM Y KOHTPOABHBIX KAeTOK. [ IpuMeHeHne
KOH(OKAABHOJ Aa3€pHOJ CKaHMPYIOLell MUKPOCKONNY [T0Ka3aA0, YTO
KOAXMLIVIH BbI3bIBaeT y GpuObpobAACTOB yBeAUYeHMEe MHTEHCUBHOCTU
dayopecuenuyu F-aktuna B cpepHeM Ha 40 % OTHOCUTEABHO KOHTPOABHOTO
ypoBH:. IToAyuyeHHbIe pe3yAbTAThl IIO3BOASIIOT 3aKAIOUUTD, YTO KOAXMLVH,
MHTMOMPYIOLINIT TOAMMEPU3ALIMIO TYOYAMHOBBIX MUKPOTPYOOUEK, 3arycKaeTt
KOMITEHCATOPHYIO PeaKLMI0 KAETKY, YBEAUIMBAIOLIYIO )KECTKOCTD prbpobaacTo
6Aaropaps 3amycky IOAMMepM3aluy akTuHa. JT0AXO0A, ICIIOAb30BaHHBIN
B HACTOsLIEN paboTe, MOXKeT ObITb IPUMEHUM AASL KOAMYECTBEHHOT'O aHAAM3a
MOAEKYASIPHBIX MEXaHM3MOB AEVICTBUA A€KapCTBEHHBIX IIPeIapaToB Ha STalle
UX AOKAMHUYECKUX UCCAEAOBAHMIL

Karouesnre crosa: GrbpoOAaCTDI, KOAXUIIMH, ATOMHO-CUAOBast MUKPOCKOIINS,
KOoH(OKaAbHasI Aa3€PHAsI CKAHUPYIOLIAst MUKPOCKOIINS, CTpecc-GUOPUAADL
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Abstract. The effect of colchicine was studied quantitatively in a primary
culture of newborn rat cardiac fibroblasts by means of atomic force and
confocal laser scanning microscopy. It is an established fact that colchicine
has a destructive effect on cellular microtubules. On the other hand, this agent
is used as a drug substance in the treatment of a number of pathologies, while
the molecular mechanisms of its effect remain poorly understood. Atomic
force microscopy data showed that colchicine introduced at the concentration
of 1 ug/ml caused an increase in fibroblast stiffness, with a more pronounced
reaction in fibroblasts with stress fibres: their average Young’s modulus was
60% higher than in control cells. The use of confocal laser scanning microscopy
showed that colchicine causes an increase in F-actin fluorescence intensity
of fibroblasts by an average of 40% in comparison with the control level.
The results suggest that colchicine (1 pg/ml), which inhibits the polymerisation
of tubulin microtubules, launches a compensatory cell response that increases
the rigidity of fibroblasts by triggering actin polymerisation. The approach
used in this work can be used in quantitative analysis of the molecular
mechanisms of drug substance effects during preclinical studies.

Keywords: fibroblasts, colchicine, atomic force microscopy, confocal laser
scanning microscopy, stress fibres.
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BBeaenue

JKuBble KAETKM COAEPKAT CUCTEMY BOAOKOH
¥ MUKPO(}MAaMEHTOB, KOTOPble 00pa3ylT LIUTO-
cKeAeT. LluTockeAeT yyacTByeT B IepeMelleHnn
KAETOK, C €r0 ITOMOIIbI0O TOAAEP>KMBAETCS U U3-
MeHsIeTCsl X pOpMa, OCYIIECTBASIOTCS BHYTPU-
KAETOYHbIE ABVDKEHMSI OPTaHEAA, IIPOUCXOAUT
npouecc murtosa (Chang, Kious, Yorgancioglu
et al. 1993). lllupokoe npuMeHeHME AAS U3YUEHUS
LIMTOCKEAETa MOAYYMA METOA ATOMHO-CUAOBON
mMukpockoruy (ACM), O3BOASIOLINIT BUSYaAU3U-
pOBaTb 1 KOAUYECTBEHHO ICCAEAOBATb €r0, B YaCT-
HOCTU IIOCA€ BO3AENCTBUS PsiAQ XMMUYECKUX
areHTOB, BAVSIOLIMX HA Pa3AMYHbIE KOMIIOHEHTbI
uurtockeaera (Timoshchuk, Khalisov, Penniyaynen
et al. 2019; Henderson, Haydon, Sakaguchi 1992;
Jung, Park, Joo et al. 2011; Liu, Zhang, Li et al. 2018;
Rotsch, Radmacher 2000; Spedden, White, Naumova
etal. 2012).

KoAxuLyH cBsi3pIBaeTCs C CyObeAMHMLIAMU
TyOyAuHa, 00pa3ys TyOYAVH-KOAXULIMHOBBIN KOM-
IIAEKC, 33 CYeT Yero MHIMOMpyeT MOAMMEPU3ALIMIo
TyOyAauHa B Mukporpybouku (Mareel, De Mets
1984; Rotsch, Radmacher 2000). I13-3a sToro un-
rubupytouero a¢pdexTa KAETKM, KYyABTUBYPYeMbIe
B IPUCYTCTBUM KOAXULVHA, HE MOTYT 00pa30BbIBaTh
BepeTeHa 1 BCTynarthb B MuTo3 (Innoue 1981; Rieder,
Palazzo 1992; Rotsch, Radmacher 2000; Salmon,
McKeel, Hays 1984).

ITpu nccaepoBannm Gpubpo6AACTOB AMHUM SWiss
3T3 ObIAO ITOKA3aHO, YTO KOAXMLMH (5 MKM) BbI-
3bIBaeT aKTMBALIMIO MOAMMepusauuu F-akTuHa
(Jung, Shin, Park et al. 1997). LiuTupyemslie aBTOpbI
YCTQHOBMAM, YTO MHTVOMPYIOLIMIT TIOAVIMEPU3aLINIO
MUKPOTPYOOUYEeK areHT KOAXULVH 3HaYUTEAbHO
yCUAUMBaeT oAnMepusanyio F-akTiHa 1o cpaBHe-

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2

HUIO C KOHTPOABHBIMIU KAeTKaMu. AaHHbI 9 deKT,
II0 ¥IX MHEHUIO, ObIA TOAHOCTBIO 00YCAOBAEH yBe-
AVYEHVEM COAEpP>KaHMsI 9TOro 6eaka B CTpecc-
bubpuarax uccaepyempix KaeTok. OOHapy>KeHHbIN
VIMU M€XaHU3M OOBSICHSIACS T€M, YTO AEeTIOAMMe-
pusaLus MUKPOTPyOOU€eK IPUBOAUT K HGOpMUPO-
BaHUIO CTpecc-GuOpPUAA GAaropapss akKTUBALUA
cepyH/TpeoHNHOBBIX pocdaTas B pubpobdaacTax.
Metop ACM ObIA IPUMEHEH AAST ICCAEAOBAHUS
AEVICTBUSA KOAXULMHA Ha dubpobAaacTsl (Rotsch,
Radmacher 2000; Wu, Kuhn, Moy 1998), opHako
HepBUYHbIE KYABTYPbI $p1OPO0OAACTOB TEIIAOKPOB-
HBIX )KMBOTHBIX paHee He ObIAY MICCAEAOBAHbI STUM
MeTOAOM. [T0aTOMY IpeACTaBAsIET MHTEPEC KOAK-
4eCTBEHHOE MICCAEAOBAHIE MeXaHM3Ma AEeCTBUS
5TOTO areHTa C IOMOLIbI0 METOAOB @TOMHO-CHUAO-
BOJ1 I KOHPOKAABHOV MUKPOCKOIIUM.

MeToAbI CCAEAOBAHUS

Kyrvmypa kremox

ITepBruHas KyapTypa ¢pubpobAacTOB ObIAA
MOAYY€eHa U3 CepALIAa HOBOPOXXAEHHOTO KPbICEHKA.
@ubpoOAACTBI UBOAMPOBAAY ITyTEM PepMEHTATUB-
Hovt 00paboTku B 0,125%-HOM pacTBOpe TPUIICKHA
(Sigma, CIIIA) ¢ MOCAEAYIOIIMM MeXaHUYeCKUM
BbiAeAeHreM KaeTOK npu 4 °C. TToaydyeHHyI0 KAe-
TOYHYIO CYCIIEH3MIO [TOMEI[aAM B IIUTATEABHYIO
cpeay, copepxaiyio 45 % pactBopa XeHkca, 40 %
cpeabl Vraa n 10 % deTarpHOI CHIBOPOTKM KOPO-
BbI ¢ AoOaBaeHueM uHcyanHa (0,5 ea./Ma), 0,6 %
IAIOKO3BI, TAIOTaMUHa (2 MM) U reHTaMULIMHA
(100 ea./mA). VIzoaupoBaHHble pubOpoOAACTEI
KYABTMBMPOBaAK Ha AHe 40 MM ITAQCTUKOBBIX YallIeK
[TeTpu, mpeABapUTEABHO IOKPHITHIX KOAAAT€HOM,
B CO,-unky6barope (Sanyo, fnouus) B TeyeHue

117


https://creativecommons.org/licenses/by-nc/4.0/

Koaxuyun usmensgem cmpykmypy yumockeiema $ubpobracmos...

5 cyrok mpu 36,5 °C u 5 % CO,. B yactu skcnepu-
MEHTOB B KYABTYPAABHYIO CPEAY AOOABASIAY KOA-
XMLMH B KOHLleHTpauuu 1 Mxr/MA. KoHTpoABHBIE
¢$nbpoOAACTBI KYABTUBMPOBAAK B YCAOBUSIX IIATA-
TEABHOVI CPEABI CTAHAAPTHOTO COAEPIKAHMSL.

AmomHoO-cur0BaAS MUKPOCKONUA

J3yyeHue HaTUBHBIX PpuOPOOAACTOB MPOBO-
AVIAOCB C ITOMOIIBI0 aTOMHO-CHAOBOTO MUKPOCKO-
na BioScope Catalyst (Bruker, CIIIA), BcTpoeHHO-
IO B MHBEPTUPOBAHHBIN ONTUYECKUI MUKPOCKOII
Axio Observer Z1 (Carl Zeiss, [epmanusi), KOTOpbIit
VICTIOAB3YETCsI AASI BU3YaABHOTO BbIOOpA KAETOK
U KOHTPOASL UX COCTOsIHUA BO BpeMms ACM-
cKkaHupoBaHus. VHAeHTUpOBaHUe (T. e. mpoLecc
npopaBauBaHusi ACM-30HAOM) pubpobaacToB
ocymectBAsiau 30HAaMu CSG10 (HT-MAT CH,
Poccusi), KOHCTaHTBI KECTKOCTU KOTOPbIX OBIAU
MPEeABAPUTEABHO OTKAaAMOPOBAHBI C TIOMOLIBIO
METOA2 TEMAOBBIX IIYMOB (B CpeAHEM BeAUYMHA
mapameTpa cocTaBasiAa mpubansuteabto 0,35 H/m).
Du3NOAOTrMYECKN AA€KBATHBIE YCAOBUS KCIIEPU-
MeHTa 00eCIIeurBaAUCh IYTEM IMOAAEPKaHMS
TeMIlepaTypbl KAeTOK Ha ypoBHe 37 °C, 4To AO0-
CTUTAAOCH 32 CYET ITIOAOTPEBA COAEPIKAIL[eN KYAb-
TYpy ¢pubpobaacTos yaiiky [TeTpy HarpeBaTeAbHbIM
HAEMEHTOM I10A YIIPaBAEHMEM TEPMOKOHTPOAAEPA
335-11 mopean (Lake Shore Cryotronics, CIILIA).

AAST M3y4eHVsI MeXaHNYeCKUX CBOVICTB puOpo-
6aactoB npumensiau pexxum ACM PeakForce QNM,
MO3BOASIIOLINIT KAPTUPOBATH AOKAAbHBIE MEXaHM-
yecKye XapaKTePUCTUKY HATUBHBIX KAETOK C BbI-
COKVM IIPOCTPAHCTBEHHBIM paspelueHyeM. Puodpo-
0AACTBl XapaKTEePU30BAAUCH «KaKYIIMMCSI»
MmopyAaeM FOwra (Timoshchuk, Khalisov, Penniyaynen
et al. 2019), paccuMTaHHBIM B COOTBETCTBUM C MO-
Aeabio CHeAAOHA, KOTOpasi IPEATIOAATaET allpPOK-
cumanuio popmel 30HAQ KOHYcoM (Sneddon 1965).
B pamkax aToit MOAeAM HaxoXAeHMe MoayAsi FOHra
IIPOM3BOAUTCS HA OCHOBE CAEAYIOLIETr0 BhIPayKEeHNs
(Kuznetsova, Starodubtseva, Yegorenkov et al.
2007):

Pty e
T l-v sample

’

rae F — cuAa B3aMMOAENCTBUS 30HA-0Opasels,
@ — TIOAOBMHHBIIT yTOA PaCTBOpPa KOHYyca (30HAQ),
campie’ Vsample " h — moayab IOHra, xoadduieHt
ITyaccoHa 1 BeanunHa pedpopmanun obpasua co-
OTBETCTBEHHO. B paHHOIT paboTe ¢pubpobAacTbI
nopsepraaucb ACM-CKaHMPOBAHUIO C MMKOBOI
cuaont 3 HH. 3navenusa a = 18°, Veample = 0,5 moa-
CTaBASIAUICb AAS pacueTa MoayAst FOHra.
Pasmepbl 06AaCTY CKAHMPOBAHMSI TIOAOMPAAUCD
MHAVBMAYAABHO AASI K&XKAOTO prbpobaacTa u co-
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ctaBuau OT 40x40 Mxm A0 70x70 mxMm. Kak npa-
BIAO, 00AACTb CKQHMPOBAHMSI BKAIOYAAA LIEHTPaAb-
HYIO 4aCTb KAETKHU, COAEPXKAIYIO SAPO, M AUIID
¢dbparmeHT nepudeprn, MOCKOAbKY 3a4aCTyIO Aa-
TepaAbHas MPOTSHKEHHOCTh G1OpoOAaCTa Ha TTOA-
AOXKe IIpeBbIIIaAd MAaKCMMAaAbHO AOIYyCTVMbIE
pasmepbl ACM-kappa. Paspemenne ACM-kappa
YCTaHaBAMBAAOCH paBHbIM 128x128 Touek. B kax-
AOJ TOUKe U3MepsAAaACh BeAnurHa MoAYAs IOHTra,
IIpU AQABHelIIeN 06paboTKe IMPOU3BOAUAOCH YC-
peAHeHMe aTuX BeAnunH. OcTaAbHbIe TapaMeTphl
CKQHMPOBAHMS OBIAY CAEAYIOIVIMIA: YaCTOTA CTPOY-
Hoyt pasBepTku — 0,15 I'1, aMmmanTypa 1 gyacrora
VIHAEHTUPOBaHUsI — cooTBeTcTBeHHO 1000 HM
n 0,25 xI1I.

O6paboTKky noayueHHbIX ACM-AQHHBIX OCY-
IIECTBASIAU C MCIIOAb30BaHMeM MPOTrPaMMHBIX
naketoB NanoScope Analysis 1.40 u Gwyddion
Bepcuit 2.50 u 2.53. Kaxkaptit pubpobAacT xapak-
TepU30BaAU CPeAHMM 3HaueHVeM MoayAs IOwra,
KOTOPDIN OIIPEAEASIAY IIO BCell OTCKAaHMPOBAHHOM
00AaCTM KAETKM 32 MICKAIOUEHMEM Kpasi, TA€ TOA-
IMIHA KA€TKM MUHMMAABHA M IIPU MHAEHTMPOBAHUN
KOTOPOTO BKAAA B PE3YABTAThI U3MEPEHMS MOXKET
BHOCUTb TBeppas MOAAOXKKA. Takke U3 paccmo-
TpeHusA uckaodaauch yuactku ACM-KapapoB, co-
AepKalliiie pa3AnyuHble apTedaKThL.

KOHdiOKﬂ/lea}l AA3epHaAA CKAHUPYIOULAA
MUKPOCKONUA

[MpwxusHeHHOE OKpalBaHue GuOpPoOAaCTOB
OCYIECTBASIAY GPAAAOVAVIHOM, KOHBIOTVIPOBAHHBIM
¢ payopecueHnTHbIM KpacuTeaeM Texas Red (Texas
Red®-X phalloidin, Life Technologies, CIIIA).
B pabore ucmnoabzoBaau pabounit pactBop Texas
Red®-X phalloidin ¢ xoHLeHTpaLueir 3 MKA/MA.
BpeMms sxkcnosuyuu cocTtaBAsiA0 60 MMUHYT.
DaAAOMAMH BBICOKOCIELM(PUYHO CBS3bIBAETCS
¢ F-akTMHOM U NO3BOAsIET BU3YyaAU3UPOBATb
Y KOAMYECTBEHHO OLIeHMBATh aKTVHOBBII LIUTO-
ckeaeT KaeToK. Texas Red Bo3Oy>xpaau mpu
A =591 HM, KpacuTeAb pAayopecLpyeT B KpACHOM
obaactu criekTpa (A = 608 HM). SIapa KAETOK
AOKpaiBaAu 1%-HbIM pacTBOpOM crienyduye-
ckoro ¢ayopecuenTHoro kpacuteast DAPI (Life
Technologies, CIIIA) B Teuenne 10 munyt. OAyo-
pecueHLys 00yCAOBAEHA BCTpauBaHMEM KpacuTe-
As1 B MAAYIO 00p03AKY ABYHUTeBOI MoAeKyAbl AHK.
CBeueHye BO30Y)KAQAM AVIOAHBIM A23€POM C AAU-
HO1 BOAHBI 405 HM, pAyOpecLieHLINIO PerucTpupo-
BaAu npu A = 450—-490 Hm.

AASL TUTOAOTMYECKOTO @HAAN3A MCTIOAB30BaAAU
Aa3epHBIN CKaHUPpYIoLMiT Mukpockon LSM 710
(Carl Zeiss, l'epmanusi), UHTETPUPOBAHHBIN C VH-
BEePTUPOBAHHBIM MUKpOCKoTIoM Axio Observer Z1
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(Carl Zeiss, Tepmanus) ¢ obbexktusom LD Plan-
Neofluar 63x/0.75 Korr. VIHTeHcuBHOCTB hAyopec-
LeHLIMM aKTUHA OMPEAEASIAY, VICTIOAB3YS AAS 00-
PpaboTKM M300paKEeHUIT TPOrPpaMMHOE 0becriedeHne
ZEN_2012 (Carl Zeiss, Tepmanus).

Pabora BbImoAHeHa Ha obopyaoBanuu LIKIT
«KoHdokaapHass Mukpockomusi» Viucturyra du-
3uororum um. V. I'l. [TaBaoBa PAH.

Cmamucmuueckas obpabomxa

Craructnyeckas 06paboTKa IOAYYEeHHBIX pe-
3yABTaTOB BBITIOAHSAACH B IPOrPAMMHBIX ITAaKeTaxX
STATISTICA 10.0 (StatSoft, CIIIA) ¢ ucrmoabsoBa-
HueM U-kputepus MaHHa — YUTHU. DKCIIepUMeH-
TaAbHbIEe AQHHbIE IIPEACTABAEHBI B BAE CDEAHETO
3HaueHMsI + CTaHAAQpPTHas oubKa cpeaHero. Pas-
AVYVSI IPYHYMAAVCD CTQTUCTUYECKY 3HAYVMbIMU
npu p < 0,05.

Pe3yAbTaThl U UX 00CYKAEHME

AmomHoO-cur0BaS MUKPOCKONUA

JI3y4yeHue MexaHN4YeCKMX CBOMCTB Gpubdpobdaa-
cToB ¢ nomolipio ACM nokasaso, YTO BEAUYMHBI
MoAyAst FOHra CUABHO pasAMYAIOTCS B PasHBIX
KAeTKax. YacTb pubpoOAACTOB XapaKTepPU30BAAACH
OTHOCUTEABHO PaBHOMEPHBIM pacIpeAeAeHreM
BeAMYMH MoAyAsi FOHra 1mo cBoert OBepXHOCTY;
OCTaAbHbBIE KAETKH, HATIPOTUB, AEMOHCTPUPOBAAY
60AbII0IT Pa3OpOC 3HAYEHUT AQHHOTO ITapaMeTpa
(puc. 1a, 6). ITpu aTOM TIOCAEAHME, KAK TTPABUAO,
OBIAM CYIIIECTBEHHO XKeCT4e MepBbIX. boAbIas He-
OAHOPOAHOCTD 3HaYeHU1 MOAYAst FOHra y vactu
¢ubpobAaACTOB OOBICHSAETCS NMPUCYTCTBUEM
Ha ACM-KapTe pacnpepeaeHts napaMeTpa y TaK1X
KAETOK OY€eHb KeCTKUX GUOPUAASIPHBIX CTPYKTYP
(puc. 16). DTH CTPYKTYPBI MPEACTABASIIOT COOOM
AOBOABHO TOACTBIE TIYYKM aKTMHOBBIX MUKPODM-
AaMeHTOB — cTpecc-bubpuaant (Henros 2010;
Rotsch, Radmacher 2000). Heo6x0AMMO OTMETUTb,
4YTO CcTpecc-puOPUAABI MOTYT IIPUCYTCTBOBATh
B OTHOCUTEABHO HEOOABIIOM KOAMYECTBE B KOH-
TPOABHBIX KAeTKaxX (puc. 16). OHu BHOCAT ompe-
AEASIIOLIIUI BKAQA B CPEAHME 3HAYeHMS] MOAYAS
IOnra ¢pubpobaacToB. AHaAU3 IUCTOrpaMM 3Ha-
yeHnit MOAYAst FOHra ¢pubpo6aacToB nokaspiBaer,
4YTO KAETKU, HE VMEIOII/ie KECTKMX BOAOKOH LiM-
TOCKEAETA, XapaKTEPU3YIOTCSI paclpeAeAeHEeM,
1o ¢opme OAU3KMM K HOPMAaABHOMY, B TO BpeMsI
KakK pacmpeaeAeHye 3HaueHut Mopyast FOura ¢u-
6pobaacToB co cTpecc-bUOpPUAAAMY OTAUYAETCS
HaAUYMEM «XBOCTa» B 00AACTY OOABLIVX BEAUYMH
napametpa (puc. 18, r). Ilpu usyyenum AeicTBus
KOAXMLIMHA Ha $prOpoOAACTBI KAETKU ObIAM pa3-
A€AEHBI Ha ABe IPYIIIIbL: He copepikalue (rmepBasi)

UnmeepamusHas gﬁusuozloeu,q, 2020, m. 1, Ne 2

120 E, xIla

E, xIla 40 80

10 20

Puc. 1. ACM-kapTsl pacripepeAeHust MOAYAst FOHra
10 TIOBEPXHOCTY HATUBHBIX KOHTPOABHBIX
¢$ubpobaacToB: a) 6e3 crpecc-GpuOpPUAA,

6) co crpecc-¢pubpuaramu (cTpeAkamu 0603HaUEHBI
crpecc-pubpuAAbL);

B, I') TUCTOTPaMMbl 3HaUeHUT MoayAsi FOHra
KAETOK a U1 6 COOTBETCTBEHHO.

ITo ocu opAMHAT — YacTOTa MOMAAAHMUI B MHTEPBAA

Fig. 1. AFM maps of the distribution of Young’s
modulus values over the surface of living fibroblasts
in control experiments: a) without stress fibres,
b) with stress fibres (arrows indicate stress fibres);
¢, d) histograms of the Young’s modulus values
of the cells a, and b, respectively.

The Y-axis indicates the frequency of hits
in the interval

1 copepkaiue crpecc-bubpuAAsl (BTopasi). 1o
paspeAeHye OCHOBBIBAAOCH Ha aHaAu3e ACM-kapt
MeXaHUYeCKMX [TapaMeTpOB 1 GOPMBbI TUCTOTPAMM
MoayAs FOHra. PesyAbTaThbl A€MICTBMSA KOAXMIIMHA
Ha KAETKM U3 3TUX ABYX I'PYIII aHaAM3MPOBAAKCH
10 OTA€ABHOCTIH.

VccaepoBaHue nepBoit rpymmsl prbpodAacToB,
He COAePIKAIIUX CTpecC-GUOPUAABL, TOKA3aA0, YTO
KOAXMLVH NPUBOAUT K YBEAUYEHUIO CPEAHETO
3HaueHMst MOAYAs FOHra. Tak, mocae BO3A€CTBYS
KOAXMLIMHA BeAM4rHa MOAYAsi FOHra cocraBasiaa
23 + 7 xI1a (4ncA0 u3MepeHHbIX KAETOK n = 21),
a 3Hau€HMe 3TOro NapaMeTpa y KOHTPOABHBIX KA€-
TOK Ob1AO paBHO 18 + 4 kITa (n = 21). IIpumeHenne
CTAaTUCTUYECKOTrO KpuTepuss ManHa — YUTHM 110-
Ka3aA0, YTO pa3HMLIA MEXAY BbIOOpKaMy 3HAUEHMIT
MoayAsi FOHra sIBAsIeTCS CTaTUCTMYECKY 3HAUVIMO
(p < 0,05).

ITpu cpaBHEHUU PE3yABTATOB M3MEPEHUS MO-
Ayast FOHra ¢pubpo6AaacToB 13 BTOPOI IPYIIIIBI,
VIMEIOIIMX CTpecc-pUOPUAABI, 0Ka3aA0Ch, UTO, TaK
e KaK M B CAy4yae C KAeTKaMM 0e3 )KeCTKUX BO-
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AOKOH, TIOA AEVICTBUEM KOAXUIIMHA GrOPOoOAACTEI
CTAHOBSITCS CYLIECTBEHHO >KeCcTye. 3HaYeHUs U3-
Mepsiemoro nmapameTtpa 0bian 48 + 18 kI1a (n = 28)
1 76 + 38 xIa (n = 29) AAST KOHTPOABHBIX U 00-
pabOTaHHBIX KOAXULIMHOM KA€TOK COOTBETCTBEH-
Ho. [ToAy4eHHast pa3HuLa IBASIAACh CTATUCTUYECKU
3HauuMom no U-kputeputo MaHHa — YUTHU
(p < 0,05).

MexaHuueckue xapakTepuctuku puopobaacToB
IIOCA€ BO3AEMCTBMSI KOAXULIMHA 3HAYUTEABHO OT-
AMYAIOTCSI OT AQHHBIX KOHTPOABHBIX OIBITOB. [Ipea-
CTaBAsIET MHTEPEC TOT BaKT, 4TO IIOA BO3AENCTBHU-
eM KOAXMIIMHA 4acTb pubpobaacTos (7 us 29)
AEMOHCTPUPOBaAa OYeHb BBICOK/E CPEAHME 3Ha-
yeHust MOAYAs FOnra (cBpire 100 xITa), B To Bpems
KaK B KOHTPOABHBIX OIBITAX TAKMX KECTKIUX KAETOK
oOHapy>keHO He ObIA0. TakuM 06pa3oMm, MOAYY€eH-
HbI€ 3A€Chb PE3YABTAThl CBUAETEABCTBYIOT O TOM,
4TO KOAXMUMH (1 MKI/MA), AeICTBME KOTOPOTO
MPUBOAUT K paspyLIeHNI0 MUKPOTPYOOUEK, 3amy-
CKaeT ¥ KOMITEHCATOPHYIO PeaKLMI0 KAETKY, KOTO-
pasi IPOSIBASIETCSI B TOM, YTO OHa CTAHOBUTCS
)KecTye 3a CYeT YBEAMYEeHMsI KOAUYeCTBa CTPecC-
bubpuAA.

AAst OTBeTa Ha BOIIPOC O TOM, C YeM CBSI3aHO
yBeAUueHMe XeCTKOCTH GprbpoOAACTOB, ObIA TPU-
MeHEeH MeTOA KOH(GOKAABHON AQ3epHOI CKaHUPY-
I01I[e/1 MUKPOCKOTIMA.

KongokarvHas ra3epHas cKaHupyouas
MUKPOCKONUS

VIHTeHCUBHOCTD dAyopecLeHLIM OblAa M3Me-
peHa Ha pubpobdAaCTaX, KaK B KOHTPOABHBIX OIBI-
Tax, TaK U IIOCA€ BO3AENCTBYS KOAXMLIMHA B KOH-
teHTpayuu 1 MKr/MA (Tpu sKcriepuMeHTa). [Taomasp
BBIOPAHHOTO y4acTKa KAETKM B 000MX CAy4asix
6b1Aa 0OAMHAKOBON. DYHKIMS pacipeAeAeHNsT UH-
TEHCUBHOCTU IO BBIOPAHHOM 00AACTU KAETKU
XapaKTepU30BAAACh HOPMAABHBIM PACIIPEAEAEHMN-
eM. B AaHHOM cAyyae HaM He YAQAOCh Pa3AEAUTH
uccaepyemble GprOpOOAACTEI HA ABe TPYIIIBI, KaK
9TO OBIAO CAEAQHO PaHee IIPU CCAEAOBAHMUY C TI0-
Moibio ACM. AAsI KaXKAOM KAETKU OBIAO CAEAAHO
10 TPU M3MEPEHMS] MUHTEHCUBHOCTU. YPOBEHb
(bAyopeclLieHLMY OTIPeAEAsIAY, KaK yCPEAHEHHYIO
VIHTEHCUBHOCTb (PAyOpeCLieHLIN B YCAOBHBIX €AV -
HuLax (y. e.), KOTOpble COOTBETCTBYIOT 3HAYEHUIO
B IMKCEASIX.

VICcroAb3yst METOAMKY TIPVYKM3HEHHOV OKPACKU
AKTMHOBBIX CTPYKTYP KAETKM, Mbl HaOAIOAQAY
3HAYUTEAbHOE YBEAUYEHE BHYTPUKAETOYHOTO
F-aktuna B pubpobAacTax mocae BO3AEMCTBUS
koAxumHa (1 Mxr/ma) (puc. 2a, 6). CpeaHsis uH-
TEHCUBHOCTb PAYOPECLIEHLINM aKTVHOBBIX MUKPO-
(b1AAMEHTOB KAETOK, 00pabOTaHHBIX KOAXULIVIHOM,
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Puc. 2. ®ubpobaacTs cepaLia
HOBOPOYKAEHHOTO KPBICEHKA.

OKpacka: KpaCHBIM LIBETOM — aKTHHOBbIE
MUKpoduAaamMeHThI (HasAOMANH, KOHBIOTMPOBAHHBII
¢ bayopecuentHpiM KpacuteaeM Texas Red);
CUHUM LIBETOM — siaApa KaeTok (DAPI);

a) KOHTPOAb, 0) KoAxuLH (1 MKr/MA)

Fig. 2. Fibroblasts of a newborn rat’s heart.
Colouring: red — actin microfilaments (phalloidin
conjugated with the Texas Red fluorescent dye);
blue — cell nuclei (DAPI);

a) control; b) colchicine (1 pg/ml)

Ob1Aa AOCTOBepHO Bbile (25,6 £ 1,6 v. e., p < 0,05;
n = 45), yem B KoHTpoAe (17,7 £ 2,0y. e; n = 43)
(puc. 3).

CpaBHUTEABHOE MCCAEAOBAHME AEVCTBUS
KOAXMLIMHA Ha mepBUYHble GprbpobAacTbl HOBO-
POKAEHHBIX KPBICST C MOMOLIbI0 MeToA0B ACM
Y1 KOH(OKAABHOJI Aa3€PHOII CKAaHUPYIOLIeil MUKPO-
CKOIIMM ITOKa3aA0O CAEAYIOlee: BO3MOXKHBIN
MeXaHMU3M KOMIIEHCAaTOPHOM peaKLUU KAETOK

30 1~
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1
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HHTeHCHBHOCTB, Y.€.
= =
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1
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O KoHTpons 8 Konxuims

Puc. 3. VIameHeHe MTHTEHCUBHOCTYU (PAYOPECLIEHTHBIX
CUTHAAOB OT aKTMHOBBIX BOAOKOH B pubpobaacTax
MTOCAE BO3AENCTBUSA KoAxuLyHa (1 MKr/MA).

* — pasAUYMS CTATUCTUYECKN 3HAYMMBI
OTHOCUTEABHO KOHTPOAS, p < 0,05

Fig. 3. Change in the intensity of fluorescent signals
from actin fibres in fibroblasts
after exposure to colchicine (1 pg/ml).
* — difference is statistically significant relative
to the control, p < 0.05
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Ha BO3AEVICTBIE ICCAEAYEMOTO areHTa 00yCAOBAEH
s pexToM yBeAnueHus noanmepusayu F-aktuna
(puc. 3) u, KaK CA€ACTBHE, TIOBBILIEHNEM XECTKOCTHI
¢b1bpobAacTOB B 00eux rpymmnax KaeTok. OTanunm-
TeAbHasl 0COOEHHOCTDb AQHHOV PabOThI 3aKAOYA-

MIPUBOAUT K OAHOBPEMEHHOMY YBEAMYEHMIO XKeCT-
KOCTU KAETKU V1 UHTEHCUBHOCTYU PAYOpeCLIeHLINK
F-akTuHa B cpepHem Ha = 60 % u =~ 40 % cooTBeT-
CTBEHHO.

V3BecTHO, 4YTO KOAXMLIMH KaK A€KapCTBeHHas

€TCsI B TOM, UTO HAMU IPYMeHEH KOANYeCTBEHHBI
MTOAXOA, KOTOPBIIT ITOKAa3aA, YTO HAIIM AQHHbIE
He MPOTUBOPEYAT PEe3YABTATAM APYIMX aBTOPOB,
MICCAEAOBABIIMX KAETKM Pa3AMYHBIX TKAHEI C T10-
MoIbI0 pasHbiX MeToAOB (Jung, Shin, Park et al.
1997; Liu, Zhang, Li et al. 2018; Tsai, Waugh, Keng
1998). ITopuepkHeM, YTO BIepBble HA MIEPBUYHOI
KYABTYpe GprOp0oOAaCTOB TENAOKPOBHBIX )KMBOTHBIX
HaMy OBIAO TTOKA3aHO, YTO AEVICTBYE KOAXMLIMHA

CyOCTaHLMS IUPOKO MPUMEHSIETCSI B MEAULIMHE
(Liu, Zhang, Li et al. 2018). Haiuu pe3yabTatsl 1o-
3BOASIIOT AETAAU3MPOBATb MOAEKYASIPHBIE MeXa-
HU3MBI AEMICTBUS KOAXMIMHA, YTO MOYKeT OBITb
VICTIOAB30BaHO NP Pa3pabOTKe HOBBIX AEKAPCTBEH-
HPIX [IPENAPATOB, COAEPXKAILMX YKAa3aHHbI areHT
B KQUeCTBE AEKaPCTBEHHOM CyOCTaHLMM, HA YPOB-
He AOKAVHMYECKMX MCCAEAOBAHMIL
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AHHomanyus1. B iocAepHVEe TOABI AKTVIBHO MICCAEAYIOTCSI MEXQHM3MbI BOBAEVICTBIS
Ha Ouoaornyeckye 00bEKThI TEXHOTEHHBIX MCTOYHIKOB A€KTPOMArHUTHBIX
MBAYYEHUI 1 I3MEHEHWI eCTECTBEHHOTO SAEKTPOMArHUTHOrO (poHa OKpYIKatoLilelt
cpeAbl (0ocAabAeHMe, ycrAeHYEe). BaKHBIMY MHAMKATOPaMy HeOAArONpyUsTHOIO
BAVSHMS HEMOHM3VPYIOIUX SAEKTPOMArHUTHBIX U3AYYEHUI SBASIIOTCS
V3MEHEHNsI DAEMEHTOB BPOXXAEHHOT O TOBEAEHNSI ¥ KOTHUTUBHBIX QYHKLIMIA.
ITpyt 5TOM pOAB HACAEACTBEHHO 00YCAOBAEHHBIX XapAKTEPUCTUK HEPBHOM
CUCTEMBI B OTIPEAEAEHUY YyBCTBUTEABHOCTI/YCTOMYMBOCTHU K KOA€OAHMAM
SAEKTPOMAarHMUTHBIX MMOAEN IMPAaKTUYECKU He M3ydasach. Lleab paboTbl
3aKAI0YAAACh B MICCAEAOBAHUM BAUSHUA U3AydeHus: Y BU-pmamasoHa
cranpaptHoro Wi-Fi-poyTepa u ocaabA€HHBIX 5KpaHMPOBaHMEM BHEIIHUX
MaTrHUTHBIX U 9AEKTPUYECKUX TIOAEI Ha BpO>XKAEHHOE TIOBEAEHE, OTpaXkalollee
OPMEHTVPOBOYHO-MCCAEAOBATEABCKYI0 aKTMBHOCTb U 9MOLIMOHAABHOCTb
JKMBOTHBIX B TECTE «OTKPBITOE TIOAE», I KOTHUTMBHbIE QYHKLMM (COXpaHeHMe
YCAOBHOTO pedAaeKca MacCMBHOIO M30eraHus) y caMiuoB KPBIC ABYX
ceAeKTUpoBaHHBIX AMHMI BIT u HIT (c BBICOKMM M HU3KUM MOPOTaMU
BO30YAVMMOCTY HEPBHOI CUICTEMbI, HU3KOBO30YAMMBbIE 1 BBICOKOBO30OYAMMBIE,
COOTBETCTBEHHO), & TAK)XXe KPbIC KOHTPOAbHOU AMHMM Buctap. ITokazaHo
HETaTVBHOE BAMSIHME Ha BPOXXAEHHOE IIOBEAEHVIE U TAMSITb KPbIC ABYX AMHII
C PasAMYHBIMU [TOPOTaMy BO3OYAMMOCTY HEPBHOI CUCTEMBI OCAAOAEHHBIX
BHEIITHUX 9AEKTPUYECKMX I MATHUTHBIX TT0A€N, a Taxoke DMV YBYU-ananazoHa.
Kpbicb! ¢ BbICOKOII BO30YAMMOCTDBIO HEPBHOJ CUCTEMBI OKa3aAUCh boAee
YYBCTBUTEABHBIMY K M3MEHEHUSAM MarHUTHOI'O U 9AEKTpUYECcKoro GpoHa,
SAEKTPOMArHUTHBIM U3AYYEHUSIM IO CPABHEHUIO C HU3KOBO30OYAMMBIMU
JKUBOTHBIMMU.

Karouesnote crosa: IAEKTPOMArHMTHbIC U3AYUE€HM ], cAaOble MarHUTHBIE ITOA4,
IIOBE€ACHUE, 06yquI/le, B036YAI/IMOCTb, KPbICBI.
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Abstract. In recent years, the mechanisms of influence that technogenic
sources of electromagnetic radiation and the change in the natural electromagnetic
field have on biological objects have been actively investigated. Nevertheless,
the role of ancestral conditional characteristics of the nervous system
in susceptibility towards and resilience against electromagnetic field oscillations
has been virtually ignored. The objective of our research is to investigate
the impact of the UHF band radiation emitted by a standard Wi-Fi router
and the impact of external magnetic and electric fields weakened by shielding
on animals’ innate behaviour which reflects orientational and exploratory
activity and emotional response in an Open Field Test, and also on the cognitive
functions (retention of the conditioned response of passive avoidance) of male
rats from two selected strains: HT and LT — with high and low thresholds
of nervous system excitability, and control Wistar rats. The outcomes
of the study confirm the negative impact of weak external electric and magnetic
fields, as well as EMR of the UHF band, on innate behaviour and memory
in rats regardless of the selected strain, although HT rats were more sensitive
to changes in magnetic and electric fields and electromagnetic radiation
in comparison with LT rats.

Keywords: electromagnetic radiation, weak electromagnetic fields, behaviour,
learning, excitability, rats.
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TexHOreHHbIE UCTOYHMKY D9AEKTPOMAarHUTHBIX
usAyuennii (OMV) 1 uaMeHeHne eCTeCTBEHHOTO
9AEKTPOMArHUTHOro ¢poHa OKPY)Kalollell CpeAbl
(ocaabaeHMe, ycrAeHYe) OKa3bIBAIOT CYLIECTBEHHOE
BAMSIHYE Ha (PYHKLMM OPTaHM3Ma YeAOBEKA U >KU-
BOTHBIX Ha PA3AMYHBIX CTPYKTYPHBIX YPOBHSIX, YTO
MOJKET NMPEACTABASTb YIPO3y AASL 3AOPOBbA
Y 5KOAOTMYECKO 0€30MaCHOCTH KUBBIX OPraHu3-
MOB. B mocaeaHme ropbl 0COOEHHO aKTHMBHO M3y4a-
IOTCS MEXaHM3MbI BO3AEMCTBYS Ha OMOAOIMYECKIe
00bEKTHI BBICOKOYACTOTHBIX DM 11 0cAaOAEHHBIX
sKpaHupoBaHrem MaruuTHbIX moaent (MIT) (Karthick
et al. 2017; Lai 2005; Buchachenko 2014).

YUpes3BpIuaiHO YYBCTBUTEABHON K BAMSHUIO
DMMU 1 0cAabAEHHBIX MATHUTHBIX ITOAEN SABASIET-
Csl HepBHas cucrteMa. VIX AeliCTBUE Ha HEPBHYIO
CUCTeMY XapaKTepu3yeTCsl MU3MEeHeHNEeM BPOKAEH-
HBIX 9AEMEHTOB ITIOBEAEHVSI, yCAOBHO-pedAeKTOp-
HOI A€ATEABHOCTU, PU3UOAOTUYECKUX TPOLIECCOB
(Schneider et al. 2014; Spivak et al. 2016; Huxuru-
Ha 1 Ap. 2017), 4TO SIBASIETCS BXKHBIM MHAUKATO-
POM HeOAArOTPUSTHOTO BAUSIHUSI €CTECTBEHHbBIX
U TEXHOTEeHHBbIX Mopudukaimin IMI. Peakuus
OpraHu3Ma Ha 3TU BO3AENCTBUS MOXXET UMEThb
VHAVIBUAYAABHBIN XapakTep U ObITb CBsI3aHHOM
¢ GYHKIMOHAABHBIM COCTOSIHMEM HEPBHOM CUCTe-
MbL. POAD HACAEACTBEHHO 00YCAOBAEHHBIX XapaK-
TEPUCTUK HEPBHOI CMCTEMBI B OIIPEAEAEHUN YyB-
CTBUTEABHOCTU/YCTOMYMBOCTY K KOA€OAHUAM
9AEKTPOMArHUTHBIX IIOA€I] IPAKTUYeCK! He M3yJa-
Aach (AroskukoBa u Ap. 2018; 2019).

Lleab HacTOsI1IEN PAOOTHI — U3YUEHME BAUSHUS
usaydyenuss YBU-puamaszoHa CTaHAApTHOTO
Wi-Fi-poyTepa 1 ocAabA€HHBIX SKpaHMPOBaHMEM
BHEIIHVX MarHUTHBIX U DAEKTPUUYECKUX TTOAEN
Ha BPOXKAEHHOE NTOBEAEHNE, OTPpaykalolllee OpYeH-
TUPOBOYHO-MCCAEAOBATEABCKYIO AaKTUBHOCTD
U SMOLMOHAABHOCTD JXMBOTHBIX, U KOTHUTVBHbIE
GYHKLMY Y CAaMLIOB KPBIC ABYX CEAEKTMPOBAHHBIX
Avrmit BIT u HIT (¢ BBICOKMM M HU3KMM ITOPOTaMu
BO30YAMMOCTY HEPBHOJ CCTEMBI, HUBKOBO30YAM-
Mbl€ ¥ BBICOKOBO30YAVIMbIE COOTBETCTBEHHO),
a TaKKe KPbIC KOHTPOABHOI AuHUY BucTap.

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 2

Marepuaa u MeToAbBI

PaboTy MpOBOAMAU C MICTIOAB30BaHKEM CAMLIOB
KPbIC B BO3pacTe 5 MecslleB CTAaHAAPTHOV AVHUU
Bucrap n annun BIT u HII, ceaekTupoBaHHBIX
B AabOpaTOpUM reHeTUKU BBICIIEN HEPBHOI Aesl-
teapHoCTU (Baimao 2000; Baitpo u aAp. 2018)
1 BXxoasux B 6nokoasekuyio ®I'BYH Mucturyra
¢usnoarorvu um. V. T1. TTaBaoBa PAH (Ne '3 0134-
2018-0003). CaMLJOB COA€Ep’KaAM TPYIIIaMU
o 6—8 ocobeil B CTAHAAPTHBIX KAETKaX Ha CTaH-
AQPTHOM IMIIIEBOM paliiOHe B YCAOBUSX Aabopa-
TOPHOTO BUBAapUsl.

B pa6ore ucnoaszoBaau Wi-Fi-poyrep (6ec-
npoBoaHol mapupyTtusarop LinkSys E1200-EE/
RU) co caeayoImyMy TEXHUYECKMMM XapaKTepy-
CTMKaMU: 4acToTa OecripoBopHOIT cBsidu 2,4 I'T,
2 BHYTpEHHIE QaHTEHHBI C KO3PPULIMEHTOM yCUAe-
Hus 4 Abu, BpixopAHast MoIHOCTDb 16 AbMm, cpeaHee
paccTrosHue A0 XUBOTHBIX — 40 cM.

AAsl cCO3AaHMST YCAOBUIT OCAAOAEHMST MaTHUT-
Horo 1moaAs 3emau (panee — OMIT) ucroabsoBaAu
SKPaHMPYOLIYIO KaMePY, BBIIIOAHEHHYIO 113 HEMar-
HUTHOTO MaTepraAa (KapTOHA) U IIOKPBITYIO CBEPXY
HECKOABKUMU CAOSIMU aMOPGHOTO MarHUTOMSIT-
Koro matepuara AMAT-172, uto obecredynAo
40-KpaTHOE yMeHbllIeH/e BEAVYMHbBI UHAYKLIMU
MarHUTHOTO ITOASI 3eMAM BHYTpH KaMepsl (¢ 48 MKTA
A0 1,2 MxTA) (Cypma u Ap. 2012). Vimutupyromas
Kamepa (6e3 ocAabAeHsI MATHUTHOTO TTOAS 3eMAM,
BeAnmurHa MHAYKuuy MIT — 48 mxTA, poanee —
BOMITI) 6b1Aa USTOTOBAEHA U3 KAPTOHA, HE UMEAA
9KPaHMPYIOLIEro MOKPBITYUS 1 ObIAA TOKPBITA Yep-
HbIM TTOAUSTUAeHOM. O6e KamMepbl BBITTOAHEHBI
B BUAE LMAMHAPOB AuaMeTpoM 60 CM U AAMHOM
140 cM, 3aKpBITBIX C OAHOI'O TOPLA I OTKPBITHIX
C APYTOrO TaK, 4YTOOBI B TAYyOMHY KaMepbl A€I'KO
MOMEI[aAaCh KAETKA C KpbIcaMU. AASI OTIpeAeAeHNsI
BEAVYMHBI MHAYKLIMY MarHMTHOTO TIOAS 32 TIpeAe-
AaMU ¥ BHYTPU 9KCIIEPMMEHTAABHBIX KaMep ObIAU
IIPOBEAEHBI M3MEpPEeHUs C ICITOAB30BaHNEM Mar-
HutomeTpoB Fluxmaster (StefanMayerInstruments,
Dinslaken, Germany) (1 HTA — 200 MxTa, ¢ pas-
pewenuem 1 HTA) u HB0302.1A (St. Petersburg,
Russia) (0,1 MkTA — 100 MkTA, ¢ paspelieHrem
0,1 MKTA).
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AASL 3alUTHI OT BHEIIHMX HM3KOYACTOTHBIX
9AEKTPUYECKUX MTOAEI B KCIIEPMMEHTaX UCIOAb-
30BaAM KAeTKy Dapaaest, TpeACTaBASIOLIYI0 OO0
KoHTelHep pazMepoM 600x750x600 MM co cbeM-
HOI KPBIIIKOM, U3TOTOBAEHHBIN 13 HECKOABKUX
CAO€B MeTaAANYECKOI CeTK!, B KOTOPYIO ITOMellla-
AV CTAaHAQPTHYIO KAETKY C )XUBOTHBIMMU. I Top Bepx-
Hell KPBILIKOV pasMellaAu AOTIOAHUTEABHYIO ITOA-
KY, B LieHTpe KoTopolt pacrioaaraau Wi-Fi-poyrep
(AroxuxoBa u Ap. 2018).

Bananue Ha moBeaeHue Kpbic Y BU-nsayuenus
poyTepa M3y4aAu B YCAOBUSX 9KCIIO3ULIMY KUBOT-
HBIX B KaMepe, 9KpaHUPYIoIllell MarHUTHOE TIOAE,
1 B KaeTKe Qapapes.

Aast usydenns Bausaaust DMV poyrepa B ycao-
BUSIX OCAQOA€HMsI BHEIIHETO MarHUTHOTO MOAS
(OMIT) An60 6€3 AOTIOAHUTEABHBIX OTPAHUIUBA-
romx BosaencTsuil (BOMIT) «AOMAaIHIO0» KAET-
KY C )KMBOTHBIMMU IOMeIIaAM B 3KPaHMPYIOLYIO
KaMepy C pOyTepOM, PAaCIIOAO>KEHHOM Ha ITOAAOHE
B L[eHTpe BepXHeil KPBIIKU KAeTKM (rpymma
OMITI+PoyTep). AAbTEPHATUBHYIO I'PYIIITY KPbIC
MOMel[aAM B MMUTHUPYIOLIYIO KaMepy Ha TO Ke
BpeMmsi ¢ poyrepoM (rpymmna BOMIT+Poyrep). Dxc-
MepUMeHTAAbHbIE I'PYIIIBI OBIAY TTIOABEPTHYTHI
BO3AEMCTBUAM Ha mpoTsDKeHnn 12 yacos (c 22:00
A0 10:00). MIHTaKTHBIM KOHTpOAeM (pAanee —
KOHTPOAB1) CAY>KMAM XUBOTHBIE, COAEP>KaBLINECS
B BUBapuM U He NTOABEPIaBILMeCs BO3AENICTBUAM.

O1LleHKY NTOBeAeH!s )XMBOTHbBIX B TeCTe «OT-
KPbITOE ITOAE» IPOBOAMAM Yepe3 Yac IIOCA€ OKOH-
YaHMS SKCIO3MLMN )XMBOTHBIX B KaMepax.

Vcnoap3yemasi yCTaHOBKA «OTKPBITOE MTOAE»
IpEeACTaBAsiAa CO00M Kpyr AuaMmeTrpom 160 cMm,
OrpaHMYeHHbI1 00pTOM BbIcOTOM 35 cM. IToA Kpy-
ra paspeAeH Ha KBappaThl co cropoHoit 20 cm. Hap
LIECHTPOM IOAS Ha BbIcOTe 60 CM MOABEIIMBAAACDH
aamma 500 BT ¢ 3epkaAbHBIM OTpa’kaTeAeM, obOe-
CIIeYMBaIOL/IM OCBEIIeHHOCTb Ha YPOBHE IOAa
ot 2000 Aroxc B ieHTpe Ao 1500 Arokc o Kpasim.
IIpu mpoBeAeHNY TeCTMPOBAHNSA KPBICY TOMeEIaAU
B LIEHTPAAbHBII KBaApaT KpPyra 1 B TeueHue 5 MU-
HYT HaOAIOAQAM 32 ee MoBeAeHueM. Peructpupo-
BAAM CAEAYIOLIYE ITApAMeTPBhI IOBEAEHMST: AATEHT-
HBIJ IIePMOA BBIXOAQ M3 LIEHTPA IOAS, YMCAO
nepecevyeHHbIX KBaAPaTOB (TOpM30HTaAbHAS ABU-
raTeAbHasi aKTUBHOCTbD), [IOABEM Ha 3aAHME AQTIbI
(umcao cToek) (BepTUKaAbHasI ABUrATEAbHASI aKTUB-
HOCTb), OLIEHMBAaAY KOAYECTBO aKTOB IPYMMHIA,
KOAMYECTBO NMOBOPOTOB HAaA€BO U HAIPaBoO,
KOAMYECTBO KPYYEHUI, KOAUYECTBO OOAIOCOB
(9MOLIMOHAABHOCTD), KOAUYECTBO aKTOB PpU3MHTa
(peakums cTpaxa).

Aas nsydenus sananusa OMI Wi-Fi-poytepa
Ha KOTHUTMBHbIE QYHKLMM KPBIC OLIEHMBAAU CO-
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XpaHeHe YCAOBHOTO pedaeKca MacCMBHOTO U3-
6eranus (YPITU) nocae 24-4acoBOM SKCIIO3ULIA
JKMBOTHBIX C poyTepoM B KAeTKe Dapapes
C pa3MelleHHOM B Hell CTAHAQPTHOM KAETKOM C
JKMBOTHBIMU. B KauecTBe KOHTPOABHBIX UCIIOAb-
30BAAM MHTAKTHBIX )XUBOTHBIX KQ)KAOV U3 AVHUI
(KOHTPOAB1) M KMBOTHBIX, TOMELIEHHBIX B KAETKY
®dapapest 6e3 AOTTOAHUTEABHBIX BO3AECTBUI
(KOHTPOAB2).

BbIpaboTKy yCAOBHOTO pedaekca MacCUBHOTO
nsberanus (YPITV) c 0OAHOKpaTHBIM OTPULIATEAD-
HBIM OOAEBBIM MOAKDPEINAEHNEM IIPOU3BOAVIAY
C MICTIOAB30BaHMeEM YCTaHOBKM, COCTOSALIEN U3 ABYX
KaMep, CBETAOI U TEMHOI1, B KOTOPOI1 OCBelleH/e
OTCYTCTBOBaAO. Kak 13BeCTHO, B HOpMe KPbICHI
MPOBOAST OOABIIYIO YaCTh BPEMEHM B TEMHOM
OTCeKe, YTO CBSI3aHO C MHCTUHKTUBHBIM CTpeMAe-
HIe€M )XVMBOTHBIX HAXOAUTbCS B TEMHOM U TECHOM
MPOCTPAHCTBE — HOPKe (HOPKOBBIN pedAeKC).
MeToA OCHOBaH Ha BBIPAOOTKE Y KPBIC YCAOBHOI
peaxkLuy MacCUBHOTO M30eraHusi TEMHOM KaMephl
B OTBET Ha O€3YCAOBHBIN 9A€KTPOKO>KHBIN 00AEBOI
pasapaxureAb. Kpbicy BbICaXXUBaAU B LIEHTP CBET-
AOJI KaMepbl, XBOCTOM K OTBEPCTUIO B TEMHYIO
KaMepy. JKUBOTHOMY AaBaAM 3 MUHYTBI AASI 00CA€-
AOBAHIVSI; B T€YEHME STOTO BPEMEH OHO HAXOAVMAO
OTBEPCTHE B TEMHYIO KaMepy U 3aXOAMAO B Hee.
B TeMHOI1 KaMepe )XMBOTHOE ITOAYYaAO dAEKTPO-
KO>KHOe 00A€eBOe pasppakeHre CUAOK 1 MA AAUM-
TeAbHOCTBIO 1 MuH. Ha aTom BeipaboTKa pedaek-
ca 3aBeplIasacb. ECAM XMBOTHOe B TeuyeHMUe
3 MMHYT He 3aXOAMAO B TEMHYIO KaMepy, OHO
VICKAIOYAAOCH U3 AQABHENIIEr0 SKCIIEPYMEHTA.

Yepes 1 yac mocae Bbipabotku YPIIN kpbic
COOTBETCTBYIOIIMX TPYMII, 32 UCKAIOUEHUEM VH-
TaKTHOT'O KOHTPOAf1, moMellaAu Ha CYyTKU B 3a-
AQHHBIe KCIlepVIMeHTaAbHbIe yCAOBYMSL. [ IpoBepky
coxpaHeHust YPIINM ocymiecTBAsIAU Ccpa3y mOcCAe
OKOHYAaHMsI SKCITO3ULMM XXMBOTHBIX B KaMepax
®apapesi C poyTepoMm.

PeructpupoBaAy NMpOLIEHT )KUBOTHBIX, He 3a-
XOAVBIINUX B TEMHBIN OTCEK.

Craructuveckas o0padoTka

AAsI IpeACTaBAEHUST pe3YABTATOB BBIYUCASIAK
CpeAHVe 3HaYeHVs M MeAMaHbl. Ha prcyHKax mpea-
cTaBAeHbI MeAuaHbl. OnpeAeAeHVe AOCTOBEPHOCTU
pasAMuMiT MEKAY BapMaHTaMM IIPOBOAVAU C TI0-
Moibo Kputepuss ManHa — YutHu, ANOVA,
a TaKKe KpUTEPUs AOCTOBEPHOCTY PA3HOCTY AOA€N
(Maoxunckum 1970). VicmoAb3oBaAu mporpaMmMHoe
obecneuenue Statgraphics Centurion XV11 u Sta-
tistica 6.0.
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PesyabTarsl

Pe3yAbpTaThl OLIEHKM Pa3HBIX KOMIIOHEHTOB
OPMEHTUPOBOYHO-VICCAEAOBATEABCKOTO IOBEACHNS
1 9MOLMIOHAaABHOCTY B TECTE «OTKPBITOE MOAE»
y kpbic ABYX AnHuit BITu HIT, mHTaKTHBIX M TOCAC
9KCIO3ULIMY B 9KPaHUPYIOLLell BHEIIHEe MarHUTHOE
THI0A€ I UMUTUPYIOLLEl KaMep, 0€3 AOTIOAHUTEABHBIX
BO3AEVICTBUI, U B COUETAHMU C pabOTAOLUM
Wi-Fi-poyTepom npeacTaBAeHbI Ha pUCYHKe 1.

Y MHTaKTHBIX BBICOKOBO30YAMMBIX KPbIC AMHUY
HIT uncao croex Boiite (puc. 1-3), a KOAUYECTBO
aKToB (ppusnHra Hike (puc. 1-6) 1o cpaBHEHMIO
C HU3KOBO30yAUMOIT AuHMen BIT.

DKCIO3ULSI AVHEMHBIX )KUBOTHBIX B 9KpaHMU-
pylollel 1 MMUTUPYIOLIEN KaMepax B TeueHue
12 yacoB, HE3aBUCUMO OT AONOAHUTEABHBIX JKC-
MepVMEHTAABHBIX YCAOBUI, IIPUBOAUT Y KPbIC
Avany BIT k cHiKeHuIo akToB ppusunra (puc. 1-6)
Yl YBEAMYEHUIO KOAYECTBA IIOBOPOTOB (puc. 1-7);
y HIT — K CHVD)KeHMIO AQTEHTHOT O TIep1oAa ITePBO-
ro ABwkeHus (puc. 1-1) u koanvuecTBa 6OAICOB
(puc. 1-4), yBeAnueHMIo akToB rpymuHra (puc. 1-5)
10 CPAaBHEHNIO C MHTAKTHBIM KOHTPOAEM.

OMII BpI3bIBaeT M3MEHEHUs] — yBeAUYEHMUe
aKTOB (PPMBYMHTA, 2 TAK)XXe A€BBIX U IIPABBIX IIOBO-
poroB (puc. 1-7 u 1-8) — TOABKO Y KPbIC AMHUY
HIT (puc. 1-6) mo cpaBHEHMIO C COOTBETCTBYIOIIM-
mu rpynnamMy BOMIT 1 MHTaKTHBIM KOHTPOAEM.

DM poyTepa u B yCAOBUSIX OCAAOAEHHOTO
SKpaHVpOBaHMEM BHELIHETO MarHUTHOTO IIOAS,
1 0e3 Hero MpMUBOAUT y KpbIc AvHuM BIT K yBean-
YeHMIO MpaBbIX MOBOPOTOB (puc. 1-8), Toraa Kax
y avHyy HIT — K yBeAnveHMio akToB ppusuHra
(puc. 1-6) u xpyuenuit (puc. 1-9) 1o cpaBHeHMO
c rpynnamu OMIT u BOMIT cooTBeTCTBEHHO,
a TaK)Ke C MHTAaKTHBIM KOHTPOAEM.

ITpu aTom BAMsiHUE poyTepa Ha ¢done OMII
MPUBOAUT K M30MPaTEABHOMY CHIDKEHUIO KOAUYe-
cTBa 60AIOCOB y Kpbic Amuuu BIT (puc. 1-4)
" 9MCAQ TIepeCceYeHHbIX KBaAPATOB Y KPbIC AVHUM
HIT (puc. 1-2).

Pesyabratsl oneHky coxpanenus Y PITV nocae
24-gacoBoro BosAelicTBua YBY DM poyrepa
B ycaoBusx KaeTku Dapapesi 1o cpaBHEHUIO
¢ cobcTBeHHO KAeTKoi Dapapest U Yy MIHTaKTHOTO
KOHTPOASI AMHIM BucTap npepcTaBaeHbl Ha pu-
CYHKe 2, a COOTBETCTBYIOLIME Pe3YABTAThI Y KPBIC
AavHmi BIT u HIT — Ha pucyHke 3.

AevictBue YBY DM poyTepa npuBeao K Ha-
pywenuto coxpanenusa Y PITN y kpbic aunuy Buctap
B 2 pasa 10 CPaBHEHMIO C MHTAKTHBIM KOHTPOAEM
1 B 3 pa3a I10 CPaBHEHMIO C AKTVIBHBIM KOHTPOAEM —
kaetkon Papaaes (puc. 2).

DKCITO3ULVS BHICOKOBO30OYAMMBIX KPBIC AUHUM
HIT B xaeTtke Dapapess u 6e3 AOTIOAHUTEABHBIX

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 2

BO3AENCTBUIL, U NIPU AEVICTBUM pOyTepa IMpuBeAa
K 3HAYMTEABHOMY CHVDKEHUIO YPOBHSI COXpaHEHN s
YPITV no cpaBHEHMIO C MHTAaKTHBIM KOHTPOAEM
(puc. 3). Ilpy 3TOM B YyCAOBUSIX AEVICTBUSI pOyTepa
MPOSIBUAKCH DOAee YyeM 2-KpaTHble pa3Andus
c aunuei BI1 B apdextuBHocTn coxpanenns YPITIL.
Y >xuBoTHbIX AuHUM BIT He o6HapyXeHO pas-
AVIYUII B COXpaHEeHUU pedAeKca MeXAY BCeMU
SKCIIePUMEHTAAbHbIMU TpyIiamu (puc. 3).

Oo6cyxpeHne

IIpoBeaeHHbIe 5KCIIEpVMEHTbI CBUAETEAbCTBY-
I0T B IOAb3Y BAVSTHMSI BCEX ICCAEAYEMBIX GaKTOPOB
(YBY ODMU poyrepa, ocAabAeHMe BHELTHETO Mar-
HUTHOTO TIOASI, 9KCIIEPMMEHTAAbHbIE YCAOBMSI)
Ha IIOBEAEHME KPBIC B TECTE «OTKPBITOE ITOAEY.
XapakTep peakLuu 3aBUCUT OT HACAEACTBEHHO
00YCAOBAEHHO BO30YAMMOCTY HEPBHOM CUCTEMbI
JKMBOTHBIX U 3aTparnBaeT pa3Hble KOMIIOHEHTbI
IIOBEACHMSL.

Baussune DMU poyTtepa B 60AbILI€l CTeeHN
CKa3aA0Ch Ha TIOBEAEHM BBICOKOBO30OYAMBIX KPBIC
AavHyM HIT 1 prBeAo K yCMAeHMIo peakLy CTpa-
Xa B HOBOJ 0OCTaHOBKe ¥ MOBBIIIEHNIO XaOTN4-
HOCTU ABUKEHMUIA.

OcaabAeHue s5KpaHMPOBaHVEM BHELTHETO Mar-
HUTHOTO MOASI IOBAMSIAO TOABKO Ha KPbIC AHUU
HIT u BpI3BaAO TaKKe yCHMAEHME peakLuy CTpaxa
1 YBeAMYeHe KOAMYEeCTBA IOBOPOTOB, CBUAETEAD-
CTBYIOIMX O TIOBbILIEHNM 00I1[ero 6eCIoKOMNCTBA.

OAHako 1 camMo npeObIBaHMe )XMBOTHBIX B OTpa-
HUYEHHOM IIPOCTPAHCTBE 3KCIEePUMEHTAABHbBIX
LIMAVMHADPOB IIPMBEAO K M3MEHEHMSM IOBEeAEHUs
KPBIC 00€1X AMHUIL, YTO TIPOSIBUAOCH Y AHMM BIT
B CHIDKEHUM peaxkuuu ctpaxa (ppusuHra) u yse-
AVIYE€HUM TIOBOPOTOB, TOTAQ Kak y AuHum HIT —
B YCUAEHUM TPEBOKHOCTU U CHVDKEHUU SMOLMO-
HaABHOCTMU.

OlleHKa IOBEAEHUSI B TECTE «OTKPBITOE IIOAE»
y MHTaKTHBIX Kpbic AvHMI BIT 1 HIT nosBoanaa
TaK)Xe MOATBEPAUTH HaAMYME MEKAMHEMHBIX
PasAMuMI B YPOBHE ABUTAaTEABHOV aKTUBHOCTHU
U peakluy CTpaxa, CBA3aHHBIX C T€HETUYECKHU
AEeTePMUHMPOBAHHBIMU 0COOEHHOCTSIMYU BO30OYAM-
MoCTU HepBHOU cucteMbl (Baiipao 2000; 2018).

IToAy4yeHHbBIe pe3yAbTaThbl TO3BOAVAY 3aKAIOUNTD,
4TO HapyIlIeHVe COXPaHEeHNs ITaMSITH IIPY 00yYeHnn
YPITU BcaeaCTBUE OCAAOAEHMS DAEKTPUYECKOTO
noAs B KaeTke Papapes U B cCOUETaHUM C AOIIOA-
HUTEABHBIM BAUsHMEM DM poyrepa 6oaee BbI-
Pa’keHO IIPY HACAEACTBEHHO 00YCAOBAEHHOJ BbI-
COKOJI BO3OYAMMOCTY HEPBHOI CUCTEMBI y KPBIC
anHum HIT. Co6ctBenHo YBY DM poyrepa
3HAYUTEABHO OCAAOASIAO KOTHUTUBHbBIE QYHKLIMU
TOABKO Y KpbIC AMHMM Bucrap.
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Puc. 1. Pe3yAbTaThl OLIeHKM Pa3HbIX KOMIIOHEHTOB ITOBEAEHNS B TECTE KOTKPBITOE IIOAE» Y CAMLIOB KPBbIC AVHUI
BIT u HIT mocae akcnosuuyu B sxpanupytoueit (OMIT) u umutupyromen (BOMIT) kamepax, B TeX e yCAOBUSIX
¢ poyrepom (OMIT+Poyrep, BOMIT+PoyTep, COOTBETCTBEHHO), KOHTPOAbl — MHTAKTHBIE )XUBOTHBIE.

O6o3HaueHus:

1 — AareHTHbIl1 epuoa; * — pasanyusi ¢ kourpoaeml annuu HIT poctoBepnsr (P < 0,05).

2 — lopu30HTaAbHAsI ABUTaTEABHASI aKTUBHOCTb (UMCAO ITEPECEUEHHBIX KBAAPATOB); # — PA3AMYMS C OCTAABHBIMU
rpynnamu avHuu HIT poctoBepnsr (P < 0,05).

3 — BepTukaabHasi ABUraTeAbHasl aKTUBHOCTD (4MCAO CTOEK) B TECTE; * — PasAM4MsI C IPYIION KOHTPOADbL
avnavu BIT pocroBepnsl (P < 0,05).

4 — DMOLMOHAABHOCTD (KOAMIECTBO GOAIOCOB); * — pasAMYMsI C [PYIIION KOHTPOABL COOTBETCTBYIOLIEN AMHUN
aocroBepHsl (P < 0,05); # — pasamumst ¢ octaapHbiMU rpyrmamu AuHuu BIT pooctoBepusr (P < 0,05).

5 — YucAo aKTOB IPYMUHI; # — pasauyus ¢ rpymnmnoit KoHTpoAbl auxum HIT poctoBephs! (P < 0,05).
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6 — Yucao aktoB ¢ppusunra; * — pasanunsi ¢ Kourporeml aunru HIT 1 co BceMn OCTaABHBIMU IPYIIIIAMU
auHuu BIT poctoBepust (P < 0,05); # — pasamuus ¢ rpynnort BOMIT anuun HIT poctoBephnr (P < 0,05);
& — pasanuus ¢ coorBercTBylomumu rpynnamu OMIT u BOMIT annuu HIT poctoBepusr (P < 0,05).

7 — Yucao AeBbIX TOBOPOTOB; * — pa3AUYMA CO BCEMUM OCTAAbHbIMU rpynnamu AMHUM BIT poocToBepHBI
(P < 0,05); # — paszanums c rpymmoit BOMIT annum HIT poctrosepusr (P < 0,05).
8 — Yuncao mpaBbIX MOBOPOTOB; * — pasAnyus ¢ rpynnamu KOHTpoAbl, OMIT, BOMIT annvu BIT poocToBepHb!

(P < 0,05); # — pasanums ¢ rpynnoit BOMIT annmu HIT pooctoBepssr (P < 0,05).
9 — Yucao KpyueHuit; * — pasanuusi ¢ rpynnamu KOHTpoAabl, OMIT, BOMIT aunnm HIT poocToBephsr (P < 0,05)

Fig. 1. Evaluation results for different behavioral components in the Open Field Test in HT and LT strain male
rats after the exposure in a Faraday cage and a simulation cage; under the same conditions with a router
(Faraday cage + router, simulation cage + router, respectively), Control 1 — intact animals.
1 — Latent period; * — difference between LT strain and Control 1 is significant p < 0.05.
2 — Horizontal mobility (number of squares crossed); # — difference from other LT strain groups is

significant p < 0.05.

3 — Vertical mobility (number of upright stands) during the test; * — difference between HT strain and Control

1 is significant p < 0.05.

4 — Excitement (number of boli); * — difference between the corresponding strain and Control 1 is significant
p < 0.05; # — difference from other HT strain groups is significant p < 0.05.

5 — Number of grooming acts; # — difference between LT strain and Control 1 is significant p < 0.05.

6 — Number of freezing acts; * — difference between LT strain Control 1 and the other HT strains is significant
p < 0.05; # — difference from simulation cage LT strain is significant p < 0.05; & — difference from corresponding

LT strain groups is significant p < 0.05.

7 — Number of left turns; * — difference from other HT strain groups is significant p < 0.05; # — difference

from simulation cage LT strain is significant p < 0.05.

8 — Number of right turns; * — difference between Control 1, Faraday cage and simulation cage HT strain
groups is significant p < 0.05; # — difference from simulation cage LT strain is significant p < 0.05.
9 — Number of rotations; * — difference between Control 1, Faraday cage and simulation cage LT strain

groups is significant p < 0.05
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Puc. 2. Coxpanenue YPITV nocae akcnosuunum Kpbic
AvHuM BucTap B kaeTKe @apapest
0e3 AOMMOAHUTEABHBIX Bo3pencTBuin (K2)
u ¢ poyrepoM (P). K1 — nHTaKTHBIE KOHTPOABHBIE
JKUBOTHBIE. ¥ — PasAMYMsI CO BCEMU OCTAABHBIMU
rpynmnamu pooctoBepHo (P < 0,05)

Fig. 2. Retention of the conditioned reaction of passive
avoidance after Wistar rats exposure in the Faraday
cage without additional effects (K2) and with router (P).
K1 — control group of intact animals.

* — difference from all groups is significant p < 0.05
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Puc. 3. Coxpanenne YPITV nocae sxcrosuuyu Kpbic
ABYx amHuit BIT u HTT B kaeTke Dapapes
6e3 AOTIOAHUTEABHBIX Bo3pencTBuin (K2)
u ¢ poyrepom (P). K1 — nHTaKTHBIE KOHTPOABHBIE
KMBOTHBIE. AMHMUSIMU 0003HAYEHBI AOCTOBEPHO
pasanvawuecs Beanuunst (P < 0,05)

Fig. 3. Retention of the conditioned reaction of passive
avoidance after HT and LT rats exposure in the
Faraday cage without additional effects (K2) and with
router (P). K1 — control group of intact animals.
Lines indicate the difference (significant p < 0.05)
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Y KpbIC C HU3KOM BO3OYAMMOCTbIO HEPBHOM
cucrtemsl (annus BIT) ucroabsyemble aKcriepuMeH-
TaAbHbIE BO3AEIICTBUS HE BhI3bIBAAM CTATUCTUYE-
CKU 3HAYMMBbIX M3MEHEHU! B CIIOCOOHOCTU K CO-
xpaHeHuto B mamsatu YPTINL

Taxkum 06pa3oM, B L[EAOM KPBICBI C BBICOKOI1
BO30YAVMOCTBIO HEPBHOJ CUCTEMBI OKa3aAMCh
60Aee YyBCTBUTEABHBIMY K M3MEHEHMSIM MarHuT-
HOTO M SAEKTPUIECKOTr0o POHA, SAEKTPOMArHUTHBIM
M3AYYEHUSIM 10 CPABHEHUIO C HUBKOBO30YAMMBIMU
>KUBOTHBIMMU.

XPpOMOCOMHBIII aIapaT BbICOKOBO30OYAUMBIX
kpbic auanu HIT Takske 60Aee TTOABEPIKEH TOBPEK-
AaloleMy AEeMCTBUIO BbICOKOYACTOTHbIX DM
mo cpaBHeHuio ¢ Aunuen BIT (AroskukoBa u Ap.
2019).

BAusiHne repeMeHHOro, HO He CTaTUYeCKOro
aAeKkTpuueckoro moas (35 kB/m) Ha crmocoOHOCTD
K 00y4YeHMIO ¥ TPOCTPAHCTBEHHYIO TAMSTh ITOKa-
3aHo y mbieit (Di et al. 2019). BosaericTBre Bbi-
COKOYACTOTHBIX SAEKTPOMArHUTHBIX IOAEN
HA [TAMSTh 3PEABIX CAMLIOB KPBIC IIPOAEMOHCTPH-
POBAHO B TECTaX COLMAABHOM AVCKPUMMUHAIINU
(Schneider et al. 2014). TTokasano, uro MU cBepx-
BBICOKOI1 YaCTOTbI BBI3bIBAIOT Y KPBIC AMHMY BucTtap
MeTabOoAMYECKOE EPENPOrpaMMUPOBAHIE MUTO-
XOHAPUI KAETOK TOAOBHOTO MO3Ta, YTO YBEAUYM-
BaeT CKOPOCTb 0Opa3oBaHMs CyNepOKCUAHBIX
PAAMKAAOB U OKCHAQ 230Ta, KOTOPbIE MOTYT MHU-
LUUPOBATh pasBUTHE HEMPOAEreHepaTUBHbBIX 3a-
6oaeBaHumit u paka (Burlaka et al. 2016).

MexaHM3MBbI BO3AEVICTBYS HA oprannsm DM
Y MATHUTHBIX ITOA€J B HACTOsIII[ee BpeMs aKTUBHO
VICCAEAYIOTCSI, BEAYTCSI MHOTOUMCAEHHBIE AUCKYC-
CUY B OTHOIIEHUY BO3MOXXHBIX IyTel UX BAUSIHUS
HA OPTaHM3M, TIPOSIBAEHUS MATHUTOOMOAOTUYECKUX
s dexrToB u ux mocaepctsuii (Karthick et al. 2017;
Pall 2016; Terzi et al. 2016). HepaBHO rpymnmoin
aMEePUKAHCKUX U SITOHCKUX UCCAEAOBATEAEI C UC-

moAb30BaHKeM Metoaa DI oOHapyKeHa Criocoo-
HOCTb 4€AOB€eKa OLIYLIATh M3MEHEHMST MarHUTHO-
ro noAst (BbISIBA€HBI U3MEHEHUsI aKTUBHOCTU
Mo3ra B aAbda-AuanazoHe npu pa3sAUIHO OpUeH-
TaLVY MarHUTHOTO TIOASI OTHOCUTEABHO VCIIBITY-
emoro B kaeTke @apapest) (Wang et al. 2019); Tem
He MeHee MeXaHU3Mbl MarHUTOPELEINLUY ¥ YEAO-
BeKa I10Ka HeSICHBI.

Haunboaee 060CHOBaHHOI CpeAy 00CYKAAEMBIX
TUIIOTE3 MPEACTABASIETCSI MOAEKYASIPHAS KOHLIEI-
yust (Buchachenko 2014), mocTpoeHHas Ha 3Have-
HUU VOH-PAAUKAABHOI TIAapbl B KAYeCTBE MPUEM-
HMKAQ MAaTHUTHBIX TIOAEN U UICTOYHUKA MarHUTHBIX
s dexToB. HecriapeHHbie 5AEKTPOHBI B HUX SIBASI-
I0TCSI HOCUTEASIMM CIIMHOBOrO MarHeTU3Ma,
Yl UMEHHO OHY B3a/IMOAEVICTBYIOT C HOCTOSIHHBIMU
U IepeMEeHHbIMU MarHUTHBIMU MTOASIMU. AOKa3aHO
y4yacTue TakuxX nap B GepMeHTATUBHOM CUHTE3€
OCHOBHOTI'O SHEPTOHOCUTEAS KUBBIX cucteM — ATO
u pernankaruBHoM cuHTe3de AHK npu yyactuu no-
AUMepas.

3akAuenue

PesyabTaThbl HACTOS1L[EN PAOOTHI TOATBEP)KAAIOT
HeraTUBHOE BAMSHME Ha BPOXKAEHHOe II0BeAeHNe
Y TAMSITh KPbIC OTPAHUYEHUI1 BHEILIHETO SAEKTPU-
YeCKOT0 ¥ MAaTHUTHOTO IT0AeM, a Takke DM YBY-
AMAIIa30Ha, yKasbIBalOT HA HEOOXOAVMOCTD yyeTa
TUIIOAOTYECKMX 0COOEHHOCTEN HEPBHOM CUCTEMBI
npy pa3paboTKe CPEACTB 3aLIUThI OT HETATVUBHOTO
BAUSIHMSI DM 1 KOppeKTUPOBKY MarHUTOOMOAO-
rnyeckux aQp¢PeKToB pasAMYHBIX ICTOUHMKOB 13-
AydeHVsi. Takoi MOAXOA BaXKeEH AASL TIOHMMAaHUS
MPUYMH MHAVBUAYAAbHON M3MEHYMBOCTY B UYB-
cTBUTeAbHOCTU K DM 1 onpepeaeHuy Ha aTOM
OCHOBe ITyTel KOppeKLMM MHAYLMPOBAaHHbIX DMV
MaTOreHeTMYeCKMX IPOLIeCCOB Y YeAOBEKa.
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Annomanusi. LleAbio AAHHOTO VICCAEAOBAHIIS ObIAA OLjeHKa aHTVHOLMLIEITUBHOTO
a¢ddexTa KAPAUOTOHNIECKMX CTEPOUAOB Ha POHE Pa3BUTHSI AAKOTOABHO
HeliponiaTuy y rpbI3yHOB. ITaToAorus Ob1aa cOpMUpPOBaHa ITyTeM XPOHUYECKOTO
1 GOPCUPOBAHHOTO OTPEOAEHMS AAKOTOASI B HAPACTAOIIel KOHLIEHTPaL.
Moaeab GOpCUPOBAHHOTO YIIOTPeOAEHMSI BBICOKUX AO3 AKOTOASI B TEUEHME
8 HepaeAb 1M03BoAMAA CPOPMUPOBATH CUMITOMOKOMITIAEKC, KOTOPBIN ObIA
XapaKTepeH AASI aAKOTOABHOI Heltponatuu. [ Ipy umurarium (MOA€ApOBaHNM)
OCTPOr0 AAKOTOABHOT'O a0CTMHEHTHOTO CMHAPOMA BBLSICHEHO, YTO Ha BTOPOIA
A€Hb IIOCAE OTMEHbI AAKOT'OASL TIPOMICXOAMAO YBEAVYEHME TOYEUHO SKCKPeLn
MapuHoOydarenuHa, nuruburopa aabda-1 nsodpopmsr Na/K-ATDasel,
C MapaAAeAbHbIM YBEAYEHMEM MIOPOTra TAKTUABHON aAAOAVHIM, YTO YKa3bIBaeT
Ha BOBAEYEHHOCTb KAPAMOTOHUYECKUX CTEPOMAOB B IIPOLIECC HOLULIETILINN
IIpK AAKOTOABbHOI 3aBucuMocTH. KoHLeHTpauus MmapuHoOydareHnHa B Move
ObIAa M3MepeHa UMMYHO(MEPMEHTHBIM aHaAM30M. TaksKe ObIAO TPOAEMOHCTPH-
pOBaHo, uTo oyabauH, MHrMouTOp asnda-3 nsopopmsr Na/K-ATDassl, npu
CHUCTEMHOM BBEAEHUM CTATUCTNYECK 3HAUMMO YBEAMYMBAA ITOPOT TAKTUABHO
AAAOAVHIY, YTO YKa3bIBaeT Ha BBIPKEHHbIN 00e360AmBatommit apdext
TeCTUPYeMOro cTeporpa. [loAyueHHbIe AQaHHbBIE CBUAETEABCTBYIOT O TOM, YTO
moayaanus cuctembl Na/K-AT®a3pl 1 ee 9HAOTEHHBIX AUTAaHAOB MIMeeT
TepaneBTUYECKUI MTOTEHLMAA [IPU Pa3BUTUU XPOHUUYECKON 60AM Ha PoHe
AAKOTOABHOJ 3aBUCYMOCTH.

Karouesvie croBa: mapuHoOydareHH, oyabarH, aAKOrOAbHAsI HEponaTusi,
Na/K-AT®a3a, KpPbICHL.
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BBepenne

Abstract. The present study aimed to assess the possible antinociceptive effect
of cardiotonic steroids during the development of alcoholic neuropathy.
The pathology was formed in rodents by means of forced alcohol consumption
in increasing concentration. The force consumption of high doses of alcohol
for 8 weeks allowed us to model a symptomatic complex typical for alcoholic
neuropathy. During consequent modelling of the acute alcohol withdrawal
syndrome, it was established that on the second day after the withdrawal
there was an increase in the renal excretion of marinobufagenin, an alpha-1
isoform inhibitor of Na/K-ATPase, with a simultaneous increase in the
threshold of tactile allodynia; that indicated the involvement of cardiotonic
steroids in the process of nociception in alcohol dependence. The concentration
of marinobufagenin in urine was measured by enzyme-linked immunoassay.
It was also demonstrated that intraperitoneally administered ouabain,
an alpha-3 isoform inhibitor of Na/K-ATPase, significantly increased
the threshold of tactile allodynia, indicating a pronounced analgesic effect
of the steroid. These data suggest that the system of Na/K-ATPase and its
endogenous ligands has therapeutic potential against the development
of chronic pain associated with alcohol dependence.

Keywords: marinobufagenin, alcoholic neuropathy, ouabain, Na/K-ATPase,
rats.

OAHaKO AQHHBIE, IIOAYYE€HHbIE B ITIOCAEAHVIE TOADI,
IIOKa3aAu, YTO B pa3BUTUU MTATOAOT UM MOT'YT UMETb

HaunboAee 4acTbIM OCAO>KHEHMEM XPOHUYECKOIT
AAKOTOABHOJ MHTOKCUKALIMY SIBASIETCST AAKOTOAb-
Hasl HelipomaTusl, KOTopasi XapaKTepusyeTcs I0-
pakeHMeM Inepupeprieckoro OTaeAa HEPBHOM
CUCTEMbI. AAKOTOABHASI HEMPOTIATHSI UMeeT CUMII-
TOMBI, CXOXUe C APYruMy GOpMaMU ITIOBPEXAEHUS
HEPBOB: IIOKAABIBaHME, OHEMEHVE KOHEYHOCTEN,
03HO0, HapyleHVe KOOPAMHALIM U TaK AaAee. Bee
9TO MOXXeT COIPOBOXKAATHCS XPOHUYECKUMU 0O-
ASIMY, TUIIMYHBIMU AASL TIepudepriecKoii Helpo-
HmaTum.

BeposiTHO, IpMYMHON pa3BUTUS aAKOTOABHOM
HEeVPOIIATUY ABASETCS NPAMOM HEVIPOTOKCUYECKUN
sddexT aranoaa u ero meraboautos (Claus et al.
1985; Koike et al. 2003; Monforte et al. 1995).
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3HaueHue U Apyrue $GaKTopbl, MHAYLMPYIOLIe
HePOAEereHepaTBHbIE MPOLIECCH, TAKME KaK OK-
CUAQTVIBHBIV CTPECC 1 MHCYAMHOBASI PE3UCTEHTHOCTD
(Bosch-Morell et al. 1998; Cohen et al. 2007;
de la Monte et al. 2005; 2008; 2009; Mellion et al. 2013).

B Hacrosiiee BpeMsi pu AQHHOM BUAE HENPO-
[ATUM IPUMEHSIETCS] CUMIITOMATUYECKOE AeYeHe
(aHAABreTUKM, aHTUAETIPECCAHTDI, AHTUKOHBYAbD-
CaHTBHI), AAIOI[ee AUIIb BpeMEHHOe OOAeryeHue.
B kauecTBe AOITOAHUTEABHOII TEPAIUM MOTYT UC-
MIOAB30BaThCS MTPENapaThl, BOCIIOAHSOIE Aedu-
LT OMOAOTMYECKM aKTUBHBIX BEI|ECTB B OPraHU3-
Mme: OeHpoTuMaMuH, aabda-AnIoeBast KUCAOTA,
aueTtua-L-kapHutuH, metuakobasamus (Chopra,
Tiwari 2012).

DOI: 10.33910/2687-1270-2020-1-2-133-139


https://orcid.org/0000-0002-7202-0233
mailto:kashkinv@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/

B. A. Kawkun

OxoA0 20 AeT Ha3aA OBIAO BBICKA3aHO MPEATIO-
AOXKEHVIE, YTO KaPAVIOTOHUYECKIE CTEPOUADI MOT'YT
OBITb BOBAE€YEHBI B Pa3BUTVE AAKOTOABHOII 3aBU-
cumoctu (Bagrov et al. 1999). Y kpbic BBepeHMe
AUTOKCHMHA IPUBOAVAO K YMEHbLIEHHUIO TIOTpedAe-
HVIST AAKOTOASI, TOTAQ KaK IMMYHM3aLMs1 )KMBOTHBIX
IPOTUB AMTOKCUHA, OyabarHa ¥ MapuHOOydare-
HuHa (MBI') 3ameTHO ycuAMBaAa AOOpPOBOABHOE
norpebaenue staHoaa (Bagrov et al. 1999).
Y mbieit BBepeHre MBI mpepoTBpaliaao BHYyTpu-
BEHHOE CaMOBBEAEHME 9TAaHOA], TOTAQ KaK IMMY-
Husauus npotuB MBI obaeruasa nosepeHue,
cBssaHHOe ¢ nmouckoM aakoroas (Kashkin et al.
2002). Kpome Toro, MBI onocpeayet rpeccopHbiit
OTBET IPU aAKOTOABHOI aOCTVHEHLIMM, KOTOPBIN
CBSI3aH C peTeHLMell TIOYeYHOTO HATPUs Y KPbIC
(Kashkin et al. 2008).

lleAbI0O AQHHOTO MCCAEAOBAHMS ObIAQ OL|€HKa
BO3MO)KHOTO aHTMHOLIMLIENTUBHOIO 3¢ddeKTa
y KapAMOTOHUYECKOTO CTepOMAA oyabauHa mpu
CUCTEMHOM BBeA€HUM Ha pOHe PasBUTUS aAKO-
TOABHOM HeVpOoIaTuu.

MartepuaAabl 1 METOABI HICCACAOBAHUS

Bce skcrepuMeHTaAbHbIE TIPOLIEAYPBI BBIITOA-
HeHbI B COOTBETCTBUMU C peKOMeHAaLmAMM «Pyko-
BOACTBA IO MICITIOAb30BaHMIO AA0OPATOPHBIX >KN-
BOTHBIX AASI HAYUHBIX ¥ yueOHbIX Leael1 B [ICTIOIMY
um. U. 1. TTaBaroBa» (Belozertseva 2014).

IIpenapamut

AraHoA (d = 0,73) AAst TOTpebAeHMs KpbICAMU
PasBOAMAM AMICTMAAMPOBAHHOI BOAON AO HEOO-
xoAuMoOM KoHLeHTpauuu (v/v). Oyabaus (Sigma-
Aldrich, CIIIA) npeABapuUTEABHO Pa3BOAUAU
B AMCTMAAMPOBAHHON BOA€ U BBOAMAM BHYTPU-
OproLHHO B 00beMe 1 MA/KT.

JKuBomHuvie U yCA0BUS UX COOePHAHUS

B skcrmepumeHTax MCIIOAb30BAAU CaMIIOB
Kpbic croka Wistar maccoit 200-250 r (n = 24) (m-
ToMHUK «ParmoAoBo», Poccust). JKUBOTHBIX COAEp-
JKaAU B CTAHAQPTHBIX YCAOBMSIX (hoTOpexum —
12 4 cBeT/12 4 TeMHOTa; TeMIlepaTypa BO3AyXa —
20 + 1°C; BaaxkHOCTD — 50 + 20 %), prt CBOOOAHOM
AOCTYIIe CTAHAAPTHOMY KOPMY.

MO@@/[MPOB&[HM@ namoaocuu

JKnBOTHBIE OBIAM TOABEPTHYTHI MIPOLIEAYPE
bopcHpOBaHHOTO IOTPEOAEHNS PaCTBOPA STAHOA
B HapaCTAIOUIMX KOHLEHTPALMAX Ha POTSHKEHUU
8 HepeAb. ExkeHeAeAbHO KOHLIEHTPALMIO STAHOAQ
HOBBIIIAAK B CA€AYIOIeM Topsiake: 9 % (v/v), 15 %
(v/v), 20 % (v/v), 25 % (v/v), 30 % (v/v). Aansee

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 2

AO OKOHYAHMSI MOAEAVIPOBAHNS MATOAOT UM XXMBOT-
Hble TOAYYAAU 3TAHOA B KoHLeHTpaumu 30 % (v/v)
(KamxuH et al. 2016). AocTymn K KopMy He OblA
OrpaHuYeH, AOCTYII K BOA€ ObIA orpaHmyeH. AAst
NpeAOTBpALEeHUs AeTMAPATALMK eXXeAHEBHO
Ha 2 Yaca >KUBOTHBIM IIPEAOCTABASIAM AOTIOAHM-
TEABHYIO ITIOVAKY C IUTbeBO BOAOIL. KOHTpOAbHbBIE
XMBOTHbIE (rpymma Ne 1) MoAy4YaAu TOABKO UTbe-
BYIO BOAY, 0€3 OrpaHn4eHUIL.

Ouyerka paszsumus 6018020 CUHOPOMA
(makmuibHas arr00uHUs)

IIpouieAypy TeCcTMpOBaHUSA IPOBOAVAK depes
8 HepeAb IIOCA€ HAuaAd MOAEAVIPOBAHMSI IIATOAOT UM
(Ha poHe MOTpebAEHMS STAHOAQ), 3aTEM EXKEAHEB-
HO B TedyeHye 7 AHel OCTPOro abOCTMHEHTHOTO
CUHAPOMA /1 Ha IIPOTSDKEHUY IIOCAEAYIOIeN 5-AHeB-
HOJI Tepanuy 0yabalHoOM, TAe TeCTUPOBaHMe IIPO-
BOAVIAM AO BBEAEHMs oyabauHa, yepes 60, 120
1 180 MMHYT TOCA€ BBEAECHUA.

AAsL OLleHKM pasBUTHS OOAEBOIO CMHAPOMA
M3MepPSIAY TAKTUMABHYIO aAAOAVHMIO. OTIpeaeAeHe
IOpOTa TAaKTUABHOJ PEAKTUBHOCTY OBIAO TIPOBe-
AeHo 1o Mmetopy Chaplan u coasTopos (Chaplan
et al. 1994) ¢ momol1bo Habopa 13 8 CTAHAAPTHBIX
BoAOCKOB ¢on Dpes (Touch Test, North Coast
Medical, Inc, Gilroy, CA). >)KecTkocTb PriaamMeHTOB,
BbIpa)kaeMasi Kak MMHMMaAbHOE yCHAME, HEOOXO-
AVIMO€ AASI CTMOaHVSI BOAOCKA, BO3PaCcTaAa AOTa-
pudmMmUYecKu ¢ aOCOAIOTHBIMU 3HAUYEHUSIMU
ot 0,692 r A0 28,840 r. ¥V Ka’kKA0M KPBICHI ITIOPOT
BHauaAe OIPEAEASIAM Ha AEBOII Aalle, a 3aTeM
Ha paBoi Aare. KOHYMKOM BOAOCKA IPUKACAAKCD
K CepeAVMHEe ITAQHTAPHOI ITOBEPXHOCTU AQIIbI
C yCUAMEM, HEOOXOAVMBIM AASI CTMOaHMSI BOAOCKA,
U YAEP)KMBAAM BOAOCOK B TAaKOM ITIOAOKEHUU
6—8 cexyHA. [ToAOXXUTeAbHBIN OTBET PerUCTPUPO-
BaAM, €CAM XVMBOTHOE PEe3KO OTAEPTMBAAO AQIy
BO BpeMsI KaCaHUs VAU €CAU ITIOCA€ YAQAEHUS BO-
AOCKa CAEAOBAAO pe3Koe crubaHue Aamel. TecTn-
pOBaHNe HAaUMHAAM C MICIIOAb30BaHMsI BOAOCKA,
COOTBETCTBYMLIero ycuaumio B 3,630 r. 3aTem cTu-
MYABI (BOAOCKU) MPEABSIBASIAYL B BO3PACTAIOIIEN
VIAM yOBIBaIOIIEN TIOCAEAOBATEABHOCTHU. B cayuae
IIOAOXXUTEABHOTO OTBETA MPEADBSIBASIAN BOAOCOK
C MeHblIIell )KeCTKOCTBIO, ¥, HA000POT, B CAyYae
HEraTMBHOI'O OTBeTAa NPEADbSBASIAU BOAOCOK
¢ 60AbILEN )KeCTKOCThI0. [TocAe mepBOHAYaABHOTO
OIIpeAEA€HN s IOpOra YyBCTBUTEABHOCTY IO TOMY
Ke IIPMHLMITY IIPEADBSIBASIAU ellje 4 BOAOCKA.

CpeaHeahPeKTUBHBIN TOPOT TAKTUABHON pe-
aKTVMBHOCTY OBIA PACCUUTAH IO METOAY, OTMCAH-
Homy Dixon (Dixon 1980) B mopudukarmu Chaplan
c koareramu (Chaplan et al. 1994).
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N3mepenue konyenmpayuu MBI’ 8 moye

OG6pasipl MouM 3a 24 4 ObIAM COOPAHBI IPY TTO-
Mol MmeTaboAandeckux KaeTok (Lab Products, Inc.
Seaford, DE, USA). Kouuenrpauuwo MBI
(mMOAB/24 1) B MOYE USMEPSIAU C CITOAB30BAHUEM
bAyopoummyHHoro anaausa (Dissosiation Enhanced
Fluoro Immuno Assay — DELFIA) npu nomoriu
MBIV HBIX MOHOKAOHAABHBIX aHTUTEA 4G4 (mAb)
(Fedorova et al. 2002).

Cmamucmuyeckuti aHaiu3 OAHHbLX

OO6paboOTKy MOAYYEHHBIX AAHHBIX IPOBOAVIAU
C MMOMOIIBIO TMTAKETa CTATUCTUIECKUX IIPOrPaMM
SAS (SASv.9.4, SAS Institute Inc., Cary, NC, CLIIA).
AAsl aHaAM3a AQHHBIX VICTIOAB30BaACS OAHOJAK-
TOpHBI AucniepcuoHHbI aHaAns (ANOVA),
B CAy4ae OOHapY)XeHUsI AOCTOBEPHOTO BAMSIHUS
nccaeAyeMoro $pakTopa MmoCAeAyI/ie MEXIPYII-
HOBbIe CpaBHeHUs (post hoc analysis) 6p1aM TIPO-
BEAEHBI C MICIIOAb30BaHMEM KpuTepus AaHHeTTa.
AaHHBIE 110 TAKTUABHOW AAAOAVHUM TIPEACTABAE-
HbI KaK ITAOLLaAb MIOA KpUBOU mpoueHTa oT 50 %
nopora otaepruaHus Aanbl (0—180 MMHYT), KOTO-
poe OBIAO PaCcCUMTAHO C MICIIOAb30BAHMEM Tparle-
LIeMAQABHOTO MPaBMAa. Pa3AnYMs CYUTAAY 3HAYN-
mbimu nipu p < 0,05.

PesyabTarnl

[Tocae 8 Hepeab GOPCUPOBAHHOTO YIIOTpebAe-
HUSI AAKOTOASL Y 9KCIIEPYMEHTAABHBIX >KMBOTHBIX
STAaHOA OBbIA 3aMeHEH Ha MUTBhEBYIO BOAY. KpbIch
OBIAM ITOCA’KEHBbI B MeTa0OAMUYECKIE KACTKU AAS
B3sTUs 00pa3LioB CyToOuyHON Mouu. Ha mpoTspkeHnn
BCEro abOCTMHEHTHOTO CMHAPOMA €)XEAHEBHO Y KPbIC
OLIEHMBAAY [TOPOTY TAKTUABHON aAAOAMHMM. [Tpo-
BeAeHMEe OAHO(QAKTOPHOrO AVICTIEPCUOHHOTO aHa-
ansa (ANOVA) nokasaao, YTO Ipy pasBUTUN
OCTPOr0 aAKOTOABHOTO a0CTUHEHTHOTO CUHAPOMA
Ha 2-11 AeHb HaOAIOAEHUI Y KPBIC IIPOMCXOAVAO
yBeAUYeHYe [TOPOra TaKTUABHOM PEaKTUBHOCTU
(p < 0,05, kputepuit AanHerTa, puc. 1, mpaBas
MIAHEAD), KOTOPOE COIIPOBOKAAAOCH TTAPAAAEABHBIM
yBeAMdeHueM noyeyHo akckperyu MBI (p < 0,05,
Kputepuit AaHHETTA, PUC. 1, AeBasi MaHEAD).

DTO HAOAIOAEHIE TIO3BOAUAO TIPEATIOAOXKUTD,
yTOo 6A0Kapa akTuBHOCTU Na/K-AT®aspl moxer
BAUSTD Ha BBIPAXKEHHOCTh 0OAEBOTO CUHAPOMA Ha
¢dboHe pasBUTUS AAKOTOABHOV HEPOIIaTHH.

Yepes 7 aAHelt abCTMHEHLY KpbIcaM ObIA BO3-
BpallleH aAKOIOAb B COOTBETCTBYIOIE) KOHLIEeH-
tpauuu (30 %). [Tocae crabuansaumu noTpedAeHms
AAKOTOASI KpbICAM BBOAMAU BHYTPUOPIOLIMHHO
oyabanH — unruoburop aabda-3 nsodopmsr Na/K-
AT®a3e1 B TeyeHune 5 apHelr B po3ax 0,1;
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Puc. 1. Pa3BuTHE AAAOAMHUY U 9KCKPeLMsI
MapuHoOydarennna (MBI)

Ha GoHe OTMEHBI HTAHOAA Y KPBbIC.
Pa3BuTne aAAOAVMHUY TTIOCA€ OTMEHBI 3TaHOAQ
OLIEHMBAAU C IOMOIIbI0 KAAMOPOBAHHBIX
MukpodurameHToB pon Dpest.

/AaHHBIe TPEACTAaBAEHBI B BUAE CPEAHUX 3HAYEHUI
ITOpOTa OTAEPTMBAHUS 3aAHMX AQIl
(M£SEM, AeBasi 0OCb OPAMHATBHI).
VsMepeHns NpOBOAMAMCD €KEAHEBHO. n = 18.
Touka «uCX. yp.» — 3HaU€HUs IIOPOT'OB, I3MEPEHHbIE
B [TOCAEAHIIT AEHb IIepeA OTMEHOI 9TAHOAA.
dkckpeunst MBI oljeHMBaAach B CyTOYHO MOYe
KPBIC C IIOMOLIBI0 UMMYHO()EPMEHTHOIO aHaAM3a.
/AaHHBbIe TPEACTaBAEHBI B BUAE CPEAHUX 3HAYEHUI
koHueHTpauun MBI B moue Ha cyTku (M+SEM,
rpaBasi OCb OPAMHATHI). N = 6.

* — p < 0,05, cTaTUCTUYECKM 3HAUMMOE OTAUYME
OT ITOKa3aTeAsl B ICXOAHOM YPOBHe
(kpuTepuit AaHHeTTa)

Fig. 1. Development of tactile allodynia and renal
excretion of marinobufagenin
during alcohol withdrawal in rats.

The development of tactile allodynia during alcohol
withdrawal was assessed with the help of graded
microfilaments. The data are presented in mean values
of the threshold for hind legs movement
(M + SEM, left vertical axis).

Assessment was carried out daily. n = 18.

The point of “initial level” — threshold values,
measured the day before alcohol withdrawal.
Renal excretion of marinobufagenin was measured
by means of immunoenzymometric analysis.

The data are presented in mean values
of marinobufagenin concentration in the urine during
a 24-hour period (M + SEM, right vertical axis). n = 6.
* — difference is significant at p < 0.05
(Dunnett’s criterion)
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0,33 u 0,56 Mr/Kr, AU AUCTUAAMPOBAHHYIO BOAY
(koHTpOABHas rpymnmna). [TapaaaeAbHO y KpBIC OLje-
HIUBaAU TaKTUABHYIO PpeaKTUBHOCTb AO BBEAEHMS,
yepes 60 1 120 MMHYT TOCAE BBEAEHUSI BellleCTBa
VIAU 5K€ €r0 PAaCTBOPUTEASI €XKeAHEBHO. BbIAO TTO-
Ka3aHO, YTO BbI3BAHHOE OyaballHOM yBeAUYeHle
IIOPOrOB TaKTMABHOM aAAOAMHUY HOCUAO BBIpa-
>KEHHBIV, CTATUCTUYECKU 3HAUUMBIN U A0303aBU-
cumbiit xapakrep (p < 0,05, kputepuit AaHHerTa,
puc. 2). OAHaKO AAUTEABHOCTD AECTBUS TIperna-
para Obiaa orpaHnyeHa 60 MUHYTaMM IIOCAE €ro
BHYTPUOPIOIIMHHOIO BBeA€HMsI. MaKCMMaAbHBII
s dexT oTmeuaacs B po3e 0,33 Mr/Kr Ha IPOTSIKe-
HUU BCETO IEPMOAA BBEAEHNSI.

B mpoBepeHHOM MCCAEAOBAHUU OBIAO TIPOAE-
MOHCTPMPOBAHO, YTO OCTPbIMI AAKOTOAbHBIN
a0CTMHEHTHBIV CUHAPOM XapaKTepu3yeTCs YBEAU-
yeHMeM sKckpeuuy MBI’ ¢ napaaAeAbHBIM yBeAu-
YyeHyeM IOPOTa TAKTUAbHOM aAAOAMHUY, KOTOPBIN
OBbIA CHVDKEH Ha (POHE XPOHMIECKOTO YIOTpeOAeHns
sTaHoAa. Takke OBIAO ITOKA3aHO, YTO CUCTEMHOE
BBeA€EHVE OyabarHa COITPOBOXKAAETCS YBEAUYEHN -
eM MOopora TaKTUABHOU aAAOAUHUU. Takum 00-
pasoMm, IMOAYYEHHbIE AAHHBIE CBUAETEABCTBYIOT,
4yT0 6A0Kapa akTuBHOCTU Na/K-AT®asbr Ha Gpone
AAKOTOABHOI HEMPOTIATUY IIPUBOAUT K 06€300AM-

Bamoemy s dexry.
Oo6cyxpaeHne

[ToAyueHHbIE pe3yABTAThI COTAACYIOTCS C AUTE-
paTypHBIMU AQHHBIMU, TA€ OBIA IOKa3aH aHTUHO-
LMLENTUHBI 2 deKT oyabarHa B COYeTaHUU
C AMAOKauHOM 1 MopduHoM (Zeng et al. 1999),
¢ KAOHMAMHOM (Zeng et al. 2007), a Taxxe npu
MHTpaTeKaAbHOM BBepeHUu oyabauna (Ou-Yang
et al. 2008).

Amnaapretmyeckuit 3p ekt oyabanHa Ha MoAe-
AV HEJIPOTIaTMY€eCKOM OOAM, BBI3BAHHOM XPOHMYe-
CKUM YIIOTpeOAEHEM aAKOTOASI, BEPOSITHO, MOX-
HO OOBSICHUTD CAEAYIOIMM. YCTaHOBAEHO, YTO,
MOMMMO «KAAQCCUYECKOT0» BAUSIHUS Ha MOHOO0-
MmeHHY10 ¢yHKuuio Na/K-AT®a3b1, oyabaux MoxeT
MOAYAMPOBATbh TPAHCAYKTOPHYIO (PYHKI[UIO
dbepmenTa. ABAsISICH BUAOCTIELIMPUIHBIM U AO30-
3aBUCUMBIM OAOKaTOpoM aAbda-3 n3odpopMbl
Na/K-AT®ass! y kpbic (O’Brien et al. 1994), oya-
6auH, Mpyu BHYTPUOPIOLIMHHOM BBEAEHUM B COIIO-
CTaBMMBIX A03aX, OKa3bIBAA aHTMHOLIMLIENTUBHOE
AEVICTBIE Ha MOAeAM GOPMAAMHOBOTO TECTA Y KPbIC
(Lopatina et al. 2012). B mpoBeaeHHOM MCCAEAOBA-
HIM OBIAO AOKa3aHO, YTO 0be3boAuBaoIui 9 dexT
oyabayHa peaAr3yeTcs Yepe3 CUrHaAbHYIO QYHKLIMIO
Na/K-AT®as3b1, KoTOpasi CBsi3aHa C aKTUBHOCTDHIO
HaTpMeBbIX KaHaAOB Na , B mepudepnyecknx or-
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Puc. 2. BanusiHye oyabauHa Ha TAKTMABHYIO
AAAOAVIHUIO Y KPBIC.

Ha mpotspkeHnu 5 AHelt >KUBOTHBIM BBOAVIAM OyabauH
(0,1; 0,33 mau 0,56 Mr/KT) AU €TO PACTBOPUTEAD
BHYTPUOPOMIMHHO. TAKTUABHYIO aAAOAVHUIO
OLIEHMBAaAU AO BBeaeHUs, yepes 60 1 120 MuHYT nocae
BBEAEHIIS BelleCTBA MAY YK€ eT0 PaCTBOPUTEASL.
AaHHbIEe TPeACTaBAEHBI KaK ITAOIAAD TIOA KPUBOI
MPOL[EHTA OT MaKCMMAABHO BO3MOXHOTO 3 deKTa
(%MPE), paccunTaHHasi C UCTIOAb30BaHUEM
TpanelerAAAbHOIO NIPAaBMAA. N = 6, B K&XKAOI IPYIIIIe.

IMpumevannst: * — p < 0,05, ** — p < 0,01, *** — p < 0,001
— CTaTUCTUYECKU 3HAYMMbIE OTAUYMSI OT KOHTPOABHOI
IPYIIbI B COOTBETCTBYIOLINII A€Hb TecTa (TecT AaHHeTTa)

Fig. 2. Thresholds of tactile allodynia after
administration of ouabain in rats.
Over the period of 5 days ouabain
(0.1; 0.33 or 0.56 mg/kg) or its solvent was
intraperitoneally administered to the test animals.
Tactile allodynia was assessed before, and 60 and
120 minutes after the administration
of ouabain or its solvent. The data are presented
as the area under the curve of the percentage of
maximum possible effect (%MPE), calculated
with the application of the trapezoidal rule.
n = 6, in each group
Notes: * — p < 0.05, ** — p < 0.01, *** — p < 0.001 —
significant differences from the control group
on a corresponding day (Dunnett’s test)

A€AaX Y Ha CIIMHAABHO YPOBHE HOLMLIETITUBHO
cucremsl (Krylov et al. 2000; Lopatina et al. 2012).
Takum 00pasoM, MOAYASILIMSI aKTUBHOCTHU
Na/K-AT®a3bl MOXXeT 0Ka3bIBaTh TeparieBTUIeCKUI
9 dbexT B OTHOIIEHUN XPOHUIECKOTO HOAEBOTO
CUHAPOMaA IIPU AAKOTOABHOM HeMpONIaTUM.
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AnHomauus. B opranyaMe MAEKOIMTAIOIVIX U APYTMIX [IO3BOHOYHBIX AEVICTBUE
MEAQHOKOPTVHOBBIX IIENTVAOB PEAAN3YETCS Yepe3 IATh TUIIOB MEAAHOKOPTYHOBBIX
pevenirtopoB (MKP), kotopble cBsi3aHb ¢ G-0€A0K-3aBUCUMBIMM MEXaHU3MaMMU
n akTuBauyent TAM® B kaeTkax. B Mo3sre noxasaHa sKCIpeccust ABYX TUIIOB
peuentopoB MKP3 u MKP4, ¢yHKumoHaAbHAsI aKTUBHOCTh KOTOPBIX
koHTpoAupyetcst AgRp (agouti gene related peptide) — sHAOr€HHBIM aHTATOHUCTOM
STUX TUIIOB PELIENITOPOB, KOTOPBIIT 00pasyeTcs: B HEMIPOHaX apKyaTHOIO
sippa runorasamyca. dkcrpeccuss MKP3 u MKP4 nokasaHa B pa3AMYHBIX
HeJpOHaX MO3Ta, B YaCTHOCTH, B AOaMUHePruiecKiX, HOpaApeHepruuecKyx
V1 CEpOTOHMHEPTIYECKIIX HEMPOHAX, UTO CBUAETEABCTBYET O MOPHOPYHKLIMOHAABHON
B3aMIMOCBSI3/1 MEAQHOKOPTMHOBOV Y1 MOHOAMMHEPIUYECKMX CUCTEM MO3Ta.
B crarbe 06Cy’kpaeTCs AO303aBUCUMBII TOPMO3HBII XaPAKTEP BAVSTHUS
axTMBHBIX PpparmenToB AgRp (83-132 1 25-51) Ha QYHKLIMOHAABHYIO aKTUBHOCTD
MOHOAMMHEPIUYECKMX HEMPOHOB MO3ra U, COOTBETCTBEHHO, OMOCHUHTE3
MOHOaMIHOB, KOTOPBbI peaausyeTcs yepes G-0eAok-3aBucumble U G-6eA0K-
He3aBNCUMble BHYTPUKAETOUHbIE MEXaHM3MbL. TOPMO3HbIE BAVSTHMS aKTUBHBIX
¢dparmeHTOB AgRp Ha OMOCHMHTE3 MOHOAMIHOB MOT'YT PaCCMaTpUBaThCS KaK
3aLUTHBIV MeXaHN3M, KOTOPbBIN IPU NMPOAOAKUTEABHOM CTPECCOPHOM
BO3AEVICTBUM aKTVBHIPYETCSI KOPTUKOCTEPOMAAMM U HAIIPABAEH Ha CHVDKEHME
aKTVMBHOCTY MOHOAQMMHEPIMYECKUX HENMPOHOB U, TO-BUAMMMOMY, APYTMX
HeIIPOHOB M03ra, KoTopble akcnpeccupyoT MKP.

Katrouesoie cA08a: MO3T, MEAQHOKOPTUHOBBIE peLienTopbl 3 1 4, AgRp, Aoodamuy,
HOPaAPEHAAMH, CEPOTOHMH, CTPecC.
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l3yyenue MmopdpodyHKIMOHAABHBIX

Abstract. In mammals and other vertebrates the effect of melanocortin
peptides is promoted by five types of melanocortin receptors (MCR), connected
with G-protein-dependent mechanisms and the activation of cAMP
in the cells. The brain exhibits the expression of two types of receptors MCR3
and MCR4, the functional activity of which is controlled by AgRp (agouti
gene related peptide), the endogenous antagonist of these types of receptors.
The expression of AgRp was indicated in the neurons of the arcuate nucleus
of the hypothalamus. The expression of MCR3 and MCR4 was shown
in different brain neurons, in particular in dopaminergic, noradrenergic and
serotonergic neurons. These data indicate the morphofunctional interrelation
of the melanocortin and the monoaminergic systems of the brain. The current
paper discusses the dose-dependent inhibitory effect of the active fragments
of AgRp (83-132 and 25-51) on the functional activity of monoaminergic
neurons in the brain, and, correspondingly, the biosynthesis of monoamines,
which is realized via G-protein-dependent and G-protein-independent
intracellular mechanisms. The inhibitory effects of AgRp active fragments
on the biosynthesis of monoamines can be considered as a protective
mechanism, which is activated by corticosteroids in times of prolonged stress
in order to reduce the activity of monoaminergic neurons and, apparently,
other brain neurons that express MCR.

Keywords: brain, melanocortin receptors 3 and 4, AgRp, dopamine,
norepinephrine, serotonin, stress.

AKTT u3 KoTOpBIX B 001U KPOBOTOK 0becevn-

B3aUMOAENCTBUII MEAQHOKOPTUHOBO
¥ MOHOAMMHEPIUYeCcKuX CUCTeM MO3Ta

ITpoonmomeaanoxkoptuH (ITOMK) siBasieTcst
MOAEKYAOI1, U3 KOTOPOJ 00Pa3ylTCsI MEAQHOKOP-
TUHOBbIE TIENTUADL aApeHoKopTUKOTpoItHbI (AKTT)
Y MEAQHOLIUTCTUMYAMpYtouye ropmonsl (MCT: a-,
B- m y-MCT). AeiicTBue BCeX 3TUX IENTUAOB OCY-
1[eCTBAsIETCS yepes 5 TUNoB G-0eA0K-3aBUCUMBIX
MeAaHOKOPTUHOBBIX penentopos (MKP) u csiza-
HO c akTuBauyei 1A M®-omocpepOBaHHBIX ITyTel
BHyTpuKAeTO4YHOI curHaamusanuu (Cone 2005).
Xopomo nssectHo, yTo I[IOMK 1 ero npopyKTh
00pasyioTcs B KAeTKaX aAeHOrnnohusa, BbIBEAEHEe

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 2

BaeT CTUMYAUpYIOlee AelICTBMEe KAETOK KOPBI
HaAIIOYEYHVKOB U CMHTE3 KOPTUKOCTEPOMAOB.
dxcmnpeccus ITOMK nokasana u B M03Te, B 4acT-
HOCTM B HEJIPOHAX apKYaTHOTO SIAPa IMIIOTaAAMY-
ca (APK) u siapa opuHouHoro Tpakta (NTS — nucleus
tractus solitaries), MpoOeKI[MY KOTOPHIX BbISIBAEHBI
B PasAMYHBIX O0OAAQCTSIX MO3ra, B TOM YMCAE
B 00AAQCTSX AOKAAU3ALUY MOHOAMUHEPTUYECKUX
HelipoHOB (Bagnol et al. 1999). B autepatype
YCTQaHOBMAOCH MHEHME O TOM, UTO B MO3I€ OCY-
mectBasieTcs akcrpeccusi MKP3 nu MKP4, uto
CBSI3aHO C TeM, uTo B HelpoHax APK Taike akc-
IIPeCCUPYeTCs aryTH-CBsI3aHHBI 6eAoK (AgRp —
agouti-gene related peptide), KoTOpbIiT sIBASIETCSI
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Porb MeA&lHOKOleuHOBOIZ CUCmemMbl B peLYyAAUUuU CipecCopHo20 omasema

aHporenHbIM aHTaronncrom MKP3/MKP4. Crpyxk-
Typa AgRp TakoBa, 4TO 13 001Ieil TPOMOAEKYABI
obpasyetcs Tpu ¢pparmenra (25-51,52-82 1 83-132),
OAHAKO OAOKUupyoIUM AericTBueM Ha MKP3
u MKP4 obaapaetr Toabko dparmeHT 83-132.
KaxoBa ¢yHKIMOHaABHasI poAb pparmMeHToB 25-51
1 52-82, AeliCTBYE KOTOPBIX He CBsI3aHO ¢ G-0eAoK-
3aBUCUMBIMU MeXaHU3MaMU, He ObIAO M3BECTHO
(Pitchard, White 2005). LleAb HacTOsI1[€TO COOOIIE-
HMsI — 000011eHIe AQHHBIX 00 y4aCTUM pa3AMYHBIX
KOMIIOHEHTOB MEAAHOKOPTUHOBOJ CUCTEMBbI
B PeryAsiiyi MOHOAMVHEPIUYECKUX HEVPOHOB
MO3ra, B YaCTHOCTY IIPU CTpecce, KOTAA Ha QpoHe
yBEAUYEHVS YPOBHS KOPTUKOCTEPOUAOB B KPOBU
HabA0AaeTcst akTuBauys akcripeccuu AgRp 8 APK
(Savontaus, Conwell, Wardlaw 2002).

C nmoMoIbl0 ABOMHOTO MMMYHOMEYEHM s
Y1 KOHPOKAABHOV MYKPOCKOIVY Y KPBICHI Y MBIIIN
skcrpeccuss MKP3 u MKP4 BoisiBAeHa B poobamu-
HepruyecKux HempoHax cpeAHero mo3ra (Muxpu-
Ha 1 Ap. 2018) 1 cepOTOHMHEPrNYeCKUX HelfPpOHaX
raphe nucleus (PomanoBa, MuxaiiaoBa, 1llmakos
2018). B HOpappeHepruuecKmx HeifpoHax roAy0o0-
ro nsaTHa (LC — locus coeruleus) ObIAM BbISIBAE€HBI
ToAbKO MKP3 (Romanova, Mikhrina, Saveleva
2018). B akcriepumeHTax ix Vitro Ha TIepeKUBAIOIINX
cpesax mosra (Mikhrina, Romanova 2015) u in vivo
(cTepeoTakcuuecKkoe BBEAEHME MIENTUAOB B CPEAHNI
Mo3r u B locus coeruleus) ObIA BBISIBAEH
TOPMO3HBIN 3¢ PeKT aKTUBHBIX pparMeHTOB AgRp
(25-51 1 83-132) Ha aKTUBHOCTb TUPO3UHTUAPOK-
crAasel — depmeHTa OMocMHTE3a A0damMmHa
n HopappeHaauHa (Romanova, Mikhrina, Saveleva
2018). TTpu 9TOM C MOMOII[BIO BHICOKOd(PHEKTUBHOIT
YKMAKOCTHOM XpoMatorpaduu BbIsIBAEHO A0303a-
BUCYIMO€ YMeHbIIIeHVIe YPOBHS A0daMIHa 1 Hopa-
AP€HaAMHa B CTpUATyMe.

PaHee OBIAO TIOKa3aHO, YTO KPBICHI, OTAUYAIO-
[I1eCs] 0 CTPATerun MOBeAeHUs B «OTKPBITOM
HOA€», PAa3AMYAIOTCS 10 YPOBHIO KOPTUKOCTEPOM-

AOB B KpOBI: 00A€€e BBICOKHIT YPOBEHD Y TTACCUBHBIX
u 6oaee HU3KMIT — y akTUBHBIX (PKykoB 1997).
YCTaHOBAEHO, UTO KPBICHI, Pa3A€A€HHbIE B TeCTe
«OTKPBITOE ITOAE» IO TI0Ka3aTeASIM ABUTATEABHON
AKTUBHOCTU HA «aKTUBHBIX» U «KITACCUBHBIX»,
OTAMYAIOTCS MO YPOBHIO AgRp, KOTOPBIN OTpULa-
TEABHO KOPPEAMPOBAA C YPOBHEM aKTUMBHOCTU
TUPO3MHIMAPOKCHMAQSBI. BrissBA€H MOBBILLIEHHBIN
ypoBeHb AgRp y «ITaCCUBHBIX» KPBIC, KOTOPOMY
COOTBETCTBOBaA 0OA€e HUBKMUIT YPOBEHD TUPO3MH-
TMAPOKCHAQ3bI TI0 CPABHEHMIO C TAKOBBIM Y «aK-
TUBHBIX» KpbIC. [Tocae 30 MUHYT UMMOOMAM3aLMK
KPBIC Ha CIMHE He BBISIBAEHO M3MEHEHUS YPOBHS
AgRp, 0AHAKO aKTUBHOCTb TUPO3UHIUAPOKCUAASBI
B CPEAHEM MO3Tre AOCTOBEPHO BO3PACTAAQ Y «aK-
TUBHBIX» U Y «IIaCCUBHBIX» KpbIC (MuxpuHa 1 Ap.
2018). [TocAe 1IeCTUYACOBOIT A€TIPUBALIUM CHA
y KpbIC IIpU YBeAMdeHun sKcrpeccun AgRp B ru-
[0TaAaMyCe BbISIBAEHO AOCTOBEPHOE YMEHbILIeHe
YPOBHSI TUPO3MHIMAPOKCHAA3bI B TUIIOTAAAMYCE
VI CTPUATYMe, a TAKOKE M AOCTOBEPHOE YMEHbIIIEH e
ypoBHs pAoodamuua (Romanova, Mikhrina 2013).

3akAuenne

IIpepcTaBA€HHDBIE PE3YABTATBI AEMOHCTPUPYIOT
MOpbObYHKIMOHAABHBIE B3aIMOCBSI3U MEXAY
MEeAQHOKOPTMHOBOJ I MOHOAMUHEPIUYeCKMHU
CUCTeMaMM MO3ra, a TaK)Ke A0303aBUCUMBII TOP-
MO3HBII XapaKTep BAUSHMSI aKTUBHbBIX pparMeHTOB
sHporeHHoro aHtaronucrta MKP (AgRp 25-51
u 83-132) Ha poopaMUH- U HOpaApeHepruyecKue
HEVIPOHBI MO3I'd, B KOTOPBIX 3aA€MICTBOBAHbI Pas-
AVIYHBIE ITyTU BHYTPUKAETOYHON CUTHAAU3ALUMU.
CHmxeHre QYHKLMOHAABHOI aKTUBHOCTY MOHO-
aMMHepr1UYecKyX HEMPOHOB MO3Ta IIPU AAUTEABHOM
CTPECCOPHOM BO3AEVCTBUY MOYKHO pacCMaTpuBaTh
KaK 3alMTHBIV MeXaHU3M, HallpaBA€HHbIN Ha CHU-
YKeHVe KOHTPOAUPYeMbIX UMY QYHKLUIL B yCAOBU-
SIX IPOAOAKUTEABHOTO CTpecca.
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Abstract. Depression is the most frequently diagnosed psychiatric disease
in Western countries. Although a variety of pharmacological treatments for
this disorder are available, a significant proportion of patients is treatment-
resistant and/or suffer from side effects. There is a growing need for a complex
understanding of the underlying pathogenic mechanisms in the neural circuits
and effort for developing novel therapies for the depression. The role
of serotonin in depression and antidepressant treatment remains unclear
despite decades of research. New optogenetic tools for manipulation
of neuronal activity have enabled the investigation of the contribution
of distinct neural circuit elements to the pathogenesis of depression. In this
study, we used the specific lentiviral vectors for the inhibition of serotonergic
neurons. The proton pump archaerhodopsin-3 (eArchT3.0) has been expressed
in the serotonergic neurons under the control of tryptophan hydroxylase
2 promotor. Green light stimulation of eArchT3.0 expressing neurons led
to areduced percentage of c-Fos expressing cells among those neurons, which
indicates a decrease in their activity.

Keywords: serotonin, viral transfection, optogenetics, archaerhodopsin, raphe.

Introduction & aim

Serotonergic neurons are involved in the
pathogenesis and the pharmacotherapy of major
depression and anxiety disorders (Post et al. 2018).
Yet, the precise mechanisms behind their involvement
have not been determined. Moreover, available
treatments (including selective serotonin reuptake
inhibitors) seem to be effective in the treatment
of depression, but more than two-thirds of depressed
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patients remain symptomatic after the initial
intervention, and 20% of these fail to respond
to any intervention (Gaynes 2009).

The recent development of optogenetic tools
has made it possible to design new methods
of treating mental disorders. Optogenetics has been
widely used to control neuronal activity with high
spatial and temporal resolution. There are many
opsins that are used in optogenetics to excite
or inhibit neuronal activity (Muir, Bagot 2019).


http://www.intphysiology.ru
https://orcid.org/0000-0002-8539-1463
mailto:drozdnsu@gmail.com
https://orcid.org/0000-0002-8482-1302
https://creativecommons.org/licenses/by-nc/4.0/

U. S. Drozd, D. A. Lanshakov

The outward proton pump enhanced ArchT3.0
(eArchT3.0) allows for efficient optogenetic silencing
(Krol etal. 2019). This research was aimed at creating
lentiviral vectors for the optogenetic inhibition
of the serotonergic neurons using the proton pump
archaerhodopsin-3.

Methods

To attenuate firing specifically in serotonergic
neurons, vectors expressing the proton pump
archaerhodopsin-3 under the control of TPH2
promoter were used. Viral vectors were constructed
based on plasmids designed by the N. Nishitani
group (Nishitani et al. 2019). Lentiviral particles
(LVV) were obtained by transfecting HEK293 cells
with the mixture of plasmids for the virus assembly
(pPAX2 and pMD2.G), as well as a TPH2-eArchT3.0-
eYFP-WPRE plasmid carrying the sequence of the
archaerhodopsin-3 (eArchT3.0) and a yellow
fluorescent protein (eYFP) or TPH2-Venus-WPRE
plasmid that was used as a control. Wistar rats were
stereotaxically injected with the virus in the dorsal
raphe nucleus (DRN). One week after infection,
animals were deeply anesthetized and green light
(560 nm) was applied to the DRN for 3 min. Then
animals were perfused, the brain was collected,
frozen and sectioned. Expression of eArchT3.0-eYFP
and c-Fos in the TPH-positive neurons was
investigated immunohistochemically using confocal
microscopy. The number of c-Fos, YFP, and TPH2
expressing neurons was determined. The expression
of c-Fos was used as a marker of the neuron’s activity.

Results

One week after the LVV injection, the specific
expression of eArchT3.0-eYFP in serotonergic
neurons was confirmed by immunohistochemistry.
The majority of the TPH2 immunoreactive cells
expressed eArchT3.0-eYFP that was detectable
without immunohistochemical enhancement
(fig. 1). Green light illumination for 3 min via optic
fiber placed above the DRN decreased c-Fos
expression in eYFP- or Venus-positive cells
in TPH2-eArchT3.0 injected rats, compared with
the TPH2-Venus injected rats (fig. 2). These
observations demonstrated that continuous green
light illumination for 3 min inhibited the activity
of serotonergic neurons.

Conclusion

Our experiment demonstrated that the injection
of TPH2-eArchT vectors in the DRN evokes the
expression of the proton pump archaerhodopsin-3.
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TPH2 eArchT3.0-eYFP

Fig. 1. The expression of eArchT3.0-eYFP
in the tryptophan hydroxylase 2 (TPH2)
immunopositive cells of the dorsal raphe nucleus,
one week after the virus injection

We used c-Fos expression as a marker of neuronal
activity to confirm whether green light illumination
could inhibit the activity of the transfected
serotonergic neurons. C-fos transcription can be
induced by growth factors, cAMP signaling, and
membrane depolarization (Flavell, Greenberg 2008).
Synaptic activity regulates gene transcription
by activating protein kinases associated with plasma
membrane and then intracellular calcium-dependent
signaling cascades that modify the function and/
or expression of activity-dependent DNA-binding
transcription factors such as c-Fos (Greer, Greenberg
2008). Green light illumination of eArchT3.0 induces
outward current and suppressed action potential
generation that leads to a decreased number
of c-Fox expressing serotonergic neurons. Neuron
membrane hyperpolarization state due to eArchT3.0
function could lead to a decrease in membrane
protein kinase activity and, as a result, to a decrease
in c-Fos expression.
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Fig. 2. Effects of optogenetic stimulation
of the transfected serotonergic neurons
on c-Fos expression. * p < 0.001 vs Venus
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Abstract. The development of neurotechnology in recent years and the creation
of self-contained artificial systems that provide purposeful activity and
decision-making under stress has substantiated the necessity to develop
neurophysiological research of insight (Wechsler 2014). The purpose of our
study was to develop an insight modelling technology and to verify it empirically
in the course of experimental research on the neurophysiological mechanisms
of visual insight using objective measurement methods. Insight has 3 stages:
the indeterminacy stage, the stage of insight, and the post insight period.
The classical Selye model of stress can also be decomposed into the following
3 time periods: pre-stress, stress, post-stress. Although an insight period and
a stress period may have similar or different time scales, what is important
is common periodicity, involving the same cortical and subcortical parts.
The neurophysiological mechanisms of insight in solving problems of visual
recognition of contour objects were studied using psychophysical testing
methods and objective measurements (Hess, Field 1999; Kounios, Beeman
2014). In our study we identify the instant of insight occurrence with
the image recognition threshold under conditions of indeterminacy.
A computerised version of the Gollin figure test determining the recognition
threshold for incomplete fragmentary images was chosen as a model of insight.
In order to analyse the distribution of activity in the human brain and
the state of neural networks during the perception of the gradual increase
in the contour of the image and in the process of insight development,
we applied the method of functional magnetic resonance imaging (fMRI).

Keywords: insight, heuristic type of thinking, stress, functional magnetic
resonance imaging (fMRI), neural networks.

fragmentary images — the computerised Gollin

Introduction

Insight, which may also be defined as the heuristic
type of thinking, is a sudden, unexpected, and
surprising appearance of a solution in the problem
solver’s consciousness, which is accompanied by
positive emotions. Insight possesses special attributes:
the effect of uncertainty, the stage of preliminary
(unconscious) accumulation of information, and
an emotional reaction to the recognition.

Methods and results

Our study consisted of 2 stages, and in the first
stage we used psycho-physiological and psycho-
logical markers.

As a model of insight we chose the determina-
tion of the recognition threshold for incomplete

figure test (Foreman, Hemmings 1987). The test is
a psychophysical method which can be used for
measuring recognition thresholds of incomplete
fragmented figures. We found that on average
the recognition threshold coincides with the first
presentation of 20% of the contour.

Eye tracking was used to objectively control
the subject’s attention in the direction of the subject’s
gaze in the process of figure recognition during the
test.

Insight should contain an emotional component.
During the Gollin test 92% of respondents informed
us about their emotional reaction.

In the second stage of our study we used
the fMRI method to measure the state of the brain
at the time of insight occurrence. It is one
of the leading methods used in mapping the func-
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tional areas of the brain, and with its help it becomes
possible to see the neural networks of the brain
functioning during rest, as well as when performing
certain tasks.

The fMRI stage was carried out in 2 phases.
During phase 1 the volunteers lying in the tomo-
graph were shown a screen with a white fixation
point against a black background, and their task
was to look at the point. This step enabled us to
assess the subjects’ resting state. During phase 2
the subjects were shown pictures with a gradual
extension of the outline and instructed to determine
what was pictured on the screen as quickly as pos-
sible.

The activation was averaged over all the stimu-
li in phase 2. The data were divided into three pe-
riods: 1 — sub-threshold, before the occurrence
of the recognition threshold, from 0 to 10%
of the increase in the image contour; 2 — threshold,
the threshold of insight occurrence — between 10
and 25%; 3 — above-threshold, after the recognition
threshold — from 25 to 60%.

Each of the studied periods in phase 2 (sub-
threshold, threshold, and above-threshold) was
compared with phase 1 (the subjects looking at
the fixation point).

The analysis of brain activity was carried out
based on the change in the BOLD signal in time
in response to stimulation developed in time,
consistent with the inertia of changes in blood flow
(fig. 1).

The activity of the cytoarchitectonic fields (zones)
of the brain according to Brodmann was investi-
gated, including prefrontal cortex (BA9, BA10,
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BA11), temporal and parietal cortex (BA7, BA39,
BA40, BA22), limbic cortex (BA23, BA24, BA29,
BA30, BA31), post-temporal (BA37), occipital
cortex (BA17, BA18, BA19), insula (BA13, BA14,
BA16, BA44, BA55), and subcortical nuclei, such
as amygdala. The state of these structures was in-
vestigated, guided by modern ideas about the activ-
ity of large-scale neural networks connecting these
structures.

In the BOLD-signal dynamics, some fields
of the temporal, lower-tempered, occipital, poste-
rior-dark and frontal lobes of the cortex clearly
indicated two responses: the first — in the pre-
threshold presentation of the image contour,
the second — at the moment corresponding to
the recognition threshold (at the time of insight).
The data show that the maximum response is ob-
served in the area BA37 which coincides with
the moment of recognition — the presentation
of 20% of the image contour.

In addition, the multidirectional responses
of brain neurons were revealed in the fields BA37
and BA7, which can be characterised as contrasting
response. It was observed that in the right hemi-
sphere the opposing responses of the zones BA37
and BA7 are significantly more pronounced than
in the left hemisphere. The peak of the discrep-
ancy coincided with the recognition threshold and
the subject’s positive emotional reaction (the mo-
ment of insight occurrence). At the moment
of insight, activation of the frontal lobe zones,
namely, BA44, BA45, and BA46, was observed.
On the left, these areas correspond to Broca’s area —
the speech zone. A change in the BOLD signal
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Fig. 1. The change in time of the BOLD signal of some brain fields according to Brodmann, selected as areas
of interest. X-axis: time and percentage of filling the contour of the test image, numerically equal to the moment
of presentation. Y-axis: change in blood flow in relative units Z-estimates. In the dynamics of the BOLD-signal
two responses were clearly traced: the response to the “incubation” pre-threshold period is outlined
by a black oval. The response to the moment of insight is outlined by a red oval
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in time in the right and left hemispheres of the brain
was revealed; statistically significant differences
between the responses of BA45 and BA46 in the
right and left hemispheres were shown. Thus,
in the right hemisphere in zones BA45 and BA46
distinct reactions associated with the threshold
of recognising an object in a fragmented contour
stimulus were clearly observed. In the left hemi-
sphere (BA44) in the dorsal part of Broca’s area,
there was no response registered either at the in-
troduction of visual stimulation, or at the time
of recognition of the object (Ardila, Bertolucci,
Braga et al. 2010).

Summary

In our study we proposed to use the recognition
threshold of incomplete images as the model
of insight with all its attributes — the stage of in-
formation accumulation, the sudden occurrence
of the solution under the conditions of uncertainty
accompanied by a pronounced emotional reaction,
and a post-insight “relaxation” The outcomes of the
study show the neuronal activity of insight
as a result of the balance of neuronal nets working
in opponent interactions (Saaty 2008). For example,
the peak of activity in BA37 is accompanied
by a maximum decrease in BA7 activity including
the precuneus of parietal cortex. We have established
that there are also opposing relationships between
the activity of the neural network of the cingulate
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cortex and that of the prefrontal cortex at the mo-
ment of reaching the threshold (Kraft, Grimsen,
Kehrer et al. 2006). In addition, an increased right-
lateral activity of the frontal cortex BA9, BA13
(anterior right insula, amygdala) was identified
(fig. 2).

In phylogenesis, insight appeared much earlier
than the analytical way of solving problems, which
involves inner speech. Our study suggests that it is
not a separate area of the brain that ensures decision-
making under insight conditions, but a complex
network of mutual connections mainly in the pa-
rietal temporal and occipital cortex and the op-
ponent interactions of the prefrontal cortex with
the anterior sections of the cingulate gyrus.
We applied our new version of slow incomplete
image presentation fitted to the slow (bad temporal
resolution) fMRI method to measure the response
of the brain to dynamically changing signals in time.
This was facilitated by the fact that it is possible
to control the time interval of the computerised
Gollin figure test. The development of modern
psychology requires mandatory control of the
hormonal status and human genetic differences of
the study participants (Shelepin, Pronin, Shelepin
2015; Shelepin, Shelepin 2015; Shelepin, Trufanov,
Fokin et al. 2018).

The study was reviewed and approved by
the Ethics Committee of Saint Petersburg State
University (12.06.2017, no. 02-124).
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Fig. 2. A generalised demonstration of the whole brain response to a dynamic visual stimulus showing
the responses of selected areas of the frontal, parietal, temporal and occipital cortex
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Progesterone and anxiety during the oestrus cycle in rats
genetically selected for high and low active avoidance
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Abstract. In this research, the changes of anxiety and blood progesterone
levels during the oestrus cycle were studied in rats genetically selected for
high (KHA) and low (KLA) acquisition of active avoidance. Anxiety levels
were measured by the time spent in open arms of the elevated plus-maze.
Progesterone levels were determined by radioimmunoassay. KLA rats exhibited
no significant changes in anxiety levels during the oestrus cycle. KHA rats
showed a significant variation of anxiety during the oestrus cycle with a high
level in the diestrus phase and a low level in proestrus. Moreover, anxiety
in diestrus in KHA rats was higher than in KLA rats. Additionally, increased
progesterone levels were observed in KLA rats in comparison with the KHA
strain, during both diestrus and proestrus. Anxiety levels corresponded
to plasma progesterone during the oestrus cycle in both rat strains.
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Progesterone is a sex steroid hormone associated
with female reproductive functions, including sexual

circuit organisation, oligodendrogenesis, myelination,
neuronal plasticity, and mood (Snyder, Hull 1980;

behaviour, uterus preparation for embryo implantation
and maintenance of pregnancy. This hormone
is mainly synthesized in the ovaries and placenta,
but it is also produced by the adrenal cortex and
the central nervous system (CNS) of both male and
female mammals (Gutai et al. 1977; Mensah-Nyagan
et al. 1999; Tuckey 2005). The fact that both males
and females synthesize this hormone indicates that
its functions are not limited to the female reproductive
physiology. For example, progesterone regulates
various non-reproductive functions in the CNS
related to neurogenesis, neuroprotection, neural

Schumacher et al. 2017). Therefore, given that
progesterone is synthesised, metabolised and
exerts its functions in the CNS, it is referred to as
a neurosteroid.

Neurons and glial cells in the brain can synthesise
progesterone de novo from cholesterol as they
express the enzymes responsible for its synthesis
and metabolism (Testas et al. 1989; Mellon,
Deschepper 1993; Schumacher et al. 2017). Thereafter,
the progesterone resulting from either circulating
plasma or CNS local synthesis binds to its specific
intracellular and membrane receptors to regulate
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the molecular and cellular processes underlying
the brain functions.

We studied plasma progesterone levels in female
rats of two psychogenetically selected strains.
Koltushi High Avoidance (KHA) and Koltushi Low
Avoidance (KLA) rat strains have been developed
based on selective breeding at Pavlov Institute
of Physiology from Wistar rats using divergent
performances in avoidance conditioning in two-way
shuttle-boxes during five consecutive days as the
criterion (Ryzhova et al. 1983). KHA and KLA
strains of rats demonstrate different levels of anxiety
(Zhukov, Vinogradova 1994). In the present study
the females of 46" and 47" generation of the selection
were used.

Three-month old females were tested in the
elevated plus-maze (length of beams — 100 cm,
width — 10 cm, and height of closed arms
walls — 20 c¢cm) during diestrus and proestrus.
Vaginal smears were taken daily during at least
three weeks before a behavioural test. Diminished
time spent in open arms during five minute plus-
maze test was used as a measure of anxiety. Blood
samples from tail veins were collected immediately
after plus-maze testing.

Samples were assayed radioimmunologically as
described previously (Savchenko, Proimina 1986)
in duplicate using an antiserum obtained in our
laboratory and a tritiated hormone from the State
Institute of Applied Chemistry (St Petersburg,
Russia). The average intra-assay coefficient
of variation was 2.05%, and the average inter-assay
coeflicients across high and low controls were 4.85%.

Data are presented in Table 1.

In KHA rats both progesterone levels and anxiety
levels differed considerably during diestrus and
proestrus. In KLA rats there was no significant
difference for anxiety levels between the two stages,

and the difference for progesterone levels was less
pronounced. We found significant interstrain
differences for both progesterone and anxiety levels.
Progesterone levels were higher and anxiety levels
were lower in KLA rats during both stages of the
oestrus cycle.

Interstrain differences in progesterone levels
may be one of the causes of different maternal
behaviour in KHA and KLA rats found earlier
(Vinogradova, Zhukov 2004). The latency of the
first approach to pups after their removal from the
nest has been lower in KHA rats, and they needed
more time to return all pups to the nest. The link
between blood plasma progesterone levels and
maternal behaviour has also been found in humans
(Glynn et al. 2017).

The interstrain differences of progesterone
variations in the oestrus cycle are in agreement
with the types of female infertility in KHA and KLA
rats found in preliminary studies. During breeding
we encountered problems with infertility during
everyday transportation of the animals from the
vivarium to the lab. However, the infertility was of
a different nature: a permanent anestrus was found
in KLA females, while foetal resorption was observed
in KHA rats.

The most interesting discovery of our present
study is the correspondence between progesterone
levels and anxiety: the higher the progesterone
the lower the anxiety. As we noted above, progesterone
plays a key role in development, differentiation, and
diverse reproductive and non-reproductive functions.
Particularly in the CNS, where progesterone regulates
various functions such as reproductive behaviour
(Gémez-Camarillo et al. 2011), learning and memory
(Yousuf et al. 2017), neuroprotection (Singh,
Su 2013), and mood (Conway et al. 2007; Dichtel
et al. 2017; Studd 2014).

Table 1. Blood progesterone level (nM) and time spent in open arms of the plus-maze (s) in KHA and KLA rats
during diestrus and proestrus

KHA

KLA

Diestrus n = 17

Proestrus n = 14

Diestrus n = 16 Proestrus n = 15

Progesterone 1.2+0.1%*

3.3+05

4.3+ 0.5 " ## 6.2 £ 0.4 ##

Open arms time 444 +7.0**

1154 + 8.2

118.1 + 10.0 ## 143.7 £ 10.7 #

*p < 0.05; ** p < 0.01 — vs proestrus (for each rat strain)

#p < 0.05; ## p < 0.01 — vs similar parameter in KHA rats

Mann—Whitney U test
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Progesterone receptors are widely distributed
in the brain. A significant number of progesterone
receptors has been found in the hippocampus and
other emotiogenic structures (Camacho-Arroyo et
al. 2017; Meftre et al. 2013).

Progesterone exerts its effects on its target
cells through three central pathways, namely the
classical (first) and non-classical (second and third)
ones (Gonzalez-Orozco, Camacho-Arroyo 2019).
In the classical pathway, progesterone binds to
an intracellular receptor, activating such
a transcription factor which dimerises and
translocates to the nucleus. There, it binds to specific
DNA sequences, called progesterone response
elements, which are mainly located in the gene
promoter regions, thus regulating their expression.
In contrast, one of the non- classical pathways
involves progesterone receptor ligand-independent
activation by membrane-associated kinases and the
activation of the multiple G protein-coupled
membrane receptors of progesterone, which in turn
activates pathways related to cAMP-dependent
protein kinase A, Ca?*'-dependent protein
kinase C, PI3K/Akt and ERK/MAPK. Furthermore,
the other non-classical pathway of progesterone
action includes the modulation of the gamma-
aminobutyric acid receptors of type A (GABA,)
following its conversion into allopregnanolone.

Allopregnanolone was recognized as a 5a-reduced
metabolite of progesterone (Beall, Reichstein 1938).
It was named a neurosteroid in 1981 by Baulieu’s
team, who discovered that the brain “acting like
a peripheral gland” expresses the enzymatic
machinery required to synthesise allopregnanolone

de novo starting from pregnenolone, the precursor
of all neurosteroids (Corpéchot et al. 1981).
Allopregnanolone’s anti-convulsant, anxiolytic and
anti-depressant pharmacological effects after its
administration in animals and humans were soon
recognised to be mediated by a mechanism of action
that includes the fast allosteric modulation of the
action of GABA at GABA, receptors (Majewska
etal. 1986; Belelli et al. 2018). The neurophysiological
role of allopregnanolone in permitting the fine-
tuning and regulation of the strength of GABA
receptors to agonists, positive allosteric modulators,
and GABAmimetic agents, was also unveiled
(Pinna et al. 2000). By affecting GABA, receptors,
allopregnanolone also regulates emotional animal
behaviour in rodent stress models and humans with
posttraumatic stress disorder and major unipolar
depression (Rasmusson et al. 2019; Pineles et al.
2018).

The changes in the brain progesterone levels can
be independent of blood circulating hormones
because of neurosteroidogenesis (Compagnone,
Mellon 2000). Yet, obviously, for the regulation
of brain functions the peripheral progesterone also
is important. For example, in rats anxiety can be
induced by progesterone withdrawal (Islas-Preciado
etal. 2016), and in women premenstrual syndrome
is associated with rapid fall of progesterone synthesis
at the end of the menstrual cycle (Backstrom et al.
2014).

The present findings suggest that circulating
progesterone may account at least in part for the
behavioural differences characterising two strains
selected for contrasting learning abilities.
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