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BAVISITHUE ITETIITUAA AKTT, ,-PRO-GLY-PRO HA CITEKTPA/IbHBIE ITOKA3ATEAN
BAPVABEABHOCTIN CEPAEYHOTI'O PUTMA KPBIC BYICTAP B YCAOBMSIX
OUBNYECKON HATI'PY3KIN (IMMAOTHOE NCCAEAOBAHME)

B.H. KOPOBOBA, A.O. BOPBY/1b, '1.1. BOGBIHIIEB

Kadeapa nmatopusuoaornu, H/M obimeit matoaoruu, Kypcknit rocyaapcrBeHHblil MeAutimHcKmit yuusepceuret, Kypek, Poceniickas ®egepariist

Lienb: nsyyeHune BAnAHNA Nnentnaa AKTI’H—Pro—Gly—Pro Ha CNeKTpanbHble NoKasaTenn BapmabenbHoOCTH cepaedHoro putma (BCP) Kpbic Buctap B ycno-
BMAX KPATKOBPEMEHHOM GU3NYECKOW HarpysKu.

Marepuan u metoapl: 1cCNeA0BaHME BbINONHEHO Ha 48 Kpbicax Buctap. B uccnegosaHuu ucnonbsosanca AKTT -MIT, KOTOpbIV BBOAMACA Nabo-
PaTOPHbLIM MBOTHBIM BHYTPMBPIOWMHHO B A03ax 5, 50 1 500 MKr/Kr (3 rpynnbl KPbiC COOTBETCTBEHHO) OAHOKPaTHO B 06bEMe 1 ma/kr. B rpynne
KOHTPONA KMBOTHbIM BBOAM/CA GU3NONOTMYECKUIA PAcTBOP B TOM e 06bEMme. BCP perncTpmpoBanachk Npy nomoLum komnaekca «dusunobent 2.5.1»
(Heipobotukc, Poccus). AHanms BCP npoBoguaca no cnektpanbHbiM nokasatenam: TP, HF (mc?, %), (mc?, %), VLF (mc?, %), LF/HF, IC. BbinonHanucs
yeTblpe 3anMcK KapanocurHana: 1 — nocne aganTauum K yCTpoicTay, 2 —yepes 15 myuHyT nocne BBeaeHUA Nentnaa, 3 — nocne GuU3nyeckom Harpyskm
(2-MUHYTHBbIV Ber Ha Tpeammne), 4 — nocne 15-MUHYTHOTO OTAbIXa.

PesynbTaTbl: aHaNN3 UCXOAHbIX 3HaYeHUI NoKasaTenelt BCP no3BomA yCTaHOBUTb CMeLLLEHNE CNEKTPAsIbHbIX XapaKTePUCTUK B cTOpOoHY VLF-komno-
HEHTa B Uccnesyembix rpynnax. Pusmnyeckan akTMBHOCTb B rpynne KOHTPOAA Bbl3biBana yseandyeHne mowHoctn HF, LF n VLF, ogHako mMx npoueHTHOe
cooTHowweHue VLF>LF>HF He u3sMeHAN0oCb Ha Bcex 3Tanax uccnefosaHuna. O4HOKpaTHOe BHYTPUBPIOWMHHOE BBEAEHWE NenTuaa AKTT, MM B pose 5
MKr/KF CTabuAM3MPOBano Ha MCXOAHOM YPOBHe BeNnuMHbI napameTtpos BCP. BeegeHune nentuaa B gose 50 MKr/Kr u ymepeHHas GuU3nyeckan akTus-
HOCTb COMPOBOXAANNCh yBennyeHmem mowHoctu HF  LF no cpaBHeHMto ¢ McxogHbIM ypoBHeM. [poLLeHTHOE COOTHOLEHME YaCTOTHbIX KOMMOHEHTOB
nocne ¢pusmnyeckom Harpyskm 6bino: LF>VLF>HF, a B BocctaHoBuTenbHOM nepuoge — VLF>LF>HF. Mocne BBegeHusa nentuaa 8 Aose 500 MKr/Kr oTmedeHo
ysennyenue HF n LF, nepepacnpeaeneHne 4actoTHbIx KomnoHeHTos LF>HF>VLF. B nepnog BoccTaHOBAEHUA YCTaHOBNEHO cHMXeHne HF, BoccTaHOB-
NleHne NPOLEHTHOrO COOTHOLLEHUA YACTOTHbIX Nokasateneit VLF>LF>HF, ysenanuenue LF/HF v IC.

3akntoueHue: nposeaéHHoe nccnesosaqve addextos nentuaa AKTI MM Ha BCP y Kpbic BucTap nokasano, 4To o4HOKpaTHoe BHYTPUOPIOWMHHOE
BBeZeHMWe B 403e 5 MKI/Kr cnocobCcTByeT agantaum 1abopaTopHbIX }KUBOTHbIX K GU3MUECKOIN Harpy3Ke 3a CYET aKTUBALLMM HAACErMEHTAPHbIX CTPYK-
TYp, a B #o3ax 50 1 500 MKr/Kr — NPEeMMyLLECTBEHHON aKTUBALMK Nepudepryeckmx OTAEN0B CUMNATUYECKOW M NapacMMNaTUYeCcKoi BeretaTusHOM
cUCTEMBI.

Kntouesble cnosa: AKTT, 679—Pro—GIy—Pro, 8apuabenbHOCMb cepde4yHo20 PUMMA, hu3u4ecKas Hazpy3Ka, Kpbicbl Bucmap, cnekmpasnsHeie nokasamenu
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EFFECT OF ACTH_-PRO-GLY-PRO PEPTIDE ON SPECTRAL PARAMETERS OF HEART
RATE VARIABILITY IN WISTAR RATS DURING PHYSICAL EXERTION
(PILOT STUDY)
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Department of Pathophysiology, Research Institute of General Pathology, Kursk State Medical University, Kursk, Russian Federation

Objective: To study the effect of the ACTH, -Pro-Gly-Pro peptide (ACTH, -PGP) on the spectral parameters of heart rate variability (HRV) in Wistar rats
during short-term exercise.

Methods: The study involved 48 Wistar rats. ACTH, -PGP was once administered to the animals intraperitoneally at doses of 5, 50, and 500 ug/kg (3
groups of animals) in a volume of 1 ml/kg. Animals of the control group were injected with normal saline in an equivalent volume. Each group included
6 males and 6 females. HRV indicators were recorded using the Physiobelt 2.5.1 complex (Neurobotics, Russia). HRV analysis was performed by spectral
parameters: total power of the spectrum of HRV (TP), the total power of the high-frequency component (HF) (ms?, %), the total power of the low-
frequency component (LF) (ms?, %), the total power of the very low-frequency component (VLF) (ms?, %), LF/HF ratio (LF/HF), index of centralization
(IC). The cardio signal was recorded 4 times: 1 — after adaptation to the device; 2 — 15 minutes after the injection of the peptide; 3 — after physical
activity (2-minute treadmill run), and 4 — after a 15-minute rest.

Results: An analysis of the initial values of the HRV indicators made it possible to establish a shift in the spectral characteristics toward the VLF
component in the studied groups. Physical activity in the control group caused an increase in the power of HF, LF, and VLF, however, their ratio
(VLF>LF>HF) did not change at all stages of the study. A single intraperitoneal injection of the ACTH_ -PGP peptide at a dose of 5 pg/kg stabilized the
HRV parameters at the initial level. The administration of the peptide at a dose of 50 pg/kg and moderate physical activity were accompanied by an
increase in the power of HF and LF compared to the initial level. The percentage of frequency components after the exercise was LF>VLF>HF, and in the
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recovery period, it became VLF>LF>HF. After the administration of the peptide at a dose of 500 pg/kg, an increase in HF and LF, and a redistribution of
the frequency components toward LF>HF>VLF were noted. During the recovery period, a decrease in HF, restoration of the percentage of frequency

indicators VLF>LF>HF, and an increase in LF/HF and IC were found.

Conclusion: A study of the effects of the ACTH, ,-PGP peptide on HRV in Wistar rats showed that a single intraperitoneal injection at a dose of 5 pg/kg
promotes adaptation of laboratory animals to physical activity due to the activation of suprasegmental structures, and at doses of 50 and 500 pg/kg —
predominant activation of the peripheral segments of the sympathetic and parasympathetic autonomic systems.
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BBEOQEHMUE

PerynatopHble nentuabl ABAATCA BMONOTMYECKM aKTUBHbI-
MU BellecTBaMM, 061aJaoWMMK LUMPOKUM CNeKTpom buonoruye-
CKUX U dusnonornyeckmux apdeKToB, KOTOpbie MOryT BbITb peanu-
30BaHbl KaK Ha yPOBHE OTAENbHOMN KNETKM, TaK M Ha TKaHesom u/
WU OPraHHOM ypOBHAX. bonbLwoi nHTepec NpeacTaBnAoT N-KOH-
LleBble aHANOMM aPEHOKOPTMKOTPOMNHOrO ropmoHa (AKTT), npeu-
MYLLECTBOM KOTOPbIX ABAAETCA OTCYTCTBME FOPMOHA/IbHOW aKTUB-
Hoctu [1]. Hanbonee n3y4eHHbIM NpeacTaBUTENEN LaHHOW rpynMnbl
nenTugos asnaetcs nentug AKTT, -Pro-Gly-Pro (cemakc), koTopblit
npeacrasaseT cobolt nenTMAHy nocnefosaTenbHocTb Met-Glu-
His-Phe, cooTBeTtcTBytoLLyto y4acTKy AKTT oT 4 10 7 aMUHOKMCNOT-
HOrO OCTaTKOB, 3aLMILEHHYIO OT AEWCTBMA KapbokcunenTmaas c
MOMOLLbIO NPUCOeMHEHNA K eé C-KOHLY runponunHa Pro-Gly-Pro
(Mrn) [1]. YcTaHoBANEHO, YTO OH OKa3bIBAaET BAUAHME HAa YPOBEHb
TPEBOXHOCTW, AENPeccuMmn, KOTHUTUBHYIO aKTUMBHOCTb U HBonesyio
YyBCTBUTENbHOCTb, @ TaKXe MOBbIIAET aAanTaLluoHHbIE BO3MOXK-
HOCTU KaK Npu OAHOKPATHOM, TaK M NMPU KypcoBOM BBeaeHuu [1].
MoKa3aHo, YTO CeMaKC OKa3blBaeT AeNCTBME Ha BEreTaTUBHYIO pe-
rynaumio y 1abopaTopHbIX }KMBOTHbIX [2].

CTPYKTYPHO 1 GYHKUMOHANbHO poacTeeHHbim AKTT, -NIM
nentuaom asnsetca AKTI, -MIM. NocnegosatensbHocTb His-Phe-Arg-
Trp (AKTI6-9) sBnsetca akTUBHbIM LeHTpom AKTI, B3aumogencTsy-
towmm co MCIR, MC3R 1 MC4R [3]. AKTT_-NIM obnagaet wupo-
KMM CMEKTPOM HEMPOTPOMNHbLIX 3GPEKTOB M B CONOCTABUMBIX A03aX
npossnset 6onee BbIPAXKEHHYIO, Yem AKTT, -MrT, aKkTveHoOCTL B
OTHOLLEHWUN TPEBOXHBIX U AENPECCUBHbBIX PeaKLMid, BbIPaboTKM 1
KOHCONMAAUMM YCNOBHbIX pednekcos, 60eBOV YyBCTBUTENBHO-
¢t [4-6]. NMpKn 3TOM, HECMOTPA Ha LMPOKYHO U3YYEHHOCTb BAWUAHMA
nentuaa Ha GyHKLUMOHUPOBAHWE COMATUYECKON HEPBHOM CUCTEMBI,
€ro BAWAHWE Ha BEreTaTUBHYIO PeryaaLuio opraHn3ma uccnesoBaHo
HeZocTaToyHO. KocBeHHO 06 3ddeKTax nenTuga Ha BEretaTuBHYHO
CUCTEMY MOXKHO CYAWTb MO €ero AeWCTBMIO Ha KULIEYHO-MO3T0BYHO
0Cb B YC/I0BUAX XPOHMYECKOTO cTpecca [7], T.K. OfLHUM U3 OCHOBHbIX
nyTei KOMMYHUKaLMN MEXAY HEPBHOW CUCTEMOM U XKenya04HO-KH-
LEeYHbIM TPAKTOM ABNAETCA BAyXKAAOWMIA HepB. [8]. B cBA3N € 3TUM,
npeacTasaset coboi MHTepec nposeaeHMe UccnenoBaHua addek-
108 AKTI_ -MIT Ha BEreTaTMBHYIO PErynaumMio, U3yyeHne KOTopon
BO3MOHO NOCpeacTBOM aHanu3a BCP [9].

LLENb UCCNEAOBAHMUA

Wsyuenne eausHua nentuga AKTI, -Pro-Gly-Pro Ha crek-
TpanbHble NokasaTenu BCP Kpbic Buctap B ycnoBUAxX KpaTKOBpPeMeH-
HOM PpU3NYECKOM Harpy3KM.
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INTRODUCTION

Regulatory peptides are biologically active substances with
a wide range of biological and physiological effects that can be
realized both at the level of an individual cell and at the tissue
and/or organ levels. Of great interest are N-terminal analogs of
adrenocorticotropic hormone (ACTH), the advantage of which is
the absence of hormonal activity [1]. The most studied represen-
tative of this group is the ACTH, -Pro-Gly-Pro (Semax) peptide,
which is a Met-Glu-His-Phe peptide sequence corresponding
to the ACTH region from 4 to 7 amino acid residues, protected
from the action of carboxypeptidases by attachment of glyproline
Pro-Gly-Pro (PGP) to its C-terminus [1]. Its effect on the level of
anxiety, depression, cognitive activity, and pain sensitivity, was
demonstrated, it also increases adaptive capabilities both with a
single and course administration [1]. Semax has been shown to
have an effect on autonomic regulation in laboratory animals [2].

ACTH, -PGP is peptide structurally and functionally related
to ACTH, -PGP. The His-Phe-Arg-Trp sequence (ACTH_,) is the
active center of ACTH, which interacts with MC1R, MC3R, and
MCA4R [3]. ACTH,-PGP has a wide range of neurotropic effects
and, in comparable doses, exhibits more pronounced activity
than ACTH, -PGP in relation to anxiety and depressive reactions,
the development and consolidation of conditioned reflexes, and
pain sensitivity [4-6]. At the same time, despite the extensive
study of the effect of the peptide on the functioning of the somat-
ic nervous system, its effect on the autonomic regulation of the
body has not been studied enough. Indirectly, the effects of the
peptide on the autonomous system can be assessed by its action
on the entero-cerebral axis under conditions of chronic stress [7].
One of the main ways of communication between the nervous
system and the gastrointestinal tract is provided by the vagus
nerve [8]. In this regard, it is of interest to investigate the effects
of ACTH_-PGP on autonomic regulation, the study of which is
possible through the analysis of HRV [9].

PURPOSE OF THE STUDY

Study of the effect of the ACTH, ,-Pro-Gly-Pro peptide on the
spectral parameters of HRV in Wistar rats after a short-term ex-
ercise.

METHODS

The study was performed on 48 Wistar rats (24 males and
24 females) weighing 250-300 g at the age of 5-6 months, ob-
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MATEPUAN U METOAbI

MccnenoBaHue BbINoNHEHO Ha 48 Kpbicax Buctap (24 camua u
24 camkm) maccoii 250-300 r B Bo3pacTe 5-6 mecALeB, MONYYEHHbIX
13 SPF-suBapua UHctutyTa untonormm un reHetnkn CO PAH. Hwusot-
Hble COAEPKaNNCh B NACTUKOBbIX KNETKaX Npu TemnepaTtype BO3ay-
xa 22+2°C, cBeTOBOM pekume 12 yacos — cBeT, 12 4acoB — TEMHOTA
co cBOBOAHbIM LOCTYNOM K TpaHyIMPOBAHHOMY KOpMY M Boge. B
Kaxk oW Knetke 66110 no 4-5 ogHomnonbix ocobei. Bce akcnepumeH-
Tbl BbINONHANUCL B COOTBETCTBMM C HauMOHanbHbIM CTaHAAPTOM
P® MOCT P-53434-2009 «MpuHUMNbl Hagnexalein nabopaTopHom
npakTKkm», NMprkasom MuHsapasa PP o1 01.04.2016 . N2 199H «O6
YTBEPXKAEHUN NPABUA Hag/exallel 1abopaTopHON MPaKTUKUY K
Esponeitckoit KoHBeHuum Directive 2010/63/EU 1 6bian 0g06peHbi
PernoHanbHbIM 3TUHECKMM KOMUTETOM Npu KypcKOM rocyaapcTBeH-
HOM MeAMLMHCKOM yH1BepcuTeTe (npoTtokon Ne 1 ot 17.02.2022r.).

MokasaTenn BapnabenbHOCTM pPUTMA Cepala PerncTpyMposa-
JMCb NPU NMOMOLLM NPOrPaMMHO-annapaTHOro Komnaekca «®usmo-
6ent 2.5.1» (HelipoboTuKc, Poccua), KOTopbli GUKCMPOBANCA Ha K-
BOTHOM NOCPEACTBOM XKWU/eTa U NO3BONAN COXPAHATL BO3MOMXHOCTb
cB06OAHOrO nepemeLLeHna Kpbicbl. a8 afanTaumum XUBOTHOTO K
[JaHHOM MeToAMKe [0 Hayana 3KCMepMMEHTA KpbicaM NPOBOAMAM
NPOoO6HbIe 3aMMCK AIMTENBHOCTBIO 5 MUHYT 3 pasa B HeZento. AHanus
BCP npoBoauaca no cnekTpanbHbIM Nokasatenam: TP — cymmapHas
MOLWLHOCTb cnekTpa BCP, HF (Mc?) — cymmapHas MOLLHOCTb BbICO-
KOYacTOTHOrO KomnoHeHTa BCP, LF (Mc?) — cymmapHas MOLLHOCTb
HM3KOYaCTOTHOrO KomnoHeHTa BCP, VLF (Mc?) — cymmapHaa mou-
HOCTb 04€Hb HM3KOYACTOTHOro KomnoHeHTa BCP, HF (%) — MoLHOCTb
CNEKTPa BbICOKOYACTOTHOIO KOMMOHEHTA BapuabenbHoctTM B % oOT
CYMMapHOM MOLUHOCTU KonebaHuit, LF (%) — mowHOCTb cnekTpa
HWM3KOYACTOTHOIO KOMMNOHEHTA BapuabenbHOCTH B % OT CymMapHOM
MOLLHOCTK KonebaHuid, VLF (%) — MOLHOCTb CNeKTpa O4YeHb HIU3KO-
4aCTOTHOrO KOMMNOHEHTA BapMabenbHOCTU B % OT CYMMapHOM MOLLL-
HocTn KonebaHuit, LF/HF — nHAeKc BarocMMnaTMyeckoro B3aumo-
aevicteus, IC — nHaeke ueHTpanmsauum [10, 11].

B nccnepgoBaHuKM ncnonb3osanca AKTFG_Q—I'IFI'I, CUHTE3UpPOBaH-
HbIVi B UIHCTUTYTEe MonekynapHoi reHeTukn HULL «KypuaToBCKuiA UH-
ctutyT». MNepea Ucnonb3oBaHNEM NENTUA pacTBopancsa B Gusmono-
TMYECKOM PacTBOpPE W BBOAM/ICA BHYTPUOPIOWMHHO NabopaTopHbIM
MMBOTHbIM B A403aX 5, 50 1 500 MKr/Kr 0fiHOKPaTHO B 06bEME 1 MA/KT.
KUBOTHBIM KOHTPO/IbHOW TPynnbl BBOAMACA GU3NONOrMYECKUI pac-
TBOP B 3KBMBA/NIEHTHOM 06béMe. Kaxpas rpynna BkAoYana 6 cam-
LLOB 1 6 CAaMOK.

JKcnepuMMeHTbl BbINONHAANCL B AHeBHoe Bpema, ¢ 9 go 15
yacos. lMepsan 3anucb (3anucb 1) KapaMocurHana HauyMHanacb no-
cne 15 MMHYTHOW aganTauuu Kpbicbl K ycTpoictey ®usnobent B
YCNOBUAX YMUCTOMN NYCTOW NMAACTUKOBOWM KNETKM aHaNOrMYHOW TOW,
B KOTOPOM WMCXOA4HO COAEPMKANUCh KMBOTHbIE. [lanee *KMBOTHOMY
BHYTPUOPIOIWIMHHO BBOAMACA NenTua/du3noNorMyeckuin pacTsop,
1 yepes 15 MUHYT NPOBOAMAACH 3aMUCh KapAMOCUTHana (3anuchb 2).
3aTem Kpbice gaBanacb GpU3nyecKas Harpyska, Kotopas co3gasanach
C NoMoLLbO ABYXMUHYTHOrO 6era Ha Tpegmune (Treadmill LES710,
Panlab, Spain) co ckopocTbto 15 M/MUH, yron HaknoHa 6erosoit go-
POXKKM cocTaBun 15°. Cpasy nocne 3aBeplueHns bera perucTpupo-
Basica JKI-cuMrHan *KMBOTHOTO (3anuce 3); nocieHee BO3BPaLLanoch
B K/IETKY, B KOTOPOI NPOBOAMAACh afanTaLms XKUBOTHOTO, U Yepes
15 MUHYT oTAbIXa BbINOAHANACL YeTBEPTaA 3anNnch (3anuch 4).

CraTucTMueckas 06paboTKa pesynbTaToB NPOBeAeHa C UCMONb-
30BaHMeMm nporpammsl Statistica 13 (TIBCO Software Inc., USA), a
TaKKe fA3blka nporpammupoBaHua R v.4.1.0 B MHTErpMpoBaHHOM
cpegne paspabotkm RStudio Desktop v. 1.4.1717 (RStudio, PBC, USA).

tained from the SPF animal house of the Institute of Cytology and
Genetics, Siberian Branch, Russian Academy of Sciences. The an-
imals were kept in plastic cages at an air temperature of 22+2°C,
in a 24-h light-dark (LD) cycle (LD 12:12), with free access to gran-
ulated food and water. Each cage contained 4-5 animals of the
same sex. All experiments were carried out in accordance with
the National Standard of the Russian Federation GOST R-53434-
2009 "Principles of Good Laboratory Practice", Order of the Min-
istry of Health of the Russian Federation of April 1, 2016 No. 199n
"On Approval of the Rules of Good Laboratory Practice" and Eu-
ropean Convention Directive 2010/63/EU, and were approved by
the Regional Ethics Committee at the Kursk State Medical Univer-
sity (protocol No. 1 dated February 17, 2022).

HRV indicators were recorded using the Physiobelt 2.5.1
software and hardware complex (Neurobotics, Russia), which
was fixed on the animal with a vest and allowed the rat to move
freely. For the adaptation to this device, before the start of the
experiment, rats were subjected to test recordings for 5 minutes
3 times a week. The analysis of HRV was carried out according to
spectral parameters: TP is the total power of the HRV spectrum,
HF (ms?) is the total power of the high-frequency component of
HRV, LF (ms?) is the total power of the low-frequency component
of HRV, VLF (ms?) is the total power of the very low-frequency
component of HRV, HF (%) is the power of the spectrum of the
high-frequency component of the variability in % of the total
power of the oscillations, LF (%) is the power of the spectrum of
the low-frequency component of the variability in % of the total
power of the oscillations, VLF (%) is the power of the spectrum of
the very low-frequency component of the variability in % of the
total power fluctuations, LF/HF — index of vagosympathetic inter-
action, IC — index of centralization [10, 11].

The study used ACTH, -PGP, synthesized at the Institute of
Molecular Genetics, National Research Center "Kurchatov Insti-
tute". Before use, the peptide was dissolved in normal saline and
administered intraperitoneally to laboratory animals at doses of
5, 50, and 500 pg/kg once in a volume of 1 ml/kg. Animals of the
control group were injected with normal saline in an equivalent
volume. Each group included 6 males and 6 females.

The experiments were carried out in the daytime, from 9 am
to 3 pm. The first recording (record 1) of the cardiac signal started
after 15 minutes of adaptation of the rat to the Physiobelt device
in a clean empty plastic cage similar to the one in which the an-
imals were initially kept. Next, the animal was intraperitoneally
injected with a peptide/normal saline, and after 15 minutes, the
cardio signal was recorded (record 2). Then the rat was exposed
to a two-minute run on a treadmill (Treadmill LE8710, Panlab,
Spain) at a speed of 15 m/min, the angle of the treadmill was 15°.
Immediately after the end of the exercise, the animal's ECG sig-
nal was recorded (record 3); the rat was returned to the cage in
which the animal was resting, and after 15 minutes of rest, the
fourth recording was performed (record 4).

The results were statistically processed using the Statistica
13 software (TIBCO Software Inc., USA), with the programming
language R v.4.1.0 in the integrated development environment
RStudio Desktop v. 1.4.1717 (RStudio, PBC, USA). The data ob-
tained were presented as mean and standard deviation (MSD).
The significance of differences was determined using the Kru-
skal-Wallis test (KWT) with Dunn's post hoc test (for unpaired
samples) and Friedman's test with post hoc comparisons using
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MonyyeHHble AaHHble NPEACTaBNEHbl B BUAE CPEAHEr0 3HauYeHus
W CTaHZAPTHOro OTKAOHEeHWUs (M1SD). CTaTuCTMYecKaa 3HaYMMOCTb
pasnnMuniA onpeaensnack C NOMOLLbI0 Kputepusa Kpyckana-Yonnuca
(KWT) ¢ anoctepuopHbim TecTom [aHHa (ana HenapHbiX BbIGOPOK)
N Kputeprem OpuamaHa ¢ anoCTepPUOPHbIMU CPaBHEHMAMM C ano-
CTepuopHbIM TecTom KoHoBepa (417 napHbIx BbIGOPOK). Pasnnums
CYMTANUCH CTAaTUCTUYECKM 3HaUMMbImK npu p<0,05.

PE3YNbLTATbI U UX OBCYXKOEHUE

Mpv aHanu3e MCXOAHbIX 3HAYeHMI nokasateneir BCP obpa-
LaeT BHUMaHUE BbIPaXKEHHOE CMELLEHME CMEKTPA/IbHbIX XapaKTe-
PUCTUK B cTOPOHY VLF-KOomMNnoHeHTa BO Bcex uccnedyemblx rpynnax,
4TO CBMAETENbCTBYET O NpeobnafaHUM MEXaHU3MOB FyMOpPaabHOM
W HaflCerMEHTAapHOM perynauum cepaeyHoro putma (Tabn. 1) [12].
CTaTUCTMYECKM 3HaUMMan PasHULLA MEXaY BENMYMHAMM BCEX UCCe-
Zlyembix nokasaTeneiit BCP mexay rpynnamu otcytcTBoBana. OaHako
cpefHue 3HadeHus TP, LF (mc?), VLF (mc?) u IC B rpynne KoHTpoAs
6b11M 3HAUNTEIBHO BbILE, YEM B OCTa/IbHbIX TPYNNax, U OTCYTCTBUE
CTaTUCTUYECKOMN PasHULLbl MO3BONAET CYMTATL FPyMnbl O4HOPOLHbI-
MMU.

CnesyroLLMm 3Tanom aHaM3a NoayYeHHbIX Pesy/bTaToB ABAA-
NOCb U3yYeHUe AMHAMWKM BEAWYMHbI CMEeKTpanbHbIX NOKasaTenen
BCP BHyTpu nccneayembix rpynn. Kak BugHo u3 1aba. 2, B rpynne
KOHTpOAA Yyepe3 15 MuHYT nocne nHbekumn Grsnonornyeckoro pac-
TBOpPA perucTpupyercs ysenuyeHve nokasartens VLF (%) Ha 21,6% u
ymeHbLueHue LF (%) Ha 12,3% no cpaBHEHWIO C UCXOAHBIM YPOBHEM.
[aHHbI daKT cBMAETeNbCTBYET 06 aKTUBALMM HAACErMEHTapHOro
YPOBHA PerynaLum cepaeyHoro puTMa, CBA3aHHOTMO C BKAOYEHUEM
rMnotanamyca, Ha ¢oHe yMEHbLUIEHWA aKTUBHOCTM CUMNATUYECKOTO
OTAE/1a BereTaTMBHOW HepBHOM cucTembl [13]. YMepeHHasa ¢usuye-
CKas Harpyska cnocobcTBoBana CTaTUCTMYECKM 3HAYUMOMY MOBbI-
LIEHWIO MOLLHOCTM BbICOKOYACTOTHOTO KomroHeHTa BCP (HF, mc?),
XapaKTepU3yIOLLEero NapacuMnaTuyeckyto perynaumio, bonee yem B
2 pasa No CpaBHEHWIO C BEIMYUMHOM AAHHOMO NOKa3aTeNa Ha tanax
3anuceit 1 u 2. Ha 0CHOBaHWM AaHHbIX MTepaTypbl 06 U3MEeHEHUM
HF komnoHeHTa BCP 3a CY€T aKTMBHOrO BbIGpOCa KaTEXONaMUHOB U
LIMTOKMHOB Ha AeWcTeue pasgpaxutens [14, 15], B Hawen pabote
pONb PasfpaxkuTens BbINOAHANA yMepeHHaa dusnyeckasn Harpyska
[16]. Mpwu 3TOM BennUMHa NoKasaTens cHu3unaco Ha VLF (%), a LF (%)
BO3pOC/aa COOTBETCTBEHHO Ha 24,4 % 1 17,5 %, 4To OTpaXKaeT NoBbl-
WeHWe Po/sIM CUMMATUYECKUX MEXaHU3MOB Perynauumu KapavopuT-

Conover's post hoc test (for paired samples). Differences were
considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

when analyzing the initial values of HRV indicators, atten-
tion was drawn to the pronounced shift of spectral characteris-
tics towards the VLF component in all the studied groups, which
indicated the predominance of the mechanisms of humoral and
suprasegmental regulation of heart rate (Table 1) [12]. There was
no statistically significant difference between the values of all
studied HRV parameters between the groups. However, the mean
values of TP, LF (ms?), VLF (ms?), and IC in the control group were
significantly higher than in the other groups, and the absence of
a statistical difference allowed us to consider the groups homo-
geneous.

The next step in the analysis of the obtained results was
the study of the dynamics of the magnitude of HRV spectral pa-
rameters within the studied groups. As can be seen from Table 2,
in the control group, 15 minutes after the injection of saline, an
increase in VLF (%) by 21.6% and a decrease in LF (%) by 12.3%
were recorded compared with the initial level. This fact indicates
the activation of heart rate (HR) regulation at the suprasegmental
level associated with the activation of the hypothalamus, against
the background of a decreased activity of the sympathetic ner-
vous system [13]. Moderate physical activity contributed to a sta-
tistically significant, more than double increase in the HF, char-
acterizing parasympathetic regulation, compared with the value
of this indicator at 1% and 2" recording. Based on literature data
regarding changes in the HF component of HRV due to the active
release of catecholamines and cytokines as a result of stimulation
[14, 15], in our work, the role of the stimulus was played by mod-
erate physical activity [16]. At the same time, the value of the
indicator VLF decreased by 24.4% while LF increased by 17.5%,
which reflected the increased role of sympathetic mechanisms of
HR regulation [13]. The decrease in LF/HF from baseline might be
due to the mobilization of energy and metabolic reserves through
autonomic regulation of the HR. It is noteworthy that the ratio of
the frequency components VLF>LF>HF did not change at all stag-
es of observation, which proved the dominant role of the ergo-
tropic region of the hypothalamus in the control group [17].

Tabnuya 1 VicxodHble nokazamenu BCP 8 uccredyembix epynnax (M+SD, n=12) Table 1 Baseline HRV indicators in the study groups (M+SD, n=12)

Ipynnbi/ Groups
KoHTponb 5 MKr/Kr 50 mKr/Kr 500 mKr/Kr
Control 5 ug/kg 50 pg/kg 500 ug/kg
TP, mc? 177674.0+ 62287.47+ 71298.39+ 85932.41+
TP, ms? 160660.5 55564.51 84211.34 74182.16
HF, mc? 8898.6+ 6381.34+ 7563.98+ 10439.23+
HF, ms? 6172.3 7994.72 4217.85 5527.26
LF, mc? 63948.0% 14360.58+ 16931.66+ 24439.52+
LF, ms? 79040.6 15570.51 25530.97 24226.80
VLF, mc? 104827.4+ 41545.56+ 46802.75+ 51053.66%
VLF, ms? 88448.1 50860.21 65466.55 61563.50
HF, % 17.3+21.7 14.60£14.33 19.831£11.94 21.23+18.09
LF, % 30.1+16.1 25.20+£15.76 24.38+12.77 28.80+12.12
VLF, % 52.7+27.8 60.21£26.00 55.80+18.40 49.98+22.26
LF/HF 6.716.8 2.94+2.14 1.87+2.09 3.13+3.34
IC 33.3+39.6 18.45+£26.88 7.64+7.93 13.80£23.92
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Tabnuya 2 Mokazamenu BCP kpeic Bucmap 8 epynne KOHMpPona
(MSD, n=12)

MNokasartenu 3anucob 1 3anucb 2
Indicators Recording 1 Recording 2
TP, mc? 177674.0% 176376.2+
TP, ms? 160660.5 175876.8

HF, mc? 8898.6+6172.3 9875.1+8566.9

HF, ms? p,>0.05
LF, mc? 63948.0+ 29379.2%

LF, ms? 79040.6 26441.5
VLF, mc? 104827.4+ 137122.0+
VLF, ms? 88448.1 152541.7

HF, % 17.3+21.7 7.8t7.6
17.8£11.8

+

LF, % St p,<0.05
VLE, % 52.7£27.8 74.3117.8

p,<0.05

6.716.8 3.812.4

LikE p,<0.05
IC 33.3+39.6 36.6+39.0

Table 2 HRV parameters of Wistar rats in the
control group (M+SD, n=12)

3anucb 3 3anucb 4
Recording 3 Recording 4 P
203460.0+ 202420.0+ 0.05
269461.7 228471.8 :
+
21057.1+15244.0 20050.i(_)1055126.0
p,<0.05 iy <0.05
e p,<0.05
P<5- p,>0.05
62836.2+ 64712.4+
62773.7 62773.7 >0.05
119566.7+ 117658.4+ 005
210197.9 200237.8 :
14.8+9.4 9.948.3 >0.05
+
35.320.6 31.26155;3
p,>0.05 e <0.05
e p,<0.05
P,<5: p,>0.05
+
49.9429.0 58562;5'7
p,>0.05 P> <0.05
008 p,<0.05
Py<5- p,<0.05
+
2.541.2 2'261615‘
p,<0.05 P,= <0.05
<0.05 p2<0.05
Py<5- p,>0.05
17.1429.3 26.1+23.6 >0.05

MprmeyaHua: p — CTaTUCTUYECKaA 3HAUMMOCTb Pasnnumii NokasaTeneit Mexay Bcemu 3anucamu (no kputepuio dpuamana); post-hoc: p, — cTaTcTUYeCKas 3HAUMMOCTb
pa3nnumii Mo cpaBHEHMIO C 3aNMCbIo 1; p, — MO CPABHEHMIO C 3aMMCbIO 2; P, — N0 CPaBHEHMIO C 3anKcbio 3 (post-hoc no kputepuio KoHosepa)

Notes: p - statistical significance of differences in indicators between all records (according to the Friedman criterion); post-hoc: p, - the statistical significance of differences
compared with record 1; p, — compared with record 2; p, — compared with record 3 (post-hoc according to the Conover criterion)

ma [13]. YmeHblweHne LF/HF no cpaBHEHMIO C UCXOAHLIM YPOBHEM
MOMKET BbITb CBA3AHO C MOOMAM3ALMEN SHEPTETUYECKMX U MeTabo-
JINYECKMX pe3epBoB NOCPeACTBOM aBTOHOMHOM Perynauum cepaeud-
Horo putma. ObpalluaeT BHUMaHWE, YTO NPOLEHTHOE COOTHOLWEHME
YaCTOTHbIX KomnoHeHToB VLF>LF>HF Ha Bcex aTanax HabntoaeHus He
M3MEHANOCh, YTO JOKa3blBAET AOMUHUPYIOLLYIO POib SPTOTPONHOM
061acTv rMnoTanamyca B rpynne KoHtpons [17].

B rpynne »KMBOTHbIX, NONYYaBLWMX MHBEKLMIO NenTnaa B fose 5
MKI/Kr, aHa/M3 CNEeKTPabHbIX NMOKasaTenei CBMALTENbCTBYET O CTa-
OUNbHOM COCTOAHUM MEXaHU3MOB PETY/IALMM Y UCTIBITYEMbIX HA BCEX
3Tanax uccnepoBaHua. CTaTUCTUYECKM 3HAYMMble Pas3nnvuusa Bbiiu
YCTaHOB/EHbI TO/IbKO B OTHOLLEHMM BesmumnHbl LF/HF (puc.), ogHako
HW3KaA BapuabenbHOCTb AAHHOTO NapameTpa MOATBEPKAAET, YTo
B [@HHOW rpynne MexaHu3mbl Peryasaumm ocTaloTcs Ha 6M3KOM K
MCXO4HOMY YPOBHIO GYHKLMOHANBHOTO COCTOAHMA Aaxe Npu aei-
CTBMM GU3MYECKOIN HArpy3Ku, 4TO MOXKeT BbITb CBA3AHO C afanTuB-
HbIM AeWCTBMEM NenTuAa B 403€ 5 MKI/Kr.

B 1ab. 3 npeacrtaBneHsbl pesynbtatel BCP B rpynne XMBOTHbIX,
NoNyYasLUMX NenTua, B f4o3e 50 MKr/Kr. YMepeHHas dusmnueckan ak-
TMBHOCTb NOC/E BBEAEHMA NenTuaa B fo3e 50 MKr/Kr conpoBoxaa-
Nacb CTaTUCTUYECKM 3HAYMMBIM YBEIMYEHNEM MOLLLHOCTMU BbICOKO- 1
HWM3KOYaCTOTHOrO CNeKTpos B 2,5-2,6 pa3a no OTHOLIEHUIO K BeU-
YMHAM YKa3aHHbIX MapameTpoB Ha 3anucax 1 1 2, a Takxke nepepac-
npegeneHne NPOLEHTHOrO COOTHOLIEHMWA YAaCTOTHbIX XapaKTepUCTHK
cnekTpa B Buae LF>VLF>HF. YcTaHoBNEHHble 0COBEHHOCTH MOKa3a-
Teneit BCP cBMAETENbCTBYIOT O BbIPAXKEHHOW aKTMBHOCTU CMMNATK-
YECKOro OTAeNa BEreTaTMBHOM HEPBHOW CUCTEMbI Ha GpOHE BbICOKOW

In the group of animals that received 5 pg/kg of the peptide,
the analysis of spectral parameters revealed a stable condition of
the regulatory mechanisms at all stages of the study. Statistical-
ly significant differences were established only in relation to the
LF/HF value (Fig.1), however, the low variability of this parame-
ter confirmed that in this group the regulatory mechanisms re-
mained close to the initial level of the functional condition even
under the influence of physical activity, which might be associat-
ed with adaptive the action of the peptide at a dose of 5 ug/kg.

Table 3 shows the results of HRV in the group of animals
treated with the peptide at a dose of 50 pg/kg. Moderate phys-
ical activity after administration of the peptide at this dose was
accompanied by a statistically significant increase in the power
of the HF and LF spectra by 2.5-2.6 times compared to the values
of the indicated parameters in records 1 and 2, as well as a redis-
tribution of the frequency characteristics of the spectrum (%) as
LF>VLF>HF. The established features of HRV indicators showed a
pronounced activity of the sympathetic nervous system against
the background of high adaptation of the body, supported by the
mobilization of reserves of the hypothalamus-pituitary-adrenal
axis [18]. In the recovery period (record 4), there were statistically
significant differences with the results of record 3 in terms of HF
(ms?, %), LF (ms?, %), and VLF (%), which reflected the restoration
of the initial level of the functional condition of the studied an-
imals. Attention was drawn to the statistically significantly high
value of IC compared with the value of record 3, which indicated
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Table 3 Effect of the peptide at a dose of 50 ug/kg on
the HRV parameters of Wistar rats (M+SD, n=12)

Tabauya 3 BrusHue nenmuda 8 0o3e 50 Mke/ke Ha nokazamesnu BCP
Kpbic Bucmap (M#SD, n=12)

3anucb 3 3anucb 4
Recording 3 Recording 4 P
TP, Mc? 71298.39+ 113246.0% 84936.52+ 99540.69+ 20.05
TP, Ms? 84211.34 189975.8 41573.53 184857.7 :
+
HF, mc2 7715.5+6781.3 19743.45+6608.59 4451.3<90_ 3214'4
M 7563.98+4217.85 O=RIO p.<0.05 Ps%. <0.05
HF, ms p,>0.05 008 p,<0.05
Py<5- p,<0.05
+
LF, mc? 15865.1422671.8  12537.68126311.35 15312'0<50_ 3;384'3
e 16931.66425530.97 - : p.<0.05 P, <0.05
LF, ms p,>0.05 1<0 05 p,<0.05
Py<5- p,<0.05
VLF, mc2 46802.75+ 89665.3+ 22855.38+ 79777.26+ 20,05
VLF, ms? 65466.55 167253.9 15336.04 156570.0 :
+
25.106.17 11.55+10.6
20.4+20.2 p.<0.05
HF, % 19.83+11.94 p.>0.05 1 <0.05
p.>0.05 1 p.<0.05
1 p,>0.05 2
p,<0.05
+
48.69+10.31 18.90+8.9
20.4+12.1 p.>0.05
LF, % 24.38+12.77 p.<0.05 1 <0.05
p,>0.05 008 p,>0.05
Py<®- p,<0.05
+
59.2429.1 26.21£9.62 69.550_ (1J;.9
VLF, % 55.80+18.40 oxes p.<0.05 P>%. <0.05
p,>0.05 1<O 05 p,>0.05
P<5 p,<0.05
LF/HF 1.8742.09 2.0£2.1 2.16£1.13 2.9243.1 >0.05
+
16.8+26.2 3.30£1.43 18'830_ (2):?7
Ic 7.64+7.93 020, p.>0.05 P> <0.05
p,>0.05 008 p,>0.05
P> p,<0.05

Mprmeyanus: p — CTaTUCTMYECKAA 3HAYMMOCTb Pa3IMUMIA MOKasaTeNen Mmexay Bcemum 3anucamu (no kputeputo Gpuamanra); post-hoc: p, — CTaTUCTUYECKas 3HAYNMOCTb
Pa3nnuMiA MO CPABHEHMIO C 3aMKCbi0 1; p, — N0 CPABHEHMIO C 3aNMCbIO 2; p, — MO CPaBHEHMIO C 3anmcbio 3 (post-hoc no kpuTepuio KoHosepa)

Notes: p - statistical significance of differences in indicators between all records (according to the Friedman criterion); post-hoc: p, —the statistical significance of differences
compared with record 1; p, — compared with record 2; p, — compared with record 3 (post-hoc according to the Conover criterion)

ajanTauMu opraHusama, Noaaep:KuBaemort Mobunusaumen pesep-
BOB rMnoTanamo-runodusapHo-HagnoyeyHnkosol ocu [18]. B Boc-
CTAaHOBUTENbHOM Mepuoge (3anucb 4) 0TMEeYanucb CTaTUCTUYECKM
3HaYMMble PA3NYMA C Pe3ybTaTamu 3anmcK 3 B OTHOLIEHMM MOKa-
3ateneit HF (mc?, %), LF (mc?, %), VLF (%), 4To oTpaaeT BocCcTaHOBAe-
HWE UCXOAHOTO YPOBHA QYHKLMOHANbHOTO COCTOAHUA UCCNEAYEMbIX
MBOTHbIX. OBpallaeT BHUMAHUE CTaTUCTUYECKM 3HAUYMMO BbICOKOE
3HauyeHwue IC No CpaBHEHUIO C BEJIMUMHOM 3aMUCK 3, YTO CBULETEb-
CTBYET O B/IMAAHUM BbICLIMX BETETATMBHbIX LEEHTPOB PEryasLun cep-
[e4yHoro puTma. MpoLEeHTHOE COOTHOLUEHNE YaCTOTHbIX XapaKTepu-
ctuk VLF>LF>HF cootBeTcTByeT pesyibratam 3anuceit 1 m 2.

AHanu3 anHaMMKM NokasaTtenel BCP nocne BBefeHMA nentu-
Aa B go3e 500 MKr/Kr no3BoAUA YCTaHOBMUTb, YTO YMepeHHasa ¢u-
3MYeCcKan Harpyska COMpoBOKAAETCA YBEIMYEHNEM MOLLHOCTM Bbl-
COKOYACTOTHbIX BO/IH MO CPAaBHEHWUIO C pe3y/ibTaTaMu 3anucen 1 u
2 (Tabn. 4). YcTaHOBAEHO HexapaKTepHoe ANA Npeaplaylmx rpynn
NPOLEHTHOE COOTHOLIEHME YACTOTHOTO KomnoHeHTa LF>HF>VLF,
YTO CBUAETENbCTBYET 06 YrHETEHUM BAUAHMUA LLEHTPAsIbHbIX HeMpo-
rYMOPaNbHbIX MEXaHU3MOB YNPABNEHWNA CEPAEYHBIM PUTMOM U Bbl-
paXKeHHOM HanPAXeHMM KaK CMMNaTUYECKOro, Tak 1 NapacumnaTu-
YeCcKoro OTAeNoB BereTaTMBHOW HepBHOM cucTembl [19]. AnHamuKa
nokasatens LF/HF noarsepiaaeT Hannume seretaTueHoro 6anaHca
C YMEPEHHbIM NPeBasiMPOBaHNEM CUMMNATUYECKUX BAUAHUI B UCCNe-
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the influence of higher autonomic centers of HR regulation. The
percentage of frequency responses VLF>LF>HF corresponded to
the results of recordings 1 and 2.

An analysis of the dynamics of HRV parameters after the ad-
ministration of the peptide at a dose of 500 pg/kg made it pos-
sible to establish that moderate physical activity was accompa-
nied by an increase in the power of HF waves compared to the
results of recordings 1 and 2 (Table 4). A percentage ratio of the
frequency component LF>HF>VLF, which had been uncommon
for the previous groups, indicated the suppression of the influ-
ence of the central neurohumoral mechanisms of HR control and
a pronounced tension of both the sympathetic and parasympa-
thetic nervous systems [19]. The dynamics of the LF/HF indicator
confirm the presence of an autonomic balance with a moderate
prevalence of sympathetic influences in the study groups after
physical activity. At the same time, IC decreased by 6.6 times
compared to the previous level (record 2), which reflected the
leading role in the regulation of the autonomous HR control cir-
cuit. The recovery period was characterized by a statistically sig-
nificant decrease in the parasympathetic activity (a decrease in
the HF value), the restoration of the percentage of frequency in-
dicators in the VLF>LF>HF spectrum, an increase in the LF/HF and
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Tabauya 4 BausHue nenmuoda 8 doze 500 MKe/Ke Ha nokasamesnu
BCP kpoic Bucmap (M+SD, n=12)

MNokasartenun 3anucb 1 3anucb 2
Indicators Recording 1 Recording 2
TP, mc? 85932.41+ 110333.3+
TP, ms? 74182.16 115669.0
HF, mc? 7987.9+5568.8
+
HF, ms? 10439.23+5527.26 p,>0.05
LF, mc? 24439.52+ 28784.7+
LF, ms? 24226.80 30590.8
VLF, mc? 51053.66+ 73560.7+
VLF, ms? 61563.50 93934.5
+
HF, % 21.23+18.09 11.3+7.4
p,>0.05
+
LF, % 28.80+12.12 LI TR
p,>0.05
+
VLF, % 49.98422.26 63.3£17.6
p,>0.05
3.5+3.1
+
LF/HF 3.134+3.34 p.>0.05
16.9+18.8
+
IC 13.80+23.92 p,>0.05

Table 4 Effect of the peptide at a dose of 500 ug/kg on the HRV
parameters of Wistar rats (M+SD, n=12)

3anucb 3 3anucb 4
Recording 3 Recording 4 P
87441.4+ 296907.7+ 0.05
70704.2 479908.0 :
+
20134.7+14175.4 8783 '268:539'3
p.<0.05 P> <0.05
D p,>0.05
P,<t- p,<0.05
42055.1+ 29293.6+
39693.8 32893.0 >0.05
25251.6+ 258831.0+
27952.2 445729.3 >0.05
+
34.3+17.7 16561(?5'1
p.>0.05 P> <0.05
1<0 05 pz>0.05
P,<5- p,<0.05
+
43.1£14.2 18f0‘g;
p.<0.05 P> <0.05
D p,>0.05
P,<5- p,<0.05
+
22.6£16.3 65":62055'3
p.<0.05 P> <0.05
= oon p,>0.05
P, <% p,<0.05
+
1.60.9 3'26362
p.<0.05 P> <0.05
i p,>0.05
P,<5- p,<0.05
+
2.6+15 30562(?5'7
p.<0.05 P> <0.05
1<0 05 p2>0.05
P,<5- p,<0.05

MprmeYaHna: p — CTaTUCTUYECKAA 3HAUMMOCTb Pasauumii NoKasaTesneit Mexay Bcemu 3anucamu (no kputepuio dpuamana); post-hoc: p, — cTaTCTUYECKaR 3HAUYMMOCTb
Pa3/MuKii Mo CpaBHEHMIO C 3aMMCbIO 1; p, — N0 CPABHEHMIO C 3aMMCbIO 2; P, — NO CPABHEHMIO C 3anucbio 3 (post-hoc no kputepuio KoHosepa)

Notes: p —statistical significance of differences in indicators between all records (according to the Friedman criterion); post-hoc: p1 —the statistical significance of differences
compared with record 1; p, — compared with record 2; p, — compared with record 3 (post-hoc according to the Conover criterion)

Zdyemolt rpynne nocne dbusnyeckoit aktusHoctu. Mpwm stom IC ymeHb-
wunca B 6,6 pas No CPaBHEHUIO C NpeablAyLLMM YpOBHEM (3anuch
2), uTO OTPaXKAET BefyLLyto PO/b B PETYNALMM aBTOHOMHOTO KOHTYPa
ynpaBAeHus cepaevHbiM puUTMOM. MNepuos BOCCTaHOBEHUA XapakK-
TEpU3yeTCA CTAaTUCTUYECKM 3HAYMMbIM CHWXKEHMEM MapacumnaTu-
YECKOW aKTMBHOCTM BEreTaTUBHOMN HEPBHOM CUCTEMbI (YMeHbLUeHMe
BennunHbl HF), BOCCTaHOB/NIEHWMEM MPOLLEHTHOTO COOTHOLWIEHMA Ya-
CTOTHbIX NOKasaTenen B cnektpe VLF>LF>HF, ysennueHnem senunyu-
Hbl LF/HF 1 IC no cpaBHeHuI0 ¢ pe3ynsTatamu 3anucu 3. YkasaHHble
M3MEHEHUA CBUAETENbCTBYIOT O NOAAEPHKAHUM UCXOAHOTO YPOBHA
GYHKLMOHANbHOMO COCTOAHMA UCCAefyeMblX MMBOTHbIX Nocpes-
CTBOM aKTMBHOCTU LEHTPa/ibHbIX MEXaHM3MOB HENPOrymopasbHOM
perynauum [14].

B fanbHelem cpaBHUTENbHbINM aHanu3 pesynbtatos BCP no-
3BO/IUA YCTAHOBUTb CTaTUCTUUYECKM 3HAUMMBbIE PA3INUNA MEXKAY U3-
y4aembiMM FPYNNamm Ha KaxAaoM U3 3Tarnos McciefoBaHus. B Tabn.
5 npepcTtaBneHbl pesynbTathl Nokasateneit BCP mexay rpynnamu
yepes 15 MUHYT Nocne BBeAeHMA NenTuaa/dpusnonormyeckoro pac-
TBOpa (3anNMCb 2), COTNACHO KOTOPbLIM Y KMBOTHbIX NOC/E BBEAEHUA
nentuaa B fo3e 5 MKI/Kr peructpupyetca Hanbosbliee 3HadeHue
nokasateneit TP u VLF (mc?). JaHHble daKTbl CBUAETENLCTBYIOT O
MAKCUManbHbIX 3HEPreTUYeckUX U MeTabonnyeckux pesepsax B

IC values compared to the results of recording 3. These changes
indicate the maintenance of the original level of the functional
condition in the studied animals through the activity of the cen-
tral mechanisms of neurohumoral regulation [14].

Subsequently, a comparative analysis of the results of HRV
made it possible to establish statistically significant differences
between the studied groups at each stage of the study. Table 5
shows the results of HRV values in the groups 15 minutes after
the administration of the peptide/saline (record 2), according to
which the animals getting a dose of 5 pg/kg of the peptide re-
corded the highest values of TP and VLF (ms?). These facts indi-
cated the maximum energy and metabolic reserves in the 5 pg/kg
group, which provided resistance to changing conditions.

The values of HRV after moderate physical activity (record
3) in the studied groups are presented in Table 6. It was found
that in the 5 pg/kg group the absolute power of HF waves and LF
waves was significantly lower than in other groups. At the same
time, the power of VLF waves was higher than in the 50 and 500
ug/kg groups, but lower than in the control group. The distribu-
tion of frequency components within the groups also had statis-
tically significant differences: in the control and 5 ug/kg groups,
the initial gradation VLF>LF>HF was maintained, while in the 50
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Tabnuya 5 llokasamenu BCP nocne esederus AKTT, (1171 & uc-
cnedyembix epynnax (M+SD, n=12)

Table 5 HRV parameters after administration of ACTH6-9-PGP
in the study groups (M#SD, n=12)

Ipynnbi/Groups
KoHTponb 5 MKr/Kr 50 mKr/Kr 500 mKr/Kr p
Control 5 ug/kg 50 pug/kg 500 pg/kg
+
TP, mc? 55829.97+42311.92 ki 110333'::61;55669'0
! 2 176376.2+175876.8 T : p,>0.05 P>%. <0,05
TP, ms p,<0.05 e p,<0.05
P,<8- p,>0.05
HF, mc? 9875.1% 5991.40+ 7715.5% 7987.9% 5005
HF, ms? 8566.9 7325.69 6781.3 5568.8 !
LF, mc? 29379.2% 13890.76+ 15865.1+ 28784.7+ 5005
LF, ms? 26441.5 19879.37 22671.8 30590.8 !
73560.7£93934.5
89665.3+167253.9
2 +
VLF, Mc2 137122.04152541.7 35947.81+£27198.03 0.50.05 p,<0.05 <0,05
VLF, ms p,<0.05 1<0 05 p,<0.05
P,<0 p,>0.05
HF, % 7.817.6 12.1049.89 20.4+20.2 11.317.4 >0,05
LF, % 17.8+11.8 20.78+15.25 20.4+£12.1 25.4+13.8 >0,05
VLF, % 74.3117.8 67.12+21.93 59.2+29.1 63.3117.6 >0,05
LF/HF 3.8t2.4 2.35+1.39 2.0£2.1 3.5£3.1 >0,05
IC 36.6+39.0 18.651+23.84 16.8+26.2 16.9+18.8 >0,05

MpumeYaHma: p — CTaTUCTUYECKaA 3HAUMMOCTb Pa3/numii nokasaTenelt Mexay Bcemu rpynnamm (no KWT); post-hoc: p, — cTaTUCTMUeCKana 3HaYMMOCTb Pasanumii No cpas-
HEHMIO C KOHTPO/IbHOIA PYNMOW; P, — CTAaTUCTMYECKaA 3HAYMMOCTb MO CPABHEHMIO C FPYMNOiA, NOYYaBLIeH 5 MKI/KF; p, — CTaTUCTUYECKaA 3HAUYMMOCTb NO CPABHEHMIO C

rpynnoit, noayyastweit 50 MKr/kr (post-hoc no kputepuio AaHHa)

Notes: p — statistical significance of differences in indicators between all groups (according to KWT); post-hoc: p, — statistical significance of differences compared with the
control group; p, - statistical significance compared with the group receiving 5 pg/kg; p, — statistical significance compared with the group receiving 50 pg/kg (post-hoc

Dunn's test)

rpynne 5 MKr/Kr, uTo 06ecneynBaeT pe3UCTEHTHOCTb K MEHAIOLLMMCS
YCNOBUAM.

3HayeHua nokasaTteneit BCP nocne ymepeHHoOW ¢uanyeckon
Harpysku (3anucb 3) B uccnegyembix rpynnax npeacTaBieHsl B TabA.
6. YcTaHOBNEHO, YTO B rpynne 5 MKr/Kr abcontoTHas molHoCTb HF-
BOJIH M LF-BONIH 3HAUMTE/IbHO HUMKE, YeM B ApYruxX rpynnax. Mpu atom
MOLLHOCTb VLF-BOH Bbiwwe, Yem B rpynne 50 u 500 MKr/Kr, HO HUKe,
yem B rpynne KoHTponA. MpoueHTHOe pacnpefeneHne YacToTHbIX
KOMMNOHEHTOB BHYTPM FPYNN TaKXKe MMENO CTAaTUCTUYECKMU 3HAUM-
Mbl€ Pa3/MuMA: B rpynnax KOHTPOAA U 5 MKI/Kr coxpaHanacb ncxoa-
Has rpagauusa VLF>LF>HF, B To Bpems Kak B rpynne 50 MKr/Kr 6b110
ycTaHoB/eHo pacnpeaeneHue LF>VLF>HF, a 8 rpynne 500 MKr/kr —
LF>HF>VLF. CnegyeT oTMeTUTb, uTo IC B rpynne 5 mMKr/Kr 6bi1 Bbille,
yem B rpynnax 50 n 500 mKr/kr 8 5,8 u 7,3 pasa COOTBETCTBEHHO.
MonyyeHHble pe3y/bTaTbl NO3BOAAIOT NPEANONOKNTb, YTO NENTUA, B
Pa3HbIX 403aX BbI3blBAET aKTUBALMIO PA3/IMYHBIX MEXAHU3MOB Het-
pOrymopanbHoW peryaaumu. B yactHoctW, go3a 5 mkr/Kr crabuau-
3upyeT GYHKLMOHAbHOE COCTOAHME UCCAEAYEMbIX KMBOTHbIX Ha
MCXOAHOM YPOBHE W, HECMOTPA Ha BbINOJHEHWE WCCAeAYEMbIMU
YKMBOTHBIMW YMepPEHHOW GpU3NYECKON HarpysKu, OTMeYaeTca fOMM-
HUpYlOLLEEe BAUAHNE MEXaHM3MOB HAACErMeHTapHOM perynaummn u
LLeHTpanM3aLmMa ynpaBieHna cepaeuHbim puTMom. B gosax 50 1 500
MKI/Kr 3ddeKTbl NenTuaa MMetoT MeKay Coboi CXOAHbIN XapaKTep,
OLLHaKO MMEIOT PAJ, OTAIMYUIA OT Pe3ynbTaToB B FPYNNe KOHTPOAA U
5 MKI/KI, KOTOpble NPOABAAIOTCA B CUMMNATO-NapacMmnaTMyeckom
6anaHce BEretaTMBHOMN PeryiaUMn U akTUBHOCTU Nepudepuyecko-
ro KOHTypa perynauum Kapgumoputma. HeobxoaMmo OTMETUTb, YTO
£03bl 50 1 500 MKr/Kr pe3Ko NoBbILIatT OTHOCUTENbHYIO MOLLHOCTb
LF-BO/IH, XapaKTepusytowWwmx aKTMBHOCTb CMMMATUYECKOrO OTAena
BEreTaTMBHON HEPBHOW CUCTEMDbI.

AHanu3 BeAWYMHbl MokasaTenei BCP Ha nocnefHem 3Tane
uccnenoBaHua (3anuch 4) mexay rpynnamu no3BoanA YCTaHOBUTD,
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ug/kg group, the distribution LF>VLF>HF was established, and in
group 500 pg/kg it constituted LF>HF>VLF. It should be noted that
the IC in the 5 pg/kg group was 5.8 and 7.3 times higher than in
the 50 and 500 ug/kg groups, respectively. The results obtained
suggest that the peptide in different doses caused the activation
of various mechanisms of neurohumoral regulation. In particu-
lar, a dose of 5 pg/kg stabilized the functional condition of the
studied animals at the initial level and, despite the moderate
physical activity performed by the studied animals, the dominant
influence of suprasegmental regulation mechanisms and central-
ization of HR control were noted. At doses of 50 and 500 ug/kg,
the effects of the peptide were similar to each other, however,
they have a number of differences from the results in the control
group and 5 pg/kg groups, which were manifested by the sympa-
thetic-parasympathetic balance of autonomic regulation and the
activity of the peripheral contour of the HR regulation. It should
be noted that doses of 50 and 500 pg/kg sharply increased the
relative power of LF waves characterizing the activity of the sym-
pathetic nervous system.

An analysis of the HRV values at the last stage of the study
(record 4) between the groups made it possible to establish that
the 5 mcg/kg group was characterized by statistically significant
differences in the value of TP, HF (ms?), and LF (ms?) compared
with the control group, as well as LF (ms?) and LF/HF compared
to the 500 pg/kg group (Table 7). These features of HRV indi-
cators in the 5 pg/kg group once again proved a pronounced
adaptogenic effect and stability of the functional condition of
the animals. In the 50 pg/kg group, the minimum value of the
absolute power of the high frequencies of the spectrum was
noted, which indicated a reduced effect of parasympathetic reg-
ulation of the HR.
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Tabauya 6 lNokazamenu sapuabensHocMu pumma cepdya nocne Pu-
3uyeckoll Haepy3sKu 8 uccrnedyemsix epynnax (M+SD, n=12)

Table 6 Indicators of HRV after exercise in the study

groups (M+SD, n=12)

Nokasatenu Mpynnei/Groups
Indicators KoHTponb 5 MKr/Kr 50 mKr/Kr 500 mKr/Kr p
Control 5 ug/kg 50 pg/kg 500 ug/kg
TP, mc 203460.0+ 78556.20% 84936.5+ 87441.4+ 0.05
TP, ms? 269461.7 55124.0 41573.5 70704.2 :
+
HF, mc? 5779.05£3679.6 19743.5+6608.6 20134'161:5175.4
e 21057.1£15244.0 OOE307. p.>0.05 P> <0.05
HF, ms p,<0.05 008 p,<0.05
P2 p,>0.05
+
LF, mc? 13538.4+16507.2 CLERTTE 2R 42055&63:56 e
' Me 62836.2£62773.7 = : p.>0.05 P> <0.05
LF, ms p,<0.05 1<0 05 p,<0.05
P, p,>0.05
25251.6+27952.2
22855.4+15336.0
2 +
VLF, mc 119566.74210197.9  0238.74%44886.3 p.<0.05 p,<0.05 <0.05
VLF, Ms p,<0.05 008 p,<0.05
P,<C: p,>0.05
34.3+17.7
25.16.2
+
HF, % 14.849.4 13.6£13.2 p.<0.05 p,<0.05 <0.05
p,>0.05 Dy p,<0.05
P,<t p,>0.05
+
48.7+10.31 43.1£14.8
21.3+14.5 p.>0.05
LF, % 35.3+20.6 p.>0.05 1 <0.05
p,>0.05 Py p,<0.05
P,<%: p,>0.05
22.6¢16.3
26.2£9.6
+
VLF, % 49.9429.0 e 2k 0.<0.05 p,<0.05 <0.05
p.>0.05 1 p.<0.05
1 p,<0.05 2
p,>0.05
1,640,9
2,241,1 02,
+
LF/HF 2.5¢1.2 2.2+18 p.>0,05 P,<0,05 <0.05
p,>0.05 Coon p,>0,05
P> p,>0,05
2,6+1,5
3,30£1,4 P
+
Ic 17.1429.3 19.2£23.1 p.<0,05 P,<0,05 <0.05
p,>0.05 g p,<0,05
P,< p,>0,05

MprmeyaHna: p — CTaTUCTMYECKaA 3HAUYMMOCTb Pa3nimi NoKasaTenelt mexay Bcemu rpynnamm (no KWT); post-hoc: p, — cTaTMCTMYeCKana 3HaYUMOCTb Pasanymii No cpas-
HEHMIO C KOHTPO/IbHOI FPYNMONA; P, — MO CPaBHEHMIO rPYNMOA, NoAly4aBLUei 5 MKT/K; p,— N0 CpaBHeHMIO C rpynnol, nonyyasiueit 50 MKr/kr (post-hoc no kputepuio [aHHa)
Notes: p - statistical significance of differences in indicators between all groups (according to KWT); post-hoc: p, — statistical significance of differences compared with the
control group; p, — statistical significance compared with the group receiving 5 pg/kg; p, — statistical significance compared with the group receiving 50 pg/kg (post-hoc

Dunn's test)

yTo rpynna 5 MKI/Kr XapaKTepusyeTcs CTaTUCTUYECKU 3HAYMMbIMU
pasanumamu no seamumHe TP, HF (mc?) u LF (mc?) no cpaBHeHMIO C
rpynnoit KoHTpons, a Takxe LF (mc?) u LF/HF no cpasHeHuto ¢ rpyn-
noi 500 mKr/kr (tabn. 7). YKkasaHHble 0COBEHHOCTM MoKasaTtenei
BCP B rpynne 5 MKr/Kr B o4epefHOi pa3 40Ka3bIBaKOT BbIPaXKEHHbIN
afanToreHHbIn 3G EKT U cTabuNbHOCTb PYHKLMOHANBHOIO COCTOSA-
HUA UCNbITyeMbIX. B rpynne 50 MKr/Kr oTMeYeHO MUHUMANbHOE 3Ha-
yeHue abCcontoTHON MOLLLHOCTM BbICOKMX YacTOT CNEKTPa, YTO CBMAe-
TEeNbCTBYET O CHUXKEHHOM 3¢ deKTe NnapacumnaTyecKoi perynauum
cepaeyHoro puTma.

ApanToreHHbin 3QPeKT nentTuaa B BUAE aKTMBALUMM HaA-
CEermMmeHTapHbIX CTPYKTYP MONET ObiTb CBA3aH C aKTMBaLMEN B HUX
MCRs. U3BecTHO, 4To MC3R 3KCnpeccupytoTca B Kope, BEHTpOMeA M-
a/IbHbIX AApPaXx, MeauanbHON NPeonTUYECKOW 30HE rMnoTanamyca,
rMnnokamne, nepegHei muHganude [20, 21], a MC4R 6bin obHa-
PY!KEHbI B NapaBEHTPUKYAAPHBIX AApax runotanamyca [22]. Moatomy
AKTT, -NM, ansowmitca apmakopom MCRs, MOXeT U3MEHATb aK-

The adaptogenic effect of the peptide in the form of activa-
tion of suprasegmental structures might be associated with the
activation of MCRs in them. It is known that MC3Rs are expressed
in the cortex, ventromedial nuclei, medial preoptic zone of the
hypothalamus, hippocampus, and anterior amygdala [20, 21],
while MC4Rs were found in the paraventricular nuclei of the hy-
pothalamus [22]. Therefore, ACTH, ,-PGP, which is the pharmaco-
phore of MCRs, can change the activity of these brain structures
due to interaction with MC3R and MC4R.

The heterogeneity of the effects of ACTH_-PGP at different
doses used, in particular, activation of the hypothalamus-pitu-
itary-adrenal axis after administration of a dose of 5 pg/kg and
activation particularly of the autonomic nervous system at dos-
es of 50 and 500 pg/kg, is characteristic of regulatory peptides
[1]. Thus, it has been shown for melanocortins that signal trans-
mission from the MCR occurs due to interaction with adenylate
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Tabauya 7 Nokazamenu BCP e uccnedyembix 2pynnax nocse
15-MuHymHo2o omoeixa (M+SD, n=12)

Table 7 HRV indices in the studied groups after
15-minute rest (M+SD, n=12)

Ipynnbi/Groups
KoHTponb 5 MKr/Kr 50 mKr/Kr 500 mKr/Kr p
Control 5 ug/kg 50 pg/kg 500 ug/kg
296907.7+
99540.69+184857.7 479908.0
2 +
IE mz 203460.0+269461.7 66723'7265;: 62.37 p,<0.05 p,>0.05 <0.05
’ P,<5- p,>0.05 p,<0.05
p,<0.05
8783.0+8839.3
4451.39+2914.4
2 +
HF, mc 21057.1¢152440 ~ °132:00£2917.22 p,<0.05 p<0.05 <0.05
HF, ms p,<0.05 00 p,>0.05
P70 p,>0.05
+
LF, mc? 7394.494426436 0512051273843 29293'563;: 0
oM 62836.2462773.7 AIZALDR p.<0.05 P,>%. <0.05
LF, ms p,<0.05 1>0 05 p,<0.05
P75 p,>0.05
VLF, mc? 119566.7+ 53197.29+ 79777.26% 258831.0+ 20,05
VLF, ms? 210197.9 49036.40 156570.0 445729.3 :
HF, % 14.849.4 14.78+10.02 11.55+10.6 16.2419.1 >0.05
LF, % 35.3120.6 15.4649.67 18.9048.9 18.449.4 >0.05
VLF, % 49.9+29.0 69.76+18.38 69.54+17.9 65.4+25.3 >0.05
3.9+3.5
2.9243.1
+
LF/HF 2.5¢1.2 1.3520.73 p.>0.05 p,>0.05 <0.05
p,>0.05 1>0 05 p,<0.05
P> p,>0.05
IC 17.1429.3 11.92412.21 18.89+21.7 30.2429.7 >0.05

TprmeyaHua: p — CTaTUCTMYECKaA 3HAYUMOCTb Pa3Nnumii NoKasaTeneit Mexay Bcemu rpynnamu (no KWT); post-hoc: p, — cTaTUcTMyecKas 3HaYUMOCTb Pasanumii No cpas-
HEHMIO C KOHTPO/ILHO FPYNNOIA; P, — MO CPaBHEHMIO FPYNNONA, NONYYaBLUEi 5 MKI/KT; p, — MO CPaBHEHMIO C rpynnoit, noy4astweit 50 MKr/Kr (post-hoc no kpuTepuio [aHHa)
Notes: p - statistical significance of differences in indicators between all groups (according to KWT); post-hoc: p, — statistical significance of differences compared with the
control group; p, - statistical significance compared with the group receiving 5 ug/kg; p, — statistical significance compared with the group receiving 50 pg/kg (post-hoc

Dunn's test)

TUBHOCTb AaHHbIX CTPYKTYP MO3ra 3a CYET B3aumopaenctemna ¢ MC3R
n MC4R.

HeogHopoaHoctb apdektos AKTI, -MIM B pasHbIx WUCnonb-
30BaHHbIX A03aX, B YaCTHOCTW, aKTMBaLUMA rMNOTanamo-runodu-
3apHO-HAZAMOYEYHMKOBOW OCKU NPU BBEAEHWM B A03e 5 MKI/Kr u
aKTUBALMA TONbKO BEreTaTMBHOMN HEPBHOM cucTeMbl B Ao3ax 50 u
500 MKr/Kr, XapaKTepHO ANA PerynatopHbix nentuaos [1]. Tak, ana
MeNIaHOKOPTMHOB MOKa3aHo, YTto nepegadva curHana ¢ MCR ocy-
LLeCTBAAETCA 3@ CYET B3aMMOAEWCTBUA C aleHUNATLUMKIA30M U aK-
TMBaumMn UAMO®-curHanbHoro nytu [23]. OfHako nmyTM nepegayv
CUrHana MOTyT 3aBMCETb OT KOHLEHTPaL MK InraHaa u nepefasaTbea
C BK/IIOYEHMEM APYrUX CUCTEM BTOPUYHbIX MECCEHKEPOB, YTO MO-
KET OTpaXKaTbCA Ha HanpaBJEHHOCTU W BbipaKeHHOCTU 3 dEeKTOB.
Hanpumep, curHan ¢ MC3R moxeT nepenasatbca no GochonHosu-
TonbHOMY nyTH [24], a c curHan ¢ MC5R — ¢ yuyactuem Jak/STAT [25].

3AKNIOYEHUE

Takvm 06pa3om, NpoBeAEHHOE HaMM NUIOTHOE UCCefoBaHMe
a¢pdekros nentuaa AKTI, MM Ha BCP y kpbic Buctap nokasano, 4to
€ro OAHOKPaTHOE BHYTPUBPIOLWIMHHOE BBEAEHME B f03€ 5 MKI/Kr cno-
cobcTBYeT aganTaumm 1abopaTopHbIX HKMUBOTHBIX K YyMepeHHoW du-
3MYECKOWM Harpyske 3a CYET aKTUBALMM HaZICErMEHTAPHbBIX CTPYKTYP,
a B f03ax 50 1 500 MKr/KF — TOMbKO aKTMBALMK Nepudepryeckmx
OTAEeN0B CMMNATUYECKOM M NMapacMmnaTUyeckon cuctem. Pesynbra-
Tbl HacToOALLEN PabOTbl M AaHHbIE APYrUX UccnegoBaHuii adpdeKTos
N-koHUeBbIx aHanoros AKTI cBUAETENbCTBYHOT O NEPCNEeKTUBHOCTH
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cyclase and activation of the cAMP signaling pathway [23]. How-
ever, signal transduction pathways may depend on the concentra-
tion of the ligand and be transmitted with the inclusion of other
systems of second messengers, which may affect the direction
and severity of the effects. For example, the MC3R signal can
be transmitted via the phosphoinositol pathway [24], while the
MCSR signal can be transmitted via Jak/STAT [25].

CONCLUSION

Thus, our pilot study of the effects of the ACTH, ,-PGP pep-
tide on HRV in Wistar rats showed that its single intraperitoneal
administration at a dose of 5 pg/kg promotes the adaptation of
laboratory animals to moderate physical activity due to the acti-
vation of suprasegmental structures, while in doses of 50 pg/kg
and 500 pg/kg — activation of the peripheral parts of the sympa-
thetic and parasympathetic systems. The results of this work and
data from other studies of the effects of N-terminal ACTH analogs
indicate the prospects for further study of the effects of the pep-
tide on neurohumoral regulation in experimental animals. In ad-
dition, the heterogeneous results of this work indicate the need
to expand the study by increasing the number of animals and in-
vestigating, along with spectral characteristics, the statistical and
geometric indicators of HRV.
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JanbHeWwwero nsyyeHus sdpPeKToB NenTuaa Ha HEMPOryMopanbHyo
PEryNALMIO Y KCMEePUMEHTA/IbHBIX KMBOTHbIX. Kpome Toro, Heog-
HO3HaYHble pe3y/ibTaTbl UCCIEA0BAHUSA CBUAETENLCTBYIOT O HEObXO-
AMMOCTU PACLUMPEHNUs UCCNEA0BAHMA NYTEM YBEMUYEHUS BbIBGOPKU
JKMBOTHbIX M U3yYeHUs, HApALY CO CMEKTPaANbHbIMU XapaKTepuCTH-
KaMu, CTaTUCTUYECKMX U FEOMETPUYECKUX NOKasaTeneii BCP.
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