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Llenb uccneposanua: usydenne apdektos nentnga Met-Glu-His-Phe-Pro-Gly-Pro Ha BapuabenbHOCTb cepaedHoro putma (BCP) y Kpbic npu Kpat-
KOBpeMeHHOMN GpU3nYecKoii Harpyske.

Martepuan u meToabl: UCCNef0BAHME BbINMONHEHO HAa 24 Kpbicax Buctap. Mokasatenun BCP pernctpMpoBanvcb NpM nomoLLm Komnaekca «dusmnobent
2.5.1» (HeitpoboTukc, Poccusa). AHanns BCP npoBogucs no cnekTpasbHbiM nokasatenam: TP, HF (mc?, %), (mc2, %), VLF (mc?, %), LF/HF, IC. B uccnego-
BaHWM ncnonbsosaH Met-Glu-His-Phe-Pro-Gly-Pro, KoTopbii BBOAMACA BHYTPUBPIOWMHHO N1ab0paTOPHbLIM XMBOTHLIM B A03€ 450 MKI/Kr OAHOKPATHO
B 06bEMe 1 MKr/Kr. BbINOMHAAMCH YeTbipe 3anucy KapamocurHana: 1 — ans oueHKM MCXOAHOTO YPOoBHSA nokasateneit BCP; 2 —uepes 15 MuHyT, nocne
BBeAeHNA Met-Glu-His-Phe-Pro-Gly-Pro; 3 — nocne ¢usmueckoin Harpysku; 4 —nocne 15 MUHYT oTabiXa.

Pe3ynbraTbl: OLIEHKa MCXOAHOTO YPOBHA NokasaTenei BCP He BbIABMAA CTAaTUCTUYECKM 3HAUUMBIX PAsIMUNA MeXAY rpynnamu. MpoueHTHbIe nokasa-
Tenu cnekTpa B obeunx rpynnax — LF>VLF>HF, uto npesnonaraet npeobnasiaHue cMMNaTUYECKUX BAUAHUIA M HEPOryMOpa/ibHOM akTUBHOCTU Ha pery-
NALMIO CEPAEYHOrO PUTMA UCCAeAYEMbIX KUBOTHbIX. Mocne Gusnyeckoi Harpysku B rpynne KOHTPO/IA NpeBasMpoBasa CUMNATUKOTOHUS, a B rpynne
nentuaa — sarotonus (HF (%), LF (%), LF/HF). BeeaeHne Met-Glu-His-Phe-Pro-Gly-Pro oka3biBano BAMsiHME Ha BETETAaTUBHYIO PEryaALMIO OpraHu3ma,
MOBbILIAA aanTaLMOHHbIE BO3MOXHOCTU U YCTOMYMBOCTb OPraHU3ma K BHELHUM BO3AENCTBUAM B BUAE GU3NYECKON HarpysKu. BoccTaHOBUTE/IbHDI
NepUoA XapaKTepu30oBaCcA CTaTUCTUYECKM 3HAYMMbBIMM PA3IMunAMM B BeanumHe TP (mc?), HF (mc?), LF (mc?): B rpynne KOHTPOAs yKasaHHble napame-
Tpbl 6bIIM 3HAUUTENBHO BbILLE, YeM B rpynne ¢ BBeAeHeM NenTuaa. [JaHHbI GaKT CBUAETENbCTBYET O HAaNPAXKEHHOCTU aBTOHOMHOIO KOHTYpa 1 06 ak-
TUBALMMW HA,CETMEHTAPHOTO YPOBHA C BKAIOYEHWEM FMMOTaNamMyca B Peryaumio KapavopuTMa, a Takke 06 UCToLeHUN GYHKLMOHANbHbIX Pe3epBoB
OpraH13ma K1BOTHbIX B Fpynne KOHTPO/IA. B TO e Bpems, }KMBOTHbIE B rpynne ¢ BBeAeHWEM NenTuaa npebbiBasn B UCXOAHO CTabUIbHOM COCTOAHUM
NoKoA 6e3 HaNpAXKEHUsA PErYAATOPHbIX MEXaHU3MOB CUHOATPMAIbHOTO Y3/1a U NPU BereTaTuBHOM banaHce.

3aknioueHue: nposeséHHoe uccnesosanne sdpdektos nentuaa Met-Glu-His-Phe-Pro-Gly-Pro Ha BCP y kpbic Buctap nokasano, 4to oH obnagaet
afanToreHHbIM agdpekTom B Ao3e 450 MKI/Kr Macchl Tena npu GU3MYECKON HarpysKe 3a CYET BAWAHMA HA LEHTPANbHbIA M aBTOHOMHbIM KOHTYpbI
ynpaBneHnsa KapauopuUTMOM.

Kniouesble cnoBa: Met-Glu-His-Phe-Pro-Gly-Pro, AKTI4-7-Pro-Gly-Pro, sapuabensHocmb cepde4HO20 pumma, CreKkmpasbHele Mnokasamenu,
husuYeckaa Hazpy3Ka, Kpsicsl Bucmap.
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Objective: To investigate the effects of the Met-Glu-His-Phe-Pro-Gly-Pro peptide, also known as Semax, on heart rate variability (HRV) in Wistar rats
during short-term physical activity.

Methods: The study was conducted on 24 Wistar rats. HRV was recorded using the Physiobelt 2.5.1 (Neurobotics, Moscow, Russia). The HRV frequency-
domain analysis included several components: Total Power (TP), High Frequency (HF), and Very Low Frequency (VLF), all expressed in absolute power
units (milliseconds squared, ms?) and as percentages (%) of total power. Furthermore, the Low Frequency to High Frequency (LF/HF) ratio and the
Index of Complexity (IC) were calculated as unitless measures. Semax was administered intraperitoneally to the laboratory animals at a single dose of
450 ug/kg/day. Four recordings of the cardiac signal were made: the first to assess baseline levels of HRV components; the second, 15 minutes after
administering Semax; the third, after physical exertion; and the fourth, after 15 minutes of rest.

Results: Baseline HRV parameters did not differ significantly between groups. The percentage spectrum values for both groups showed a pattern of
LF>VLF>HF, indicating a predominance of sympathetic nervous system and associated neurohumoral activity in regulating the heart rate of the studied
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animals. After exercise, the control group exhibited sympathicotonia, while the Semax group showed vagotonia (as evidenced by HF (%), LF (%), and
the LF/HF ratio). The administration of Semax influenced autonomic regulation, enhancing adaptive capacity and resistance to external stressors,
such as exercise. During the recovery period, there were statistically significant differences in TP (ms?), HF (ms?), and LF (ms?). These parameters
were significantly higher in the control group than in the Semax group. This finding suggests tension in the autonomic circuit and activation at the
suprasegmental level, implicating the hypothalamus in the regulation of cardiac rhythm. Additionally, it indicates a depletion of functional reserves
in the control animals. In contrast, the animals that received Semax injections maintained a stable resting state, showed no tension in the regulatory
mechanisms of the sinoatrial node, and achieved autonomic balance.

Conclusion: The study on the effects of Semax on HRV in Wistar rats demonstrated that it has an adaptogenic, or "optimizing", effect on HRV at a dose
of 450 pg/kg body weight during physical activity. This effect is attributed to the Semax influence on the central and autonomic circuits that regulate
heart rhythm.

Keywords: Met-Glu-His-Phe-Pro-Gly-Pro, ACTH4-7Pro-Gly-Pro, heart rate variability, spectral parameters, physical activity, Wistar rats.
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BBEAEHME

B HacToslee Bpemsa peryiaTopHble MenTuapl paccMaTpuyBa-
I0TCA KaK KNacc MOIEKYA C BbICOKOW BMONOrMYECKO aKTUBHOCTbIO B
OTHOLLEHMM BCEX PETYNATOPHbIX CUCTem opraHm3ma [1]. K ux uncny
OTHOCATCA MENaHOKOPTUHLI, obnadatowye nonndyHKLMOHaNbHO-
CTblO U LUIMPOKMM CMEKTPOM GU3MON0rMYecknx 3dpeKToB, KoTopble
peanusyroTca yepes NATb TUMNOB crneunduyecknx MenaHoKOPTUHO-
BbIX PELLENTOPOB, JIOKAZIM30BAHHbIX BO MHOTUX TKaHAX M OpraHax
[2, 3]. JaHHOE 0B6CTOATENLCTBO MOCAYXKMAO OCHOBAHWEM ANA pPas-
paboTKK Ha X ocHoBe hapMaKoIorMYecKnxX NpPenapaTos, B YacTHO-
CTW, CeMakca. [eicTBytoLLeil OCHOBOM AaHHOroO npenapara ABAseT-
cA nentug Met-Glu-His-Phe-Pro-Gly-Pro (AKT4-7-MrM) (cemakc),
KOTOpbIM BKAtOYaeT B ceba nenTuaHyo nociaenosatenbHocTb Met-
Glu-His-Phe, cootBetcTBytowyto ydacTKy AKTT oT 4 o 7 aMUHOKMC-
JIOTHOTO OCTaTKOB, 3alWMLEHHYIO OT AeUCTBMA KapboKkcunenTtuaas ¢
NOMOLLbIO NpUcoeanHeHnsa K eé C-KoHLy raunponnHa Pro-Gly-Pro
(Mrn) [4]. YcTaHOBNEHO, YTO CEMAKC OKa3bIBaET BAMSAHMNE Ha YPOBEHb
TPEBOXHOCTU, AENPeccuun, KOTHUTUBHYIO aKTUBHOCTb M 60/1eByi0
YYBCTBMTENIbHOCTb, @ TaKXe MOBbIWAET aAanTaLMOHHbIE BO3MOM-
HOCTM KaK NpUW OAHOKPATHOM, TaK U NPU KypcoBOM BBeAeHUM [5-7].
TakKe cemakc 061a4aeT CTPECC-TMMUTUPYIOLMUM 3GHEKTOM: B yCI0-
BMAX OCTPOrO M XPOHMYECKOTo CTPECCOPHOro BO3AEWCTBMA NenTug
OKa3blBa/l aHKCMONIMTUYECKOE M aHTUAEenpeccaHTHoe aeicTeme [8].

CnesyeT OTMETWUTb, YTO MENTWUA, OKasbiBaeT MpPOTEKTOpHOe
[AeNCTBME Ha HEMPOHbI U KapAMOMMOLMTBI B YCIOBUAX Mwemuu [9].
Kpome TOro, cemaKkc BAMAET Ha BEretaTUBHYIO perynsaumio y nabo-
PaTOPHbIX }KMBOTHbIX, 0CNAbNAA AENCTBME CUMNATUYECKON HEPBHOW
CUCTEMbI Ha Perynaumio CepaeyHoro putma B ycaosusax nokos [10].
BakHbIM Bronornyeckum adPpeKkTom nenTuaa ABAAETCA ero aganTo-
reHHoe geicteue [11], mexaHU3Mbl KOTOPOro B HacTosllee Bpems
OCTaloTCA A0 KOHLA He M3ydeHHbIMM. [pn 3TOM OLeHKa MokasaTe-
Nei BapuabenbHoCcTU cepaeyHoro putma (BPC) no3sosiseT npoBectu
KOMM/IEKCHbIM aHa/NN3 COOTHOLWEHMA aKTUBHOCTU LEHTPANbHOMO U
aBTOHOMHOTO YPOBHEN YNPaBAeHNsA CEPAEYHOrO PUTMA, aKTUBHOCTK
BEreTaTUBHOW U TYMOPa/bHOW PErynsaTOpHbIX CUCTEM OpraHU3ma.
Moatomy nccnegosaHme BPC moxKeT cnocobCTBOBaTL BbIACHEHMIO
MEXaHM3MOB BAWAHWA AAHHOrO NenTMAa Ha NPOLLEecchl aganTaLumn.

LLENb UCCNEAOBAHMA

M3yyeHue apdekTos nentnga Met-Glu-His-Phe-Pro-Gly-Pro Ha
BPC y KpbIC Npu KPaTKOBPEMEHHOM GU3MYECKOM Harpyske.
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INTRODUCTION

Regulatory peptides are currently recognized as a class of
molecules that exhibit significant biological activity across all reg-
ulatory systems of the body [1]. Melanocortins are polyfunctional
and have a wide range of physiological effects, mediated by five
specific melanocortin receptor subtypes (MC1R-MC5R) distribut-
ed across various tissues and organs [2, 3]. This led to the devel-
opment of pharmacological drugs, particularly Semax, which is
used in Russia and Eastern Europe primarily for its nootropic and
neuroprotective effects. The active ingredient in this medication
is the heptapeptide with the sequence Met-Glu-His-Phe-Pro-Gly-
Pro (MEHFPGP). It is a synthetic analogue of the adrenocortico-
tropic hormone (ACTH) fragment ACTH (4-10). The amino acid se-
guence Met-Glu-His-Phe in Semax corresponds to the 4-7 region
of ACTH. Its C-terminus is protected from rapid degradation by
carboxypeptidase activity through the addition of the tripeptide
Pro-Gly-Pro (PGP) [4]. Semax has been shown to affect anxiety,
depression, cognitive function, and pain sensitivity, while also en-
hancing adaptive capacity with both single and repeated adminis-
tration [5-7]. Semax also has a stress-limiting effect; under acute
and chronic stress conditions, the peptide exhibits anxiolytic and
antidepressant effects [8].

It should be noted that the peptide protects neurons and
cardiomyocytes under ischemic conditions [9]. Additionally, Se-
max influences autonomic regulation in laboratory animals by re-
ducing the sympathetic nervous system's effect on heart rate reg-
ulation at rest [10]. An essential biological effect of the peptide
is its adaptogenic effect [11], although the specific mechanisms
underlying this effect are not yet fully understood. Additionally,
assessing HRV indices provides a comprehensive analysis of the
relationships between the central and autonomic levels of heart
rate control, as well as the activity of the autonomic and humoral
regulatory systems. Therefore, studying HRV may help clarify how
this peptide influences adaptation processes.

PURPOSE OF THE STUDY

Study of the effects of Semax on HRV in rats during short-
term physical activity.

METHODS

The study was conducted at the Research Institute of Gen-
eral Pathology at Kursk State Medical University, Kursk, Russia.
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MATEPUAN U METOAbI

MccnepoBaHune nposoamnock Ha 6ase HUW obuwelt natonorum
Kypckoro rocyfapctBeHHOro MeAMLMHCKOTO YHUBepcUTeTa. Kcne-
PUMEHTBbI BbINOHEHbI Ha 24 Kpbicax BucTap (12 camwuos 1 12 camok)
maccoi 250-300 r B Bo3pacTe 5-6 mecaueB. HNBOTHble COLEPHKANNCD
B MJIACTMKOBbLIX KAETKax Npu TemnepaType Bo3ayxa 22+2°C, ceeTo-
BOM pexkunme 12 yacos — cBeT, 12 yacos — TeMHOTa €O cBOHOAHbIM
[JOCTYNOM K rpaHyIMpoOBaHHOMY KOPMY M BoAe. B Kaxaoi KneTke
66110 no 4-5 ogHononbix ocobeir. Bce skcnepuMMeHTbI BbINONHANNCD
B COOTBETCTBUM C HaumoHanbHbim cTaHaaptom PO FOCT P-53434-
2009 «MpuHUMNbI Hag/exalen NabopaTopHoi NpakTUku», Mpu-
Kazom MuH3gpasa PO ot 01.04.2016 r. Ne 199H «O6 yTBepKAeHUU
npaBWA Hagnexallel 1abopaTopHOM NpPaKTMKM» U EBponeiickoit
KoHBeHUuM Directive 2010/63/EU of 22 September 2010 [12] u
6biM 0806peHbl PerMoHasbHbIM 3TUYECKUM KOMUTETOM Npu Kyp-
CKOM rocyapCcTBEHHOM MeAMLMHCKOM YHUBepcuTeTe npotokon Ne
107117.02.2022 .

Bnuanue nentmga Ha cOCTOAHME PEryNATOPHbLIX MeXaHU3MOB
cepAeyHoro puTMma oueH1Banu no guHamuke BCP ero nokasatenei,
PEerucTpuMpyembIx AUCTaHLMOHHO B YCI0BUAX CBOOOAHOrO nosese-
HUA KMBOTHOTO C NMOMOLLbIO HecnpoBoAHON cuctembl «dusmnobent
2.7.1» (HeiipoboTukc, Poccums). Ana afantaumm KMBOTHOTO K yCIO-
BUSAIM 3KCMIEPMMEHTA 0 Ero Ha4asa Kpbicam NPOBOAUANCH NPOBHbIE
3anncu 4ANTeNbHOCTbIO 5 MUHYT 3 pasa B Heaento. AHanuns BCP npo-
BOAM/CA NO CNEeKTPasbHbIM NOKa3aTenam, ONMcaHHbIM HaMK paHee
[13].

B uccnepgosaHumn ucnonb3osancs nentua AKTI4-7-0rN (ce-
MaKc), cuHTe3npoBaHHbIM B HULL «KypuyaToBCKuiA MHCTUTYT». Me-
pes, MCNonb3oBaHMEM MEenTug, pacTeopanca B GU3MONOTUYECKOM
pactBope (KOHUeHTpauusa cocTasnsana 450 mMKr/mn) M BBOAMACA
BHYTPMBPIOWMHHO N1abopPaTOPHbLIM KMBOTHLIM B f03e 450 MKr/Kr
O[HOKPaTHO B 06bEMe 1 MJI/Kr MacCbl Te/la }KUBOTHOrO. MKUBOTHBIM
KOHTPO/IbHOM rpynnbl BBOAUACA GU3NONOTUYECKMNIA PAcTBOP B IKBU-
Ba/IEHTHOM ObBEME.

Kaxaana noaonbiTHaA rpynna MBOTHbIX BK/AOYaNa 6 camLoB U
6 camok. Mepes HayanOM IKCNEepUMEHTa CPaBHUBANUCL NOKasaTenu
BCP y camuoB 1 camok. o pe3synbraTam nepmyTaLMOHHOMO MHOTO-
dakTopHOro aucnepcmoHHoro aHanusa (ANOVA) 3HauMmbIx pasiun-
YU MeXay rpynnamu BbiABAEHO He 6blno — nceno-F1,78=1,1121,
p=0,312. Pe3ynbTaTthl aHanM3a (puc. 1) BU3yanm3mMpoBaHbl ¢ Nnpume-
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Experiments involved 24 Wistar rats (12 males and 12 females)
weighing 250-300 g and aged 5-6 months. The animals were
housed in plastic cages at 22+2°C with a 12-hour light/dark cycle,
with free access to pelleted food and water. Each cage contained
4-5 same-sex rats. All procedures adhered to the Russian Feder-
ation's GOST R-53434-2009 "Principles of Good Laboratory Prac-
tice", the Ministry of Health's order from 01.04.2016 No. 199n
titled "On approval of the rules of good laboratory practice", and
the European Convention Directive 2010/63/EU of September 22,
2010 [12]. The experiments received approval from the Regional
Ethics Committee at Kursk State Medical University (protocol No.
1, dated 17.02.2022).

The Semax effect on heart rate regulatory mechanisms
was assessed by analyzing the dynamics of HRV parameters re-
corded remotely during free-roaming conditions using the Phys-
iobelt 2.7.1 wireless system (Neurobotics, Moscow, Russia). To
acclimate the animals to the experimental conditions before the
start of the experiment, the rats were given 5-minute trial record-
ings times a week. HRV analysis was performed using the spectral
indicators as described previously [13].

The study used the ACTH 4-7-PGP peptide, known as Semax,
synthesized at the Institute of Molecular Genetics (IMG) of the
Russian Academy of Sciences, which is affiliated with the Nation-
al Research Centre Kurchatov Institute. Prior to use, the peptide
was dissolved in saline (at a concentration of 450 pg/ml) and
administered intraperitoneally to laboratory animals as a single
dose of 450 pg/kg at the rate of 1 ml per 1 kg of body weight.
The control animals were injected with the equivalent volumes of
normal saline.

Each experimental group of animals included six males and
six females. Before the experiment, HRV parameters were com-
pared between males and females. A permutational multivariate
analysis of variance (ANOVA) revealed no significant differences
between the groups (pseudo-F=1.78, p=0.312). The analysis re-
sults (Fig. 1) were visualized using principal component analysis
(PCA). These results are consistent with our previous data on Wis-
tar rats and allowed us to form mixed groups of equal numbers of
both sexes.

The experiments were conducted during the daytime, spe-
cifically from 9:00 a.m. to 2:00 p.m. The experimental design con-
sisted of four stages:

Puc. 1 CpasHeHue nokazameneli BCP camok u camyos Kpsic Bucmap
(npumeHéH memoo 2nasHbix KomnoHeHm). TK1/PC1 — nepeas anas-
Hasa komnoHeHma, TK2/PC2 — emopas 2nasHas KOMnNoHeHma

Fig. 1 PCA scatterplot of the HRV parameters in female and

male Wistar rats defined by the 1st and 2nd PCs. PSA — principal
component analysis, PC1 — the first principal component, and PC2 —
the second principal component

Mon/Sex
Cameu/Male
:J CamkaFemale
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HEeHMEM METOZaA rNaBHbIX KOMNOHEHT (PCA). MonyyeHHble pesynbTa-
Tbl COMNACYIOTCA C NOAYYEHHbIMW HaMM paHee AaHHbIMM Ha Kpblcax
BucTap v no3sonnau chopmnpoBaTb CMELLAHHbIe rPynmbl, BKAKOYA-
folye B cebs 0aMHAKOBOE KOIMYECTBO KPbIC 060€Ero nona.

JKCnepuMeHTbI BbINOAHAANCL B AHEeBHOe Bpems, ¢ 9 a0 14 ya-
coB. [ln3altH aKkcnepumeHTa npegnonaran 4 stana:

1 —3anucb IKI-curHana ana oLEHKN UCXOAHOrO YPOBHA NOKa-
3aTenek BCP;

2 —3anucb SKI-curHana yepes 15 muHyT, nocne sBeeseHma AK-
Tr4-7-0rn;

3 —3anucb 3KT-curHana nocne GU3NYECKOM HarpysKku;

4 —3anuck SKI-curHana nocne 15 MyuHyT oTAbIXa.

NepBas 3anucb (3anucb 1) KapaMocUrHana HauMHanacb nocne
15 MUHYTHOW aganTaumm Kpbicbl K ycTpoiicTBy «Pusmobent» B ycno-
BMAX YMCTOW NYCTOM NAACTUKOBOW KNETKWU aHaNOMMYHOM TOW, B KOTO-
POV UCXOLHO COAEPHKANUCH KUBOTHblE. [lanee KUBOTHOMY BHYTPU-
6PIOWMHHO BBOAMACA NenTuA/dU3MON0TMYECKHMiA pacTBoOp, U Yepes
15 MMHYT NpoBoAMAAach 3aMuCb KapauocurHana (3anucb 2). 3atem
Kpbice faBanacb Gpu3Myeckan Harpyska, KoTopas co3fasanacb C no-
MOLLbIO ABYXMUHYTHOTO 6era Ha Tpeamune (Treadmill LE8710, PanLab
Harvard Apparatus, Barcelona, Spain) co ckopocTbto 15 M/MUH, yron
HaK/MoHa beroBolt AopoKKM cocTaBun 15°. Cpasy nocne 3aBeplueHus
6era peructpuposanca IKI-curHan }KMBOTHOIO (3anuchb 3), KUBOTHOE
BO3BPALLANOCh B K/ETKY, B KOTOPOI OHO BOCCTaHaB/IMBAIOCh, U Yepes
15 MUHYT OTAbIXa BbINONHANACH YETBEPTAA 3aNUCh (3anuck 4).

CraTucTMyeckas 0bpaboTka pesy/nbTaToB NpoBoAMAach C MUC-
Nno/b30BaHWeM A3blka NporpammupoBanna R v.4.1.0 (R Core Team,
2021; Vienna, Austria, 2021) B MHTErpupoBaHHoOW cpese pa3paboT-
ku RStudio Desktop v. 1.4.1717 (Posit Software; PBC: Boston, MA,
USA). ns ynobcTBa BOCMPUATMA MacCcMBa AaHHbIX NOMYYEHHble
pe3ynbTaTbl NPeACTaBAEHbI B BUAE MefWaHbl, HUXKHErO U BEPXHEro
kBaptunei (Me [Q1; Q3]). CtaTucTMYecKas 3HAYMMOCTb PA3NUYMIA
onpeaensanack ¢ nomowbto U-Kputepus MaHHa-YUTHYM (415 Henap-
HbIX BbIOOPOK) U KpuTepua dpuamaHa ¢ anoCTePUOPHLIMK CpaBHe-
HUAMM Mo KpuTeputo KoHoBepa (419 napHbIX BbIGOPOK). Pasnnuums
CYUTANIUCH CTATUCTUYECKM 3HAYMMbIMK nNpum p<0,05.

PE3YNIbTATbl U UX OBCYXXAEHUE

OLEHKa MCXOAHOTO YPOBHA NokasaTeneit BCP B KOHTPObHOW 1
NOAONbITHOW rPyNMax He BbiABMUIA CTAaTUCTUYECKM 3HAUMMbIX Pa3nu-
ynii (Tabn.). MpoueHTHbIe NOKa3aTenn cnexkTpa B obeunx rpynnax ume-
N ogMHakoBoe cooTHoweHwue: LF>VLF>HF, uto npegnonaraeT npeob-
NafaHue CMMNATUYECKUX BANAHWUI 1 HeMpPOrymopaibHOM aKTUBHOCTM
Ha perynauuio CepAeYHOro PUTMa UCCAEAYEMbIX MUBOTHbIX.

B KOHTPO/IbHOM rpynne Ha GOHe MHBEKLMM BbIN0 3apernucTpu-
POBaHO CTaTUCTUYECKM 3HAYMMOE yBennyeHue B 2,1 pasa nokasare-
na HF (mc?) u B 1,6 pasa LF (mc?), B To Bpems Kak B rpynne nentuaa
yBeNMYeHMe AaHHbIX NoKasaTtenel 6b110 8 1,3 1 1,8 pasa, o4HaKO Mx
Pa3nnumnA He SOCTUTANN CTaTUCTUYECKM 3HAYMMOTO YPOBHSA. B TO e
BPEMS HeobXOAMMO OTMETUTb, YTO MOC/IE MHBEKLIMK B rpymnmne KoH-
Tpons BeanunHa TP (mc?) u LF (mc?) 6bina Bbilwe, Yem B rpynne nentu-
Ja (B 3,6 pasa 1 5 pa3 cooTBeTcTBEHHO, p<0,05). MOA06HbI 3dPeKT
B OTHOLLUEHWM BETeTaTUBHOMN PEerynauum MOMXKET UMETb B CBOEW OC-
HoBe 60o/1ee BbICOKYIO MOBUAM3ALIMIO 3aLUUTHO-NPUCNOCOBUTENbHBIX
peaKkuuit B rpynne KOHTPOAA, YTO NOATBEPXKAAETCA OTHOCUTENbHO
BbICOKMMM 3HAYEHUAMM abCONIOTHBIX MOKa3aTesnei cnexkTpa B nep-
BOM 3anucu [14]. B rpynne ¢ BBegeHMEM NenTuaa 0TMeYanoch yme-
peHHOe YBenMYyeHWEe aKTMBHOCTU HEeMpOrymopanbHON perynsauuu,
noareepxaaemoe poctom VLF (%) Ha 9% (p<0,05) mexay nepsbim v
BTOPbIM 3Tanamu UCCAeA0BaHUA.
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1. Recording the ECG signal to assess the baseline level of
HRV indicators.

2. Recording the ECG signal 15 minutes after the administra-
tion of Semax.

3. Recording the ECG signal following physical activity.

4. Recording the ECG signal after a 15-minute rest period.

The baseline ECG recording (recording 1) began after the
rats had become accustomed to the Physiobelt device for 15
minutes in a clean, empty plastic cage, which resembled their
original environment. Each rat was then administered a pep-
tide/saline solution via intraperitoneal injection, followed by a
post-injection ECG recording (recording 2) after another 15 min-
utes. Next, the rats underwent 2 minutes of treadmill exercise
on the Treadmill Control LE8710 (PanLab Harvard Apparatus,
Barcelona, Spain) at 15 m/min and a 15° incline. Immediately
after the exercise, the post-exercise ECG recording (recording 3)
was performed. The rats were then returned to their recovery
cage, and a post-recovery ECG (recording 4) was recorded after
a 15-minute rest.

Statistical analyses were conducted using the R program-
ming language and software environment v. 4.1.0 (R Core Team,
2021; Vienna, Austria, 2021) in RStudio Desktop v. 1.4.1717 (Posit
Software; PBC: Boston, MA, USA). For better clarity of the data,
the results are presented as the median along with the lower
and upper quartiles (Me [Q1; Q3]). The statistical significance of
differences was assessed using the Mann-Whitney U test for un-
paired samples and the Friedman test with post-hoc comparisons
performed using the Conover test for paired samples. Differences
were considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

An evaluation of the baseline hrv parameters in both the
control and experimental groups showed no statistically signif-
icant differences (see Table). The frequency-spectrum percent-
ages in both groups followed the same order: LF>VLF>HF. This
observation indicates a predominance of sympathetic influences
and neurohumoral activity in regulating the heart rate of the an-
imals studied.

In the control group, following the injection, there was a sta-
tistically significant increase in HF power by 2.1 times and LF pow-
er by 1.6 times. In contrast, the Semax group showed increases
of 1.3 times for HF and 1.8 times for LF, but these differences did
not reach statistical significance. Notably, after the injection, the
TP and LF values in the control group were higher than those in
the Semax group, by 3.6 times and 5 times, respectively (p<0.05).
This difference in autonomic regulation may be attributed to a
greater mobilization of protective and adaptive responses in the
control group, as indicated by the relatively high absolute spec-
trum indices recorded initially. [14]. In the Semax group, a mod-
erate increase in neurohumoral regulation activity was observed,
as indicated by a 9% increase in VLF percentage (p<0.05) between
the first and second stages of the study.

After a 3-minute treadmill run (recording 3), the study re-
vealed contrasting changes in the balance of sympathetic and para-
sympathetic influences between the groups. In the control group,
sympathicotonia was observed, whereas the Semax group exhib-
ited vagotonia, as evidenced by measurements of HF, LF, and the
LF/HF ratio. In the control group, following physical activity, LF was
greater than HF, confirming the predominance of energy-deplet-
ing processes and indicating that the body is in an adaptive state
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Table Frequency domain HRV parameters of the
studied groups, Me [Q1; Q3] (n=12)

Taba. lNokazamenu BCP uccnedyemeix epynn, Me [Q1; Q3] (n=12)

MNoka3satenu Tpynnbi 3anucu/Recordings FT
Parameter Groups 1 2 3 4
KoHTponb 9452.7 58022.6 11948.2 59209.2 50.05
— Control [3337.5; 15671.1] [40003.5; 69753.0] [9561.6; 39246.7] [37558.3; 69457.3]
TPI ms? MenTng, 4925.4 11416.6 6415.4 8998.2 50.05
! Semax [3878.2;9202.1] [7741.9; 21296.3] [3538.0; 15182.4] [6702.0; 26614.7]
puU >0.05 =0.0021 >0.05 =0.0011
KoHTponb 1324.1 9518.2 2415.3 8887.0 <0.05
Control [702.0; 4474.7] [3452.4; 16970.7] [1256.5; 9371.3] [5134.3; 23311.0]
p,<0.05 p,>0.05 p,<0.05
HF, mc? p,>0.05 p,>0.05
HF, ms? p,>0.05
MenTug, 2421.4 2144.4 1659.9 2680.8 >0.05
Semax [2240.0; 3516.1] [2054.5; 2363.8] [1378.1; 1813.6] [1808.0; 4036.4]
puU >0.05 >0.05 >0.05 =0.0401
KoHTposnb 4688.2 21950.5 4287.5 31670.8 <0.05
Control [1729.8; 9319.6] [14400.9; 37121.0] [3602.5; 20743.0] [17966.6; 42607.1]
p,<0.05 p,>0.05 p,<0.05
LF, mc? p,>0.05 p,>0.05
LF, ms? p,>0.05
MenTug, 1686.2 32141 2418.7 3327.0 >0.05
Semax [955.1; 3523.2] [2466.7; 5699.0] [1208.6; 5018.3] [2028.6; 9857.9]
pU >0.05 >0.05 >0.05 =0.0016
KoHTponb 1550.0 13801.0 3886.0 8228.8 >0.05
VLE mc2 Control [809.0; 3505.6] [4672.2; 25351.2] [1936.7; 13461.4] [3189.1; 12459.6]
VLF’ ms? MenTua, 903.7 4945.2 2183.1 3044.2 >0.05
! Semax [553.1; 1276.8] [2462.3; 14226.9] [951.4; 7219.7] [1277.0; 9571.0]
puU >0.05 >0.05 >0.05 >0.05
KoHTposb 20.6 19.3 22.5 21.7 >0.05
Control [10.2; 43.0] [12.0; 28.3] [15.9; 41.2] [8.2;34.6]
HF% Mentug, 51.8 18.8 30.3 23.6 >0.05
Semax [39.7; 60.8] [11.9; 24.5] [18.1; 38.6] [15.0; 39.6]
puU >0.05 >0.05 =0.0208 >0.05
KoHTponb 48.55 48.1 40.3 56.5 >0.05
Control [39.0; 60.9] [35.8; 60.9] [27.8; 55.6] [49.1; 72.1]
LF% MenTng, 30.2 34.7 334 38.4 >0.05
Semax [28.1; 41.9] [21.7; 49.7] [31.9; 36.4] [28.8; 47.0]
puU >0.05 >0.05 =0.0163 >0.05
KoHTponb 20.3 22.7 20.3 15.5 >0.05
Control [15.0; 29.7] [17.9; 40.9] [12.3; 45.0] [8.1; 23.0]
MenTug, 14.7 46.7 35.4 33.0 <0.05
VLE% Semax [9.2;26.2] [26.8; 60.8] [24.8; 48.7] [16.9;48.5]
p,<0.05 p,<0.05 p,>0.05
p,>0.05 p,>0.05
p,>0.05
puU >0.05 >0.05 >0.05 >0.05
KoHTponb 3.0 2.4 2.4 3.2 >0.05
Control [0.9; 5.5] [1.5;6.1] [1.0; 2.9] [1.6;7.4]
LF/HF MNentug, 0.6 1.6 1.1 13 >0.05
Semax [0.5; 0.9] [1.1;2.7] [0.8; 2.6] [1.0; 3.3]
puU >0.05 >0.05 =0.0304 >0.05
KoHTponb 4.0 3.4 4.0 5.9 >0.05
Control [2.4;5.7] [1.4;4.7] [1.4;7.3] [3.3;12.6]
IC MenTug, 5.9 1.1 1.9 2.0 >0.05
Semax [2.9; 10.5] [0.6; 2.8] [1.1;3.1] [1.1;5.7]
pU >0.05 >0.05 >0.05 >0.05

Npumeyarus: pU — AOCTUTHYTBIN ypOBEHb 3HAYMMOCTM PA3ANUMIA MOKa3aTenei mexay rpynnamm «KoHTposb» 1 «Mentuay (no U-kputepuio MaHHa-YuTHu); FT - cTatuctu-
YecKas 3HaYMMOCTb Pa3/IMuKiA NOKasaTenei Mexay Bcemu 3anucamu (no Kputepuio ®puamana); post-hoc (no kputepuio KoHoBepa): pr — AOCTUMHYTBIN YPOBEHb 3HAUMMO-
CTU Pa3anymii NO CPABHEHMIO C 3aMUCHIO 1; P2 — NO CPaBHEHUIO C 3ANMUCbIO 2; Ps — MO CPABHEHMIO C 3anMCbio 3

Notes: pU — statistically significant differences between the control and Semax groups (Whitney U-test); FT — statistically significant differences between all recordings
(Friedman test); post-hoc (Conover test): pi: — statistically significant differences compared to recording 1; p. — compared to recording 2; ps — compared to recording 3
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Mocne ¢ur3nyecKoin Harpysku B BUAe 3-MMHYTHOro bera Ha
Tpeamuie (3anuch 3) B McCaesyeMbIX rpynnax yCTaHOBAEHbI NPOTU-
BOMO/IOXKHblE U3MeHEHUA B BasaHce CMMNATUYECKMX M NapacMmna-
TUYECKUX BAMAHWIA: B Tpynne KOHTPOAA NpeBasMpoBana CUMNATH-
KOTOHUA, @ B rpynne nentuaa — sarotonus (HF (%), LF (%), LF/HF).
B rpynne KoHTponsa nocne ¢usmyeckon Harpysku LF>HF, yto nog-
TBep¥aaeT npeobnagaHue NPOLECCOB UCTOLLEHUA SHEPreTUYECcKo-
ro MOTEHLMaNA U HAXOXKAEHUA OpraHM3ma B COCTOAHWUM adanTauuu
K MCNoNb30BaHHOM B paboTe ¢usmueckoit Harpyske [15]. B rpynne
nentuga nocne ¢usnyeckoi Harpyskm — HF>LF, cnepoBaTenbHo,
KMBOTHblE HAaXOAMAUCL B PacciabieHHOM COCTOAHWM, Y HUX Mpo-
UCXOAMNO COXPaHEHWEe 3HEepreTMHYecKoro MOTeHLWana, OpraHu3m
6bl1 YCTOWYMB K BHEWHUM BosgencTemnam [16]. Takum obpasom,
BBegeHne Met-Glu-His-Phe-Pro-Gly-Pro okasblBano BansHue Ha Be-
reTaTUBHYIO PEryALMI0 OPraHW3Ma, NOBbILWAA a4anTalMOHHbIE BO3-
MOXXHOCTU U YCTONYMBOCTb OPraHU3Ma K BHELHUM BO3AEeNCTBUAM B
BUAe PU3NYECKOM Harpy3Ku.

BoccTaHOBUTE/IbHBIN NEPUOA (3anuch 4) y KUBOTHbIX UCCaeny-
€MbIX Fpynn XapaKTepM30Ba/Ca CTaTUCTUUYECKM 3HAYUMbIMU Pa3nu-
ynamu B BennunHe TP (mc?), HF (mc?), LF (mc?): B rpynne KoHTpons
yKa3aHHble napameTpbl OblIM 3HAUMTE/IBHO BbILLE, YEM B rpynne ¢
BBeAeHWeMm nentuaa. [laHHbll GaKT CBUAETENLCTBYET O HANPAMKEH-
HOCTM aBTOHOMHOrO KOHTYpa M 06 aKTWMBaLMM HaACermeHTapHOro
YPOBHA C BK/IOYEHMEM TMNOTasamMyca B Peryaumio Kapanoputma,
a TakKe 06 UCTOLLEHUN GYHKLMOHA/IbHBIX PE3EPBOB OPraHU3Ma KU-
BOTHbIX B rpynne KOHTPOAA. B TO e Bpema, KUBOTHbIE B rpynne ¢
BBeeHWeMm nenTuaa npebbiBanu B UCXOLHO CTaBUNBHOM COCTOAHUK
MOKOA 6e3 HaNpAXKEHWA PEryNATOPHbIX MEXAHU3MOB CMHOATPUAsb-
HOrO y3/1a U NPU BEreTaTUBHOM HanaHce Mexay CUMNATUYECKUMU U
napacMMnaTUyecKUMu BAUAHUAMM.

CnesyrolMm acneKTOM aHanu3a NoNYYEHHbIX AaHHbIX ABAA-
7I0Cb YCTaHOB/IEHWE OCOGEHHOCTEN BHYTPWUIPYNNOBOM AMHAMMKM
MEXaHW3MOB perynsuuv Kapaumoputma. Ha puc. 2 npeactaBneHo
NPOLEHTHOE COOTHOLIEHWE CMEeKTPasbHbIX MOKasaTenen B rpynne
KOHTPONA MeXAy 3Tanamu uccneposaHus. NpoLeHTHOe pacnpese-
nexuve npu 3anucn 1 m 2 — LF>VLF>HF, npu 3anucn 3 n 4 — LF>HF>VLF.
Bo-nepsblix, CNesyeT OTMETUTb, UTO Y }KMBOTHbIX KOHTPOJIbHOM rpyn-
Mbl Ha BCEX 3TaNax UCCNe0BaHMA Habatoaanock npeobnasaHve cum-
NaTMYecKoro OTAena BereTaTUBHON HEPBHOW CUMCTEMBbI, OAHAKO ero
BE/NIMYMHA HEM3MEHHO yBeNNYMBanach OT 3Tana K atany. Bo-sTopbix,
3Tan GM3MYecKo Harpysku M BOCCTAHOB/EHWUA XapaKTepu3oBasca
yrHeTeHMeM HeMPOrymopanbHOrO0 KOMMNOHEHTA PeryaaLum opraHus-
Ma, YTO CBMAETENbCTBYET 06 UCTOLLEHWUMN Pe3epBOB U MoBUAM3aLMM
He TONbKO aBTOHOMHbIX, HO W LIEHTPa/IbHbIX YPOBHEW ynpaBaeHNns

in response to the physical activity [15]. After physical activity, the
Semax group showed that HF levels were higher than LF levels.
Consequently, the animals were in a relaxed state, maintained their
energy potential, and their bodies were resilient to external influ-
ences [16]. The introduction of Semax, which affects HRV, altered
vegetative regulation, enhancing adaptive capabilities and resis-
tance to external influences, specifically physical activity.

During the recovery period (recording 4), animals in the
study groups showed statistically significant differences in TP, HF,
and LF components. In the control group, these parameters were
significantly higher than in the Semax group. This finding indi-
cates that the control group experienced tension in the autonom-
ic circuit and activation at the suprasegmental level, involving
the hypothalamus in cardiac rhythm regulation. Furthermore, it
suggests that the functional reserves of the control animals were
depleted. In contrast, the Semax group showed an initially stable
resting state with no tension in the regulatory mechanisms of the
sinoatrial node, maintaining an autonomic balance between sym-
pathetic and parasympathetic influences.

The next aspect of the analysis was to examine the intra-
group dynamics of cardiac rhythm regulation mechanisms. Fig. 2
presents the percentage ratio of spectral parameters in the con-
trol group across different stages of the study. For recordings 1
and 2, the percentage distribution was LF>VLF>HF, while for re-
cordings 3 and 4, it was LF>HF>VLF. Notably, the control group
animals consistently showed a predominance of the sympathet-
ic division of the autonomic nervous system at all stages of the
study, with its intensity increasing from stage to stage. Addition-
ally, the stages of physical activity and recovery, characterized by
suppression of the neurohumoral component of body regulation,
indicated depletion of reserves and the mobilization of not only
autonomic but also central levels of cardiac rhythm control [17].
For the animals in the control group, treadmill exercise was in-
tense, and the recovery period was insufficient for rest and for
returning to their original state.

In the Semax group, the percentage distribution of spectral
indices was as follows: for recording 1, LF>VLF>HF; for recording
2, VLF>LF>HF; for recording 3, HF>LF>VLF; and for recording 4,
LF>VLF>HF (see Fig. 3). The most notable changes were observed
in neurohumoral regulation, indicating minor alterations in the
regulatory mechanisms at the level of the sinoatrial node, with-
out engaging the central circuit. The study revealed activation of
the autonomic nervous system, predominantly the parasympa-
thetic system. This finding suggests that Semax at a dose of 450
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Kapanoputmom [17]. Takum 06pa3om, /15 *KUBOTHbLIX KOHTPO/IbHOM
rpynnbl, cO3A4aHHaA Ha TpeamMune dusnyeckan Harpyska oKkasanacb
WMHTEHCUBHOM, @ BOCCTAHOBUTE/IbHBIV NEPUOA, HeLOCTAaTOUHbIM ANA
OTApIXa U BO3BPALLEHWA B UCXOAHOE COCTORHME.

B rpynne ¢ BBeieHMeM NenTuaa NPOLEHTHOE pacnpeaeneHve
CNEeKTpanbHbIX NoKa3aTene npu 3anncu 1 — LF>VLF>HF, npu 3anucn
2 —VLF>LF>HF, npu 3anucu 3 —HF>LF>VLF, npu 3anucn 4 — LF>VLF>HF
(puc. 3). Hanbonee AMHAMWUYHBIM ABAANCA YPOBEHb HEMPOTyMO-
panbHOMN PerynaLmm, YTo CBUAETENLCTBYET O HE3HAUYUTENbHbIX U3Me-
HEeHUAX B PErynAaTOPHbIX MeXaHW3Max Ha YPOBHE CMHOATPUANbHOTO
y3na 6e3 BOBNEYEHMA LEEHTPANbHOIO KOHTYpa. YCTaHOBNEHHAA B pa-
60Te aKTMBALMA BEreTaTUBHOM perynsauum ¢ npeobnagaHuem napa-
CMMMNATUYECKON aKTUBHOCTU MOXET CBUAETENbCTBOBATb O HAIMUMM
aganToreHHoro a¢dekta y Met-Glu-His-Phe-Pro-Gly-Pro (cemakca)
B 403e 450 MKr/Kr, NOCKOMbKY Y MMBOTHbIX Ha $oHe du3nyecKoi
Harpy3ku MONHOCTbIO COXPAHANCA 3HEPreTMYeCKUin MoTeHUMan u
PEerucTpMpoBanoch pacciabneHHoe cOCTOAHWE OpraHuM3ma. Takxke
B NO/b3y agantoreHHoro adpdekta Met-Glu-His-Phe-Pro-Gly-Pro (ce-
MaKca) MOMEeT CBUAETeNbCTBOBATb OTMEYeHHOEe BOCCTaHOBEHME
MCXOAHOTO YPOBHA COOTHOLEHMA GYHKLMOHWPOBAHUA perynatop-
HbIX MEXaHM3MOB nocne 15-MUHYTHOro OTApbIXa MMBOTHbLIX. TakUMm
obpasom, Ha PoHe BBefeHMA NenTuaa dusMYeckas Harpyska ans
YKMBOTHbIX ABNANACH HE3HAUYUTENbHOW, @ NepUOA, BOCCTAHOBNEHUS —
[0CTaTOYHbIM.

Ha AaHHbIN MOMEHT nccnepoBaHue 3.6, ApywaHsHa u A.B. MNo-
nosa [10] ABAAETCA €AMHCTBEHHBIM ONY6AVKOBAHHBIM OPUTVHA b-
HbIM UCCNef0BaHMEM O BAUAHUM cemakca Ha BCP y nabopaTopHbix
KMBOTHBbIX. B Llenom, paboT no u3yyeHUto BAUAHWUA PErYAATOPHbIX
nentMaos Ha BCP y aKkcnepuMMeHTaNbHbIX KMBOTHbIX NPaKTUYECKK
HeT, B CBA3W B 3TUM, CONOCTaBAEHME Pe3yNbTaToB Hallero uccaeno-
BaHMA C AaHHBIMMW IMTEPATYPbl NPEACTaBAACTCA 3aTPYAHUTENbHBIM.

Mo pesynbTaTam UccneA0BaHWMA HAMU NMOKa3aHO, YTO Y XKMBOT-
HbIX KOHTPONbHOW TPYNMbl NOCAE Harpy3KkM npeobnasianm cumnatu-
ueckue amanua (LF/HF —0,98+1,05), B ToM Bpems Kak B rpynne sKu-
BOTHbIX, KOTOPbIM BBOAWAM NenTua,— sarotoHua (LF/HF —3,4542,70),
4TO MOXKET FOBOPUTL O CHUMKEHWUM CUMNATUYECKUX BAUAHMIA Ha BCP
npu NPUMeHeHUU cemakca. [onyyeHHble pesynbTaThbl COMAcyHTCA
C faHHbIMK 3.B. ApylwaHaHa v A.B. NMonosa 06 onTMmusnpyoLLem
[elcTBMM renTanenTuaa U ero cnocobHocTM ocnabnaTb cumnaTtuye-
CKMe BAMAHMA Ha cepaLie. CTOUT OTMETUTb, YTO B HaleM UCCNeaoBa-
HWUM OH NPOAEMOHCTPUPOBa CBOU 3GdeKTbI B yTPEHHEE U AHEBHOE
BPEMSA (3KCMEPUMEHTbI BbINOAHAANCH € 9 A0 14 u), B TO Bpems Kak
BHe ycnoBuit ¢usmnyeckon Harpysku [10] — TonbKo B BeyepHee. Ta-

ug/kg may have an adaptogenic effect. The animals maintained
their energy potential, and a relaxed state was noted during phys-
ical exercise. Furthermore, the evidence of the adaptogenic effect
of Semax is supported by the restoration of the initial level of reg-
ulatory mechanisms' functioning after a 15-minute rest. Overall,
following peptide administration, the animals' physical activity
was minimal, and the recovery period was adequate.

Currently, the study by E.B. Arushanyan and A.V. Popov is
the only published original research on the effect of Semax on
HRV in laboratory animals [10]. Overall, there are very few stud-
ies investigating the impact of regulatory peptides on HRV in ex-
perimental animals, making it difficult to compare our findings
with the existing literature.

In our study, we found that sympathetic influences predom-
inated in the control group of animals after exercise, as indicated
by a low LF/HF ratio of 0.98%1.05. In contrast, the Semax group
showed a higher LF/HF ratio of 3.452.70, suggesting a decrease
in sympathetic influence on HRV. These results align with findings
from E.B. Arushanyan and A.V. Popov, which highlight the hepta-
peptide's optimizing effect and its ability to mitigate sympathet-
ic influences on the heart. Notably, in our study, these effects
were observed during the morning and daytime (from 9 a.m. to
2 p.m.). In contrast, in the absence of physical exercise, they were
evident only in the evening [10]. During physical exertion, when
adaptive mechanisms activate, Semax loses its chronotropic ef-
fect, likely because the peptide exerts its influence mainly under
stressful conditions [4].

Established Semax effect mechanisms may be based on
its ability to penetrate the blood-brain barrier and interact with
various brain structures [4], including those involved in the cen-
tral regulation of heart rhythm and body adaptation. Specifically,
there are binding sites for the peptide in the cortex, basal ganglia,
hippocampus, and cerebellum, and it also competes with canna-
binoid, nicotinic, and glutamate (NMDA) receptors for binding. Its
capacity to modulate monoamine production and activity, as well
as brain-derived neurotrophic factor (BDNF) activity, has been
demonstrated [4]. It was also shown that the peptide corrected
gene expression in the central nervous system, particularly genes
involved in nucleic acid biosynthesis, replication, and transla-
tion, which are essential for the functioning of the nervous and
immune systems and are disrupted under acute stress [4]. A key
point in understanding our data is the peptide's immunotropic ef-
fect. For example, Semax can influence the transcription and pro-
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KM 06pa3om, B yCNOBUAX GU3NYECKOM HArpy3KM, Koraa npoucxoauT
aKTMBALMA aflanTaLMOHHbIX MEXaHW3MOB, CEMaKC TepAeT CBOKD XPo-
HOTPOMHOCTb, YTO MOXKET NPOUCXOAMUTH MO NPUYMHE TOTO, YTO NENTUS,
OKa3blBaeT cBOM 3G PEeKTbI, B OCHOBHOM, B CTPECCOBbIX YCN0BUAX [4].
B ocHOBE MexaHW3MOB YCTaHOB/EHHbIX 3¢pdekToB AKTI4-7-
NI moryT HaxoAWTbCA ero CNocobHOCTb NPOHMKATL Yepes remMaTto-
sHUedanMueckmit bapbep M B3aMMOLENCTBOBATb C LIENbIM PAZOM
CTPYKTYp FON0BHOMO MO3ra [4], B TOM YMCie BXOJALLMX B LEHTPasb-
HbI KOHTYP Perynauum cepaevyHoro putma 1 ero afantauuu K pas-
JINYHBIM BO3ZEMCTBUAM Ha OpraHu3m. B yacTHocTu, nmetoTca caiTbl
CBA3bIBaHWA NeNTMAA B Kope, 6a3asnbHbIx AApax, TMNnoKamne u mos-
KEUKe, TaKXKe OH KOHKYPUPYET 3a CBA3bIBaHWE C KaHHAbWOAHbBIMM,
HWUKOTMHOBBLIMM U rnyTamaTtHbiMK (NMDA)-peLenTopamu, NokasaHa
€ro CNocobHOCTb MOZYAMPOBATb NPOAYKLMIO U aKTUBHOCTb MOHOA-
MMHOB 1 MO3roBOro HeilpoTpoduueckoro paktopa (BDNF) [4]. Takske
YCTaHOB/IEHO, YTO NENTMA KOPPUTMPOBAN HaPYLWEHHYIO B YCNOBUAX
0CTPOro cTpecca akcnpeccuio reHos B LIHC, oTBevatoLmx 3a 6UOCKH-
Te3 HYKNeMHOBBIX KUCOT, PENIMKALMIO U TPAHCAALMIO TEHOB, OTBe-
YatoLwmx 3a QYHKLMOHNPOBAHME HEPBHON M UMMYHHOW cuctem [4].
BaKHbIM 06CTOATEILCTBOM NPY aHAI3E NOJTYHEHHbIX HAMM AaHHbIX
ABNAETCA CNOCOBHOCTb MENTUAA OKasblBaTb MMMYHOTPOMNHOE Aelt-
cteue. Tak, AKTI4-7-MM cnocobeH oKasblBaTb BAMAHME Ha TPaHC-
KPUMLMIO M NPOAYKLMIO LLenoro paaa uutokuHos (MOHa, UPHy, UN-
1B, -2, -4, -6, -8, -10, -12, -18, ®HOq) [4], KOTOpbIE, KaK U3BECTHO,
Y4acTBYIOT B Perynauuu CepAeuHOro pUTMa Yepes LEeHTPasbHbIN U
aBTOHOMHbIM KOHTYpbI YNpaBaeHUs KapaMoputmom [16].

3AKNIOYEHUE

Takum 06pa3om, pesynbTaTbl UCCAELOBAaHUA MOKa3aau, 4TO
nentug Met-Glu-His-Phe-Pro-Gly-Pro obnagaeT agantoreHHbIM 3¢-
dextom B go3e 450 MKr/Kr macchbl Tena npu GU3MYECcKoi Harpyske
32 CYET BAMAHMA Ha LEHTPANbHbIA U aBTOHOMHbIN KOHTYpPbI ynNpas-
NEHNA KapanopPUTMOM.

duction of several cytokines (IFNa, IFNy, IL-1B, -2, -4, -6, -8, -10,
-12, -18, TNFa) [4], which are known to play a role in regulating
cardiac rhythm through central and autonomous cardiac rhythm
control circuits [16].

CONCLUSION

The study found that Semax, at a dose of 450 pg/kg body
weight, exhibits an adaptogenic effect on HRV during physical ac-
tivity. This effect is attributed to its influence on the central and
autonomic circuits that control heart rhythm.
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