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Bosogumup IBanoBuu Ckok (1932 - 2003) — ykpaincekuii Heiipodizionor i 6iodizuk, aka-
neMmik AH Ykpainu, akanemik AH CPCP, naypear Jepxauoi npemii CPCP ta [lepxaBHoi mpemii
VYkpainu B ranysi Hayku i TexHiku. HaykoBy kap’epy posmnouaB y H/II ¢izionorii npu KuiBcbxomy
yHiBepcureTi imeHi Tapaca LlleBuenka nin kepiBHunTBoM lanmna CemeHoBru4a BopoHnnosa, a gami
nparoBaB y luctutyti disionorii im. O. O. Boromonsis. Moro gociimkenns crocysammcs diziomorii
CHHAINITUYHOI TIepeadi, TOJJOBHUM YWHOM, V¥ aBTOHOMHIH HepBOBii cuctemi. Y 1986 porti pazom 3
KOJIETaMU BIIEPIIE 3aPEECTPYBAB EJICKTPUYHY aKTUBHICTH OJIMHOYHOTO KaHATy HIKOTHHOBOTO arle-
THJIXOJIIHOBOTO PEIIEIITOPY.

Volodymyr Skok (1932 - 2003) — Ukrainian neurophysiologist and biophysicist, full member
of USSR and Ukrainian Academy of Sciences, laureate of the State Prize in science and technology.
His scientific career started at the Institute of Physiology of Taras Shevchenko University of Kyiv
under the supervision of Danylo Vorontsov, then he worked at Bogomoletz Institute of Physiology.
His research was about synaptic transmission, mainly in autonomic nervous structures. In 1986,
Volodymyr Skok and colleagues were the first to record the electrical activity of the single nicotinic
acetylcholine receptor.
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GANGLIONIC LONG-TERM POTENTIATION OF THE SUPERIOR CERVICAL
GANGLION IN RATS WITH STREPTOZOTOCIN-INDUCED DIABETES MELLITUS

A.O. Nastenko, H.E. Purnyn, N.S. Veselovsky
Bogomoletz Institute of Physiology, National Academy of Sciences, Kyiv, Ukraine, aurum197@bigmir.net

Diabetes mellitus (DM) is a serious incurable disease witch also leads to disorders of the autonomic
nervous system. As in the brain, synaptic plasticity also has been demonstrated in autonomic ganglia.
Ganglionic long-term potentiation (LTP) is a serotonin-dependent protracted enhancement of the nicotinic
pathway [1]. DM may cause disorders of superior cervical ganglion (SCG) synaptic plasticity [2].
However, the mechanisms of these disorders are poorly understood. In this study, we examined the effect
of streptozotocin-induced DM on ganglionic LTP in the SCG of rats. Male Wistar rats at the age of 4
months were selected for the experiment. DM was simulated by a single streptozotocin injection at a
concentration of 65 mg/kg into the body cavity. On-Call Plus glucometer (USA) was used to measure their
blood glucose levels. It persistently exceeded 30 mM after injection. They were taken into experiment
in the 12th weeks after injection. All experiments were conducted in compliance with ethical norms and
requirements of European Convention for the Protection of Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, 1986). Experiments were conducted in vitro. The SCG of the rats
were fixed to the bottom of the electrophysiological chamber. Cervical sympathetic preganglionic and
internal carotid postganglionic nerves were drawn tightly into stimulating and recording glass pipettes
respectively. Postganglionic compound action potentials (pCAP) were recorded from postganglionic
nerve in response to supramaximal electrical stimulation of the preganglionic nerve (square pulses 0.3
ms in duration, at 0.033 Hz, with amplitude of 5 + 3 V). Responses from the postganglionic nerve were
digitized by a Digidata 1200A analog-to-digital converter in conjunction with pClamp software (Axon
Instruments, USA). Ganglionic LTP was evoked by applying a train of stimuli with frequency of 20 Hz
and duration of 20 s with relevant amplitude to the preganglionic nerve. Changes in pCAP amplitude in
the SCG was calculated as percentage of average baseline pCAP recorded before stimulation. The obtained
results were compared using Student’s t test. The averages were considered to differ significantly when
p <0.05. It was shown, that the robust ganglionic LTP was generated in the SCG of the control healthy
rats. Amplitudes of pCAP were increased after high frequency stimulation. This increase preserved
after 90 min during experiment and reached 166.8 + 22.8% of baseline (n=7, p<0.01). However, pCAP
amplitudes of the SCG from 7 out of 11 rats with DM after high frequency stimulation didn’t show a
constant increase during recording. They showed statistical insignificant decrease to 95.8 + 3.1% of
baseline (n=7) in 90 min after stimulation. PCAP of the SCG of other rats with DM increased statistically
to 152.9 £ 6.2 % of baseline (n=4, p<0.01), it did not differ statistically from same results in healthy rats.
Thus, ganglionic LTP wasn’t inducted in the SCG of some rats after streptozotocin injection. However,
a minority of them retained the ability to express ganglionic LTP at the level of the healthy rats SCG.
The physiological significance of the impaired ability of the SCG to express synaptic plasticity during
STZ-induced DM is unclear. The mechanism for such impairment may involve changes in the activity or
levels of certain molecules that are essential for the expression of LTP [2]. But differences that provide
normal functionality of the some SCG neurons plasticity during DM need further research.

Keywords: superior cervical ganglion; streptozotocin-induced diabetes; postganglionic compound action
potentials, ganglionic long-term potentiation.
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USING THE INTRACELLULAR INJECTION TECHNIQUE TO INVESTIGATE
SYNAPTIC PROTEINS DURING EXOCYTOSIS

E. A. Lukyanetz
0.0. Bogomoletz Institute of Physiology, Kyiv, Ukraine, elena@biph.kiev.ua

It is known that the relationship between synaptic signaling plays a crucial role in brain function. Many
psychiatric and neurologic disorders, ranging from mental retardation, schizophrenia, Parkinson’s
disease, autism, compulsive behavior, addiction to Alzheimer’s disease, are accompanied by alterations
in synaptic functionality. Knowledge of biochemical and cellular biological processes occurring during
synaptic function and its regulation leads to understanding brain function disorders’ mechanisms. For
Alzheimer’s disease, synapse loss is the best pathological correlate of cognitive decline, and synaptic
dysfunction manifests long before synapse and neuronal loss. Thus, the synapse is an important target
for treatment aimed at slowing the progression of the disease and preserving cognitive and functional
abilities in the disease. At the nerve terminal, synaptic vesicles cycle through a series of trafficking
steps. Neurotransmitter-filled synaptic vesicles are docked at a specialized region of the presynaptic
plasma membrane known as the active zone. The docked vesicles then undergo a maturation process
called priming to become fusion competent. In response to action potential-induced Ca2+ influx, primed
vesicles undergo rapid exocytotic fusion to release neurotransmitters. Following exocytosis, synaptic
vesicle membranes and protein constituents are retrieved from the plasma membrane by endocytosis and
locally recycled for future rounds of exocytosis. Thus, the basis of synaptic transmission is the process of
exocytosis, in which active biological substances - mediators, using a unique mechanism, are released into
the synaptic cleft. Regulated exocytosis of synaptic vesicles provides communication between neurons,
and it is subjected to substantial alterations during different kinds of brain pathologies. It is well known
that a family of specialized synaptic proteins realizes vesicular transport events in presynaptic terminals
and neuroendocrine cells. One family of proteins is membrane proteins of the vesicle (v-SNARESs), and
another family is located in the target cytoplasmic membrane (t-SNARESs). Besides, there are synaptic
proteins found in the cytosol. Various such proteins have already been described in different preparations;
however, their precise regulation and role in vesicular trafficking during functional changes in the cells
remain slightly known. In addition, new synaptic proteins appear to be involved in the vesicular cycle;
their functions remain unclear. In our experiments, we used chromaffin cells as a model presynaptic
terminal, as the synaptic mechanisms in two of these subjects are the same. Previously we have shown
participation of some of synaptic proteins in the exocytosis of chromaffin cells [1, 2]. The role of synaptic
proteins in the course of cell excitation, in particular, functions of core SNARE synaptic proteins (vesicular
synaptobrevin/VAMPs and plasma membrane syntaxins/SNAP-25), as well as those of presynaptic proteins
(Munc-13, Munc-18, CAPS proteins, and others) will be discussed. Particular attention will be paid to
the using the intracellular injection technique to investigate synaptic proteins during exocytosis, which
we used in our experiments. Especial attention will be paid to the results on different ways of initiation
of calcium-dependent exocytosis — potential-dependent and receptor-operated.

Keywords: calcium, synaptic proteins, exocytosis
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AMULIOII AB, ,, TOCUJIIOE IMITYJIbCHY TEHEPALIIO
130JIbOBAHIX HEMPOHIB IIOKAMITY

B. A. SIBopcbkuii, H. M. Po3ymua, O. O. Jlyk’ siHeub
Incmumym ¢hizionocii im. O.0. boeomonvys HAH Vkpainu, m. Kuis; jva@biph.kiev.ua

[Ipencrapieni pe3ynbTaTu AOCHIIKEHHS BILIMBY aminoina AP, ,, Ha IMIIyJIbCHY TEHEPALIIIO 130JIbOBAHUX
HeliponiB 300U CAl rinmokammy B KoH(irypamii «mepopoBaHUil MeTY-KJIEMID» MPU KOHIICHTPAIIAX
nerntuaa Big 200 nM go 10 uM. JlocaikeHHS IMITYJIbCHOT aKTHBHOCTI IMPOBOJIAINCS Ha 130JbOBAHUX
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HelpoHax 1rypiB BikoMm 14-15 10, i3 3acTOCYBaHHIM JBOX MPOTOKOIIB BHYTPIIIHEOKIITHHHOT CTUMYJIAIIIT -
MPSIMOKYTHUX TIOIITOBXIB cTpyMy TpuBaiicTio 1 ¢ abo PEMII-nipoTtokosy (JIiHIHHOTO HAPOCTaHHS CTPYMY
CTUMYJIALI B iHTepBai 5 ¢). 3riJIHO HAIIMX JaHUX, IPUKIaAanHs AP, ,, 31aTHE BUKIIMKATH IBA OCHOBHHUX
THUIIM 3MiH IMIYJIbCHOI TeHepallii HeHpoHiB, AKi CIPSIMOBaHI Ha MOCHJICHHS IMITYJIbCHOT aKTUBHOCTI 13
PO3BUTKOM €(EKTy BIUIUBY NEPEBAXKHO BIPOAOBK 1-1 XBUJIMHH Micisi To4aTKy 1ii pedoBunu. Cepen
130JIbOBAaHUX HEHPOHIB 13 BUCOKOPUTMIYHOIO aKTHUBHICTIO Y KOHTpOJi, 70% KIITHH MiJ Al€I0 aMiIoixy
JIEMOHCTPYBAIU 3HIKEHHS [TOPOrOBOTO PiBHS BXIJHOTO CTPYMY, SIKHU 3aT€H BUKJIMKATU IMITYJIbCHY
rerepaiiro. OTHOYACHO, 301UTBITYBaJIaCcsl YaCTOTA IMITYJILCHOT TeHepallil KJIITHH MOPIBHIHO 3 KOHTPOJIbHUMHU
YMOBaMH Ha YCiX piBHAX MOJAPA3sHEHHS BXiAHUM CTpyMoMm. Inmi 30% xmiTuH Ha npukiananus A, ,,
pearyBalid HETUIIOBO, 06€3 3CyBY MOPOTY IMITYJIbCHOI reHepallii Ta i3 3pOCTaHHSAM YacTOTH IMITYJIbCHOT
reHeparii B Mmexxax 710 15 % i3 npuOIu3Ho 0JHAKOBUM MTOCWJICHHSIM YaCTOT FeHepallii He3alIeKHO BiJl piBHs
BX1IHOTO cTpyMy. OTpuMaHi enekTpodi3ionoriuyni JaHi BKa3yloTh, 0 3HaYHI KOHIEHTpaLil NenTuIy
aMIJIOIAy HE CIPUYHHSIIOTH MPsIME TAIBMYBaHHS 200 MOIIKOKEHHS IMITyJIbCHOI aKTUBHOCTI HEHPOHIB,
HaTOMICTh TOCUITIOIOTh TeHepalliiny GyHkiito fast-spiking HEHpOHIB B in vitro ekciepuMeHTi. MOXIHBO
MPHUIIYCTHUTH, 110 BUPOOJICHHS aMiloiny HeHpoHaAMH Ma€ MPOTEKTHBHE 3HAUCHHS IS X TEeHEpaTUBHOI
CIIPOMOYKHOCTI, OJTHAK TPUBaJIe HAKONMMYEHHS MENTHIY aMiloiy Ta Horo arperyBaHHS B CHHUIbHUX
Onsimkax 3aBAa€ MOOIYHOrO HEHPOTOKCUYHOTO BIUIMBY. |HITMM YMHHMKOM MOXE OYyTH MOAYIIOIOUUI
BILIMB aM1JIOiy nepeBakHo Ha fast-spiking iHTepHeHpOHH, KOJIU aMilI0iA NiATPUMY€E OCTiHE HaAMIpHE
30yIKeHHS IHUX KIITHH 13 HACTYITHIM ITOBUTBHIM €KCAUTOTOKCUYHHUM YIIKOIKCHHSIM.

Kurouogi cioBa: xBopoba AnbireiimMepa, aminoin f mentu 1-42, puTMiuHa aKTUBHICTD, TTOTSHITIAM i1,
nephopoBaHUM METUY-KIEMIT, HEHPOHHU TIIOKAMITY.

ORGANIC SYNTHESIS AS A POWERFUL TOOLBOX FOR BIOMEDICAL RESEARCH

D. M. Volochnyuk!3, S. V. Ryabukhin!-23, I. V. Komarov!2, S. V. Kolotilov 14, O. O.
Grygorenko!%, P. K. Mykhailiuk!?, Yu. S. Moroz!, K. S. Gavrilenko'?

! National Taras Shevchenko University of Kyiv, Kyiv, Ukraine

2 Enamine Ltd, Kyiv, Ukraine

3 Institute of Organic Chemistry, NAS of Ukraine, Kyiv, Ukraine

4 L. V. Pisarzhevskii Institute of Physical Chemistry, NAS of Ukraine, Kyiv, Ukraine
d.volochnyuk@gmail.com

Despite the rapid development of organic chemistry, the design of potential biologically active compounds
and their synthesis still remain limiting factors in the development of new drugs. This is associated
with a number of restrictions and specific requirements imposed on the structure and properties of
such compounds. Organic chemistry as a branch of science has recently been significantly influenced
by these requirements since the identification of new biologically active compounds is one of the main
driving forces of its development. The invention of rational design principles of biologically active
compounds, as well as simple and effective methods of their synthesis, significantly accelerated progress
in medicinal chemistry and, ultimately, the emergence of new drugs. For example, the formulation of
the concept of «drug-like» compounds, as those whose physicochemical properties are close to the
properties of known drugs, caused a kind of revolution in the pharmaceutical industry. However, the
above-mentioned principles are not yet fully developed, moreover aren’t the only possible ones. That
is, the design, synthesis and functionalization of potential biologically active organic compounds for
the needs of modern pharmacy require modern innovative approaches. Understanding the importance of
modern criteria for compounds in libraries (i.e., structural characteristics, physicochemical properties,
and molecular diversity) significantly impacts the development of approaches to the theoretical study of
chemical space. Also, it has determined the further development of concepts of organic synthesis for the
needs of medicinal chemistry in the last two decades. In the present research, the authors were among the
first to thoroughly analyze modern concepts that lead from organic synthesis to the creation of medicinal
products. In addition, the development of views on the listed properties further influenced the emergence
of fundamentally new synthetic concepts. The solution to the problem of design and highly efficient
synthesis of substances for the early stage drug discovery is the main result of the presented research. The
creation of a development and production cycle of such chemicals and their implementation in domestic
enterprises is an essential contribution to strengthening the national security of Ukraine. The work creates
a fundamentally new methodology for filling the chemical space with existing structures and structures
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that can be effectively synthesized from tangible building blocks in the shortest possible time. Such a
methodology consists of carefully selecting sites for synthesis at the level of intermediates and building
blocks based on chemoinformatics analysis of the real-world and commercially available chemical space,
development, optimization and safe scaling of key intermediates and target building blocks, followed by
studying their reactivity. Separate stages are the study of the limits of the application of each building
block in widespread reactions of parallel synthesis on a wide range of substrates and its impact due to
the introduction of the key physicochemical properties of the final compounds for biological research.
Finally, based on the obtained data, a multi-billion virtual chemical space of synthetically achievable
compounds is created. A set of compounds can be quickly and reliably synthesized for a pre-planned
biochemical study. This methodological sequence made it possible to develop and implement at Ukrainian
enterprises a number of products and services for modern pharmaceuticals that are unique worldwide.

Keywords: organic synthesis, drug discovery, medicinal chemistry, chemical concepts.

BIIVIUB MEJIATOHIHY HA IOKA3ZHUKHU NOBEJIIHKU, OKCUJIATUBHOI'O
CTPECY 1 HEUPO3AINIAJIEHHSA B TOJIOBHOMY MO3KY MUIIEH
I3 EKCIEPUMEHTAJIbHUMHA MOJEJIIMU ITATOJOI'II HEPBOBOI CUCTEMHU

I. ®. Jladyneun, H. O. Y1Kko, T. M. IlanTeseiimonoBa, O. A. Kamyk, A. €. Ponniuenko,
I'. M. Byrenko

ITnemumym eenemuunoi ma pecenepamusroi meouyunu HAMH Yxpainu, Kuis, Yxpaiua,
irina_labunets@ukr.net

Beryn. Bigomuii 38’130k MOpho-(yHKIIIOHATHHUX MTOPYIIEHB IIeHTpaibHOT HepBoBoi cuctemu (LIHC) i3
PO3BHTKOM y TOJIOBHOMY MO3KY OKCHIATHBHOTO CTpecCy 1 HeifposamaneHnus npu xBopoOi Ilapkincona ta
po3cisHHOMY cKiepo3i. [lokazaHo BIIMB BiKy HAa PO3BUTOK LIUX MATOJIOTiH HEPBOBOT CHCTEMH, a TAKOX
AQHTUOKCUJAHTHI, aHTU3aMNaJlbHI Ta IMyHOMOAYJIOIOUI BJIACTUBOCTI TOPMOHY MEJIATOHUHY, MPOAYKIIis
SKOTO MiHEaJbHOI 3aJI03010 3 BIKOM 3MEHIIYeThCs. MeTa. JloCHiAUTH BIUIUB €K30T€HHOTO MEIATOHIHY
Ha TOKA3HUKH MOBEIIHKH, OKCHIATHBHOTO CTPECY, aHTHOKCHIAHTHOT'O 3aXHCTy, Helipo3amajaeHHs 1
HEHpPOTeHEe3y B TOJIOBHOMY MO3KY CTapilOUnX MUIIEH i3 eKCIIEPUMEHTATHPHIMH MOACIISIMU TAPKUHCOHI3MY
1 nmemieninHizamii. Martepianu 1 Mmeroau. Mumii ninii 129/Sv Bikom 15-16 Mic (cTapirodi) OTpUMYyBaJIH
onHopaszoso HelporokcuH MDTII (1-metun-4-denin-1,2,3,6-rerpariaponipuann) y no3i 30 mr/kr, abo
HEHUPOTOKCHH KyNpHu30H ([0ic(IIMKIOTeKCaHOH)-0KCaANT1Ipa3oH ) moaeHHo 3 Txero (0,2 % Bix 1060BOro
KOPMY) BIIPOJIOBK TPhOX THXHIB. MeIaToOHIH BBOJMIN HA T [ii HEWpOTOKCUHIB, moaeHHo o 18%, i3
po3paxyHky 1 Mr/kr (Bcboro 10 iH’exmiit). OniHOBaJIK Y TOJOBHOMY MO3KY T-nmiMdonuTu, Makpodaru
i HelipanbHi cToBOYpOBI KiaiTuHK 110 yuciy CD3"-, CD11b*-, Nestin*-xiiTuH, BiamosigHo; Bumiprosa-
JIW TaKOX BMICT MaloHOBOTO gianpaeriny (MJIA), akTUBHICTh aHTHOKCHIAHTHUX (EPMEHTIB 1 YHCIIO
HEYIIKOJDKCHUX HEHPOHIB; MOBEAIHKY MHIICH OLIHIOBANH y TECTax <<Biz[1<p1/1Te MoJIe», Ha PUTIAHICTD
iB porapon- TecTi. Pe3yabTaTn. BCTaHOBICHO, IO PYXOBA, €MOLiNHA 1 JOCTIAHUIEKA aKTHBHICTD
MHUIIEeH 13 CKCTICPUMEHTATEHIMH MOJICTIMHU NapKiHCOHI3MY i ,I[GMICJ'IIHlBaIIll MEHIIIE, Hi)K Y IHTAaKTHUX
TBapuH. M’s30BUIl TOHYC 3HIDKYBABCS IMiJ Ai€0 Kynpu3ony; micis in’ekumii MOTII Toryc 3pocras, a
JOBXHHA KPOKY 3MeHuIyBanack. Ilicist BBEACHHs MEIATOHIHY Y MUIICH i3 MOIEIIIO napKiHCOHi3My
301IBIIYBANIOCH YHCIIO KBAJPATIB i JOBXKHHA KPOKY, 3MCHIIYBABCS YaC YTPUMAHHs HA Baly; y MUIIEH
13 KyIIPH30HOBOIO JI€TOK0 3pOCTA0 YHCIO KBAAPATIB, CTiiiOK 1 Gomocis. ITix BrmmBoM MeHaTOHlHy y
TOJIOBHOMY MO3KY MHULICH i3 MOJE/ISIMH TIATOJIOTi] HEPBOBOI CHCTEMH 3MEHILYBABCS IiJABHIICHHNI 1111
A€o0 HEHPOTOKCHHIB BMICT MJIA; 3HIDKCHA aKTHBHICTh CYNMEPOKCHINMCMYTAa3H 1 KaTanasu 3pocTala
y TBapuH i3 MOJICIII0 MAPKIHCOHI3MY, a KaTanasu i FHIOTaTIOHHepOKCI/IZ[aSH — Tpu neMieninizaii.
[Micnst 10’ €Ki MENATOHIHY Yy TOJIOBHOMY MO3KY MHINEH i3 MOIEISIMHU MMaTONOrii HEPBOBOI CHCTEMU
3MeHmyBanoch yuciao CD37-, CD11b*-kmiTuH, sKe MiABUINYBAIOCh Mia Ji€r0 HeHpoToKcuHIB. Kpim
TOrO, y TBAPHH, AKI OTPUMYBAJIM HEUPOTOKCHHY 1 MENATOHIH, 3MeHIIEHHs yncaa Nestin*-kiniTun cmis-
najago 3 MiJBUINEHHSAM YHCla He3MiHEHUX HEHPOHIB y TOJIOBHOMY MO3Ky. BucHoBkH. [lo3nTuBHMIl
edext menaroniny Ha pynkuionyBanusa LHHC y crapitounx mumeii i3 MOTII-mMoaemito napkiHCOHIZMY
1 KYIIPU30HOBOIO MOJICIUTIO JIEMi€TiHI3aIllT OMTocepeIKOBaHM M 3MiHAMHU (PaKTOPIiB OKCHIATUBHOTO CTPECY,
AHTHOKCUJAHTHOTO 3aXUCTY 1 Hefpo3amaaeHHs.

Kawuosi ciroBa: MOTII, kynpu3oH, MenaTOHIH, OKCHJAATUBHUN cTpec, Helpo3amaleHHs, BIK,
MOBEJIIHKOB1 peakxiii.
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SOME ELECTROPHYSIOLOGICAL PROPERTIES OF THE SUPERIOR CERVICAL
GANGLION NEURONS IN THE RATS WITH DIABETES MELLITUS

A. O. Nastenko, H. E. Purnyn, N. S. Veselovsky
Bogomoletz Institute of Physiology, National Academy of Sciences, Kyiv, Ukraine,aurum197@bigmir.net

Diabetic autonomic neuropathy is one of the most common complications associated with diabetes mellitus
(DM). It is the second most frequently after diabetic peripheral neuropathy and it can lead to severe health
issues in patients with diabetes [1]. However, the general mechanism of diabetic disorders in ganglion
neurons, which leads to autonomic neuropathy, is studied incompletely. The aim of this study was to
evaluate the effect of streptozotocin-induced DM on the superior cervical ganglion (SCG) neurons action
potentials (AP) in the rats. In Wistar male rats DM was simulated by a single intraperitoneal injection
of streptozotocin at a concentration of 65 mg/kg. AP parameters from 22 SCG rat neurons at week 4
after streptozotocin injection, and 30 neurons at week 12 were compared with AP from 36 SCG healthy
rat neurons in the control group. All experiments were conducted in compliance with ethical norms and
requirements of European Convention for the Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes (Strasbourg, 1986). AP of SCG neurons was recorded by the microelectrode
technique under visual inspection using the amplifier Axoclamp 2B Current and Voltage Clamp («Axon
Instruments», USA) in the «bridge» mode. The signals were digitized by a Digidata 1200A analog-to-
digital converter controlled by the Clampfit 9.0 computer program (Axon Instruments, USA). AP was
caused by direct stimulation of SCG neurons with rectangular depolarizing current pulses of 150 ms in
duration with increasing amplitude by 100 pA by step. The interval between stimuli was 5 s. The results
were processed from neurons with resting membrane potential exceeded -40 mV. The obtained results
were compared using Student’s t test. The averages were considered to differ significantly from each
other when the pvalue for the occurrence of the null hypothesis was p < 0.05. It was shown that the
amplitude and the overshoot of AP, its maximum rate of rise, maximum rate of fall and the amplitude of
afterhyperpolarization statistically significant decreased at 12 weeks after DM induction. At the same
time, the rheobase statistically grew indicates decreasing of neurons plasma membrane excitability.
Only AP maximum rate of fall showed statistical significant decrease at week 4, the maximum rate of
rise had an insignificant tendency to decrease at that time. However, the resting membrane potential and
the excitation threshold changes did't be statistically confirmed even at 12 weeks after streptozotocin
injection. These differences may result from changes in the different types of ion channels presence,
reducing of the functional Na™ and K* channels number [2] or decreasing of the Na*-K"™-ATPase activity
[3] in later stages of DM. Thus, functional disorders of rat SCG neurons were appeared at a quite late
stage of DM. They suggest that SCG is an important target of pathophysiological disorders caused by DM.
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3ACTOCYBAHHSA HE®TPUAKCOHY BIIJIMBA€ HA PO31IOAIJ GLT-1
HICJA JIET'KOI HEPEITHO-MO3KOBOI TPABMU

51. Haymenko, b. Ouigipos, T. IliBHeBa
Inemumym ¢hizionoeii im. O. O. Bocomonvysi HAH Ykpainu, Kuis, Ykpaina, y.naumenko@biph.kiev.ua

Yepemno-mo3koBa TpaBma (UMT) 1ie cepiiozHa mpoOiema, HaCcliJIKH KO0 Hapa3i BBAXKAIOThCS HE3BOPOT-
HuMHu. MopdodyHKIioHanbHi 3MiHH, ki mpoBokye UMT, miABUIYIOTh PU3HUK BiAKIAJIEHOTO PO3BUTKY
HelpoJereHepaTUBHUX MaToioriil. Bimomi ciocoOu JiKyBaHHS MOXXYTh JIMILIE CIOBUIBHUTU PO3BUTOK
Takux narosorii. [lokaszano, o aHTUOIOTUK LEePTPUAKCOH, SIKHI BIZTHOCUTBCS 0 OeTa-I1aKkTaMiB, Ma€e
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3JIaTHICTh 3HHMXKYBATH 5K PIBEHb PEAKTHMBHOTO TJI103y TaK 1 piBEHb KCIIUTOTOKCHYHICTI IO 1 BU3HAYAE
Horo HeHpONpPOTEeKTHBHI BiIacTUBOCTI. [lomepenHi JOCIIKeHHS MPOJIEMOHCTPYBAH 11O e()TPUAKCOH
BILJIMBAE, cepe iHmoro, Ha excnpecito GLT-1, pancnopTepa riyTtaMary, SKHi po3TalIoBaHUI B 0CHOBHO-
My Ha MeMOpaHax acTpouuTi. OnHak edekT nedTprakcony Ha Jokamizanito Ta posnoaiieHas GLT-1 na
aCTPOIMTAX 3aJIUIIAETHCS HeBitoMuM. Hamu Oyno BuBueHo sokamnizarnito GLT-1 Ha MeMOpaHax acTpOIUTIB y
CA1 30Hi rinokaMny Ha pi3HUX BiJpizkax yacy (3, 7 Ta 14 nHiB) micis JIerkoi 4YepenHo-M03K0BO1 TpaBMHU
Ta 3aCTOCYBaHHS LePTpHakcoHy. byno Bukopucrano monens nerkoi UMT mertomom mamiHHS BaxKelss
(closed head weight drop model), imyHoricTroxiMiuHne 3a0apBlIeHHS 3pa3KiB, KOHPOKaIbHY MIKPOCKOIII O,
KiTbKiCHUW aHanmi3. Mu BusiBuiu, mio nokanizamnis GLT-1 Ha MemMOpaHax acTpOIUTIB 3MIHIOETHCS MTiCIIsI
YUMT: po3noin KJacTepiB TpaHCIOPTEpa CTA€ MEHII KOMIIAKTHUM 1 Ha0yBae€ JiHIHOTO XapakTepy 110,
MOJXKJIMBO, BIUTMBA€ Ha €(EKTUBHICTH 3BOPOTHHOTO 3aXOIUICHHS IIyTaMary. MU TakoX MOKasalu, II0
3aCTOCYBaHHs LePTpUAKCOHY Kopeitoe 31 3MiHamu posnoniny GLT-1 nicna UMT, nabauxarouuch 10
KOHTPOJIBHOI.

Kurwuosi cioBa: neprpuakcon, GLT-1, yepenHo-M03K0Ba TpaBMa.

JECEHCUTHU3ANIA I PECEHCUTHU3ALIA KAHAJIIB TRPV1
B CEHCOPHUX HEHPOHAX CIIIHAJIbHUX TAHIJIIIB I[YPIB

O. A. llerpymienko , M. O. llerpymenko, O. O. Jlyk’ssHenb
Tuemumym ¢pizionoeii im. O.0.bocomonvyss HAH Yxpainu, Kuis, Yxpaina, petrushenko@biph.kiev.ua

IIpoGuema B3aemoxnii perientopis MeMOpaH 30y ITMBUX KIITHH B I1porieci o0GpoOkH i mepesiadi HepBoBOTo
IMITYJIBCY € IIMPOKO TOCII/PKYBAHOIO 1 akTyasbHO0. Holmienropu 3 MasimM JiaMeTpoM COMH BilIIOBiIalOTh
Ha MPHUKJIAJaHHs KarncaiuHy akTuBaniero kaHaitiB TRPV1 i 3MiHOIO BHYTPIITHBOKIITHHHOT KOHIICHTpAITi i
Ca. Y BiATIOBiJaIOTH HA MOCIIIOBHI aTuliKaiii aroHicTa MOXJIMBUN PO3BUTOK JIECEHCUTH3AIlI] KaHATIB
TRPVI1 3a tunom Tax1(b1ﬂa1<cn BII[OMO 10 HII[BI/IIIICHHSI [Ca?']i Crpusie po3BUTKY I[eCCHCI/ITI/ISaIIII
kanaiis TRPV1. B JnTepaTypl € JaHi PO MOXKIIUBICTH pecechTmauu BiamoBizxei kaHariB TRPV1 na
KalcailliH B yMOBaX aKTHBALil METa0OTPOIHUX IlypHHEPTiYHUX penenTopi. Pobora Oyua mposeneHa
Ha NMEepPBUHHIN KyJIbTypi HeHpOHIB (1-2 AHIB KYJIBTHBYBaHHS ), 130JJbOBAHHX 3 I[KF nrypis (8-12 ,ZlHlB) B
eKCIIEPHMEHTAX BUKOPHCTOBYBAIIM METO MiKPO(IIyOPECHEHTHOT Ka.]H)]_II/IMeTpll JUISl BU3HAYCHHS PIBHS
BHYTPIIIHBOKJIITHHHOT'O Kalbllito. sl eKCciepruMeHTIB BiI0Mpany HeBEIUKI HEHPOHH, 1110 BiTHOCATHCS
JI0 HOIMIIENTOPiB, AiameTpom 21-37 mxm. Kancainun (50-200 HM) IpUKIAAIH 10c 3 iHTepBaJ'IOM B 2 XB.
Yepes 30-40 XB eKCIIEPHMEHTY MPUKIAAAIN ArOHICT MeTa6OTpOHHHX nypinepriiaux penentopis UTP
(100 MmxM, 1-2 xB) i Bl}:[pa3y 3HOBY MPUKJIAaTH KarcainuH. Yci CHOCTepe)KYBaHl BIJIMTOBII HA KaTCailiH
(n=61) Mmo>xHa OyJo po3ainuTu Ha rpynH. [lo-niepmre, yacTuHa KiIiTHH (67%) OKa3ana MOBUIBEHY KlHeTI/IKy
po3BUTKY edekry kancainuny (10-20 xB), a 33% cxianu Heiiponu 3 mBHAKUM (MeHII 10 XB, 3BH4aifHO 1-5
XB) PO3BHTKOM I[bOT0 e(heKTy. PO3BHTOK TpaH3i€HTa MAKCHMANIbHOT aMILTITY I XapaKTepH3yBaBCs 4aCOM
3aTPUMKH, SIKUH 3aJI€KaB BiJl KOHIEHTpallii aronicta. [Ipu HU3bKUX KOHIIEHTpanisx kancainuny (50-100
HM) oCATHEHHSI MAaKCUMaJIbHOT aMILTITYy AN KaJlbllieBUX TpaH3ieHTiB uepe3 TRPV 1-xananu BigOyBanocs
yepe3 OIbInid npomixok yacy. [To-apyre, 69% ckinanu HeWpPOHH, 1110 TOKA3aJId PO3BUTOK I€CEHCUTHU3AL]
kaHaitiB TRPV1 no tuny rtaxidimakcii (n=42). lonaBanas UTP mo Takux HEWpOHIB MicClsI PO3BUTKY
KarncailiHoBOT IECCHCUTHU3AITIT BUKJIMKAIIO TOBHY a00 4acTKOBY peceHcuTH3aiito kananis TRPV1 B 34%
HelipoHiB. Ile MoXxe CBITUMTH NTPO BIUIMB Ha peceHcuTH3aliro kanaiaiB TRPV1 metabomiyauX mporiecis.
Jlnst Toro, mo6 mokasaTu BIUINB ioHIB Ca’’ Ha geceHcuTH3anio kaHanis TRPV1, Mu gocnigunu BIUIUB
ionis Ca’" Ta Ba’* Ha nuHaMiKy TpaH3i€HTIB, BUKIMKAHUX JI€I0 KancailuHy. PO34MH B eKCIepUMEHTaIbHIN
KaMmepl He MICTUB JIBOBAJICHTHHX KaTiOHIB, aji¢ PO3YWH JIJIS 3aCTOCYBAHHS KarcaillmHy MicTHB abo 2,5
MM CaCl,, a6o 2,5 MM BaCl,. 3a HasiBHOCTi y 30BHIIIHEOMY cepenomznui Ca?" necencurusalis KaHaniB
TRPV1 Hpo;an;IeTLc;I 10 CBI}:[‘H/ITL npo HeoOxinHicTh ioniB Ca?™ miis nporo npoiecy. [ToBHa 3amina
JBOBAJICHTHUX i0HIB Ha Ba?" Bukiouae iHakTUBaLio 1 neceHcuTH3anito kaHanie TRPV 1. 3a HasBHOCTI
y 30BHILIIHEOMY cepefoBHuIli ogHouacHo Ba?' ta Ca?" inaxTuBauia ta necencutusanis kananis TRPV1
30epiratrotbest. Takum urHOM, i0HH Ca HEeOoOX1IH1 /ISl PO3BHUTKY JeceHcHuTH3anii kaHaiaiB TRPV1.
Kuarouosi ciosa: TRPV1 xananu, Fura-2 A/M, UTP, Ca®", kancailus; nepuHHA KyIbTypa HEHpOHiB
JKT, HonuuenTop, CeHCUTHU3AIlis, IeCEHCUTH3AIlis, PECCHCUTH3AITiS.
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BIIJIUB JAHTPOJIEHY HA ) KUTTE3JIATHICTh HEMPOHIB
KYJbTYPHU I'NlNIOKAMITY HIYPIB B YMOBAX KYJIbTUBAIIIII 3 AMIJIOITOM-p

B. B. I'an:ka, H. M. Posymna, B. M. lllkpuas, O. O. JIyk’siHenb
Inemumym ¢hizionoeii im. O.0. Bocomonvyss HAH Yxpainu, m. Kuis, Ykpaina, ganzha.vita.88@gmail.com

XBopoOa Ansireiimepa (XA) € HelipoereHepaTUBHUM 3aXBOPIOBAHHSM, SIKE XapAaKTEPU3Y€ETHCA MPOT-
pPECylOUYNMMH KOTHITUBHHUMH MOPYLICHHSMHU 1 BTpaTolo mam sTi. [latorenes XA ckiagHuii, 3al1eXUTh
BijJ OarathoXx (akTOpiB 1 JOCI HE J0 KiHIS BUBYEHHU. BiJ0MO, IO TO3aKIIITUHHI BIJKJIaACHHS TIETUITY
aMitoiny-B (AB) y BUIIISIAI CEHITBHUX OJISIIOK, YTBOPEHHS BHYTPIIIHBOKIITHHHUX HEHPODIOPUIIPHUX
KJIYOKIB Ta MOIIKO)KCHHS HEUPOHIB, 0COOIMBO B 00J1aCT1 TIOKAMITY PO3TJISIAAIOTHCS K OCHOBHI TIaTO-
noriyHi o3Haku XA. [ToBimomMisutocs, o nopymeHHs B po0oTi piaHoInHOBUX perentopiB (RyRs) MoxkyTh
OyTH 3amydeHi B maToreHe3 XA, OCKUIBKH i PEIENTOPH BilirpaloTh BaXkKJINBY POJIb Y PEryIIOBaHHI
BHUBIJIBHEHHS KaJIbI[il0 3 eHJoruiazMatudHoro petukyiaymy (ER) y meliponax. Jlucbananc romeocrasy
KaJblilo, SIK caM o co0i, Tak i moBysi3aHuit 3 RyR-penentopamu, Moxxe OyTH OHI€I0 3 IPUUUH PO3BUTKY
XA. YV Hammx AOCTIIPKCHHSIX MU BUKOPHCTOBYBAIHM IaHTPOJEH, aHTaroHict RyR, mo6 neperiputu
HOro BIUIMB Ha KUTTE3JATHICTh HEHPOHIB KyJIbTYpH TiMOKaMmy TNpu aii aminoixy-f. JocmigxkeHHs
MPOBOIMIIH Ha HeMpoHax 12-13-1eHHOT KyIbTYpH TIIOKaMITy HOBOHAPOKEeHUX 1ypiB. Kinitiuau gapOysanu
pearentamu Hoechst 33258, iHAMKAaTOPOM 1HTAaKTHUX KIIITHH, Ta MPOIIAIyMOM HOAUIOM, IHIUKATOPOM
HEKPOTHYHUX KIITHH. JKUTTE3MaTHICTH HEHPOHIB OIIHIOBAJIN 32 JOMTOMOT'0I0 KOH(OKAIBHOT MiKPOCKOMI1,
MOpiBHIOIOYHX (HITyOPUCIEHITIFO KIITHH 32 KOHTPOJIbHHUX YMOB, Micis iHKyOatii 3 AB-aminoinom (2 MkM,
24 ron; moaentoBaHHA XA), a TaKoX Micis cniibHOI iHKyOamii 3 AB-aminoinom (2 MxkM, 24 rox) Ta
nantposeHoM (20 MxM, 24 rox). Y KOHTPOJIBHUX YMOBaX HaMHu BUSBIEHO 4 % HEKPOTHUUYHHUX HEHPOHIB
BIJIHOCHO yci€l KiTbKOCTI gociipkeHux KiiTuH (p <0,001). [Tpu 3acTocyBaHHI aminoiny-[ mei moka3HUK
3poctaB 10 31 % (p < 0,001), m10 CBiAYMTE PO IHTECHCUBHY 3aru0eib HEHPOHIB 32 YMOB MOJCITIOBaHHS
XA. BriM, TaHTpOJICH 3MEHITYBaB Iel MoKa3HuUK 10 5 % (p < 0,01), cupusitoun TaKUM YHHOM BH)KMBAHHIO
KJIITHH. BUXOAS4H 3 OTpUMaHUX pe3yIbTaTiB, MOXKHA 3pOOUTH BUCHOBOK, IIIO JAHTPOJICH MOXKE JisITH SIK
HEHPONPOTEKTOPHUHN 3acib MPOTH KIITUHHOI AeTeHepallii, onocepeIKoBaHOl i€l aMinoigy-p.
KuirouoBi cjioBa: rinokami, KyJabTypa HEHpPOHIB, plaHOJAMHOBI peleNTOPH, aMiJoia-f3, TaHTPOJIEH, XBO-
poba Aunbrreiimepa.

ASTO ELECTROPHYSIOLOGICAL PROPERTIES OF THE NEURONS
OF THE SUBMANDIBULAR GANGLIA

R. L. Parkhomenko!, A. O. Nastenko?, H. E. Purnyn?

! Natlonal Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute», Kyiv,
2 Bogomolets Institute of Physiology.NAS of Ukraine, Kyiv,ruslan2000knk@gmail.com

The submandibular ganglia (SGs) are part of the autonomous nervous system and are responsible for
the activity of the salivary glands. It is now known that in such a disease as diabetes, their functioning
deviates from normal. Therefore, SGs may act as a model for the study of the involvement of the
parasympathetic nervous system in the pathological process. The purpose of the work was to establish the
basic electrophysiological properties of the neurons of the SGs of control healthy rats and to investigate
the characteristics of the action potentials that arise in response to their intracellular stimulation: threshold,
amplitude, maximum growth rate, maximum decay rate, and half-width. The study was conducted in
vitro on the neurons of the 3-week rats Wistar. The material was collected in compliance with the norms
of bioethics and the requirements of Article 26 of the Law of Ukraine «On Protection of Animals from
Cruelty» (dated 21.02.2006). Both whole unpainted ganglia were used which were extracted from the
animals together with the connective tissue between the nerve segment of the chorda tympani nerve and
the segment of salivary ducts. The ganglion was constantly perfused by the extracellular solution during
procedure of extraction. It was attached with 30 microns diameter tungsten threads to the chamber’s
bottom which was filled with a silicone elastomer (Sylgard, USA). The connective tissue from the
surface of the ganglia was removed in such a way as not to disrupt its structural integrity. The method
of single-electrode intracellular recording was used using Axoclamp 2B amplifier («Axon Instruments»,
USA) in Bridge mode for the study of electrophysiological properties of SG neurons. The signals were
digitized with the analog-digital converter Digidata 1200A under the control of the CLAMPFIT 9.0
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computer program («Axon Instruments», USA). The isolated SG was under a permanent duct of the
extracellular solution containing (in mM): NaCl - 140, KCI - 2.2, CaCL, - 2, MgCl, - 2, HEPES - 10,
C¢H,0O, - 12, pH of solution = 7.4. The electrode was filled with KCl solution, 2.0 M. A total of 7 neurons
were analyzed. For stimulation, the stimulation protocol was used, in which the current begins with
0.1 nA, lasts 100 ms, and increases by 0.1 nA at each pass, with breaks of 1 s. The studied SG neurons
had a resting membrane potential of -49+13 mV, resistance of 98+49 MOm, and capacity of 45+12 pF.
Amplitude of action potential (AP) 60+£8 mV, threshold potential -24+9 mV, maximum growth rate in AP
was 5620 mV/ms, maximum decay rate of AP -18+5 mV/ms, half-width of 51 ms, (n = 7). It is shown
that in response to stimulation of 100 ms, there are two consecutive APs in response to stimulation. At
the same time, as the size of the stimulating current increases, the time between the two APs decreases,
and the amplitude of the second AP decreases, compared to the amplitude of the first. Thus, at 0.2 nA,
the delay between two peaks was 76+6 ms, the difference between the amplitudes -14+1 mV, at 0.4 nA
delay was 5442 ms, the difference -28+3 mV, (n = 7). Since the study of neurons of the submandibular
ganglia is of interest in the study of diabetes and salivary gland dysfunction in patients with diabetes
further research of the neurons of the SG of rats with diabetes and the use of extracellular solution with
high glucose content for comparison neurons in these conditions seems perspective. A study to investigate
the effect of hyperglycemia on the electrophysiological properties of SG neurons is planned in the future.
Keywords: neurons of the submandibular ganglia, action potentials.

COMPUTER METHODS FOR EVALUATING THE BEHAVIOR
OF RATS IN STANDARD ANXIETY MODELS

V. Garkavenko, I. Karnach, V. Martynenko, O. Nahlov, T. Chugai
V.N.Karazin Kharkiv National University, Kharkiv, Vladimir.garkavenko@gmail.com

Anxious behavior of rats can be a valuable indicator for the development of functional or pathological
conditions. The most commonly used tests for modeling anxiety in rats are the open field (OF) test and
elevated plus maze (EPM) test which assess the ratio of time the animal spends exploring and attempting
to hide. This ratio» is the basis for understanding the actual «state of anxiety» of the animal. In recent
years, it has become obvious that automated methods of behavior analysis (video recording followed by
analysis based on various motion capture algorithms) can reveal the functionality of basic physiological
tests in a new way. Unfortunately, conventional (manual) method for behavioral test results interpretation
cannot provide accurate figures for the animal's acceleration and gives a critically large error in a
few important indexes. Automated behavior analysis provides much better accuracy and allows using
mathematical methods to study the patterning of behavioral acts and the correct grouping of animals in
experiment by types of nervous system organization. In the present study, the influence of sound signals
of different significance on the behavior of rats was investigated. The results of the behavioral tests were
filmed using an action camera from fixed position above the maze and processed both manually and by
various motion-capture software. For automated data analysis we used open-source code FIJI (ImagelJ)
with Mouse Behavioral Analysis Toolbox (MouBeAT) plug-in, as well as proprietary AnyMaze software.
The development of anxious behavior of animals under the influence of sounds of various vocalizations
was noted, and the accuracy of the results obtained by traditional methods and with the help of hardware
analysis was compared. It was established that measuring the parameters of animal mobility by computer
methods increased the accuracy compared to manual calculations by more than 40%. Automated analysis
made it possible to group signs of anxious behavior according to anxiety patterns. Furthermore, computer
analysis allowed us to group behavioral acts according to anxiety patterns by the method of Zhang M. et
al, 2017 and to identify a number of signs of anxiety that are unattainable by manual calculation, namely:
maximum acceleration, spatial orientation of rat body parts in the corners and center of the mazes, etc.
The working time of the operator in the manual way of measurement turned out to be 15-18 times longer
than the computer assisted analysis with all preparatory procedures.

References: Mingjie Zhang, Yufei Liu et al. Depression and anxiety behaviour in a rat model of chronic
migraine. J Headache Pain. 2017; 18 (1): 27.

Keywords: anxiety, automated behavioral analysis, AnyMaze.
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JAESKI MOXKJINBI MEXAHI3ZMU INOWKO/’KEHHSA MIEJIIHY
NP EKCHEPUMEHTAJIBHOMY ITAPKIHCOHI3MI TA XBOPOBI TAPKIHCOHA

K.B. PoszoBa !, .M. Kapa6aun’

! Incmumym ¢pizionozii im. O.0. Bocomonvya HAH Yipainu, Kuis,” IV «Incmumym 2eponmonozii im.
L. D. Yebomapvosa HAMH Yxpainuy, Kuis, erozova@ukr.net

[TokaszaHo, 1110 npu excrepuMeHTaIbHoMy napkincoHi3mi (EIN), BuUKiInKaHOMy TpUBaiuM (2-X THKHEBUM)
/11 BBEACHHSIM POTeHOHY (B 1031 0,3 Mr/100 r Macu Tina) cCTaTeBO3PLINM OLTHM 1a00pPaTOPHUM LIypaM,
BiI[6yBa€TLC$I 3HAYHC MOWIKOUKCHHS YIbTPACTPYKTYPH Mieniny (M) y BUDJISII HOro TimeprigpaTarii
Ta fecTpyKiii B goracromy Mo3ky (JIM) Ta crpiarymi (Ctp). IlapasenbHo BCTaHOBICHHH BHPaKEHHH
PO3BUTOK CTPYKTYPHOTO KOMIIOHEHTA MlTOXOH}IplaHBHOI Imcq)ymcun (MJI) EIl cynpoBoIxkyeTbCs
YIABTPACTPYKTYPHUMU 3MiHAMU M, KOTpi oxommorTk 50-70% ioro miomnii B /IM Ta 40-50% - B Ctp. B
ToH ke yac Oinbure 40% MX y JIM ta 6ausbsko 30% y CTp MaloTh YIIKOJKEHY CTPYKTYpy. BusiBneno,
HalOUIbIINI B3a€MO3B’A30K BUPAKEHHOCTI HEraTUBHUX 3MiH M He 13 3arajbHOI0 KUIBKicTIO MX
(r=0,617), a came 3 MX B cTpykTypHO nopyiieHomy ctaHi (r=0,836). [ToxiOHI 3MiHU yJIBTPACTPYKTYPH
M B TKaHWHaX MO3Ky mpu XxBopoOi Ilapkincona (XII) MoskHA pO3TIALAATH 3 OMHOTO OOKY SIK MOKA3HHIK
CY/IOMHOi TOTOBHOCTI, 3 IHILOTO - SIK CBIIYCHHS yPaXCHHs Yy TINBHUX Ta PyXOBUX HEPBOBUX BOJIOKOH 3i
3MEHIICHHSM 1X a(blHlTeTy IpiopuTeTHICT ASAKHX IIUISXIB PO3BUTKY MOLWIKOKEHb M IpH mapkiHCOHi3Mi
BJIAJIOCS 3)SICYBATH NIPU CKCIIEPUMEHTAILHOMY Ta KIIHIYHOMY 3aCTocyBaHH1 p13HI/IX MiIXO0JIiB JJO KOPEKIIii
JaHoro maronoridnoro crany. Ockinbku Iapkinconism ra XII monpwu ix HeiipoaerenepaTuBHy MpUPOSY
13 3Ty YCHHSIM nodamMiHepTigHOTO, XOJIIHEPriYHOr0, HOPAAPECHEPTIYHOrO T4 CEPOTOHIHEPIiIHOTO KOM-
MOHEHTIB, BBAXKAIOTHCS MYJIbTHCUCTEMHHMH 1 MYJIbTHCHMITOMHUMH MATOJOTiIsIMH, TO B OCHOBI iX
MATOT€HE3y PO3TIIIAI0Th TAKOXK KOMIIOHCHTH OKCHIATHBHOTO CTPECY, CHAOTENIIbHY Ta MITOXOHIPialbHY
IUCc(YHKIT, BTOPpUHHOT TKAaHWHHOI Tinmokcii. HamMu B ekcriepuMeHTi 3 KOperyodorw MeTow Oyio 3ac-
TocoBaHo npenapatu kamikop (Ka), mepedpomizin (Le) Ta ypiaun (Yp), a B kniniuHil npaktuni — Ka ta Le.
Ka sBnsie c06010 aHTUTIMOKCAHT Ta AHTHOKCHUJAHT UIMPOKOT0 CIEKTPY Mii, KOTPHUH BIITUBAE HA IHAYKIIiIO
O6iocunTe3y NO, 3axwuinae KJIITHHU BiJi TOKCUYHOI i BIIbHUX pajUKaiB, HopMani3ye OKCHJIAHTHUM
roMeocTa3 Ha KJIiTHHHOMY PiBHI, HO3UTHBHO BILIMBAE HA (1)yHI<u1I0 engoTtenito. Lle — gk HelponenTuna,
HEHPOIPOTEKTUBHY 3IaTHICTH i BKIIOYAE CyMy BCIX MEXaHi3MiB, CIIPSIMOBAaHHUX IPOTH TPUBAIUX Ta
KOPOTKOYACHUX €HJIO- Ta €K30TCHHUX HEHPOCIPIMOBAHUX BIUIUBIB. Y — € CEJICKTUBHUM aKTHBATOPOM
AT®-3aeXHUX MITOXOHAPiaNbHUX KanieBux KanamiB (K, 14). Byno 3’acosano, mo naibinbury Kopery-
104y [0 M0J0 30epekEHHOCT] yAbTPAaCTPYKTYpu M TPOSABJISE 3aCTOCYBAHHA ¥Yp, T0OTO MpAMHii BITHB
Ha MX ta YCYHCHHS M/, mo mpu3BOAUTH A0 HOpMaTi3alii yaeTpacTpykTypu M i mapanenbHo MX: npu
EIl i 3actocyBanni Yp 3amumanocs 6au3pko 20% momkomkernx MX ta 20-30% M B JIM i 15-20%
ymkokeHux MX ta menme 10% wmieniny B Ctp. Todto B TkanuHi [IM KigbKicTh 3pyliHOBaHHX MX
3MEHIIWIACS MPAKTUYHO BABIUI TAKOXK SK 1 TUIOHII MOMIKO/pKeHOoTo M, a B TkaHWHI CTp 1i BEJIMYUHH
3MiHUnMCs e Oinbie (0COOIUBO BIITHOCHO YABTPACTpyKTypu M —y 4-5 pasiB). HactynHuil npenapar
3a CTyIEHEM BUPaXEHOCTI MO3UTUBHOIO BIJIMBY Ha YJIbTPACTPYKTYypy Miediny — Lle, koTpuii cipuse
{ MONINIICHHIO MPOLeCY HU3XITHOTO CYNMpacHiHAILHOTO KOHTPOIIO PiBHSI CErMEHTAPHOI 30y IITUBOCTI.
Brmus Ka BusiBnsiBest X04a i 3HaUyIIUM, TPOTE HAWMEHIII BUPa)KEHNUM, HAIIPHUKIIAT, KUTBKICTh CTPYKTYPHO
3MiHeHUX M X Oy’ia MEHIIO HIXK YJ[Bidi, a 3MEHIICHHS TUTONII T1epriIpaTOBaHOIO Ta IECTPYKTYPOBAHOTO
M nocsranmo 1,5-2 pasis. OTxe, MOKHA NMPUIYCTHTH, IO MOIIKO/KCHHS M BU3HAYA€THCS, B MEPIITY
4epry, HasBHICTIO M/], koTpa 00yMOBIIO€ PO3BUTOK MOPYIIEHbh €HEPTETHYHOIO0 METa00Ii3My, 3aTUM
OesnocepeHIMU HEHPO-CIPSIMOBAaHUMU BIUIMBAMU Ta HAMEHIIOO 3 TOCTIKEHUX HAMH HIIAX1B MIipOIO —
MposiBAMHU TKAaHUHHOI TiMoKcii Ta 6e3mocepelHb0 OKCUAATUBHOTO CTPECY.

KurouoBi ciioBa: miesiH, MITOXOH/PIT, MITOXOHApiadbHa TUCHYHKIIS, EKCIIEPUMEHTATBHHUH MTAPKIHCOHI3M,
JIOBFacTHH MO30K, CTpiaTyM, ypidiH, lepeOpoii3in, Kamikop.
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DIMINAZENE INCREASES THE NOCICEPTIVE RESPONSE OF PRIMARY SENSORY
AFFERENT NERVE FIBERS TO ACIDIFICATION IN A DOSE-DEPENDENT MANNER

Y. M. Tkachenko, A.Z. Buta, V.V. Khmyz, O.0. Krishtal, O. P. Maximyuk
Bogomoletz Institute of Physiology, Kyiv, Ukraine, tkachenko@biph.kiev.ua

Tissue acidification induces a sustained excitation of primary nociceptors, resulting in pain response.
In mammals, acid-sensing ion channels (ASICs) are the primary acid sensors, with the ASIC1b and
ASIC3 subtypes involved in peripheral nociception. ASIC inhibitors attenuate peripheral acid-induced
hyperalgesia in rats as well as pain in human subjects. Na™/H* exchangers (NHEs) are also other
important sensors of pH, it is shown that NHE1 is expressed in nociceptive nerve fibers. NHEs are well
known for their role in maintaining intracellular pH and cell volume by mediating the electroneutral
transport of H' against an influx of Na™ ions. Diminazene aceturate (DA, 2-acetamidoacetic acid;4-[2-(4
carbamimidoylphenyl)iminohydrazinyl]benzenecarboximidamide) is a non-amiloride small-molecule
ASIC anatagonist with a reported apparent affinity in the low micromolar range. However, the effect
caused by DA on the pH-induced excitation of primary sensory afferent endings is still unexplored. In
this study, we used murine skin-nerve preparation to define the possible actions of DA on the proton
activation (pH 6.0) of native polymodal nociceptors. We found that DA facilitated pH-induced excitation
of primary sensory afferents at concentrations greater than 50 pM while leaving it virtually untouched
at lower concentrations. Non-selective ASICs and NHEs inhibitor EIPA (5-(N-ethyl-N-isopropyl)
amiloride, 10 pM) as well as selective NHE!1 inhibitor zoniporide ([1-(quinolin-5-yl)-5-cyclopropyl-
1H-pyrazole-4-carbonyl] guanidine dihydrochloride, 0.5-5 puM) induced qualitatively the same effects
as high concentrations of DA. Our patch-clamp experiments show that DA potently inhibited ASIC
currents in primary cultured mouse dorsal root ganglion (DRG) neurons with apparent IC50=17.0+4.5
uM, while zoniporide did not affect ASIC currents. NHEs are well known for their role in maintaining
intracellular pH and cell volume by mediating the electroneutral transport of H against an influx of
Na® ions. NHE1 regulates pH in neurons and astrocytes and is expressed in nociceptive nerve fibers, so
NHE may modulate neuronal excitability and pain transmission. According to our findings and those of
other studies, the high concentrations of NHE inhibitors zoniporide, amiloride, and EIPA increased the
nociceptive low pH response in a dose-dependent manner. Here we show that high concentrations of
DA have the same effect as amiloride and EIPA, while completely blocking ASICs in concentrations as
low as a few tens of uM, implying that DA could be a novel non-amiloride NHE antagonist. Also, we
can speculate that NHE1 plays a more important role in the pH sensitivity of primary sensory afferents
than ASICs.

Keywords: Primary afferents, Acid-sensing ion channels, Na*/H" exchangers.

SOLUBLE CURCUMIN SUPPRESSES NEUROINFLAMMATORY ASTROCYTE
REACTIVITY THROUGH PARP-1 INHIBITION AND GLIAL INTERMEDIATE
FILAMENT REARRANGEMENT

V. S. Nedzvetsky'2, D. M. Masiuk?, A. O. Tykhomyrov3, G. Baydas*

IBing()'l University, Bingol, Turkey,

2 Dnipro State Agrarian and Economic University, Dnipro, Ukraine,? Palladin Institute of Biochemistry
40/ NAS of Ukraine, Kyiv, Ukraine;,

Altinbas University, Istanbul, Turkey,nedzvetskyvictor@ukr.net

Neuroinflammation is one of the causal components in the progress of neurodegenerative disorders.
Proinflammatory imbalance induces both cellular response against to stress factor and excessive pro-
duction of reactive species. Furthermore, inflammation in neural tissue cells can initiate the decline in
the cell viability. The models of proinflammatory reactivity are convenient tool to elucidate the molecular
mechanism of neural tissue cells abnormality. Lipopolysaccharide (LPS) is confirmed as universal initiator
of inflammation in various cell types including glial cells. Astrocytes are the largest population of glial
cells in the brain. In a like manner to other cell types astrocytes can produce inflammatory factors as
result of the damaging agent effects as well as response against LPS stimulation. Besides, various stimuli
including LPS induce universal cellular response in astrocytes, which is called astrogliosis. Most common
sign of astrocyte reactivity is upregulation of glial fibrillary acidic protein (GFAP) expression. Astrocyte
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reactivity is accompanied by signaling pathways activation, metabolic energy spending and increased
mitochondrial productivity. All aforementioned dysregulations are associated with ROS generation,
upregulation in cytokines production and excessive growth of cell reactivity. Moreover, astrogliosis
accompanied by the interaction between oxidative stress and proinflammatory changes. Therefore,
astrogliosis to both brain tissue repair and neural tissue cells damaging. Several transcriptional factors
and DNA repair machinery are the sensors of oxidative damages and could be involved in glial initiated
disturbance. On the other side, they are promising targets to regulate astrogliosis and to prevent brain
cell injury caused by neuroinfammation. Curcumin is a well-known antioxidant and anti-inflammatory
agent. Curcumin is hydrophobic polyphenol and this feature limits its bioavailability. However, current
technology lets to synthesise soluble curcumin derivatives that is principal to apply this polyphenol as
cytoprotective agent. In the presented study, we tested low doses of water-soluble curcumin to determine
glioprotective effect against both neuroinflammation and oxidative stress in LPS-stimulated primary rat
astrocytes. The expression of GFAP, NF-kB and PARP-1 was assessed as cytoskeleton, transcriptional
and DNA repair marker correspondingly in astrocyte reactivated with LPS. Obtained results have shown
that LPS exposure induced dose-dependent decline in cell viability, upregulation GFAP, NF-kB and
downregulation of PARP-1 expression and the growth ROS production. PARP-1 fragmentation was
detected in respect 80 kDa that reflects partpanatos initiation. Contrary, all aforementioned indexes
were improved in LPS-reactivated astrocytes exposed to soluble curcumin (2-10 uM). Moreover, soluble
curcumin exposure prevented a lack of cell viability of reactive astrocytes. Dose-depended glioprotective
effects of soluble curcumin were determined for all measured parameters with statistically significant
differences (P<0.05). Observed data evidence that soluble curcumin inhibits astrogliosis and develops
glioprotective effect through its antioxidant and anti-parthanatos activities. The functional interaction
between PARP and glial cytoskeleton could be one of promising target of natural polyphenols to develop
glioprotective effects.

Keywords: neuroinflammation, astrocytes, GFAP, NF-kB, PARP-1, soluble curcumin, reactive astrocytosis.

DEEP LEARNING APPROACHES FOR NEUROIMAGING DATA DENOISING
BY AUTOENCODER IMPLEMENTATION

N. V. Gorbovtsova, A. V. Netreba

Faculty of Radiophysics, Electronics and Computer Systems, Taras Shevchenko National University of
Kyiv, 64/13, Volodymyrska Street, City of Kyiv, Ukraine, 01601, e-mail: natalia.gorbovtsova@gmail.com,
avn@univ.kiev.ua

Machine learning methods are increasingly used for neuroimaging data analysis. These images are
usually liable to suffer from noises such as Gaussian noise, salt and pepper noise and speckle noise.
Denoising autoencoders constructed using convolutional layers, analysed in this article, can be used for
efficient denoising of neuroimaging data. Before the rise of the so-called deep learning, most denoising
methods were classified on two wide categories: those using the intrinsic pattern redundancy of the
image patterns and those exploiting their sparseness properties [1]. Recently, deep neural networks
have shown their superior performance in image processing and computer vision tasks. Let X and Y be
two random variables with joint probability density p(X,Y) with marginal distribution p(X) and p(Y).
We begin by recalling the traditional autoencoder to build deep network. An autoencoder takes an input
vector x € [0,1]¢, and first maps it to a hidden representation ¥ € [0,1]% through a deterministic mapping
y = fg(x) = s(Wx + b), parameterized by 8 = {W,b}. Wisa d'x d weight matrix and b is a bias vector.
The resulting latent representation y is then mapped back to a “reconstructed” vector z € [0, 1]¢ in input
space z= gg(y) =s(W'y +b) with8' = {W',b} . The weight matrix W' of the reverse mapping may
optionallv he constrained by W' = W7 | in which case the autoencoder is said to have tied weights. Each
training X @ is thus mapped to a corresponding y© and a reconstruction z®. The parameters of this
model are optimized to minimize the average reconstruction error such as squared error or cross-entropy:

0,6" = arg min L, L(:0,20) = argmin B 1 (x5 (<))

This optimization will typically be carried out by stochastic gradient descent or Adam algorithm. In our
experiment, all images were corrupted with Gaussian-distributed random noise with different levels since
at brain tissues noise distribution can be generally well approximated by a Gaussian distribution. To train
the model we used dataset, that has 400 MR images of 256 x 256 resolution. For the dataset, we added
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different levels of Gaussian noise. Corrupted datasets were then used for modelling. By using a neural
network, the autoencoder is able to learn how to decompose data and then using that representation,
reconstruct the original data. The framework is fully convolutional and deconvolutional. Since that layers
are symmetric, the input and output of the network are images of the same size. The main idea is that the
convolutional layers act as a feature extractor, which preserve the primary components of objects and
meanwhile eliminating the corruptions. After forwarding through the convolutional layers, the corrupted
input image is converted into a “clean” one. We have shown that good denoising performance can be
achieved using small training datasets, training samples as few as 400 are enough for good performance.
Keywords: Neuroimaging, Magnetic Resonance Imaging, Gaussian noise, denoising autoencoder.
References:
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BIIVIUB XOJIITHOMOAYJSATOPIB TA MIOPEJIAKCAHTIB HA KATIOHHI KAHAJIN
BEJUKOI MPOBIJITHOCTI SAEPHOI MEMBPAHU HEMPOHIB
HHYPKIHBE MO304YKA

O. B. Tapnonoabcbka, O. A. Kotuk, A. b. Kotasipoa, C.M. MapueHko
Incmumym ¢hizionocii im. O. O. Bozomonvys, m. Kuis, annkotliarova@gmail.com

SnepHa mem6pana HelipoHiB IlypkiHbe MO30uKa MICTUTh KaTIOHHI KaHanu Beaukoi nposigHocti (LCC-
kananu — large-conductance cation channels), mo xapakTepu3yOTbCS BUCOKOO HILIBHICTIO, BEIHKOIO
MPOBIHICTIO Ta MOBUIBHOIO KiHETHKOIO (1,2). Bimomo, 1110 111 KaHAJIX € CEJICKTHBHUMH JI0 OJTHOBAJICHTHUX
KaTiOHIB, B TOW Yac SK JIBOBAJICHTHI Ta TPUBAJICHTHI KaTIOHU HE MPOHUKAIOTh Kpi3b LCC-kaHamm abo HaBiTh
4acTKOBO 1HTI0YIOTH X (1,3). [Tomanbini gociKeHHS 30CepeKeH] Ha IOy KY e(eKTHBHOTO OJI0OKaTOpa
LCC-kananiB. 30kpemMa, MU 3BEpHYJIM yBary Ha IMUPIIUN CIEKTP XOJIIHOMOAYJIATOPIB, aHECTETUKIB Ta
MiOpEJIaKCaHTIB, OCKIJIBKH Cepeja MPEJCTaBHHUKIB caMe IIUX TPyN BAAJOCs iAeHTU(IKYyBaTH Ti, KOTpi
BILUIMBAIOTh HA (PYHKLIOHYBaHHS IOCTIKYBaHUX KaHaliB. MeToo 1iei po6otu O0ynao AOCHiAUTH BILIUB
MeTuutikakoHiTuHY (MLA), HeocTUTMiHY, OpOMIIiB POKYPOHIO Ta MIMEKYPOHIIO, @ TAKOXK aTPaKypiyMy
i muTHIiHY Ha ¢pyHKiionyBaHHs LCC-xaHaliB snepHoi MeMOpaHu HelpoHiB [1ypKiHbE MO30YKa.
JociipkeHHs Oy ipoBeieH] Ha 3-4 THKHEBUX NIypax JiHii Bicrap Ta ®imep. OCHOBHUM METOI0M OYII0
eIeKTPOdi3ionoridne TOCIiHKEHHS CTPYyMiB Kpi3h OKpeMi 10HHI KaHAJIH sSiAepHOI MeMOpanu — patch-clamp y
KoHbirypatii «nucleus-attached» abo «excised patch» y pexxumi (ikcarlii moTeHuiany. 3Ha4eHHs OKA3HUKIB
OTpUMYBaJH 3a Jonomoroto mifacuitoBada Visual-Patch 500 («Bio-Logic», @panuis). s npoBeneHHs
eneKTpo(i310JI0OTIYHUX PeECTpalliil monepeaHbo 1300BaNu SApa HeipoHiB [lypkiHbe MO30YKa IIIAXOM
roMoreHizarii. OTpuMaHi pe3yIbTaTH aHaNi3yBald 3a goromororo mporpam Clampfit 10.3. Ta OriginPro 9.0.
Pe4oBWHM BHOCWIIH IIJITXOM IPOTOYHOT arTikaii abo s 6e3mocepeIHb0 J0Jal04H JI0 PO3UMHY Y BAHHOYII
3 ypaxyBaHHsM KiHIeBOI KOHIEHTpaIlii. OCHOBHMMY aHaIi30BaHMMH 0i0(Qi3HYHNMH [TapaMeTpaMu OyIin:
aMILTITy/1a CTPYMY Kpi3k KaHaJl, IMOBIPHICTh HOT0 nepebyBaHHs y Bl}IKpI/ITOMy crai (Po), Ta BUHMKHCHHSI
e(eKTy MUTOTiHHs KaHaly. BuiuenepenitueHi peyoBUHI YMHIIN 3HAYHUHA BIUIMB HA aMILIITy/ly CTPyMy Kpi3b
LCC-kananu. 30kpemMa, J0/1aBaHHS 10 PO3YUHY JUTHIIIHY, aTpaKypiyMy, POKYpOHit0 a00 K MiIeKypOHit0
OpoMily CynpOBODKYBAJIOCS 10303aJI€)KHAM 3MEHIIEHHIM 1bOT0 NoKa3HMKa 1 mpH -40 MB Ta 3a koHueHTpaii
PEYOBHHU 2 MMOJB/JI IIe 3MEHIIeHHS cTaHOBmHIO 52% (n =4, P < 0,001), 70% (n =9, P < 0,001) 47%
(n=5,P<0,01) 12 68% (n=06,P <0,001) Bignoinuo. Haii6inpur Bupaxenwii BriuB Ha Po uynanmm MLA —
52% 3a xonmentparnii 100 Mmxmons/n1 (n = 3, P < 0,05), seocturmin — 33% 3a 200 Mxmons/1 (n = 3,
P <0,05). Murotiansa LCC-kanainiB pi3HOi iIHTEHCUBHOCTI, III0 € IIOKa3HUKOM 1X MEXaHIYHOTO OJIOKYBaHHS
3apeecTpOBaHO 3a Aii OpOMiliB POKYpOHIiIO 1 MAaHKYpPOHiIO, a TaKOX AUTWIIHY Ta aTpakypiymy. [lani
npo ¢apmakosoriuny yytinupicte LCC-kaHaniB HEOOXiAHI Uil MOAANBIIOTO 3’ SICYBaHHS CTPYKTYPHO-
(GYHKIIOHAIBHUX XapaKTEPUCTHK KaHATIB Ta 1X (Pi3i0JI0Ti9HOT poti.
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BRAIN EVOKED ACTIVITY UNDER CONDITIONS
OF SOCIAL INTERACTION AND WORKING MEMORY LOAD

I. Kuznietsov, S. Helie
Purdue University, West Lafayette, USA, ikuzniet@purdue.edu

Studies on social interactions and mechanisms of altruistic behavior focus mainly on inhibitory control.
However, the other executive functions like working memory (WM) and cognitive flexibility — remain
insufficiently studied in this aspect. The mechanisms of working memory are anatomically and functionally
related to the mechanisms of inhibitory control. Moreover, the analysis of current studies on human
evolution shows an increase of computational demands for decision-making systems correlated with
the increase of the social interactions complexity in human society. This, in turn, should impact the
evolutionary development of working memory system. Based on these studies, we suggest that working
memory performance should correlate with the level of altruistic behavior in humans. Being more specific,
subjects prone to altruistic behavior should show larger WM capacity. To test the working hypothesis,
we recorded the evoked electrical activity of the brain in 70 subjects (33 women) aged 18-22 years under
the following experimental conditions: Dictator Game (the subject acted Proposer), Ultimatum Game
(the subject acted Proposer), the 2-Back WM test, the Sternberg WM test. The total amount of money
that the subject shared during the Dictator Game or Ultimatum Game conditions was considered as
behavioral correlate of altruistic behavior, and the FRN (Feedback-Related Negativity) amplitude was
considered as neurophysiological correlate of altruistic behavior. The percentage of errors in WM tests
was considered as behavioral correlate of WM performance, and the amplitude of the P3 component was
considered as neurophysiological correlate. The amplitude of the FRN component is known to be larger
when there is a discrepancy between real-world outcomes and expectations in social interaction. This
feature reflects the level of negative emotional response like aversion or disgust for undesired result of
social interaction. FRN amplitude is reported to be higher in subjects with individualistic behavior and
lower in subjects with altruistic behavior. The amplitude of the P3 component is higher in subject with
larger WM capacity. Our results show that, contrary to the working hypothesis, subjects with altruistic
behavior have a higher FRN amplitude. However, the P3 amplitude was also higher in again in the group
of altruistic subjects in the Sternberg test. On the other side, the amplitude of the N2-P3 complex in the
2-Back task was higher in individualistic subjects. Behavioral results in WM tests showed that subjects
with individualistic behavior have higher WM performance according to the lower percentage of mistakes
in both the 2-Back task and the Sternberg test. Thus, subjects with individualistic behavior have higher
WM performance. Interestingly, higher activity of the superior frontal gyrus (Brodmann area 10) was
observed for the group of altruistic subjects. The activity of this cortex is associated with the function
of updating data in working memory. But what is more intriguing, the function of this area is specific
in relation to human social behavior preferences.

Keywords: neuroeconomics, Dictator Game, Ultimatum Game, Working Memory, altruism, EEG, ERP,
FRN, P3.

KAHABIJAIOJ 3MEHIITYE YACTOTY IMIOYJIbCAILII AOGEPEHTHUX BOJTIOKOH
BJIYKAIOYOI'O HEPBA B MOJAEJII TOCTPOI'O PECIIIPATOPHOT' O
JAUCTPEC CUHAPOMY VY I1YPIB

. Icae, 0. Tkauenko, A. /Ixxyma, A. CaBoruenko, T. /IpeBunbka, JI. TymanoBcbka
Inemumym ¢hizionoeii im. O. O. Boeomonvys, dmytro.isaev@gmail.com

COVID 19 3a3Buyait acomitoeTbes i3 3aMaleHHSIM JIETeHb 1 TOCTPUM PECIipaTOpHUM JUCTPEC-CUHIPO-
moMm (I'PIIC). 'PAC — e po3nam, kit XapaKTepH3yeThCs IBUIKUM TMOMNPEHHAM 3aMajeHHS B JTETEHAX
3 MOJANBIUINM 301MBIICHHSIM MPOHUKHOCTI CYIHH, AU(Y3HUM albBEONAPHUM IH(IIETPATOM, BTPATOIO
aepoBaHOI JIEreHEeBOI TKAHUHU, 110 TPU3BOAUTD A0 3HUKEHHS €aCTUUHOCTI JIETCHb, TAXiMHOE Ta TAXKKOT
rinokcemii. KanaGigion (KBI[) € HEIICUXOAaKTUBHUM KaHA01HOIIOM, AKUH, sIK OYJI0 TOKAa3aHO, TO3UTUBHO
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BILUIMBAE HA HEBPOJIOTTYHI PO3JIa/IH, BKIOYAIOYH SIICIICi0, MTU30()PeHi0, TPAaBMH TOJIOBHOTO MO3KY Ta
1HIII, TAKOXK IMOBIJOMIJISIETHCS, IO BIH Ma€ MPOTH3aMalibHI BIACTHBOCTI Ta 3aMo0irae HaAMipHIH IMyHHIH
BianoBini y tBapunHiii Mmojeni ['PJIC. Kb/l B3aemoxie 3 Gararbma KIITHHHUMHU PELENTOPAMH, OJTHAK
aiHHICTB 3B’ sI3yBaHHS 3 BCTAHOBJICHUMH MIIICHAMH HU3bKA. Y JeTeHsAX OJyKar4nil HepB BILIMBAE HA
JIMXaHHS, PETYITI0€ TOHYC TUXaTbHUX mLsXiB, mepdysiio i cekpeniio. biaykarodi eepeHTn BUBIILHAIOTH
AUCTHIXOJIIH, KMt MOJIYJTIO€ ¢byHkuii oprany. BnyKa}quH adepeHTH 30MpaIOTh i NepeAaloTh iHhOopMaio
npo MexaHiyHui 1 Ximiuauii cran jgerenp B [[HC. LluTokinu, XeMOKIHU Ta iHIII Me):uaTopH 0aratpox
THITIB KJITHH aKTHBYIOTh ONlykarouwii HepB. brmykaroumii HepB mepemae iMyHOJOTIUHY iH(pOpMAIifo
no ITHC, i [IHC mosxe 3MiHuTH mepedir 3axBoproBaHHs. J[oBeJeHO, 1m0 OJNiyKalouWii HEpB Bimirpae
BAXIIMBY POJIb Yepe3 HEHPOIMYHHI B3a€MOJIIi B TaKHX pO3JIajax K acTMa, XpOHIYHEe OOCTPYKTHBHE
3aXBOPIOBAHHS JICTEHb, ereHeBuii hiopo3s, pak nerens i 'P/IC. 11106 BuBunty Bt Kb/] Ha HeltpoiMyHHY
BiATOBiIb, MU JTOCJI/)KYBaJM 3MIiHU y €JIEKTPUUYHIA aKTUBHOCTI JIETEHEBOI T'JKH OJyKaro4oro HEpBY,
a TakoXx iMyHoJioriuHi mapamerpu y mozeni ['P/I3 Ha mypax. B pe3ynbTaTi eKCIEpUMEHTIB OyIIo0
BCTaHOBJICHO, 10 iHimianis ['P/I3 BHKIWKAaE MOCTYMOBE 30UIbIICHHS YaCTOTH CHTHAII3aIlii BOJIOKOH
nervus vagus. 301IbIIyBallach YaCTOTa SK BOJOKOH 3 PETYJSPHOIO TaK 1 3 HEPETYISIPHOIO aKTUBHICTIO.
BuyrpimapouepeBHe BBeneHHs Kb/ y konnenTpaii 100 Mr/Kr mpu3BeJIo J0 MBUIAKOTO MPUTHIYEHHS
AaKTHBHOCTI apepeHTHHNX BOJIOKOH. BHyTpimuboBenHa in’ekuis Kb/l y konnentparii 100 Mxr/kr npusena
JI0 MOCTYIOBOTO 3HMKEHHS YaCTOTH EJICKTPUYHUX CHTHAJIIB BOJIOKOH ONyKardoro HepBy. Jlekinbka
nonepeHiX JoCHiKeHb noka3anu, mo Kb/] mpu3BoAUTh 10 3MEHILEHHS 3alaleHHs y JIETeHX Mij Jac
I'PJIC. [NopiBHSHHS KITBKOCTI crenudigaux ais 3anancHHs nutokiHiB IL-1beta, TNF-alpha, IL-6 y
TKaHWHAX JIETeHb eKCIIEPUMEHTAIBHUX IYPiB miaATBepamio, mo Kb/l Mae moTyxHUI mpoTH3amatbHIA
edexr. Panime 0yJio moka3zaHo, Mo 3MEHIICHHS MMPOBIIHOCTI BOJOKOH OJIYKaHOUuOT0 HEPBY MPU3BOIUTH
JI0 3MEHIIICHHsI iIHTeHCUBHOCTI 03Hak ['P/[3. ¥V mpoMy AOCIHiPKeHHI MU BIepIle OKa3aju, IO IMij 4ac
I'P/13 BinOyBaeThCs 301bIICHHS YACTOTH CIICKTPUYHUX CUTHAIIIB y JIETEHEB1H Il OIyKardoro HepBy.
Mexani3m npotusanansHoi 1if Kb/ y mogeni I'P/13 3anumaeThcst Maao AOCTiAKEHUM. MU IPONIOHY€MO,
110 IPUHANMHI YaCTKOBO, npoTu3ananbHuii epekt Kb/l moscHIoeThCA 0ro BINIMBOM Ha HEPBOBI BOJIOKHA
0JIyKaro4oro HepBy.

Jocnimpkenns miarpumano rpaatom HOJY 2201/0266.

Kurwouogi caoBa: kana6igion, ['PJIC, 6nykarounii HepB.

LOCAL FIELD POTENTIALS IN THE OCTOPUS BRAIN
A. Cherninskyi!, T. Gutnik?, M. Kuba?

! Bogomoletz Institute of Physiology, Kyiv, Ukraine,
2 Okinawa Institute of Science and Technology Graduate University, Okinawa, Japan,
andrii.cherninskyi@biph.kiev.ua

Octopuses are high organized invertebrates with big brains and complex behavior. The architecture of
their brain is very different than in mammals or other vertebrates. However, they have a high level of
behavioral plasticity, which, obviously, has the neuronal substrate. Understanding the functioning of
the octopus brain will expand our knowledge of the mechanisms of neuronal control of behavior. For
this, we need the instruments, and the registration of local field potentials (LFP, or less precise term
electroencephalogram) is one of the most simple, cheap, but powerful methods. Recording LFP in non-
anesthetized freely-behaving octopus is challenging. Using wired devices is problematic because of the
number, length, and strength of animals’ arms. Wireless radio-based systems are not suitable because of
the shielding properties of water which is a mandatory component of the cephalopods’ environment. To
solve this problem, we have developed a specialized water-resistant container for the NeuroLogger®
(Newbehavior AG, Zurich, Switzerland) device. The electrodes (4 data and 1 reference) were implanted
into the brain of three adult Octopus cyanea (2.5-4.2kg) under anesthesia. The capacity of the device was
enough to obtain approximately 13 hours of LFP records while the animals were in the housing tank. The
animals were filmed, then the video was synchronized to LFP, and behavior was manually scored by two
experts. Unlike some previous reports, the LFP from octopus brains did not look like that of mammalian
brains with regular oscillations during at least some behavioral states. LFP waves were mostly irregular
and slow (<1Hz), with short periods of sinusoid-like activity or spikes. To reveal the possible correlation
between LFP and behavioral states, we split the record into 10 s epochs and calculated the root mean
square (RMS) of the signals’ amplitudes. Three distinct behavioral states were selected for this analysis:
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sleeping (SL), non-sleeping not moving (NM), and non-sleeping actively moving (MV). Then RMS values
were compared between different states for each animal. There were significant differences between
at least two states in every channel and all animals. Interestingly, in some electrodes sleep activity had
greater amplitudes than awake (both active and quiet). In others, the difference was the opposite. Since
there is no stereotaxic atlas for the octopus brain, the positions of electrodes could be slightly different,
and this results in some inconsistency across the animals. We need to collect further data to reveal the
electrophysiological correlates of the octopuses’ behavioral patterns. This may be real using our approach
to record the brain electrical activity of these animals.

Keywords: octopus, local field potential

CLASSIFICATION OF INTRACRANIAL ELECTROENCEPHALOGRAPHY SIGNALS
FOR PREDICTION AND DETECTION OF EPILEPTIC SEIZURES

I. Pidvalnyi, O. Sudakov
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, podvalniy111@gmail.com

Classification of electroencephalography (EEG) signals for the investigation and prediction of epileptic
seizures is an important problem for studies and applications. More than 70 million people around
the world suffer from various negative consequences of epilepsy that can sometimes be fatal. Despite
the first studies in this area originating more than 50 years ago new methods arise. Today machine
learning approaches are considered to be the most promising. Numerous works have been devoted
to this topic using various parameters for EEG signals as classification features. The first attempts
used are logical regression and other simple artificial intelligence approaches. Now the application
of wavelet transforms for features extraction provides an average classification accuracy of 90%
[1]. However, most publications are focused on a limited set of features. There are other approaches
based on the separation of the EEG signal sub-patterns to form a new principal components (PCA)
basis set. Classification accuracy could reach 98% for such approaches [2]. There is a need for further
investigation parameters of EEG signal for better classification accuracy. In this work single-channel
intracranial electroencephalography signals with a time sweep over 60 minutes for 14 Wistar rats with
a pilocarpine epilepsy model were considered. From the standard set of statistical parameters we chose
the mean value of the amplitude, the standard deviation of the amplitude, the modulus of the amplitude
difference, and the asymmetry coefficient. Hjort parameters: activity, mobility, and complexity were
also taken into account. In addition to describing the data in the amplitude-time representation, the
description of the data with the parameters of the time-frequency representation is also used, namely, the
parameters of the wavelet transform. In total 13 signal parameters were selected. For these parameters,
the classical implementation of the principal component method was applied. As a result a new basis
set with 6 principal components that contain 95% of the data variance was obtained. Application of
PCA for informative feature extraction and support vector machine for binary classification provide
specificity 74% and sensitivity 90% which is close to other authors’ results. It should be noted that
such implementations can be used in mobile diagnostic systems [3]. In most publications classification
features are extracted from the signal itself, but not from the system that generates that signal. We suggest
extending signal classification features with characteristics obtained by study models of biological
neuron behavior that will be the subject of further investigation.
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BIZHOBJIEHHSA CIIIHOBUX XAPAKTEPUCTHUK OB’€EKTA 3 CYMILLIEHUMHU
JAUUIIAHKAMUW METOAAMMA MPT

A. B. Hetpeoa, P. B. Iloropesios, A. O. Komapos
Kuiscokuii hayionanvruil ynisepcumem imeni Tapaca llesuenxa, m. Kuis, rpogorielov95@gmail.com

JlocnimpkeHo BIUIMB ITyMiB Ha SIKiCTh MarHiTHO-PE30HAHCHOTO 300pa)keHHs, KOJIM BUMIQAKOBA CTOXACTUIHA
KOMIIOHEHTAa MICTUTBCSI B aMILIITY/l, a IyM € ['aycoBUM 3 3agaHUMHU BigxmieHHIM. [loOynoBaHo croT-
BOpEHI 300paeHHs 3 3alaHUM yMoM. MarHiTHO-pe3oHaHcHa ToMorpadis (MPT) € ogaum 3 HallO1ab1II
iH(OPMATUBHUX 1 KIIHIYHHUX AIarHOCTHYHUX 3ac00iB. Ha BiAMiHY Bijl IHIIMX KJITHIYHUX JT1arHOCTUYHUX
3ac001B, sIKi BKJIFOUAKOTh PEHTICHIBCHKE BUIIPOMIHIOBAHHS, MarHiTHO-pe30HaHCHA ToMmorpadis 3acHo-
BaHa Ha MPHUHIMIIAX BUMIPIOBaHHS 00EpTiB MPOTOHIB TiJIa s OTpUMaHHS 300paxeHHs. [logiOHO 10
IHITUX IHCTPYMEHTIB KJIIHIYHOI Bi3yamizamii, i0HiI3y[04e BUIIPOMiHIOBAHHS IPU3BOANTE J0 MOSBH Pi3HUX
apTedaxTiB B IIarHOCTUYHUX 300paxeHHAX, OTpUMaHUX 3a nornomoroto MPT. TToxomkeHHs 1IyMiB Ha
MPT-300pakeHHSX MOB’sI3aHE 3 PI3HUMU (AKTOPAMHU, SIK-OT Y CUCTEMI Iepeaadi Ta HaBKOJIUIIHbOMY
cepenoBuili. Orpumani MPT-300pakeHHsI MICTATh Pi3HUNA THI HIYMY, Taki sIK: pPO3MUTHH, rayCoOBHH,
MyacCOHIBChKHM, TNIAMHCTHH, TO0. OCKIIbKH YeyHeHHs myMiB MPT-300pakeHb 13 30epeKeHHAM IHHOT
JIIarHOCTUYHOT iHPOpMaITii CTaJI0 TOJIOBHOI METOK, YCYHEHHSI ITYMIB CTAJIO OJIHUM 13 HAUTIOMYIISIPHIIIIHX
MeToaiB 00poOoku MPT-300paxkens. B naniii poOOTi JOCHIKYETHCS BIUTUB NIIYMY Ha 300paskeHHS, IKUI
MICTHTBCS B aMIUTITYAl cUTHaTY. 300pa)keHHS B MarHiTHO-PE30HAHCHIM ToMorpadii € BifoOpakeHHAM
IpOTOHHOI rycTHHH . CUTHAN caay BUIBHOI iHIYKILII (hiKCY€THCS 3a JOMOMOTH I'PAJi€HTIB MAarHiTHOTO
noss y k-npocropi: S(kyi keyy) = SOZ p(x,, Y,y €ilksixuthyym)

Jie - KOHCTaHTa, (Y — ripoMarHiTHe BiAHOIICHHS /:[73'1";1 BOJIHIO; - MOIMEPEYH] I'PaJTIEHTH MATHITHUX IOJIB;
- 4acoBi MapaMeTpH MOCIIJOBHOCTEH iMITyIbCiB MP, sKi BUOHMPAIOThCS B YCTAHOBJICHUX MEXKaX IS
3Ba)KyBaHHS TOMOTPaM 3a IIiIbHICTIO chiHa). J[71s MoentoBaHHs HECTAO1IBHOCTI KOAYIOUNX TPaTi€HTIB
Mar”iTHOTO MOJI BBAXaTUMEMO, 110 (IIyKTyauii Bif0yBaoThcs 3a ['aycoBUM 3aKOHOM PO3MOILTY iMO-
BipHOCTI B aMIIiTy 1. TOX KOOpPAMHATH 3HATUX CUTHAJIIB 3a3HATUMYTh 3MiH 1 OyAyTh BU3HAUCHI 3T1IHO
13 TayCOBUM 3aKOHOM PO3IMOJI1Iy IMOBIPHOCTI ,

(x - mx) >

1
F(x) axmexp< 20,
JIe — CepeaHE KBaJpaTUYHE BiIXIJICHHS BUIIAJKOBOI BEJIMYMHU, MaTeMaTH4yHE croxiBaHHsA. Jlami Bu-
KOPHCTOBYBAJIOCS 300paKeHHsI HE3allyMJICHOTO 300pa)KeHHs SK JUKEPEJIO CHTHANY 1 3a JIOTIOMOTOI0
psAMOro Ta 00epHeHOTo NepeTBopeHHs Dyp’e po3paxoByBajIocs CIOTBOPEHE 32 YMOBH HECTA0IIbHOCTI
MPOTOHHOI TYCTUHU MPH 3aJaHOMY CEPEIHbOKBAAPATUYHOMY BiIXUJICHHI .
KarouoBi cjioBa: MarHiTHo-pe3oHaHCHA TOMOTpadis, peKOHCTPYKIisl, pO3IidbHA 3aTHICTb.

ON THE BIOLOGICAL EXPEDIENCE OF THE MECHANISM OF INFORMATION
PROCESSING IN NEURONAL NETWORKS OF THE BRAIN THROUGH MENTAL
PHENOMENA AND PROCESSES: THE MENTAL ORCHESTRATES THE PHYSICAL

0. Soloviov, O. Litvinova
Kremenchuk Mykhailo Ostrohradskyi National University, Kremenchuk, Ukraine, oleglsolv@gmail.com

In essence, it is useful to model the brain in the form of a complex system of neural networks extend
mainly from sensory to motor units to organize biologically or/and socially expedient motor actions,
which change the surrounding physical environment to the subjectively desired direction. But to provide
this behavioral expediency, a living system needs to accumulate and integrate (Tononi G., 2008) just
biologically or/and socially expedient information. Such a paradigm can be more precise through the
following set of statements: There are two kinds of neural networks in the brain, information operation
mechanisms of which are fundamentally different. Networks of the first kind carry into effect unconditional
motor acts. They are formed on the basis of genetic memory, and the traditional neurobiological patterns
can easily explain their informational activity. In such networks, the sensory input rigidly determines
the motor output, what can be explained by means of neuroelectric, neurochemical, neuromolecular
processes (in general, by means of physical processes). The biological expedience of such informational
activity is grounded in the space-time structure of neural networks. And this space-time structure is based
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on information fixed in the genetic experience of a living being. Such networks are closed to a new
(accumulated during life-time) information due to their non-plasticity and the absence of a mechanism for
fixing a biologically expedient experience. For this reason, these networks cannot adapt a living system
to environmental novelties. Such neural networks are localized mainly in the spinal cord and realize
mainly homeostatic stability of the organism’s inner environment. Such “stimulus-reaction neuronal
networks” are causally independent of one another and cannot integrate “their own” information with
other information fixed in other neuronal networks without evolutionary more later neural networks
which carry into effect mental phenomena. Next kind of neuronal networks carry out mental phenomena
and processes and are able to form new information on the basis of past experience already fixed in the
brain. But within the framework of the known physical laws, no law can explain biological (and social)
expediency of self-organizing processes in living systems, except the processes occurring in living
systems through accidents (mutations) accumulated in genetic experience. So, the neuronal networks
of second kind cannot use and create new information exactly by physiological (physical) way. On the
other hand, if we take in attention the ability of such neuronal networks to carry out the phenomenon of
subjective value we have the opportunity to consider neural activity within the framework of the functional
hierarchies of neural networks. In this case bottom-up and top-down causation explains processing
information by controlling networks through its subjective assessment using mental phenomena (mental
images, sensations, emotions). The results of this bottom-up and top-down information processing by
means of mental phenomena make possible integration past experience and, hence, modulating bioelectric
processes that form muscle activity by this integrated life-stored experience (Soloviov O., 2015). This
fundamental assumption, in our opinion, can be verified by revealing the facts of collective synaptic and
neuronal activity «loaded» with certain functionality.
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CALCIUM SIGNALING IN CEREBELLAR NEURONS OF RATS DURING HYPOXIA
I. A. Lukianets, I. V. Melnik, E. A. Lukyanetz

O. O. Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, ilukyan@biph.kiev.ua

Alow level of oxygen (hypoxic conditions) may harm the survival of neurons through excitotoxicity due
to overactivation of neurotransmitter receptors, impaired mitochondrial function or other mechanisms.
Prolonged hypoxia induces neuronal cell death via apoptosis, resulting in a hypoxic brain injury. Cerebral
hypoxia can be caused by any event that seriously affects the brain’s ability to receive or process oxygen.
This event can be internal or external to the body. Mild and moderate forms of cerebral hypoxia can be
caused by various diseases that disrupt breathing and blood oxygenation. Severe cerebral hypoxia and
anoxia are commonly caused by traumatic events such as strangulation, drowning, suffocation, smoke
inhalation, drug overdose, tracheal crush, status asthmaticus, shock and other similar states. Severe asthma
and different types of anemia can cause a certain degree of diffuse cerebral hypoxia. Other causes include
status epilepticus, resurfacing after a deep-sea dive, working in nitrogen-rich environments, flying at
high altitudes without supplemental oxygen, and intense high-altitude exercise before acclimatization.
It is known that prolonged hypoxia causes a significant decrease in the number of nerve cells of the
cerebellum, in particular Purkinje cells. Purkinje cells of the cerebellum are most vulnerable to oxygen
demand in the cerebellum structures. In our previous experiments, we studied the influence of hypoxia
on cerebellar neurons of hypoxia-tolerant specie — Carasius gibelia. In those experiments, we found
that hypoxia evokes significant growth of intracellular calcium in cerebellar neurons of this fish [1,
2]. It is known that an increase in the intracellular concentration of calcium can cause apoptosis of
nerve cells and their death. Also, we have shown that several calcium-transporting mechanisms may
be involved in this process. It is known that an increase in the intracellular concentration of calcium
can cause apoptosis of nerve cells and their death. Therefore, our investigation aimed to determine the
changes in intracellular calcium signaling in hypoxic conditions in mammalian neurons - rat cerebellar
neurons. For this, we used microfluorescence methods and calcium-sensitive fluorescent indicators.
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The concentration of intracellular calcium was measured using the calcium-sensitive dye Fura-2 AM
and the microfluorescence method of measuring free intracellular calcium concentration. We used a
polarographic method to measure the partial pressure of oxygen in the cell washing solution. Chemical
hypoxia was established by using 2 mM sodium hyposulfite. In our experiments, we measure the level
of oxygen partial pressure online. In our studies, we compared the amplitude of calcium transients
caused by membrane depolarization in neurons with hyperpotassium solution under control conditions
and after applying a hypoxic solution outside the cell. Our experiments showed that hypoxia causes an
increase in the level of intracellular calcium in rat cerebellar neurons. Thus, the amplitude of calcium
transitions in these neurons was increased by 1.5-2.5 times compared to the level of calcium in control
conditions. We also found that the kinetics of calcium transient decline decreased to the basal level in
hypoxia conditions significantly slower than in control conditions. Since the increase of calcium levels
inside the cell under hypoxia was almost four times longer than under the influence of hyperpotassium
solution. Thus, we could conclude that Purkinje neurons are susceptible to hypoxic conditions, and their
calcium overload can lead to apoptosis and further their death.
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CYB’EKTUBHE OI[IHIOBAHHS BIOJIOTTYHOI TOIMIJIBHICTI HOJPA3SHUKIB €
D®AKTOPOM YHPABJIIHHA IHOOPMAINIMHOIO AKTUBHICTIO B MO3KY

O. B. Coaosiios, O. B. JlirBinoBa
Kpemenuyyvxuil nayionanenuti ynisepcumem imeni Muxaiina Ocmpozcpadcvkozo, oleglsolvi@gmail.com

YHiBepcalibHUM Ta KOHLENTYAIbHO 3pO3yMIIMM, CaMe SIK YHHHHUK €BOJIFOLIIHHOTO BiIOOPY XHUBHX ICTOT,
€ YMHHUK HeBH3Ha4YeHOCT un gedinuty indopmauii (K. Friston). Tox, yHiBepcanbHicTh HHOr0 YHHHAKA
BiOOpy MOXke OyTH KpUTEpieM BiIMIOBI i HA MUTAHHS, SIKAM YMHOM aKTHBHICTh HEHPOHHUX MEPEIK MO3KY
€ IPUYETHOIO JI0 IIPOLECy NepepoOKH iHpOpMaLil y MO3KY JIFOAMHH Ta TBapuH. Lle muTaHHs, NoCTaBICHe
Y TOMY BUIJIS, B SKOMY BOHO € C()OPMYJIBOBAHAM Y IOTIEPEAHBOMY PEYCHHI, MOXKE OCTABUTH HABITh
OCBIYEHOr0 JIOC/IAHMKA MO3KY y Mi3HAaBalIbHMIi TynuK. AJDke, ani Gioximiuni npouecn y memOpanax,
peuenTopax Ta CHHANCax HEHWPOHIB, aHi Oi0CTCKTPUUHI ABHINA B HHX, aHI MOJIEKY/ISPHO-CTPYKTYPHI
0COOJTMBOCTI TOrO, 1O BiAOYBAETHCA B yCHOMY HEiipO-CEpPeOBHILI MO3KY, aHi, HaBiTh, CTPYKTYpPHI
XapaKTePUCTUKH CaMHX HEHPOHHHUX MEPEXK, HANMPsIMy HE BKA3ylOTh Ha Te, 3a SKUMH IMPHHIHUIIAMU Ta
MexaHi3MaMu BinOyBaeThes mepepoOka iHpopMmarii y Hbomy. TuM He MEHII, BiIMOBIAs HA I[¢ MUTAHHS,
sIKa 1 € LTI IieT poOOTH, MOKHA c(POPMYITIOBATH, Y 11 HAWOIIBIIT KOHIIENTYaJIbHO TOYHOMY Ta BAKITHBOMY
BUIJIAAI, TUIBKK y OTHOMY BUIIAZIKY. A came, SKIIO B35TH 110 yBaru Toi pyHaamMenTaibuui hakr, mo yci
npouecy (6ioeneKTpuaHi, 610XiMIuHI, 10HHI, aTOMApHI, MOJICKYJISAPHI, 610¢)i3u4HI T IH., CJIOBOM, YCI, SIKI
JOCIIKYIOTBCS Y HeHpodi3i010Tii BUKITIOUHO Yepe3 (ikcarlito Gpi3nIHuX mapaMeTpis, MAloTh BBAKATHCH
TaKUMH, WO (Gi3MIHO BiAOyBalOThCs. Y TOM jKe 4ac BOHM, OyAydi TAKMMH, WO BiAOyBaioThes BisndHO,
SAKUMCh YUHOM «IIPUMYAPSIOTHCS» T1epepoOIsITH 1H(1)opMaLufo came Gi0MOTiMHO (a mi3Hime B eBOJIOLIT
1 COI.[laJILHO) JoNiapHO. Xoua aHi KoAeH (I3UYHUN 3aKOH HE MIATPUMYE 0i0JOTiYHOT (UM COIiaIbHOT)
AouinbHOCT (isuuHuX npouecis. Bonu, ¢pisndHi nporeck, MeTapoprUIHO Kaxyuu, € «0aiayKumMm» 10
nmoJcsKoro 0yTTs. Buecemo TyT sicHicTh. Binomo wwe 3 yacis W. Penfild, wo neski crpykrypu nimM6i4HOi
00J1aCTi MO3KY, IIPH TX €JICKTPOJHOMY [OJPA3HEHHI, ICMOHCTPYIOTh 31aTHICTb XKUBUX iCTOT 3 BIANOBIAHO
PO3BHHEHUM MO3KOM, Cy0’EKTHBHO OLIHIOBATH 30BHILIHI IOAPa3HAKHA Y€PE3 EPEKMBAHHS 3a10BOJICHH,
HE3aJI0BOJICHHS, IepeUyTTs 3aJ0BOJICHHS Y HE3aJ0BOJICHH, 60110 Ta Take iH. TOOTO 1eMOHCTPYIOTh
3/IaTHICTH SAKICHO (HE KIJIBKICHO, SIK KOMIT'IOTEp), Ha KOHTHHYYMIi MOHSTH «00pe-Hea00pey, OMiHIOBaTH
noapasHuku. [Ipu oMy cy0’€KTHBHA OIIIHKA 3@ CBOEIO MPUPOJIOIO € TAKOTO, IO MIATPUMYE O10JIOTTUHY (YU
couiajgbpHy) AOUUIBHICTB iHPOopManiiiHuX npoueciB y Mo3Ky (Conosiios, 2020). B apcenani cy®’ eKTUBHUX
OIIIHOK JIFOJMHYM HaM HE BJIACThCS 3HAWTH TaKWX, 10 HE € a00 0ionoriuHo, a00 coIiaabHO AOMIILHUMHA
(KpiM BHUIAIKIB 3 HEIIPUPOIHIM IMOTATOM JI0 HAPKOTHKIB, Ta Take iH.). OJTHOYaCHO, Cy0’ €KTHBHA OIlIHKA,
OCKIJIbKH BOHA TIPOSIBIISIETHCS, HANPUKIAL, Y MEePEKUBAHHI MEPEeAUyTTs 3aJ0BOJICHHS YM OO0, Mae
CIpsIMOBYBaTH iH(oOpMaIiliHi mpolecH, BiMOBIAHO, a00 Ha 30BHINIHIO I1JIb, SIKA € «KEPEIOM» Maii-
OyTHBOTO 3aJIOBOJICHHSI, 200, HABITAKH, BiJl 30BHINIHBOT aHTH-IIUTI (y BUIIAJKY, HATIPHUKJIAJ, TEPEKUBAHHS
00110). A SKIIO Tak, TO Cy0’€KTUBHA OILIiHKA, OyAydi ICUXIYHUM (EHOMEHOM, €, HE 3Ba)KaIOUH Ha IIe,
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MPUYHHOKO, IO CIIPSIMOBYE iH(OpMaIiiHi mporecu B Mo3Ky (Soloviov O., & others, 2020) Ha erimMiHaIIO
BHYTPIIIHIX CTaHIB HEBU3HAYCHOCTI, [0 CBIAYUTH PO TE, IO MICUXIYHI SIBUIIA B MO3KY CIPUYHHIOIOTH,
CHUCTEMAaTH3YI0Th, OPKECTPYIOTh (Pi3NTHI IPOSBH AKTUBHOCTI HEHPOHHUX MEPEXK y paMKax iX iepapXidHux
B3a€EMOBIJIHOCHH B X011 niepepooku iHpopmaii (Conosiios O., 2020) .
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MODEL OF BLOOD-BRAIN BARRIER DYSFUNCTION IN VITRO COMPARED
TO LI-PILOCARPINE EPILEPTIFORM ACTIVITY IN RAT HIPPOCAMPUS

A. Savotchenko, M. Klymenko
Bogomoletz Institute of Physiology, National Academy of Sciences of Ukraine, savrasoval O@gmail.com

The mechanisms of epileptiform neuronal activity development under blood-brain barrier (BBB) dys-
function remains relevant in modern psychoneurology. In the present work we mimic some effects of BBB
disruption in the hippocampal neurons to examined the effect of serum-adapted ionic environment on the
excitability of hippocampal neurons and the role of serum protein thrombin in induction of epileptiform
neuronal activity. Comparative analysis of model conditions simulating BBB dysfunction was performed
using the lithium-pilocarpine model of temporal lobe epilepsy, which most clearly reflects the disruption
of the blood-brain barrier in the acute stage. Using extracellular field potential recordings from the CA1
pyramidal cell layer of the rat hippocampus we analyzed seizure susceptibility in control and pilocarpine-
treated rats immediately after induction of status epilepticus (SE). The changing of ionic extracellular
neuronal environment to such serum-adapted contributed to the development of epileptiform activity
in hippocampal slices of control rats (n=15). Thrombin (5 U/ml) in the serum-adapted ionic solution
significantly enhanced epileptiform activity in CA1 area of the hippocampus of control rats (p<0.0001,
n=15). Analysis of seizure susceptibility of rat hippocampus after SE, induced by pilocarpine in control
ACSF shows no difference in frequency of epileptiform activity (p=0.1, n=15) which we observed during
recordings from control slices, incubated in the serum-adapted ionic solution with thrombin.

The developed method of using a modified ACSF with the addition of thrombin is able to mimic the BBB
disruption, observed as a result of status epilepticus, in vitro. These model conditions can significantly
facilitate the study of pathological processes associated with the violation of the integrity of the BBB
and minimize the number of animals used in the experiment, as well as alleviate their suffering during
the induction of status epilepticus.

3AJIEKHICTbD BIIVINBY BJIOKATOPA KAJIBMOAVYJIIHY XJIOPITPOMA3UHY HA
TRPV1-KAHAJIA BIJI KOHIHEHTPALII IOHIB CA** Y 30BHIIIHBOMY PO3UYHNHI

M.O. llerpymienko, O.A. Ilerpymenko, O.0. Jlyk’sHeub
Incmumym ¢hizionocii im. O.0.bocomonvys HAH Ykpainu, mary petr@ukr.net

Bimomo, mo TRPV1 kananu - 11e HeceIeKTHUBHI KaTiOHHI KaHaJH, SKi IPOMYCKAIOTh JBOBAJICHTHI KaTiOHH,
BHACJIJIOK 4OTO B HEHpOHAX MiJBUINYETHCSA PIBEHb MUTOINIA3MATHYHOTO KanbIlito. Hagxomkenus Ca
yepe3 TRPV1-kaHanu B KIITHHY BUKIHKAE 1X JECCHCUTH3AIi0. MU JOCTIIMIN BIUTMB OJIOKATOpa Kajlb-
MOJIYJIiHY XJIOPIPOMA3sHHYy Ha aktuBariro TRPV 1-kanaiis, BUKIIMKaHY IPUKIIAaHHSIM KallCATLIHY B PO3YHHAX
3 Hu3bkow (0,25 MM) 1 BUCOKOIO (2 5 MM) konuentpauiero CaCl,. Excriepumenti Oy M BUKOHaHI Ha
1-2-7eHHiil IePBUHHIN KYJIBTYp] HSUPOHIB, 1301b0BaHuX 3 JIKD H_lyplB y Bini 9-12 auiB. [{ns BU3HaUCHHS
piBHA BHyTplLHHLOKmTHHHoro KaJIbIIIfO B €KCIIEPUMEHTaX BUKOPUCTOBYBAIA METOI MiKpO(IyOpeCIICHTHOT
kanbrmmetpii. Hefiporn dapOysanu npotsirom 30xB ¢uryopectieHTHEM 30H10M Fura 2 AM (1 MxM ) ipu 34°C.
[Ticist IBOTO CKJI0 3 KIIITHHAMH NIEPEHOCUIIM B EKCIIEPUMEHTAIIBHY Kamepy (25°C) 1 mpoMHBaIIH 31 IIBUAKICTIO
0,5m11/xB 6a30BUM po3unHOM. [1i7 yac nmpoBeneHHs eKCIIePUMEHTIB BUKOPUCTOBYBAJIM PO3YHH, 110 MiCTUB (Y
MM/JI) 125 NaCl; 2,5 KCI; 1 MgCl,, 10 rimoxosa, 20 HEPES. pH posunny nosonunu xo 7,35-7,40 (NaOH).
HOTp16Hy KOHHeHTpaHI}O CaCl I0JaBaJIn 663H00€p€)1HI>0 nepes 10CiiaoM. Y T0cii Bu:[61/1pan1/1 HEBEJNKI
HEHPOHH, IO BIIHOCATHCS 10 HOL[I/IHGHTOPIB nmiamMerpoM 15-37 MKM, IUIOIa MOBEPXHI SKMX CTAaHOBHUIIA
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590+100 mxm?. Kancaiuun (0,3 MxM) npuknaganu 10-20¢ 3 iHTepBanioM Mixk IOCTiJOBHUMHM aIlTiKalliiMH
B 2xB. XnopnpomasuH (70 MkM) npukiaganu 2 XB, Ipyra alvlikalis Kancainuny 3/iiicHIoBanach uepes | xB
MICJIS TOYATKy MPUKIaTaHHs XJIOPIPOMa3uHy. Y Ci CIIOCTepeKyBaHi BIAMOBIAI Ha KarcaillkH MOXHA 0YJI0
PO3AUIMTH B 3QJIGKHOCTI Bijl MIBHJIKOCTI HACTAHHS BIIIOBIAI — i3 MIBHJIKHM Ta 3 TOBUIBHHM PO3BUTKOM
edekTy KamcainuHy. Mu mokasaiu, o BIUIMB 0JOKaTopa KaJIbMOIYJIHY XJIOPIPOMA3UHY 3aJeKUTh Bil
KoHIeHTpaIii ioHiB Ca y 30BHINTHOMY po34uHi. [Ipr HU3BKIH KOHIIEHTpaIlii 30BHINIHKOr0 Ca (0,25MM)
KallbMOAYJIiH mocwintoe edekt kamncainnny Ha TRPV1-kananu, a npu Bucokiii koHuentpaii Ca (2,5MM)
BUKIIMKA€ HEKOHKYpEeHTHE npurHideHHs Bxoay Ca mo TRPV 1-kanamam. Mu npuiryckaemo, 1o 3a3Ha4eHuN
BITUB xyioprpoMasuHy Ha TRPV1-kananu BU3HauaeThCs 30iTBIIEHHSAM PiBHSA BHYTPIIIHBOKIITHHHOTO
KaJIBIIII0, IO 3aJICKUTh BiJl 301IBIIICHHS] KOHIIEHTpAIlii Ca?* y PO3UHHI.

Kurouogi cioBa: TRPV1-kananu, qeceHcuTr3atis, XJ0pIpoMasuH, KaJIbMOJYJIiH, IEPBUHHA KYJIbTypa
neiiponis JIKI" mypis, Fura 2 A/M.

SUBUNIT-DEPENDENT INTERACTION OF THE INNOVATIVE ANALGESIC
PROPOXAZEPAM WITH THE GABA TYPE A RECEPTOR

V. B. Larionov, M. Ya. Golovenko
A. V. Bogatsky Physico-Chemical Institute of NAS of Ukraine, Odessa, Ukraine, vitaliy.larionov@gmail.com

Benzodiazepines act as allosteric modulators of GABA receptors (GABA ,-Rs), and their diverse
pharmacological effects are determined by affinity to different a-subunits. An innovative compound —
propoxazepam (7-bromo-5(o-chlorophenyl)-3-propoxy-1,2-dihydro-3H-1,4-benzodiazepin-2-one) in
screening studies showed anticonvulsant [1] and analgesic [2] action. Propoxazepam is considered a
promising agent and is undergoing clinical studies in Ukraine. Similar to gabapentinoid drugs, which
are used in general medical practice in the treatment of neuropathic pain, propoxazepam also has an
anticonvulsant effect, which explains the analgesic component in the pharmacological spectrum of the
compound. Our data [3] suggest that the mechanism of propoxazepam analgesic and anticonvulsant
properties includes GABAergic and glycinergic systems. The aim of this study was to determine the
molecular mechanism of action of propoxazepam on GABA ,-Rs containing various a-subunits. The
experiments were conducted on an automated SP384PE Patcﬁ Clamp (Syncropatch SP384PE) system
in the Charles River Laboratories (Cleveland), using the GABA ha1B3y2, ha2B3vy2, ha3p3y2, ha4f3y2,
ha5p3y2 ionotropic GABA ,-Rs expressed in HEK293 (Human Embryonic Kidney 293) cells. The present
studies have shown that the o subunit plays a significant role in determining the receptor’s affinity for
propoxazepam. The rank order of decreasing EC,; are al~a5>02>03>04, and for E __ 0a3>02>a5>al>a4.
Propoxazepam produced robust PAM effect at all GABA , receptors (w1th exception of the ha4p2y2) with
ECy, PAM potency from 18 to 98 nM and efficacy in range from 180% up to 460%. In the pharmacological
spectrum of propoxazepam the analgesic effect is the most prominent with less of sedation (associated
with a1 subunit) or cognitive impairments (associated with a5 subunit) manifested in the experiments.
This suggests that only ED, is not a sufficient indicator for describing propoxazepam activity in terms of
receptor interaction with more attention to be paid to maximal effect (GABA receptors, containing a2 and,
in higher degree, a3 subunits lead to the stable and prolonged inhibitory effect). The electrophysiological
estimation of propoxazepam binding to different GABA , receptor subtypes allows to understand both
the comparative affinity (as EC,) and the magnitude of elicited effect (as E_, ) with latter to be more
significant for explanation of its analges1c effect. Analgesic effect of propoxazepam as it had been shown
by different a-subunit-containing GABA , receptor, is mostly realized through ha3B3y2 population and
the highest maximum effect reached (45§ %) to be leading factor, determining its action selectivity.
References:
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Clin. Clin. Res. 2019. 13(3): 99-105.
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THE USE OF TEMPORAL PARAMETERS OF THE CONDITIONED FOOD REFLEX TO
STUDY THE EFFECT OF MEMANTINE ON BEHAVIORAL RESPONSES IN RATS

V.A. Gorbachenko, E.A. Lukyanetz
0.0. Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, gva@biph.kiev.ua

Alzheimer’s disease is an incurable disease of the brain, accompanied by a decrease in intelligence, a
change in character and mental reactions. Alzheimer’s disease affects the population several times more
than HIV, taking a stable 4th place in terms of the frequency of fatal outcomes. Scientists have not come to
a final opinion on the issue of the causes of this disease. Therefore, studying the mechanisms and course
of this neurodegenerative disease is very relevant for modern medical and biological research. Since
neurodegenerative diseases cause changes in several indicators of brain function, such as behavioral,
sensory, neuromotor, and cognitive (learning, memory), therefore complex approaches are used in the
research of this disease, including the study of behavioral reactions of animals. We used testing of the
behavior reactions of rats - the conditioned food reflex to measure its temporal characteristics and their
changes after the influence of medicine used in treating Alzheimer’s disease. We studied the effect of
memantine, the antagonist of NMDA receptors. It is supposed that NMDA-type glutamate receptors are
overactivated during Alzheimer’s disease. Such continuous, mild, chronic activation ultimately leads to
neuronal damage. Besides, impairment of synaptic plasticity (learning) may result not only from neuronal
damage per se but may also be a direct consequence of this continuous NMDA receptor activation. Our
studies used the device and software we developed [1] to register the individual components of rats’
sensorimotor reactions (SMRs) during conditioned food reflexes. These components included various time
parameters of conditioned food reflex, such as latent period, the time before the first attempt of getting
food after the sound stimulus; limb staying in the food window before supplying the food; the time of
the limb staying in the food cell during a single attempt of obtaining the food and others. We compared
these time parameters in the control group and in groups under memantine’s influence in young and old
rats. All experimental procedures followed the European Commission Directive (86/609/EEC) and the
International Association for the Study of Pain guidelines and were approved by the local Animal Ethics
Committee of the Bogomoletz Institute of Physiology (Kyiv, Ukraine). In previous experiments, we have
shown that memantine weakens the state of fear and anxiety-related, promotes manifestations of the
research reflex, and improves adaptation to novel conditions [2]. The present experiments have shown
that memantine increased the time of extraction of food in young rats due to lengthening the intervals
between attempts. In the old animals, these values were not increased significantly. We concluded that
memantine has a neuroprotective effect on the processes in the CNS. The satisfaction of a motivational
need, even if it is time-consuming. Using an approach to determining temporal SMR parameters of
conditioned reflex, we show that measurements of its components can be very useful in studies of different
types of brain pathology and the verification of the effectiveness of various pharmacological agents.
References
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OPTAHIBAIIA HEHTPAJIBHUX MOTOPHUX KOMAH/ AJISI CHHEPI'TYHOI'O
KOHTPOJIIO M’A3IB JIIOJUHU ITPU BUKOHAHHI IIOBIVIBHUX PYXIB PYKOIO
B I'OPU3OHTAJIBHIM IJIOIUHI 1P KPYTOBUX TPAEKTOPIAX
HEPEMIINIEHHSA KUCTI

A. B. I'opxoBenko, /I. I. Hlymyes
Incmumym ¢hizionocii im. O. O. Bocomonvys HAH Yxpainu, Kuis, gork@biph.kiev.ua

HocmimpxkenHs 0yno NpUCBAYEHO HEJIHIHUM acreKkTaM CUHEPTiYHOTr0 KOHTPOJIIO aKTUBAIlli M’ sI31B IpU
MOBUIBHUX pyXaX JIoIUHH. B cepii ekcriepuMeHTiB § yyacHHKIB, IKi B yMOBax 30pOBOTO 3BOPOTHOIO
3B’SI3Ky MaJIi BUKOHYBATH PYyXOBE 3aBIaHHS. 3aBIAHHS IMOJISTAN0 B CTBOPCHHI KHCTIO PYKH 3yCHIIISA
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CTaJ01 BETUIMHH, BEKTOP SIKOTO OyB TOTHYHHUM J0 KPYTOBOI TPAEKTOPIl KUCTI pyKH, pyX KO 3a/1aBaBCs
CIeIialli30BaHNM MEXaHOTPOHHUM KOMIUTeKcoM. [Ipu mpoMy BCsl pyka JTIOIMHHU 3HAXOIUIACH B TOPHU-
30HTaNbHIN mnomuHi. [Ipeamerom anamizy Oynu ycepenuneni EMIT BocbMu M’s3iB JIKTS 1 miaeda st
MOBHOTO Mepedopy yCiX MOXKIIMBHUX HANPSAMKIB pyXy KHCTI PyKH 1 BiJTHOBiAHOTO 3yCHILIA (T10- 200 IPOTH
PYXY FOAMHHUKOBOI CTpinku). Takox A OAHOTO 3 YHAaCHUKIB 3a JOIIOMOT 00 TOMOTpaivHIX TEXHOIOT1H
Oy1no BuKoHaHO 3D MoJient0BaHHS KICTKOBO-M’SI30BOBOTO aapaTy NpaBoi pyKH, JIOMATKH Ta KM AJIs
BH3HAYCHHS OCHOBHUX MEXaHIUHHUX MapaMeTPiB M’ sI31B — JJOBKHMHH 1 MJIeYei KPYTHUX MOMEHTIB BiIHOCHO
BIAMOBIIHUX CyTNI00iB. Pe3yibpTatn mokasanu, mo ycepeaHeHna Besnunaa EMIT M’ s13iB 000X cyriio6iB
JIOCUTH OJIM3HKO BI/IMOBIIAF0Th BETUYHMHAM CHJI, sIKi BOHH YTBOPIOIOTH IIPU BUKOHAHHI PyXOBOTO 3aBJaHHS,
HE BHKIIOYAIYH MOXJIHMBY KOAKTHBAIlIF0 3 BIAMOBIJHUMHU aHTaroHictaMu. B TOW ke yac 3HaAYCHHS
EMI cyTTeBO 3amexany BiJ TOTO, B IKOMY PEXHUMI MPaLIOBaB BiAMOBIJHUN M 43 — KOHIICHTPUYHA YU
eKCIIEHTPUUHA TeHepalis cuiu. Taki pe3ynbTaTH JAalOTh MiJCTaBU BBAXKATH, L0 Ha MEPUIOMY eTai
aHaJIi3y MOJKHa HeXTyBaTH 3ayexHicTio EMI' Bix kiHeMaTHYHHX XapaKTepUCTHK PYXOBOTO 3aBJIaHHS,
BpaxoBYIOYH, [0 MIBUAKICTH PyXy MOBiNBHA. B TOH ke Wac, cepiio3HOTO BpaxyBaHHs HMOTPEOyIOTh
CUJIOBI XapaKTEepUCTUKH 3aBaaHHs. [Ipu 1mpoMy 3MiHa peXUMY poOOTH M’si3a 3 KOHIICHTPHYHOTO Ha
SeKCIICHTPUYHHH 1 HaBMAKW MPU3BOJUTH JO MOMITHOTO rictepesucy Benudnaun EMI mporo m’s3a.
Takwuii ricrepe3nc OyB OiIBII MOMITHUM y M’si3ax Iuleda, HiX y M’sa3ax JikTs. OTpuMaHi JaHi Jal0Th
MiJCTaBU MPUIYCTUTH, IO LEHTPATbHI KOMAaHAMU B JBOCYTJIOOHUX MOBIIBHUX pPyXaxX B IMEpIIy uUepry
BH3HAUYaIOTh CUHEPTrii akTUBalii M’ 5131B, sKi 3a0€3Meuy0Th CUIIOBY YaCTHHY PyXOBOro 3aBaanHs. [Ipu
[IbOMY KiHEMaTH4YHI OCOOJIMBOCTI PYXOBOi 3amadi MOXYTh CYTTEBO MOJYJIOBAaTH PiBEHb CHIIN, SAKHH
YTBOPIOE KOHKPETHUH M’53 B yMOBaX KOHIEHTPUIHOI 1 €KCHEHTPUIHOI poOoTH. OTpUMaHi pe3yIbTaTh
MOXYTh OYTH KOPUCHUMH TIPH OIIHITI PIBHS YCIIIIHOCTI peabumiTalii micis TpaBM PYKHU JIFOJIHHH.
Kawouosi cioBa: mepeamuiiuys, miede, MOTOPHUH KOHTPOJIb, ABOCYTJIOOHI pyXH, M)S30Ba CHHEPTis,
LEHTPaAJIbHI KOMaHAH, eIEKTpOMioTrpama.

POSTTRAUMATIC RECOVERY OF LOCOMOTOR ACTIVITY
AND SPASTICITY LEVEL OF HINDLIMB IN FVB MICE

Yu.A. Nesterenko !, O. A. Rybachuk '

!Bogomoletz Institute of Physiology, Kyiv, Ukraine;
2State Institute «National Scientific Center «Strazhesko Institute of Cardiology, Clinical and
Regenerative Medicine», Kyiv, Ukraine, rbk@biph.kiev.ua

It was found that after left-side spinal cord (SC) hemisection at the level of T10-T11 segments in FVB
mice during the 15t week of the posttraumatic period in male (n=79) and female groups (n=66) the levels
of the ipsilateral hindlimb (IH) locomotor activity on the BBB scale was 1,25+0,14 (out of 21 possible)
and 1,41£0,17, respectively. At the functional level, these scores were manifested in visible spontaneous
motor activity and weak movements in one or two IH joints. At the end of the 3" month the average score
on the BBB scale increased in the rate up to 3,20+0,36 (p<0,00001, compared with the 15t week) in males,
and up to 4,56+0,56 (p<0,00001, compared with the 1% week) in females. During this period there was
a significant (p<0,001) difference between animal groups in BBB scores; both in males and in females
widespread movements in two joints or weak movements in all three IH were observed. Moreover, widespread
movements in all three IH joints and step synergies sole downwards with weight support were noted in
females. At the 15 week of attendance in males and females mainly the absence or weak movements in the
knee joint of IH foot were observed: 0,81+£0,09 (out of 9 possible) and 0,85+0,10 respectively. At the end
of the 3" month after spinal cord injury (SCI) differences in the mean score on the B scale were: 1,72+0,19
(p<0,00001, compared with the 15 week) in the male group and 2,35+0,29 (p<0,00001, compared with the
13t week) in the female group. During this posttraumatic period (p<0,01) the significant difference between
male and female groups in B scores was observed. Animals of both sexes had weak movements in the
knee joint of IH foot and plantar posture with or without body weight holding. Unlike males, common
movements in the limb, frequent or constant plantar posture without body weight holding, or temporary
coordination of hindlimbs were noted in females. That kind score of locomotor activity of IH corresponds
to the early phase of repair. According to the Ashworth scale during the 15t week spasticity level in males
was 3,63%0,41 (out of 4 possible) and 3,6+0,44 in females. This period after SCI is characterized by gross
disorders of muscle tone, difficulties in moving and performing simple movements or significant muscular
tone of IH, and difficulties in performing passive movements in males; gross disorders of IH muscle tone
or its significant increase, difficulties in moving and performing simple or passive movements in females.
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During the 3"Ymonth of attendance, there was a significant difference in spasticity levels in male and female
groups: 3,3+0,37 (p<0,004, compared with the 15 week) and 2,88+0,35 (p<0,00001, compared with the 1%
week) respectively. Significant (p<0,04) difference in spasticity level was also fixed between animal groups
of both sexes. At the functional level gross or significant level of IH muscle tone, difficulty in moving and
performing passive movements both in males and females were noted. However, in contrast to males, this
posttraumatic period in the female group is characterized mainly by significant or slight muscular tone of TH,
only in some of them — in gross disorders of IH muscle tone, difficulties in moving and performing simple
or passive movements, and absence of tone increase in some others. But during all examined periods after
SCI significant level of male and female mice, IH spasticity was observed.

Keywords: spinal cord, injury, left-side spinal cord hemisection, /'VB mice, the BBB scale, the B scale,
spasticity.

EXCITATORY SYNCHRONIZATION OF HIPPOCAMPAL INTERNEURONS
DURING EPILEPTOGENESIS IN VITRO

I. Melnick
Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, igorm@biph.kiev.ua

Cortical GABAergic neurons are known to synchronize their electrical activity during both natural
states and in pathological conditions such as epilepsy. The underlying mechanisms are still poorly
understood due to immense complexity of neural tissue but appear at least to be of local character. Here,
synchronization of hippocampal interneurons was studied by paired patch-clamp recordings of synaptically
coupled cells in low-density culture, while the level of network activity was elevated from the random
(baseline) to epileptiform by extracellular electrical stimulation. Even in basal conditions, ~55 % of
spontaneous inhibitory postsynaptic currents (sIPSCs) coincided in two cells within £1 mc, which was
due to a simple divergence of presynaptic axon collaterals. With a higher level of activation, sIPSCs
changed qualitatively and occurred as excitatory-inhibitory sequences being preceded by small transient
inward currents (TICs). These sequences appeared also a principal synaptic component of fully developed
epileptiform bursts and thus were investigated further. The inhibitory part of a sequence represented a
‘hypersynchronous’ population sIPSCs (>90 % of coincidence) produced by firing of several presynaptic
cells, with a jitter of <3-4 ms. The TICs, reminiscent of so-called prepotentials observed by early studies
in slices (Hu & Hvalby, 1992), had properties of network-generated, excitatory and synchronizing events
of a complex nature. They were predominantly mediated by glutamate (Glu) activated currents, with
varied contribution of local sodium spikes generated in electrically remote ‘hot spots’ (presumably, in
axonal tree) and coupling currents via gap junctions. Putative GABA-mediated excitation proposed in
some early studies (Michelson & Wong, 1994) was not involved. Overall, our results show the intrinsic
complexity of mechanisms of neuronal synchronization with a principal role of Glu-mediated excitation.
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BIIJIUB ®YJIEPEHY C_, HA BIITHOBJIEHHA HEPBQBOI TKAHUHHA .
TOJIOBHOT'O MO3KY‘B YMOBAX TPAH3UTOPHOI ®OKAJBHOI ILIEMI|

O. II. ManbKiBcbka
Inemumym ¢hizionoeii im. O. O. Bocomonvys, m. Kuis, emankovskaya@gmail.com

Hocnimxysanu BB ¢ynepeny C,) Ha BiTHOBJIEHHA HEPBOBOI TKAaHWHM TOJOBHOTO MO3KY IIYDiB B
yMOBaX CKCIIEPUMEHTAIbHOI (hOKaTbHOI imeMii B 30HI KPOBOTIOCTAYaHHS CepeaHbOI MO3KOBOI apTepii.
Jlnst 1bOTr0 BUKOPUCTOBYBAJIM IMYHOTICTOXIMIUHY METOAUKY Ta MOBEAIHKOBI TecTH «Biakpure momie»
ta «IIporymnsuka no xepauni». Tpusanicts imemii cranosuna 90 xsunun, Gynepen C,, BBOAUIN MPO-
TsiroM 3 116 micns penepdysii. BizyanizyBanu mipamiHi HEHPOHHU, aCTPOIUTH Ta KIITHHU MIKPOTIi y
30H1 CAl rimokamIa IypiB 3a JOTIOMOTO0 iIMyHO(MIyopecieHTHOTO 3a0apBiieHHsT aHTU-NeuN-, aHTH-
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GFAP- ta antun-Ibal-antutinamu. Ilokasano, mo BeeneHns gpynepeny Cg, IPU3BOAUIO J0 3HUKECHHS
KUTBKOCTi IMyHOITO3UTUBHHX aCTPOLMTIB Ta MiKPOTJiaIbHUX KIITHH BiTHOCHO ITNX ITOKa3HUKIB y TBAPHH
3 KOHTPOJIBHOKO (HeikoBaHO0) imeMiero Ha 28% Ta 30%, BianmoBigHo. KibKicTh MiY€HHUX MipaMigHUX
HEHpOHIB y mipaMigHomy mapi 3001 CA1 Oyna 6inpmoro Ha 52%, HiX y TBapHH 3 imemiero. [Ipu anamisi
HEBPOJIOTTYHOrO AedinuTy 3a mkanor stroke-index C.P. McGraw noka3aHo, 110 Micist BBEACHHS ¢yie-
peny Cy, peecTpyBaau MOCTYNOBE MOKPANIEHHS 3arajlbHOTO CTaHy TBAPUH Ta 3MEHIIEHHS BUPA3HOCTI
MOTOPHHX Ta BECTUOYJSIPHHUX PO3JajiB Ha KiHeNb repiony TectyBanus (5,3 £1,2;4,4+0,91a 4,0+ 1,2
0axiB 3rijiHO TIKanu vepe3 24, 48 Ta 72 roauHU, BIIMOBIAHO), B TOH Yac, K y IIYPiB 3 KOHTPOJIBHOO
imeMiero CTiKo 30epirajucs 03HaKu MOTOPHOTO JeIUTy IPOTATOM nepioz[y TECTYBaHHS (6,4 £0,9;
59+ 1,1ta52+1,3 6anis). Y Tecti «Biakpure mosie» mokasaHo 4iTKUi MOSUTHBHHUI BIUTHB (QyIepeHy
C60 Ha MOKAa3HUKHU JIOKOMOTOPHOI Ta OpleHTOBHO JOCII IHALIEKOT aKTHBHOCTi SKCIICPUMEHTAIBHAX
tBapuH. Tax, iIHACKCH 30BHINIHLOI Ta BHYTPIIIHBOI TOPU30HTAIFHOT MOTOPHOI aKTHBHOCTI OYJIU 3HAYHO
BUIIMMH, Hik y IIYypiB 3 KOHTPOJBHOK 1IIEMi€l0, OCOOJMBO HA TPETiH IeHb BBEICHHS Npenapaty (Ha
40% Tta 60%, BigmoBigHo, P<0.01). BepTHkanpHa MOTOpHA aKTHBHICTH TAKOXK IEMOHCTPYBaJia TUHAMIKY
JIOCTOBIPHOT'O POCTY Ha KiHellb nepioay TectyBanHs (P<0.05). KpiMm Toro, mpoBOAUBCS aHAII3 TOKA3HHU-
KiB TPHBOKHOCTI Ta €MOLI{HOT IPUTHIYEHOCT] eKCTIEPHMEHTANBHIX TBapiH. [IokasaHo, 10 TPHBAIOCTI
aKTIB 'PYMIHTY Ta 3aBMUPaHHs Oy/l¥ BHCOKHMH Y IYPIiB 3 KOHTPOJIBHOIO IIIEMI€I0 MPOTATOM YCHOIO
4acy TECTYBAHH, IO MOXKE CBIJYUTH MPO 30€piraHHs BUCOKOrO PIBHIO TPUBOKHOCTI. V rpymi TBAPUH
3 CUCTEMHHM BBeJleHHAM Qynepeny C60 Bka3aHi MOKa3HUKH MOMITHO 3HHXKYBAJHCS BXE 3 NMepIli 100U
BBEJICHHS IIperapary, a Ha TPETil JeHb BOHU OyJIM HIDKYUMU, HIXK y rpyni imemii Ha 70% Tta 60%,
Biamosiguo (P<0,01). V¥ 6aJ'IaHCOBOMy TeCTi «IIporynsuka mo KepIrHI» OyJio BUSIBICHO 3HAUHWI
BIuHB (ynepeny C60 Ha BiXHOBICHHS MOTOPHHUX i BECTUOYISPHUX QYHKIIII TBAPHH HPOTATOM HEPioiy
BBEJICHHS TPENapaTy, Mo MPOABISIOCS y MOKPAMCHHI epEKTUBHOCTI IPOXOKEHHs TecTy (Ha 20% y
6anax) y TIOPiBHSHHI 3 TPYNOI0 KOHTPOIBHOT imeMii. MoXHa NPUITyCTUTH, 1[0 B YMOBax uepe6panLHo1
imewmii gynepen Cg,, 3aBIsIKH aHTHOKCHIAHTHIM BIaCTUBOCTSM, YHHHTB HEHPONPOTEKTOPHY JiI0, IO
NPOSBIISIETECS Y SMEHIICHHI PEaKTHBHOTO TII103y, 30€peXKeHHI MpaMiHUX HEHPOHIB y MioKaMIIi Iypis,
MOCTYIOBOMY BiJIHOBJICHHI PyXOBHUX Ta BeCTHOYISPHUX QYHKIIH, OpPIEHTOBHO-0CIIAHUAI[bKOT TOBEIIHKH
Ta EMOI[IHHOTO CTaHy TBapHH.

Kuawouosi ciaoBa: oxanbHa imemis, ¢pynepe C,,, HOBEAIHKOBI TECTH, I'IOKaMII.
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THE RELATIONSHIP BETWEEN THE TONE OF THE AUTONOMIC
NERVOUS SYSTEM AND INDICATORS OF PROTEIN METABOLISM IN CHICKENS

A. A. Studenok, V. O. Trokoz
National university of life and environmental sciences of Ukraine, Kyiv, Ukraine, artemstudenok@gmail.com

Introduction. The autonomic nervous system (ANS) affects most of the processes occurring in the
human and animal body, as it provides innervation of the cardiovascular system, gastrointestinal tract,
exocrine and endocrine glands, etc. The sympathetic division of the ANS is responsible for the «run
or defend» defense mechanism, activating all processes for the fastest adaptation when the internal or
external environment changes. The parasympathetic department, on the contrary, is activated during
rest. It is responsible for the accumulation of energy, regulation of urination and digestion, secretion of
digestive juices. Therefore, the study of the activity of the ANS and its influence on the activity of the
body and the regulation of metabolic processes is necessary in modern science. With regard to birds,
these questions are almost unexplored. Purpose — find out the strength and directions of the interaction
between the tone of the ANS and the content of proteins in the blood serum of chickens, aged 35-60 days.
Materials and methods. The research was conducted in accordance with the requirements of the
European Convention for the Protection of Vertebrate Animals «European Convention for the Protection
of Vertebrate Animals Used for Scientific Experiments or Other Scientific Purposes of 1986» and the Law
of Ukraine «On the Protection of Animals from Cruelty». The tone of the ANS was determined by our
modified method of variation pulsometry. Divide the bird into three groups, 8 animals in each, depending
on the dominant tone of the ANS: sympathicotonics (St), normotonics (Nt) and vagotonics (Vt). At the
age of 35, 45 and 60 days, the content of total protein (biuret method), albumin (with bromocresol green)
and globulin (as the difference between total protein and albumin) was determined in the blood serum
of chickens. Statistical data processing, in particular correlation and one-factor variance analysis, was
performed in Microsoft Excel.
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Research results. The correlation between the content of total protein and its fractions in blood serum
with indicators of cardiac activity, which determine the tone of the ANS (mode, amplitude of the mode of
the duration of the cardiac cycle and heart rate) in 35-day-old Vt-chickens was the strongest and amounted
tor=0,718-- 0,901 (P<0,05-0,01). Poultry-Ht was characterized by the weakest relationship and the
largest range of indicators r= -0,862—-0,916 (P<0,05-0,01). The closest correlations with indicators of
ANS tone and protein metabolism r= -0,908-0,936 (P<0,05-0,001) were also observed in 45-day-old
Vt-animals. Normotonics occupied an intermediate position between the studied groups r=-0,912-0,809
(P<0,05-0,01). In the final period of the study (60 days), the strongest correlation between the content of
total protein, albumins, globulins and indicators of ANS tone was registered in poultry-Vt r=-0,903-0,841
(P<0,05-0,01). In St chickens, only one reliable relationship was established - between heart rate and
albumin content in blood serum (r=-0,746; P<0,05). The results of univariate variance analysis indicate
that the effect of ANS tone indicators on serum protein content was the strongest in Vt-chickens (n
0,25-0,37; P<0,05-0,01) and Nt (n2 = 0,26 — 0,39; P<0,05-0,01) at the age of 35 and 45 days and was
not detected at the age of 60 days. In contrast, in sympathlcotomcs of this age, a significant influence of
ANS tone indicators was noted only on the concentration of blood serum globulins (n? = 0,24; P<0,05).
Conclusion. Chickens with a predominance of parasympathetic tone of the ANS demonstrate the strongest
relationships between the studied indicators throughout the entire period of study (35-60 days of life). The
effect of ANS tone on the content of blood serum proteins is strongest in Vt and Nt-chickens, aged 35 and
45 days, whereas in sympathicotonics such an effect was registered only in relation to the concentration
of globulins at the age of 60 days. This indicates that the increased tone of the parasympathetic part of
the ANS has the most significant effect on the indicators of protein metabolism in the body of chickens.
Key words: chickens, autonomic nervous system, vagotonia, sympathicotonia, normotonia, protein
metabolism.

CTAH BJACTAUBOCTEM MNCUXOPI3IOJNOTTYHUX ®YHKIIN V 3B’SA3KY
3 PIBHEM ®I3UYHOI I TEXHIYHOI NIITOTOBJEHOCTI FOHUX I'TMHACTIB

C. B. ®enopuyx’, T. B. Kynenko?, I. B. Koaecnik!, I. O. Koryt!, 0. M. Cansmin!

IHauwHaﬂbHuu yuisepcumem ¢pizuunozo euxosanns i cnopmy Ypainu, m. Kuis,
’Kuiscoruii nayionanvnuii yniepcumem imeni Tapaca Ilesuenxa, m. Kuis,lanasvet778899@gmail.com

BcranoBneHo, o ctad ncuxodizionorivaux ¢yHKUii 3a nokasaukamu PPO OyB noB)si3aHUM 3 piBHEM
3arajgpHOI Ta cleuiaJbHOI (pi3MYHOT MIATOTOBJIEHOCTI IOHMX TIMHACTIB, a caMeé — 3 PIBHEM PO3BUTKY
CUJIY, IIBHUJAKOCTI, CUIIM M SI31B IIpecy Ta THYYKOCTi. BUsBIEHO 3BOPOTHIN KOpenAuiiHuN 3B’ 130K CIiB-
BIJIHOIIICHHS] CYMapHOTO 4acy BUIEPEKCHHS 1 3aMi3HIOBaHHs (0aJlaHCy HEPBOBHUX MPOIECIB) 3 piBHEM
PO3BUTKY CHJIM M’531B Ipecy, TOOTO MOKA3HUKOM CIelialbHOT (i3UYHOT MiAroToBIeHOCTI. binbma cuna
M>SI31B MIPECy acolliroBaiacs 31 3MECHIICHHSIM 3MIileHHs OallaHCy HEPBOBHUX MPOIECIB B OiK 30yKEHHS
1 301IBpIICHHSM 3MIIIEHHS OalaHCy HEPBOBUX MPOIIECiB B OiK ranbmMyBaHHs. ToOTO, MiABUINCHHS PiBHS
creniagbHo1 (hi3MUHOT MIATOTOBICHOCTI IEBHUM YHHOM CIIPUSIIO PO3BUTKY BPiBHOBAKEHOCTI HEPBOBUX
npoueciB. Kpim Toro, cran ncuxodizionoriynux ¢pyHkuii 3a nokasuukamMu PPO OyB noBysi3anuii 3 piBHEM
TEXHIYHOI MiATOTOBIEHOCTI OOCTEXKEHUX CIOPTCMEHIB 3a pe3yibTaTaMH S5-TH 13 7-MH BHUKOPUCTAHUX
BIIPaB Ha TIMHACTHYHHX CHapsigaxX. BexwmdnHa Oyab-sSKUX BiAXWJICHB BiJ BIy4aHHS B itk B PPO Oyma
HETaTUBHO ITOB’s13aHa 3 pIBHEM TEXHIYHOT MMiITOTOBKH, & BPIBHOBAXKEHICTh — MO3UTHBHO. Bee 1e cBiYnTh
Ha KOPUCTH MMO3UTUBHOIO BIUIMBY NIMHACTUYHHUX BIIPAB Ha PO3BHUTOK 1 (OpMyBaHHS HEPBOBHX IPOIICCIB
IOHUX CIIOPTCMEHIB. B mioMy, GyHKIIOHATBHUIN CTAH LEHTPAIBHOI HEPBOBOI CHCTEMH, TOYHICTH CEHCOMO-
TOPHOTO pearyBaHHs 3a nokazHukamu PPO, mo po3kpuBatoTs 0COONMBOCTI CIPUIHATTS Yacy i IPOCTOPY,
Oynu moB»si3aHi sIK 3 piBHEM (Pi3MUHOI, Tak 1 3 piBHEM TEXHIYHOI MiArOTOBJIEHOCTI CIIOPTCMEHIB, L0
[IJTKOM Y3TOKYETHCS 3 ITepaTypHUMH JaHUMH PO BIUTHB (Pi3WYHUX HaBaHTaXXEHb Ha (HOPMYBaHHS Ta
craH rncuxodizionoriyaux yHkii cnopremenis [1, 2, 3]. Ciia 3ayBakuTH, MO0 TCUXO0(1310JIOTITYHUMHE
MapKepaMu piBHS 3arajibHOT (Pi3WYHOT MIATOTOBICHOCTI 00CTEKEHUX CITIOPTCMEHIB BUSBUIIUCS ITEPEBAKHO
nmoka3HuKH TogHOCTI PPO (KinmpKicTh TOUYHUX peakIiif, cyMapHi i cepeaHi BiAXUICHHS, BUICPEIHKCHHS
1 3ami3HIOBaHHA). IIpoTe 3 piBHEM TexHiYHOI Ta cmerniaabHOI (Hi3UYHOI MiATOTOBICHOCTI, KPiM BHIIE
BKa3aHMX nokasHuKis PPO, acomiroBascs Gamanc HEPBOBHX MPOLECiB (CHiBBiI{HOHIeHHSI KIJIBKOCTI peaKiiiif
BUIICPC/DKCHHA 1 PEAKIiil 3ali3HIOBAHHSA, CyMapHOTO 4acy PeaKiiil BUNCPEIKCHHA 1 3aIi3HIOBAHHS).
3 ormsagy Ha Te, mo TecT PPO BUKOPUCTOBYETHCS B SIKOCTI OHOTO 13 iIHGOPMATHBHUX 1 BaNiTHHUX IS
BH3HAUYCHHS BPIBHOBAXEHOCTI OCHOBHHX HEPBOBUX MpoIleciB [4], MOKHA IPUITYCTUTH, IO PO3BUTOK
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caMe TeXHIYHUX SKOCTEH Ta CIemiaabHOol (Pi3UYHOT MiATOTOBICHOCTI IOHUX TIMHACTIB O1JBIIOI0 MipOIO
OyB MOB)SI3aHUM 3 PO3BUTKOM BPIBHOBa)XKEHOCTI HEPBOBHUX MpoOIleciB. Bennka KiTbKICTh 3B)SI3KiB PiBHS
¢$i3UYHOT 1 TEXHIYHOT MiATOTOBJICHOCTI 3 MOKa3HuKaMu PPO cBimuuTh mpo 3HAYYIIICTh 3aTHOCTI 10
nependadeHHs (aHTUIMIIALIT) K OJHIET 3 HAHBAXKIIMBIIIUX SKOCTEH TIMHACTIB.
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I'NICTOITATOJIOTTYHI TA YABTPACTPYKTYPHI 3MIHU
rOJIOBHOT'O MO3KY H[YPIB IICJS JIf HOBITPAHOI YIAPHOI XBUJII

C. B. Kozaos, 10.B.Ko3snoBa, H.C.bonaapenko, O.0O.bonaapenko
JHinposcokuil deporcagrutl meOuunutl ynisepcumem, m. [uinpo, tanatholog76(@gmail.com

Beryn. Ctpyc Mo3Ky, abo jerka uepenHo-Mo3koBa TpaBma (IUMT), € mpuarHO0 pO3BUTKY KOTHITUBHUAX
po3NajiiB Ta HEBPOJIOTIUHKUX MopymeHb. Jlerka UMT — 1e oauH i3 MapkepiB BiiCbKOBUX KOH(DIIIKTIB,
TePOPUCTUYHUX aKTiB. Haa3BHUYaliHOT aKTyaJIbHOCTI TATOTeHE3 PO3BUTKY MOPYIIEHB JisUIBHOCTI TOJIOB-
HOTO MO3Ky HaOyBae€ y BiiCBKOBHX Ta ITUBIIBHMX, SIKI 3a3HalM BIUIMBY (akTOpiB BHOYXY, 30KpeMa
BuOyxoBoi xBmwii. Ha Ham morisja, BpaxoByro4H, IO BHOYXOBa yJdapHa XBWJIS L€ Ipoliec mepenadi
KOJUBaHb 3 HAJJIUIIKOBUM THCKOM Ha (PpOHTI XBMJI, Y BIJHOBIJHOCTI 3 SKUM (PI3UYHO 3MIHIOETHCS
CTaH Ta YaCTHHKM CEPeJIOBHINA, B SKOMY BOHA PO3IOBCIOKYETHCS, TO JUISA 3’SCYBaHHS MEPBUHHUX
OioMapkepiB BUOYXOIHAYKOBAHOI TPABMH T'OJIOBHOI'O MO3KY MOTPiOHI MaTOMOPQOJIOTiUHI AaHi, 30KpemMa
Ha riCTONAaTOJIOTIYHOMY Ta YIBTPACTPYKTYPHOMY PIBHSX, O€3MOCEPEIHBO MICIIsI BILTUBY BUOYXOBOT XBHIII.
MeToto po6oTH 0yJI0 BUBHAYCHHS IEPBUHHUX BUOYXOIHIYKOBAaHUX YIIKOKEHB TOJIOBHOTO MO3KY ITiCIIS
nii moBiTpsAHOI ymapHoi xBwiti. MaTepiaa Ta MeToau aocaigxenHs. JlocaimkeHns nposeacHi Ha 18
O11MX CTaTeBO3PINUX LIypax-caMIlsiX. PAHIOMHO po3aidHIN eKCIIEPUMEHTANBHUX TBAPUH HA TPU IPYIU:
IHTaKTHa, KOHTPOJbHA Ta EKCIIEpPUMEHTAIbHA (OTHOKPATHA [lisi 3reHEPOBAHOT OBITPSIHOT yAapHOT XBUJI1
y BIACHOPYY CIIPOCKTOBAHOMY NpHCTpoi). BuBeseHHs TBapuH 3 €KCIIEPUMEHTY MPOBOAMIH IIIAXOM
JIeKariTalii miJi TaJIOTAHOBUM HapKo3oM B mepimi 10-15 XBHIIMH Mic/s BIUTMBY Bpakarodoro (akTopy.
lNcromaTonoriyHe JAOCIIXKEHHS TPOBOJAUIN Y BIAMOBIAHOCTI 10 CTAHIAPTHOT METOJIUKH, 00POOKY
3pi3iB MPOBOANIIHN FeMATOKCIIIIHOM Ta €03HHOM. [IJI €JIEKTPOHHO-MIKPOCKOIIIYHOTO aHaMi3y (hparMeHTn
(poHTANEHOT KOPH Ta TiMOKAMITy eKCIIEPUMCHTAIBHUX TBAPHH 3a0Hpan Ta QiKCyBasy 3a J0MOMOT0I0
2,5%-Boro posunHy rmorapanbaeriny. locrdikcarito Matepiany nposoaun y 1%-nomy 3adypepenomy
po3unni OsO,. 3HEBOJHEHHS TKAHMHM TPOBOMIIN 32 IOTIOMOT0I0 CIIMPTIB, MiCJIs 90TO MaTepia 3aKIro-
yaiau B EmoH-812. YnbTpaToHKI 3pi3u BUTOTOBISIHN 3a JOMOMOTO yiabTpamikporomy YMTII-6M. [lo-
CIiJKCHHS TPOBOJIUIIH 32 JOIIOMOTOI0 TPAHCMICIHHOTO eeKTpOHHOTO Mikpockomna [IDM-100-01. Ominky
MEPBUHHUX YIIKOKCHb PEYOBUHH I'OJIOBHOT'O MO3KY MPOBOMIIHN B 0anax y BiAMOBIAHOCTI 10 po3pobieHoi
ouiHo4Hoi mkanu. [lopiBHIOBaIN pe3ysbTaTH 3 KOHTPOJIbHOI rpyno. PesyasraTn. Ilicns 3aransHol
OL[IHKH TiCTOJIOTIYHOTO 3pi3y MepeaHbOT0 BiAAlNy MO3KY Ta rinokamMiy npu 30inbienHi x 100, npoBoaunu
(dbparMeHTapHUI aHATI3 peYOBUHH MO3KY mpH 301tbmeHHI X200 ta x400. I1ix yac A0CTIIKEHHS BUABICHUX
VIIKOJDKEHB (DIKCYBAIIH JIOKAII3aIlil0 BOTHUIIIA YPaXKCHHS, BUJI Ta XapaKTep YIIKOJDKEHHS, YMOBHY TUIOIIY,
SIKY 3aiIMarOTh T1CTOIATONIOT19HI 3MiHH. []0 HAWOIBII Bi3ya hbHHUX Ta MOCTIHHUX MIEPBUHHUX YIIKOKCHB ITi]T
9ac CBITIOBOT MiKPOCKOTII BiTHOCHIIN APiOHOBOTHHUINEBI MyIbTH(OKAIBHI KPOBOBIIINBHU, PO3PUBH CyANH
MO3KY Ta MIKpPOCKOIIYHI PO3PHBU PEUOBHHH I'OJIOBHOTO MO3Ky. CyOenuHieMansHa peuoBUHA MO3KY — L€ OJTHA
3 MOCTIMHMX JIOKaIi3alili BOTHUII KPOBOBMIJIMBIB miciis A1l BuUOyXoBoi yaapHoi xBuii. [lapaBeHTpUKysipHe
pO3TaIyBaHHsI BOTHUII KPOBOBUIIMBIB OYIJIO TUTIOBUM JUISI BCIX BUTIAIKIB B €KCIICPUMEHTAIBHIH IPpyIIi TBAPHH.
Ile crocyBasiocst IK CTIHOK OIYHUX TaK i 3-ro MIIYHOUYKiB. CTYIiHb YITKO/PKCHHS B JTIJISHKAX, TIPHIICTIIAX
JIO JIIKBOPHOT CHCTEMHU TOJIOBHOT'O MO3KY, Oylia pi3HOKO BiJI METeXialbHUX Ta IPYIMOBHX KPOBOBHIIMBIB
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JIO PO3PHBIB CTIHOK IIJIYHOYKIB 3 TEMOPAriqHOI0 IMOIOIIi€r0 TapaBeHTPUKYJIIPHOT peYOBHHH MO3KY. Jlo
MEHII MOCTIHHUX 3a JIOKA3aIli€r0 Ta MEHI BUPaXXCHUX KPOBOBWIIMBIB BITHOCHIIUCH JIJSTHKA CYIUHHUX
CIIJIETEHB JIIKBOPHOI CHCTEMH MO3KY Ta cyOmianbHi npocTopu. [lepeBakHO meTeXiaJbHOTO XapakTepy
KPOBOBUJIMBH 3yCTPIiYajicCs HABKOJO CYAMH, B MIJSIHKAX MOPCAJLHOTO TIOKaMILy, TalaMyCy, MCHIIE B
IHIIMX CTPYKTYPHHX yTBOPEHHSX TONIOBHOrO MO3Ky. [TopyieHHs Ha piBHi reMaToeHue(banquoro 6ap’epy,
HAsIBHICT HAOPSIKY NEPHBACKYISPHOIO IPOCTOPY, NeTeXiallbHi KPOBOBUIMBH y HEipoIiie q)chyBaJm TaKOXK
Ha yJIBTPACTPYKTYPHOMY PiBHi. B jK0IHOMY BHIIaKy HE 3yCTPi/IM IOPYLICHHS LIIICHOCTI M SIKOi MO3KOBOI
obomonku. Crig 3a3HAYNTH, IO MO BiTHOUICHHIO IO CEPEIMHHOT YMOBHOI JiHI{ TP aHaTi31 (POHTAIBHIX
3pi3iB rOJIOBHOTO MO3KY, CTYITIHb Ta PO3IMOBCIOJKEHICTh YIIKO/HKCHD (KPOBOBUIIUBIB, PO3PUBIB MO3KOBOI
TKAaHWHHU) MaJIA aCUMETPUYHHHA XapaKkTep.

BucHoBku. BusiBiieHi yIIKOIKSHHS, a caMe, KPOBOBIJIUBH B PEYOBHHY T'OJIOBHOI'O MO3KY Ta PO3PUBHU CTIHOK
CYJIMH Ta TKAHUHHU MO3KY, (hOpMYBaJIUCs BHACIIJOK MPSIMOI TPaBMAaTHYHOT Ai1 yAapHOI MOBITPSIHOT XBHJII.
B rocrpomy nmoctrpaBMaTHYHOMY HEPioAl riCTONATOJOT14HI Ta YABTPACTPYKTYPHI 3MiHM B TOJIOBHOMY
MO3KY MOYKHa IPEJCTABUTH Y BUTJIAII 3MiH 31 CTOPOHU HEHPOHIB (rinmepe3oHo(iIisi MUTOIMIA3MH, MKHO3
siaep — 6ioMapKepH iIeMiYHAX MPOLECiB) Ta 3MiH 31 CTOPOHHM reMaToeHIedaniqHOro 6ap’epy (po3puBH
CTIHKH KaIllIAPIB, BEHYII; HABKOJIOCY AMHHI MyNbTH(QOKANbHI IPIOHOBOTHHILEBI KDOBOBHIIMBH, PO3PHBH
HEipoIiNio — GioMapKepy MEepBUHHHX TPaBMaTHIHUX 3MiH IiCJIsl BIUIMBY yIapHOI MOBITPSHOI XBHIII).
KuarouoBi ciioBa: moBiTpsiHa yapHa XBHIIS, IEPSAHIHN BiA1I MO3KY, TiTOKaMII, TiCTOMATOJIOTIS, EJICKT-
pPOHHA MiKpOCKOTIiSI.

KJITUHHI MEXAHI3MHA OHTOT'EHE3Y IMATOJIOI'TI TOJTOBHOI'O MO3KY
P HEUPOTPOIIHOMY BIPYCI CKA3Y Y CCABLIB

C. II. lIpunyubkuii

Menimononscokuii deporcasnuti nedazociunuil ynigepcumem im. Boedana Xmenvrnuyvrozo,
priluckijsergej356@gmail.com

BcraHoBieHo, 10 cKa3 € TOCTPUM iH(EKIIHHIM 3aXBOPIOBAHHIM, 30y THUKOM SIKOTO € crierudivHmii Bipyc, 1110
Bpakae [LIHC B TomMy umcri 1 HeraTHBHO BIUTMBA€E Ha (PYHKIIIT BUIIOT HEpBOBOI AisuThHOCTI. [1pH maTorenesi BUHUKae
mporiec eHredanity, mo CyIpOBOIKYETECS CMEPTEIBLHAM PO3JIaIoM IIEHTPATBHOI HEpBOBOI cucteMu. [lpn
HEHPOTPOITHOMY BIpYCi CKa3y y JIFOJWHH HE BiIOYBA€THCS CYTTEBHX JICCTPYKTUBHUX 3MiH KJIITHH BHIIIOT HEPBOBOT
JistbHOCTI. CaM MaTONOTr YHUM 30y AHUK MPeICTaBIIsA€ COO00 HMTIHAPUIHUN BUTIISA 1 € IPEICTABHUKOM POIY
PabnoBipyciB. 'eHOM npeacTaBieHuii 0JHONAHIIOKKOBOIO MosieKy ot PHK. Perutikartist, TpaHCKpHIIIIis BIpyCY
BiZIOYBA€THCS BUKITIOYHO B CTICIM(hiYHUX YTBOPEHHAX KITITHH HEPBOBOI CHCTEMH, 1110 HA3UBAIOTHCA TUIBL Herpi.
JlaH1 yTBOpEHHS YSBISIOTH COOOK €O3MHO(PUIBHY CTPYKTYpY AiamMeTpoM Bij 2 — 10 MkM. KOHIIEHTPYIOThCS
MEePEeBaKHO y IIUTOIIa3Mi HEWPOHIB, JIe BJIACHE 1 BIJIOYBA€THCS PEIUTIKAIlS Ta TPAHCKPHIIIS BIpyCHOTO
antureny. [1pu indikyBanH1 BipycoM —MOpQOJIOTris HEHPOHIB 3aUIIAETHCS HE3MIHHOIO Ta € TAKOIO IPOTITOM
yCcbOro nepiofay nepebdiry 3axBoproBaHHs. JletaabHUI BUIIa 0K IPU MATOTEHE31 CKa3y HACTYIAE BiJl II00anbHOT
HeBponorquo'f mucynkii. He JHMBISTYHCH HA TE, 110 Mop¢oreHe3 KIITHH HEPBOBOI CUCTEMH 3aJTUIIAETHCS
HE3MIHHHMM — € 03HAYAE, IO PoOOTA BIPyCHOr0 aHTUICHHA HE € MPAMOIO YIIKODKYBAHOIO Ji€I0 BILTHBY Ha
LUTOCTPYKTYPHI €JIEMEHTH HEPBOBOI CHCTEMH, @ € TUIBKH HEHPOTOKCHYHOK. LM caMUM 3yMOBIHOETHCS
PO3BUTOK JIET€HEPATHBHIX 3MiH CIICI[iaIbHIX HEPBOBHX PELICTITOPIB, IPOTSITOM BCHOT0 IHKYOAIIHHOTO ITepioy
BIpyCy B KJIITHHHOMY CEpeJOBUILi. Posib KIITHHHUX MEXaHi3MiB MMOUMHAETHCA HA MMOYATKy PAaHHBOI cTail
iHKyOamii iH(peKuifHOro areHTy, y MICI[IX IEPBUHHOI peIUTiKallii JereHepallii 3a3HaloTh HelHpopenenTopHi
YTBOPEHHS, BOHU CYIIPOBOKYIOTHCSI CHIIBHUMHE OOJIHOBUMHM BiTUyTTSMH — Tinepectesieio. [Ipu aytiamBocTi
BipyCy came JI0 KJIITHH HEPBOBOI CHCTEMH, 30y THUK IIPOHUKAE JIO IEPUHEBPAITLHOI TOPOKHUHN aQepeHTHUX
HEPBIB, 3rOJIOM 10 iX aKCOHAX IPOTIKA€ 3 IOCHIICHOK LIBUAKICTIO i Bpaxae Bero LIHC. Yepes AMIHOKHUCIIOTHI
TOCJTiI0BHOCTI TIIKOMPOTEi/ly CAMOTO AHTHICHY, HIM € MPOAYKY€ETECS BUILICHHSA HEHPOTOKCHHIB I10 THITY
aHAJIOTy 3MIiHOT OTPYTH, IO 3B’A3y€THCA 3 BUOIPKOBHMH ALICTH/IXOIHOBUMH HEPBOBUMH perientopam. SIkpas
caMme IIMM 1 3yMOBIIOETHCSI MEXaHI3M JIii HEpBOBI KIIITHHH, HE JIECTPYKTYPU3YIOUH iX MOPQOIOTiuHy Oya0BY,
BIUIMB Ha si/iepHi 200 1HII CTPYKTYPHI €JIEMEHTH KJIITHHH, a BUJUICHHSIM IIEBHOT TOKCHYHOT pEYOBHUHU THITY
oTpyTH. Uepes BUIIICHHS OTPYTH BpaxkatoThes Heliporu LIHC, BUIoi HepBOBOI AiSUTHHOCTI — KITIHIYHA KAPTHHA
MATOJIOTIT CKa3y BHPAXAEThCS TEPEBAXKHO B MOSIBI MapajliviB Ta XapaKTEPHUX HAMAJIB CYJOM, BPAXKAEThCS
CEepLEBO-CYAMHHA CUCTEMa, OKPIM HEPBOBOI CHCTEMH BipyC MOKE KOHLIEHTPYBATHUCS Yy TiCTOJIOTIUHHUX Ta
IIUTOJIOTIYHUX YTBOPEHHSIX JICTeHb, HUPOK, HATHUPKOBUX 35103, BXKJIMBO 3a3HAUNTH, 10 BipyC MOTpAIuIsie B
1HIII OpTaHu TUTbKHU Ticns ypaxkeHHs [[HC.

Kurouogi caoBa: Heliponu, Bipyc ckasy, [IHC.
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IMCUXOJOTTYHUM TA ICUXODIZIOJNOTTYHUA MOHITOPUHT
CTAHY KBAJII®IKOBAHHUX CITIOPTCMEHOK Y HEPJIAEHT'Y

O. A. lllnnkapyk, I'. C. Angpienko, C. B. ®exopuyk
Hayionanenuil ynisepcumem @hizuunoeo suxoeamnnsi i cnopmy Yxpainu, m. Kuis, lanasvet778899@gmail.com

Cepen BaXXJINBUX HAIPSIMIB MiATOTOBKHU B UEPIIiICHTY BU3HAYAIOTH ICUXOJIOTTYHY MiAr0TOBKY. OCO0MMBO
MICUXOJOTIYHA CKJIAJ0Ba € 3HAYYN[OI0 MPH MiATOTOBIIi CIOPTCMEHIB 0 F'OJIOBHUX 3MaraHb, IPU BUBUCHHI
HOBO1 IHAMBIyalbHOI MPOrpamMu, sKa MiCTUTh HU3KY TEXHIYHHUX €JIEMEHTIB pi3Hoi ckiaaHocTi [1, 2]. s
cTabUIBHOTO BUKOHAHHS 3MarajibHOi IIPOTrpaMy CIIOPTCMEHKAM HEO0O0X1THO MaTH IICUXOJIOTIUHY CTIHKICTB,
OyTH cTpecoctiiikumu [3, 4]. Mera nociipKeHb — 3MIHCHUTH TICUXOJIOTIYHUN Ta TICUXO0(i31070TIUHHHA
MOHITOPHHT CTaHy KBalli()ikOBAaHUX CIIOPTCMEHOK Yy YepJiICHTy TIPH MiIrOTOBIII 10 TOJIOBHUX 3MaraHb
Ta J0BECTH €(EKTUBHICTh HOTO MpaKTHUHOI peamizarmii. /s mpoBeneHHS MCUXOJOTIYHOI Ta MCUXO-
¢i31070T14HOT JJiIarHOCTUKHU OyJIU 3aCTOCOBaHi: MeTO BHOOpY KosibopiB M. Jlromepa, Tectn «MeToamnka
npiarHoctuku TpuBoxHocTi Y. JI. CminGeprepa, FO. JI. Xaninay», «lllkana 3mMaranbHOi 0cOOUCTICHOT
TPUBOKHOCTI», «OMUTYBaJIBHUK CIOCOOIB mcuxonoriunoro moxonanus R. Lazarus i S. Folkmany,
«MeToauKa ISl MICUXOJIOTTYHOT JMiarHOCTHKHM KomiHr-mMexaHismiB E. Heimy, «OnuryBaisauk CAH
(CamormouyTTsi, AKTUBHICTB, HacTpiii)», koMII'toTepHa crucTeMa NMCUxodi310JI0T194HOT T1arHOCTHKH
«JliaraocT-1» (M. B. Makapenko, B. C. JIuzory0). [Icuxodizionoriuae qoCiPKEHHS 3 BUKOPUCTAHHSIM
KOMIIIeKey «/JliarHocT-1» m03BoIslE OLMIHUTH (PYHKI[IOHAIBHUH CTaH IEHTPAJIbHOI HEPBOBOI CHCTEMHU
CIIOPTCMEHA Ta HOro 3MiHM Ha Pi3HUX eTanax TPeHyBaJIbHO-3MarajlbHO1 JisJIBHOCTI, y Ipolieci afaanTtamnii
10 Qi3MYHUX HABAHTAXCHB, 110 POOUTH MOKIUBUM HOTO MIMPOKE 3aCTOCYBAHHS Y Tally3sX CIIOPTUBHOI
MeIuIuHY, GizuuHol peabinitamii Tomo. Jo mocmimKyBaHUX MOKa3HUKIB BIJTHECEHO: IATEHTHI epioau
MPOCTOI 30pOBO-MOTOPHOI peaKilii, JaTEHTHI MePioau MPOCTOT 1 CKIaHOT peakilii BuUOopy, ePpeKTUBHICTh
CEHCOMOTOPHOI JisITBHOCTI (32 4aCOM MIHIMAJIbHOT €KCITO3HIlii CUTHAIIB Y PEKUMI 3BOPOTHOT'O 3B’ SI3KY),
JMIMHAMIYHICTh HEPBOBUX MPOIIECIB (32 YaCOM BUXOJly Ha MiHIMallbHY €KCIIO3HIIII0 B PEKHUMIi 3BOPOTHOTO
3B 513Ky ), TOYHICTH peakilii Ha pyxomuii 00’ ekt (PPO), kibKicTh peakiiiii BUMepe»KeHHs 1 3ani3HIOBAHHS
Ta cepeaHe BiaxuiaeHHs y PPO, moka3HUKM OCHOBHHUX BJIACTMBOCTEH HEPBOBOI cuCTeMH (a came —
(yHKIIOHAJIBHOT PYXJIMBOCTI 1 CUJIM HEPBOBUX MPOLECIB) Ta AMHAMIYHOI M’ S30BO1 BUTPUBAJIOCTI PyXy
KHCTI (TemiHr-TecT). BCcTaHOBIEHO, IO B YEPIiACHTY IIPU BUKOHAHHI CKIATHOI 3MarajlbHOI MpoTrpaMu
Ba)KIMBIMH BUCTYIAIOTh €MOIiiHA CTIHKICTh, BMiHHS IIPOTHCTOSITH CTPECY, MIBUIKO pearyBaTu Ha 3MiHU
CUTYyaIlil 3MaraibHo1 AisibHOCTI. HajlaHo iHIMBIIyanbHi peKOMEHIAII1, [0 IO3BOJIHIIN T IBUIIUTH PiBEHb
MICUXOJIOTIYHOT CTIHKOCTi, 3HU3UTH EMOLIITHY HANPYXKCHICTh MEpe 3MaraHHsIMH, MOKPAIIUTH PEaKIIiio
CIIOPTCMEHOK TOIIO. JJoBeIeHO e(peKTUBHICTh IHINBIAYaTbHOTO MOHITOPUHTY IICUXO0JIOT1YHOTO CTaHy Ta
ncuxodizionordiuHuX NOKa3HUKIB CIOPTCMEHOK MPHU MiJrOTOBII 10 TOJOBHUX 3MaraHb B 4epIiJCHTY.
References:
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BIIJIUB YEPE3IIKIPHOI CTUMYJISIIII BJIYKAIOUOTI'O HEPBY
HA EJEKTPUYHY AKTUBHICTb I'QJIOBHOI'O MO3KY
TA CTAH KOTTHITUBHUX ®YHKUIU JIOANHAN

0.1 Ilpasaa?, B.I. Komapenxko?, C.A. lanuios?, C.B. Tykacs!, K.A. Mamranepayk!, B.I. Kpapuenko!

! Kuigcoruii nayionansnuii ynisepcumem imeni Tapaca Illesuenxa, m. Kuis,? Beehiveor Academy and
R&D Labs, m. Kuis, danylovi@beehiveor.com

HeinBa3uBHA CTUMYJISIIIIS OJIyKAarOUOro HEPBY — HOBH MEPCIEKTUBHUN METOJ B Tepamii LiJoro psay
MCUXIYHUX PO3JaJiB, TAKUX SK eIijerncis, apeKTUBHI Ta TPUBOXHI PO3Jaad, PO3JaJH MOPYIICHHS
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amanTanii. MaJIOBUBUEHHM € 3aCTOCYBAHHS €NEKTPOCTUMYIIALIT OIyKal09oro HEpBY Yy 3M0POBUX JOIEH
3 METOIO TIOKpANICHHS KOTHITUBHUX (QYHKIIIH Ta ICHXOEMOIIHHOT0 CTaHy. Y po0oTi 0yJIO TOCTIIHKEHO
BIUIMB YEPE3MIKIPHOT €NEeKTPOCTUMYJIALI] OJIyKarouoro HEpBY Ha E€IEKTPUUYHY aKTHBHICTH T'OJIOBHOTO
MO3KY Ta CTaH KOTHITUBHUX (YHKIIH monuHu. B mocnimkeHHi B350 y4acTh 11 00CTeKyBaHUX BIKOM
18-22 pokiB. ¥ po6oTi Oynu BUKOPUCTAHI: amapat JJis HEIHBA3UBHOI CTUMYJIALI] OJIyKal04oro HepBY
«BrainPatch», mobinsna EEI" cucrema «Enobio-20» 3 BMOHTOBAaHMMHU €IEKTPOJAMH JUIS peecTparii
CJeKTPUYHOI aKTUBHOCTI MO3KY. B ekcniepuMeHTaNbHI#A Ipyi BUKOPUCTOBYBAIN MO€THAHHS KIaCHIHOT
MY3UKH Ta TOBUIBHOT OIMOJISAPHOT XBUJII €JISKTPUYHOI HEIHBA3UBHOI YePE3IIKIPHOT CTUMYJIAIIT COCKO-
noni6Ho1 o6nacTi romosu. BeranopiioBanu HacTynHi mapamerpu: cuna crpymy 0,3-1,2 MA, gacrora
crpymy 0,1-0,2 Fu, TpuBanicte ctumymsanii 30 ¢. B xouTponpHil Tpymi Ha q)OHl MY3HYHOTO CyTI-
pOBOY CTHUMYyIslis He mofapanacs. I1ix yac 06CTeKEHb 3aCTOCOBYBAIH CICLiaNbHI HABYIIHUKH,
3arajbHa TPHBAIICTH CeaHCy B 000X rpymax ckmaafana 5 xB. Cepiio 3 4-X HEIHBA3UBHHX CTHMYIIALIM
0J1yKarouoro HepBy IPOBOJMIIU 3 lHTepBaJ'IOM y 3 nui. [Tpu ananisi EET nposoaniu PO3paxyHKH KUIBKOX
KoeQiuienTiB: GpoHTaNbHOT anba-acuMETPii, iHACKCIB HABAHTAKCHHS MO3KY Ta aKTHBALLII. I[n;l OI[IHKH
CTaHy KOTHITHBHUX (DYHKIIH BHKOPHCTOBYBAIN KOPEKTYpHY Tpody byprnona-AudiMoBa, KoM I0TEepHI
TECTH JIJIsl OI[IHKK KOpOTKodacHOI mam’saTi. Cepist CTUMYJISIIIIA BYNIHOT MKW OJyKar4oro HEpBy CyII-
POBOJIKYBaNach MOKPANIEHHSAM JOBITBHOI yBaru, 301NbIICHHSM IIBUIKOCTI 00poOku iHdopmanii, mo
BUSIBIISUIOCH y 3MCHIIICHH] Yacy, BUTPAuUEHOTO Ha 00pPOOKY CTUMYJIIB B KOPEKTYpHii mpo0i Ta TecTax Ha
KOpPOTKOYACHY mam’siTb. BkazaHi 3MiHU cynpoBoKyBanuch 30inpmenHsaM EEI iHekciB HaBaHTa)XEeHHs
Ta aKTUBAIi1 MO3KY, iIBUIIICHHSIM PiBHSI aKTHBAIlii MO3KY Ta 301IbIICHHSIM PECYPCIB MO3KY, 3Iy4CHUX
J10 00pOOKH 1H(PpOpMAIIil Ta KOTHITHBHOTO KOHTPOJTIO. Cepist CTUMYJISIIH OJTyKaro4oro HepBYy 3MEHIITyBalia
TICHXOEMOIliiHe HaNpy>KeHHS NPU BUKOHAHHI TECTy Ha ONEPATHBHY IIaM’ATh 32 PaXyHOK 3CYBY (OKyCy
anb(ha-akTUBHOCTI y JIiBY ppOHTAIBHY KOpY. Taki 3MiHH CBi9aTh PO MiABUINCHHS PiBHS aKTHBAIIl MO3KY
Ta 301IBIICHHS PecypciB MO3KY, 3aIy4eHUX A0 00poOkm iH(popmalii Ta KOTHITUBHOTO KOHTPOIIO, a
TaKOX PO 3HIKEHHS IICUX0EMOLIHHOTr0 HANPY>KEeHHS IPU BUKOHAHHI KOMII’ IOTEPHUX TECTIB IS OI[IHKU
KOpPOTKOYACHOI mam’siTi, 4Oro He CIOCTepiraju y KOHTPOJIbHINA rpymi.

KirouoBi ciioBa: Girykarouuii HepB, HeIHBa3HBHA CTUMYIIALIS, ICKTPUYIHA AaKTUBHICTh MO3KY, KOTHITHBHI
¢dbyHk1ii, mcuxoemomniitnuii cran, EET

CHANGES IN THE PAIN THRESHOLD IN RATS IN THE 1-WEEK DEVELOPMENT
OF EXPERIMENTAL BLAST TRAUMATIC BRAIN INJURY

Yu.V. Kozlova, S.V. Kozlov
Dnipro State Medical University, Dnipro, kozlova_yuv@ukr.net

Introduction. Today, during the war in Ukraine and around the world, a large number of explosive
devices are used, as a result of which both the military and the civilian population are affected. Medium
and severe injuries are diagnosed by doctors quickly. But with a mild injury, the victims often do not
consult a doctor in time. However, previous studies have established that even a mild blast traumatic
brain injury (bTBI) leads to significant disturbances of various brain functions, in particular central
sensitivity to pain, the pathogenesis of which currently requires detailed investigation. So the aim was
to establish changes in the pain threshold in rats at 1-week of the course of blast-induced brain injury in
the experiment. Materials and methods: The study was performed on 18 adult male Wistar rats (mass
220-270 g) in compliance with international rules of animal keeping and humane attitude. Rats were
randomly divided into 3 groups: I - experimental (n=6), animals were subjected to inhalation anesthesia
with halothane, fixed and simulated blast-induced traumatic brain injury by generating a shock wave
with an overpressure of 26.4 = 3.6 kPa [1], II group - sham (n=6), animals which were subjected only
to inhalation anesthesia and fixation and III group - intact (n=6). The study of the pain threshold was
conducted in a chamber with an electrified floor, the strength of the electric current was recorded using
an ammeter (uA) during the vocal response of animals to irritation. Results and discussion: In the 15
day, an increase in current (63 nA) was observed in rats of the control group, which is associated with
the influence of halothane. However, in rats with bTBI, this indicator was at the same level (46.5 nA) as
in rats of the intact group (43 pA), indicating a decrease in the pain threshold as a result of the injury.
In the 3" day, the current in rats with bTBI was 54 pA, in rats of the control group 62.7 pA (the effect
of halothane was still preserved), and in intact rats - 57.2 pA. On the 7 day, the following changes
were observed: experimental group — 43, control — 63.2 pA, intact — 62.5 pA. It is known that halothane
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has an analgesic, muscle relaxant, anesthetic inhalation effect. A small dose of halothane, which led
to narcotization of rats, led to a persistent (1 and 3 days) analgesic effect in rats of the control group.
However, pain sensitivity in experimental rats was significantly increased as a result of impairments
caused by mild bTBI regardless of the effect of halothane. This was probably caused by a disturbance in
the system of neurotransmitters, as well as an imbalance of bioelements and other disturbances, which
are caused by the specific action of the shock wave, as the main pathological factor of the explosion.
Conclusions: 1. It was established that mild bTBI leads to decrease in the threshold of pain sensitivity
in the 1%, 3 and 7™ days of the post-traumatic period, regardless of the analgesic effect of halothane.
2. Also, taking into account additional factors, such as halothane, which can affect brain functions, is
absolutely necessary in analyzing neurobehavioral indicators.
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1. Kozlova YuV, inventor, assignee. Device for studying the effect of the shock wave of an explosion on
the body. Ukraine patent N 146858. 2021 March 24.
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ELECTROPHYSIOLOGICAL ANALYSIS OF THE EXCITABILITY
OF THE NERVE-MUSCULAR COMPLEX UNDER THE CONDITIONS
OF SHOCK WAVE INFLUENCE

V.V. Kosharniy, L.V. Kitova, L.V. Abdul- Ohly, V.G. Rutgaizer, O.H. Kozlovskaya
Dnipro State Medical University, Dnipro, Ukraine, kosha.v@ukr.net

Due to the realities that have developed, the relevance of combat surgical trauma has increased many times
over in Ukraine. Injuries to the spine and spinal cord in the general structure of combat surgical trauma
do not exceed 2%, but are more than compensated by high mortality (from 19.1 to 52.9%) and permanent
disability of most of the wounded. The main cause of death is the severity of the injuries. Up to 25% of
fatal complications occur immediately after the injury and more than a third of victims with a spinal cord
injury die before entering the clinic. The reduction of mortality and the percentage of complications in
this contingent of victims largely depends on the timely diagnosis of the injured and qualified actions of
medical personnel at the pre-hospital and early hospital stages. Experimental modeling of explosive injury
was carried out using our developed device (Pat. 146858 Ukraine, IPC G09B23/28.) The action of the shock
wave was directed to the area of the spine, the lower third of the thoracic section and the lumbar section. The
action of the shock wave was studied on the first day. The animals were involved in an acute experiment.
For anesthesia, sodium thiopental was administered at a dose of 50 mg/kg of weight. The prepared sciatic
nerve was placed on bipolar stimulating electrodes. Conduction of the action potential (AP) from the calf
muscle, as well as its direct stimulation, was carried out with the help of two needle electrodes, which were
inserted directly into the muscle. Such indicators of the excitability of the neuromuscular system as amplitude,
latency period (LP), PD duration, threshold and calf muscle chronaxia were analysed. The phenomenon of
refractoriness was analysed by indirect stimulation with paired stimuli with an interval from 1 to 20 ms, a
duration of 0.3 ms, and intensity of 2P.

The research was carried out with the help of standard electrophysiological equipment (ECU-2 electro
stimulator, UBP 2-03 amplifier, analog-digital device with registration and data processing on a computer).
The obtained results were processed using statistical methods with the determination of the mean (1), error
of the mean (m) and root means square deviation (o) for further analysis according to the Student’s test
with a determination of the level of reliability (p). Experiments with laboratory animals met the ethical
requirements of the European Convention on the Use of Vertebrate Animals for Experiments.

Analyzing the data obtained under the conditions of experimental shock wave exposure on the first day of
the experiment, changes in the functioning of the neuromuscular complex were detected, which is manifested
in an increase in the excitation threshold under conditions of both direct and indirect stimulation of the calf
muscle by 1.5 times, a decrease in LP by 0.25 ms and a decrease in chronaxia during indirect stimulation by
15 ps and an increase in the amplitude of PD by 2 times. Chronaxia was significantly reduced under indirect
stimulation, as well as in the case of direct stimulation. The impact of the shock wave leads to changes in
refractoriness phases, there is a significant increase in PD amplitude in response to the second stimulus.
Keywords: shock wave, spinal cord, electrophysiological studies, action potential.
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ELECTROPHYSIOLOGICAL ANALYSIS OF THE EXCITABILITY
OF THE NERVE-MUSCULAR COMPLEX UNDER THE CONDITIONS
OF THE METABOLIC SYNDROME IN YOUNG RATS

O.H. Rodynskyi, O. I. Seleznyova
Dnipro State Medical University, Dnipro, Ukraine, a.rodinsky@gmail.com

Metabolic syndrome is a set of abnormalities, such as obesity, hypertension, high blood sugar, and
cholesterol, which significantly increase the risk of developing cardiovascular disease, type 2 diabetes,
and other diseases. It is not a disease, but a group of risk factors that often occur together, increasing
the likelihood of severe diseases. There is increasing evidence that impaired glucose tolerance (IGT)
or metabolic syndrome can lead to peripheral nerve damage, although the precise relationship between
the conditions is still being established. There are animal models, epidemiologic, and clinical data
that suggest a pathophysiologic link between neuropathy and metabolic syndrome and its components,
including obesity, dyslipidemia, and insulin resistance. IGT and metabolic syndrome are associated
with subclinical nerve damage or are typically painful and sensory, although autonomic nervous system
involvement may also occur. Because small fiber damage is often predominant and nerve conduction
studies may be relatively insensitive to confirm the diagnosis. Rats were divided into two groups. The
first group is the control group and the experimental group with metabolic syndrome. Rats of the second
group are young rats weighing 340-400 g. After that, the animals were involved in an acute experiment.
For anesthesia, sodium thiopental was administered at a dose of 50 mg/kg of weight. The prepared sciatic
nerve was placed on bipolar stimulating electrodes. Conduction of the action potential (AP) from the
calf muscle, as well as its direct stimulation, was carried out with the help of two needle electrodes,
which were inserted directly into the muscle. Such indicators of the excitability of the neuromuscular
system as amplitude, latency period (LP), PD duration, threshold (P), and calf muscle chronaxia were
analysed. The phenomenon of refractoriness was analysed by indirect stimulation with paired stimuli
with an interval from 1 to 20 ms, a duration of 0.3 ms, and intensity of 2P. The research was carried out
with the help of standard electrophysiological equipment (ECU-2 electro stimulator, UBP 2-03 amplifier,
analog-digital device with registration and data processing on a computer). The obtained results were
processed using statistical methods with a determination of the mean (I), error of the mean (m), and root
means square deviation (o) for further analysis according to the Student’s test with the determination
of the level of reliability (p). Experiments with laboratory animals met the ethical requirements of the
European Convention on the Use of Vertebrate Animals for Experiments. Research results. In the case of
experimental metabolic syndrome, significant changes in the functioning of the neuromuscular complex
were revealed, manifested in an increase in the excitation threshold under conditions of both direct and
indirect stimulation of the calf muscle by 1.6 times, a decrease in LP by 0.17ms and a decrease chronaxia
with indirect stimulation for 5 ps and an increase in PD amplitude by 1.17 times. Chronaxia with indirect
stimulation reliably decreased, as well as in the case of direct stimulation, a significant decrease was
found. Metabolic syndrome leads to changes in refractoriness phases.

Keywords: experimental metabolic syndrome, electrophysiological studies, action potential.

AHAJII3 YTBOPEHHA NPOCTOPOBUX KJIACTEPIB ACTPOLIUTIB
Y TKAHUHI YOPHOI CYBCTAHIIII TOJTOBHOI'O MO3KY
B YMOBAX POTEHOHOBII MOJEJII TEMIITAPKIHCOHI3MY

O.I.HikoHeHko
Tuemumym ¢hizionoeii im. O.0.bocomonvys, m.Kuis, alexander.g.nikonenko@gmail.com

XBopoba [Tapkincona (XII) € 6araroakTopHUM 3aXBOPIOBAHHAM, POJIb OJJHOTO 3 BaXJIMBUX NATOreHE-
TUYHHX (DAKTOPIB rpa€e aHOpMabHE (PYHKIIOHYBaHHS IMYHHOI CUCTEMH. ACTPOIIUTH, IO € PE3UICHTHUMH
IMyHOIINTaMH Y TKaHWHI TOJIOBHOTO MO3KY, CKJIaIaf0Th B Hill mpubiu3Ho 30% Bix 3araabHOI KIIBKOCTI
kiriTuH. OCcTaHHI TaHi CBiT4aTh MPO Te, IO KIITHHU IILOTO THIYy OEpYyTh aKTHBHY y4acTh Y MaTOTCHE31
XII. HocmimxyBaau NPOCTOPOBI aCMEKTH PEAKTUBHOTO aCTPOTIIiO3y y KOMIAKTHIM 4acTHHI YOpHOI
cyoctannii (YCxk) rosoBHOro Mo3ky mypa, depe3 40 ta 70 aHiB micis BHYTPUIIHBOMO3KOBOT 1H(Y3ii
poTeHOHY B 11031 12 mkr. Pe3ynbraTtu mokasanu, mo iHy3is Opu3BOAMIa A0 301dbLIIEHHS IIUIBHOCTI
acTponuTiB B ypakeHiii 3ou1 YCk. Uepes 40 ni6 neit mapamerp 3poctas npudau3zno Ha 30%, a miciis mboro
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CYTT€BO He 3MiHI0OBaBCs. OCKUTBKH acTpOIUTH (DYHKIIOHYIOTH SIK Mepeka, MOXxHa 0yJio O o4iKyBaTH,
[0 1X KOJICKTHBHA peakIlis Ha MOIIKO/DKCHHS TKaHWHU Oyje MOB’s3aHa 31 3MIHAMHU y TIPOCTOPOBOMY
po3moaini mux KiIiTHH. lle muTaHHS aHami3yBadl BHKOPHUCTOBYIOUHM METOJl MiHIMaJIbHOTO OCTOBHOTO
nepesa (MO/I). Bysnamu MO/l Oynu nieHTpoiau npo¢iiB acTPpOUMTIB, KOOPAMHATH SKUX BHU3HAYAIN
Ha nudpoBux 300paxeHHsx TkaHnHN UCK. PesynbTaTu aHani3y 3arajaoM NiATBEpIUIN POTCHOH-3aJIEKH1
3MiHM WIIBHOCTI acTpouuTiB. [H(Y31S pOTEeHOHY BUKIMKala CYTTEBE 3MEHIIEHHS CEPEAHBOT TOBXKUHHI
pebep MOJ] y 30Hi iH]Y3ii TOPIBHIHO 3 KOHTPOJIBHOIO 30HOI, B O0HWABA MPOAaHAII30BAHI MOMCHTH
gacy. [lokazaHo, mo B ypaxxeHiit o6iacti YCk acTpolUTH po3TaIoBaHi OJMKYE OJIUH JIO OJTHOTO, HIXK Y
KOHTpPOJIbHIH 30H1. OIHAK, [Ie¥ TOKA3HUK BUSBHBCS MaJIOiH()OPMATUBHHUM 11010 TPOCTOPOBUX KIACTEPIB.
Ocsp yomy anroputm MO/] 6yB Moau¢ikoBaHN TAKMM YHHOM, 11100 BUAAISITH oKpeMi pedpa MO/, nosuri
Big oOpanoro moporosoro 3HaueHHs (30 MxMm). BBaxkanu, mo ytBopeHi ninrpadu MO/I BinmoBigawTh
npoctopoBuM kjiactepam actpouutiB (KA). Indysis poTeHoHy mpusBena a0 30iIbIICHHS LIITBHOCTI
KA 6inpmr Hix Ha 40% gepe3 40 qHiB. 3HAYCHHS [[HOTO MapaMeTpPy B 30HI iH(Y31l HEPEBUIIYBATIO TaKe
Yy KOHTPOJIbHIH 30HI, B 00MIBa MPOAaHAII30BaHI MOMEHTH Yacy. TeHICHIIi}0 aCTPOLMTIB 10 TPYIyBaHHS
BH3HAYAIIN 332 HEMIPSMHUM MTOKa3HUKOM — po3mipom KA. AHali3 mokasas, 1o uepe3 40 qHiB micist iHQy3il
2- Ta 4-KIITHHHI KJIACTEpH CIIOCTEpiraiucs piame, a 3-, 5- Ta 6-KIITHHHI — 4YacTime y 30H1 1H)Y3ii,
MOPiBHAHO 3 KOHTPOJIBHOK 30HOK. Uepes 70 nHIB 2-, 5- Ta 6-KIITHHHI KJIaCTEepH 3yCTpidaiucs piauie,
TOJI 5K 3- Ta 4-KJIITHHHI KJIACTEPH CIOCTEPIiraiucs yacTime y 30H1 iH]y3ii, HiK Y KOHTPOJbHIH 30HI. Y
3aKJIFOUCHHS, OTPUMaHI J]aHi BKa3yrTh Ha T, [0 POTCHOH-3aJIeKHUHN acTporiio3 y TkanuHi YCk BKiIr0O4ae
3MIHH Y IIPOCTOPOBOMY p03n0;(ini aCTp0]_II/ITiB a TaK0K pOpPMYBaHHs MPOCTOPOBHX KJ'IaCTepiB [UX KJIITHH.
IixaBo, 1o po3mip KIacTepiB 3MIHIOETHCS Y Yaci, ICMOHCTPYIOUH iX THMYacoBuil Xapakrep. s Toro,
00 JOCKOHAJIO 3pO3YMITH IMHAMIKY KJacTepH3allii acTpOIHUTIB, HEOOXiTHI MOANBIT JOCIiTKCHHS.
KitouoBi cioBa: actponutu, xBopoba IlapkincoHa, poTeHOH, TPOCTOPOBi KIACTEPH

CAFFEINE-INDUCED MODULATION OF NERVE-MUSCLE TRANSMISSION
IN GUT SMOOTH MUSCLES

I.B. Philyppov,

Bogomoletz Institute of Physiology, National Academy of Science of Ukraine, Kyiv, Ukraine, phil@serv.biph.kiev.ua

The influence of mobilization of calcium from ryanodine/caffeine-sensitive depot of the sarcoplasmic
reticulum on the cholinergic excitation and the nonadrenergic inhibition in gut smooth muscle of the guinea
pig was examined. 1. Abolishing of the excitatory junction potentials by caffeine support the well-known
data about the participation of ryanodine-sensitive pathways during activation of muscarinic cholinergic
receptors and show common Ca?* stores to release Ca®* by acetylchline, liberated from nerve terminal
cholinergic neurons, and by mobilization of caffeine. 2. Caffeine abolishes the second nitrergic (NO)
component of inhibitory junction potential (IJP) and inhibitory action of exogenous sodium nitroprusside
(SNP) as a donors of NO. It’s mean that NO—dependent (via cGMP dependent pathways) and caffeine-
induced release of Ca”" overlap functionally. 3. Experiments with measurements of dual wavelength
fluorimetry in smooth muscle strip show that caffeine evokes increase and SNP decrease in the level of
the intracellular Ca?* concentration but combined treatment with SNP and caffeine was resulted in quick
and sustained rise in cytosolic Ca®' level. 4. Persistence of IJP and ATP-induced hyperpolarization in
conditions of the activation of Ca?* -induced Ca”'release by caffeine suppose the identity of the mechanism
of the action of both endogenous (IJP) and exogenous (ATP) purinergic stimulations and proposed
two independent mechanism of the activation of the inositol-1, 4, 5-trisphosphate (InP3)-induced Ca”"
release via P2Y receptors and Ca®" -induced Ca®" -release by caffeine. It is impossible to exclude other
additional mechanisms that are involved in combined treatment with ATP and caffeine. 5. Restoration of
the membrane potential, spontaneous activity and evoked contraction of muscle strips by caffeine on the
background of ATP-induced hyperpolarization InP3—induced Ca?* release with subsequent activation of
low-conductance Ca”*-dependent potassium channels supposes the future release of Ca** by Ca”*-induced
Ca’'release mechanism. 6. Taking together our data suggest that the final response of smooth muscle
cells to cholinergic and nonadrenergic neurotransmitters is determined by two types of local Ca”" release
mechanism (InP3—induced Ca?* release and Ca*"-induced Ca?'release) operated in intracellular stores and
by predominance of once or other will result in either excitation or inhibition. Ca>*-induced Ca**-release
is also responsible for NO-dependent hyperpolarization of gastrointestinal smooth muscles. The small
change in the level of the membrane potential is not defined for the effect of different neurotransmitters.

34 ISSN 2522-9028 ®ision. scyp., 2022, T. 68, Ne 3, 0ooamox



Tesn nonosineit Beeykpaincbkoi koHpepeHii 3 Heiiponayk 25-27 nunas 2022 p., m. Kuis

Keywords: gut smooth muscles, excitatory junction potentials, inhibitory junction potential, sarcoplasmic
reticulum, InP3, caffeine, ryanodine, NO, ATP.

HOBITHIN BJIOKATOP PEIEIITOP-KEPOBAHUX TRPC4 KAHAJIIB PICO145 IIPU-
I'HI9Y€ CKOPOYEHHA TOHKOI'O KNINEYHUKY MHUIII

M.I. Meabnuk!2, 11.0. Jipuns! , O.B. XKo.oc?

! Inemumym ¢pizionozii im. O.0. Bozomonvys HAH Vipainu, m. Kuis,
2 Kuiscvkuii nayionanonuil yuieepcumem imeni Tapaca Illeeuenka, m. Kuis, gribovamari@gmail.com

TRPC4 - ne npeacTaBHUKHA BEIUKOT HAPOAUHA Caz+—Hp0HI/IKHI/IX KaTIOHHUX KaHalliB, IKi € MYJIBTHMO-
JaTPHUMH CCHCOpPaMH 1 BiirpaioTs 0araTo BaXXIUBHUX (GyHKIIH y Beix cuctemax opranizmy. TRPC4 mm-
POKO €KCIPECYIOThCS B KIIITHHAX LIEHTPAIbHOI HEPBOBOI CHCTEMH, B TiITOKaMIIi, KOPi, MO30UKY, HIOXOBIH
nuOyINHI Ta TaJlaMiuYHUX 1HTEpHEHpoHaX, 1€ BOHHU peryinoroTh BuBiibHeHHS 'AMK 3 F2 tepminani,
10 MOXe OyTH Ba)KJIIMBUM JJISI IPOXOJKEHHsI CUTHANIIB Yepe3 TajaMyc B 3aJIeKHOCTI BiJl LUKIIIB CHY/
0aap0pOCTi Ta BIUIMBATH Ha 00poOKy BizyanbHOI iHGopmaiii [1]. KpiM BaauBOi perynsTopHOi poi
y HEpBOBIM CHCTEMI, IIel KaTIOHHWH KaHal € KJIKYOBHM CJIIEMEHTOM y MeXaHi3Mi XOJiHEPTi4HOI0
30y JKCHHA-CKOPOYCHHS TIIAJICHBKUX M)sI31B KHIICYHHKA, ¢ BiH MHPOKO ekcrpecoBannid. Jliroun B
CHHeprii 3 MyckapuHoBUMHU M, 1 M, peuenropamu, cupsbkenumu 3 G, -1 G /11—61JIKaMI/I BiAMOBIiIHO,
TRPC4-kaHanu € OCHOBHUM MOJ'ICKyJ'IHpHI/IM KOMIIOHEHTOM TaK 3BaHOI0O MyCKapI/IHOBOFO KaTiIOHHOTO
crpymy (ml,;), SKWi iHILIIOE JEMONSPH3ALiio MeMOpaHH Ta NPH3BOAHTE /10 axktuBanii Ca’"-xananis
L-Tumy i TAKHM YHHOM BHKJIMKAE CKOPOUEHHS BiCIIEpaTbHUX INaJeHbKUX M s131B [2]. HemonasHo cuHTe-
3oBaHuil Picol45 € motyxHHM cenekTuBHUM OsiokaropoMm TRPC1/4/5-kananiB, 1m0 Ji€ y MIKOMOJISPHUX
KOHIIeHTpaIisx [3]. B Hamux nomepenHix gociipkeHHAX 0yi1o moka3aHo, mo Picol45 (100 nM) cunbHO
NPUTHIYYBaB CTPYM Ml -, B TIAJIEHBKOM ’ A30BUX KIiTUHAX ileum muii [4]. TakuM 4MHOM, METOIO TaHOT
pob6otu Oyno mocninutu BriuB Picol45 Ha ckOpoueHHS TOHKOTO KMIIEYHUKY MUIII ex Vivo Ta in vivo.
Jnst mocnipkenHs iHrioyrwodoi aii Picol45 Ha CKOpOTIMBY aKTUBHICTh TOHKOTO KHUIIEYHUKY OyIO
MPOBEJICHO EKCIICPUMEHTH METOJOM ex vivo. Mumieit (BALB/c, 2 micsui, camili) TYMaHHO €BTaHa3-
YBaJlM, BUJyYaJI TOHKHH KUIIEYHUK Ta BIIUMIIAIN HOTO BT CYMyTHIX TKaHWH. Bimain ileum ToHKOTO
KUIIeYHUKY (BikcyBam B yamii y po3unHi KpeOcy. Jlanmi BUKOHYBaHU BiZieo peeCTpallito CKOPOTIHBUX
peakiiii KHIIEYHNKY, a OTPUMAHI KaJpH aHAJi3yBajH 3a JONOMOroio mporpamu Imagel ta mmariny
MTrack]J. CkopoTuBy BiAnoBifL 00paxoByBaiy sK NPOHACHY AUCTAHIIIO (Y MIKCENIX) 0OpPaHOi TOUKHU
npenapary Bif MEpUIOro Kaapy i A0 ocTaHHbOro. OTpuMaHi pe3ynbTaTH IMOKA3ylOTh, IO CIOHTAHHI
CKOPOYCHHS TOHKOTO KHIIEYHUKY MMiciis gomaBaHHs Picol45 (3 M) 3MeHIIyBanuch BABIYI MOPIBHIHO
3 KOHTpoOJIeM, 1 ckirananu 27,8 + 2,7 pxl mo BigHOmEHHIO 10 54,4 £ 9,2 pxl (n =5, P<0,05), npu 1ipomy
MOBHICTIO 3HUKAJIa pUTMIYHA KOJMBAJIbHA aKTUBHICTh. B eKCTiepuMEeHTax in vivo BHKOPUCTOBYBAIN JBi
TPyIU MUIIEH, SKi TOJIOyBaIH BIPOAOBK 24 FOINH Nepes eKcrnepuMenToM. Jocmianiil rpymi BBoANIN
nepopaibHO 30HA0M Po34uH Picol45 (1 Mr/kr), a KOHTPOJIBHIN - TOH ke 00’ €M ITUCTHIHOBAHOT BOIH.
Yepes 10 xB o6om rpynam aasanu 1 r ki, 3a0apBiaeHoi kapMiHOBUM uepBoHUM. Uepes 30 XB TBapuH
3 000X TpyNl €BTaHA3yBaJM, BUIUISUIM TOHKUN KUIICYHUK Ta aHAJi3yBald aKTUBHICTH MOTOPUKH, SIK
KHITKOBHU TPAH3UT 320apBICHOTO XiMyCy BiJ AUCTAIBHOTO KiHIS duodenum 10 BiTHOMIEHHIO 10 3aralbHOT
JTOBXKMHHU TOHKOTO KHIIEUYHUKA (BUpakeHO Yy %). Tak, AKIIO y KOHTPOJBHIH I'pyIi KUIIKOBUN TPaH3HUT
ckianas 80,7 +4,9% (n=7), To mix aiero Picol45 — 57,6 £ 3,6% (n=7), ToOTO 3MEHITyBaBCs Maixke Ha
30%. (P<0,01). OTxe, cenextuBHuit 6mokarop TRPC4-kananis, mo 610Kye MyCKapUHOBHH KaTiOHHUIHI
CTPYM I'JIaJICHBKOM SI30BUX KIIITUH ileum, IPUTHITY€e CKOPOUCHHS SIK Ha 130JJbOBAHOMY CEIMEHTI TOHKOTO
KUIIEYHUKY MUIII, TaK i KHIIKOBY MOTOPHKY 7 Vivo, IO € BaXJIMBOIO XapaKTePUCTHKOIO PH po3poOii
Ta JAOCIII)KeHH] HOBUX (papMaKoJOT14HHUX Mpenaparis.
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®YHKIIOHAJIbHI MOPYIIEHHSA IEHTPAJIBHOI HEPBOBOI CUCTEMH
TA IX KOPEKIIA ITPU XPOHIYHOMY CTPECI Y MOJIOAUX I CTAPUX TBAPUH

JL. I1. Kynpam , T. M. IlanTeeiimonoBa, I. ®. Jladyneus, H. B. Cukauno, B. B. be3pykon
AV «lucmumym eeponmonoeii im. Jf. @. Yebomapvosa HAMH Yxpainuy, m. Kuis, pntv@gmail.com

IIpobnema aganrauii 10 cTpecy 0COOIHMBO TOCTPO CTOITh HPH CTAPIHHI B YMOBAX 3HUKCHHS 31aTHOCTI
Oprasizmy Hl,[[TpI/IMYBaTI/I roMeocTas 1 IPOTUCTOSITH BIUIMBAM HABKOJHUILIHBOI'O CEPeIOBHIIA.
Xponiunuit M’saxuii crpec (XMC) moaenroBaiu Ha MoJioaux (7 Mic) i ctapux (24 mic) niypax Ji€ro pi3HAX
CTPECOTECHHHUX MOAPA3HUKIB (JeNpUBAIlisS CHY, XapuyBaHHS, ATTS; TICHA KJIITKa; MOKpa KJIiTKa; HAXWUJIeHA
KJIiTKa; HEIIPUEMHUI 3amax), Mo 3MIiHIOBAINCEH y HemepeaOadyBaHiil [uIsi TBAPUHH MOCIiTOBHOCTI PO~
TAroM 6-T TWXHIB. Beranosieno, mo XMC mpu3BoauB 10 MOPYIIEHb (YyHKI[IOHATBHOI aKTHBHOCTI
HHC, sxi Manu siKicHI i KiTbKiCHI BIAMIHHOCTI 3aJI€’KHO BiJ BiKy TBapuH. Tak, y cTapux IypiB, 110 3a
BIZICYTHOCTI CTpecy 3a3BM4ail MEHII aKTUBHI Y «BIIKPUTOMY TI0JI», MICIsA CTPECY CIOCTepirajach 3MiHa
THITY TOBEAIHKOBOI peakilii 3 TaCUBHOI Ha aKTUBHY. Pa30M 3 THUM, 3p0OCTalIo eMOIliliHE HANIPY>KEHHS Ta
TPUBOXKHICTh — B TE€CT1 «TEMHA/CBITIIa KaMepay y CTapHX TBapHWH MOPIBHSIHO 3 MOJIOJUMH Y 2,5 pa3u
CKOPOUyBaBCS JNIATCHTHHH Yac 3aX01y 10 TeMHOi kamepy B 1,6 pasu 3MEHIIYBABCs Yac mepebyBaHHs
y CBITIII# KaMepi. HpI/I XMC y crapux myplB HOFlpH_IYBaHI/ICB MOKAa3HUKHU 300COI[ialIbHOT aKTUBHOCTI:
3HHIKYBAlaCh KOMYHIKATHBHICTD (YHCIIO i TpI/IBa.HICTL KOHTAKTIB 3 MAPTHEPOM-CTHMYIIOM), BTPa4aiach
3/1aTHICTH JJO PO3Mi3HABAaHHS HOBOTO 1 BJK€ 3HAHOMOTrO MapTHEpa B TECTI «TPU KaMepu». 3HAUHO 3HU-
JKyBaJlachb BUTPUBAIICTH 10 (D i3WYHOTO HaBaHTAXXEHHs: Yac rmiaBaHHg 3 BanTaxkeM (10 % Big macu Tina)
CTAaHOBUB y crapux mypiB (42,0+6,0) c, y momomux — (112,2+5,4) c; npu cTaTHIHOMY HaBaHTaKCHHI
yac yTpUMaHHs Ha CiTIi BiAmoBigHo ctaHoBuB (25,2+1,9) ¢ i(53,0+3,1) ¢, (P<0,05). IcToTHUX 3MiH Tpn
XMC 3a3HaBaJ¥ i 1HII CUCTEMH OPTaHi3My: BUSBJICHI TOPYIIEHHS 010€IEeKTPUYHOT aKTUBHOCTI cepIid,
3MiHM MacH 1 KIIITHHHOCTi OpraHiB iIMyHHOI CHCTEMH, TOKa3HUKIB JTinonepokcuaaii. BusBieni HeraTuBHI
Hacaiaku XMC niggaBanuck KOpeKIlii 3acTocyBaHHAM (apMaKoJIoridyHoi KomOiHamii aneHo3uHTpUdOC-
dary (y dopmi ATD-s0Hr — KOOpAMHALIHHOT cHIONYKH, O BkiItouyae jJiranan AT® i1 rictuauny B
KOMILIEKC1 3 i0HaMU MarHito 1 Kajiito) Ta JJoHaTopa OKCUIy a30Ty MoJicuioMiny. [Ipu cyOniHrBasbHOMY
BBeJICHHI (i3 pO3paxyHKY MOJICUAOMIHY — 2 MT Ha KT, AT®-10HT — 10 MT Ha KT) 3 4-r0 10 6-Mil THX]ICHb
Jlocliny 3aci® 3MEeHITyBaB eMOIliifHe HAIpyXXEHHs, MOKpAaIllyBaB MOKa3HUKHU COIIallbHOT B3a€EMOJIIT,
MiIBUIIYBAB aJallTHBHI MOXJIMBOCTI IPU (PiI3UYHOMY HaBaHTa)KCHHI, 3aXUIIaB MO30K CTapHX IIYpiB
B okcuaaTuBHOTO cTpecy. Takum unnom, XMC BHKJINKa€e MOpPYyHIEHHs (QyHKIIOHATHHOT aKTHUBHOCTI
ITHC, 6inbm BupaxeHi y ctapux TBapuH. L{i mopyueHHs niffaoThes KOpeKiii KoMOiHOBaHUM 3ac000M,
edexTu SKOro 3yMOBIICHI HEHPONPOTEKTOPHUMH BiacTUBOCTSAMH MosicuaoMiny (N.Minas, R.Razdan,
2016) ta BiuBoM AT®, He TIIBKU K OCHOBHOTO JKEpesa eHeprii, aje W CUTHAJIbHOT MOJCKYJIH, 10
3a0e3neuye ajeKBaTHE MPOTIKAHHS 010XIMIYHHX 1 (Pi310JIOTIYHHUX MPOIECIB B YMOBaX il HEraTHBHUX
¢dakropis (G.Yegutkin, 2008).

Karwouosi ciaopa: [IHC, xpoHiuamiA M’ IKUi CTpec, CTapiHHA.
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EFFECT OF CAFFEINE AND THE CALCIUM CHANNEL BLOCKER VERAPAMIL
ON CHANGES IN THE AMPLITUDE OF THE H-REFLEX
DURING THE DEVELOPMENT OF SKELETAL MUSCLE FATIGUE IN RATS

T. I. Abramovych!, N. V. Bulgakoval, A. I. Kostyukov!, A. Maznychenko'-2, I. Sokolowska?

! Bogomoletz Institute of Physiology, Kyiv, Ukraine,”Gdansk University of Physical Education and
Sport, Gdansk, Poland, tetiana.ab(@gmail.com

The study of the mechanisms of skeletal muscle fatigue development as well as the search for ways to
decrease/prevent fatigue and muscle injuries is one of the important tasks in the field of physiology
of work and sports. One of the methods to investigate these mechanisms is the application of calcium
channel activators or blockers which are one of the key elements in the generation and regulation of
muscle contractions. Therefore, the aim of this study was to define changes in the amplitude of the H-
reflex evoked by alternate application of Caffeine and the calcium channel blocker Verapamil under
conditions of m. plantaris fatigue development. The experiment was performed on 6 male Wistar rats
weighing 300-330 g. To induce the H-reflex, a series of 10 rectangular electric pulses of 0.1 ms duration,
separated by time intervals of 20 s between pulses was used. A silver bipolar electrode was placed on a
previously isolated n. ischiadicus. To induce muscle fatigue, direct electrical stimulation of m. plantaris
was performed with a force of 1.5 threshold at a frequency of 40 s! for 30 min (40 s of stimulation and
20 s of rest in each minute). The experimental design was as follows: control registration of H-reflex
amplitude and M-response; injection of Caffeine (subcutaneously, 7 mg/kg); electrical stimulation of m.
plantaris for 30 min (30 min after Caffeine injection); repeated registration of H-reflex and M-response
amplitudes; injection of Verapamil (intraperitoneally, 1 mg/kg); three registrations 30 min after the
Verapamil injection, with a sequence of 30 min were performed. We compared the mean values (m+s.e.m.)
of the ratios of the maximum amplitude of the H-reflex and the maximum M-response (H, . /M ). The
results of electrophysiological studies showed that Caffeine application evoked a significant increase
in the amplitude of the H-reflex in the development of m. plantaris fatigue, but subsequent injection
of Verapamil evoked a decrease in this parameter. Thus, during the control series of stimulations the
average H /M _  ratio was 0.4+0.02, and after 30 min of electrical stimulation leading to fatigue of
m. plantaris, this ratio demonstrated an increase to 10% (P<0.05) as compared with the control values.
Then (after inj ection of Verapamil) it was recorded a decrease by 3% (P>0.05), 26.5% and 28.4% (P<0.05)
in the H ratio, respectively, compared to controls. The increase inthe H /M ratio observed
in our stu(fy (a?ter fatigue stimulation) may be related to Caffeine effect on the ryanodine receptors of the
sarcoplasmic reticulum (SR), that leads to an increase in calcium release from the SR and, consequently,
to an increase in muscle contraction force. Other studies have shown that Verapamil has protective
antioxidant properties, enhances endothelial NO synthase generation, and causes a decrease in tetanic
strength in both fatigue-resistant and fast fatigued fibers, preventing their injury. Thus, we can assume
that the combination of the action of Caffeine and Verapamil can be used to define ways, on the one
hand, prolonging the active time of skeletal muscles, and on the other hand, having protective properties,
aimed at preventing their injury.

Keywords: H-reflex, Verapamil calcium channel blocker, Caffeine, muscle fatigue.

INFLUENCE OF DANTROLENE ON CYTOPLASMIC CALCIUM IN HIPPOCAMPAL
PYRAMIDAL NEURONS IN VITRO TREATED WITH AMYLOID-BETA

Shkryl V.M., Ganzha V.V., Lukyanetz E.A.
Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, slava@biph.kiev.ua

Well-known that the protein amyloid-B accumulates in the brain and neurons in the early stages of
Alzheimer’s disease (AD). An imbalance in Ca>" homeostasis may be one of the reasons for the
development of AD. Ryanodine receptors (RyRs) play a significant role in regulating the release of
calcium from the endoplasmic reticulum (ER) in the neurons, and RyRs have also been reported to be
involved in AD. To establish the participation of RyRs in a disorder that is assumed to contribute to
AD’s pathogenesis, we used fluorescence microscopy and Ca’" sensitive, ratiometric dye, Fura-2, and
dantrolene, the antagonist of RyRs, to test its influence on intracellular calcium level during modeling
of AD on cultured hippocampal neurons in control or the presence of amyloid-B, ,,. We found that
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amyloid-p, ,, increases a basal level of Ca?*, Ca* influx through voltage-operated Ca®" channels, and
Ca’" load of the ER. In the modeling of AD under the dantrolene action, there was a decrease in baseline
free calcium and a reduction in calcium responses to field stimulation or the application of depolarizing
neuron solution, and reduced Ca®" load of the ER, i.e., a decrease in unhelpful changes in calcium
homeostasis caused by amyloid-f, ,,. We concluded that RyRs participate in AD development, inducing
cytosolic calcium growth, and dantrolene effectively eliminates this defect caused by amyloid-B1_42. We
also ascertained that AD’s hippocampal cell culture model is quite adequate and can serve as a suitable
instrument for studying this neuropathology’s mechanisms and progression.

Keywords: calcium; hippocampal neurons; ryanodine receptors; dantrolene; amyloid-f; Alzheimer’s
disease.

CIHHEHU®IYHA AKTUBALISA MEXAHOUYYTJNBOI'O KAHAJIY PIEZO1 BUKJIMKA€
IHT'IBYBAHHSA INIIBEHKJIAMIJAUYYTJINUBUX K+ CTPYMIB
B INMTAJEHBKUX MIOLIUTAX JETPY3O0PA L1 YPIB

C. L. €apsimos, b. P. [llaponos, A. O. lansmuna, 5S1. M. Illly6a
ITnemumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, Kuis, Ykpaina, s.yeliash@biph.kiev.ua

MexaHO4yTIHBICTh CEUOBOI0 MiXypa Ma€ J1Ba KOMIIOHEHTH: HEHPOHAJIBIIUH, 10 peai3y€eThes 3a 10M0-
MOTOI0 HEpPBOBHX a()epeHTIB Ta aBTOHOMHHM, 3 3aly4CHHSM YpPOTEIiaJbHOTO Ta M’SI30BOr'0 MIAPiB.
VY HEepBOBOMY KOMIIOHEHTI MEXaHOYYTTS MPUUMAIOTh y4acTh MEXaHOUYTIWBI WOHHI kaHanu TRPAT1,
TRPC1/4, TRPV2 Ta Piezo2, Toni sik B ypoteinii 1ie MexanouyminBi kaHanu TRPV4, TRPV,2 Piezol,
Piezo2 ta ENaC [1]. M’s30Buii map Mixypa JOBTHI 9ac HE JOCIi)KyBajlld HA aBTOHOMHY MEXaHOYY TIH-
BY CaMOperyIsiiito, oaHak Bigomo npo y4dactb K kanany TREK-1 kanany B MeXaHOYYTTi IIalCHbKHUX
M’ a30Bux ki1iTuH (I'MK) netpysopa ta npo ekcupecito Piezol Ta TRPV4 kananis [2,3]. [lns BUu3HaUeHHS
CEJICKTUBHHUX CTPYMIB Ta 3MiHHU B KOHIIEHTpaIlii HoHiB Kanbiito B 'MK aeTpy3opa niypiB MU BUKOPHCTAIN
METOJI TIeY KJIeMIT B KOH(ITypaii “riya KIiTHHA" Ta KaJIbIUMETPII0 3 KaIbI[IH-4yTIUBUM (DIyOpPECIIEHTHUM
O6apBHuKOM Fluo-4 AM. [l cenektuBHOI akTuBalii Piezol BukopucroByBanu po3unH Yodal (20 MkM).
Hami monepeiHi poOOTH MOKa3aiu HasiBHICTh KATIOHHMX MEXaHOYYTINBHUX KaHAIIIB 3 Ca?"/Na' Buxigaum
CTPYMOM, IO aKTUBYETHCS y BIATNOBIAb Ha Tak 3BaHy “‘shear stress” axtupanito 'MK. Ilpuknananuas
Piezol cenextuBHOTO akTUBaTopa Yodal BUKIMKAIO HEOUIKYBAaHY BIAMOBI/Ib. 3aMICTh aKTHBAIl]l BUXITHUX
cTpyMiB 6yi0 3apeectpoBano (n=15) iuri6ysanns Gonoux Kt ctpymis na 20-50 pA mix yac cTUMYJISLIT
KJIITHHU CTYMiHYacTHM cTpymMoMm V = +60 MB. 3a 1onomororo kanbuuMeTpii Oyno BCTaHOBJIEHO Ha-
asricTh Ca’t inpmokcy B 'MK na Tmi annikanii Yodal (F/Fo 1.2+0.1). Byio BUCyHyTO rinotesy npo
3allydeHHs Kanbllifi3adeKHuX HuiaxiB imaktuBanii K* xanamnis, a came AT®-uyrtiausux K™ kaHamis,
dbocdopumntoBanHs (1 HEpEeBEACHHS y aKTUBHUN CTaH) SIKUX BiJOYBA€ETHCS 32 TOMIOMOTOI0 KallbI1H3aJIeKHUX
¢depmentis. [Tonepeane 6J10KkyBaHHS LMX KaHaliB riidenkinamigom (40 MkM), Ha TI1i IKOTO IPUKJIaJaHHS
Yodal He nano xxonHoro epexty (n=3). Tox, B Hamii poOOTI MH MOKa3ajld HEONMHCAHWHN paHilie
¢denomen K inridysanus B 'MK merpysopa ce4oBOro Mixypa y BiAIOBiAb Ha CEJIEKTHBHY aKTHBALIIO
MEXaHOYIYTIHBOTO HOHHOTO KaHamy Piezol ta mosenu 3amyuenuss AT®-uytnusux K kananis. Takum
YUHOM KaHaiu Piezol omocepeakoBaHO peTyIOTh TOHYC ASTPY30pa CE4OBOTO MiXypa.

PoGora mpoBonuthes 3a miarpumku rpanty 2020.02/0189 Bin HamionanbHOTO (OHIY AOCHiIXKEHD
VYxkpainn.

Hoxepena:

1. Merrill L, Gonzalez EJ, Girard BM, Vizzard MA. Receptors, channels, and signalling in the urothelial
sensory system in the bladder. Nat Rev Urol. 2016;13(4):193-204.

2. Miyamoto T, Mochizuki T, Nakagomi H, Kira S, Watanabe M, Takayama Y, et al. Functional Role for
Piezol in Stretch-evoked Ca 2 / Influx and ATP Release in Urothelial Cell Cultures *. Jor bio chem.
2014;289(23):16565-75.

3. Lei Q, Pan X, Chang S, Malkowicz SB, Guzzo TJ, Malykhina AP. Response of the human detrusor to
stretch is regulated by potassium channel. J Physiol. 2014;592(14):3013-30.

Kiro4oBi cjioBa: MeXaHOUYTIIMBICTD, CEYOBHI MiXyp, aBTOHOMHA PETYJIALIS, ISTPY30p, Iy, aKTHBAIII,
WoHHI kaHanu, Piezol, kamieBi kananu, Kanpiid, Kaniii, med kiaemrr, KaabuMeTpis.
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HHOKA3HUKHW OBMIHY BIJIKA Y COBAK
3 PI3BHUMHU TUITAMM BUIIIOI HEPBOBOI JIAJIBHOCTI 3A XAPYOBOI JIEITPUBAIIII

T. B. Kopunescbka, B. 10. I'purop’es, O. B. lanuyk
Ooecvkuii Oeporcasrutl azpapHuil yHisepcumem, m. Qodeca, olexdanchuk@gmail.com

lI'onoBHMI MO30K COOAKH BUIIAETHCSA BUCOKUM CTYTIIEHEM PO3BUTKY KOPH BEJIMKUX MiBKYJIb, 1[0 BU3HA-
4ae CKJIAJHICTh BPOJKEHUX MOBEAIHKOBUX AKTIB 1 aJanTUBHUX (popM moBeAinku. s cobaku TUIIOBA
BHCOKa HIBUJIKICTh BUPOOJEHHS YMOBHUX pedIieKciB, II0 JT03BOJISIE JIETKO IPUCTOCOBYBATUCH /10 Pi3-
HUX ymMoB icHyBaHHs. 1. I1. [1aBnoB BBiB Kiacudikanito tumie BHJ Ha ocHOBI TpbOX 0a30BUX O3HAK
(cwiu, BpIBHOBAXKEHOCTI 1 PYyXJIMBOCTI HEPBOBUX MPOIIECiB). MeTO poOOTH 0YyJIO BCTAHOBUTH 3MIHH Y
NOKa3HUKIB 0OMiHY Oinka y cobak 3 pisunmu Tinamu BH/L 3a BiumBy xapuoBoi genpusatii. Ekciepument
nposeseHo Ha 12 cobakax (Canis familiaris) Bikom Bix 1 10 3 pokiB, mopoan $ppaHiy3bKuii GyibIoT.
Y BCIX TBapHH BH3HAYAIIM CHIy, BPIBHOBAXCHICTh 1 PYXIMBICTh HEPBOBHX MPOLECIB MOAH(IKOBAHOT
MeTOAMKOI0. TIpHHIMIT METONY 3aKIafa€Thes y CIOCTEPEKEHI 3a MOBEAIHKOIO CO0aK, iX peakuii Ha:
eKCIICPHMEHTATOPA; 10a4y KOPMY; HECTIOAiBaHi CCHCOPHI HOAPA3HUKH; YTBOPCHHS YMOBHHX Pe(IICKCIB.
Ha mizcrasi ananisy oTpuMaHuX MOKA3HUKIB CHIIM, BPIBHOBAKEHOCTI Ta PyXJIMBOCTI HEPBOBHX NPOLECax
chopmoBano 4 rpynu TBapuH: I rpyna — codaku 3 CHIIBHUM BPiBHOBaXEHUM pyxyuBuM TUOM (CBP);
Il rpyna —3 cuipbHUM BpiBHOBaxxeHUM iHepTHUM THIIoM (CBI); 11l rpyna —3 cruibHUM HEBpPIBHOBaKEHUM
(CH); IV rpyna — 3 cnabkum tunom (C) BH/I. V sikocTi cTpecoBOro Y4MHHUKA 3aCTOCOBYBAH Xap4OBY
JlenpuBaifo (mpoTarom 36 roJnH), 3 BUIBHUM AOCTYIIOM JI0 BOAH. JJ0 TOYAaTKy eKCIIEpUMEHTY Ta dYepe3
36 Ta 72 TOAWHMU MicCasA MOYATKY JOCHIIKEHb y BCIX TBaApHH MPOBOAMIIN 3a0ip KPOBi 3 MiAMKIPHOT BEHH
nepeamtivysi. Y cupoBaTili KpOBI BUSHAYATH BMICT 3arajibHOTO 0iJiKa, O1TKOBUX (pakiliii Ta aKTUBHICTh
TpaHcaMiHa3 3aralIbHONPUHHATUMEU MeTogamMu. OjiepkaHi UGPOBI JaHi OyJIH ONpaIboBaHi CTATUCTHYHO.
BcTanoBieHo, 10 3MiHHM MOKa3HUKIB OOMiHY 0iJka y KpOBi coOOaK 3a XapuoBOi JeNpUBAIlii 3aJIeKaTh Bl
THITY X HepBOBOi HisnibHOCTI. Tak, y codak 3 CBP ta CBI Turmom BH/I 3MiHH G11b1I0CTI TOCITIIKYBaHUX
MOKA3HHUKIB MaJIM XapakTep TCHACHIII, Jumie yepe3 36 ToANH Micis MoYaTKy AOCTIAKEHb BMICT 3araib-
HOTO Oinka y TBapuH 3MeHImHUBCS Ha 9-12 % (p < 0,05), a cewoBunu Ha 10-14 % (p < 0,05). Bigmitumo
TEHJCHIIII0 1010 3MeHIIIeHHs] akTUBHOCTI AIAT y KpOBi cobak 3 CBP tunom BH/I i i1 30inbieHHs y
tBaput 3 CBI tumom BH/I. Co6ax 3 crnitbHUMH HEBPIBHOBaXCHNMH Ta CIAOKHMH HEPBOBHMH IIPOLIECAMH
y Oinbwiii Mipi pearyBanyu Ha Xap4oBy ACHPHUBALII0 HIX TBAPUHH 3 CHIBHHMH i BPIBHOBaXKCHUMH
HEpPBOBUMHU Mpoliecamu. Bmict anbOymiHiB y kpoBi cobak 3 CH Tta cimabkum tTunom BHJI mpoTtsirom
36 roauH nenpm;aui'f ,Z[OCTOBipHO 3meHmyeTbest Ha 12-17 % (p < 0,05-0,001). ITpu upomy 3pocrae
aKTUBHICTh TpaHcaMmiHa3 y kpoBi (ATAT — na 11-19 %; p < 0,05 ta AcAT — Ha 5-13 %). ]IOCTOBlpHHx
3MiH y (paxuisx rio0yiiHiB BCTAHOBICHO HE OyJO, OJHAK MOTPIOHO BIAMITUTH 3MCHIICHHS BMICTY
y -Tno0ymiHiB. Uepes 72 TOOUHU MICHsI MOYATKY €KCIEPUMEHTY BCi HOCIHIIKYBaHI MOKa3HUKH OOMIHY
0i7Ka y KpoBi COOAK 3 pI3HUMH THIIAMH HEPBOBOT JisJILHOCTI TOBEPTAIKUCH 10 3HAYECHB, II[0 CITOCTEPIraiu
10 TIOYATKy €KCIIEPUMEHTY. BimMiTuMo numie 1ocToBipHO O61bnry akTHBHICTE ATAT (Ha 7-15 % 3amexHo
Bix tummy BHJI) Ta TeHAeHIlIFO 10 BUIIOTO BMICTY albOyMiHIB Ta 0-, Y -TJI00YJiHIB B KpoBi cobak. Ile
OTIOCEPEIKOBAHO BKAa3y€e Ha CTUMYJIIOIOUHI BITHB KOPOTKOYACOBOI XapuoBoi AenpuBalii Ha 0OMiH OijiKa.
TakuM 4MHOM, 3MiHH IIOKa3HUKIB 0OMiHY OiJIKa y KpOBi co0ak 3a Ail KOPOTKOTPUBAJIOI XapuOBOi AETPHU-
Balii 3anexarte Big TunoM ix BH/I.

KuntouoBi cioBa: Bumia HepBOBa AisUIbHICTh, OLIKH, XapuoBa JepUBaIlis, COOaKH.

BIIVIUB IHCYJIITHY HA HAPAMETPHU INVIACTUYHOCTI
MPY MAPHINA CTUMVYJISIIL B INTYTAMATEPTTYHAX CAHATICAX
HEHPOHIB I''MMTOKAMITY ITPU TTIOTHCYJITHEMII

M. C. lllnnmmna, C. A. ®exyiaosa, M. C. BecenoBcbknii
Inemumym ¢hizionoeii im. O. O.Boeomonvyss HAH Yxpainu, m. Kuis, shypshyna.mariia@gmail.com

INnoiHcyniHEeMis € MaTOJOTIYHUM HACIIJKOM IIYKPOBOTO Jia0eTy 1 MOXKe BUKIUKATH PsIJI YCKIaTHEHb 3
00Ky LIEHTpaNbHOI Ta mepu@epuaHOi HepBOBOi cucTeMu. J{MChHYHKITIS CATHATBLHUX KaCKaJIiB pelenTOpiB
IHCYJIiHY IIpH TiNOiHCYIiHEMii MOXEe CTUMYNIOBATH PO3BUTOK KOTHITUBHUX NMOPYIIEHb. B ocTaHHI pokn
BEJIMKA yBara NpUAUISIEThCSA BUSHAUEHHIO POJIi 1HCYJIiIHO3aJI€KHOT CUTHami3alii B perysinii Heliporene3y
Ta CMHANTUYHOI MJIACTUYHOCTI B rinokamii. B gaHiii poOOTi M JOCHIPKYBaIH MOJYTIOOYUN BILTUB
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IHCYJIIHY Ha TUTACTUYHICTD TIPH MApHIA CTUMYJISIIT B IIIyTaMaTepridHuX CHHAICaX HEWPOHIB TiOKaMITa i
BILTMBOM TiMmoiHCyIiHeMil. ['inoiHcyniemis OyJia iHAyKOoBaHA KyJIbTUBYBaHHAM 3piux (16-20 1i0 in vitro)
HEHPOHIB TiMTOKAaMITy IIypiB y CEepeloBHUIIi 0€3 AO0AATKOBOTO iHCYIIiHYy mpoTarom 4 mi6. Konmenrpamis
iHCyNIiHYy B KOHTpoJii cTaHoBmiIa 100 HMONB/1. 3 BUKOpHUCTAaHHIM MeTony patch-clamp y xondirypamii
«I1ija KJIITHHA» Ta METOJY JIOKAJIbHOI €NEeKTPUYHOI CTUMYIISII aKCOHA peecTpyBalld Ta aHaTi3yBall
BUKJIMKaHI TllyTamaTepriudi 30y kyBanbHi nocrcuHantuyli crpymu (B3IICC) B naHux HedpoHax.
JIIst OIIHKY KOPOTKOYACHOI IIACTHYHOCTI po3paxoByBanu: koedinieHT nmapuoi ctumyismii (KIIC) sk
YacTKY BiJl MIKOBUX 3HAYCHb aMILIITY/] IBOX ITOCIIIOBHO 3apeecTpoBanuXx (3 iHTepBasioM 50 mc) B3IICC;
koedimientn Bapiatii (CV) sik BI/IHONICHHS CTAaHAAPTHOTO BiIXUJICHHS aMnniTyn B3IICC no ix CePEIHBOTO
3HAYCHHA. B KOHTPOJIBHHX HeHpoHaX 3a (i3i0NOTIYHHX KOHUCHTPALIN IHCYIIHY MapHA CTHMYIISIs
MPECUHANTHYHOrO aKCOHA BUKJIMKANIA, AK MPABHIIO, MONCTIICHHS riayTaMateprigyHoi Hedpomnepenaui
(II1IC) 1 annikanis iHCYNniHy B kKoHIeHTpauii 100 HMoIb/1 TpOoTITroM 4 XB MPU3BOAMIIA A0 301IbIICHHS
Benmuunu KIIC Bix 1,15+0,01 go 1,25+0,01 (p<0,05; n=5). [Ipu ubomMy HE CYTTEBO, ajie CTATUCTUIHO
BiporigHo, 36inbrryBanacs amrurityna B3IICC (cmiBBinHomernus 1,1+0,02, p<0,005; n=5). [lapanensHo
criocTepiraiach TSHJICHIIS 10 30UIBIICHHS CIIBBIHONIEHHS KOC(IieHTIB Bapialii MOCTCHHAITHIHUX
ctpymiB (CV2/CV1) Bix 1,03+£0,006 mo 1,05+0,002 (n=5), asie 3MiHK HE MaJI CTATUCTUYHOT 3HAYYIOCTI.
B yMoBax TpuBasoi rinoiHcyniHeMii mpy aHali31i CHHANITUYHOI INTACTUYHOCTI B PAJi KIITHH pEeCTPYyBaIN
nemnpecito npu napuiit crumynsnii (AIIC), Toxi sik B inmiil rpyni - nosermenss (I111C) BianoBixHo 10
KOHTposbHOTO piBHA. B rpymni [I1C nicns anikauii iHcymiHy npoTsarom 4-6 XB criocTepirajiu TeHASHIII0
no 36impmenns KIIC Big 1,29+0,02 no 1,36+£0,01 (n=5), Ta 3pocTtanHs cmiBBigHomenHs CV2/CV1
Bix 0,99+0,007 mo 1,13+£0,01. B rpymi AIIC incynin cyrreBo miasumryBas KIIC Bix 0,77+0,005 mo
0,9740,006 (p<0,005; n=6) Ta 3HMmXKyBaB cruiBBigHomenHss CV2/CV1 Bix 1,67+0,02 no 1,3+0,01 (p<0,05;
n=6), 10 BOYECBU/Ib MTOB’3aHE 3 IiJBUICHHIM IMOBIPHOCTI BUKHUJYy IIIyTaMarTy B CHHaIlcaX Ha JJAHUX
neiiponax. Ockinbku [IIIC B3IICC HaifuacTime cnocTepiraeTbCsi B CHHAINCAX HU3BbKOI 6a30BO1 iMOBIip-
HOCTI BUBIIbHEHHS ImyTaMary, a JJIIC xapakTepHa cMHAICaM 3 BUCOKOIO iMOBipHiCTIO BUKUAY (Jang et
al., 2000), moxxHa epeabavaT pi3HOCHPSIMOBAHUI BIIJIUB 1HCYJIHY HAa KOPOTKOYACHY INTACTUYHICTH B
JIOCITIDKYBaHUX CHHAIICAX B 3aJIC)KHOCTI Bl BUXITHOT IMOBIPHOCTI BUBIJIbHEHHS TUTyTaMaTty B HUX. OTxe,
IHCYJIiH YMHUTH MOIYJTIOIOYUH BIUIMB HAa KOPOTKOYACHY CHHANITHYHY TUIACTHYHICTh B CHHAcaX HEHPOHIB
TimokamIly 3a HOPMaJabHUX YMOB, CTHMYJIIOKOYH BHBUIBHEHHS IIIyTaMaTy BOYCBH/b Yepes 301IbIICHHS
BEJMYMHY KBAHTOBOTO BMicTy. IIpu rimoincysmiemii B CHHamNcax 3 BUCOKOI0 6a30BOIO i 1MOB1pHICT}O BHKHILY
rIyTamary (rpyna IIIJ) incyniH BiIHOBJIIOBAB MapaMeTpH IUIACTHYHOCTI TP napHm CTUMYJISLT,
HaOJMXKAIOUH 1X 0 KOHTPOJIBHOTO PiBHSA. B cMHamcax 3 HU3bKOIO IMOBIPHICTIO BUKHAY HEHpomeaiaTopa
(rpyna IIIIC) iHcyniH He HaJaBaB BUPAXKEHY A1I0 HA MapaMeTPH IJIACTUYHOCTI MPU MapHik CTUMYIISLIT.
Kawuosi caoBa: rimoiHcyaiHeMis; TIMOKaMIl; TIyTaMaTepriyHa Heliponepenaya; MOCTCHHANTHYHI
CTPYMH; KOPOTKOYACHA TUIACTHYHICTD.

CTAH IICAUXOPIZIOJOTTYHUX ®YHKIINA TA CTPATETTI HOJOJAHHSA CTPECY
KBAJII®IKOBAHUX CITOPTCMEHIB (AKAJIEMIYHE BECJIYBAHHSI)

C. B. ®enopuyk!, O. M. JIucenko'2, C. B. Tykaes?, B. JI. Pomaniox*

IHaLﬂOHaJZbHuu yrigepcumem @isuunozo uxosanns i cnopmy Ypainu, m. Kuis,

ZKuzecmcuu yuisepcumem imeni bopuca I pinuenxa, m. Kuis,

3 Kuigcoruii nayionanshuii yuisepcumem iveni Tapaca [llesuenka, m. Kuis,

4Pignencoxuti Oepacagnuii ymanimapnuii ynisepcumem, m. Piene, lanasvet778899@gmail.com

[IcuxoeMoriiiHe HANPYyKEHHS, 3aJ€KHO BiJ HOTO TPUBAJIOCTI Ta CHIIM, MOXE 3MIHIOBATH HOPMAIIbHY
JUSITBHICTh OCHOBHUX (Di310JIOTTYHHUX CHCTEM OpPTaHi3My, 3a IEBHUX 00CTABHUH — MPU3BOIMUTH JI0 TOPYIICHHS
KpoB0OO0Oiry, oOMiHy pedoBHH, IMyHOpPEaKTHBHOCTI Tomo [1, 2]. YMiHHS CIOPTCMEHa JOJAaTH CTpec i
coniajgpHa MATPUMKA 3HUKYIOTh HMOBIPHICTh OTPUMAHHS CIIOPTUBHOI TPAaBMH, 3MEHIIYIOTh BIUIMB CTPECY
Ha 9acTOTy TpaBM [2, 3]. MeToro qocniKeHHs 0yJI0 BUSHAUCHHS CTaHy NCUX0(]i3107I0TIYHUX (QYHKITiH
KBaJTi(piKOBaHUX CIOPTCMEHIB, 1110 CIEIiali3yBaics B akaIeMIYHOMY BECIyBaHHI, y 3B>5I3KY 31 CTpaTerisiMmu
MOJOTaHHs cTpecy. s BU3HaYeHHS cTaHy MCUX0]i3i0a0riuHuX (QYHKIIA CHOPTCMEHIB BHKOPHCTOBYBAIN
niarHOCTHYHHE KomIuieke «/Jliarmoct-1» (M. B. Makapenko, B. C. JIuzory0). B manomy gociipKkeHH1
aHaJI3yBaJUCs MOKa3HUKU CHITH 1 PYHKITIOHAIBHOT PyXJIMBOCTI HEPBOBUX MPOIIECiB (B peKUMi 3BOPOTHOTO
3B’s3KY 1 HAB SI3aHOTO PUTMY), €(DEKTHBHOCTI CEHCOMOTOPHOI JTisNIBHOCT1, MTOKA3HUKH CKJIATHOT peaKiii
BHOOpY, peakilii Ha pyxomuii 00>ekT (PPO) Ta inmi [4]. Jns BUBYEHHs cTpaTerii MoJoJIaHHs CTpPeCcy
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y CIIOpPTCMEHIB O0yB BHKopucTaHHH «ONMHTYBAaIBbHHUK CIOCOOIB IcHXoyorigHoro momonaus» (WCQ,
The Ways of Coping Questionnaire) R. Lazarus i S. Folkman. ¥V 06cTexeHUX CIIOPTCMEHIB BUSIBICHO
nepeBakaHHs KOHCTPYKTUBHUX KOMIHT-CTparTeriit: « CaMOKOHTPOIbY, «Ilonryk comiaapHOT MiATPUMKHY,
«IIpuiHATTS BiANMOBiNaIbHOCTI», «llmanyBanHsa BupimeHHs npobnemmu» i «llo3uTHBHA mepeoIiHKay.
PiBeHp Hampyru 3a HMMH IIKaJaMu y oOcTexeHux mepepuiryBaB 50%. OTpumani nasi 30iraroTbcs 3
MoIepeIHIMU pe3yabTaTaMU TECTyBaHHS KBali()iKOBaAaHMX CIOPTCMEHIB B 1HIIMX BHAaX crnopTy. o
HEKOHCTPYKTHBHUX BIHOCATHCS KOMiHr-cTpaTerii «k KOHPpOHTaTUBHUI KOMIHTY, «JlMCTaHIIIFOBAHHS,
«BTeda-yHUKHEHHS», PIBEeHb HANIPYTHU 3a IUMH MIKATaMH Y 00cTexeHUX He nepeBumryBas 50%. [Tokas-
HUKH 32 Ko «BTeva-yHuKkHEeHHs» Oyiu moB’s3aHi 31 cnoptuBHUM ctaxkeMm (r= 0,88, p<0.01). Sk
KOHCTPYKTHBHI, TaK I HCKOHCTPYKTHBHI CTpPATeril MOJOaHHS CTPECY BUSIBUJIKCS OB’ I3aHIUMHU 3 TEHETHYIHO
00yMOBJICHIMH OCHOBHMMH BIACTUBOCTSIMU HEPBOBOT CUCTEMH, SIKI PO3BUBAIOTHCS 1 BIOCKOHAIIOIOTHCS
B Ipoleci CHOPTUBHOI NiSJIIBHOCTI — CUJIOI0 1 (PYHKLIIOHAJIBHOK PYXJUBICTIO HEPBOBUX MPOIECiB.
Mo’kHa MPUITYCTUTH, MO CTaH NMCUXO0(i310M0TIYHUX (QYHKIIH CIOPTCMEHIB NEBHUM YHHOM BILIHBAE
Ha (OpPMYBaHHS KOIIHT-CTPATErii, SKi B CBOK 4epry OOYMOBIIOKOTH (GOPMYBaHHS CTPECOCTIHKOCTI
abo crpecospasmusocti. Kopemsuiiinuii ananis OTPUMAHUX JIAHUX BHSBHB HasIBHICTh B3a€MO3B)SI3KiB
NePeBaKHO HEKOHCTPYKTHBHUX KOIIHI-CTpaTeriii (a came «JlucraniitoBanus 1a « Breva-yHHKHEHHS»)
3 nokazHukamMu PPO oOcTexxeHUX CHOPTCMEHIB (TOUYHICTIO peakilii, 9acoM peakmiil BUNEpeIKEeHHS 1
3aMi3HIOBaHHS, Koe(ilieHTOM OanaHCy HEPBOBUX IPOIECIB).
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CELL VIABILITY AND FUNCTIONAL ACTIVITY IN MIXED CULTURE
OF ENTERIC NERVOUS SYSTEM IN INFLAMMATION IN VITRO MODEL

N. Kravchenko, G. Skibo, I. Lushnikova

Bogomoletz Institute of Physiology, Kyiv,
kravchenko.nadiia@biph.kiev.ua, nadiia.kravchenkoOl@gmail.com

The enteric nervous system (ENS), composed of neurons and enteric glial cells is a central regulator of
gastrointestinal functions encompassing gut motility, electrolyte transport, and intestinal epithelial barrier
functions. The ENS has been recognised as a major player in gut protection in response to pathogen or
inflammatory insults. This system is affected not only by intestinal disease, for example, inflammatory
bowel diseases (IBD), but also it suffers from neuroinflammation in CNS [1]. It is believed that the
processes on the brain-gut axis are mutually regulated both in a healthy state and in the pathogenesis
of many diseases. It has been shown that both in IBD and in neurodegenerative diseases, changes in
the functions and phenotype of the ENS occur (altered excitability and neuroplastic changes) that are
associated with gastrointestinal dysfunctions such as dysmotility, diarrhoea, and even pain [2]. The ENS
could also be directly involved in the inflammatory response to infectious or inflammatory challenges
[3]. The study of ENS neuroinflammation is critical to a better understanding of the underlying processes
and mechanisms. In this work, the state of a long-term ENS cell culture was assessed under conditions
of in vitro inflammation modelling. During 14 days of cultivation, dissociated rat intestinal cells formed
a monolayer with a characteristic morphological configuration of processes and intercellular contacts.
Testing of ENS cells for the ability to transporter-mediated uptake, accumulation and release of both
excitatory (L-[14C]glutamate) and inhibitory ([3H]GABA) neurotransmitters was positive. In vitro
neuroinflammation model was produced by the administration of bacterial endotoxin lipopolysaccharide
(LPS, 100 ng/mL) into a culture medium for 24 h. The MTS test determined cell viability. For the analysis
of morphological features, immunohistochemical staining with specific antibodies-markers of neurons
(anti-NeuN and anti-GAD67), glia (anti-GFAP) and resident macrophages (anti-Ibal) were used.
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It was shown that after the 24-hour administration of LPS, the viability of ENS cultures was reduced by
an average of 26%. Immunohistochemical staining revealed a decrease in neuronal immunoreactivity,
in contrast to an increase of this marker in glia, indicating a greater vulnerability of neuronal cells to
inflammation. In this experimental model, an increase in GFAP+ immunoreactivity was observed, as
well as in Ibal+ areas corresponding to astrocyte-like and phagocytic cells, respectively. The obtained
data reflect the main adaptive changes in response to inflammatory exposure and are similar to those in
the CNS. Currently, the gut-brain axis is being considered as a potential target for treatment. This work
is aimed at developing an adequate experimental in vitro model of the brain-gut axis to study the role
of humoral interaction factors in this system, as well as endogenous mechanisms of neurodegeneration
and neuroprotection.
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HOPAJAPEHAJITH-BUKJINKAHA MOAVYJISILIA KAJBIIEBUX CUTHAJIIB
HEHWPOHIB TAHIVIIA TPIMYACTOIO HEPBA

B.1O. MacgoB, M.B. Teabka, C.A. ®enynoBa, M.C. BecenoBcbkuii
ITnemumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, m. Kuis, masl@biph.kiev.ua

Ha kynbTUBOBaHUX HEWpOHAX TaHTMIis TPIHYACTOro HepBa MIypa JAOCIIIKCHO Iit0 HopanpeHatiny (HA)
Ha IlapaMeTpH KaJbI[iEBUX CUTHAJIB, BUKJIUKAHUX JIeTIoNiApr3aliero MeMOpanu. Arutikaiis HA Mozaentoe
BILJIMB CUMITATUYHOT HEPBOBOI CUCTEMH Ha Tiepeavdy iMITy/Ibcallii B MPOBIIHUAX NMUIsIXaX TPidacToro Hepsa.
Hefiponu nenonspu3yBaiin cepisMu KOPOTKHUX IMITYIBCIB, SIKi iMiTyBaJIM TOHIYHY TeHEpaIlifo HOTEHITialliB
Jii, OJHOYACHO 3 IMM PEECTPYBAIH 3MiHU BHYTPINIHBOKIITUHHOT KOHIICHTPANil KaJblito (Kaabli€Bi cur-
HaJM). AMIIIITY/la CUTHAIIB JiHIHHO 3aJ7eKalia Bl YaCTOTU CTUMYJISIIT, Koe(illieHT MPOMOPLIHHOCTI i€l
3aJIeKHOCTI BitoOpakae e(peKTUBHE 3pOCTaHHS KOHLEHTPALil KaJIbLiI0 Y BiIMOBIAb HA OKPEMHUH IMITYJIbC.
BianosinHe cepeaHe 3HaueHHs ckiano 16+2 HMoiw/n (n=8). Arurikaiis HA (20 MKMOJb/1T) 3MeHIITyBaja
Horo 70 743 HMOJIB/J, IPY [ILOMY CITOCTEPITaJIM 3pPOCTAHHSI MOCTIHHOT Yacy crajy CUTHaIIB, a 0a30BUi
piBeHBb KOHIICHTPAIIiT KaJIbIIiI0 TOCTOBIPHO HE 3MiHIOBAaBCsA. Mu NpuIycTuiiv, mo HA BImMBae Ha Kalb-
[i€B1 CUTHAJIM JIUIIE 3aBJIIKH HOTO OJIOKYFOUii Jif Ha MOTeHIlial-KepOBaHi KaJbIli€Bi KaHAIIH, a BIUTUB Ha
Oyhepu3zaliro Ta eKCTpy3ito 10HIB Kalbllito BiACYTHIN. J{ns mepeBipku i€l rimoTe3un 0yyno 3apeecTpoBaHO
(hapMakoJIOTiYHO 130JIbOBAHI KAJIBI[I€EBI CTPYMU HEHPOHIB OJIHOYACHO 3 BIJIMOBITHUMHU KaJIbI[IEBUMU CUT-
HaJaM¥ Ta BU3HAUCHO NIEpeHECCHUIT uepe3 MeMOpany 3apsia. [lapameTpu curnaiis Oyino npoaHanizoBaHO
y paMKax KIHeTHYHOT MOJIEJTI KaJIbI[1€BOT JUHAMIKH HelpoHa. Y BIIMOBIIL Ha JeMonspu3aiito Bijg -70 10
+10 mV tpuBaiicTio 50 MC aKTHBYBaBCS BXIJJHUU CTPYM Yepe3 IMOTEHIlial-KepoBaHi KaJIbI[i€B1 KaHATU
3 cepeHIMHU aMILTITYI0r0 516+83 A ta nepenecenum 3apsgom 24+4 nKi (n=14). CepenHi 3HaUCHHS
aMIUTITYIM CUTHAIly Ta MOCTIHHOI Yacy crmany ckianu BiamoBigHo 201+27 amons/a ta 3.4£1.3 c. [Ipu
artikanii HA 3MenmryBanuch aMmiityaa ctpymy (346+27 nA) ta nepenecenuii 3apsg (161 pC), toai
SIK MOCTilHA yacy cnajy 301bIuiaach 10 3Ha4yeHHs 5.9+0.8 c. AHani3 3MiH IUX IapaMeTpiB [10Ka3aB, 110
3a JaHUX YMOB 3pOCTaHHS MMOCTIHHOI Yacy cuaxy Ha 74 % Mo)ke BUHUKATH 33 PaXYHOK MPOJIOHTOBAHOTO
BUBLILHCHHS 3B’53aHUX IOHIB Kalbllil0 y IHTOMIA3My Ge3 gocrosipHoro BBy HA Ha Gydepusaiito
Ta eKcTpys3ifo. Takum YnHOM, OTPUMaHI JaHi CBiAYaTh PO MOKIHMBICTE CHMITATO- CEHCOPHOTO BILTHBY B
NPOBIIHAX MIISIXAX TPIif4acTOro HepBa He JIUIIC Ha CNEKTPOPI3ionoriuHi BIaCTHBOCTI HEHPOHIB, a 1 Ha
X KaJbIli€eBy CHUTHAJi3aIlilo.

Kuarouosi cjoBa: ranriuiif TpiiiuacToro Hepsa, Kajablli€eBUM CUTHAJ, HOPaAPEHAiH.
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BIIJIUB JE®IIUTY ECTPOI'EHIB .
HA IHTET'PATUBHY AKTUBHICTb HEMPOHIB CIIMHHOTI'O MO3KY

C.C. Tkauenko, O.I'. Ponuncbkuid
Jninponemposcokutl Oepacasutl meduunuil ynisepcumem, M. /[ninpo, dr.tkachenkoss@gmail.com

Brnepmre Oymno gocmigkeHo in Vivo MOAYITIOIOYHI BIUTMB IHTEPHEHPOHHOTO MyJy Ha MOTOHEHpPOHHUI
amapaT CIIMHHOT'0 MO3KY Y BiiJaJieHi CTPOKH TiMOeCTPOreHEeMiYHOro cTany. Po6oTy Oyino BUKOHAHO Ha
1a00PaTOPHUX TBApUHAX 3 MOJCIIOBAHHIM rOCTPOro AediuTy eCTpOreHiB IIAXOM OBapioeKTOMIi, Ta
BHBYCHHSM 010CJIEKTPHYHOT AKTUBHOCTI IHTEPHEHPOHHOTO Ta MOTOHEHPOHHOT'O MYJIiB CIIMHHOTO MO3KY
Y BIAMOBIJIb HA SJICKTPUYHY CTHMYJISIIIFO JTOPCATbHUX KOPIHIIB BiJIOBITHOTO CETMEHTY. ByJlo BCTAaHOBJICHO,
10 Y TBAPHH 3 TIIOECTPOreHEMIE0 MOPIT BAHUKHEHHS BUKITMKAHUX TTOTEHITIAIB Ta TPUBATICTD JIATEHTHOT'O
nepiojly BiJIMOBiAI 3pOCITH JIBOKPATHO, aMILIITyja KOMIIOHEHTY N1 moTeHIiany JopcalibHOI MOBEPXHi
CIIMHHOTO MO3KY 3pocia Ha 10,14 %, N2 na 11,82 %, N3 na 48,28 %, Ta P-xBuni na 31,58 % 06e3 no-
CTOBIPHHUX 3MiH TPUBAJIOCTI KOMIIOHEHTIB Ta XpoHakcii. [Ipu cTuMynsanii noABIHHUMHU IMITyJIbCAMU NIPU
iHTepBanax Bijg 6 mo 100 Mc st APYTrUX BUKIMKAHUX BiJIMOBiEH CIOCTEPIraaoch K mpurHideHHst N1-
KOMIIOHEHTY 1HTEPHEHPOHHOTO, TaK 1 3HWXKEHHS aMILTITYJH BiJMOBII MOTOHEHpOHHOTO MymiB. [Topir
30yIKeHHS MOTOHEHPOHIB 3MEeHITUBCS 10 54,17 % y MOpiBHSAHHI i3 MOKa3HUKOM Y TBAPHH KOHTPOJIBHOT
TpyId, aMIUTITyAa BiAmoBimi 3pocna Ha 27,59 %. Takum yuHOM Ae(diIIUT €CTPOTeHiB, MO BUHUK y
PEIpOAYKTUBHOMY Billi, IPH BiICYTHOCTI 3aMiCHOI TOPMOHANBHOI Teparii y BiAaJeHHIX CTPOKAX CIPHIE
MiBUIICHHIO 30y IMBOCTI MOTOHEHPOHIB MEPEAHIX POTiB CIIMHHOTO MO3KY, 3011bIICHHIO aKTUBHOCTI SIK
CEerMEHTapHUX TaK i HECETMEHTapHUX IHTEPHEHPOHIB Ta MPUTHIYCHHIO Nepeaadi ahepeHTHUX HEPBOBUX
IMIIYJIbCIB Ha HU3BKHUX YAaCTOTaX 3a paxyHOK rajbMyBaHHs 300Ky HEMpPOHIB XKeJIaTUHO3HOI cyOCcTaHLI].
OTpuMaHi JJaHi JOMOMOXYTb 3pO3yMITH NATO(}i310J0TI1UHI MEXaHI3MH MOPYIIEHb YYTIHBOCTI, pyXOBOT
AKTHBHOCTI Ta CYJOM, SIKi € YaCTHHOIO MEHOIIay3aJIbHOTO CHHIPOMY.

Kuiro4uoBi cjioBa: iHTEpHEHPOH, MOTOHEHPOH, €CTPOTCHHU.

MODULATION INFLUENCES OF THE VESTIBULAR SYSTEM PERTURBATION ON
THE POSTURAL BALANCE IN PHYSICALLY TRAINED HUMANS

E. Kolosoval, I. Seleznov?3, A. Popov*4, K. Kiyono® and B. Kolomiiets?

! National University of Ukraine on Physical Education and Sport, Kyiv, Ukraine,

2 National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine ,
3 Graduate School of Engineering Science, Osaka University, Osaka, Japan,

4 Data&Analytics, Ciklum, London, UK, anele.solok(@gmail.com

Medical evaluation of patients with postural balance complaints requires assessment of person’s vestibular
function. The most common vestibular tests include videonystagmography or the rotary chair test with
recording of eye movements under different conditions to investigate inner ear function; the head impulse
test that evaluates the vestibulo-ocular reflex. At the same time, stabilometry method is not widely used
in clinical research for assessing the vestibular function, although it may provide important information
about the contribution of the vestibular system to postural balance. The objective of the research was
to evaluate changes in stabilometric indices under the conditions of vestibular system perturbation in
physically trained people. Seventeen athletes specialized in coordination sports — gymnastics and martial
arts (11 men and 6 women, 18-28 years of age, M, =19.7, SD=2.3) took part in the stabilometric study
conducted using the force platform equipped with four force transducers. Recording and analysis of the
Center of pressure (CoP) oscillations were performed using an NI 6070E interface (National Instruments,
USA) and software written on the LabView language. The sampling frequency was 100 Hz. We analysed
CoP trajectories measured under conditions of counterclockwise head rotation (HR) performed in suitable
rhythm, approximately one time per second. CoP trajectories before and immediately after HR were also
analysed. The tests lasting 20 s each were performed in an upright position with eyes open and closed
(EO and EC, respectively). To evaluate the influence of the test conditions on the studied indices two-
factor analysis of variance with repeated samplings considering two within-subjects factors (vestibular,
associated with the presence of HR and visual, associated with the presence of visual deprivation) was
carried out using SPSS Statistics 17.0. Both vestibular and visual factors were found to have significant
effects on CoP trajectory length values. Vestibular factor also had significant effect on power spectral
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density (PSD) of anteroposterior (AP) and mediolateral (ML) oscillations. To determine differences of
indices groups in specific test conditions their pairwise comparison (post-hoc analysis) based on the
Hochberg’s test was performed. It was revealed that CoP trajectory length of AP and ML oscillations as
well as CoP trajectory length in the force platform plane increased statistically significantly during HR in
EO and EC conditions (p<0,05). Besides, AP trajectory length remained greater after HR than before it,
with the difference close to significant, in closed eyes conditions. The AP/ML trajectory length ratio also
increased significantly during HR in the EO and EC conditions; this might be due to the predominance
of forward and backward body sway to maintain postural balance during head rotation. It was also
found that PSD of AP and ML oscillations increased significantly during HR in the frequency ranges
0.2-0.5, 0.5-1.0, 1.0-2.0, 2.0-3.0 and 3.0-6.0 Hz for both open and closed eyes conditions, although the
head rotation frequency was about 1 Hz. Such data may indicate the complex nature of the transmission
of head rotation to the sway of various body regions. In addition, the PSD of AP oscillations remained
significantly greater after HR test than before it under closed eyes conditions in the frequency ranges of
0.2-0.5 Hz and 3.0-6.0 Hz, and the PSD of ML oscillations remained greater with a difference close to
significant under open eyes conditions in the frequency range of 0,2-0,5 Hz. Obtained data demonstrate
the inertial properties of the vestibular system. It is supposed that according to the degree of residual
effects it will be possible to assess the level of training or impairment of the vestibular system, as well
as to control the process of treatment and rehabilitation.

Keywords: postural balance, vestibular system, power spectral density.

BUSIBJEHHS EMOLIMHO-3HAYYIIIOi IH®OPMAILIII
3A JJOMMOMOT OO EMOIIMHOI'O TECTY CTPYIIA

M. B. Bictuzenko', T. B. Kynenxo', /I. b. Hacenkin?

'Kuiscokuil HayionanvHuil yHisepcumem imeni Tapaca Illesuenka,
Iucmumym ximii nosepxui im. O.0. Yyika HAH Ykpainu, mariavistyzenko@gmail.com

HeoOXiHICTh BUSBIISTH IPUXOBAHY, HEMPABINUBY 1HHOPMAIIII0 Y 0COOH 3aBXK/IU € aKTyaIbHOK, 0COOITHBO
mig gac BilfHW. [lepcrieKTUBHUM TECTOM I BUSIBICHHS IMPHUXOBAHOI iHpopMamii € eMOMiHHUHA TecT
Crpyma. Y po6oTi 0yJio 1oCTi)KEeHO BUKOPUCTAaHHS NaTeHTHUX nepiofAiB (JIIT) peakiiii 1 BU3HaYCHHS
eMoLifHO-3HauyIo1 iHpopMallii, 60 caMme IX BUKOPUCTOBYIOTh y 0araTbox NCUXo(i3ioNoriYHuX TecTax s
BH3Ha4YCHHs IPUX0BaHoi iH(popmauii. MeToro po6oTHu 0yiio BUABIEHHS eMOLiHHO-3Hauy01 iHpopmMaii
3a JIOMOMOT' 00 KOMID FOTEPU30BaHOTO eMoIIiitHOro Tecty CTpyma (CeMaHTHYHI MOJIS: aIKOT0JIb, IIamedo,
06MaH) VY nochipKeHHI B3SUTH y4acThb 57 pecrIOHz[eHTiB BikoM BiJ 17 70 23 pokiB: 36 4osoBivoi crari
i 21 xinouoi crarti. Tect ckimanascs 31 160 cuiB, mo 80 ans pearyBaHHs KOXKHOK pyKor. EmomiiiHo-
3Haqym1 eMOLIiHO-HeHTpankHi i rambMiBHI coBa Oy 300pakeHi MO UEHTPY EKpaHa MOHITOPY
KOMIT'foTepa. SIKIo KoJip ciaoBa 3eyeHui, noTpiOHo Oyso HaTucHyTH JiBy KiaBinry CTRL, sxmo xoiip
CII0Ba 4epBOHMI — HaTUCHYTHU npaBy kiaBimy CTRL; sikuio ue pocnuHa abo TBapuHa (TajbMiBHI CJI0Ba)
— HIYOTO HE HATHCKAaTH. 3a pe3yJbTaTaMU IOCIiIKeHHs Oyio BusBieHo, mo JIII peakuii mis mpasoi
PYKH MEHINUH, HIX JUIst TiBoi. [ToBiNBbHIIIA peakIlis JIIBOT pyKH MOKe BKa3yBaTH Ha CUJIbHIIIE 3aJTyICHHS
npaBoi MiBKyJi 10 oOpoOieHHs eMolniiHol iHpopmanii. JIIT peakiii Oynu HOBIIUMH JUISI eMOMIHHUX
CTUMYJIIB B MOPIBHSHI 3 HEUTpAJIbHUMHU, IO CBIAYUTH MPO aJACKBATHICTh 3aCTOCOBAHOT METOJMKH JJISI
BUSIBJIICHHSI €MOILI{HO-3HAUYIINX CTUMYIiB. Ha mpen’sBiIeHHS eMONIHHUX CTHMYJIB CIIOBIIBHIOETHCS
00pobOka iHdopmarii, Tomy JIIT peakiii Ha emMoLiiiHI c0Ba JOBIIMH, Hik Ha HedTpanbHi. JIIT peakuii
Ha CIIOBA 3 CEMAaHTHYHOTO IOJs «0OMaH» IOBII Juisi eMolidHux ctumytiB. JIIT peakuii Ha cioBa 3
CEMaHTHYHOTO ITOJISI «I1Iae0oy MOBIII I HeWTpanbHuX cTuMyriB. JIIT peakiii Ha ci10Ba 3 CEMaHTHUIHOTO
TTOJISL «QJIKOTOJIbY» JOBIII JUIsI eMOIIIMHUX CTUMYJIIB. [Ipy BUKOpHUCTaHHI PI3HUX CEMaHTHYHHX ITOJIB, HE
3Ba)KalOUM Ha TOPSIOK iX Mpe sBICHHS, PECIOHICHTH MOBUIBHINIE pearyBajyd HAa CEMAaHTHYHE TOJe
«aJIKOTOJIbY, HIK Ha CEMaHTHYHE Tojie «oOMany». Lle cBiqunTh mpo Te, IO MOPSAIOK MPEACTaBICHHS
CEeMaHTHYHUX IIOJIB cyTTeBO He BIuiMBaB Ha JIII peakiii, a ceMaHTHYHE MOJIE «AJIKOTOJIb» BUKJIMKAIIO
HaHCUJIBHINIY eMOIIHHY peakilifo. BUXoasa4u 3 BUKIAACHOTO BUIIE, MOXHA 3pOOUTH BHCHOBOK IIPO T€,
II0 3aCTOCYBaHHs eMolliitHoro tecty CTpyma J03BOJIS€ BUSBISITH €MOIIHHO-3HAYYIII AT PECIIOHICHTA
CTUMYJIH.

KuarwuoBgi ciioBa: emoriiinuii Tect CTpyna, eMOIiHHO-3HauyIIa iHPopMalIlisi, JTaTCHTHUN TepioJl peaKilii.
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ANTIBIOTICS ADMINISTRATION DURING GESTATION MAY AFFECT MEMORY
AND BRAIN STRUCTURE IN YOUNG OFFSPRING MICE

D. Shepilov!, I. Osadchenko!, D. Ilienko?, A. Chereshynska?, V. Hryb?, T. Kovalenko'

! Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine,
2 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, shepilov@biph.kiev.ua

Aim. The present study aimed to evaluate whether antibiotic treatment during gestation can trigger
memory decline and brain structural alterations in mouse offspring. Methods. C57BL/6J female mice
were divided into two groups (n=3/group): 1) Control — drank sterile water over the entire gestation, and
2) Antibiotics — consumed amoxicillin (205 mg/kg bw/day) and azithromycin (51 mg/kg bw/day) in sterile
water during the 3™ week of gestation. Behavioral tests, immunohistochemistry of the hippocampus,
and electron microscopy of the corpus callosum were conducted on 4-week-old mice born from those
dams (n=13-16/group). Results. We revealed that, in Morris water maze, the Antibiotics group had
significantly higher latency to find a hidden platform on the 2" and 3" days of acquisition and spent
less time in the target quadrant during the probe test. T-maze spontaneous alternation test, in turn, did
not show a significant difference in spatial working memory between groups. At the morphological level,
mice from the Antibiotics group were characterized by a decrease in density of CA1 pyramidal neurons
in the hippocampus, depletion of both DCX immunoreactivity and BrdU/DCX ratio in the dentate gyrus,
as well as thinning of myelin sheaths and tendency to reduce the number of myelinated axons in the
corpus callosum, compared to the control animals. Conclusions. Antibiotic treatment during gestation was
demonstrated to impact the developing brain, resulting in spatial reference memory impairments, altered
hippocampal cellular structure, reduced neurogenesis in the dentate gyrus, and signs of demyelination
in young offspring mice.

Keywords: antibiotics, hippocampus, spatial memory, neurons, neurogenesis, myelin.

HSP70 — 3AJIEJKHI MEXAHI3MHU EHJJOTEHHOI HEMPOIIPOTEKIIJI. i
HOBI MILIEHI 1151 ®APMAKOJIOTTYUHOI KOPEKIIII ICJISI IPEHATAJIbLHOI
XPOHIYHOI I'IMOKCIi

I.®. Beneniuen, O.I'. AnieBa, O.0. Ilona3zoBa
3anopizekuti depoicasnuti meouunuil ynigepcumem, m. 3anopigicoics, aliyevaleg@gmail.com

[Ipenaranpna rinokcis (1) BUKIMKae MaTOJIOTIYHI 3MiHU B TOJIOBHOMY MO3KY 1 MOXe MPU3BOJIUTH 10
HE3BOPOTHUX TPUBAINX MOPYIICHb HOTO PO3BUTKY Ta BUHUKHEHHS HEPBOBO-TICUXIYHHX ITATOJIOTIH y TITEH.
dapMaKoJIoTiuHa KOPEKIig mocTrinokcnynux nopymens LIHC e mpiopuTeTHOIO MpOOIeMOI0 CydacHol
MEAUIHMHUA. MEeTOI0 I[bOTO AOCHIKEHHS OyJI0 BUBUCHHS HEHPONPOTEKTOPHOI [1ii MpenapariB 3 J0Ka30BUM
BIUIMBOM Ha €KCIPECiI0 €HJOreHHHX (aKTOpiB HEHPOMPOTEKLil IJs MOAAIbIIOr0 OOIPYHTYBaHHS iX
3aCTOCYBaHHs y JIKyBaHHI npeHaTanbHoro ypaxenus [IHC na moxeni xponiunoi remiunoi I1I.
MogemtoBanas reMudHoi XpoHiqHOT [1I" TpoBOIIIIN IUITXOM MIOACHHOTO BHYTPIITHHOUEPEBHOTO BBEACHHS
PO3UYMHY HITPUTY HATPIO BariTHUM camMKaM IypiB 3 16-ro mo 21-i neHb BariTHoCTi y 1031 50 mr/kr.
KoHTponpHi BariTHi TBapHHHU OTPUMYBAIU (i310NOTIYHUHI PO3YUH Yy TOMY X peKnMi. TBapuHU micis
I1I' orpumyBanu npenapatu moAHs 3 1-of mo 30-ty no0y xutTs (L-aprinin (200 mr/kr); TamoxcudeH
(0,1 mr/xr); uepedpoxypin (150 mxi/kr); nipameram (500 mr/kr); anrionid (50 MI/kr); rmyTopeJOKCHH
(200 mxkr/xr); Tiorpuasoiin (50 mr/kr); mexcimon (100 mr/kr). Merogamu I1JIP y peanbHOMYy 4aci Ta
IMyHO(EPMEHTHOT0 aHaIiI3y BU3HaYau piBeHb ekcrpecii MPHK HSP70, HIF-1a, c-fos Ta BMicTt HSP70
y HUATOIJIA3MaTHYHIH Ta MITOXOHAPIATbHINA (PpaKIisiX TOJTOBHOTO MO3KY IIypHB Ha 60-Ty 100y KHUTTS.
BcTanogieHo, o y mypis micis 1T BinOysaeThes 3umkenns ekcnpecii MPHK HIF-10, MPHK HSP70 ta
c-fos (Ha 57%, 69% 1 72% BianoBiNHO) Ta 3HWXKEHHS KoHIeHTpalii HSP70 y MiTOXOHIpisAX Ta HIUTO30J1i
TOJIOBHOT'O MO3KY (Ha 97% 126% BiNOBIHO), IO CBiAYATh PO IaJIbMyBaHHS TPAHCKPUIIIIIITHUX IPOLIECIB y
HelipoHax Ta npuraideHHs HSP70-3anexxHux MmexaHi3MiB eHI0reHHO1 HeliponpoTekii. Kypc nikyBaHHs
00paHUMU IpenapaTaMy IPU3BOAMB 10 pi3HOro BrumBy Ha ekcrnpecito MPHK HIF-1a, HSP70 i c-fos,
a TakoX Ha KoHneHTpaniro HSP70 B Mo3ky miypiB, mo 3aznanu airo [1I. HaitOinbn BUCOKI 1OCTOBIpHI
(p<0,05) 3nauenns excripecii MPHK HIF-10 Ta MPHK HSP70 crioctepiranucs y TBapyH icJisi BBEICHHSI
nepedpokypuny ta anrioniny (HIF-1ay 15,8 pasis ta 13,9 pasis Bignosigno, HSP70y 17,4 paszis ta 12,7
pasiB). JlocmimxyBani npenapatu, KpiMm L-aprininy Ta nipareramy, IpU3BOINUIN 0 MiJBUIICHHS PiBHSA
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ekcmpecii MPHK c-fos. Konnenrpamnis HSP70 y nuto30ipHIN (Qpakilii TOMOreHaTy MO3KY Y JOCITITHUX
rpymax 3arajom KopejoBarna 31 3HageHHsmMu ekcnpecii oro MPHK. 3minn konnentpanii HSP70 y
MiToXOHIpianbHii Qppakuii y rpynax tapus micis I1I, ski oTpuMyBanty JIiKyBaHHS 10CIIKYBaHHUMH
npenaparaMu, POAEMOHCTPYBAIN Pi3HOCIPSAMOBAHICTh iXHEOTO BIUTHBY (BiACYTHICTh 3MIH ITiCIIsl BBEJICH-
Hst L-aprininy Ta TIOTpHa30MiHy, SHHKEHH IIC/Is KYpCiB MipaneTaMy Ta MEKCHIO0MY, 301TbIICHHS MiC/Is
JKYBAHHS IHITUMH npenapaTaMmi 3 MakCUMalbHUM edexrom anrioniny). OTie, XpoHIYHA PEHATAIbHA
TIMOKCISl MPUTHIYYE TPAHCKPHIIIIHHI TIPOLECH B HEeHpoHaX Ta 3HWXKYE PiBEHb CHHTE3y HIFla, HSP70 ta
c-fos. I[ocmszyBaHl npemnapartu 31atHi moayiaoBata HSP70- OHOCCPCZ[KOBaHl MEXaHi3MHU €HJIOr€HHOT
Helponpotekiii. Cepex monysitopiB HSP70 3a ymoB MojesnroBanHst XpoHiuHOT [1I" Hall 116111 aK THBHUMH
€ nepedpokypun (150 mxi/kr) ta anrionin (50 MI/kr), sKi IEpeBEPIIYIOTh 1HIII JOCTiKEH] permapaTH
3a piBHeM migsuiieHHs excnpecii MPHK HSP70, MPHK HIF-1o Ta xonnentpauii 6inka HSP70 B mMo3ky
eKCIIePUMEHTAJIbHUX TBAPUH 1 MOXKYTh PO3IIIAIATUCS SIK IEPCIEKTUBHI HEHPOIPOTEKTOPH B KOMILIEKCHIH
Teparii micyist BHYTPIIIHbOYTPOOHOT rimokcii.

Kurouogi caosa: [IHC, npenaranbha rinokcisi, enjorenna Heiiponporexuis, HSP70, MPHK c-fos, MPHK
HSP70, MmPHK HIF-1a, moxgynsTopu HSP70.

mTOR/o-KETOIJIYTAPAT-OIIOCEPEJKOBAHI CUT'HAJIBHI HIJISIXHT
B KOHTEKCTI HEUPOIIPOTEKIII ITPU IEMIYHOMY YIIKOJ)KEHHI MO3KY

O. A. KocTiouenko, I'. I'. Ckubo, 1. B. JlymnikoBa
Inemumym ¢hizionoeii im. O. O. bocomonvys, m. Kuis, kostiuchenko.olha@biph.kiev.ua

[mremivHe yIIKOKEHHS MO3KY CYIMPOBOJKYETHCS META0OIIYHUMH 3MiHAMH, CIPHYNHEHUIMH HEA0CTAT-
HICTIO KPOBOOOITry, MOPYIICHHSIMH MEXaHi3MIB CHHTE3Y/Ierpaiaiii OIKiB Ta TUCPETYIISII€I0 CUTHAIBHUX
nuisixiB. [laToreHes BKIIOYA€E TIyTAMAaTHY €KCAWTOTOKCHYHICTh, 1I0HHUW JUCOAIaHC, OKHCIIOBAILHHMI
cTpec, MOpYIIEHHS TeMaToeHIedaaiqHoro 0ap’epy, 3anajieHHs, TUCPEryJIsiio ayTodarii Ta anonTo3y. Y
KOHTEKCTI HelipoereHepaTHBHUX/HEHPOIPOTEKTUBHUX MEXaHI3MiB IIPH ilIeMii poJib CHTHAIBHOTO IIJIS-
xy, onocepenkosanoro mTOR (mTOR — mimens panaminuHy y CCaBLiB), IO € KIIOUOBUM PETYJIATOPOM
KIITHHHOTO MeTaboi3my, i ocobamBo mTOR-mMonynsoBanoi ayTodarii crana mpeaMeToM 3aiiKaBIeHOCTI
0aratbox JoCHiAHUKIB. OJHUM 13 TEPCIEKTUBHUX HEHPOTPOTEKTUBHUX ArCHTIB MPHU IIEMIYHOMY YIII-
KOJDKCHHI € OaraToyHKIioHaJIbHA Mosiekyha a-kerorinytapar (oK), sika € BaXXJIMBUM KOMIIOHCHTOM
KiIiTHHHOTO MeTabonizmy. [lepenbavaerncest B3aemo3B’s130k Misxk mTOR 1 aKI' omocepenkoBaHuMu
CUTHAJIBHUMH IUISIXaMH y Tpoleci (izionorigyHoi Ta cnpuyuHeHo] imeMiero aytodarii, mpore 6arato
acImeKTiB Ii€i B3aeMoii me He 3’sicoBaHi. Y naHiil poOOTI MpeACTaBICHO PE3yNbTaTH JOCIHIKEHHS
HEUPOMPOTEKTOPHUX MEXaHI13MiB, 1110 onocepeakoBani mMTOR/aKI™ curnanizaniero Ha MOEINI 1MIEMIYHOTO
YIIKOJDKCHHS i1 Vitro 3 BAKOPUCTAHHSM TOBIOCTPOKOBOI KYJIbTYPH JUCOLIHOBAHHUX KIIITHH T1IIOKAMITY, a
TaK0 THMYacOBOI KUCHeBO-Tt0K03HOT AenpuBaiii (KI'/l) abo rimyramaTtHoi ekcaiitorokcuanocTi (I'E).
MopdoJitoriyaa oIiHKa J0 €KCIepUMEHTAIbHUX BIUIMBIB 3acBigumiia, mo Ha 12 100y KyJIbTHBYBaHHS
CIIOCTEPIranocs BiJHOBICHHS BIAPOCTKIB i MDKKJIIITHHHHX KOHTAKTIB, 8 KyJIbTypa CKJIagaiacs BUKIIOUYHO
3 KJIITHH, OI0 MaJIU CTPYKTYPHI O3HAKH, XapaKTEePHi JJIg HEUpoHiB. {1 OMIHKY KUTTE3AATHOCTI KIITHH
Ta MiTOXOHApianabHOI akTUBHOCTI npoBoauau JIII'- i MTC-tectn, BinnmoBigHo. Takox, 3a yMOB Hamoi
eKCIIepUMEHTANIbHOT MOJeNi, BUSABIISAIMU PiBEHb eKcrpecii mocTcuHanTuuHoro Mapkepy PSD9S5 ta
Mapkepy ayrtodarii LC3, BUKOPUCTOBYIOUH IMYHOTICTOXIMIiIO0 Ta KOH(OKaIbHY MiKpOCKOMi0. byio
npoaHaiizoBano epektn BrmBy oKI' 1 pamaminuny (inriditopa mTOR) Ha rimokaMmajibHi KyJIbTY-
pu. Beranosneno, mo KI'Jl i ['E cnpaBisiiiv aHaJIOTIYHUAN YIIKOJDKYIOYUH BIUIMB Ha JKUTTE3JATHICTH
HEHPOHIB y KynbTypi. [IpucyTHICTS y KynbTypansHOMy cepemoBumli oKl i pamaMinuHy, Ik OKpeMo, Tak
1 CyMiCHO, cipusijia MiBHINCHHIO KUTTE3AATHOCTI KIITHH Ta 3amo0iraia 3HWKEHHIO MiTOXOH/IPiaIbHOT
akTuBHOCTI, cipuunHenux KI'JI/TE. [TokasaHno, mo Ha panHiit cranii gocnimkenns (1 rog nicns KI'JI/TE)
1€ CYIIPOBOJIXKYBaJI0Cs 301JIbIIEHHAM iIMyHOPEaKTUBHOCTI MOCTCHHANITUYHOTO Mapkepy PSDO9S5, o moxe
CBIIYUTH MPO aKTUBAIIII0 CHHANTOTCHE3y y Iiel nmepion. B momanemomy (depes 4 rona) Oyiio BHSBICHO
MiABUIICHHS iMyHOpeakTUBHOCTI LC3 y comi HEHpoOHiB, Ha BIIMIHY BiJl BIIPOCTKIB, JI¢ IIel TTOKa3HUK
3HWKYBaBcs. Y NaHii ekcrnepuMeHTalbHIA Moaeni oKD' i pamaminmuH MpoOSsBISUTH OJHOCTPSMOBaHI
HeliponpoTekTopHi edextu, npudaomy ais oKI' Oyma mopiBHsHHA 3 OokyBaHHsIM mTOR. 30inbmeHHs
ekcrpecii 3ragaHux OiTKiB MOKHA BiIHECTH 0 3aXHCHHUX peakiiil, CIpIMOBAHMX Ha MiATPUMKY/Bil-
HOBJICHHSI KIIITUHHOTO ToMeocTazy. O1xke, Bukopuctanus oKI i panaminuay Mano HEHPOIPOTEKTOPHUI
e(eKT Ha HEepBOBI KIITHHH 32 JaHUX CKCICPUMEHTAIBHUX yMOB. OTpUMaHi pe3ylbTaTH BKa3yIOTh Ha
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BaXUINBY POJIb CHTHAIBHUX IIIAXiB, onmocepenkoBannx oKI/mTOR, y 3abe3meueHHi KUTTE3XaTHOCTI
HEWPOHIB B YMOBaX imeMil.
Kuarouosi cioBa: imemist/Heiiponporexis, a-kerormyrapat(aKl'), mTOR.

TA30IOAIBHUM BOJEHB Y SKOCTI HEUPOIIPOTEKTOPHOI TEPAIIII
IINEMIYHO-PEINNIEP®Y3IMHOI'O IIOIIKO/J’KEHHSA 'OJIOBHOI'O MO3KY

O.B. Ilapbos
JHinposcokuil 0eporcagruti meouunuti yHisepcumem, m. [uinpo, alex.tsarevi@dma.dp.ua

JloBruii 4ac BOICHb 32 CBOIMH BJIACTHBOCTAMH PO3IJIsAABCs K 010XiMi4HO iHEpTHHIA ra3. OIHAK BiIKPHTTS
Ohsawa I. et al. [1] aHTHOKCHIAaHTHHUX BJIACTUBOCTEH ra30moAi0HOro BOJHIO 3a1109aTKyBaIo [Ty HU3KY
CKCIIEPHMEHTANBHIX Ta KIHIYHAX JOCII/UKCHB HOTO 3aCTOCYBAaHHS NpPH ilIeMiqHO-penepdysiiiHomMy
MONIKO/PKEHHI TOJOBHOTO MO3KY. Maruu HalMeHITy MOJICKYJISpHY Macy 1 TipodoOHI BIACTHUBOCTI,

ra3omno/iOHMi BOACHb Ma€ BUCOKY MPOHUKAIOUY 3AATHICTh MPOXOIUTH Yepe3 HUTOIUIA3MaTHYHI MeMOpaHH,
BKJIIOUAIOYHU BHYTPIIIHBOKIITHHHY AU(Y3i10 10 KOMIAPTMEHTIB MiTOXOHAPiN. [Ipu 1ibomy razononioHuit
BOJICHb HEMa€ IUTOTOKCUYHOTO BILUTUBY HABITh Y BUCOKUX KOHIICHTpaLisax. HelponpoTeKTHBHI BIaCTHBOCTI
ra3ono1i0HOTO BOJHIO BKJIIOYAIOTH B ce0€ HACTYITHI MEXaHi3MU. AHTHOKCUTAHTHHH e(DEeKT 3aCHOBAHUHN
Ha CEeJICKTUBHIN HelTpaiizamii BiabHUX paaukaiis (‘(OH, ONOQ"), a TakoX aKTHUBaIli1 KOMIIOHCHTIB aHTH-
OKCHJIAHTHOI CHCTEMH, 3HIDKYIOUH TAKMM YHHOM HEHPOHAIbHE MOIIKOKEHHS 1HAYKOBaHE OKCUIATUBHUM
ctpecoMm [ 1, 2]. [IpotuzananbHuii ehekt nossdrae y 3HUKEHHI piBHs Mpo3ananbHux nuTokiHis (IL-1, IL-6,
TNFo) Ta IpurHivyro4oMy BILTUBI Ha MO3aKIITHHHI CUTHAT - perynboBaHi kiHa3u (ERK). AnTuanonto3nuii
edexT - mossrae y 3HIKEHHI ekcnpecii Bax u caspase-3 Ha TJ1i nigBUILEHHS eKcrpecii iHridiTopy kacmnas -
Bcl-2 [3]. EdekT npurHiueHHs ayTodarii. AyTodaris BUCTYA0YH J130COMO - 3aJICKHUM (Hi310J0TTIHIM
MEeXaHI13MOM JIeTpaJiallii MOMKOHKEHUX OpraHe i OLTKOBHUX arperaris, IpU IIbOMY Oepe aKTHBHY y4acTh
y TOJIOBHUX MEXaHi3Max MOIMIKOKEHHS KJIITHH TOJIOBHOT'0 MO3KY, TAKHX SIK OKCHIATUBHHUH CTPEC, peaKiii
3amajieHHsl Ta anonTo3. HemmomaBHe MOCTIMKEHHS NMPOJEMOHCTPYBAJIO, IO BOACHB 3JaTHUH 1HTIOyBaTH
aytodarito Ta akTuBaiio curHaabHux HULsIXiB PI3K/Akt/GSK3f [4]. Ha MakpopiBHiI BUSBJICHO 3HMKEHHS
BHUPaXKEHOCTI MOpYyILIeHb (YHKLIT reMaTeHIedaaiquHoro 6ap>epy, 3MEHIIEHHS 30H (DOKAJILHOTO YIIKOIKEHHS
TOJIOBHOTO MO3KY Ta IIOKPAICHHS HEBPOJOTIUHIX (pyHKIiA. BUXOASIYH 3 HOTCHIIITHAX HEHPOIPOTEKTOPHUX
BJIACTHBOCTEW BOJHIO JIOCIIJDKCHHS HAIllJICHI Ha MOXJIMBE MOTO BUKOPUCTAHHS B KJIIHIUHIN MPaKTHIN JUTS
JKyBaHHS HETpaBMATHYHUX (IMIEMIYHUI Ta FreMOpAriYHUHN 1HCYIIBT, Cy0apaxHOigabHIUI KPOBOBWIIMB), TaK 1
TpaBMaTHYHUX (YEPEITHO-MO3KOBA TPABMa) YIIKO/HKEHb TOJIOBHOTO MO3KY.
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THE SPATIO-TEMPORAL CHANGES IN THE INTRACELLULAR CALCIUM LEVEL
IN THE PYRAMIDAL HIPPOCAMPAL NEURONS

V.M. Shkryl
Bogomolets Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, Slava@biph.kiev.ua
The spatio-temporal properties of the calcium signals were studied in the pyramidal hippocampal neurons

using two-dimensional fluorescence microscopy and a ratiometric dye Fura-2. The Ca?" imaging of the
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cell responses by several stimuli (field stimulation, high K+, and caffeine) revealed an asynchronous
delayed rise of the free Ca®" concentration. We found that the concentration of free calcium at rest inside
the nucleus is significantly lower than this parameter in the soma, sub-membrane, and dendritic tree.
The calcium signal, under depolarization, in the area of the dendritic tree appears faster than in other
regions, and the peak value of the Ca®" transient in this area is significantly lower than inside the soma.
The signal inside the neuron appears delayed compared to the sub-membrane and dendritic regions, but
the amplitude of Ca®* transient does not differ significantly. The release of calcium from the endoplasmic
reticulum occurs in all areas of the neuron. The peak value of the calcium response to the application
of 10 mM caffeine does not differ in the sub-membrane zone, central and nucleus but its significantly
reduced in the dendrites. 30% of the peak amplitude of Ca®* transient corresponds to calcium release from
the ER store by ryanodine receptors at the same time, short-term stimulation of the electric field did not
depend on it; in the presence of caffeine, the delay of appearance of Ca?* signals between various regions
of the interest of the neuron under depolarization is significantly decreasing. In summary, ratiometric
Ca?" imaging allows to gain additional info about Ca®* entry, local Ca>" release, and cellular spread of
activation during depolarization or action potentials train with underlying changing of Ca?* concentration
in different regions of interest of the pyramidal hippocampal neuron.

Keywords: hippocampal neuronal culture; calcium homeostasis; ryanodine receptors; ratiometric method;
Fura-2.

PIBEHb TPUBOKHOCTI I JENPECII Y TPAIIIBHUKIB HAIIIOHAJBHOT MOJITIIT
B. I1. JIsmenko', I. M. Koan®

! szdﬂoykpaZHCbkuu Hayionanshui yniepcumem imeni Bonooumupa Jlans, m. [ninpo,
2 [Ininpoecoxuil nayionanvhutl ynisepcumem, m. [ninpo, lyashenkovp@gmail.com

[Tepen cniBpoOiTHUKAMHA NPaBOOXOPOHHUX OpraHiB CTaBIATHCS 3aBAaHHS, III0 BUMATAOTh IIBUIKOTO i
e(eKTHBHOTO HECTAHAAPTHOTO 1X PO3B’A3AHHS B yMOBAX Ae(IilUTY Yacy, a Lie MOXKIIMBO JIMIIE 33 BiACYT-
HICTIO TPUBOXKHOCTI i ICNPECHBHHX CTaHiB. PiBeHh TPUBOXKHOCTI NMpaliBHAKA NOILiT Ge3110CepenHbO
BILTMBAE HA SIKICTh BUKOHAHHS HUM CBOIX (PYHKIiOHAIBHUX 000B’sI3KiB, HA CTAH MCUXIYHOTO Ta (hi3HYHOTO
30poB’s. IIpoGnema TPUBOXKHOCTI TICHO TOB’s13aHa 3 MUTAHHIMHU cny>1<60130'1' JUSUTBHOCTI npauiBHHKiB
TOJILT, Monepe/KeHHs KOHQIIKTIB i CTPECiB y MIXKOCOOHCTICHHX BiIHOCHHAX. B SKOCTI 0CIIKeHHX
BHCTYITHIIH NpaniBHAKK momimii, a came «lomosHoro ynpasninas Hanionamsroi mominii 8 J{Hinpore-
TPOBCHKiil 00macTi», B 3arayipHii KinbkocTi 60 0ci0, 3 HUX 35 4onoBiKiB 1 25 KiHOK, BikoM 34-39 pokiB,
3 PI3HUM CTaxkeM ciyx0u B mominii (Bix 13 no 18 poki). Yei mpaniBHUKH Aanu J0OPOBIIBHO 3roy Ha
y4acTb y JOCHiKeHH1. JJocaiKyBaHi MPOXOAUINA TECTyBaHHA 3a IKAJIOI CUTYaTUBHOI (peakTUBHOT) 1
ocobucricHoi TpuBoxkHOCTI Crinbeprepa-XaHina Ta 3a mkanoto nenpecii bexa (BDI). 3a qomomororo
TECTy CHTYaTHBHOI 1 0COOMCTICHOT TPUBOXKHOCTI B TPYI i3 35 YOJOBIKIB 3a MIKAJIOK CUTYyaTUBHOI
TPUBOKHOCTI BHSBJICHO: BUCOKA TPUBOXKHICTH criocTepiranach y 39% ocid, momipHa TpUBOXKHICTE ¥ 42%
0ci0, HU3BKa TPUBOXKHICTB - 19% 0ci0. 3a mKanorw 0coOOUCTICHOT TPUBOKHOCTI Y YOJOBIKiB BUSIBICHO :
BHCOKa TPUBOXKHICTB Y 26% 0ci0, moMipHa TPUBOXKHICTB Y 46% 0ci0, HU3bKa TPUBOXKHICTH y 28% ocib. 3a
HIKAJI0I0 CUTYaTUBHOT TPUBOKHOCTI y Ipyi 13 25 KiHOK BUSIBJICHO: BUCOKA TPUBOXKHICTh CIIOCTEpiraiach
y 56% oci6 , nomipHa y 28% oci0, Huzbka 'y 16% oci0. 3a mkanor 0coOUCTICHOT TPUBOXKHOCTI BUSBICHO
: BUCOKa TPUBOXKHICTH ¥ 43% 0ci0, momipHa TPUBOXKHICTE y 32% oci0, Hu3bKa y 25% ocib. 3HaueHHS
IiJICYMKOBOTO TIOKa3HUKA 10 CUTYaTUBHIHN MiIIIKaII JIO3BOJISE OIIHATH HE TUTHKH PIBEHb aKTyaJIbHOKO
TPUBOTH BHIIPOOYBAHOTO, a i BU3HAUNUTH, YU 3HAXOJIUTHCS BiH il BIUTMBOM CTPECOBOI CUTYAIll 1 sKa
IHTEHCHBHICTH IILOT'0 BILTUBY Ha HHOT0. OCOONCTICHA TPUBOKHICTD SIBJISIE€ COO0I0 KOHCTUTYIIHHY MEXKY,
sIKa 00YMOBIIIOE CXMJIBHICTh CIIPUNHMATH JOCUTD Pi3HI CUTYAIii SIK 3aTPO3JIUBI, BiAIOBI1aI0UN HA KOXKHY 3
HUX TIEBHOIO peakuieo. Ik CXUIbHICTh, 0COOMCTA TPUBOXKHICTh AKTUBI3Y€ETHCS MPU CIPUIHATTI IEBHUX
CTUMYIIIB, IO PO3ILIHIOITHCS JTIOAMHOI SIK HEOE3IEeUHi s CaMOOIIHKH, camoroBaru. [lpu BUCOKIN
0COOMCTICHOT TPHBOYKHOCTI KOKHA 3 IIMX CUTyaIliid OyJe BOJOIITH CTPECOBHUM BIUIMBOM Ha CyO»eKTa
1 BUKJIMKATH Y HbOT'O BUPaXKEHY TPUBOTY. Jly’Ke BHCOKa OCOOMCTICHA TPHBOXKHICTD MPSMO KOPEIIOE 3
HAsSBHICTIO HEBPOTHYHOT'O KOH(IIKTY, 3 EMOLIHHUMH i HEBPOTHYHUMH 3PUBAMU 1 IICUXOCOMATHYHUMHA
3aXBOPIOBaHHSIMH. Tpeba Bif3HAUNTH, [0 MU HE CIIOCTEPIraiau BiporiJHUX BiIMIHHOCTEH y MOKa3HUKaX
CUTYaTHBHOI 1 0coOuCTICHOT Aempecii AK y YOJOBIiKiB, Tak i y iHOK. 3a pe3yibTaTamu TecTy beka
B rpymni 13 35 vonoBikiB 3a mkanow BDI Big3HaueHO BiJCYTHICTh JAENPECHUBHUX CUMITOMIB y 63%
oci0, Ta jerka gempecis (cyonenpecis) y 37% oci6. B rpymi i3 25 xinok 3a mkanot BDI BincyTHicTh
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nmemnpecii BigzHadeHo y 48% iHOK, Jlerka mernpecis y 36% KiHOK Ta MoMipHa Iempecis BHUSIBICHA Y
16% xiHok. CtaTeBi BIIMIHHOCTI MOJSATAIHd B TOMY, 110 Y IHOK 3HI)KYBaBCs BiJICOTOK BiJICYTHOCTI
JICTIPECUBHUX CTaHIB 1 3’SIBUBCS BiJICOTOK OCi0 3 MOMIPHOK JIENPECi€r0, YOTO HE CMOCTEpIirajioch y
q0JI0BiKiB. Jlempeciss BUKINKAe ACTPECUBHI HACTPOI, BTpATy iHTepecy abo 3aJ0BOJICHHS, 3HIDKCHHS
EHEprii, MOYyTTs MPOBHHU a00 HIU3bKY CAMOOIIIHKY, TOPYIICHHS CHY a00 aleTUTy, clIa0Ky KOHIICHTPAI[i0
yBaru. bBinemr toro, gempecis 4acTo MOB’s3aHa 3 CUMITOMAaMH TPUBOTH. L[i mpoOieMu MOXKYyTh cTaTh
XPOHIYHUMH 200 pEIUIUBHUMU 1 TPU3BECTH JI0 ICTOTHUX MOPYIIECHb pOOOTH MpaliBHUKIB HarioHansHOT
MOJTIIIT BUKOHYBATH CBOT MOBCSIKJIEHHI 000B’SI3KH.

Kuaro4oBi ciioBa: mpaiiiBHUKH HAI[IOHAIBHOT MO, CHTYaTHBHA TPHBOXHICTh, 0COOUCTICHA TPHBOXKHICTD,
JenpecuBHUi ctaH, Tect Crninbeprepa-Xanina, TecT beka.

BIIVINB XOJIIHEPTTYHUX AHTATOHICTIB HA ENVIEITU®OPMHY
AKTUBHICTbD B I'llTOKAMIII LI{YPIB B YMOBAX INTPUTHIYEHHS
TVIYTAMAT- TA TAMKEPTTUYHOI CHHAIITUYHOI ITEPE JAYI

0. C. 3anyxask, [1.C. IcaeB
Inemumym ¢hizionoeii im. O.0. Boeomonvys, m. Kuis, olha.zapukhliak@biph.kiev.ua

Eninentudopmua akTHBHICTH OyJa iHAYKOBaHA Ha CBI’K0O130JIbOBAHUX 3Pi3ax IiITOKaMIIa IyPiB IUISIXOM
cynep¢ysii OCTaHHIX PO3YNHOM IITYYHOI CHHHHO-MO3KOBOI piinHU. 3 MeTOI0 iHAYKLIT eminentuhopMHoi
AKTUBHOCTI BKa3aHUH pO3YMH HE MICTHUB 10HIB MarHito, a TAKOK MiCTUB HACTYTHI OJIOKaTOPH CHHANITUYHOT
nepenadi: antarosict riyramatHux AMPA peuenTopiB (CNQX, 10 uM), aHTaroHicT riyraMaTHHX
NMDA peuenToplB (MK-801, 2 uM) Ta anTaronict '’ AMK penenropis (0ikykymid, 10 uM). Cynep(1)y31ﬂ
3pi3iB MO3KY IIypiB JaHHM PO3YMHOM BHKIMKAJA MOSBY BHPaXCHOI SHiNenTuOpPMHOI aKTHBHOCTI B
ninsakax rinokammna CAl ta CA3. Ha BiamiHy BiJ BITOMUX MOJIeTIeld HECHUHAITHYHOT enmeHTI/IcpopMHm
aKTHBHOCTI, K, HAaNPUKIaj, Mg dac cynepdysii 3pisis PO3UHHOM 13 HU3bKUM BMICTOM KaJIbIifo abo
Grokanu Kanbli€BUX KaHAJIB XJIOPHIOM KaJMIil0, OTPUMAHHH THII aKTHBHOCTI MaB 3HAYHHIi PIBCHb
CHHXpOHi3alii moapoBUX noteHianiB Mixk 30HaMu CA1 ta CA3. Leii paxT Bka3zye Ha HasiBHICTh A0JaT-
KOBOTO MEXaHI3My eJIeKTPUYHOI CHHXPOHi3alii B rinokamiii, SIKUi He 3aJIe)KUTh BiJl aKTUBHOCTI IJIyTa-
MatHux AMITA i HM/JIA, ta TAMK penenropiB. Armiikallisi X0JiH XJOPUIY BUKJIHKala MPUTHIYCHHS
eMiJIeNTH(POPMHOT AKTUBHOCTI Ta ICTOTHE 3MECHIIICHHS] CHHXPOHI3aIIi1 MOJIh0BUX MoTeHITianiB Mixk CA1 Ta
CA3. Ammikaiiisi HECeJIeKTUBHOT'0 0JOKAaTOpa HIKOTHHOBUX PEIENTOPIiB MEKaMiIaMiHy TaKOX IIpU3BeIa
o npunuHeHHsT CA1-CA3 cunxpoHnizanii MepekeBoi akTUBHOCTI B rimokammi. HatomicTs cenekTUBHI
aHTaroHictu o7 Ta 04p2 MiATUNIB HIKOTUHOBHUX XOJIHOPEICNTOPIB HE MaJIu MOMITHOTIO BINIUBY Ha BKa-
3aHy eminentuGopMHy akTUBHICTh. Lle#l GakT Bka3ye Ha BiACYTHICTh 3HaYHOT poii a7 Ta a4P2 miaATUIIB
HIKOTHHOBHX PEIENTOPIB B JaHii MOeN HaIMipHOT CHHXPOHI3allii aKTUBHOCTI TilMOKaMIadbHUX HEH-
poHHUX Mepex. OHaK 31aTHICTh MEKaMiJaMiHy 3MEHIYBaTH 3a3HAUYCHY emiienTH(HOPMHY aKTHBHICTh
CBIYHTH TIPO T€, IO B TIIIOKAMITI IEBHUH THIT HIKOTHHOBHMX XOJIHOPEIENTOPIB BiJlirpae MOMITHY POJIb
B CHHXpOHi3alii nonboBux noteHmianiB B ginsHkax CAl ta CA3 rimokammna. Bapro 3a3HauuTH, 110
MEKaMillaMiH € (hapMaKOIOTiYHIM 3ac000M, SIKUI BUKJIMKAE 3HIKCHHS apTepianbHOro THCKY. OTpuMaHi
JaHHI CBI4aTh PO TE, 10 MEKaMilaMiH MOXe 3MEHIIYBaTH CUHXPOHI3aIil0 HEHPOHHOI aKTUBHOCTI B
rimoKaMIIl mij Jyac eniIenTUYHUX HalaaliB.

KurouoBi cioBa: rimokamil, eniyienTu(hopMHa aKTUBHICTb, XOJIIHOPEIECITOPH.

HOPAJAPEHEPI'TYHA MOAVYJALIA KAJBIHIEBUX CTPYMIB I'AHIVIIS
TPIMYACTOI'O HEPBA

M.B. Teabka, B.FO. MacJoB, C.A. ®enynoBa, Becesnoebkuii M.C.
Tnemumym ¢hizionoeii im. O.0. boeomonvys HAH Yxpainu, m. Kuis, mariyka.t@gmail.com

BB HOpanpenaniny (HA) Ha okpeMuii KyIbTHUBOBAHHH CEHCOPHHIA HEHPOH MOXHA PO3TIISAATH SIK
MOJIENTb CHMIIaTO-CEHCOPHOI B3a€MOJIl, SKa BiAirpae KIIOYOBY POJb Y PO3BUTKY CHMIATO-3aJICKHUX
natojoriyaux craHiB. [lorenmian-keposani kanbiieBi kananmu (IIKK) € ocHoBHOrO MimeHH0 aii HA Ha
Heliponu. KiiTHHHI MeXaH13MH Takoi Jii J0CTaTHLO N0Ope JAOCIIKEHI Ha CIIIHAIbHUX TaHTJIisAX, IPOTEe
eextn HA Ha Heliponu ranriis Tpiiiuactoro HepBa (I'TH) 3anumarThcs HEJOCTATHBO JOCIIIKEHUMH.
Hawmu Gyiio BUSBIEHO ABa TUNH MOAyaATopHOI 1if HA Ha Heliponu I TH: 3MeHIICHHS aMILTITY U CTPYMY

ISSN 2522-9028 ®ision. scypn., 2022, T. 68, Ne 3, 0ooamox 49



Tesn nonosineit Beeykpaincbkoi koHpepeHii 3 Heiiponayk 25-27 nmunas 2022 p., m. Kuis

0e3 3MiH KiHeTHKH (mepmuil THm, 62 % KIITHH) Ta 3 yHOBUIbHEHHSIM KiHETHKH (Apyruil tum, 29 %).
[aribiTop mporeinkinazu C xeneputpin (5 MKMonb/i) 3MeHITyBaB eext HA ma 60 % mpw nii meprmoro
tuny. Edpext HA apyroro tunmy OyB HEUyTIHBHM 10 OJI0KaTOpa, MPOTE MOJETIIYBaBCS MOMEPEIHBOIO
Jenonspusaniero MeMOpanu HelipoHa. OcTaHHE CBIAUUTH Mpo NpsimMuil BIuiuB Py cybonuuuins G-0inka
Ha IIKK. OTpumaHni pe3ysnbTaTu CBiiuaTh IpO HasiBHICTh y HeifpoHax I'TH nBoX KIITHHHUX MeXaHI3MiB
nii HA na ITKK: npoteinkinaza C-3anexnuit Ta GBy-onocepeKkOBaHUN.

KurouoBi cjioBa: ranriii TpiiuacToro HepBa, KajablliEBUH CTPYM, HOPaJAPCHAIH.

DEXAMETHASONE PROLONGS THE DURATION OF ASTROGLIOSIS
IN THE RAT BRAIN FOLLOWING INTRACEREBRAL HEMORRHAGE

A. Kuraieval, S. Savosko!, Y. Chaikovsky!, O. Bashyrova!, O. Makarenko?

IBogomolets National Medical University, Kyiv, Ukraine,
’Interregional Academy of Personnel Management, Kyiv, Ukraine, s.i.savosko@gmail.com

Astrocytes demonstrate pronounced reaction after ischemic and traumatic CNS injury. In this study, we
analyzed the dynamics of morphological changes in astrocytes after intracerebral hemorrhage (ICH). We
modeled ICH by a two-step autologous blood injection into the brain of Wistar rats. Astrocyte reaction
was detected using immunohistochemistry on days 1,3,10,30,60 following the injury. Dynamic changes
of astrocyte perimeter in the brain were observed in ICH and control groups (penetrating trauma group,
in which the insertion needle was inserted without autologous blood injection) and in the ICH group with
the administration of dexamethasone. A significant increase in astrocyte perimeter was observed on days
3 and 10 in the somatosensory cortex, sector CA1 of the hippocampus, and dorsolateral striatum. In the
control group, the astrocytic reaction was observed during the first three days, while in the ICH group
reactive changes occurred on day 10 in the neocortex and striatum (an increase of GFAP expression,
astrocyte hypertrophy, intense GFAP-positive reaction following blood vessels). Reactive astrogliosis is
considerably more intense around the hematoma compared to the area of the needle (cannula) insertion
track. Dexamethasone amplified the astrocytic response that was defined by a substantial increase of
astrocyte perimeter in the neocortex and striatum on the 10th day following the injury hypertrophy was
also noted on the 30th day. Reactive gliosis is a general response of astrocytes to brain injury, in which
the defining factor of the degree of reaction is the presence of ICH-induced brain damage. In this case,

dexamethasone prolongs the duration of the astroglial response.

Keywords: astrocytes, intracerebral hemorrhage, GFAP.

CTAIIOHAPHI JI)KEPEJIA EJEKTPUUYHOI AKTUBHOCTI IPE®POHTAJIBHOI
KOPH I YAC BUKOHAHHSA KOMBIHOBAHOI'O TECTY CTPYITIA

I. C. Aanyx!, T. B. Kynenko', JI. B. Haceakin?

'Kuiscoruil nayionanvrutl ynieepcumem imeni Tapaca Illesuenka,
2 [nemumym ximii nosepxui im. O.0. Yyiika Hayionanenoi axademii nayx Yxpainu,antsukh 4@gmail.com

Heiipoanatomis 3aBJiaHb i3 3ally4YeHHSIM HAaBAaHTA)KCHHS Ha OCHOBHI KOTHITHUBHI MPOIIECH, TaKIi, SIK TECT
Ctpyna e 1o0pe BUBUCHUMH. B 0CTaHHI POKM aKTUBHO AOCHIKYIOTHCS IPOSIBU MIXKITIBKYJIbHOT acUMeTpii
[IpY BUKOHAHHI TaKkuX 3aBJaHb. CBIAUEHHS, 110 BKa3ylOTh Ha ciequ(iuHy aKTUBHICTb MpaBoi abo JiBoi
MBKYJI, 3apEECTPOBAHI 38 JOMOMOTO0IO 3ally4CHHS 10 MPOLEAYPH TECTYBAHHS CTUMYJIALIT aKTHBHOCTI
$ponTaneHoi Kopu. JlaHi, 10 OTpUMaHi i3 HelipoBisyaisalii, 3aMMMAITh GiNblIe MICIs UL XUCKYCii
HABKOJIO IePEBaXKAI0Y0i yHaCTi KOHKPETHOI MIBKYJIi B IpoIleci BUKOHAHH TecTiB. Hanpunkmaz, Hl,Z[TpI/IMKa
yBard Ha HaJIC)KHOMY PiBHI IpY BUKOHaHHI 3aBHaHHsa CTpyma, 3a IeIKUMH Pe3yNbTaTaMH, 3iHCHIOETHCS
JlopcoiaTepajbHOI0 MPePPOHTATBHOI0 KOPOO MPABOi MiBKYJIi. AKTYaJIbHICTh MPOBEICHHS JOCHTIKEHb Y
[bOMY HAMPSIMKY B TICBHIH Mipi 3yMOBIIeHa TUTAHHSAM, SKUM YAHOM 3 IEBHUMHU KOTHITHBHUMU MPOLIECAMU
KOpeJoe MPOCTOPOBa OpraHizaiis iXx HEHpPOHHUX OCHOB. byna mociimkeHa eleKTpUYHA AKTUBHICTD
KOpH BEJIMKHUX MBKYJIb TOJIOBHOTO MO3KY IPH BUKOHaHHI KOMOiHOBaHOTO Tecty Ctpyna. O6crexeni 11
YOJIOBIKIB, IO € TIpaBmIaMHu. J{JisT BCTAHOBIICHHS PO3TallyBaHHS JIJISHOK aKTUBHOCTI Y KOP1 TOJIOBHOTO
MO3KY OyJI0 3aCTOCOBaHO METO/I aHAII3y He3alle)KHIUX KOMIIOHEHT 13 HACTYITHUM BHU3HAYCHHSM JIOKaTi3aii
mxepen curnany EEI. IloBeninkoBi naHi TecTy Oyiu mpoaHani3oBaHi Ha MpeaMeT po30iKHOCTEH IpH
HaJaHHI BiAMOBiAEH MpaBoio abo JiBoI0 pykoro. [Ipu po30iKHOCTI CEMaHTHUYHOTO 3HAYCHHS CJIOBA Ta
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KOJIbOPY, SIKKM BOHO HaIMCaHe, BUsABJICHO Outbine myxkepest EED y nmpagiit hpoHTanbHii kopi. Bukopuctanmii
Halip JaHWX HE JI03BOJISIE OTPUMATH CTATHCTHUYHO JIOCTOBIPHY PI3HUIIO Y PO3MOIII KIIBKOCTI JKEpeEs
MIXK MiBKYJISIMH, III0 3yMOBJIIEHO MaJIOK KIJIbKiCTIO 0OcTexkeHnX. HamauHs BiAMOBieH TpaBoio pyKow y
BHUMAJIKY ITPEACTABICHHS KOHQIIKTHUX CTUMYJIiB BUSBHIOCS MOBIIBHIIINM, 1[0 MOXE OyTH 3yMOBIICHE
MDKIIBKYJIBHUM NEpEHECEHHIM iH(opMmalii 3 mpaBoi miBKyJi B JiBy. MeToJ aHamizy HE3alleKHHUX
KOMIIOHEHT Ma€ NEePCIEeKTUBU sl BUKOPUCTAHHS Y AOCIIIXKEHHAX JaTepallizalii KOrHITUBHOIO KOHTPOJIIO.
binpma KinbKicTh JaHHX, OO MOXKHA OTPHMATH, HAIIPUKIAL, IPU BUKOPUCTAHHI CHCTEM 13 BEIHKOIO
IIJTBHICTIO PO3TANlyBaHHS €JIEKTPOJIiB, J03BOJIUTh OTPUMATH SKICHIITY 1HPOPMAIIIIO PO PO3TAITYBAHHS
mokepen curHany EED y kopi niBkysb. Taki JaHi MOKHA BUKOPHCTATH ISl Kay3allbHOTO MOJICITFOBAHHS
CJIEKTPUYHOI aKTUBHOCTI MO3KY NpU BUKOHAHHI TecTiB. Uepe3 MOpPIBHAHHSA MOJENCH i3 BKIIOUCHHSIM
PI3HUX JIISHOK KOPU MO’KHA BiJMOBICTH Ha MUTAHHA NMpo nudepeHuiiie iX 3amXydeHHS 0 NMPOIleCiB
KOTHITUBHOT'O KOHTPOJIIO.

KarouoBi ciioBa: komGiHoBaHui TecT CTpyna, aHali3 He3ale)KHUX KOMIIOHEHT, MIXKITIBKYJIbHA B3a€MO/Tis.

DEVELOPMENT OF THE NEWEST ANALGETIC MEDICINES - NA, 1.7 CHANNEL
ACTIVITY MODULATORS

V. B. Kulyk!, A. Venhreniuk!, O. Iegoroval, A. V. Raevsky’, M. O. Platonov?, O. Maximyuk!

IBogomoletz Institute of Physiology, Kyiv,

Inslztute of Food Biotechnology and Genomics of National Academy of Sciences of Ukraine, Kyiv,
3Institute of Molecular Biology and Genetics National Academy of Sciences of Ukraine, Kyiv,
kulyk@biph.kiev.ua

All pharmacological analgesics known up to date have a variety of serious side effects limiting their
use in medical practice. In this regard, the search for new pain relievers is an urgent problem in modern
pharmacology. Microtubules of the cytoskeleton, which are capable of regulating the activity of ion
channels involved in nociception processes, have recently been proposed as a promising target for such
pharmacological agents. Our research is looking into the connection between the activity of enzymes that
transform cytoskeleton proteins and the formation of a pain signal at the sensory terminals of primary
nociceptive afferents. The role of voltage-gated sodium ion channels Na 1.7 type in the development
and maintenance of chronic pain is well known: they provide rapid depolarization of the plasma
membrane and are effectively blocked by tetrodotoxin (TTX). TTX-sensitive Na, 1.7 highly expressed
in the membranes of the dorsal root ganglia nociceptive neurons [1]. Following the identification of
potential binding sites and the analysis of the results of virtual screening of chemical compounds, 43
compounds enzyme inhibitors involved in post-translational modifications of microtubule elements were
synthesized. Proton nuclear magnetic resonance and chromatography-mass spectrometry were used to
confirm the structure of the compounds. A model of the interaction of the ion channel and microtubules
on the membrane’s surface was created. [2]. As a result, this model was validated using the «patch-clamp»
technique, which is the gold standard in the study of the pharmacology of cell membrane ion channels.
The activity of synthesized compounds was tested at concentration of 100 uM on the native Na 1.7
channels expressed in 5-day cultured DRG neurons. According to the research results, the compounds
7116802612, 212222865, 226449000101, and 22826002908 also have moderate inhibitory effect (25-
50 %) on Na_ 1.7 at concentration of 100 uM and are the most active compounds in the studied series.
Further research and possible structure optimization of these molecules will help to form a prototype
of a new class of Na 1.7 channel activity modulators, which will help in development of novel type of
non-opioid analgesic medications.

References:

1. Hameed S., Na 1.7 and Na_1.8: Role in the pathophysiology of pain // Mol Pain. —2019. - 15. - P.1-11.
2. Rayevsky, A.A., Samofalova, D.O., Maximyuk, O. et al. Modelling of an autonomous Na 1.5 channel
system as a part of in silico pharmacology study. // J Mol Model. — 2021. — 27. — 182.

Keywords: microtubules, primary nociceptive afferents, nociception, voltage-gated sodium ion channels,
modulators.
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PHOSPHOLIPIDS OF DIFFERENT ORIGIN IN THE PREVENTION
OF BILIRUBIN ENCEPHALOPATHY IN EXPERIMENTAL TOXIC HEPATITIS

V. A. Gryshchenko', Ye.M. Reshetnik?, V. A. Tomchuk!, S.P. Veselsky?

!National University of Life and Environmental Sciences of Ukraine, Kyiv,
>Taras Shevchenko National University of Kyiv, Kyiv, reshetnikem@gmail.com

Bilirubin encephalopathy is manifested by significant damage to the central nervous system and in
severe cases ends fatally. Bilirubin encephalopathy occurs against the background of hyperbilirubinemia
most often with hepatopathology and in newborns. The neurotoxicity of bilirubin is primarily related
to its unconjugated fraction in the blood, which is able to passively diffuse through the cell membranes
of astrocytes and neurons and damage cell membranes, including mitochondrial membranes, lead
to disruption of energy metabolism, transport and metabolism of neurotransmitters. Phospholipid-
containing drugs are widely used in clinical practice for a reparative effect aimed primarily at restoring
cell membranes. The purpose of the study was to determine the specifics of the effect of drugs based on
phospholipids of various origins on the pigment metabolism in the drug-induced form of toxic hepatitis
in rats. To conduct experimental studies, male laboratory rats of the Wistar line (body weight of 200-220
g) were used. It was formed four groups of the rats: the control (intact animals) and three experimental
groups of ten rats each. A toxic form of hepatitis was induced in the rats of the experimental groups by
oral administration of the drug diclofenac (12.5 mg/kg of body weight, once a day, during two weeks).
The animals of the experimental group 1 were left without treatment. The experimental group 2, after
simulating the medicinal form of toxic hepatitis, was orally administered the Essentiale-Forte drug
based on soy phospholipids (7.1 mg/kg of body weight) for 50 days, and rats of the experimental group
3 were administered the new drug «FLP-MD» based on phospholipids of milk (13.5 mg/kg of body
weight). The content of bilirubin derivatives in the native blood of rats was determined using the thin-
layer chromatography method: unconjugated bilirubin, bilirubin sulfate, bilirubin monoglucuronide,
bilirubin diglucuronide, the total fraction of bilirubin monoglucuronide and bilirubin monoglucoside. It
was found that the level of bilirubin diglucuronide increases by 94.0% and the level of the total fraction
of bilirubin monoglucuronide and bilirubin monoglucoside decreases by 26.7% in the medicinal toxic
hepatitis (group 1). The increase of the level of unconjugated bilirubin in the blood may be related to
the suppression of the activity of UDP-glucuronyltransferase. In addition, the medicinal form of toxic
hepatitis is complicated by intrahepatic cholestasis. Therefore, the content of all investigated fractions
of bilirubin increased in the blood, which in the absence of adequate therapy increases the probability
of developing bilirubin encephalopathy. The use of Essentiale-Forte in the group 2 reduces the severity
of the drug-induced form of toxic hepatitis. However, the content of bilirubin diglucuronide in their
blood remains increased by 55.3%, and bilirubin glucuronide increased by 54.4%, which indicates the
absence of positive changes regarding the existing intrahepatic cholestasis. In the case of the use of
the phospholipid drug «FLP-MD» in animals of the experimental group 3, the normalization of the
quantitative characteristics of almost all fractions of bilirubin in the blood was noted, with the exception
of the total fraction of bilirubin monoglucuronide and bilirubin monoglucoside, the level of which
increased by 26.7%. The obtained results indicate the strengthening of detoxification processes in the
liver and elimination of the phenomenon of cholestasis for the animals of the group 3, which reduces
the risk of bilirubin encephalopathy. Based on the results, we can assume that the effectiveness of «FLP-
MD» is more pronounced in terms of correction of pigment metabolism disorders and prevention of
the development of bilirubin encephalopathy in the conditions of the conducted model experiment on
laboratory rats. The established effectiveness of the drug based on milk phospholipids («FLP-MDy) is
promising both for clinical medicine and for applied veterinary medicine for use in the medicinal form
of toxic hepatitis with the risk of developing bilirubin encephalopathy.

Keywords: bilirubin encephalopathy, bilirubin fractions, phospholipids, blood, rats.
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IMYHOJIOTTYHI TOKA3HUKH CTYJAEHTIB Y NEPIOJI 3MMOBOI CECII
B YMOBAX PIBHEHIIIUHHA

B. JI. Pomamnrok!, O. IT. Ionimyk 2, C. B. ®epopuyk’

1P16HeHCbKuu OepoicagHul cymanimapruii ynisepcumem, m. Piene, Yipaina,

2Pisnencoruii oonachuti Kiiniunutl 1ikyéanvHo-oiasnocmudnuii yenmp imeni Bikmopa Ioniwyxa,
M. Pigne, Vkpainua,

3Hau10Hafszuu yHigepcumem Qizuunozo suxoeanns i cnopmy Ykpainu, m. Kuis, Yxpaina,
volynnaukarv@ukr.net

IMyHOOTI4HI TOKa3HHKH 5K BATOMI CKJIa/I0BI (Qi3HYHOTO i IICHXIYHOTO 3/[0POB’sl JIIOIMHI CYTTEBO 3aJICKATh
BiJl IPUPOJHKX i COLIANLHUX YMOB ICHyBaHHSI Y T.4. €KOJIOTIYHHX YMHHHKIB, IIOPH POKY i crieundiknu
aisnpHoCTi. IIpy 1bOMy HABYANbHMIA NPOLEC SIK CreUM(ivHa KOrHITHBHA JisIBHICTD 3 BiANOBIAHAM
€MOLIIHUM CynmpOBOJIOM MICTHUTh O3HAKM (1310JIOTIYHOTO 1 IICUXOJIOTIYHOIO cTpecy. B cBoro yepry, ek-
3aMCHAIIITHY CECil0 CTYIEHTIB MOXHA XapaKTepU3yBaTH K IICUX0(]i310J0TIYHY MOJEIIb CTPECY B yMOBax
nita abo 3uMu. Di310JIOTIYHUN 1 TICUXOJIOTIUHHE cTpec, eycTpec (KOPOTKOYACHUH 1 KOPUCHUH cTpec) 1
nuctpec (TpUBANMA 1 KIUIMBUN CTPEC) CYTTEBO BIUTUBAIOTH HAa TTIOKA3HUKH T'YMOPAJIBHOTO 1 KIIITHHHOTO
IMYHITETY i3 BpaxyBaHHSM CTaJlil cTpecy (TPHBOTH, aJanTaIlii, BACHaKEHHsI ) 1 AMHAMIKHU cTpecy. Takum
YIHOM, IMyHOJIOT1UHI TOKa3HUKN MOXYTh OyTH (pyHKIIOHATBHUMHU IHIUKATOPAMHU CTPECOCTIHKOCTI Op-
ra”i3My y BiAOBITHUX YMOBax iCHyBaHHs[ abo JisTBHOCTI, Y T.4. HABYAJIBHOI Ta CIIOPTHBHOT AisNBHOCTI,
a TaKoXK IOTEHUIHHOI rinoguHaMmii abo pizuuHoi akTuBHOCTI. KOMIICKCHI QYHKIIOHANBHI 10 CITiKCHHS
y CTy):[eHTus JIcHHOT (POPMH HABYAHHS [IPOBE/ICH] HA TEMATONONYHOMY aHAIi3aToOpi Y BiALICHHI aBTOMa-
TH30BaHOI 1ab0opaTOPHOI NiarHOCTHKHU PiBHEHCHEKOTO 00IaCHOTO KIIHIYHOTO JTiKyBaJIbHO-11aTHOCTHIHOTO
nentpy (POKJIJLL) mix yac 3uMoBoi cecii y rpynai 2019 p. CTyIeHTH-TICHXOJIOTH €KCTIEPUMEHTAIBHOT
rpynu — 2 xyormi (18,2 %) 1 9 misuar (81,8 %) y Bini 19-20 pokiB (3 Kypc HaBYaHHA); piBeHb (i3HIHOT
AKTHBHOCTI B YMOBax 3UMH — MOMipHHH. Pe3ynpTaTn €(heKTHBHOCTI HABUAHHS CTYIEHTIB — «JI00pe»
1 «BiAMiIHHO» (siKicHa omiHka). ExonoriyHi ckiagoBi HaB4aHHS — Mexa [lomiccs 1 Jlicocteny 3 mpu-
ponHUM Ae(DIUTOM Yy IOBKUIII OIOF€HHHUX MIKPOEJIEMEHTIB, y T.4. Hoxy. Pe3ynpratu iMyHONOTIYHHUX
IOCITIKEHB Y CTYACHTIB €KCIIEPUMEHTAIBHOL rpymu 3a rpyaeHs 2019 p. HacTynHi (y HOpiBHAHHI IIOI0
Hopwmu 3a ganumu POKJI/IL]): 1) nefikomutu — 6,8 + 1,2 I'/n (Hopma 3,6-8,5 I'/i); 2) 6a3o¢inu (rpany-
mouutn) — 1 % (aopma 0-1 %); 3) eosunodinu (rpamymnonutn) — 1,6 + 0.8 % (mopma 1-5 %); 4) mamud-
KosiZiepHi HeWTpodinu (rpanynonutu) — 3,4 £ 1,3 % (Hopma 1-6 %); 5) cermeHTosiAepHI HeWTpodinu
(rpanynouutn) — 52,8 + 5,1 % (Hopma 45-80 %); 6) mimbouutu (arpanynounuts) — 35,7 + 6,4 % (Hopma
19-37 %); 7) monouuTu (arpanynonutu) — 6,3 £ 1,2 % (HopMa 3-10 %); 8) TpOM6OIII/ITI/I —226,8
27,9 I'/n (HopMa 150-450 F/n) Hpn LbOMY 6a30(1)1J1H BusiBieHl y 2-x (18,2 %) CTyz[eHT1B (y JIBYMHHU 1
XJIonst). ¥V UiToMy iMyHONOTIYHI ITOKa3HHKH €KCIICPHMMEHTaIBHOT IPYIIN CTYICHTIB Y IepioJ 3UMOBOI
cecii (Moeh ek3aMeHaIiHHOT0 a00 MCUX0(]i310JI0TIYHOTO CTPECY) Y BIAMIOBIIHUX EKOJIOTIYHUX YMOBAX
JSUTBHOCTI 3HAXOATHCS B MekaxX (pi310J0T14HOT HOPMH, IO CBIYUTH PO €(heKTUBHICTD aanTaiiHuX
MPOLIECiB OPTaHi3My, a TAKOX IX MOTEHIIHHY (YHKI[IOHATBHY CTPECOCTIHKICTD 13 BpaxyBaHHIM BIKOBHX i
cTaTeBUX ocoOnuBocTeil. IlepcrnexkTnBa HAyKOBUX JTOCIIXKEHb — JIaTHOCTHKA IMyHOJIOT{YHUX MOKA3HUKIB
K (PYHKI[IOHAJBHUX 1HAUKATOPIB CTPECOCTIKOCTI OpraHi3My JIOAMHUA B YMOBaX CIIOPTUBHOI'O TPEHYBaHHS
i 3MaraHHsl, HOTCHIIHHOT 010JIOTYHOT 3arpo3u (emigeMis, MaHaeMis), a TAKOX BOEHHOI 3arpo3Hu.
Karouoi cioBa: 310poB’s, cTpec, TEHKOUNUTH, TPAHYIOMUTH, arpaHyJIONUTH, TPOMOOIINTH, HAaBYaHHS,
cTyJeHTH, PiBHEHIIMHA.

3MIHA MOKA3HUKIB TEMOJAHAMIKHA BPAXIOIIE®AJTBHUX APTEPIA
TA CTPYKTYPU I'ITIOKAMIIA ITPU XPOHIYHIN OKJIKO3I1I
3ATAJIbHOI COHHOI APTEPIi Y MUIIIEA

0. 10. I'apmarinal 2, K. B. Pososal, A. I. [loprauuenxko’, I. B. Kosiocosa®
IIHcmumym ¢izionocii im. 0.0. Bozomonvya HAH Yipainu, m. Kuis,

YKpazHCbKa gilicbK08o-Mmeouuna akademis, m. Kuis,
3Hayionanvnuil éicokoso-meduunuii kniniunuii yenmp «'BKT», m. Kuis, harmatina@ukr.net

Mera. 3a 01OMOr00 yIbTPasByKOBOTO JOCIIKCHHS CYJHH OUIHHTH 3MiHH PE3HCTUBHOTO iHI[eKcy
(PI) Ta yJIbCaTOPHOTO 1HJIEKCY (HI) 3arajJlbHUX COHHUX apTepm Ta OCHOBHOI apTepii y Mumiei mnpu
MOJICNIIOBAaHHI XpOHIYHOI 0KiI03ii 3aranpHOI coHHOI aprepii (XO3CA), Ta mpoBecTH CHiBCTaBICHHS
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OTPUMAHHX PE3yIbTATIB 31 3MIiHAMH Y CTPYKTYpIi TiTOKaMITy 3 CAHMIITOMHOI cTopoHr. MaTepiaju i MeToau.
Jocmimpkenns Oynu npoBejieHi Ha camisgax muinei JniHii C57Bl 3rigHo MiXKHapOJHUM KOHBEHIIISIM IO
3aXHCTy TBapHH, SIKHX 3aCTOCOBYIOTh y CKCHEPHUMEHTAIBHHUX Ta iHMMX HaykoBux Hisax (CtpacOypr,
1985), nonoxxennsm Komirery mo 6ioeruni Incturyty dizionorii im. O. O. boromonsus. TBapuau Oynu
posnojineHi Ha 2 rpynu: 1 — KoHTpoJibHA (iHTakTH1) TBapuHU (n=10), 2 — TBApUHHU, IKUM MOJIEIIOBAIU
XPOHIYHY OKJII03110 3aranbHoi coHHoi aprepii (n=10). [Ipu mogentoBanni XO3CA Mumiam mig KeTaMiHOBUM
Hapko3om (1 mut / 300 1) 3milicHIOBanM mepeB’s3Ky JiBOT 3araibHOi COHHOI aprepii. TBapuHaMm 10
MPOBEJICHHS TepeB’sA3KKM 3arajbHOI COHHOI apTepii Ta depe3 8 THIKHIB MiCHsl HAKIAJaHHS JIITaTypH
MPOBOAMIIN yIBTPa3BYKOBE TYTNICKCHE CKAHYBAaHHS 000X 3aralbHUX COHHHUX apTepill Ta OCHOBHOI apTepii
Ha ynpTpa3BykoBux npucTposix (Toshiba, Amonis; Radmir, Ykpaina) i3 BUKOpUCTAHHSIM JTiHIHHOTO JaTYUKa
5-7,5 'y 32 3aTalbHONPUHHATOIO METOIMKOI0. CTaTuCTUUHY 00pOOKY pe3yabTaTiB MPOBOIUIN 3 BUKOPH-
cra"HsaM t-kputepito Cteronenrta; p<0,05 BBakaiu CTaTUCTUYHO BiporiiHUM. Pe3yabTaTu 10CHiIxKeHb.
Uepes 8 THKHIB Micisi MOJETIOBAHHS OKJI03ii JiBOi 3aranbHOi cOHHOI apTepii cepeaHi 3HaueHHs PI
ta [1I a1t mpaBoi 3arajabHOT COHHOI apTepii Ta OCHOBHOI apTepii Oymu 30inbieHi y rpymi 3 XO3CA
Ha 52% Ta 84% BinmoigHOo Ut PI, Ha 26% Ta 75% mus [11 B mopiBHSAHHI 3 KOHTPOJIBHOIO TPYIOI0. Y
BimoBias Ha XO3CA niBopyd BiI0OyBaluCh 3MiHH y CTPYKTYPI T1IIOKaMIIa, a caMe 301IbIIeHHS KITbKOCTI
MOIIKOKeHUX HeHpoHiB moist CAl 3 cMMITOMHOI CTOPOHH (a caMe, y JIiBiif MiBKyJIi TOJOBHOTO MO3KY)
(P<0,05). BucHoBku. Takum unnom, npu mojentoBanHi XO3CA inaexcu nepudepiiiHoro onopy mnpasoi
3arajbHOI COHHOI Ta OCHOBHOI apTepiil 301MbMIYIOTHCS, IO BigoOpaXkae reMoJrMHaMIYHy MepeOy/T0By
CyJHH TOJIOBU Ta IIWi, KA BiAOyBaeThCs y BIAMOBIAh HA XPOHIUHY OKIIO3i0 OJHIET 3 MaricTpaJbHHUX
cyauH (7iBOi 3araJibHOI COHHOI apTepii), sKa KPOBOIOCTAYa€E TOJOBHHM MO30K. 3MiHH IepeOpabHOT
TeMOJIMHAMIKH, ¥ CBOIO UEPTy, CYNPOBOIKYIOTHCS MOIIKOKCHHIM HEHPOHIB TimoKaMIa CHMITOMHO1
MiBKYJIi TOJIOBHOTO MO3KY.

Kuo4oBi cioBa: ekcriepuMeHTalbHa XPOHIYHA OKJIIO3is 3aralibHOI COHHOI apTepii, ylbTpa3ByKoBa
JIiarHOCTHKA, I[epebpaibHa reMoJuHaMiKa.

BIIJIUB TAIITUYHUX CTUMYJIIB HA BUKJIUKAHY JECUHXPOHI3AIIIIO
TA CUHXPOHU3AIIIO ITIl YAC HABUAHHS
4

C. B. Tykaes!-23, O 1. lpaenaa’d, C. A JManunos’, B. I. Komapenko®3, B. A. Jlykamesnu?,
M. I0. Makapuyk?, C. B. ®egopuyk!

IHaumHanbHuu ynisepcumem ¢pizuunozo uxosanus i cnopmy Ypainu, Kuis,
’Kuiscokuii nayionanbHuii yHieepcumen lmem Tapaca llesuenka, Kuis,
3Beehiveor Academy and R&D Labs, Kuis,? Teslasuit, London, serhii.tukaiev@knu.ua

EdexTnBHiCTh HaBUaHHS 3aJEKUTH BiJ ONTUMAJIBHOTO PiBHS aKTHBAIii. 3aCTOCYBaHHS TEXHOJOTIi
TaNTUYHUX TAaKTHJIBHUX CTUMYJIIB 3a PAXyHOK 3MiHM PiBHS aKTHBaNii CIpusie HaBYaHHIO. JleCHHXPOHI3aIlis
BHUKJMKaHa mofismMu abo 3apaaHHsMH (ERD) mo3Bolsie OUIHUTH BUKIMKAHY KOPTHUKAJIbHY aKTHUBAIlIO
sIKa MOB’s13aHa SIK 3 CCHCOPHHUMH, TaK i 3 KOTHITHBHUMHU MPOIECAMU SKi MAIOTh BIIHOIICHHS IO MPOIIECY
HaBYaHHs. MeTa JOCIiIKeHHS: aHaJi3 e(PeKTUBHOCTI BUKOPUCTAHHS FANTHYHOI CTUMYIIALIIT 1T Yac HaBYaHH
Ta i BIUIMB HA PiBEHb CICKTPUYHOT AKTHBHOCTI TOJIOBHOTO MO3KY. JlociikeHHs Oyiio mpoBeaeHo Ha 20
JIOOPOBOJBIISIX, YOJIOBIKAX, BIKOM BiJ 22 10 41 poky. Y ITaHOMY JOCIIJPKEHHI HABYaHHS POBOIUIOCS
y VR-Tpenaxepi, a B AKOCTI JoKepesia TAKTHIBHOT CTUMYJISIIIT BUKOPUCTOBYBABCS TallTUYHUI KOCTIOM
TeslaSuit. ¥ VR-TpeHakepi ranTHYHUMY CTUMYJIaMH MiJKPIMIIOBAINCS IPABUIbHI H HEMPaBUIbHI Ail
TOTO, XTO HaBYAETHCS, MOTO B3a€MOJIl 3 OTOUCHHSM IIiJi Yac MPOXO/IKCHHs HABUAHHS Y BIipTyalbHIiH
peanpHOCTI. [yIst aHATI3y MUHAMIKM MO3KOBOI aKTHBHOCTI ITOB)s13aHOI 3 HABYAHHSIM IiJ] Yac ralTHIHOT
CTUMYJIAIIT 3 BAKOPUCTAHHSAM METOY BUKJIMKAHOT IECUHXPOHI3aIT/CHHXPOHI3aIli1 TPOaHalli3yBali 3MiHU
y (prHTanLHO'f AUISHKA TONOBHOTO MO3KY (IIPOLIECH IMaM’siTi Ta MOHITOPHHTY TOTOYHOTO CTaHy) Ta y
CEHCOMOTOPHI KOpi (KOHTPOJIB PYXOBOi AisIBHOCTI), ¥ TiM sHiN ALTAHII KOpH (IHTErpartis iHpopmaii
BiJl OLIBWIOCTI CEHCOPHHX cucTeM). Ilixnmoporoa cTUMYIISLIs BiI3HAYAETHCS AOCTOBIpHUMH OeTa- Ta
ramMma-ERD mi3uboi natentrocti (500-1000 Mc) y cCeHCOMOTOpPHiH KOpi, 10 MOXYTh OyTH MOB’g3aHi
3 mpolecamMu NiJBUILIEHHS PiBHA yBaru, oOpoOku BXinHOI iH(popMalii Ta KOPUTyBaHHS MOBEIIHKHU.
[ToporoBi ranTU4Hi MOAPa3HUKH BUKIHKAIH AOCTOBipHI O0eta-ERS mi3zupoi marentHocTi (500 mc), ski
MOXKYTh B1IOOpa’kaTH JEaKTUBAIIII0 MOTOPHOI KOPH IIiCIISI IPUMUHECHHS pyXy. Y (GpOHTaIbHOI TIISTHKA
rOJIOBHOTO MO3KY Ha 200-# Mc MmicJisl MiAMOPOTOBOT0 CTUMYJIY criocTepiraeTbes Tera-ERS, 1o cBigunTh
po MiABUIICHHS piBHA nuibHOCTI. 'amma-ERD Ha 500 Mc mo3Havae mocwmiieHHss oOpoOKH BXimgHOT

54 ISSN 2522-9028 ®ision. scyp., 2022, T. 68, Ne 3, 0ooamox



Tesn nonosineit Beeykpaincbkoi koHpepeHii 3 Heiiponayk 25-27 nunas 2022 p., m. Kuis

iHpopmarii. [Ipu moporoBoi crumyssnii 6era-ERD Ha 500 Mc micis cTUMYTy MOXE CBIIUHUTH PO
CITIBCTaBJICHHS iH(pOpMaIii mpo BJIacHi Jii Ta TaNTUYHUN CUTHAN. Y TiM’ SIHIN IIJISHII KOPU TOCTOBIpPHI
teta-ERS ma 200-if Mc micis miAmoOporoBHUX CTUMYJIB CBIIYUTH MPO aKTHUBAIII0 BHCXITHOI CHCTEMH
yBaru. Toi K A7 MOPOroBOr0 CTUMYJTY CIIOCTEPIraeThest AOCTOBIpHA BiAMIHHICTS B anbda-ERD oxpazy
Ta anbpa-ERS uepes 1000 mc micast cTUMyITy, 1[0 MOXe BifoOpa)xaTH 1HTErpaliio JOBUIBHUX PYXiB.
OTpuMaHi pe3ynbTaTu CBiI4aTh NPO CTiIHKe MiABUIIEHHS PiBHS aKTUBAIil IPH il TalTHYHUX CTUMYJIIB,
10 BIUTUBAJIO HAa €()EKTUBHICTH HAaBYAHHSI.

Kuro4uoBi cjioBa: rantuyHa CTUMYJIALIS, BUKIUKaHa gecuaxporisanis (ERD, event-related desynchro-
nization), Bukinkana cuHxponizamis (ERS, event-related synchronization).

CTATEBI OCOBJIMBOCTI BUKJIUKAHOI AKTUBHOCTI KOPH )
TOJIOBHOI'O MO3KY 3A YMOB 3YIIMHKH 3ANYIIEHOI MOTOPHOI MPOTPAMU
MAHYAJBHOI'O PYXY

O. B. Kop:xuk, A. I'. Mopenko, O. P. [Imutpona
Bonuncokuii nayionanenuti ynisepcumem imeni Jleci Yxpainku, m. Jhyyox, Korzhyk. Olha@vnu.edu.ua

3 MeTOI BHBYCHHS BUKIHMKAHOT MO3KOBOi aKTMBHOCTI, TIOB 3aHOT 31 3MIHAMU MaHYyallbHHX PYXOBHUX
YCTaHOBOK 332 YMOB 3YIHHKH 3aMyIIIEHOT MOTOPHOT IPOrpaMu, HaMH IPOBEJICHO JOCITIHKECHHS BCTAHOB-
JICHHSI CTATEBUX 0COOIMBOCTEH aMILITITY/THO-4aCOBUX XapaKTEPUCTUK KOTHITUBHUX BUKIIMKAHUX MOTEH-
uianiB (P300) B mapanurmi Stop-Signal task. B ekcniepuMenTi B3snu y4acTh 35 4osioBikiB Ta 40 xKiHOK
BikoM Bix 18 10 23 pokiB, 10OpOBOJIBIIB, 3I0POBHUX, MPABOPYKHUX, JOTPUMAHO 3arajlbHONPUUHATI
OioetnuHi HopMmHu. Peectpanis EEI" 00cTexxyBaHUX MPOBOAMIACH ¥ 3BYKO- Ta CBITJIOHENPOHUKHIH KiM-
HaTi, B TTOJIOKCHHI HaIiBIIe)Kauu 13 3arumronieHuMu ounma. 3anuc EED 3nificHIOBaIM MOHOIOISIPHO 32
MDKHapOIHOIO CUCTEMOIO «10-20%) 3 BUKOPHCTAaHHIM anapaTHO-IIPOrpaMHOT0 KOMITIEKCYy «Hefipokomy.
J171s1 mpoBeieHHs MOAANBIIOro ananizy o yBaru Opanu nani EEL, 3adikcoBaHi B 1000BUX, IICHTPAIILHUX Ta
TIM)STHUX BiJIBeICHHIX. ExcliepuMeHTalbHa Ipoleypa IoJisrajia y pearyBaHHi 00CTe)XKyBaHUMHU 32 yMOB
eKCIepUMEeHTanbHOI napagurmMu Stop-Signal task. BiqnosigHo 10 iHCTpyKILii 32 yMOBU MOSIBH HU3BKOTO
ToHy (3ByKy 600 I'y) HeoOXigHO OyiO MIBHAKO HATUCHYTH BKAa3iBHUM MalIbIIeM MpPaBOi pyKH Ha JiBY
KHOMKY nysbTa. [Tpu mosiBi 38yky 1600 't (BUCOKMI TOH) — 3yMTMHUTH HATUCKAHHSA. Y ¢l CTUMYJIbHI 3BYKH
MoIaBaJIM MOTIAPHO Y BUMIAJKOBI# mocitioBHOCTI. CIIBBIIHONICHHS CTUMYJIBHUX Iap 13 000Ma HU3bKUMH
3ByKaMH 1 CTHMYJIBHUX Tap 13 HU3BKUM 1 BUCOKHM 3BYyKamu y mpoOi ctaHoBmio 70/30 BiamoBimgHO.
TpuBanicTh KOKHOTO 3BYKOBOTO CUTHAITY cKiagana 50 mc, iHTepBai Mixk mapamu ctumyiiB 0yB 5000 mc.
3aTpuMKa B 4aci mojavi Jpyroro 3ByKy IMiclisg IEPIIOTO B CTUMYIIbHIN mapi cknagana 140 mc. Y KOHTEKCTI
HAIIOr0 JOCJIIKeHHs BIAMOBiAl 00cTexxyBaHUX Ha 3HaunMuil (Stop-Signal) i HesHaunmuii (Go) cTumynu
aHaTi3yBalu y BUTILAL AU epeHIIHHOT KpUBOI KOTHITUBHUX BUKIHKaHuX noteHnianis (KBII). Busnauanu
nareHtHi nepioau (JIIT) kommonenTtie N2, P3 KBII, ammaityau xBuinb N2 (K MXKIIKOBUH iHTepBas P2-
N2) ta P3 (sax mixkmikoBuit inTepBan N2-P3) npu OinaypanbHiit ctumymsnii. Emoxa aHaizy cTaHOBHIIA
150 Mc po momaui ctumyny ta 5000 Mc — micnst mogadi. SIK OMHCOBY CTaTHCTHKY BHKOPHCTOBYBAIN
MeJliaHy 13 3HaYeHHAMH 25-10 1 75-T0 epueHTUiB. 11 cTAaTUCTUYHOTO TOPIBHSAHHS BUKOPHUCTOBYBAJIH
kputepiit ManHa — YiTHI npu 3Ha4eHHI KpuTepito goctosipHocTi p<0,05 (STATISTICA 7, StatSoft).

YV 5X1HOK BCTaHOBWJIM OiJbIIy JJATEHTHICTh KOMIIOHEHTa N2 B yCiX KOPTHKAJIbHHUX BiIBEJEHHAX, HIXK Y
YOJIOBIKiB. 32 YMOB HAIIIOTO eKCMICPUMEHTY BHSBICHO XapaKTePHE 3MINICHHIM HOTeHI_IiaJ'Iy B MIXKITIKOBOMY
inTepBaii N2-P3 y 4osoBikiB rnz[ 4ac BUKOHAHHSI MOTOPHOTO 3aBJaHHS B napanHer Stop-Signal task
y JT000BHX, [IeHTpaNbHUX 1 TIMSIHIX KOPTHKAIBHHUX BIJBEACHHSX, TOII K y XKIHOK — JIMIIC B IPaBii
LEHTPabHIN 1 TIM SHUX NUISTHKAX. Y )KIHOK 3HaYCHHS aMILIITY/IU 3MIiIIEHHS TOTEHI1ally B MIJKITIKOBOMY
inTepBani N2-P3 Oynu BUIIMMH, HiX Taki B 4OJOBIKiB. MU NpuUITyCKaeMo, 1[0 B €KCIIEPUMEHTAIbHIN
cutyanii Stop-Signal task HasBHiCTH Takoro 3MileHHs moTeHIiany B iHTepBani P300 moxe OyTtu
CIIPUYMHEHO HEOOXIJHICTIO JOAATKOBOI NEPEOIiHKY i KaTeropu3auii mogpa3zHuKa B MOMEHT IIePeX0o1y
BiJI eTamy «IPU3YNUHKH Iii» 10 il MOBHOT'0 «CKAaCyBaHHS» TOOTO B MOMEHT, KOJIM MO3KOBI IpPOIIECH,
MOB’sI3aH1 13 MOTOPHUM MIPOTPaMyBaHHSM Ta 3alyCKOM Jii, 00uparTh QyHKIi0 ab0o «Goy», abo «Stop».
OTxe, Halli JaHi OO0 CTATEBUX BiIMIHHOCTEH MOXYTh CBIYHUTH, IO KIHKH, KOTPi JEMOHCTPYBAJIH
Oipmmi JIII i ammmityan komnouentiB KBII, iimoBipHO, 3axyyanu Oinbini HEHPOHHI Ta €HEPTETHUHI
pecypcu B xoAi 00poOku iH(popMarlii Ta MOTOPHOTO MPOrpaMyBaHHS.

KuirouoBi ciioBa: MoTopHEe mporpaMyBaHHs, MaHyalbHI pyx#, Stop-Signal task mapanurma, KOrHITUBHI
BHKJIMKAHI MOTCHI[IATH, YOJIOBIKH, KIHKH.
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OCOBJHUBOCTI MO3KOBOI OBPOBKH 30B5PAXKEHb OBJINY
Y MAHIE€HTIB 3 XBOPOBOIO MTAPKIHCOHA

C. Kpukanoscbkuii', A. Uepnincoknii, H. Komean? , H. Kapacesuu? , I. Kapatann?

LIV “Incmumym 2epoumonoeii im. J]. @. Yebomapvoea HAMH Yipainu”, m. Kuis,
2 Incmumym ¢izionozii in. O. O. Bozomonvys HAH Ykpainu, m. Kuis, pdinukraine@gmail.com

Bigomo, mo nepebdir xBopodu Ilapkincona (XII) yacTo cynpoBOIKY€ETHCS MOPYIICHHSIM 00pOOKH eMO-
uitHoi iHgopmanii. IIpore g0ci 0CTaTOYHO HE 3pO3YMLJIO, SIK 1€ MOPYIIEHHS OB’ s3aHE 3 TSXKKICTIO
3aXBOPIOBAHHS. Y IBOMY AOCTIIPKCHHI MU BUKOPUCTOBYBAIH 300pakCHHsSI HEHTPaNbHUX 1 MIACIUBHX
00simu (Habip ctumyniB NimStim), mo0 BusBUTH KOMIIOHEHT N170 30pOBUX BUKJIMKAHHUX IMOTCHITiaTIB
(BIT). Came neit kommonent BII moB’si3anwmii i3 ineHTH(]iIKaLiI€0 0OINY MOPIBHAHO 3 IHIIUMHU THIIAMH
30poBuX 00’ €xTiB. byno o6crexxeno 150 mamienTiB i3 XI1 (Hoehn-Yahr 2.0-3.0) i 20 yuacHUKiB KOHTp-
OJIBHOT I'pymH 0e3 HEBPOJIOTIYHUX po37aaiB. s BU3HAUEHHS HEMOTOPHUX MiATUMNIB XBopuX Ha XII mu
BUKOPUCTOBYBAJIM KJIACTEPHHUI aHalli3 HAa OCHOBI AeMorpadidyHuX Ta KIIHIYHUX JaHuX (yHipikoBaHa
IIKaia ouiHku XxBopoou [lapkincona, mikanxa HemotopHux cumnToMiB, UPDRS). 3a HuMm Oyio BugineHo 4
kiactepu (1tudpu Bia 1 g0 4 BinmoBigar Tk 30iabmeHHI0 3HaUYeHb ikaiu UPDRS). Bupakeni HeMoTopHI1
CHMIITOMHM CIIOCTepirayiu junie B kiactepax 2 i 4. JlatenTHicTh KoMmoHeHTa N 170 3opoBux BII Oyna
0/IHAKOBOIO B YCIX KJIaCTepax Ta KOHTPOIBHIHN rpymi. AMIUIITYAa i€l BiAMOBiAl HA TO3UTHBHI CTUMYIIN
Oyia BUIIOIO Yy MpaBiii TEMMOPO-OKIUIITaIbHINA NUISHII B Malli€eHTiB KiacTepiB 2 1 4 MOPIBHAHO 3
KOHTpOJIeM. 3HauyIuX BiAMiH knacTepiB 1 Ta 3, ToOTO 6€3 HEMOTOPHUX CUMIITOMIB, BiJf KOHTPOJIO HE
crioctepiranu. Y naunieHTiB 4-ro kjactepa (HaiOinbm Tsxka XI1) 101aTKOBO peecTpyBanocs 3HUKEHHS
aMmmiTyau N170 y BiAOBIAb HA HEUTPAbHI CTUMYJIH, IPUYOMY ISl PI3HUIA Oyia OinaTepanbHOIO.
TakuM 4YMHOM, HaIIl Pe3yJIbTATH MMOKA3YIOTh, 110 MiJIcHcTeMa 00poOKH 300pakeHb 00JIUY B OCHOBHOMY
MOpYIICHA Yy TAMIEHTIB 13 BUIIOO TSHKKICTIO HEMOTOPHUX CUMIITOMIB, @ aHaJIi3 aMILIITyId KOMIIOHCHTa
N170 y BiamoBiap Ha 300pa’keHHS 00I1UY MOKe OyTH KOPUCHUM AJIs Kinacudikaii HEeMOTOPHHX MiATHITIB
XII.

KurouoBsi cioBa: xBopo0Oa IlapkiHcoHa, 30poBi BUKIKMKaHI moTeHianu, N170.

TYPE OF THE VAGUS-CYTOKINE RESPONSE IS DUE TO THE CONSTELLATION
OF NEURO-ENDOCRINE INITIAL PARAMETERS

LI.L. Popovych!%, A.I. Gozhenko?

!Bohomoletz Institute of Physiology of NAS, Kyiv ,°SE Ukrainian Research Institute of Medicine of
Transport, Odesa,i.popovych@biph.kiev.ua, prof.gozhenko@gmail.com

Background. A meta-analysis of 51 human studies of the relationships between different indices of HRV
as markers of vagal activity and plasma cytokines as inflammatory markers conducted recently by a team
of authors [Williams DWP et al, 2019] gave mixed conclusions. Forest plot for the association between
vagal and inflammatory markers shows both negative and positive correlation coefficients, as well as
the lack of correlation. Therefore, research in this direction remains relevant given the existing concept
of cholinergic anti-inflammatory pathway [Tracey KJ et al, 2002-2019]. Material and methods. The
object of observation were 34 men and 10 women (24-70 y) patients chronic pyelonephritis in remission.
We determined them the parameters of EEG (“NeuroCom Standard”) and HRV («CardioLab+HRV»),
plasma levels of Cortisol, Triiodothyronine and Testosterone as well as IL-1B (ELISA). The testing was
conducted twice, before and after 7-10-days balneotherapy. Results. Four variants of changes in markers
of vagal activity (RMSSD and In HF) and IL-1p plasma level were identified. In 11 (25,0%) individuals,
its growth (by 10,2+5,1 ms and 1,02+0,37 In ms?, respectively) is accompanied by a decrease in IL-1j
by 0,96+0,20 pg/mL, that is, there is a classic cholinergic anti-inflammatory pathway. On the other
hand, in 8 (18,2%) individuals the decrease in parasympathetic effects (by 12,4+4,2 ms and 0,72+0,19 In
ms?, respectively) is associated with an increase in IL-1p by 1,10+0,28 pg/mL. However, in 13 (29,5%)
individuals there is an increase in both vagus tone (by 10,1£2,9 ms and 0,96+0,16 In ms?, respectively)
and IL-1f level (by 1,20+0,38 pg/mL). Another 12 (27,3%) persons showed a simultaneous decrease
in vagus tone (by 7,9+2,1 ms and 0,75+0,16 In ms?, respectively) and the level of IL-1B (by 1,57+0,25
pg/mL). Thus, in 43,2% of cases, inverse relationships were found between changes in vagus tone and
plasma levels of proinflammatory cytokine, while in 56,8% - direct. The relationships are approximated
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by second-order curves. When the inverse dependence for InHF R>=0,526; for RMSSD R?=0,349; with
a direct dependence R? reaches 0,470 and 0,415, respectively. The method of discriminant analysis
revealed that the type of vagus-cytokine response to balneotherapy is due to the constellation of 23
neuro-endocrine initial parameters. Their levels, expressed in Z-scores, are visualized as two profiles.
Predictors such as vagus-cytokine reaction can be divided into several clusters. The first cluster is formed
by Cortisol and power spectral density (PSD) of the 6-rhythm in loci C3, C4, F4 and Fp2, the initial
levels of which are quasi-normal (-0,09+0,060) in the inverse type, instead significantly exceeding the
norm (+0,79+0,040) for the direct type of vagus-cytokine reaction. PSD B-rhythm levels in the loci Fp2,
Fpl and O2 are in the lower (-0,24+0,03c6) and upper (+0,44+0,106) zones of normal, respectively. The
third cluster is formed by PSD a-rhythm in loci Fp1, T4, Fp2, O1, 02, C3, TS and T3 as well as absolute
and relative PSD of VLF band. These predictors of the inverse type of vagus-cytokine reaction are in
the lower zone of normal (-0,41+0,025), while the direct type of reaction is preceded by quasi-normal
levels (+0,16+0,020). Heart Rate is a kind of set point, followed by a marker of sympathetic tone (LFnu),
PSD T3-9, Triiodothyronine as well as leukocytary Popovych’s Adaptation Index, Z-scores which, on the
contrary, are on average 0,52+0,09¢ higher in individuals with an inverse type of vagus-cytokine reaction.
Classification discriminant functions allow predicting the inverse type of vagus-cytokine reaction with
an accuracy of 94,7% (with a single error), and the direct type of reaction is predicted without errors.
Conclusion. Alternative types of vagus-cytokine response to adaptogenic balneotherapy are due to the
peculiarities of the initial state of neuro-endocrine regulation and can be reliably predicted.
Keywords: Vagus, IL-1B, HRV, EEG, cortisol, triiodothyronine, testosterone relationships.

IN SILICO SCREENING OF ZINC DATABASE AGAINST TRPV4
A.V. Rayevsky!?, E.V. Bulgakov!, M.O. Platonov>?, P.A. Karpov!

Ilnstltute of Food Biotechnology and Genomics of National Academy of Sciences of Ukraine, Kiev, Ukraine,
Instltute of Molecular Biology and Genetics National Academy of Sciences of Ukraine, Kiev, Ukraine,
SEnamine Ltd., Kiev, Ukraine, rayevsky85@gmail.com

TRPV4, is a non-selective cation channel, belongs to the group of channels activated by external
mechanistic influence [1]. It is now known that TRPV4 activation is involved in the mechanisms of
perception of changes in osmotic parameters of the environment, bone homeostasis, arterial dilation and
nociception [2]. As other members of the class, it represented with tetrameric structure; each subunit
consists of six transmembrane (TM) domains, a pore loop between TMS and TM6, and cytoplasmic N- and
C-terminal tails. The N-terminus contains six ankyrin repeats, and the C-terminus has a canonical TRPV
actin-tubulin binding site [1]. An activated model of TRPV4 structure was obtained based on the most
similar (a similarity value higher than 83%) crystalized templates 6C8F and 6BBJ applying a recently
verified protocol [3]. TPRV4 protein was embedded into the lipid membrane and aqueous environment
to run a steered molecular dynamics simulation. For now, there are two known binding sites for agonists
(RTX, 2-APB, GSK1016790A) and antagonists (tarantula double-knot toxin, capsaicin). Interestingly,
RTX and capascin possess similar core, but cause different effects. Hot-spot residues were determined
from the literature data [4]. We divided the interface in two areas - the residues directly involved in
the ligand binding and those residues, crucial for maintaining structural stability. We also considered a
group of residues with approved effect on the ligand binding, but with unknown mechanism of action.
To identify the binding mode of GSK1016790A agonist we probed the surface with FT-MAP service
and predicted another TRPV4 binding site. Then an Induced Fit Docking approach was applied. After
determination of several probable conformations of the ligand an alanine scanning was run to estimate
the mutation effect on the ligand binding. The most suitable complex was chosen from the tables with
binding energy impact. TRPV4 docking model was constructed based on the induced to fit docking poses
of GSK1016790A. A set of positional constraints (aromatic or hydrophobic moieties) and required h-bond
were included into the procedure to enhance the selectivity during further steps of virtual screening.
Finally, the model passed 411 the most active compounds from the entire reference set of 600 compounds
from ChembIDB. As a result of the High-Throughput virtual screening of ZINC database 650 hits were
identified, while 150 of these highly scored compounds were found in the Enamine database. Research
was granted and supported by organization NRFU (https://nrfu.org.ua/en/)[Grant Ne2020.02/0263].
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IN SEARCH FOR SELECTIVE ACE2 BINDING CHEMICAL PROBES
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Tatiana A. Borisova®, Ganna M. Tolstanova®, Dmitriy M. Volochnyuk!~#, Petro O. Borysko!,
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Drug discovery is a tedious and time-consuming task, not able to cope with emergency situations such
as the latest world-wide sanitary crisis due to the Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). In order to be able to react quickly to such situations, mankind should develop an arse-
nal of drugs and probe molecules to interact with all relevant biological targets - even before these are
discovered to be key players in infectious diseases. Despite the high importance of ACE2, there are very
few ACE2-binder discovery projects in comparison with its homologue ACE. Thus there is still a need of
understanding of molecular mechanisms of the ACE2 (SARS-CoV-2 related or not) and monitoring the
potential influence of the temporary shutdown of ACE2 on the different biological tissues and organs.
One of the tools that allow to achieve such understanding are chemical probes (further - probes) - small
molecules that can induce desired biological effects by means of selective binding to specific molecular
targets and thus allow researchers to ask mechanistic and phenotypic questions about the target in bio-
chemical, cell-based or animal studies. Up to now, the only report of ACE2-related probes development
with experimental validation was a study describing two thiol-containing compounds, functioning as
reducing agents and decreasing the binding of viral spike glycoprotein to ACE2 via allosteric modifica-
tions. However, instead of ACE2 they target spike disulfides of SARS-CoV-2, and thus cannot be used
for investigation of the influence of ACE2 downregulation on the different biological processes without
the presence of SARS-CoV-2 itself. Otherwise, there are rather few compounds (108, potential duplicates
included — in 2020, at the time of this study) with reported ACE2 activity in the ChEMBL database, 65
of which report thermodynamic inhibition constants Ki. Herewith, ACE2 (CHEMBL3736) is one of the
least well-explored biological targets so far. In the research, new models for ACE2 receptor binding, based
on QSAR and docking algorithms were developed, using XRD structural data and CHEMBL database
hits as training sets. Selectivity of the potential ACE2-binding ligands towards Neprilysin (NEP) and
ACE was evaluated. The Enamine screening collection (3.2 million compounds) was virtually screened
according to the above models, in order to find possible ACE2-chemical probes, useful for the study of
SARS-CoV2-induced neurological disorders. An enzymology inhibition assay for ACE2 was optimized,
and the combined diversified set of predicted selective ACE2-binding molecules from QSAR modelling,
docking and ultrafast docking was screened in vitro. The in vitro hits included two novel chemotypes
suitable for further optimization.

Keywords: QSAR modelling, molecular docking, Neprilysin, angiotensin-converting enzyme, selective ACE2
enzyme binding, blood-brain barrier penetration, enzymology inhibition assay adjustment, in vitro studies.
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AHAJII3 CUTHAJIIB EET JJISI PO3NI3HABAHHS PYXOBOi AKTUBHOCTI
KIHI[IBOK MAIIIEHTA

. O. Kytimes, C. I1. Paguenko
Kuiscoxuii nayionanvnuti ynisepcumem imeni Tapaca Lllesyenxa, m. Kuig, zindigard@ukr.net, sprad@knu.ua

PoGora mpucBsiueHa aHali3y eleKTpoeHIedanorpadiyHuX CUTHAIB 3 METOK BUSBICHHS O3HAaK, SKi
MO>KHa Oy710 O BUKOPUCTATH /ISl BU3HAUCHHS CIIEMCHTIB PyX0BO{ aKTUBHOCTI JIIOAMHU. [l po3Mi3HaBaHHS
PYXOBO1 aKTUBHOCTI JIIOAMHU 3/1HCHIOBaBCS aHali3 OaratokanbHux EED curnaniB cy0'e€KTiB, 3amuCcaHuX
IpU 3MiHI HUMH NOTJISAY Ta pyxax KiHuiBkamu. Jng 3menienHs BriuBy aptedaxtis EEIT curnamis
Ta IIyMiB BiJl 30BHIIIHIX JOKEpeJ HABKOJIUIIHHOTO CEPEIOBUIIA BHKOPHCTOBYBCS METOJ HE3aJICKHUX
KOMITOHEHT. lle J03BOJNIMIIO MPUAYIIUTH MPOSB €IeKTPOOKyinorpadiyaux apredakTiB Ta CIIOTBOPEHB
CUTHAIIIB TIPH TOraHoMy KOHTAKTi eJIeKTPOLiB Ta WKipi. KOHTPOIIb HANIPsIMY MOTIISLY 31iHCHIOBABCS 3a
JOTIOMOTO010 CKOHCTPYHOBAHOTO MpPHIIALy AJs alTpekinry Ta nporpamu Eye Writer. Ha ocHOBI omiHOK
enekTpoeHuepanorpam, OTPUMAHUX MPHU MOl MALIEHTa Y Pi3HI YaCTUHU EKpaHy, 3alpONOHOBAHO
METOJUKY BUJIIICHHS O03HAK PYyXy KIHIIBOK mamieHTiB. st aHami3y pyxXiB KiHI[iBKaMu Oyio BigiOpaHo
Habopu eneKTpoeHIedaTorpam MalieHTIB, SKi BAKOHYBAJIM OJTHAKOBI 3aBJIaHHSI, 13 BIAKPUTHX 0a3 JaHUX
EET" curnani. Koxen 64-kananeauit EEI" curnain, 3anucanuii i1 cy0’ €KTiB, SKi BUKOHYBaJIM 3aBJIaH-
HS 3 MOTOPHUX/TpadigyHUX BIPAB, MICTHB JIBa OJJHOXBWJIMHHUX 0a30BUX TECTH 3 BIAKPUTHMH OYHUMa Ta
3aKpUTHUMH 0YMMa, TPU JBOXBHIIMHHUX TECTH MOCIIJJOBHOTO BUKOHAHHS YOTHUPbOX HACTYITHUX 3aBJaHb:
IIpH MOSIBI MapKepa B JiBii a00 MpaBiif yacTHHI €KpaHa MaIli€HT CTUCKAE BIAMOBIIHUN KyJaK, HOKH Map-
Kep He 3HUKHE, TOTIM MallieHT po3caabiseThes; NPHU MOsAB1 Mapkepa B JiBii abo mpaBiif yacTUHI eKkpaHa
MAIi€HT YSBJIS€ BUKOHAHHS CTHCHEHHS BiIIOBIIHOTO KyJaKka, MOKHA MapKep HE 3HUKHE, MOTIM MAIli€HT
pO3CabIseThCs; MPU MOSBI MapKepa y BEepXHii a00 HHUXKHIM YacCTUHI €KpaHa, NMalliEHT CTHCKAE 00uaBa
KYJIAKH, MOTIM MAaI[i€HT PO3CIalIISIEThCS; TPH TMOSBI MapKepa y BepxHii a00 HMIKHIM YacTHHI eKpaHa,
MAIEHT YSBIISIE BAKOHAHHS CTUCHEHHS 000X KyJIaKiB, OTIM MAIli€EHT po3cialiseThes. 3a pe3ylbTaTaMu
¢akropuoro ananizy EEI" curnanis 11 cy0’exTiB npu cTHCKaHHI MpaBoro i/abo JiBOro Kynaka Ta Ipo-
MIXKKiB, KOJW TAli€HT po3ciabisBcs Miciisi BUKOHAHHS 3aBlaHHs, 3a KputepieMm Kaiizepa orpumanu 5
(akTOpiB, BJIACHI 3HAYEHHS AKUX JJIsI TPOMIXKKIB O1nb1i 1, Ta 3 iMoBipHicTIO He MeHuIe 0,95 mokazaHa
CTaTUCTHYHA 3HAYUMICTH BIJIMIHHM CEPEAHIX BIACHUX 3HAYCHHS JJIsl TPOMIXKKIB BIJIMOYNHKY 1 CTUCKAHHS
KYJIaKiB; MPOMIXKKIB CTUCKAHHS PaBOToO Kysiaka 1 MPOMIXKKIB CTHCKaHHS JIIBOTO KyJlaka.

3a pesysbTaTaMi BCTAHOBIICHO, 1O BiIMIHICTh BIIACHHX 3HAYCHB (aKTOPIB IPU Pi3HUX PyXaX MAII€HTIB Ta
MOAiOHICTh BIACHUX 3HAYCHD q)aKToplB TIPH OHAKOBUX PyXax PI3HHX MALIEHTIB MOXKe OyTH BUKOPHCTaHA
ISl pO3II3HABAHHS PYXOBOi aKTUBHOCTI KiHIIIBOK MAIli€HTIB.

Kuouosi cioBa: enexkrpoeHuedanorpadis, GakTopHU aHali3, He3aleKHI KOMIIOHEHTH, PyXOBa ak-
THUBHICTB.

IN SEARCH OF EMOTIONAL BURNOUT BIOMARKERS
S. Tukaiev!, D. Harmatiuk?, A. Popov?, M. Makarchuk!

!Taras Shevchenko National University of Kyiv, Educational and Scientific Centre “Institute of Biology
and Medicine”, Kyiv, Ukraine,

Igor Sikorsky Kylv Polytechnic Institute Department of Electronic Engineering, Kyiv, Ukraine,
serhii.tukaiev@knu.ua

The neurophysiological mechanisms of emotional burnout remain insufficiently studied. It was found
that EEG changes during burnout differ from biomarkers of depression and chronic fatigue syndrome,
alexithymia. To establish the EEG markers of burnout was our aim. 621 volunteers (443 females),
first-third year students from the Taras Shevchenko National University of Kyiv aged 18 to 24 years
participated in this study. EEG was registered during the resting state (3 min, closed eyes condition).
The EEGs were recorded during the resting state (3 min, closed eyes condition) monopolarly using
EEG 23-channel system Neurocom. To establish EEG correlates of emotional burnout during rest state
we used a special software written in Python 3.6 to implement Power Spectral Density calculation, the
interhemispheric and intrahemispheric average coherence and Detrended Fluctuation Analysis (DFA). We
analyzed separate artifact-free EEG segments in all frequency bands from 0.2 to 45 Hz. Psychological
testing was performed before the registration of EEG. To determine the formation of emotional burnout
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Boyko’s “Syndrome of emotional burnout” Inventory was used. The Exhaustion phase of emotional
burnout was formed in 13 participants, and it was under development in 47 participants. In background
EEG activity during the development of the Exhaustion phase of emotional burnout variations in EEG
spatial synchronization were observed in low- and high-frequency EEG components and includes
breaking of parietal-occipital links (alpha2,3-subbands) and formation of interhemispheric prefrontal,
anterior frontal, and frontal links (alphal,2-subbands). There were interruptions of coherence in the betal
(interhemispheric frontal-frontal and parietal-parietal links) and beta2 subbands (right interhemispheric
frontal link). DFA describes the long-term temporal correlations in the cortex, which are involved in
different aspects of brain functioning. We detected a high resting state DFA scaling exponent values
(up to 0.90-0,95) under exhaustion development in the thetal (left prefrontal area), theta2 (right frontal
area), alpha3 (posterior regions), beta2 (left temporal region). Obtained values of DFA exponent and
average coherence suggest the exhaustion formation is accompanied by the changes in visual and verbal
processing, emotional processes (discretion and analysis).

Keywords: Emotional burnout, Detrended fluctuation analysis, Functional connectivity.

PATCH-CLAMP ANALYSIS OF NICOTINIC SYNAPSES IN SYMPATHETIC GANGLIA
John P. Horn

Department of Neurobiology, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania,
USA 15261, jph@pitt.edu

This talk will begin by reviewing earlier electrophysiological studies of converging nicotinic synapses
in paravertebral sympathetic ganglia and the implications for ganglionic integration. The talk will then
describe new experiments using patch-clamp recording from the isolated intact rat superior cervical
sympathetic ganglia. This approach permits the combining of extracellular on-cell recordings with
intracellular whole-cell recording in the voltage-clamp and current-clamp modes. With these tools, we
discovered a new class of synapses whose strength straddles the postsynaptic action potential threshold.
Straddling synapses provide an estimate of the threshold-synaptic conductance, which is defined as
the minimum conductance for a nicotinic synapse to reach postsynaptic action potential threshold.
In a series of 22 straddling synapses from 20 neurons, the average threshold-g . —was 9.8+7.5 nS
(mean + sd). These findings will require revision of earlier models that were based on a simple dichotomy
in which nicotinic synaptic strength was classified either as strong or weak, based on whether EPSPs
triggered action potentials.

Keywords: synaptic convergence, integration, EPSPs, EPSCs.

ESTIMATION OF FAST EVENTS IN SINGLE-CHANNEL RECORDINGS OF NUCLEAR
LARGE-CONDUCTANCE CATIONIC CHANNELS

0. O. Lunko, O. V. Lunko
Bogomoletz Institute of Physiology, Kyiv, Ukraine, oleksii.lunko@gmail.com

Fast events in single-channel recordings are associated with transition dynamics in ion channel confor-
mations and molecular interactions characterized by rates that are beyond the resolution of the recording
system. To estimate fast single-channel events in recordings of Large-Conductance Cationic (LCC)
channels of the inner membrane of Purkinje neurons the beta-distribution analysis was performed.
Analysis of the experimental data revealed that single-channel currents through LCC channels are well
fitted using a five-state Markov model with one open state and four closed states (slow, medium, and
fast). The frequency of the fast closed state reached up to 20 times higher than the frequency of the
patch-clamp amplifier used in experiments. More fast events were recorded when gallamine was applied
on the nuclear side of LCC channels. The usage of the proposed five-state Markov model revealed that
gallamine is an open pore blocker that is characterized by equilibrium dissociation constant K ,(0)=390
UM and voltage sensitivity parameter z6=0,922. Obtained results indicate that analysis of fast events
in single-channel recordings is an effective approach for identification of mechanism of fast molecular
interactions and estimation of transition rate constants in the case when standard analysis approaches
lead to difficulties associated with limited resolution of the recording system.

Karuosi cioBa: cfast events, nucleus, LCC channels.
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