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[Mnaton I'puroposuu Koctiok (1924-2010) — Buaarauii ykpaiHChbKHii yueHH-Heipodizionor, aka-
nemik HamionaneHOT akagemii Hayk YkpaiHu Ta 0ararbox iHIIMX CBITOBHUX akajaemiid. BiH 3poOuB
BH3HAYHUH BHECOK y MeMOpaHHY (i3i0JI0Tit0, 30KpeMa y BUBUCHHS MEXaHi3MiB i0HHOTO TPAHCTIOPTY
Ta QyHKIIOHYBaHHS KaJbI[i€BUX KaHAJIB Y HEPBOBUX KIITHHAX. Sk 3acHOBHHK KHIBCHKOT MIKOIH
Heipodizionorii, KocTiok 3Ha4HO CIPHUSAB pO3BUTKY CBITOBOI HayKH Ta BIAITpaB BaXXJIHUBY POJb Y
MiZITOTOBI[I HOBUX IMOKOJIIHb HayKoBIiB. Y 2024 polii HaykoBa crijibHOTa Big3Hadae 100-piaust Bijg
JTHS1 HOTO HapOJPKEHHS, BIIAHOBYIOUM HOTO BU3HAYHY CHAAIIMHY Ta IMTUOOKHH BIUTMB Ha HEHPOHAYKY.

Platon Hryhorovych Kostyuk (1924-2010) was a prominent Ukrainian neuroscientist, academician
of the National Academy of Sciences of Ukraine and numerous other global academies. He made
groundbreaking contributions to membrane physiology, particularly in the study of ion transport
mechanisms and the functioning of calcium channels in nerve cells. As the founder of the Kyiv
School of Neurophysiology, Kostyuk significantly advanced global science and played a pivotal
role in mentoring new generations of researchers. In 2024, the scientific community celebrates the
100th anniversary of his birth, honoring his remarkable legacy and profound impact on neuroscience.

Iactutyt dizionorii im. O. O. boromonsist HAH Vkpainu — npoBijjHa HayKoBa yCTaHOBA, 3aCHOBaHA
y 1934 poui, sika npoTsiroM 90 pokiB Biirpae KiI040BY poiib y pO3BUTKY (i3iosorii Ta 6i0MeAHIIMHY.
[HCTUTYT cTaB HEHTPOM CBITOBOTO DPiBHS Yy BHBYEHHI (yHKIi HEpPBOBOI, CEpPLEBO-CYAUHHOI,
IUXaJIbHOI Ta IHIIUX CUCTEM OpraHi3My, 30KpeMa JIOCHIiKeHb MeMOpaHHoi ¢i3iosorii, KIITHHHOT
Helpoddizionorii, MoleKyIsIpHOi OioJorii Ta marodizionorii. 3aBAsIKH CBOTM HAYKOBHUM JOCSATHEHHSIM
Ta MATOTOBII BHCOKOKBaNi(iKOBaHUX KaapiB [HCTUTYT 3poOWB BaroMuii BHECOK y MIKHapOIHY
HayKy. Y 2024 poui HaykoBa ciiapHOTa BiJj3Hauae 90-pivus miel BUAATHOT yCTAaHOBH, sIKa W Hajami
3aIMIIAETHCS JIIEPOM Y raiy3i (i3ioorii Ta pyHIaMEeHTAIBHUX JOCIIIKECHb.

The Bogomoletz Institute of Physiology of the National Academy of Sciences of Ukraine is a leading
scientific institution founded in 1934, which has played a key role in the development of physiology
and biomedicine for 90 years. The Institute has become a world-class center for studying the func-
tions of the nervous, cardiovascular, respiratory, and other body systems, particularly in the fields of
membrane physiology, cellular neurophysiology, molecular biology, and pathophysiology. Through
its scientific achievements and the training of highly qualified specialists, the Institute has made a
significant contribution to international science. In 2024, the scientific community celebrates the
90th anniversary of this remarkable institution, which continues to lead in the fields of physiology
and fundamental research.
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THE STUDY ON PHARMACOLOGICAL REGULATION OF KATP CHANNEL
IN RAT BRAIN MITOCHONDRIA

0.V. Akopova, A. N. Smirnov

Bogomoletz Institute of Physiology NAS of Ukraine, Kiev;
o.v.akopova@gmail.com, olga-akopova@biph.kiev.ua

For decades, it was confirmed by numerous studies that the mitochondrial KATP channel (mKATP
channel) plays a key role in the mechanisms of neuro- and cardioprotection under several pathophysi-
ological processes accompanied by ischemia, hypoxia, oxidative/nitrosative stress, and metabolic
disorders. Salvatory functions of the mKATP channel in the prevention of apoptotic and necrotic
processes in cells and tissues have been explained by the impact of ATP-sensitive K* transport
on mitochondrial functions including oxygen consumption, ATP synthesis, Ca’>" transport, ROS
production, and the opening of permeability transition pore, a key player in apoptotic and necrotic
cell death. However, the molecular composition of the mKATP channel and the mechanisms of its
regulation by pharmacological openers and blockers (diazoxide, pinacidil, nicorandil, glibenclamide,
5-hydroxydecanoate, etc.), remain disputable. Earlier we have shown that the mKATP channel
could be activated by low submicromolar concentrations of diazoxide (DZ), and this activation
does not require a MgATPase activity. This work aimed to elucidate a requirement of a MgATP
for the regulation of the mKATP channel in brain mitochondria by mKATP opener diazoxide (DZ)
and the blocker glibenclamide (Glb). KATP channel activity was assessed as ATP-sensitive K*
transport in isolated brain mitochondria. Estimates of ATP-sensitive K* transport were made based
on light scattering, polarographic approaches, and the measurements of the rate of H" transport in
mitochondria with the probe BCECF-AM. As we have shown, ATP-sensitive K* transport in native
mitochondria (~79 nmol K*-min!-mg") was fully activated by DZ (K_ ~ 150 nM) in the absence of
MgATP, and full activation was reached at <500 nM DZ. Close data were obtained with the activa-
tion of the mKATP channel in native mitochondria by pinacidil (Pin). GIb blocked ATP-sensitive K*
transport in native mitochondria with K, ~ 2 uM, which agreed with literary data on the blockage of
KATP channels by Glb. Mg?* at <3 mM did not affect either activation or blockage of the mKATP
channel by DZ and Glb, but it was indispensable for the blockage of the mKATP channel by ATP
(K; ~ 15 uM). Besides, the experiments in native mitochondria have shown that at > 500 nM of
DZ, the addition of Pin could not further activate the mKATP channel. The rate of ATP-sensitive
K* transport fully activated by DZ in native mitochondria (~140 nmol K™ min-!-mg') equaled the
rate of K™ transport found after the blockage of the mKATP channel by MgATP and its opening by
the high concentration of DZ (30 uM). The blockage of the native mKATP channel by Glb gave the
same rate of ATP-sensitive K* transport, which was not affected by the presence of 1 mM Mg?".
The same was observed with the selective mKATP channel blocker 5-hydroxydecanoate (5-HD).
An estimate of ATP-sensitive K™ transport blocked by GIb in the presence of | mM Mg equaled
the rate of K* transport blocked by either 5-HD or ATP under the same conditions. In the presence
of Mg, ATP could not further block ATP-sensitive K* transport after its blockage by Glb. The data
on the ‘combined activation’ of the mKATP channel by DZ and Pin and the ‘combined blockage’
of the channel by Glb and ATP obtained by the light scattering were confirmed polarographycally.
Conclusion: Obtained results revealed novel properties of ATP-sensitive K™ transport in isolated
mitochondria and allowed for the identification of ATP-sensitive K* transport with mKATP channel
activity by pharmacological means. For the first time, we have shown that MgATPase activity was
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dispensable for the regulation of mKATP channels by pharmacological KATP channel modulators
in isolated brain mitochondria.
Keywords: mKATP channel, brain, mitochondria, diazoxide, glibenclamide, MgATPase activity

BU3HAYEHHS KITHETHYHUX MAPAMETPIB TRPC4 METOJIOM IMITAIIII BIIITAJTY
A. 10. Anmoxin, O. B. ’Kosoc

KHY imeni Tapaca lllesuenxa, HHI] «Ilncmumym 6ionoeii ma meouyunuy, m. Kuis, biomed@knu.ua

Beryn. Penentop-kepoBanuii xationnunii TRPC4 kanan € KIIOYOBUM PEryisiTOpOM CKOPOTIMBOI
AKTHUBHOCTI IIJTYHKOBO-KHIIKOBOTO Tpakty (LLIKT). BuznaueHHst KiHETHUHUX MapaMeTpiB aKTUBHO-
CTi I0HHOTO KaHaJIy € BaKJIUBUM JIJISl PO3YMIHHS MEXaHi3MiB PeryJslii CKOPOTIMBOCTI. Y HaIomy
JOCHII)KeHHI PO3pOOJIEHO aNTOpPUTM JUIsl BU3HAUCHHSI KOHCTAHT MEPEXOiB MK CTaHAMH MOJENi
MapkoBa niss TRPC4, mo noennye merox imitamii BiAmany JUis onTHMi3amii Ta BU3HaUYCHHS log
likelihood mpsimum mpoxonom metona bayma-Benma. Meroau. [lis aHanizy BUKOPUCTOBYBAJIUCS
CTPYMH, 3apEECTPOBaHI HA OKPEMUX IMaJEeHbKUX M S30BHX KJIITHHAX MO3J0BXKHBOTO LIapy M’s3iB
TOHKOTO KHIIEYHUKY MOPCHKOi CBHHKHU. PeecTpanii cTpyMiB MOOAMHOKMX 10HHUX KaHAJIB Y KOHQi-
rypauisx «outside-out» abo «cell-attached» 3ailicHioBanucs 3a JomoMororo miacuinoBada Axopatch
200B 3 6opocunikaTHUMH MineTkamu onopom 3-5 MQ. AxruByBanu TRPC4 nuisxom gogaBanusaS0
MKM kapOaxoiy 70 30BHIIIHBOKIITUHHOTO po3uuHy abo 200 MmkM GTPyS BHYTpIIHBOKIITUHHO
(Dresviannikov et al., 2006; Zholos et al., 2004). Pe3yasTaTn. BcranoBieHo, 0 3aIPOTIOHOBAHUN
nigxin nemonctpye kpami metpuku log likelihood nopiBusiHO 3 knacuunum anropurmom bayma-Ben-
1ra ass ontTuMizanii Mmonesneit Mapkosa. Takoxk alnropuTM Moke BUKOPHCTOBYBATHCH JIJIsl aBTOMATH -
HOTO Mia00py 3B’sI3KiB MK CTAaHAMHU 10HHOTO KaHaly Ta BU3HAYEHHS KOHCTAHT MEPEX0ay MK HUMH.
BucnoBku. Mertox imiTanii Bignany (simulated annealing), 10 € cTOXaCTUYHUM METOJIOM TICEBIO
r100anbpHOT onTUMi3alii, y moeaHanHi 3 anroputMoM bayma-Benma npogeMoHCTpyBaB epeKTHBHICTh
y BU3HAUYCHHI KiHETUYHUX NapameTpiB ionHoro kaHaity TRPC4. PexoMeHyeThCSl BAKOPUCTOBYBATH
3aIPOMOHOBAHUH IT1/IX1/T VTS IHIIUX THUITIB I0HHUX KaHaJiB 3 METOIO MOKPAIICHHS SKOCTI KIHETUYHO-
ro MOJIENIOBAHHS aKTUBHOCTI 10HHUX KaHaliB. J{o1aTKOBO MpONMOHY€ETHCSI TPOBEACHHS MOAAIBIINX
JOCHIIKEHb AJIs MATBEPKEHHS OTPUMaHUX Pe3yIbTaTiB Ha PI3HUX EKCIIEPUMEHTAIBHUX MOJIEIISX.
Karwuosi ciaoa: TRPC4, meton imitauii Biamamy, anroput™m bayma-Benma, xiHeTHKa 10HHOTO
KaHally, MoJeilb Mapkosa.

Dresviannikov AV, Bolton TB, Zholos AV. Muscarinic receptor-activated cationic channels in murine
ileal myocytes. British Journal of Pharmacology. 2006 Sep;149(2):179-87.Zholos AV, Zholos AA,
Bolton TB. G-protein—gated TRP-like Cationic Channel Activated by Muscarinic Receptors. Journal
of General Physiology. 2004 Apr 26;123(5):581-98.

BILJIUB PI3HOI'O PIBHSI PYXOBOI AKTUBHOCTI HA ®OPMYBAHHSA
KOMIIEHCATOPHO-IIPUCTOCYBAJIBHUX PEAKIIIN Y )KIHOK
HA JO30BAHE ®I3BUYHE HABAHAXKEHHS

Kopuromos L.!, Pozosa K.B.2, Bakynoscbknii 0.M.2

!Hayionanvnuii ynieepcumem ghizuunozo suxoeanns cnopmy Yipainu, m. Kuis;
2Incmumym ¢pizionoaii in. O.0. Bozomonvys HAH Ypainu, m. Kuis; alexandr.bakunovskiy@gmail.com

ITonpu 3HauHUIT 00’ €M HAYKOBUX JOCTIIKEHB, TOTENIEP HE € BUPIMICHUM IUTAaHHS IIPO MEKi HOPMH 1[I0
PIBHS pyXOBOi aKTHBHOCTI SIK JUUIS TIEBHHUX KATETOpid HAacCeJEHHS, TakK 1 MO0 1HJWBIIyaIbHOI HOPMHU
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3BUYHOT PyXOBOI aKTUBHOCTI JIJIS KIHOYOT0 opranizmy. Jloci i mpoOIeMu 3aIMIIaloThCs i TUTAHHSIM.
ToMmy mpoBeneHHs MPEACTABICHOTO JOCTIIKEHHS € aKTYaJbHUM K Y TCOPETHUHOMY, 1 Y IPAKTUUHOMY
BigHomeHHi. JlOCHiKyBaIu 1HAMBINYaJIbHO-THIIOIOTIYHI 0COOIUBOCTI TEPMIHOBUX aJanTalliiiHUX
peakiliii ’KiHOuoTo OpraHizMy Ha Jo30BaHe (i3nyHE HABAHTAXKEHHS y 0Ci0 3 pI3HUM PiBHEM 3BHYHOT
pyxoBoi akTUBHOCTI. Byio o6¢cTexeno 54 ocobu xiHouoi crari Bikom 19 — 20 pokiB, KOTpi Ha yac
MPOBEICHHSI IOCTIPKeHHsI OyJIM MPAKTUYHO 3/I0POBUMHU 1 HE Malld TOCTPUX 3aXBOPIOBaHb YU Oyib-
sIKOT XpOHIYHOT natoJiorii. B HamoMy gociipkeHHI 00CTe yBaH1 PO3MOIJIMINCH 3a PIBHEM Cepe/l-
HB0J1000BOT pyXOBOi aKTUBHOCTI Ha 2 TUIH 14 Tpynu. [lepmuii TUII cki1anana rpyrma 3 rinoJuHaMicro
- HEJIOCTATHIM piBHEM 3BHYHOT CEPEIHbOI000BOT aKTUBHOCTI. J[0 JApyroro Tumy BigHEeCeHO 0Ci0 3
HOPMOJIMHAMIEIO - JOCTATHIM PIBHEM 3BUYHOT CEPEIHHOJ000BOT aKTUBHOCTI. Jl0 1[bOTO THIY BBIMIII-
JIM TPYIIH, 110 32 YMOB HOPMOJIMHAMI1, MaJii Pi3HUN PiBEHb 3BUYHOI CePEHBbO000BOT aKTUBHOCTI
(HM3bKUH, cepeaHiii, BUcokuii). OcoOu 3 HEIOCTATHIM PIBHEM PYXOBOi aKTUBHOCTI IEMOHCTPYBaJIH
CXHJIBHICTB JIO MATOJIOT1YHUX peakiiili Ha (i3nyHe HaBaHTAXEHHS IOMipHOT MOTYyKHOCTI. [liBuara 3
JIOCTaTHIM piBHEM 3BHYHOI CEpeIHB0I000BOT aKTUBHOCTI MaJIdi HOPMOTOHIYHY peakiiito Ha ¢izuu-
HE HaBaHTaXeHHs. byno 3’sicoBaHo, IO JJIS BHSBJICHHS XapaKTepHUX OCOOJIMBOCTEH TEPMiHOBUX
aJlanTaliiHuX peakiiil KapAiopecnipaTtopHOl CUCTEMHU y 0Ci0 ®IiHOYOI CTATi 3 JOCTATHIM PIBHEM
PYXOBO1 aKTHBHOCTI, ()i3MUHE HABAHTAXXEHHS MOMIPHOI MOTYXHOCTI Ma€ TPUBATH, MPUHAWMHI,
60 cekynja. 30KkpeMa, Taka TPHBAJIICTh NMPOOU HEOOXiIHA JJIsi KOPEKTHOI OLIIHKY BEHTUJISALIHHOT
BiAnoBiai. BusiBieHo, 1110 aHai3 peakilii 30BHIIIHBOIO JUXAHHsI JI030BaHe (Pi3UUHE HABaHTAXKEHHSI
MOMIPHOT MOTY>KHOCTI CJIiJI IPOBOAMIIM 3@ IHTErPaJbHUM ITOKA3HUKOM JIETEHEBOT BEHTHIISIIT — XBU-
JUHHUM 00’ €MOM TUXaHHSI, SKUI HalO1IbII aIeKBaTHO BioOpaxae QyHKIIIIO anapary 30BHIIIHBOTO
JIMXaHHS CIIPSIMOBaHY Ha 3aJI0BOJICHHS! KHCHEBOTO 3auTy. BCTaHOBIIEHO, 1110 TEPMIHOBI ajanTaliiHi
peakiii Ha Qi3MYHEe HaBaHTAXEHHS MMOMIPHOI TOTYKHOCTI BiAPI3HIIOTHCSA Y 0Ci0 3 PI3HUM piBHEM
PYXOBOi aKTHBHOCTI, 110 3yMOBJIEHO CTaHOM (YHKIiOHaIbHUX pe3epBiB. OcoOu 3 BUIIUM piBHEM
PYXOBOi aKTUBHOCTI AEMOHCTPYIOTh BUIII (YHKIIOHATBHI pE3ePBU KapAiopecHipaTropHoi CUCTEMHU
MOPIBHSIHO 3 0CO0aMU 3 MEHIIIOI PYXOBOI aKTUBHICTIO. BUSIBICHO MEBHI 3arajbHi 3aKOHOMIPHOCTI
SK B peakilii Ha HaBaHTa)KEHHs, TaK 1 B mepediry npoiecy BiIHOBIEHHS. MU NOSICHIOEMO TOHIZYIOUY
JIi€I0 3aCTOCOBAHOTO HABaHTAXXKEHHA — eekToM po3MmuHKHU. [lokazaHo, mo MonudikoBana mpoda
Maprine, 3 40 npuciganasmu 3a 60 cekyHJ MOke OyTH PEKOMEHJIOBAHOIO JI0 3aCTOCYBaHHS JJIsI
JIarHOCTUKH CTaHy (QYHKI[IOHAIbHUX PE3EPBIB 1 Y CIIOPTCMEHOK BHCOKOTO KJIACy.

KuarwuoBi cioBa: pyxoBa akTHBHICTh, JI030BaHe (Pi3MYHE HAaBaHTAXKCHHS, Kaplio-peciipaTopHa
cucreMa, 30BHIIIHE NUXaHHs, Tpoda MapTiHe.

CUCTEMA TPUBUMIPHOI'O KOHTPOJIIO TEMIIEPATYPHU B PEXXKUMI
PEAJIBHOI'O HACY B BIOJIOTTYHUX IHKYBATOPAX JJIA KYJIbTYPHU KJIITHUH

O. M. Baxincekuii!, P. M. Mopes! 2, B. E. Yurpunos!, I. O. Bacl, I1. O. Bopucko!,
I'. €. MonacTupchKHii?

ITOB «HBI1» Enaminy, m. Kuis;
’HTYY «Kuiscokuii nonimexuiunuii incmumym imeni lzops Cikopcvkozoy, m. Kuie;
roman.moriev@protonmail.com

Bionoriuni iHKy0aTopu 3 KOHTPOJIEM TEMIIEpaTypH, BOJOTOCTI Ta Ta30BOTO CKJIaay CepeloBUINA
HEOOXimHI 111 3a0e3MeueHHs HEOOX1THUX YMOB IS pOOOTH 3 KyIbTypaMH KJIITHH, B TOMY YHCII
IUTS €7eKTPOdi310T0TIIHNX M0 CTiKeHb. KoMMBaHHS Ta MPOCTOPOBI TpaieHTH TEMIIepaTypH ITij gac
KYJIBTUBYBAHHS TyK€ 9aCTO € MPUIMHAMH HU3bKOI BiATBOPIOBAHOCTI JOCHIIiB, TOMY IIPUBEPTAIOTH
yBary IOCIiIHUKIB MTPH IUTAaHYBaHHI €KCIIEPUMEHTIB. 3 iHIITOTO OOKY, ICHY€ THI JOCTITHAIIBKAX 3a71a4,
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B SIKUX MOTPiOHO CTBOPIOBATH I'PaJIi€HTH Ta KOJIMBAHHS TEMIIEPATypH, SIKi MAIOTh 3a3/]aJIeTiIb 3aria-
HOBaHI XapaKTEePUCTHKHU AJIS JOCTII)KEHHS BIUIMBY TEMIIEPATypPHOTO PEXUMY. BUpOOHUKHN SIKiCHUX
1HKYOaTOpiB TapaHTYyIOTh YCHIIIHICTh MPOXOKEHHS HOpMaTHBiB cTaHAaptis cepii DIN 12880, ski
BH3HAYAIOTh CTPOT1 BUMOTH 10 poOOTH TepMocTaTiB Ta nedeil. CTangapT nepeadayae OTpUMaHHS
MOKa3HHUKIB 13 PIBHOMIPHO pO3MOAiNCHUX B 00’ €Mi po0040i 30HM 5 B MiHIManbHOMY BapiaHTi, a00
27 AeTeKTopiB, SIKi THUMYACOBO BCTAHOBIIOIOTHCS Bipa3y Micisl BUPOOHUIITBA ISl BU3HAYCHHS
¢GnykTyaniii Ta rpaJieHTIB TeMIEpaTypH i OTpUMaHHs cepTudikaTy sikocti. B mepeBaxkHiit Ginpiroc-
Ti KOHCTPYKIiH 1HKyOaTOpiB MPUCYTHI BCHOTO JIBAa TEMIEPATyPHHUX AATYUKH, SIKi TyOII0I0TH OJUH
OJIHOTO 1 po3MilieHi B ojHi# Toulli. XKogHa cydyacHa MoJelib He MOXKE 3a0€3IeUUTH HeIIePEPBHUIM
MOHITOPHHT TeMIIEPaTypH i KOHTPOJIb BiAmoBigHOCTI cranaapram DIN 12880 B mporieci ekcrutyarariii.
Tomy MeTor poboTu Oyiia po3poOKa yCTaHOBKH JJIsi MOHITOPUHTY TEMIIEPATypU B PEKHUMI pealib-
HOTO yacy. Po3po0aenuit mpoToTun MicTuB 9 nu(poBHUX BOJOHETIPOHUKHUX AATUUKIB TEMIEpaTypH
DS18B20. lanHi Bi AaTYMKIB epeaBainuch 3a MpoTokosnoM 1-Wire 10 MikpokoHTpoepy Arduino
Uno, a BiJ MIKpOKOHTpOJIepa MOCIiIOBHO Yepe3 KOMYHiKaTopu nudpoBoro panaioss’sisky EBYTE
E01-2G4M27D i ronoBuuit Moaynb Ha ocHOBi mopraruBHoro [1K Orange Pi PC 4 - B [nTepuer. s
BUNPOOyBaHb OyB 0OpaHuil Oionoriunmii iHky6arop NuAire DHD AutoFlow 5510. [Ins nepeBipku
rpalylOBaHHs JaTYUKIB Oyl0 00OpaHO TeMIepaTypHi TOUKH, ki Ha 3 °C rpaaycu BUXOISTh 32 MEXI
CTaHJAapTHOTO Jiana3oHy podounx Temreparyp KyiabTypu kiitud 27 - 37 °C: 24 °C ta 40 °C. [lani
TEeMIIepaTypy 3YUTYBaJIH MPOTATOM KiJIbKOX TOAMH JUIsl IOCATHEHHS TEIJI0BOI piBHOBaru. B ymoBax
TEIJIOBOT piBHOBArH BC1 BIIXWJICHHS BiJl peepeHTHOro 3HaueHHs etanoHnHoro repmomerpa EXTECH
EA15 EasyView Oynu He Outbiinmu, Hixk 0,1 °C, a 3nauenns CKB Mix cepeqHiMu moka3aMu jat-
gukiB piBHi 0,05 °C nns 060x TemnepaTypHux Touok. [Ticis nepeBipok JaTunku Oyiau po3MilleHi y
BignoBigHOCTI 70 cTtanaaptie DIN 12880. BunpoOyBaHHsI BUIIIEONMCAHOT CUCTEMH B CTaHIAPTHUX
yMOBax poOOTH 3 KyJIbTYpPOIO KJIITHH MPOAEMOHCTPYBAJIO BiJICYTHICTh OyIb-SIKUX CYTTEBHX He-
3py4HOCTEH Ta mpobieM. TakuM YMHOM CTBOpEHa CHCTEMa MOHITOPUHTY TeMIEpaTypH KIITHHHUX
iHKy0aTopiB B peaJlbHOMY 4Yaci € 0JIHa 13 HAUTOYHIMIMX 13 ONyOJiKOBaHUX Ta €IMHA MPUJATHA JJIsI
0JTHOYACHOTO KOHTPOJIIO BIIMOBITHOCTI cTaHgapTaM sikocti cepii DIN 12880.

KuaroudoBi ciioBa: KynbTypa KIiTHH, iHKYy0aTOp, TeMIeparypa, BiITBOPIOBaHICTh

MOPIBHSJIbHA XAPAKTEPUCTUKA IMMOKA3HUKIB JIIMTONEPOKCHU AL
POTOBOI PIJUHU HA ETATIAX AJANTAIIIL 1O 3HIMHUX ITPOTE3IB ITPU IEP-
BUHHOMY TA IIOBTOPHOMY ITPOTE3YBAHHI

O. 51. bapatam

IBanO-DpaHKiBCHKUN HAIlIOHATHHIN METUIHIH YHIBEpCUTET, M. [BaHO-DpaHKIBCHK;
obarabash@ifnmu.edu.ua

B Vkpaini icHye Bucoka morpeba B 3amimieHHi gedekTiB 3yOHHX psiaiB, 0cOOMUBO cepen ocid
CTapmIMX BiKOBUX Ipyn. HalmomynsipHimmuMm BHIOM NpoTe3iB y TakoMmy Bili € wactkosi (U3IIII)
ta noBHi (II3I1I1) 3uimMHI TuIacTUHKOBI mpoTe3u. [IpoTe eneMeHTH KOHCTPYKLiA 3HIMHHUX Tjac-
TUHKOBHX MpPOTE3iB, B3a€EMOAIIOUM 3 TKAHMHAMH MPOTE3HOTO JIOKA, MOXKYTh 3yMOBIIOBATH 3MiHU
OKCUJATHUBHUX MpoLeciB. MeTa 10CHiKeHHS: MOPIBHAJIBHAN aHaJi3 IHTEHCUBHOCTI MEPEKUCHOTO
OKMCHEHHSI JIIMIAIB y pPOTOBiH piAMHI 32 YMOB MEPBUHHOTO Ta MOBTOPHOTO BCTAHOBJICHHS MIPOTE3iB
Ha eranax aganrtanii 1o Y3IIII ra [13I111. Marepianu Ta Mmetonu. I1ix cnocTepesxeHHsIM nepeOyBain
MPaKTUYHO 3[I0POB1 MaLi€HTH BiKOM Big 45-tu 10 89-TH pokiB, sikuMm Oynu Burotosneni Y3IIII ta
131111, 3 Hux 12-tu (6-tr — Y3IIIL, 6-T1 — [13I1I1) mpoTe3u BurotoBmsinucs Buepue ta 9-tu (5-Tu —
Y3IIII, 4-m — I13I1I1) — moBTopHO. s qOCATHEHHSI METH BCiM 00CTEKEHUM 3a0Upanu poToOBy pi-
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JIUHY B PaHKOBI roguHU HaTie. [Ipo BMicT MpOayKTiB JiNONEpOKCH ANl y pOTOBIH piiMHI CyIHIN
3a KOHIICHTpaliero aieHoBux koH’rorariB (K) Ta npomykriB, mo pearyioTb Ha Tio0apOiTypoBYy
kucnoty (TBK-AIT). JocniaxyBaHi HOKa3HUKW BU3HAYAJHN JI0 POTE3yBaHHs Ta HA 7-My 100y micis
BCTaHOBJICHHs mpoTe3iB. [lupposi naHi onpamnboBaHi CTATUCTUYHO 3a J0TIOMOroto nmporpamu Excel
nakety Microsoft Office 365 ProPlus. Pe3yabraTn. [Ipu npoBe/ieHHI MOPIBHSAIBHOTO aHAi3y MO-
Ka3HMKIB JIIMONIEPOKCHUIAIIIT BCTAHOBJICHO, [0 HAa 7-My 100y micis BctanoBinenus Y3IIIT pmict JIK
nepeBUIIUB BUXiaHI nani Ha 85,12 % (P < 0,001), TBK-AIT —y 2,10 pa3a (P < 0,001) BignoBigHO
[0JI0 JIAHWX JO OPTOMEIUYHOTO JIiKyBaHHsS. Y mnamnieHTiB, skuM Y3III1 BcTaHOBIIOBAIM TOBTOPHO
Ha 7-My 100y crioctepexenHs BMmicT K y portoBiii pinuni 3pic Ha 62,50 % (P < 0,01), TBK-AII —
Ha 43,77 % (P < 0,05) moxo noka3HUKIB A0 MpoTe3yBaHHs. Taki JaHi cBig4arh, M0 TPH MOBTOP-
Homy npotesyBanHi BMicT JIK Ta TBK-AIl Oynu HmkuuMmu, HiX npu nepBuHHOMY Ha 37,09 %
(P<0,05)Tay 3,88 paza (P <0,001) BinmoBinHo. Y namienTi i3 3amimeHusm nedexris 131111 6yno
BUSIBJICHO, 1[0 MpHU NepBUHHOMY npoTe3yBanHi BMicT JIK Ta TBK-AII nepeBumuB BuxiaHi Aani Ha
7-My noOy micist mpote3yBaHHs BinnosinHo y 4,09 pasza (P < 0,001) i na 81,66 % (P < 0,001), a
MpU MOBTOPHOMY 3aMitenHi —y 2,41 paza (P <0,01) ta Ha 36,36 % (P < 0,05) BignoBijHO 1110710
3HAYeHb 10 OPTOTEAMYHOTO JiKyBaHHS. Y pe3ylbTari MOPiBHIBHOTO aHali3y BCTAHOBJIEHO, IO
npu MoBTOpHOMY Iipote3yBanHi koHueHtpanii JIK i TBK-AII y portoBsiii pinnni Oynu HHKYUMHU Ha
69,71 %, (P <0,01) ray 2,25 paza (P < 0,001) BignoBinHo. BucnoBku. OTpuMaHi gaHi cBig4arb
po Te, 110 3aMillleHHs Ae(eKTiB 3yOHHUX Psi/IiB 3HIMHUMHU IJIaCTUHKOBUMH MTPOTE3aMU PU3BOAHTD
JI0 aKTHBAIlil MPOIECiB JIMonepoKcHaaii i po3BUTKY OKCHUJIATHBHOIO CTpecy. BusiBiieHi 3MiHu
MOB’s13aHi 3 BINIMBOM KOHCTPYKIIi IPOTE3iB HA TKAHWHU MPOTE3HOTO JIOKE, BAXKYUM JTOTIISIIOM 32
riri€HOI0 POTOBOT MOPOKHUHU 3yMOBIICHUM HUMU. Y MAIi€HTIB, IKUM MPOTE3H BUTOTOBISLIIUCS IO~
BTOPHO, IOCTI)KYBaHi mpolecu Oyau BUpaKeHI MEHIIE, OCKiJTbKA TKAHHHH TPOTE3HOTO JIOkKE OyiH
O1JIBII aJanTOBaHI JI0 BIUIMBY MPOTE31B BHACIIIOK BAKOPUCTAHHS MMalliEHTaMH TIONIEPEIHIX MPOTE3iB.
KitrouoBi ciioBa: mepekucHe OKUCHEHHsI JIIIiJiB, POTOBA PijIHA, OPTONCAUYHE JIKYBaHHS, alanTallis
110 3yOHUX TIPOTE3iB

B-CATENIN EXPRESSION IN BRAIN CHOROID PLEXUS IN RAT STROKE MODEL
AND THE EFFECTS OF DEXAMETHASONE

0.V. Bashyrova, S.1. Savosko
0.0. Bogomolets National Medical University, Kyiv, Ukraine; s.i.savosko@gmail.com

Choroid plexus cells undergo reactive changes in response to ischemic brain injury. However,
ependymocyte reaction and their impact on functions, particularly cerebrospinal fluid production,
remain insufficiently researched. We have discovered that ependymocytes of the choroid plexus
exhibit uniform membrane B-catenin expression, which can be used as a reactive change maker. The
main role of B-catenin is in its involvement in the Wnt/B-catenin signaling pathway, which regulates
cell proliferation. The B-catenin signaling pathway is activated in ependymocytes in response to
traumatic injury. Accordingly, inhibition of B-catenin expression may negatively impact ischemic
infarct volume and recovery processes. In our study, the results of B-catenin immunohistochemical
staining were evaluated in the choroid plexus of the lateral ventricles of rat brains on days 1, 3, 10,
30, and 60 following modeled intracerebral hemorrhage (ICH). The results were compared with
those from a sham-operated group and a group of animals that received dexamethasone at a dose
of 10 mg/kg on days 1, 2, and 3 of the study. Structural changes in the choroid plexus of both the
ipsilateral and contralateral brain ventricles were identified, with the level of B-catenin expression
showing dynamic variation. In the sham-operated group, an increase in -catenin expression was
observed on day 3, followed by a subsequent decline. In the ICH group, high expression levels were
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detected from the first day, decreasing only by day 60. Conversely, dexamethasone administration
delayed the activation of B-catenin synthesis until day 60. No significant difference in B-catenin
expression was observed between contra- and ipsilateral brain ventricles across the groups.

The observed changes in the intensity of membrane B-catenin expression prompt consideration of
the potential functional implications of such dynamic alterations and highlight promising avenues
for further research into the effects of pharmaceutical agents.

Keywords: intracerebral hemorrhage, f-catenin, ependymocyte reaction, choroid plexus.

MOJIYJIALISA MPOTECTEPOHOM EMOIIAHOI IOBEJIHKU TA ITAM’SITI
Y IIYPIB 3 AJIKOT'OJIBHOIO 3AJIEZKHICTIO

O.TI. bepuenko, A. M. TiTkoBa, A. B. lllnsxosa, H. O. JleBiueBa

eporcasna ycmanosa «Ilucmumym nesponoeii, ncuxiampii ma napkonoeii imeni I1. B. Borowuna
Hayionanvnoi axademii meouunux nayx Yrpainuy, m. Xapxis, berchenko.olga@ukr.net

HefipoakTHBHMM TOpMOHaM, 30KpeMa, IPOrecTepOHY, CUHTE3 SIKUX BiI0yBaeThcs de novo B KIIITHHAX
TOJIOBHOTO MO3KY, HaJCKHUTh Ba)KJIMBA PoJib B (POPMYBAaHHI MOTATY A0 BXXMBAHHS aJIkorosro. Taki
MOBEJIHKOBI MPOSIBU SIK TPUBOTA, JEHpECis, arpecis, KOrHITUBHA IUC(YHKLIs, 10 TpUTaMaHHI
NCUXIYHUM PO3JIajiaM, MOB>A3aHi 31 3MiHaMu (pyHKIiOHANbHOI aKTUBHOCTI HEUPOCTEPOIAiB.

MeToro po6otu Oyi0 1OCHIIIKEHHS €K30T€HHOTO BIUIMBY NPOTE€CTEPOHY Ha LICHTPAIbHI MeiaTOpHO-
TOPMOHAJIBHI Ta HEHPOCTEPOIOHI MEXaHI3MHU peryisiuii TPUBOTH Ta arpecHMBHOCTI, pobouoi Ta
IPOCTOPOBOI MaM>SITI y LIYypPiB 3 aJIKOrOJIbHOIO 3aJIekKHICTIO. EKcepuMeHTalbHi 10CTiIKEHHS
npoBeaeHi Ha 75 n1adopaTOpHUX OINMMX IIypax-caMIsiX CTaTEBO3PLIOro BiKy y SIKMX HpoTsarom 30
ni6 GpopmyBany anKoronbHy 3aJCKHICTh LUISIXOM BXXKMBaHHS €TaHoIy B 1031 1,2 r/kr macu mypa. Ha
¢ oHI ankoroii3amii MOJIEIIOBaIN arOHICTUYHI 3ITKHEHHS BHACIIIOK KOH(IIKTHIX 300COIiaIbHIX
B3a€MOJil Ta MCUXOEMOLIHHOTO CTpPECy MPHU 3aCTOCYBaHHI MOJENI CEHCOPHOTO KOHTAaKTY, SIKa
JIOTycKae ofgHo4YacHe (popMyBaHHS arpeCMBHOrO i CyOMICHBHOI'O THIIB IIOBEAIHKH B Pe3yibTaTi
MOCTII0BHOTO HAOYTTS IOCBily EPEMOT 1 Opa3oK y KOH(GPOHTALIAX MiX TBapuHaMu. {Jis KinbKicHOT
OLIIHKM MOBEAIHKOBOT aKTUBHOCTI LIYPiB 32 IUX YMOB OYyJIO BAKOPHCTAHO TECT «IIEPEropoika». Po3uun
MPOreCcTEpOHY B PULIMHOBIH 07ii B 1031 80 MKT Ha TBapHHY BBOJIMJIM iHTpaHA3aJIbHO JBOPAa30BO Ha
100y mpoTsarom 5 11i0 micias GopMyBaHHS aJKOTOJIBHOT 3aJI€KHOCT] Ta KOHQPOHTALIHHUX 31TKHEHb.
HeiipoeTonoriyHMMHI METO1aM1 OLIHIOBAJIH iHAUBIIyaIbHUH PiBEHb TPUBOKHOCTI, arpeCUBHICTb Ta
MiJJIeTIICT Y IYPiB 3 aJIKOr'0JBbHOIO 3aJICXKHICTIO Ta 32 YMOB arpeCMBHMX 3iTKHeHb. Ha Bcix etanmax
JOCTiIKEeHb iIMyHO(EpPMEHTHIM METOA0M Bu3Havyainu piseHb ' AMK, kaTexonaminiB, IporecTepony,
TECTOCTEPOHY, KOPTU30JIY B CTPYKTypax JiMOiuHOT CHCTEMH MO3KY Ta HEOKopTekci. B pesynbraTte
MPOBEACHUX JOCIHII)KEHb BCTAHOBJICHO, L0 TPUBAJIA AJKOT0Ji3allis BUKINKaJIa JOCTOBIpHE MiABU-
LICHHS TPUBOXHOCTI y 1IypiB 3 ii HU3bKKUM 0a30BuUM piBHeM (3 3,95 £ 0,19 no 6,45 + 0,31 dany),
Ta 3HIKEHHS —3 ii BUCOKUM 0a30BuM piBHeM (3 8,52 + 0,23 no 6,69 + 0,57 6any). 3o0coiianbHui
KOH(JIIKT BUSIBUB BUCOKY TPUBOXKHICTB Y IIyPiB CyOMiCHBHOT'O THUITY Ta IPUTHIYCHHS TPUBOKHOCTI
y HypiB arpecUBHOTO TUIy. [HTpaHa3agbHe BBEACHHS NPOreCTEPOHY CTPUMYBAJIO 3POCTAHHS TPU-
BOXHOCT1 y CyOMiCHBHUX Ta arpeCMBHMX TBAapHH. 3HMKCHHS PiBHS TPUBOXKHOCTI Ta Aempecii mifg
BIJIMBOM IPOTECTEPOHY MiaTpuUMYyBaiocs ctabdinizauiero Bmicty 'AMK y rinokammi i ppoHTamsHOMY
HEOKOPTEKCI Ta aipeHEPriuHOT aKTUBHOCT1 y CTPYKTYpax Me301iMO14HO01 1o aMiHepridyHOl CUCTEMHU
IpH MiABUILEHOMY piBHI fodaMiny B nucleus accumbens. CTaH mypiB XapakTepu3yBaBcsl Iepepos3-
noJiioM OajlaHcy B cUCTeMi HEHPOCTEPOiiHOT perysiiii Ha Tl MiIBUILEHOT0 BMICTY IIPOTrecTepo-
HY y CTPYKTypax rojloBHOTO MO3Ky. TpuBana ajgkoroiizamis Npu3BoguiIa 10 MOPyLIEHHS poboyoi
namsTi, IO MPOSBISUIOCH B 30UIBIICHHI Yacy 3amaM)sSTOBYBAaHHS HOBOTO He3HailoMoro o0’ekra
Ta MABHINEHI KoedimieHTy AuckpuMiHamii 10 72 % MOpiBHSIHO 3 BUXITHUMH 3HaueHHsSIMH (64
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%). 300comianbHUNi KOHPIIIKT y IypiB 3 arpECUBHUM THUIIOM MOBEIIHKH IMOCHUJIIOBAB MOTIPIICHHS
po6oduoi Ta mMpoCcTOPOBOT MaM)>SITi Ta 3HWXKYBaAB KoedilieHT auckpuminamii 10 52 %. [MokpamenHs
po00oU0i Ta MPOCTOPOBOT MaM»$ITi ITiJ1 BINIMBOM BBEICHHS MMPOTECTEPOHY Y AJIIKOTOJIb 3aJICKHUX IIyPiB
arpecuBHOTO THITY 00yMOBJIEHO BiJHOBIEHHsAM iHri0iTopHuX BriuBiB TAMK Ta mporectepony B
HEOKOPTEKCi 1 TiMoKaMIi Ta MiJBHIIEHHSIM PIBHS TECTOCTEPOHY B HEOKOPTEKCI Ta TimoKamIli Ha
TIi HopMali3anii nodamMiHepriyHOT aKTHBHOCTI Ta CTPUMYBaHHSIM CTpeC-iHAYKOBAaHHMX BIIJTUBIB
KOPTHU3O0Y.

KitrouoBi ciioBa: ankoroyibHa 3alie’KHICTh, 300COMIaIbHAN KOHMIIKT, TPUBOXKHICTH, I1aM’SITh, MPO-
rectepon, [AMK, karexonamiHu, TECTOCTEPOH, KOPTU3OII.

3ACTOCYBAHHS AUTPEKIHTY JIJIs1 OIIIHKH KOTHITUBHUX ITPOIIECIB
Y JIIOJAEU PI3HOI'O BIKY

T. M. Bopucora

3axionoyxpaincokuili Hayionanvruil ynisepcumem, M. Teprnonins, borisova.tanushka@gmail.com

[IpoBeneHo ekcriepuMEHTaANbHE JOCIiPKEHHS KOTHITUBHUX IIPOLECIB, MOB’ I3aHUX 3 YBArolo, y JIoAeH
pizHoro Biky. KomnapatuBHuii aHaini3 pe3ynbTaTiB HEHPOIOCHIIKEHHS 3 BUKOPUCTAHHAM alTPEKIHTY
B yMOBax JlabopaTopii HEHpOMapKETUHTY Ta peKJIaMH 3axigHOYyKPaiHCHKOIO HaLiOHAJIBHOTO YHi-
BEPCUTETY JI03BOJIMB BCTAHOBUTHU HASABHICTh KOPEJALil M’k piBHEM yBaru Ta BikOM pECIIOHCHTIB.
JocnigkeHHs IpoBeaeHI Y eKCIEPUMEHTI 13 3aIyueHHsIM 24 miozei 6e3 TpUBOXKHUX PO3JaliB, 3 HUX
MOPIBHY YOJIOBIKIB 1 )KiHOK, 5Kl OyJM MOAiNIEeHI Ha 2 TpynH — AocaiaHy (BikoM 60+) Ta KOHTPOJIBHY
(Bixom 18-45 pokiB). [s excriepuMeHTy 00paHO METOA alTPEKIHTY 3a AomoMoroto aiiTpekepa Eye
Tracking Kit 3 nporpamuum 3a6e3neuennam CoolTool NeuroLab. Bigcrexenns nornsay (aliTpekinr)
JI03BOJIMJIO OTPUMATH 1H(POPMALIiFO PO 0COOINBOCTI 00pOOKH BizyalibHOI iH(OpMaLlii Ta epedir KOrHITUBHUX
MPOLIECIB, OB’ I3aHMX 3 YBArolo, B Y4aCHUKIB JOCIILKeHHS. JocmimkeHHs Oy10 ClipsiMOBaHe Ha OPIiBHSIHHS
MOKA3HUKIB, sIKi BiI0Opa)ar0Th PiBEHb YBaru JIFOJWHI,TAKKX SIK CITiIBBITHOIICHHS KUTBKOCTI (ikcarliii Ha
LEHTpaJIbHIN Ta nepudepiliHiii yacTUHAX eKpaHy i/l 4ac meperiisity Bifeo, KUIbKIicTh (hikcawiil Ha 00’ eKTi
ITiJ1 9ac meperisity, Cepe/iHii yac Qikcarlii morisy Ha 00’ €KTi, IBUAKICTh IEPEMIIIICHHS TIOTIISITY 3 OJJHOTO
00’exTy Ha iHmMA. TakoX BpaxoBaHi MOKAa3HUKH SKOCT1 HaJAIITYBaHHS aUTPEKIHTY, OCKUIbKHU Ie-
peld MmoYaTKOM HEeperiisiay BiZeo 3 aTpeKepoM yYacHMKH IMPOXOJIMIIM KajdiOpyBaHHS. Y4YacHHKAM
EKCIIEPUMEHTY IPONOHYBAIOCH eperiassHyTH 10-Tu cexyHaHe Biieo Ha TeMy NPUPOAH. 3 TOYATKOM
MOBITPSIHOT TPUBOTH €KCHEPUMEHT IPUIIUHSABCS 1 IEPSHOCHUBCS HA HACTYITHUH JI€Hb, 00 YHUKHYTH
BUKPHBIICHHS PE3yJIbTaTiB BHACIIAOK EMOLIIHOr0 CTUMYJy. TaKox rnepes mno4aTkoM eKCIEPUMEHTY
YYaCHUKH IPOXOAMIN KOPOTKE TECTYBAHHS JIJIsl BUKJIIOUCHHS BIUIMBY €MOLIIHHOTO CTaHy y4acHHUKA
Ha pe3yJibTaTH AOCIIKEHHS (EMOLINHI CTaHU PO3ApaTyBaHHs, arpecii, macts, eidopii yuacHUKH
JIOCJIIIKEHHS Ha 4ac eKCIIEPUMEHTY He caMoigeHTH(iKyBann). OTPUMAaHO HACTYIHI pe3yJbTaTH:
1. Eran xaniOpyBaHHs (HalalITyBaHHS 10 €KCIECPUMEHTY 3 alTPEKEPOM) YUYaCHUKH CKCIEPUMEH-
TanbHOI rpynu npoxoawin Ha 8§0% moBuie, HiXK KOHTpOibHOI. YacTka HeBranux cupolb Kamiopy-
BaHHsI, B TOMY YHMCJi 1 MTOBTOPHUX cnpob, Oyna Ha 120% BuIa y eKCIEPUMEHTAIbHOI IPYyIH, HiXK
B KOHTpOJIbHOT; 2.Ha apyromy erami cuHXpoHi3awLii alTpeKiHTy 1 31HMIb yYaCHUKIB BCTAHOBJICHO,
10 yYaCHUKaM €KCHEPUMEHTAIbHOI Ipynu Oysio moTpiOHO Oinbiie yacy, mod ailTpekep 3adikcyBas
JOCTATHIHM piBEHb yBaru Jis 3alycKy ekcriepuMenTy. CepeqHiil yac CMHHXpOHi3alii Ha IpyroMy erari
B KOHTPOJIBHOI IpynHu cKiaB 7 ¢, eKCnepuMeHTadbHOo1 — 19 ¢. 3.5KicTh eKciepuMeHTY, SIKY BIAI0Ch
3aikcyBaTH NPOTATOM MEPEVIsAY Bifeo, BUSBHUIIACH BUIIOIO 1 ckiana 86% Oyiu oriHeHi Ha 4 1 OisibLe
31poK 3 5-TH (5 — HallKpala sIKicTb) y KOHTPOJBHOI TPy YYaCHUKIB. Y eKCIIEpUMEHTAIbHIN rpymi
MOKa3HHUK SIKOCTI neperisaay Bigeo (4 15 3ipok 3 5-TH) ckiaB 54% BiJ yciX eKCIEPUMEHTIB L€l IPyIH.
OTXxe, BCTaHOBJICHO, 110 KOTHITHBHI NMPOILECH, MTOB’s3aHi 3 yBarow, y JIIoJel pi3HOTO BiKy MOXHa
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BIICTE)KHTH 3a JOTMOMOTOI0 alTpPEeKiHTY, 1 BOHH Pi3HATHCA. [ yYaCHHKIB JOCIHIJKEHHS BIKOM
60+ o00ox craTeil, Ha BIAMIHY BiJl y4YacHHKiB BikoBoi rpymu 18-45 poxiB, xapakTepHuUM Oyi0
YHOBINBHEHHS 4Yacy peakiii, CKJIaaHICTh KaliOpyBaHHs, 301IbIICHHS Yacy Ha CHHXPOHI3alilo 3i-
HULb Ouel 1 aliTpekepa, 30iMbIICHHS YaCTKH HEBAAIUX CIpoO KaniOpyBaHHS, MOTiPIICHHS SKOCTI
AUTPEKIHrOBOTO EKCIIEPUMEHTY.

KarouoBi cioBa: aliTpekinr, HeWpOAOCTiHKCHHS, PIBEHb YBary.

OLIHKA PAPMAKOJNHAMIYHUX XAPAKTEPUCTUK
HAHOPO3MIPHUX OKCUJIHUX CIIOJYK MATHIIO

L. II. BaniBoa3e, C. I. Cteabmax, A. B. badenko

Dizuko-ximiunuil incmumym im. O. B. boeamcvkoco HAH Yxpainu, m. Odeca, Yxpaina;
valivodzirina@gmail.com

Beryn. HaHOTEeXHOIOTIT TPOTIOHYIOTH MOXJIHUBICTh PO3POOKH HOBHUX JIiKiB i3 O1IBIIO0 KIITHHHOO
crienn(i9HICTIO Ta CHCTEM BUBLIBLHEHHS JIIKiB, SKi JIIFOTh BUOIPKOBO Ha MeBHI MimieHi. [le no3Bose
BBOJIUTH MEHIII, ajie O11bII epeKTHBHI 1031, MiHIMI3ytoun o0i4uHI epexTn. HaHOTEeXHOMIOTIT TaKoXK
MOXHa BUKOPUCTOBYBATHU ISl ONMTHUMI3allii JTiKapCchbKUX (GopM, MiJBUIIEHHS PO3YMHHOCTI JKIB i
3MiHM (DapMAKOKIHETHKH JJISl MIATPUMKH BUBIJIbHEHHS MIpenapaTy, THUM CaMHUM HOJOBXYIOUH HOTO
OiomocTynHICcTh. MarHiii y HAaHOPO3MIipHiINA OpMi Mae MOTEHIIa Il MEIMYHUX 3aCTOCYBaHb, 30-
Kpema Ui JOCTaBKH JiKiB Ta B TKAaHWHHIN iHkeHepii. [IpoTe, He3Bakatoun Ha aKTUBHI PO3POOKH
B LIl ramxysi, KiIIbKiCTh €KCIIEPUMEHTAIBHUX AOCIHIKEHb 3 BUKOPUCTAHHSM HAaHOMArHilo JOCHUTb
obMesxeHa. BogHoyac HAaHOCTPYKTYPOBaHMI MarHiil akTHBHO 3aCTOCOBYETHCS Y IPOMUCIOBOCTI JJIsl
CTBOPEHHSI HOBUX MaTepiaiiB 3 OaxaHUMU BIacTUBOCTAMH. He3Baxkaroun Ha Te, 110 J1OCTIHKCHHS
i€l peyoOBUHU aKTUBHO TPHUBAIOTh, BIUIMB HAHOYACTHHOK MAarHilo Ha OpraHi3M TBapHH 1 JIoneH, a
TAaKOX Ha HABKOJIMIIHE CEPEJOBHIIE 1€ HEJOCTATHHO BUBUCHHMM. [j1s1 €epeKTUBHOTO BUKOPUCTAH-
HS HAHOPO3MIPHUX CIIOJIYK MarHiro HEoOXiTHO PO3pPOOHUTH METONU iX CHHTE3y Ta AOCHIIUTH iXHi
¢i3uK0-XiMi4HI, TOKCHKOJIOTIYHI Ta ()apMaKoJIOTiUHI BIACTHBOCTI. METOIW MOCIIKEHHS CTajo
MPOBEJCHHS aHalli3y OCHOBHHX (Di3MKO-XiIMIYHHX i (papMaKOIOTIYHHX BIACTUBOCTEH HAHOPO3-
MIpHHX OKCHUJHUX CIIOJYK MarHito. Matepianu i metogu. B monepeaHix po3poOkax moOymoBaHO
1D-QSAR monens mono knitu E.coli, 3aranbHuil BHECOK apaMeTpiB «piaKoi Kparii» OJU3bKO
25%. Meronom 1Y cnekrpockomii BCTaHOBIEHO, O TepMoodbpodka Mg,(OH),CO, npu 800°C B
aTMoc(epi aprony Mae HalKpamuii pe3yJbTat yrBopeHHss MgO, cnocTepiraeTbest MOLYJIsLIs CIIEeK-
TPiB 3pa3KiB OTPUMaHUX y AOCIIKYBAaHUX CEPEAOBHINAX, L0 CBIAYUTH NPO HAHOAUCIEPCHICTH
OTPUMAHOI0 MPOAYKTY. Pe3ynbraTtu nociimkens. Y gociilKeHHi Oy10 NpoBeJeHO BUIIPOOYBAaHHS
HaHoMaTepianxy B 010JIOTYHUX EKCIIEPUMEHTAX Ha TBAPUHAX: BCTAHOBJICHO PE3YJIbTaTH TECTYBaHHS
MPOTUCYAOMHOT i mpenapaTiB Ha OCHOBI iX 37aTHOCTI 3MiHIOBaTH 103y Kopasony (AKTC, mr/kr)
Ta e(heKTUBHICTh HOTO iIHAYKOBaHOTO TOKCH4YHOTO edekTy (ATE, Mr/kr) y pi3HUX rpynax TBapuH.
JocnijKyBaHi rpyny BKJIIOYAIOTh KOHTPOJBHY I'PYIy, I'pyly 3 KiHIUIIHIOM, a TakoX TpyIH, 110
orpumyBain MgSO4 B pi3HHX A03aX 1 LUISIXaX BBEACHHS. 3TiHO 3 pe3yiapTaTaMu, BBeAeHHSI MgSO4
400 Mr/kr omHOpa30Bo (11/0 200 B/0) MPU3BOAUTH A0 3HAUYYIIHX 3MiH Y MOKa3HUKAX y MOPIBHIHHI
3 KOHTPOJIBHOIO IPYIOI0 Ta IPYNOI0 KiHJIIHTY, 10 BKa3y€ Ha MOTEHLiaJl MarHio JUisl 3SMEHIICHHS
e(dexTiB, BUKIUKaHUX KOpa3010M (BiporigHicTh BiaminHOCTe# <0,05 y mOpiBHAHHI 3 KOHTPOJIBHOIO
rpynoio). BogHouac rpyna, sika orpumyBana MgSOas 200 Mr/kr moeHHO He MoKa3ana 3HaYHUX
3MiH IOPIBHSIHO 3 KOHTPOJIbHOIO rpymnoto. [IpoBeaena oninka aHTaroHicTU4HOT akTUBHOCTI MgSO4
1010 KOPa30Iry, IO J03BOJISE JOCIIKYBAaTH MOTEHIIIHHI TepaneBTUYHI €(h)eKTH MarHilo B yMOBax,
10 MOZECIIOIOTh CyAOMHY aKTUBHICTh. [IpoBeaeHO HOCHiIKEHHS 3 BU3HAUCHHS IICUX0-EMOLIIHOTO
CTaHy Ta BEreTaTHBHOI'O CYIPOBOAY MHILEH B TECT1 «BIAKPUTOTO MOJIS» Micisl BBEACHHSI MEMAHTHHY
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okpemo (10 mr/kr, B/0 abo n/0), abo y kombinanii 3 MgSO, (200 mr/kr, B/0 abo n/o0). Bcranosneno,
110 MEMaHTHUH MPOSIBIIsSi€ 3HAYHUHN BIUIMB HA TICUX0-EMOI[IHHUI CTaH 1 BereTaTuBHi PyHKIii MUIICH,
30KpeMa, Ha 3HWKCHHS aKTUBHOCTI 1 3MiHY BEreTaTUBHUX (YHKIIIH, 10 BiZOOpaKaeThest y 3SMEHILICHH1
MOKAa3HUKIB y TECTI «BigKpHuTOro noss». KoMOiHaIlisi MEMaHTUHY 3 MarHi€M B JICSIKMX BHUIAJIKax
3HM)KY€ HETAaTHBHI €()EKTH MEMaHTHHY Ha IICUX0-CMOIIITHUHN CTaH, aJie TAKOXK M€ JICSIKi BIIMIHHOCTI
B pe3yJibTaTax 3aJie’KHO BiJl NUISIXY BBeAeHHS (B/O un 1/0). HaliMeHIe 3MiH y ICUX0-eMOLIHHOMY
CTaHl CIOCTEPIraeThcs B rpymnax, /¢ MEMaHTUH BBOJUTHCS Pa3oM 3 MarHiem, [0 CBITYUTH MPO
MOJKJIMBE B3a€EMOJII0 MI’)K MEMAaHTHHOM 1 MarHiem Jijist ctadimizanii crany. B ninomy, Maruiii Moxe
MaTH MO3UTUBHUHI €(PEKT Ha HOpMaJTi3allif0 BEreTaATUBHUX Ta OBE[IHKOBUX MOKAa3HUKIB, X04a HOT0
e(heKTUBHICTH BapilOETHCS B 3aJICKHOCTI Bijl KOMOIHOBAaHOTO 3aCTOCYBaHHS.

Kuarw4oBi cjioBa: HaHOPO3MIpHI OKCUJHI CIOJYKH MarHito, MOBEJIHKOBA aKTUBHICTh, KiHJIIHT,
KOpa3on

CIHIBBIJTHOIIEHHSA BMICTY HUHKY, NO-CUHTA3HOI AKTUBHOCTI

TA CTPYKTYPHUX OCOBJUBOCTEUN BICHEPAJIBHOI'O JKUPY I CKEJIETHHUX
M’A3IB I YPIB 3A YMOB I'llOTUPEOITHOI JIUC®YHKIIII,
IHCYJIHOPE3UCTEHTHOCTI TA OXKUPIHHSA

I. B. Bacmiummn, H. M. Bopounu-Cemuenko, O. I'. [Tonmagnnens

Isano-@pankiscokutl HayioHaTbHUL MeOUyHULl YHigepcumem, M. 16ano-PpanKiecvK;
ivasylyshyn@ifnmu.edu.ua

AKTyanbHICTh JOCIIIKEHHS 3yMOBJICHA TIOMTHPEHICTIO TUPEOIAHOT MaToIoTii, MIKpOEIEeMEHTHOTO
nucOanancy, MyKpoBOTro AiabeTy, OKUPIiHHSA, IKi MOKYThH OyTH HEOC3IMeUHNMH yKe Ha cTamii MiHi-
MaJIbHOI THPEOigHOT HeJOCTaTHOCTI, mpeaiadeTy, HaIIUIIKOBOT MacH Tija. MeTa JOCJiaKeHHs :
3’SCYyBaTH PO3MOMIN MUHKY, aKTUBHICTE NO-CHHTa3HOT CHCTEMH, OCOOIMBOCTI CTPYKTYPHOI Op-
rafizaiii BiCIIEpaJTbHOTO JXKHPY 1 CKEJIETHUX M’ s3iB 32 YMOB TiMOTHPEOigHOi MuchyHKIIT Ha T
Hoa- 1 mUHKAC(IMUTY, IHCYTIHOPE3UCTCHTHOCTI W OXUPiHHA. JlOCTiIKeHHS TPOBOAWIN Ha O1IUX
0Ee3MOPOTHUX CTATEBO3PUIHX IMIypax-caMisx. TBapwau 1-1 rpynu (KOHTpoNbHOT, n=12) mepeOyBanm
Ha CTaHJAapTHOMY Xapu4oBOMYy parlioHi, 2-i (n=12) i 3-1 (n=12) — oTpuMyBaiu paIioH XxapayBaHHS 3
ooMmexxeHnM BmicToM ITUHKY (Prasad AS, 2007) Ta #ony (Crenes’st Bb Ta 1., 2014) BignmosigHoO,
mypaM 4-1 (n=12) 1 5-1 (n=12) MomenoBaNM 1HCYIIHOPE3UCTECHTHICTh (TBAPUHU 3aMiCTh TMUTHOI
Boau orpumyBanu 10 % poszunn ¢pykrosn, lynposuya AA Ta in., 2011) ta oxupinHs (urypu 3Ha-
XONMJIMCh Ha PaIlioHi 3 MiABUIIEHUM BMicToM xupy, [liBTopak KB, 2015). ¥V cupoBariti kpoBi Ta
TOMOTEHAaTaxX BiCIEPaIbHOTO KUPY W CKEETHUX M sI31B (M’ 31 TOMIJIKH 1 CTETHA) BU3HAYAIH BMICT
IUHKY Ta aKTHBHICTEH iHAYyNHOeapHOT NO-cuHTa3u (iNOS). YV TBapWH OIMIHIOBAIH THPEOITHHUI
npodink (3a BMICTOM BUIBHUMX TpuioaTUpOHiny — BT, i THpoKkcuny — BT,, THPEOTPONHOIO ropMo-
ny — TTI'), BymieBoguuit 0OMiH (32 piBHEM TIIKO3WILOBAHOTO TEMOTIIO0iHY, TITIOKO3HU, 1HCYIIHY B
cupoBaTili KpoBi Ta obuncmoanu inagekc HOMA-IR), a Takok po3paxoByBajid iHIASKC MacH Tija
(IMT). CtpyKkTypHi 0COOIMBOCTI CKEJIECTHUX M SI31iB 1 BiCIIEpATBLHOTO KHUPY, IMUTOMOMIOHOT 3271031
BUBUAM IIISXOM CBITIOBOI Mikpockomii. Y pe3ynbTaTi JOCHTiIKeHHS BCTAHOBUIIHM 3MCHIICHHS
KOHIIEHTpaIlii TUHKY y cupoBatii kpoBi Ha 13,8-30,9 % (P < 0,05) momo KOHTpOIIO0 HE3aIEKHO
BiJ mieTH. YMICT MiKpOeJIeMEeHTa Y KUPOBiA TKAaHWHI 3HWKYBABCS TIIBKH 32 YMOB IMUHKAS(IIUT-
Hoi mietn (Ha 18,4 %, P < 0,05) i BucokoxupoBoro BurogoByBanus (Ha 74,7 %, P < 0,001) mozno
KOHTPOJIO0. Y CKEJIEeTHUX M s3aX piBEHb IMUHKY MEPEBUITUB KOHTPOJbHI 3HAYCHHS Yy TBapuH 2-1 i
5-1 gocniguux rpyn Bianosinuo Ha 36,8 % (P < 0,001) 1 19,4 % (P < 0,05). 3a Takux ymMOB y TBa-
PHH yCIX JOCHIJHUX TPy CIOCTEPIraju 3HMKEHHSA Y CHpOBaTLi 1010 KoHTpomo BT, ta BT, Ha
11 3poctands TTI y mypis 2-1 (y 4,2 paza, P < 0,05), 3-1 (y 2,3 paza, P <0,05), 5-1 (ua 30,5 %,
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P <0,05) ta 3amxenns TTI y mrypiB 4-1 rpynu (Ha 22,2 %, P <0,05). [Inaexkc HOMA-IR nepeBumus
3HaYeHHs KOHTPOJIIO y TBapuH 2-i 1 3-1 rpyn Ha 66,8 1 53,4 % (P < 0,05) 4-i15-1y 2,91 2,0 paza
(P <0,01) mono BuxinHux 3Ha4eHb. AKTUBHICTH INOS y ckeneTHUX M’si3ax 3poctana Ha 37,5-87,5 %
(P <0,05), y BicuepaibHomMy xupi—Ha 33,7 % - y n8a pasu (P <0,05), y cuposarii kposi (Ha 33,7 % —
y nBa pasu, P < 0,05) momo koHTposat0. HalicyTTeBimn 3MiHM MOKa3HUKA CIOCTEpIraiu 3a yMOB
BHCOKOKHPOBOI JIi€TH, 0COOIMBO y CHPOBATIIi KPOBi 1 BicuepanbHoMy kupi. [Ipu Mopdonoriunomy
JIOCIIIJKEHH] CKEIETHUX M S31B CTIOCTEpIraiy 3MiHH IIOCMYTOBaHOCTI, 0a30(inbHY 1H}IIBTpaLito Ta
OCEpeJIKY JIETeHEPAaTUBHUX 3MiH. Y BicUepalbHOMY KU1 IPUBEPTAE yBAry aHi30IMUTO3 1 rinepTpodis
anumonuTiB. Y (osikyliax NUTONOAI0HOT 3aJ1031 BUSBUIIN 301IBIICHHS TJIOII KOJIOTNY, 3HUXKEHHSI
BHCOTH (DOJIIKYJISIPHOTO €HITEJII0 (MIEPEBaXKAOTh 32 YMOB IIUHK- 1 HOAIePINHUTY) Ha TII1 3MECHIIICHHSI
HIUTBHOCTI KOJIOi Ty, HAOpSIK y CyAMHHO-CTPOMAIBHOMY KOMITOHEHTI 3a103u. BucHoBKHU. BcTaHoBieHo
CYTT€BE 3MCHILCHHS IUHKY Y )KUPOBiH TKaHMHI 32 YMOB BUCOKO)KHPOBOTO BUTOAOBYBAaHHSI i TUHKOBOT
nernpuBaii (y MEHIIiH Mipi), 3pOCTaHHSI BMICTY MIKpOEJIEMEHTa y M’s3aX 38 YMOB IMHKACQIHTY.
Taxi mani y3roJyKyBaJHCh 31 3pocTaHHsIM akTHBHOCTI iINOS Ta pO3BUTKOM CTPYKTYPHHUX 3MiH y
CKEJIETHUX M’53aX 1 BicLepaIbHOMY XKHUPI.

Karouosi cioBa: gedinut HHHKY, rinoTupeoigHa qucGyHKIis, IHCYTIHOPE3UCTEHTHICTD, OKUPIHHS,
cUpoBaTKa KpoBi, M’s30Ba 1 )KUPOBa TKAHWUHH, CTPYKTYPHI 0COOIUBOCTI

MNPOI'PAMOBAHA KJIITUHHA 3AT'MBEJIb IMYHOKOMIIETEHTHUX KJITUH
IIPU IHITIBYBAHHI SIRT-2 B YMOBAX I'HNEPTVIIKEMII

Beaukmuii B.FO., Bo3Hecencoka T.FO.

ITnemumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, vasyl velykyi@biph.kiev.ua

3arubenb KIITHH NpeACTaBisie COO0I0 TOBOJII CKIAJAHUN MEXaHi3M, SIKUH 3aleXKUTh Bl psay GakTopis,
110 JOTIOMAarae peryiIloBaTH picT TKaHWH, KIITHHHUN 00MiH, iIMyHHY BiANOBiAb Ta iHIII 610J0T14HI
npouecu. Ciptyinu (SIRT), ik KJIF040B1 peryasaTopu MeTaboai3My Ta OKCHJATUBHOTO CTPECY, Bifi-
IParoTh BXJIUBY POJIb y NiATPUMaHHI roMeocTa3y iIMyHHUX KIITHH, 3a0€3Meuytoun iX e(heKTUBHY
(GYHKIIIO0 Ta BUJKMBAHHS M1 Yac 3aMajbHUX MPOLECIB Ta IHIIKUX CTPECOBUX CTaHIB, 30KpeMa Tinep-
raikeMii. MeTa [pOTo AOCIIKSHHSI OJISATa€e y BUBYEHHI BIIKBY iHTi0iTopa SIRT-2 Ha nmpouecu npo-
rpaMOBaHO1 KIITUHHOI 3aru0eni B a1anTUBHUX IMyHHHUX KIITHHAX B yMOBax rinepriikemii. Jlocmian
MPOBOJIMIIN Ha CTATEBO3PITMX caMHLAX Mulel JiHii Albino. MozentoBaHHs TiNepriiikeMiuHOTO CTaHy
31HCHIOBAJIOCH IUISIXOM TPUPA30BOr0 BBEACHHS TBAPUHAM PO3YMHY CTPENTO30TOLUHY B IUTPATHOMY
Oydepi (70 Mr/kr) BHYTpilIHbOUEPEBHO. [HTEpBaN MiX iH’€KuisiMU — onuHA H00a. 3a 15 XB nepex
1H’€KIII0 CTPENTO30TOUMHY BBOAMUIN PO3UMH HiKOTHHaMigy (120 Mr/Kr) BHYTPIIIHbOYEPEBHO, IO
JIO3BOJISIE TIOM’ SIKITUTH J10 CTPENTO30TOLMHY Ta MiABUILUTU €PeKTUBHICT MOAEIIOBaHHs. TBapuHu
eKCIIEpPUMEHTANIbHOT TpynH yepe3 7 1i0 micias 0CTaHHBOTO BBEICHHS CTPENTO30TOL[IHY OTPUMYBaJIH
OJIHOPa30Be BHYTPIIIHbOUYEpEeBHE BBeACHHS crnenudiunoro inriditopa SIRT 2 — Agk2 (82 mr/kr).
Yepes 7 ai6 micas BBenenHs Agk2 y TBapuH Buydalu TUMYC Ta MaxoBi JiM(paTUUHI BY3JIH, 3 IKHX
OTPUMYBAJIX IMyHOKOMIIETEHTH1 KITITUHY JUIS OLIHKH PiBHS HEKPO3y Ta aroNTo3y LUIIXOM MOABIIHOTO
OPIWKUTTEBOTO (hapOyBaHHA KINITHH (QayopecueHTHUME OapBHUKaMu (poniaiym Hoaua i HOECHST)
Ta Mikpockomii. Knituau oTpumani 3 TuMyca Ta JiM(QaTHYHHX BY3JiB TBApUH 3 TiMOTIIKEMIEIO
>14 MMOJIB/T IEMOHCTPYBAJIM 3HIKEHHSI PiBHS JKUTTE3JATHOCTI, @ caMe B Ma3KaxX KIITHHUX CYCHEeH31Hi
Ha 9,1% (tumyc) Ta 15,2% (aiMmpoBy3nn) MeHIIe KIiTHH 0e3 MOP(OIOTIYHUX O03HAK YLIKOIKECHHS
nopiBHsAHO 3 KOHTpoJeM (p<0,05). IuriOyBannst SIRT-2 Ha powni rinepriaikemii IpU3BOAUIO 10 3HU-
JKEHHS PiBHS KIITHH 6€3 MOp(OJIOTiYHIX 03HAK YIIKOAKEHHS MOPIBHSAHO 31 3pa3KaMu OTPUMaHUMHU
BiJ TBapuH 3 rinepriikeMieto 6e3 inridysanus SIRT-2. JIas iMyHOKOMIIETEHTHUX KJIITHH OTPUMaHUX
3 TUMYyca el MOKa3HUK 3HMKYBaBcs Ha 6,4% ToAl K U1t KIITHH OTPUMaHUX 3 TIM(QaTHUYHUX BY3J1iB
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Ha 7,3% (p<0,05). IIpu rinepriikemii BiACOTOK HEXUTTEZAATHUX KIITHH 3 YUIKOJAKEHUMH MeMOpa-
HaMHM 3pOCTaB MOPIBHSAHO 3 KOHTpoJieM Ha 6% (Tumyc) Ta 9,4% (nimpoyznu) (p<0,05), iHriOyBaHHsS
SIRT-2 He cCpUYMHSIIO 3MiH AAaHOTO MOKa3HUKA. BiICOTOK KIIITHH 3 03HaKaMH anornTo3a 3poCTaB
npu rinepriikemii Ha 5,4% (tumyc) Ta 5,7% (nimdoysnn) (p<0,05). Bukopucrtanus inriditropa
SIRT-2 Ha ¢oHi rimepriikemii CIpUYUHSAIO MiABUIICHHS BiACOTKY allONTOTHYHUX KIITHH Ha 6,5%
B 3pa3kax Tumyca Ta 5,5% B 3pa3kax jgiM(paTHIHUX By3JiB B HOPIBHSAHHI 31 3pa3kaMu rpynu TBAPUH
3 rinepriikemieto 0e3 inrioyBannst SIRT-2. Orpumani pesynbraru ciguars, mo SIRT-2 cyTtTeBo
BIJIMBAE HA JKUTTE3/AaTHICTh IMYHOKOMIIETEHTHUX KJIITHH B yMOBaXx TinmepriikeMii. IHriOyBaHHS
SIRT-2 nocuiitoe anonTo3 iIMyHOKOMIIETEHTHUX KJIITHH, IO CBIAYHMTH MPO HOr0 3aXUCHY POJb Y
30epeKeHHI IMYHHOTO TOMEOCTa3y B YMOBaX CTPECY.

Karouosi ciioBa: cipTyinu, anmonros, rinepriikeMis

STATUS OF NEURON-SPECIFIC PROTEINS IN CONDITIONS OF
NEURODEGENERATION AND CORRECTIVE EFFECT OF VITAMINS B, AND D,

Veliky M.M., Parkhomenko Y.M., Pavlova O.S., Mezhenska O.0O.
Palladin Institute of Biochemistry of the NAS of Ukraine, Kyiv, e-mail: veliky@biochem.kiev.ua

It is believed that experimental thiamine (vitamin B ) and cholecalciferol (vitamin D;) deficiency in
rats is a models of selective neurodegeneration associated with chronic oxidative stress [1]. One of
the commonly accepted models of thiamine deficiency is the chronic alcoholism (ChA) model, which
we used in this study to test how vitamin D in combination with other drugs affects the functional
state of proteins that are components of the cytoskeleton of nerve cells. A model of chronic alco-
holism was reproduced on male white rats weighing 150-180 g, which were kept on 15% (vol/vol)
aqueous ethanol solution as the only source of drinking water for 9 months. Corrective drugs were
administered to experimental rats in the last week of the experiment in the dose (per 100 g of body
weight): vitamin D, - 2.5 pg (100 IU), thiamine - 200 pg, antioxidant drug Metovitan - 2.5 mg in
saline suspension [2]. Western blot analysis was used to determine the relative levels of the fol-
lowing proteins in the cortex of rats as markers of neurodegeneration: GFAP (glial fibrillary acidic
protein, which serves as a marker of the astrocytes), neurofilament NfH and its phosphorylated
form — pNfH (neuron-specific components that maintain structural integrity), tau protein and its
phosphorylated form - p-tau (microtubule-associated protein and a biomarker of neurodegenerative
diseases). The results of the study indicate the onset of the development of degenerative processes
under the conditions of the experimental model. We observed a significant decrease (25%) in GFAP
levels in the cortical cells of rats with ChA, which was restored after vitamin B, and D, supplemen-
tation. Under the same conditions, the level of NfH increased twofold and pNfH almost fourfold
as compared with control. Interestingly, in the case of the NfH protein, only the administration of
vitamin D, and, to a lesser extent, vitamin B, in combination with Metovitan partially reduced the
level of this protein, especially its phosphorylated form. The relative levels of tau protein and its
phosphorylated form (p-tau) in the cortex of rats with ChA increased about 1.5 times, without any
changes after administration of vitamins B, and D,. Approximation of the relative levels of p-tau
to control levels was only observed with a combination of vitamin B, and Metovitan. The presence
of degenerative changes in the cortex of ChA rats was confirmed by histochemical studies. Corti-
cal sections from experimental rats were treated with antibodies against B-tubulin class III protein
(reflecting neuronal microtubule status) and DAPI (4',6-diamidine-2-phenylindole) for nuclear
staining. Our study have shown degenerative changes in the brain cortex tissue of rats with ChA.
We have found a positive effect of the combination of thiamine with Metovitane and, largely, with
vitamin D, thiamine and Metovitane.
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The data obtained suggest that vitamin B, and D, may have a specific protective effect on the state
of neuronal cytoskeletal proteins. Further studies of neuron-specific proteins under conditions of
neurodegeneration and mechanisms of the corrective effect of vitamins could be promising.

Key words: neurodegeneration, vitamin B, vitamin D, chronic alcoholism.
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JAEAKI ACHEKTH ®OPMYBAHHSA KJITHIYHOT'O MUCJIEHHSA
TP BUKJTAJAHHI ®I310JIOT'11

JI.LE. Becnina, B.M. Cokonenxo, M.IO. KykoBa, O.B. KokoBcbka, T.A. CyxomJ/iuH,
H.M. Hlapaaii, O.B. Tkauenko, A.A. CyxoMauH

Tonmascvruil depoicasnuil meduunuil yrnieepcumem, m.Ilonmasa; l.vesnina@pdmu.edu.ua

[IpodeciitHa nisnpHICTH MaiiOyTHHOTO JIiKaps BUMAara€ BOJIOAIHHS HE TUIHKH 3HAYHUM OOCSTOM
TEOPETUYHHX 3HaHb, a HacaMIiepea X e(eKTHBHOIO CBiJIOMOTO 3aCTOCYBaHHs, 110 OTpedye dop-
MYBaHHS 1 pO3BUTKY KJIIIHIYHOTO MUCJICHHS I1iJl Yac HABYaHHS y MEIUYHOMY yHiBepcuTeTi. Kininiune
MHCIICHHS € OJHI€I0 3 OCHOBHUX KOMIIETEHIIIM, HEOOXiTHUX /IS YCIMIIIHOI podeciiHOl MisTbHO-
cti. [le cknagHWii KOTHITUBHUE MpoIec, SKUW BKIFOYA€ aHaji3, OI[IHKY Ta iHTerpamiro iHpopmarii
JUISL TPUHHSATTS. OOIPYHTOBAHUX pillleHb. Y IbOMY KOHTEKCTI (Di3i0J0Tisg Bifirpae KJIOYOBY POJb,
3a0€e3MeuyoYr OCHOBY I pO3YMiHHS (YHKIIIOHYBaHHS OpraHi3My B HOPMi, [0 € KPUTHIHO BaXK-
JUBUM JIJI YCHINIHOT JIarHOCTHKHU Ta JiKyBaHHA. Sk (yHIaMeHTanbHA AUCHHILTIHA, (i3ionoris
€ 000B’S3KOBOI0 KOMIIOHEHTOI OCBITHHO-TIPO(ECIHNX MpOorpaM IMiArOTOBKH 3700yBaviB OCBITH
Ipyroro (Marictepchbkoro) piBHs B raiysi «OXopoHa 310poB’s». MiKAUCHUIITIHApHA iHTErpamis
3a0e3mneuye 3B>30K (pizioorii 3 iHIMUMHA JUCHHUILTIHAMH, SIKi BABYAIOTh CTYJCHTA MEIMYHHUX BY3iB
Ha MEepIIUX TPhOX Kypcax, 1 BiOKpeMitoe ii sik 0a30BY CKIaJOBY JUIS HaBYAaHHS HAa HACTYIHHX
KIIHIYHUX KadeIpax, Hagalodu po3yMiHHS €Tiosorii Ta maToreHe3y 3axXBOPIOBaHb. 3aKIaldarodu
miArpyHTS (GOPMYBaHHS KIIHIYHOT'O MUCJICHHS NMPU BUKIaMaHHI (i310J0Tii, CIiJl 3BEPHYTH yBary
Ha 3HaueHHs (izionorii B po3yMiHHI HOpMallbHUX Ta MATOJOTIYHHUX IMPOIECIB Ta 3B>SI30K Mik
¢izionoriero Ta KIiHIYHOK MPakTHKOK. DOpMyBaHHIO KIIIHIYHOTO MHUCJICHHS 3HAYHUM YHUHOM
CIIpUsiE TPAKTHYHO-OPI€HTOBAHUH Ii/IX1/T IPYW BUKJIAJaHHI JUCIUTLIIHY, [0 3a0e3Meuye He TIThbKH
HaOyTTd TEOPETUYHHX 3HAHb, ajie i HABHUYOK iX BUKOPUCTAHHS B KIIHIYHUX cuTyamisx. Ilix gac
PO3IIISAly TEOPETUYHOIO MaTepianxy BiJIOBIHO 10 TEMHU 3aHATTS BUKJIAJAa4eM POOUTHCS akIEHT Ha
MOXXJIMBOMY BHKOpPHCTaHHI AaHOi iH(OpMaIii B KIIHIYHIA MPaKTHUIll, PO3TIAIAI0THCS TPOOIEeMHI
cuTyaii, ki moTpeOyIoTh BiJ] 37100yBada OCBITH PO3YMiHHA CYyTi (hi310J0TIHYHOTO TIPOIIECY Ta HOTOo
3MiH TiJT BINIUBOM (Pi310JI0TIYHUX Ta MaTOJIOTIYHUX YUHHUKIB. BaXKITMBHM KOMITOHEHTOM ()OpMYBaHHS
KJIIHIYHOTO MUCJICHHS € PO3TJIsi]l TECTOBUX 3aB/laHb Ta CUTYaI[IHHHX 3a]1a4, IKi MICTATH 1HPOpPMAIIit0
po KJIiHIYHY CHTYyalilo 31 3MiHaMH noka3HuKiB. CUTyaliiHi 3a1a4i MOXYTb OyTH CIIpSIMOBaHI Ha
OI[IHKY 3MIHH MapaMeTpiB roMeocTa3y 3a (i3i0JOTIYHUX Ta MAaTOJOTIYHUX YMOB, MPU MOPYIIEHHI
MIKCHCTEMHHX 3B’S3KiB, aJIalITUBHUX MIpoOIlecax, Pi3HUX KIIHIYHUX CHUTyaiisx. Po3B’s3anHs cu-
TyaniHMX 3a/1a4 3a0e31euy€eThess YMiHHSAM BUKOPHCTOBYBATH TEOPETUYHI 3HAHHS ISl BUPIIICHHS
KOHKPETHHX NMPAaKTHYHUX 3a1ad. Takox, Jisi epeKTUBHOrO (GpOpMYyBaHHS KIIHIYHOTO MHCIEHHS
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BaYKJTMBO BUKOPHCTAHHS aKTHBHUX METOMAIB HaBUAHHs, TAKUX, SIK IUCKYCii, Kelic-MeTO/1, 1HTepaK-
THUBHI TEXHOJIOT1, BUKOPUCTaHHS KIIHIYHUX CIIeHapiiB IJs imtocTpanii $Gi31010TriYHUX KOHIICTIIIH.
3HauHy poib y (GOpMyBaHHI KJIIIHIYHOIO MUCJCHHS BiJIrpae iHTeprperallis 3700yBadaMu OCBITH
pe3ysbTaTiB J1abOpaTOPHUX Ta IHCTPYMEHTAJIBHUX METOJIB JOCIIKEHb, SK 000B’SI3KOBOTO €TaIy
JiarHOCTHKH, BUKOHAHHS MTPAKTUYHOT YACTUHU 3aHSTTS, 30KpeMa, OLIHKU PeIIEKTOPHOI NisNTIbHOCTI,
pOOOTH CEHCOPHUX CUCTEM, TPYTOBOi HAJIEKHOCT1 KPOBi, BU3HAYCHHS MOKa3HUKIB CEPIIEBO-CYINH-
HOT, TUXaJIbHOI CHCTEM, EHEPTeTHYHOTO 00MiHY. 3100yBadi OCBITH MalOTh MOXJIMBICTh PO3BUBATH
MpaKkTUYHI HABUYKH, TaKi K MPOBEACHHS JOCIi/KeHb, aHalli3 010JIOTTYHUX 3pasKiB, podoTa 3 Me-
JIUYHUM OOJIaIHAHHSM Ta MPOBEJCHHS SKCIICPUMEHTIB, IO IMiJABUINYE X TOTOBHICTH 10 pOOOTH B
KIIHIYHOMY cepenoBuIli. TakuM YMHOM, BUKJIaJaHHs (i3i0orii poOUTh 3HAUHUH BHECOK Y PO3BUTOK
KIIIHIYHOT'O MUCJICHHS y CTYACHTIB MEJIMYHUX BY3iB, pealli3yl0ouH OJIUH 13 eIEMEHTIB MPOTpaMHUX
pe3ybTaTiB HaBUYAHHS - BMITH BHKOPHUCTOBYBAaTH HaOyTi 3HAaHHs B TOJaJbUIOMY HaBYaHHI Ta y
MPaKTUYHIN TisUIBHOCTI JIiKaps.

KarouoBi caoBa: ¢izionoris, KIiHiYHE MUCICHHS, TPAKTUYHO-OPI€EHTOBAHUHN MiJIXi.

3MIHU MAPKEPIB OKCUJAATUBHOI'O CTPECY TKAHUH ITAPOJOHTA
I KICTKOBOI PE3OPEBIII] ¥ IIIYPIB 3A YMOB_JE®IINUATY IIUHKY, HOJY,
BUCOKO®PYKTO3HOI i BACOKOXHUPOBOI JIIET

H. M. Boponnu-Cemuenko, P. B. bonnap

léano-Ppanxiscokuil HayionanrbHull Meouynutl ynisepcumem, m. leano-@pankisecovk,
nvoronych@jifnmu.edu.ua

Ennoxpunrna nartornoris (ykpoBui miadet, TupeoinHa AUCHYHKINIA) Ta OCTEONOPO3 HAJIEKATh 0
CHUCTEMHHX 3aXBOPIOBaHb, SIKi € ()AaKTOPOM PU3UKY PO3BUTKY CHMITOMATHYHOTO MapoOJOHTHUTY. 3a
YMOB IOPYIICHHS TYMOPAJIbHOI PeryIIsiil 3SHHKY€EThCS CTIHKICTh TKAHUH NapOIOHTA 10 MATOT€HHUX
MIKpOOPraHi3MiB, OCHIIOETHCS PyHHYBaHHS KOJIaT€HY, 3HIKY€EThCS 3IaTHICTD J10 perenepaii uepes
CYJIWHHI po3yajau, 30iIbIIeHAS KOHIIEHTpaIlii TJII0KO3U B CIUHI, 3MiHH i pH y Oik kucioro cepe-
noBuina. Ha Tii iHCYTIHOPE3UCTEHTHOCTI, YIOBIIEHEHHSI MeTa00Ji3My KiCTKOBOT TKAHUHU CYTTEBO
3pOCTa€ PUBHK OCTEOIEHii, aJ’Ke MOCHUITIOIOTHCS MPOIeCH pe3opOIlii KiCTKH Ha Tii TiMepriikeMii.
Merta gociiKeHHs: BCTAHOBUTH IHTEHCUBHICTh MIPOIIECIB MepOKCUAAIliil OiNKiB 1 JiMiAiB IleMeHTa
KOpeHs 3y0a, KOMIpKOBOTO BiJIpOCTKAa Ta YaCTHUHH, CIN30BOI OOOJOHKH KOMiIpPKOBOTO BiIpOCTKa
Ta YaCTHUHU, aKTUBHICTh aHTHOKCUJAHTHUX ()EPMEHTIB 1 MapKepiB KiCTKOBOI pe30pOIlii CHpOBAaTKU
KpOBi IypiB 32 YMOB ne]iluTy MUHKY, HOIy, BUCOKO(MPYKTO3HOI i BUCOKOXKUPOBOI mieT. Jlocmiz-
JKCHHSI TIPOBOJIMIIN Ha O1IMX OE3MOPOJHUX CTATEBO3PUIMX IIypax-caMusx. TBapHHU KOHTPOIHHOT
rpynu nepedyBay Ha CTaHAAPTHOMY XapyoBOMY pallioHi Ta MAUTHOMY pexxumi BiBapiro. Lllypn 1-i
JOCHIAHOI TPy OTPUMYBAJIM NPOAYKTH 31 3HMKEHUM BMicToM LuHKY (Prasad AS, 2007), 2-i —
nepeOyBanu Ha HopaediuutHomy panioni (Creues’ st Bb Tta in., 2014), 3-1 — nepeOyBanu Ha Buco-
ko(pykrozHoMmy BurogoByBaHHi ((LlynmpoBuu AA Ta iH., 2011), 4-i — oTpUMyBaIu BUCOKOKUPOBY
niery (ITisTopak KB, 2015). TBapuH i3 excriepuMeHTy BUBOAMIN Yepe3 BiCiM THKHIB mepeOyBaHHS
Ha Ji€Ti. [HTEeHCUBHICTh OKCHIATHBHUX MPOIECIB Y TOCIIKYBaHUX TKAHHHAX XapaKTepU3yBaJd 3a
piBHEM MPOAYKTiB OKMCHOI Moaudikarlii OiskiB, Jinonepokcuaamnii (nieHoBux koH rorariB — JIK ta
NPOAYKTIB, IO pearyioTh Ha TiobapOitypoBy kucioty — TBK-AII). ¥V cupoBarui kpoBi BU3HaYAIH
AKTHBHICTb aHTHOKCUAAHTHUX (hepMeHTiB (cynepokcunaucmyTasu — CO/l, karanasu, rirytaTioHrme-
pOKcHIa31) Ta MapKepiB KiCTKOBOI pe3opoiii (sryxHoi i kucnoi docdaraz — JI® i KD). Teapunam
BHU3HAYaIN MTOKA3HUKH TUPEOiTHOTO MPO(DiITII0, MapKepH BYIJICBOJHOTO OOMiHY i OOYHMCITIOBAIIN 1HACKC
IHCYJIIHOPE3UCTEHTHOCTI. bioeneMeHTHU cTaTyc XapaKTepru3yBall 3a BMICTOM IIUHKY, KaJbIIit0 i
dbocdopy B epuTpoIMTAPHIN Maci, 3y0ax 1 aTbBEOJIIPHHUX BiIPOCTKAX.
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VY pe3ynbrari 10CiPKeHHs YCTaHOBIEHO PO3BUTOK TMOTHPEeoinHOl qucdyHKIil y TBapuH ycix J0-
CIIHUX I'pyN (HaliCyTTeBilIe 3MEHIIEHHS BUIBHOI'O TUPOKCHHY Ha Tii 3pocTtanus TTI y cuposarmi
KpOBI CIIOCTEpiranu 3a yMOB IIMHK- Ta Woxxediuuty). [TopymienHs ByriaeBogHoro oOMiny i ¢op-
MyBaHHs iHCYJTiHOpe3UCcTeHTHOCTI (3pocTanHns innekcy HOMA-IR) Takox ciocTepiranu y BCix J10-
CJTIIHMX TBApWH, MPOTE HAWCYTTEBIIIE 32 YMOB HaBaHTAKCHHS JA1€TH PPYKTO3010. 3a JOCTIIKYBAHUX
YMOB YCTaHOBHWJIM aKTUBAL[1}0 OKCHIATUBHUX MIPOIECIB Y CIU30Bil 000I0HII KOMIPKOBOTO BiIpOCTKa
Ta 4YacTUHU 1 cupoBarmi KpoBi (cyrreBe 3poctanus BMmicty K ta TBK-AII Ha Thi npurHideHHs
COJl). Ilpu upomMy crocrepiraiy 3MEHIICHHS BMICTy KaJbIlil0 B €pUTPOLMTApPHIN Maci, 3ybax i
aJbBEOJISIPHHUX BIJIPOCTKAX TBAPHH yCiX NOCHiAHUX rpyn. OJHOCTPSIMOBAHUMHE OYyJIH i 3MiHH PiBHS
dochopy. Konnenrpariiss tMHKY 3MEHITyBaiach y BCiX JOCTI)KyBaHUX TKAHMHAX TBapuH |-i rpynu,
y 3y0ax — 3pocTana y mypiB 2-i Ta 3-1 rpyI, B aJlbBEOJSIPHUX BiJPOCTKAX — HAMCYTTEBIIIE 3HUKY-
Banach y TBapuH 2-i rpynu. Taki 1aHi y3ro/pkyBaluch i3 purHideHHsIM akTuBHOCTI JI® (ocobmamBo
3a YMOB JieQilIUTy MOy ¥ IIUHKY, BHCOKO(PPYKTO3HOTO HABAaHTAKEHHS ), 1110 BiJ0Opakae 3HUIKEHHSI
AKTHBHOCTI OCTE00JIACTIB 1 3pOCTaHHS PU3UKIB PO3BUTKY CTOMATOJIOTTYHOT MATOJIOTi.

TaxuMm YMHOM, 32 YMOB TiOTHPEOoinHOT TUcPYHKIIT Ha Ti1i AeiluTy HOAY Ta HMHKY, BACOKOKAIOPiii-
HOTO BUTOJIOBYBaHHS PO3BUBAETHCS OKCUAATHBHUHN cTpeC y M SKUX 1 TBEPAUX TKAaHUHAX MAPOJOHTA
Ta MOPYIIYETHCS KICTKOBA Pe30pOIList.

Karouvosi cioBa: nedinuT uuHKy, Hony, iIHCYTiHOPE3UCTEHTHICTh, OKUPIHHS, OKCHJIaTUBHUH CTpEC,
pe30opOirisi KICTKOBOT TKAHWUHU, MTAPOOHT.

BIOXIMIYHI OCOBJIMBOCTI HIJIYHKOBOI'O COKY TA CJIMHU Y ITAHICHTIB
3 AXAJIA3ICIO CTPABOXOAY: IOPYINEHHSA MOTOPHO-CEKPETOPHOI
®YHKIII TPABHOI'O TPAKTY Y BIMCBbKOBUX I HEBIMCBKOBUX I'PYITIAX

A.M. T'azincbka !, 0.0. Taainceknii |, H.B. Iposom !

LTV «Incmumym 2acmpoenmeponozii HAMH Yxpainuy, m. Juinpo; biolog.anastasia@gmail.com

®dizionoriyHa Kapig € BaXIMBOI YaCTHHOIO IIUTYHKOBO-CTPABOX1THOTO IEPEXOTY, sIKa BiIOBI A€
3a 3armo0iraHHs 3BOPOTHOTO TOBEPHEHHS BMICTY IINIYHKA B CTPaBoXija. Y pasi mopymeHHs QyHKITiT
abo aHaTtomo-tornorpadiyHoi CTPYKTypH Kap.ii BUHHKAIOTh 3HAYHI yCKJIAQJHEHHS, Cepela SKUX
0Cco0IUBY poJIb BUKOHYE axanasis ctpaBoxoay (AC). bioxiMiuHi TOCTiIKEHHS CJIMHU Ta IUTYHKOBOTO
COKY TpOBeJIeHI y BifichkkoBOCTYk00BIiB (n=9) Ta HeBiiichkkoBUX (n=15) maimieHTiB 3 axanasi€ro
CTpaBOXO0y, sKki mepedyBanu Ha jikyBaHHI B [IY «lHctuTyT racrpoenreponorii HAMH Ykpaiauy,
a KOHTPOJBHY TPYILY CKJIaiu 370poBi moOpoBoinbii (n=15). lllnyHkoBuil cik 30upaBcs mia dac
€HJIOCKOTIii, a 3MillIaHa CIIMHA — JI0 TirieHiYHuX npouenyp. llencun, pH, 06’eM, okcua a3oTy Ta
JKOBYHI KHCJIIOTH BHU3HAYAIIM METOJaMH, 110 0a3ylOThCsA Ha cHEeNMU(IUHUX XIMIYHHX PEaKIisx.
JUIs CTaTHCTHYHOTO aHali3y BUKOPUCTOBYBaNM t-kpurepiii CThIOJIEHTa, BBAXKAIOUH 3HATYLIMMH
BigmiaHOCTi pu p<0,05. Jlani oOpoOsumcs B 6a3i Excel 2021. BeranoBiieHo, 1o y HaIli€HTIB 3
AC crioctepiratoTbcsi CyTTeBI 3MiHH 010XIMIYHUX MOKA3HUKIB NMUTYHKOBOTO COKY Ta ciuHU. 00’ eM
IUTYHKOBOT'O COKY B 0ci0 3 AC OyB miBUIIEHUM: Y 3 pa3u y BiHChKOBOCIYX)00BIiB— §8,69+1,15
(p<0,01) mu, y 5 pasu y HeBiicbkkoBux— 12,76+2,70 mn (p<0,05), a pH 3pocrtaB y 2 pa3u B 000X
rpymax go 4,15+0,60 (p<0,05), ta 3,994+0,77 (p<0,05), BiAOBIHO, TOMI AK Y KOHTPOJIBHIN TpyIIi
e moka3Huk ckianas 2,06+0,41. KornenTpais nerncuny B oci6 3 AC BapitoBanacs: y BINChKOBHX
BOoHa aento minsumieHa (0,65+0,27 mr/mi), Toi K y HeBilichkoBUX Oyina Ha piBHi (0,39+0,15 Mr/
MJI) Ta HE MaJla CTATUCTHYHOI 3HAYYIIOCTI B IMOPIBHSAHHI 3 KOHTPOJBHOIO rpymoto. [lixBuieHHs
KOHIIeHTpaii »oBYHUX KUCIOT (mo 0,23+0,05 mmons/n (p<0,05) y BilickkoBuUX y 2 pazu Ta y 3
pasu npu 3HayeHHi 0,32+0,07 mmons/n (p<0,05) y HEBIChKOBMX) BKa3y€e Ha O3HAKHU JIyOJCHO-
racTpajibHoro pedurokca. Pisenr NOX y BilicbkoBUX 3HMKeHUH Ha 79% (22,06+4,55MKMo0b/1,
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(p<0,01)), 10 CBiqYUTH PO NPUTHIYCHHS CHHTE3Y OKCH]Y a30TY, MOKIIUBO, Yepe3 CTPECcoBi hakTopH
a0o cTpiMKHii mepedir XxBopoOu; y HEBIHCHKOBUX BiH BiJNOBiaB HOpMI i OyB Ha piBHI 96,57+£20,24
MKMOJIB/JI. B1oXiMi4HI TOKa3HUKH CIIMHU TAKOXK AEMOHCTPYIOTh BiIXHICHHS BiJ HOpMU. O0’ €M CTMHA
npu AC OyB migBumeHuM y 2 pasu 10 17,83+4,33 mu (p<0,05) y BilicbKoBUX Ta y 2 pa3u IpH piBHI
17,71+3,93 ma (p<0,05) y HeBiliCbKOBUX, 1[0 IEPEBUIIYBAIO KOHTPOJIbHUH piBeHb (7,51+0,96 mu).
PiBens pH cnunm 3HMKEeHHH Y BilicbkoBHX (6,40+0,42) Ta miaBUIIEHUH Y HeBificbKOBUX (6,87+0,65),
1[I0 CBIYMTH PO Pi3HI KOMIIEHCATOPHI mpoueck. KoHLeHTpalist MerncuHy y BiiiCbKOBOCTYKOOBIIIB
Oysa HeoHOPiHO BUCOKOO (120,00+£80,54 Mkr/min), y HeBilichkoBUX ckiianana 70,84+44,72 mkr/
MJI, 1110 BUIIE 32 KOHTPOIIh (28,48+16,30 mkr/mit). BifickkoBOCTYX0O0BIII TAKOK Maji 3HAYHO BUIILY
KOHILIGHTPALif0 KOBUHHUX KUCIOT Ha 54% (120,08+11,66 mxonb/n, (p<0,01)), y HeBiliCbKOBUX IIeii
MOKa3HUK BiAMOBiaB HOpMi 1 OyB Ha piBHI (84,86+9,52 MkMoib/11). 3poCTaHHS BMICTY )KOBUHUX
KHCJIOT B CJIMHI MOXe OyTH OB’ s13aHe 3 HECITPOMOJKHICTIO izionoriunoi kapaii. Okcu a3oTy B CIMHI
y BilicbkoBHX OyB 3HMWKeHUH Ha 73% (7,48+3,47 MmxMoub/1 (p<0,05)), Toail K y HEBIHCHBKOBUX 3HAUHO
nigumeHui (87,62+47,37 MKMOJb/1), BKa3yloyl Ha Pi3HUN BEKTOP 3aTy4YEHHS CUCTEMH OKCHIY
a30Ty B MOPYIIECHHSI PETYJISTOPHHUX MPOLECIB THaJICHPKUX M’ sI31B IyOJJCHO-TacTPO e30(araibHOI 30HU.
BucnoBok: JlociisKeHHS MOKa3ano 3HauHI 3MiHH Yy 010XIMIYHMX MOKa3HUKAaX ILTyHKOBOTO COKY
Ta CJIMHU NPU axalia3ii cTpaBoXo/y, IO BiJ0Opakae MOPyIICHHSI MOTOPHO-CEKPETOPHOT PyHKIIIT Ta
BUMarae po3poOKH J0JAaTKOBHX JiarHOCTHYHHX 1 TEPANIEBTHYHHX MiIXOIiB.

KuarouoBi ciioBa: nuiyHKOBHI CiK, 3MillIaHa CIMHA, aXalla3isi CTPaBOXOy.

JIMHAMIYHA M’SI30BA BUTPUBAJIICTD V 3B’S13KY 3 TOUHICTIO PEAKIIIT
HA PYXOMMWI OB’€EKT Y KIGEPCIIOPTCMEHIB TA CTYJEHTIB-AMATOPIB

O. 10. I'anara, T. B. IlerpoBcbka, C. B. ®enopuyk

Hayionanenuii ynisepcumem ¢izuunozo suxosanus i cnopmy Yxpainu, m. Kuis;
lanasvet778899@gmail.com

MakcuManbHUI TeMI pyXy KUCTI 32 METOAMKOIO TeMIHT-TeCT XapaKTepU3ye 3AaTHICTh YCiX JTaHOK
PYXOBOTO aHalli3aTopa 40 IBHAKOCTI Ta BUTPUBAJIOCTI, AMHAMIYHY M’ 30BY BUTpuBajicts (JIMB)
[1]. Ha nanuit yac 3HaHHs 1po 3B’s130k JIMB 3a moka3HuKaMu TEMIHT-TECTYy 3 Pe3yJIbTATUBHICTIO
CIIOPTHBHUX JOCSTHEHb HEIOCTATHI, 1 HE MOXYTbH 3aJ0BOJILHUTH BUMOTH NPAaKTUKH. MeToanka
TEMIHT-TECT IUPOKO 3aCTOCOBYETHCA B cydacHid mcuxodizionorii [2]. ABTOp gaHOi METOAMKH
npodecop €. I1. [npin BBaxkae, 110 BeTUYNHA MAKCUMAJIBbHOT YACTOTH XapaKTEPU3YE CUITy HEPBOBUX
npoueciB [ouT. 3a 3], M. B. MakapeHko i3 ciBaBTOpaMu BBa)KarOTh L€l MOKa3HUK «IHIUKATOPOM
(YHKIIOHAIBHOTO CTaHy OPTaHi3My, CTaHy JUHAMIYHOT M’ 30BOi BATPHUBAJIOCTI PyXOBOTO anapary, B
TOMY YHUCJI TEMITY, PUTMY Ta CTIHKOCTI HOT0 MOTOpHOI Aii» [1, c. 48]. MeToto poboTH Oy10 BUBUCHHS
JAMB pyxy KHCTi 32 TOKa3HUKaMH TEIIHT-TECTY Y 3B’ 513Ky 3 TOUHICTIO peakuii Ha pyXOMHH 00’ €T
(PPO) y kibepcriopTcMeHiB Ta CTyA€HTIB-aMaTopiB. Y 00cTexyBaHUX nociimKysanacs JIMB npasoi Ta
JiBOT KHCTI (32 METOAMKOIO TEHIHT-TECT), a TakoK PPO 3 BUKOpHCTaHHSM JiarHOCTHYHOTO KOMILIEKCY
«iarnoct-1» (M. B. Makapenko, B. C. JIuzory0). ¥V mocnimxkeHHi Opanu y4acTb 45 CTYIEHTIB
HY®BCY o60x crateii, Bikom 17-26 pokiB, cepex axux 10 — kibepcnopTcMeHH (CIIOPTUBHHUNA CTaX
1-10 pokiB), 15 amaropiB (3airyueHi 10 KOMIT FOTEPHUX irop sk X001) Ta 20 CTyAEHTIB, sIKi HE 3aiiMalOThCs
KOMIT'IOTEpPHUMH irpaMu (KOHTpPOJIbHA Ipyma). Y KibepcnopTcMeHiB i cTyaeHTiB-amatopiB JMB pyxy
KHCT1 CyOJOMiHAHTHOI pyKH OyJia O1bIIOI0, HIXK Y CTYACHTIB, SIKi HE 3aiMalOTHCSI KOMII IOTEPHUMH
irpaMu, HATOMICTb BIIMIHHOCTEH /7151 JOMIHAHTHOI PyKH He BUsIBIeHO. DyHKIIIOHATbHA aCUMETPIist MiXkK
JOMIHAHTHOIO Ta CyOIOMIHAHTHOIO PYKOIO Y KiOepCIOpTCMEHIB 1 CTYJeHTiB-aMaTOpiB OyJia MEHIIOKO,
HIXK y KOHTPOJBHIN rpymi. Bumuii piseas IMB s cyOnominanToi pyku Ta MeHIma GyHKLIiOHaIbHA
acMMeTpis 3a MOKa3HWKaMH TEIIHI-TEeCTy y KiOepCcrnopTcMeHiB acOUiloBaIUCh 13 O1IbII yCHIIITHIM
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BUKOHAHHSM TecTy Ha yBary [4]. 3aranom 3a mokaznukamu PPO xibepcrnopTcMmeHM i cTyIeHTH-
aMaTopH HE BiJPI3HSIINCH, IPOTE Y MOPIBHAHHI 3 KOHTPOJIBHOIO TPYIIOI0 BOHH MPOJAEMOHCTPYBAIH
BUIIII Pe3yNbTaTH, ACSK] BIIMIHHOCTI JOCSATIH piBHs 3HauymocTi (p<0,05, p<0,01). B rpymi cryaeHTiB-
aMaTopiB BUSBJICHO CTATUCTHYHO 3HAYYIII B3a€EMO3B’SI3KM MK MOKa3HHKaMH TEMiHT-TECTy Ta
PPO, Toai gk B rpymi KibepcmoOpTCMEHIB TaKUX 3B’ S3KiB HE BUABJICHO. B TpyTi CTyIeHTiB-aMaTOpiB
noka3zHuku PPO acomitoBanuch K 3 TOKa3HUKOM JUHAMIUHOT M’SI30BOT BUTPHBAIOCTI PyXy KHCTI
MOMIHAHTHOT PYKH, TaK 1 3 MOKa3HUKOM (PYHKIIOHAIHHOI acUMETpii.
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STABILITY OF G-QUADRUPLEXES AND HAIRPINS IN THE 24200 RNA FRAGMENT
OF SARS-COV-2: AN IN SILICO STUDY

Hegel-Valentych Y.!, Voiteshenko 1.2, Hurmach V.2, Gorb L.2, Kyslyak S.!

!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv;
’Institute of Molecular Biology and Genetics NAS of Ukraine, Kyiv, jovalentych@gmail.com

Secondary RNA structures, such as hairpins and G-quadruplexes (G4s), play a crucial role in
regulating viral life cycles, influencing replication, transcription, and translation of viral genomes.
In the SARS-CoV-2 genome, guanine-rich sequences capable of forming G4s have been identified,
which may modulate viral replication and gene expression [1]. The aim of this study was to evaluate
the stability of hairpin and G4 structures in the SARS-CoV-2 genome through in silico molecular
modeling at temperatures of 293 K and 310 K. This study applies a computational protocol combining
molecular dynamics (MD) techniques similar to those discussed in recent studies on RNA structural
dynamics, which have demonstrated the impact of structural motifs and environmental conditions on
RNA stability [2]. Hairpin and G4s 3D structures were modeled using homology-based approaches
and known experimental data, applying RNA-specific modeling services. MD simulations were
conducted in GROMACS with the CHARMM36 force field. The results indicated that G4 structures
with a uridine tetrad showed increased stability at 310 K, which aligns with physiological conditions
and suggests that uridine may play a role in stabilizing G4s, potentially influencing viral replication
and virulence. For hairpin structures, stability varied based on structural features: hairpins with
long free ends and structures formed from roughly one-third of the nucleotide sequence exhibited
more fluctuations during MD simulations, while those with longer complementary-paired or very
short unpaired ends were more stable. This trend may be attributed to structural rigidity, as hairpins
with longer free ends might require more time to stabilize, undergoing state transitions to achieve
equilibrium. Temperature sensitivity analysis also showed that certain hairpin models demonstrated
stability variations depending on specific modeling parameters, underscoring the importance of op-
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timizing parameters for accurate RNA stability predictions. These findings highlight the importance
of selecting appropriate modeling approaches and conducting detailed stability analyses, including
long-term simulations and environmental factors, for accurate RNA behavior assessment.

This study supports further in vivo research, such as in-cell NMR, to confirm their roles under
physiological conditions, with implications for antiviral strategies. The funding is provided by the
National Research Foundation of Ukraine, grant #2021.01/0087.

Keywords: RNA secondary structures, COVID-19, physiological properties, molecular modeling
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BILIMB TPAHCIJTAHTAIII MYJbTUNOTEHTHUX ME3EHXIMAJIbHUX

CTPOMAJIBHUX KJIITUH HA CKOPOTJIMBICTH TPUT'OJIOBOI'O M’A3A JIMTKA
MHUHIEUA 31 CITAIKOBOIO MNEPU®EPUYHOIO HEUPOIIATIEIO
4

I. O. T'oB6ax!, B. M. Kupux?3, A. M. Yerumenko??, H. B. Byarakosa?, /. O. 3aBonoscbknii?,
I. CoxonoBcbka®, A. B. Masauuenxo*S, O. M. Ilynuxos>*

! Xapxiecoxuil nayionanvruti meouunuil ynisepcumem, Hasuanvno-Haykoeuii Incmumym
RICIAOUNIOMHOL 0Cc8imu, Kaghedpa 3a2aibHOi NPAKMUKU — CiMelHoi Meduyunu, M. Xapkie
2 IV « HHI] «Incmumym kapoionozii, kniniunoi ma pezenepamusnoi meouyunu imeni akademixa
M. JI. Cmpaoicecka HAMH Yxpainuy, m. Kuis
Y «lnemumym 2eponmonoeii im. J]. @. Yebomapvosa HAMH Yxpainuy, m. Kuis
Incmumym ¢hizionocii im. O. O. Bocomonvys HAH Yxpainu, m. Kuis
STOancekuil ynieepcumem gisuuno2o euxosanns ma cnopmy, m. Ioancok; irynagovbakh@gmail.com

Crnazaxosi nepudepuuni neriponarii (ITH) BUkIuKaoTh pi3HOMaHITHI pyXOBi Ta CEHCOPHI OPYIICHHSI.
OnHuM 13 MiAXO0/iB A0 MOKpaumeHHs! (pyHKIiOHANBHOTO CTaHy Nepu(epuuHOi HEPBOBOI CHCTEMHU
npu cnagkoBux [TH mosxe OyTu 3acTocyBaHHS KIITHHHOI Tepamii 31 cTOBOypPOBUMH KIiTHHAMH. Y
IbOMY JIOCJTI)KCHHI BUBUYABCS BIUJIMB TPaHCIUIAHTAIii MyJIbTUIOTCHTHHX ME3EHXIMaJIbHUX CTPO-
ManpHUX KIiTUH (MMCK) Ha CKOpPOTIMBICTH TPUTOJIOBOTO M’s3a JIMTKH Y MULICH 31 CIIaJKOBOIO
[TH. Tpauncrennnm mutam siHii B6.Cg-Tg(PMP22)C3Fbas/J i3 cmankoBoro [TH BHYTpilIHBOM> I130B0O
BBoauinu MMCK, orpumani 3 xuposoi Tkanunu mumeit ninii FVB-Cg-Tg(GFPU)5Nagy/J, Tpanc-
rennux 3a GFP. Kontponesna rpyna 1 — 3noposi tBapunu ninii C57BI1 (n = 6), rpyna 2 — mumii 3i
cnagkosoto ITH (n = 6), a rpyny 3 — mumi 31 cnagkoBoto [1H, sxi oTpumanu TpaHCIIaHTALIIO
MMCK (n = 10). Anst BUKIUKaHHS 130METPUYHUX CKOPOYCHBb M’ 531B 3aCTOCOBYBaJN 1 5-XBUIMHHY
NepPepUBYACTY BUCOKOUACTOTHY €JIEKTPUUHY CTUMYJISLIIO, 10 BKJIIOYaa cepii MpsSIMOKYTHUX iMITYJIb-
CiB TpHUBaIiCcTIO 3 ¢ 3 iHTepBajaMu BiAMOYMHKY 6 c. CTUMYJSLIs CIAHUYHOTO HEpBa BHUKJIMKaja
XapaKTepHI CKOPOUYEHHSI TPUTOJIOBOTO M»>513a JIMTKH Y BCIX Tpynax. 3MiHU CHJIM CKOPOUCHHS M>SI31B Yy
nepiiit haszi Oyaum cxoxxumu y Beix rpynax (p > 0,05), ognak y apyriii Ta Tpetiit pazax cnocrepira-
nuck 3Ha4Hi BigMinHOCTI (p < 0,05). AMmityaa ckopouenss y mumieit i3 [1H y apyriit ¢asi Oyna na
65 % MeHIIO MOPIBHIHO 3 KOHTPOJIBHOIO TPYIOI0, TOA1 SIK y MUILIeH 13 Tpanciuiantauniero MMCK
el moka3HUK 3MeHinyBascs gume Ha 40 %. Y tpetiit ¢asi ui nokazauku Oynu Ha 65 % 1 30 %
MEHLIMMH y BIAMOBIAHMUX IpyNax MOPiBHAHO 3 KOHTPOJbHOKW. HopmanizoBaHi 3HaUeHHS A TPy
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[MH+MMCK ra ITH y apyri#t ¢asi cranosuiu 0,3 + 0,01 nportu 0,18 £ 0,01 ta 0,26 £ 0,03 npoTu
0,13 £ 0,03 BinmoBigHo. AHani3 boudepponi nokasas, 1o JikyBanHs MMCK cyTreBo BIIMBae
Ha PO3BUTOK CHJIM M’SI30BOTO CKOPOYEHHS TOPIBHSIHO 3 TBapUHAMU Oe€3 JIiKyBaHHS (Fy 0= 288,0,
p<0,00l TaF, =617, p<0,001y apyriii i tpeTiii pasax crumysLii BinnoBiAHO). BinminHOCT
MK KOHTPOJIBHUMH TBapuHamu Ta Mumamu 3 [1H, a Takox Mixk KOHTPOJBHOIO TPYIOO i TBApH-
Hamu 3 rpynu ITHHMMCK cranosumn F, (= 262,9, p < 0,001 ta F, ;= 95,97, p < 0,001 (apyra
asa) i F| o= 118,6, p < 0,001 Ta F, ;= 26,45, p < 0,001 (rpers dasa) Bianosinno. Koncrantu
yacy (T) JUist i30MEeTPUYHUX CKOpouyeHb ctaHoBuiu 30,7, 60,03 1 95,4 mist rpyn [TH, IHHMMCK
Ta KOHTPOJBHUX TBapuH BianosigHo. Koncranra vacy ty rpyni [IH+HMMCK 0Oyna BaBivi 615111010
nopiBHsiHO 3 MumamMu 3 [TH, xoua Bijpi3HsIacs Big KOHTPOJIBHOI IpyNu. 3HAUYCHHS aMILTITYIU JJIsI
rpyn [TH, TIH+MMCK Ta koutponsnoi Oynu 0,94, 0,97 1 0,58 BignosigHo. He3Baxaroun Ha CXOXKICTh
ammtityn y rpymnax [TH Ta [IH+HMMCK, nocriiina yacy T BKa3ye Ha Te, 1[0 MBUIKICTh 3MEHIICHHSI
CKOpOYCHHS M’si3iB Oyna BABiui Huxkuoto y rpym [TH+MMCK. OTxe, 3acTocyBaHHs KJIITHHHOI
tepanii 3 BukopuctanasM MMCK y mumieit 3i cnagkoBoro [TH cnpusie moasiitHoMy 30i7TbIICHHIO
CHUJIM CKOPOUYCHHS M’sI31B TIOPIBHSHO 3 TBaApUHAMHU O€3 JIiKyBaHHSI.

Kiro4oBi ciioBa: MyJIbTUIIOTEHTHI ME@3CHXIMallbHI CTPOMaNbHI KIITHHH, TPAHCTIAHTALlis, TPUTOJIOBUI

M’s13 JINTKH, CHAJKOBa nepudepuyHa Hedponaris

MECHANISM OF ANTICONVULSANT ACTIVITY OF PROPOXAZEPAM
N. Ya. Golovenko , V. B. Larionov, 1. P. Valivodz’

A.V. Bogatsky Physical-Chemical Institute of NAS of Ukraine, Odesa; valivodzirina@gmail.com

Introduction. Anticonvulsant drugs act on different molecular targets, selectively changing the ex-
citability of neurons in such a way as to block the activity that leads to seizures without disrupting
the normal activity required for the transmission of signals between neurons. The main mechanisms
of reducing the excitability of neurons of the epielliptogenic focus are either inhibition of neuron
activation or stimulation of inhibitory neurons. In general, these effects can be reduced to three
main pharmaconeurophysiological mechanisms: enhancement of GABA or glycine transmission,
reduction of excitatory (glutamate or aspartate) transmission, and nonspecific modulation of ion
currents (sodium, calcium, and potassium channels). The most effective control of the tendency to
convulsions is achieved precisely through the activation of GABA-ergic mechanisms. Propoxazepam,
7-bromo-5-(o-chlorophenyl)-3-propoxy-1,2-dihydro-3H-1,4- benzodiazepin-2-one, in the models
of nociceptive and neuropathic pain showed significant analgesic activity. Similar to gabapentin
and pregabalin, which are wellknown anti-epileptic drugs used in general medical practice in the
treatment of neuropathic pain, propoxazepam also has an anticonvulsant effect, which explains the
analgesic component of the pharmacological spectrum. The aim of the study was to find out and
determine the mechanism of anticonvulsant action of propoxazepam on experimental animals us-
ing a wide range of convulsant substances. Materials and methods. Experiments were performed
on outbred white mice of both sexes weighing 20-22 g. The use of different seizures inducers
(picrotoxin (PCT), penthylenetetrazole (PTZ), strychnine (STR), thiosemicarbazide (TSC), beme-
gride (BMGQG), 4-aminopyridine (4- AP), and maximal electroshock (MES) allowed us to simulate
different paroxyzmal manifestations and to suggest the propoxazepam mechanisms of antiseizure
action. Results. The results indicate a high protective activity of propoxazepam based on the data
of the dose-effect curves: PCT 1.67 = 0.09, PTZ 0.9 = 0.04, STR 14.24 + 0.47, MES 0.57 £ 0.23,
TSC 0.18 £ 0.09, 4-AP 37.3 = 7.9 mg/kg. Depending on the type of chemo convulsant, the protec-
tive dose of propoxazepam is significantly different (from 0.32 mg/kg for TSC up to 80 mg/kg for

20 ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 5, 0ooamox



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHUX BiclepalbHiii dizionorii Ta matodizionorii

4-AP), indicating a different degree of interaction with biotargets. Obviously, propoxazepam is
more effective on the GABA-ergic dysfunction models, what is proved by a rise of the myoclonic
component repre sentation in the seizures structrure with the simultaneous decrease of the tonic
component. We have to mention that, on the BMG-induced seizures model, the relative quantity
of the myoclonic component is only 32 %. This suggests the comparatively separate influence of
benzdiazepine- and barbiturate-allosteric centers control. MES-induced seizures blocking demands
the strong and steady cells hyperpolarization. Thus, the propoxazepam efficiency in this model is not
very high. Moreover, even the relatively high doses (20 mg/kg) don’t suppress the tonic component
(68 %) possessing nevertheless, the protective action. The attention is attracted by the fact that in
the model of 4-AP-induced seizures, propoxazepam not only shares the negligible effect (94 % of
protective action is reached at a dose of 80 mg/kg), but also unusually redistributes the myoclonic
and tonic components (reducing the firs and increasing the second component). Such peculiarities in
the anticonvulsant action can be explained from the position of potassium ion channels functioning,
which are inhibited by 4-AP. It is known that their activation leads to the membrane repolarization
after the action potential development (participation in the potential restoring). Conclusion. Paying
attention to such an «antiepileptic» effect, it is possible to suggest the division of propoxazepam
and 4-AM actions — first one acts predominantly on postsynaptic GABAA-receptors, causing the
cell hyperpolarization, while the second interferes both pre- and postsynaptic potassium channels of
the cell. Obviously, such an influence leads not only to the hyperpolarization efficiency reducing,
but also increases the cell refractory period. Be cause of it, even the high doses of propoxazepam
doesn't share the 100 % efficiency in this model.

Key words: propoxazemam, convulsions, corazol, picrotoxin

POJIb MUTJAJUHU B PO3BUTKY CTPECY TA IITCP
B.A. I'op6auenko, O.1. KpaiicBithiii, B.B. Oasuin O.0. JIyk’saHenb

Incmumym ¢hizionocii im. O.0. boeomonvys HAH Ykpainu, Kuis, Yxpaina

MuriairHa € HEHTPaJIbHOK CTPYKTYPOIO MO3KY, sIKa BiJIirpa€e KIIFOYOBY POJib B 00pOOIIi Ta 30epeKeHH]
eMOIIilf, 30KpeMa TaKMX OCHOBHUX E€MOIIil, IK CTpax i TpuBora. Marouu 0e3rnocepe/He BiHOLICH-
Hs 10 cucTeMu «00poThOa abo BTeua», BOHA 3alyCKaE 1 3aKpIIlIOE peakilii opraHiaMy Ha 3arposy.
VY KOHTEKCTI mocTTpaBMarudHoro crpecosoro posnany (IITCP) dyHkuis MurnanvuHu HaOyBae
0COOJIMBOT 3HAYYIIOCTI, a/P)Ke CaMe BOHA BiNOBiae 32 (opMyBaHHS Ta 30€PEKEHHS CTIHKUX aco-
miarid Mik TpaBMaTHYHHM JOCBIJIOM 1 peakilieto cTpaxy. Lle mpu3BoguTh 10 TOTO, IO MAIli€HTH
3 [ITCP mMoxyTh BiiuyBaTH rineppeaxiiito Ha, 3JaBajocs 0, HEUTpaabHI CTUMYJIH, SIKI HaraJayoTh
iM TIpo MepeRUTUN CTpecoBHM goCBia. [ligBHIIeHAa AKTUBHICTh MUTJAIUHU, TUIIOBA JIJIS MAIIEHTIB
13 [ITCP, npu3BoauTh 10 TOTO, 110 OYIb-SIKi MOAIOHI CUTHAJIM BUKJIUKAIOTh HAaB S3JIMBI CIIOTaau 1
BiA4yTTs HEOE3IEeKHU, HABITh SKIIO I[i 3arPO3H HE € peabHUMH, [0 IPU3BOJAUTH 10 YaCTUX CII30/1iB
TPUBOXKHOCTI Ta TinmepBUrigHoCTi. lle# maTojoriyHuid cTaH MHUTIAIWHU TMOCHIIOETHCS 11 TICHOO
B3A€EMOJII€I0 3 THIIMMH CTPYKTYpaMu MO3KY, TAKHMH sIK TpepOHTaIbHA Kopa Ta rimokami. [Ipe-
(bpoHTaNbHA KOpa, AKa 3a3BUYall JJoroMarae peryjiioBaTH eMoIlii Ta MpuiMaTH 3Ba)KeH1 pillleHHs,
y 3I0pOBHX YMOBaX KOHTPOJIIOE 1 TaJiIbMy€ HaJIMIPHI peakilii MUTAaIUHU, 0COOIUBO MO0 CTPaxy.
[Ipote y marienTis i3 [ITCP Taka peryssiiis € MOpyIIeHO0, 10 YCKIAJIHIOE MPOIECH rajibMyBaHHSI
CTpaxy 1 MPHU3BOJAUTH JO HEKOHTPOJIHOBAHUX €MOLIMHMX peakiid. ['imokamr, cTpykrypa, BiIIo-
BijlasibHA 32 GOPMYBaHHS 1 30€pe’KeHHsI KOHTEKCTYaJIbHOI aM’sTi, TAaKOXK Hee(HEKTUBHO B3aEMOJIE
3 MUTIAJIMHOIO, 110 11Ie OibIle yCKIaaHIoe cuTyauiro. [lonrkomkenns abo mopymeHHs QyHKIIOHY-
BaHHs rinokammna y namieHTiB 3 [ITCP npu3BoauTh 10 TOTrO, MIO CIOraad MpO TPaBMATHYHI MOl
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3 SIBJISFOTHCS. B HECTIOJIIBAHUX CUTYAllisIX, BUKIUKAKOUYH 1HTECHCHUBHI i HEKOHTPOJIbOBAHI €MOIIilHI
peakiii. Ha akTMBHICTh MUTJQIMHU 3HAYHUH BIUIMB MalOTh CTPECOBI TOPMOHH, TaKi SIK KOPTH30I,
aJipeHallid i HopaapeHasiH. [1ix yac cTpecoBUX CUTyaIlii 1li TOPMOHU MOOITI3YIOTh OPraHi3M sl
peakiii Ha 3arpo3y, npote npu [ITCP iX HagMipHUI BIUIUB MPU3BOAUTH JI0 CTIHKOT IIIEPaKTHBHOCTI
MUrIanuHu. Takuii gucOaanc TaKoXK MOCHIIOETHCS MOPYUICHHSIM PiBHIB HelipoMeaiaTopiB, sSIK-OT
CEpOTOHIH i TohaMiH, SKi BIJTIOBIJal0Th 32 EMOI[iiHY CTa0UIBHICTh Ta MOTHBAIi}0. 3HIKCHUI PIBCHb
CEePOTOHIHY CIpUsE MiJBUIICHIH TPUBOKHOCTI Ta HECTAOUILHOCTI HACTPOIO, TOJI K IiABUIICHUIH
HOpaJpeHaJiH OB’ I3aHUH 13 CTAHOM TiNEPBUT1IHOCTI, Kou opranizm nanienta 3 [ITCP nocTiiiHo
nepeOyBae B CTaHi HACTOPOXKEHOCTI. BomHovyac aucOananc nodamMiHy MOXKE BUKJIMKATH HEKOH-
TPOJIbOBaHI cHajaxu eMoIlil, mo noaaTtkoBo noripmye cumnromatuky [ITCP i cipusie HagmipHii
AKTHBHOCTI MUTJIaJIMHU. 3HI)KCHHSI TIIEPaKTUBHOCTI MUTIAJINHU € OJHUM 3 OCHOBHUX HANPSAMIB y
nikyBanHi [ITCP. CydacHi TepaneBTUYHI MiAXOAM BKIIOYAIOTh KOTHITUBHO-MTOBEAIHKOBY Teparilo,
HEHPOMOAYNAIINHI TEXHIKM Ta (apMaKoJIOTi4HI METOHU, IO IOMOMAaraloTh HOpMaji3yBaTH PiBEHb
CEpOTOHIHY 1 HOpaJpeHaliny. Bukopucransas aHTHIENIPECAHTIB, 30KpeMa 1HTi0ITOpiB 3BOPOTHOTO
3aXOIJICHHSI CEPOTOHIHY, a TAKO HOBITHIX HEHPOMOJYIALMINHUX METOJIB JOTIOMArae Maiie€HTam
3MEHIIUTH PiBEHb TPUBOKHOCTI Ta BIIOPATHCS 3 TIMEPBUTIIHICTIO. BaXXMMBUM aclieKTOM MOJAIbIINX
JOCITIIKEHB € po3pobka Ta Bukopuctanus mozaeneii [ITCP na naboparopuux tBapuHax. Taki moxeni
JAI0Th 3MOT'Y HAOYHO BUBYATH MEXaHI3MH IIbOTO PO3JIaly, TECTYBAaTH HOB1 TEparieBTUYHI i IXOAH Ta
BHBUYATH BIUIMB Pi3HUX METOJIB JiKyBaHHs. Y Halliil 1aboparopii akTHBHO pO3pOOISIOTHCS MOA10H]
MOJIeIi, 110 TO3BOJISIE 30CEPEIUTHCS HAa MEXaHi3MaX HelpoMeIiaToOpHOT TUCYHKIIIT Ta rinepakTuB-
HOCTI MUTJAJTUHU. 3aBIsSKH IBOMY MH MOKEMO Kpalle 3p03yMiTH marodi3ioNoriyni nporecu, sKi
nexatb B ocHOBI [ITCP, i cTBoproBaTH iHHOBAIIil{HI METOIM Teparii, 0 MOXYTb CIIPUATH 3HUKCHHIO
CUMIITOMIB Ta IOKPAIIECHHIO AKOCTI ®UTTs manientis 3 [ITCP.

Toosixa: 1151 pobota Oyina miprpuMana rpantom HarionansHoro Goxay gociimpkeHp Yrpaiau Ne 2023.05/0023.

IHHOBA LI HI NIIXOM 10 JOCJIUIKEHHS MEXAHI3MIB ®OPMYBAHHS
LHEHTPAJIbHUX MOTOPHUX KOMAH/, LIIO HAJIXOAATH IO M’SI31B JIIOJAUHHA
B JOBLJILHUX PYXAX KIHIIIBOK

A. T'opkoBenko, O. KocTokoB

Biooin ¢hizionoeii pyxie Incmumymy ¢hizionoeii im. O. Boeomonvyss HAH Yrpainu; gork@biph.kiev.ua

TpagunitHuii enexkrpoMiorpadivyHuil aHali3 TOBITBHUX PYXIB 3 PEECTPAII€IO TIOJTOKEHHS OKPEMUX
CErMEHTIB KiHI[IBOK i CHJIOBUX KOMITOHEHTIB pyXy MOTpe0y€e CTBOPEHHS JOBOJI CKIIATHUX MEXaHIYHUX
HOPHUCTPOIB /IS TOCHIPKEHHSI KOKHOT KOHKPETHOI pyXoBOi 3a/1adi 3 BiANOBIHOIO TPAEKTOPIEIO
Ta MIBHAKICTIO PyXy y MOEJTHAHHI 3 9aCOBHM IMpodileM CHIOBOTO KOMIOHEHTY. lle B 3HauHil
Mipi YCKJIAJHIOE MepeXin Bix oxHiei 70 iHIIO! pyXOBOI MpOTpaMu, IO JOCHIIKYIOTHCS, a cami
MPOTPaMy HE MOXKYTh OyTH JJOCTATHHO CKJIATHUMH 1 JIONYCKAIOTh IOBOJIi 00MEeKeHy MO IKAIIIIO JTs
JociikeHHs. Y Bingini ¢iziosorii pyxiB cTBOpeHa NPUHLKUIIOBO HOBA KOMIT FOTEpPU30BaHa poOOTO-
MEXaTpOHHA CHCTEMa IS JOCHIDKEHHS HMIMPOKOTO CHEKTPY CKJIAJHUX PYXIB PYKH JIOJUHU B
TOPU30HTAIBHIN TUTOIIMHI 3 MapajeIbHUM BiITBOPEHHSIM 33JJaHOTO BEKTOPY 3yCHILISI, CTBOPIOBAHOTO
KHUCTIO B ITporieci pyxy. PoGoTo-MexaTpoHHa crcTeMa 31 ICHIOE 30BHI HaB’ 13aHy MPOrpamy IepeMillieHHs
KHCTI TECTOBAHOTO B OINEPALifHOMY IPOCTOPi, a MapajieabHy IporpaMy CKOPOYEHHsS M S31B pyKH
TECTOBAHMH 3/1IHCHIOE Y TOBUIBHOMY PEKUMI 3 BUKOPHCTAHHSM 30POBOTO 3BOPOTHOTO 3B’ SI3KY IS
BIZICTE)KEHHSI BEKTOPa 3yCHIIISI BiIIOBITHO 3a]aHOTO KOMaH/THOTO CUTHAITYy. TakuM YMHOM, JIOCITITHUK
0JIepXKy€ MOXKITMBICTh aHATi3yBaTH 3HAYHY KiJTbKICTh PYXOBHUX IIPOTPaM i BiJIMOBITHUX IIEHTPATHHUX
MOTOPHHUX KOMaHJI, OIliHKa SIKUX MOKe OyTH 3a0e3reueHa ycepeJHeHHMU 3aIicaMy IIOBEPXHEBOT a00
BHYTPIIIHBO-M’s130BOi eslekTpoMiorpadii. /1oJaTKOBUM YHHHUKOM aHai3y IEHTPAIbHUX MOTOPHUX
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KOMaH]| BUSIBUBCS PO3POOJICHUI HAMU OLIIBII JETaJbHUHI MiJX1J1 10 TOYHOT OI[IHKK OiOMEXaHIYHUX
KOMIIOHEHTIB, 110 3a0€3MeYyI0Th KOHKPETHY PYXOBY mporpamy. 3 I[i€l0 METOK 3 BUKOPHUCTAHHSIM
Cy4acHHX TOMOTrpadiyHUX METOJiB HaMH Oylia CTBOpeHa 3-BHMipHA MOJEINb KiCTKOBO-M S30BOTO
arapary pyKH JIOJIUHH, Y AKY BXOIUIH 3aJICKHOCTI JOBXKUH Ta KPYTHHUX MOMEHTIB OCHOBHUX M ’sI31B
MpY 3MiHI BEJIMYUH CYTJIOOHUX KyTiB. Po3pobnene nmporpaMue 3a0e3neueHHs JO3BOJISIE OJIepKATH
JTIOBOJIi TOYHY OIIIHKY 3MiHU JOBXKHHH M’ 531B Ta CTBOPIOBAHMX HUMH 3YCHJIb JUIsI KOKHOTO PYXOBOTO
3aBJIaHH, 1110 [TO€IHY€E TTACUBHY MPOTPaMy pyXy, HaB’si3aHy 30BHI pOOOTO-MEXaTPOHHOIO CUCTEMOIO,
Ta aKTHBHHH HOTO KOMIIOHEHT, IO JIOBIJIBHO BiJITBOPIOETHCS TECTOBAHUM B PEXKHUMI 30POBOIO
BIJICTE:)KEHHSI KOMaH/THOTO CUTHay. TakuM YMHOM, Y TOCIIIIHUKA 3’ SIBJISETHCS MOMKIIUBICTD HE TITBKH
3a/1aBaTU KOHKPETHY TPAEKTOPIIO pyXY Ta BEKTOP 3yCHILIsA, alie i hopmMyBaTu 6€31mocepe/IHb0O 4acoBi
TPAEKTOPii 3MiH JOBKUHM M’s131B Ta 1X cwin. [le mpuHIMIIOBO HOBUH MiaXijg 10 aHamizy Oarato-
CcyrJo00OBHX PYXiB KIHI[IBOK, IO JJO3BOJIMTh HAM OLIBII JETAIBHO MIiAIATH O KUJIBKICHOTO OIMHUCY
e(eKTiB CHHepriyHO1 B3aeMOJIil M 5I31B B CKJIQJIHUX PyXax KiHI[IBOK B IPOCTOPI.

Karwouosi caoBa: pyx pyku, EMI', Tomorpadis, poOoTo-MexaTpoHHaA cucTeMa

3ACTOCYBAHHSA IICUXO®PIZIOJOTTYHUX 3AKOHIB ¥ UI/UX-IH)KEHEPII
P.C. I'opcbkuii, T. B. Kynenko

Kuiscokuii hayionanvruil ynieepcumem imeni Tapaca lllesuenxa, m. Kuis; horskyir@gmail.com

[IBuakuii po3BUTOK IMUPPOBUX TEXHOJOTIH Ta iX TIMOOKE MPOHUKHEHHS B TOBCSKICHHE JKHTTS
3HAYHO 301MBLIMIIM POJIb iHXKeHepii kopuctyBanbkoro goceiny (UI/UX) y 3abe3neueHHi 3pyqHOCTI
Ta e(peKTUBHOCTI B3aeMo/Iii 3 iHTepdeiicamu. OHIE 3 aKTyalbHUX MPOOJIEM y IIil rany3si € ajar-
Tanis qu3aifHy nuQpoBuX iHTEpPeiciB 10 mcuxodi3zionoriyHuX 0COOIUBOCTEH KOPUCTYBAYiB, 110
BKJIIOYAE MI3HAHHS, COPUIHATTS Ta MOTOPHI peakuii. [[puHnumnm, Taxi, sik 3akonn Pirrca, Xika Ta
Minnepa, MUPOKO BiIOMI 3aBISKU TXHIM 3MaTHOCTI MiJBUINYBAaTH €(PEKTUBHICTh KOPUCTYBAI[bKUX
iHTepdeliciB, nmpoTe X 3acTOCYBaHHS NOTPEOYE MOAANBIIOI0 MPAKTUIHOTO JOCTIKEHHS JJIs MiJI-
TBEPJOKEHHS 1X BIJIUBY Ha KOPHCTYBaIlbKHi AOCBiA. MeToro poOOTH CcTano JOCHiIUTH BIUTMB IIHX
ncuxodi310J0TYHUX IPUHITUIIIB HA B32EMO/II10 KOPUCTYBaUiB 3 IUPPOBUMH iHTEepdericaMu, 30Kpema,
SK BOHU BIUTHBAIOTH Ha €(DEKTUBHICTH 1 TOUHICTb. JlOCHIIKeHHSI CIIpsIMOBaHE Ha IEPEBIPKY TOTO, YU
MoaudiKallis eneMeHTiB iHTepelicy - TaKuX, K POo3Mip i po3TamyBaHHsI KHOIOK a0 CIPOIICHHS
BHOOPY - MOKpaIye B3aEMOJIII0 3 KOPUCTYBaueM, 3MECHINYIOUYH KUJIbKiCTh TTOMHJIOK 1 TiBHIYIOYH
e(heKTHBHICTh BUKOHAHHS 3aBJaHb. MeTo10J10Tis 6a3y€eThCsl HA HEMOJIEPOBAaHOMY KOPUCTYBAIIbKOMY
TecTyBaHHI Ha Tuatdopmi Maze, 10 103BOJISIE€ YYaCHUKAM B3a€MOJIISITH 3 IPOTOTUIIAMH iHTEpdeiiciB,
PO3pO0JICHUMH 3 ypaxyBaHHSIM KOHKPETHHX MCHUXO0(i310J0TIYHUX NpUHIUIIB. st TecTiB Oynu
CTBOpPEHI pi3Hi BapiaHTH iHTep(eHCiB: OAUH 3 OiINBIIMMHU KHONMKAMU (32 3akoHOM DiTTca), iHIIH
3 MEHIIOI0 KiJBKICTIO BapiaHTIB Ha ekpaHi (3a 3akoHOM XiKka), a Takox iHTepdeiic ympaBiiHHS.
Y4acHUKM B3aEMOJISUTH 3 KOXKHUM 1HTEepdeiicoM, BUKOHYIOUH THITOBI 3aBlaHHs, a Maze (ikcyBaB Taki
MOKAa3HUKH, K BiJICOTOK BUKOHAHHS, BUTPAYCHUH Yac 1 KUIbKICTh MTOMUJIKOBUX KJIiKiB. Pesynbratu
MOKa3yI0Th, 110 O PO3MIPH KHOIMOK 3HAYHO 3MEHIIYIOTh KiJIbKICTh MOMUJIKOBUX HATHCKAaHb,
1o migTBepKye 3akoH Ditrca B MUPPOBOMY KOHTEKCTi. AHAJOTiI4HO, iHTepdelcH 3 MEHIIO
KUIBKICTIO BapiaHTiB BUOOPY Ha €KpaHi CKOPOYYIOTh Yac BUKOHAHHS 3aBAaHb, IO Y3TOJKYEThCS
3 3aKOHOM XiKa, 3MEHIIYIOUM KOTHITHBHE HaBaHTakeHHs. OJHaK, HE3BaXKAIOUHM Ha MOKPAIlCHHS
MOKa3HUKIB TPOAYKTHUBHOCTI, MIEBHI 3MiHHI, IO 3aJ€XaTh BiJ] KOPUCTyBaya, TaKi, SK MOTUBALlis Ta
KOTHITHBHI 3110HOCTI, TPOIOBKYBaJM BIUIMBATH Ha IIBUJIKICTh BUKOHAHHS 3aBJIaHb Y PI3HUX TECTOBUX
crieHapisix. Pe3ynbraTi miaTBepIuKyOTh, 10 X04a MCUX0(]i310I0TiYHI MPUHIIMITH ITiJBUIYIOTh 3pYUHICTh
iHTepdelicy, KopucTyBanbKi (akTOpU 3aTUIIAIOTHCS HEBIJ' €MHOI0 YaCTHHOIO JIOCBIY B3a€MOJIii.
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Pesynbratu migKpeciuin BaXKJIWBICTh BpaxyBaHHs 1HAMBIyalbHUX 0COOIMBOCTEN KOPUCTYBaUiB,
TaKuX SIK JOCBIJl 1 MOTHBAIIisl, ISl CTBOPEHHSI IHTYITHUBHO 3p03yMiNuX i e()eKTUBHUX iHTEep(elCiB.
Orxe, 1 pobdora crpuse po3sutky UI/UX imkeHepii, miATBEPKYIOYH JOLUUIBHICTh iHTErparii
ncuxodi3ioN0TIYHUX MPUHIUIIIB AJIs ONTUMI3alii [u3aitHy nudpoBux iHTepdeiicis.

Karwouosi caoa: Ul/UX-imxkenepis, undposuii inrepdeiic, 3akon dirrca, 3akoH Xika

MoAvJaAlUIA BMICTY ME3EHXIMAJIBHUX KJIITUH 3MIHIOE JUHAMIYHY
EKCHPECIIO BIMEHTIHY ¥ KPOBOHOCHHUX CYAUHAX ITPU IHCVYJIBTI

O.M. I'pa6osuii, F0.B. MepBincska, C.I. CaBocbko, JI.M. SIpeMeHKo

Hayionanenuti meouunuil ynisepcumem imeni bocomonvys, m. Kuis, Yxpaina; angrabovoy@gmail.com

BimenTtun (Vim) € 6inkoM npoMiXHUX (iTaMEHTIB ME3eHXIMaIbHUX KIIITHH, YACTUHA SIKUX MOXKE
OyTH CTOBOYPOBUMH, i IMHAMIYHO EKCIPECYETHCS y CTIHI CYIUH MIPU pernapaTUBHOMY BaCKyJOTeHE31.
Vim ekcrnpecyeTbest pi3HUMU TUIIAMU KJIITHH, & y CyIMHAX €HAO0TeTIaIbHUMH KIITHHAMH 1 TTaJKUMH
M’s130BUMHU KiiTuHamMu. Excripecis Vim perymroeTses GpizionoriyHuM MopporeHe30M CyAHHHOI CHC-
TEMU Ta 3MIHIOETHCS 1] 4aC BiJJHOBJICHHS MONIKO/KEHUX CYAMH. 3BiicH Vim Moxe OyTH MapKepoMm
penapaTUBHOTO BACKYJIOI'€HE3y MPH 1HCYIbTI, a MOAYJALISL BMICTY ME3CHXIMaIBHIX CTOBOYPOBHX
KIIITHH MO€ CIPHUSATH YTBOPEHHIO CYyJHMH y OiJSHLI iHCYIbTY 1 BimoOpa3uTucs Ha ekcupecii Vim
HOBOYTBOPEHUMH CyAMHAMH. B eKCIIepUMeHTI IypaM MOJAEII0BaIN TeMOpariYHuil iHCyIbT 1 uepes
1, 3, 10, 30 1 60 gi6 mochigKyBaJM YTBOPEHHS KPOBOHOCHHX CYAMH Yy IINSIHLI KPOBOBHJIMBY Ta
excrpecito Vim 3a BBeeHHs AekcameTa3zoHy (Dex) Ta rpaHyIouuTapHOTO KOJOHIECTUMYITIOI0YOT0
¢daktopy (G-CSF). Ilepuri 03HaKu YTBOpPEHHS CyOMH HABKOJO KPOBOBHJIMBY BHUSBICHO Ha 3 100y
nociiaiB, a Ha 10 100y HOBOYTBOpEHI CYyAMHH Ta CYIAMHH NEPUTeMaTOMHOI AUISHKH aKTHUBHO €KC-
npecyBaiu Vim. Excnpecis Vim y cynunax pizko 30inpmmuiacs 3a i3oasoBanoi aii Dex ta G-CSF
Ta y ix koMmOinamii. Bxxe Ha 1 100y cmocTepiranucs Vim-no3uTHBHI KPOBOHOCHI CYMHU Pi3HOTO
KaniOpy, B TOMy 4YMCIi HaUTOHIII Kaminsipu, i gani Ha 3 ta 10 moOy cmocrtepiraiocst A0JaTKOBE
(opMyBaHHS CITKM TOHKHUX HOBOyTBOopeHUX cyauH. Ha 30 1 60 no0y excmpecist y KIITHHAX CTIHKH
CYIWH ICTOTHO 3MEHINMJACS y BCiX Ipymax, sK i BUOIPKOBICTh eKcmpecii pi3HUMH CyIUHaAMH.
Tobro ekcmpecis Vim 3MmeHmyBanacs no Mmipi audepenmianii CTIHKM KPOBOHOCHUX CYAHMH Ta Y
OuHaMili BiZHOBHHMX mpoueciB. [losiBa Vim-TO3UTHBHUX KIITHH y MPOCBITI Ta HABKOJIO CYIUH
OyJi0 TOAATKOBUM CBIJYEHHSM y4acTi ME3eHXIMallbHHUX CTOBOYPOBHUX KIITHH Yy BacKyJoreHesi
npu iHCynbTi. Sk 3akmtouenHs, Dex ta G-CSF mpUIIBHAIIMIN peaKTUBHI 3MiHH CYIUH HaBKOJO
KPOBOBHJIMBY Ta CIPHUSAJIN IIBUAIIIA MOSBI Me3E€HXIMalbHHUX KJIITHH, YacTHHA SKUX MOXE OyTH
CTOBOYpPOBHMH, 1 BACKYJIOTE€HE3Y.

KarouoBi cioBa: iHCyIbT, BACKYJIOT€HE3, ME3eHXIMaNbHi CTOBOYpPOBI KIIITHHHU, BIMEHTHH.

I'MONEP®Y3IA 'OJIOBHOI'O MO3KY INPU3BOJAUTD
A0 SMEHIHNEHHSA AKTUBHOCTI CIIEPMATOT'EHE3Y B LIIYPIB

O.M. I'pa6osnii, b.C. YBaes, I.10. Konnayposa, JI.M. SIpemenko

Hayionanvnuti meouunuii ynieepcumem imeni O. O. bocomonvys, m. Kuis, Ykpaina, angrabovoy@,
gmail.com , l.yaremenko03@gmail.com

l'oHagm MOXyTh 3a3HAaBaTH Pi3HUX 3MIiH MiCHs IHCYJIBTY, OCOOJIMBO Y TIJIaHI TOPMOHAIBHOTO QOHY,
10 MOYKe BIJIMBATH Ha CEKCYallbHY (DYHKIIiIO Ta PepTHIbHICTh. BiTHOBIEHHS HOpMaTbHOT QYHKITIT
MOJKe 3aiHATH 4ac, i 3a3BMYail BUMara€ MeJIMYHOTO CIIOCTEPEKEHHS Ta MiATPUMKH. Bu3HaunTn
3MiHM aKTHBHOCTI CIiepMaTOTeHe3y B IIypiB 3a ymoB Trinmomepdysii mo3ky (I'TIM) Oymno meroro
Hamoi po6oru. lllypam camipsam minii Bictap mpoBoawimm nBoeTarnHe nepes’ s3yBaHHS 000X COHHUX
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aptepiit (rpyna ['TIM). V sxocTi KOHTpOIiB BUKOpUCTOBYBaIH iHTakTHUX (IH) 1 mceBgoonepoBannx
(ITO) mypis. Yepes 28, 42 i 56 gi6 micas BIATBOPEHHS €KCIIEPUMEHTAILHOT MOJIENI OIIHIOBAIH
3arallbHUN CTaH UIypiB, BU3HAYAIM Macy IIypiB, Macy ciM’siHUKiB. Ha ricTonmoriuaux mpemnapartax
3a0apBIEHUX TE€MATOKCUJIIHOM 1 €03MHOM BH3HAyalH IUIONLY MEPETUHY 3BUBUCTHUX CiM’ SHHX Ka-
HaJIBIIB, Ta KIJIBKICTh MITO3IB B €MITEIIOCIEPMATOreHHOMY miapi. Becranosneno, mo nrypu 3 ['TIM Ha
Bigminy Bix [H Ta [10, Manu HeoxalHUIA BUTIIA, OpYTHY LIEPCTh, OyIIH MAIIOPYXOMUMHU, TPAKTUYHO HE
pearyBaiu Ha KOpM. [IpoTsiromM JIpyroro Micsiis ClIOCTEPEIKEHb HE HaOMpasu Baru. Maca ciM’SHUKIB y
urypiB ['TIM npotsrom 3 28 1o 56 n1o0u ekcriepuMeHTy 3MeHInyBanacs 3 3,56+0,12 go 3,08+0,11 1,
B TOM 4yac Ky B [H Ha npuKiHIi g0ciiay BoHa ctaHoBuia 3,61+0,20 1. [icTosoriuyne JOCiKEHHSI
nokasaio, mo y [1O rpymnu TBapuH, y MOPIBHSHHI 3 KOHTPOJIEM, BiJiMidajaacs TEHJCHIIIS 0 3MCH-
IIEHHS TUIOMII 3BUBUCTHX CIM’SHHMX KaHAJBI[IB Ta BMICTY B HHUX KJITHH y CTaHl MITO3y udepe3 28
JHIB €KCIIEPUMEHTY, 3 MOCIiAYIOUHM BiJHOBJICHHSIM LIHMX Moka3HUKiB. 3a ymoB ['TIM cepenns
IJI0IIa 3BUBUCTHX CIM’SIHUX KaHaIBIIB uepe3 28 ai0 mocininy Bussisiiacs Ha 20% MEHIIO0, Hik
y KoHTpoJi. [IpoTsiroM Apyroro micsilis crocTepekeHb BOHA 3pocTaja, aje HaBiTh uyepe3 56 nid
sanuinanacs Ha 15% MeHIIow, HiXk y IHTaKTHUX InypiB. Ha BigMiHy Bij IIbOTO KUIBKICTh MITO3IB
y emiTeniocnepMaTOreHHOMY emiTeNii BusBisiaacs yepe3 28 qHiB micis BinTBopeHHs Mozeni ['TIM
MEHIIOKO BiJl KOHTPOJIBHUX 3HaueHb Malxke Ha 13% 1 y moganbmomy npoJoBKyBala 3HIKYBATHCS
Ta yepe3 56 mi0 pocmigy craBana MeHIIOK Ha 21% BiJg KOHTPOIBHUX 3HAUYCHb. BpaxoBylouu 1o
IHTCHCUBHICTh CIIEpMaTOreHe3y 0e3MocepeIHbO BU3HAYAETHCA PIBHEM aKTHUBHOCTI TimoTanamo-
rino¢izapHoO-TEeCTUKYISAPHOI AYTH, JOTIYHO MPHUITYCTUTH, 110 Tinomnepdysis MO3KY IPU3BOJUTH 10
3MEHIIICHHS POYKIIT rOHA0J110EPiHIB 1, BIIMOBIIHO, POJIIKYIOCTUMYJIIOIOYOTO 1 JTIOTCIHI3YH0YOr0
TOPMOHIB. Y CBOIO Uepry Iie IpU3BOAUTH A0 3HMWKEHHS QyHKIIIT TecTikys. B cBoio uepry ne moxe
rajbMyBaTH KOMIIEHCATOPHO-BITHOBIIIOBAIbHI MPOIIECH Y T'OJIOBHOMY MO3KY 1 CIIPUSITH TipHIOMY
3aralibHOMY cTaHy TBapuH 3 ['TIM Ta npurHideHHIO iX aKTUBHOCTI.

Kuarouogi ciioBa: rinonepgy3isi FOJIOBHOTO MO3KY, 3BUBUCTI CiM’sIHI KaHAJIbII1, €ITITEJIIOCTIEPMATOT €HHU I
nrap, criepMaToreHes.

BIIJIUB BJIOKATOPIB ITIAPII-1 HA IHTEHCUBHICTb
OYHKHIOHAJIBHO-METABOJITYHOI AKTUBHOCTI KJIITUH-E®@EKTOPIB
3AITAJIEHHS4, 3A YMOB 11 KOHKAHABAJIIHY A

I'pymka.H.I'., [TaBnosuu C.1., Kongpauska O.A., Anapiituyk LI., Anyiii P. L.

Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, Kuis, nataliiagrushka@biph.kiev.ua

locTpe ypakeHHS TIe4iHKY BUKJIMKaHE BipycaMy, TOKCHHAMU, JIIKAPCHhKUMH 3aco0aMu ab0 ayTOIMyH-
HUM 3aXBOPIOBaHHSAMH MOXKE TIPU3BECTH /10 OJTMCKAaBUYHOTO reMaTUTY Ta MEUiHKOBOI HEJOCTATHOCTI.
KonkanaBanin A (Kon A) aktuBye T-miMpomuTH, BUKIUKAIOYN YPAXXEHHS MEYIHKH Ta TeNaTHT,
YacTKOBO OMOCEpENIKOBaHUH cekperniero hakropy Hekposy myxiuH (TNFa) 3 makpodaris. [Tpu Tomy,
0 € JesKi MOCTYMHI 1 BKEe 3aCTOCOBYBaHI TEpareBTUUHI 3aCO0U JTIKyBaHHS 3aXBOPIOBAHb IEUiH-
Kk T-KIITHHHOTO reHe3y, MOIMYKH KpalluxX, e(eKTUBHINIMX albTepHaTHB 0e3 HeOakaHuX e(eKTiB
TpuBaioTh. [Hri0iTOpH MOMi(AAD-prbdo3n) nomimepasu-1 (ITAPII-1) 3anmobiraroTe MOUIKOIKEHHIO
TKaHUH TPU PI3HUX €KCTEPUMEHTAJIbHUX MOJENAX 3aMalbHHUX 1 ayTOIMyHHHX 3aXBOPIOBAHSIX.
IurioyBanns ITIAPII-1 3Menmye ypakeHHS MEYiHKH Ha MOJEISAX MepeB’sI3KM JKOBYHUX MPOTOKIB,
OTPY€EHHS HOTUPHUXIOPUCTHUM BYTJIEI[EM, ATKOTOJIHFHOT XBOPOOH MediHKu. MeToro Ao ciiKeHHs Oyno
3’sicyBaru epektuBHicTh OnokaropiB [TAPII-1 - 4 rizpokcuksinazoniny (4-I'K) ta 3-amino0eH3a-
Miny (3-AB) y 3anobiranHi MOIIKOMKEHHS MediHKH, BUKIUKaHOTO KoH A. IMyHHE YIIKOIKEHHS
MEYiHKU MUIIEeH BUKIUKAIU BBeAeHHSIM KoH A B 71031 25 MI/ KT OZHOPa30BO B XBOCTOBY BEHY.
3-ABA (100 mr/kr) Ta 4-'K (100 MI/KT) BBOIMIM BHYTPIIIHEOOYEPEBUHHO 32 2 T/ 10 10’ ekIii Kon
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A. Yepes 20 ronuH TBapuH mignaBanu epipHOMY HapKo3y 1 BHIIydanu HeiTpodinu nepudepuynoi
kpoBi (H®) nns nmomanemoro mociijukeHHs. JlocikeHHs (QyHKIIIOHAIBHOIO CTAHY IMYHOIIUTIB
Oyno 3xiifiCHEHO 3a 1OMOMOro0 TecTy 3 HiTpocuHiM TerpasonieM (HCT) ta HamiBKiJIBKiCHOTO JIi-
30COMaJIbHO-KaTiIOHHOTO TECTY 13 PO3PaxXyHKOM CEpeHbOro NUTOXiMiuHoro koedimienty — CLIK.
Byno mokazano, mo BBeaeHHss KoH A 3a MOp(OJIOTIYHMM CTaHOM BHYTPIIIHIX OpraHiB MHIIEH
MPU3BOJUIIO A0 iIMyHO3aMaabHOTO Ipoiecy. [Ipu npoMy mocuioBanacs reHepanis akTHBHUX Gopm
kucHio (ADK), Takux sk cynepokcHI-pagrKal, Ha 0 BKa3yBalo 3pOCTaHHs KiJIbKOCTi opMasaH-
MO3UTUBHUX KJIiTUH nipu npoBeaeHHi HCT-tecty. [Ipo mocuneHHs KHCHE3aleKHOTO METa00i3My
HEHUTpo(iNiB CBIiAUMIO 1 3pocTaHHs UTOXiMiuHOTO MokaszHuka (L[XIT), sikuii BigoOpaskae akTUBHICTD
MpoleciB B OKpeMiii kiIiTuHi. [lapanensHo akTHBYBaBCSl HECHEHe3aIe:)KHUH MeTabonizm HD, po mo
cBigumno 36inpmenns CLK peaxuii Ha BMicT kaTioHHHX OinKiB. 3actocyBanHs Osokatopis [TAPII-1
MOKpanryBajio MOpQOoJIOTTYHHI CTaH BHYTPIIIHIX OPTaHiB MUILIEH, 3MEHIITyBajio reHepyBanHs B HO
A®K 3a nanumu HCT Ttecty. Takoxk, MPUTHIYYBaBCSI CHHTE3 Ji30COMalJbHUX 3aXUCHHUX (DaKTOpiB,
akTUBOBaHUX BBeaeHHIM KoH A, To0TO 3HM*kYyBaBcs BMicT Kb - meziatopis 3amanenns 3a CLK.
TakuM YMHOM EKCIIEpUMEHTAIBHO BCTaHOBIEHO, 10 iHriOyBanHus [TAPII npu aii 4-I'K ta 3 -ABA
Maji0 HUTONPOTEKTHBHY Jif0, IO CYHPOBOIKYBAJIOCh 3MCHIICHHSIM (YHKIIOHAIHHOI aKTHBHO-
CTi KIITHH-e(EeKTOpiB 3ananeHHs, 30kpeMa reHepanii AOK. Bussnena Hamu npoTuzanaibHa Jis
nociimkyBanux iHrioiTopiB [TAPIT 1 - 3-ABA 1 4-'K - BizkpuBae mepcrnekTUBy JUIsl pO3pOOKH
TepaneBTUYHOI cTparerii iX 3acTOCYBaHHS MPU ayTOIMYHHHX renaTHTax.

Karouosi caoBa: mumnni, konkanaBaixin A, nomni(AdP-pubo3o)nonimMepasa, 6mokaropu [TAPII-1,
HEeUTpodiny.

TRANSITIONING FROM SOFT TO HARD KNOWLEDGE: A PREDICTIVE MODEL
OF ENANTIOSELECTIVITY IN LIPASE-CATALYZED SECONDARY ALCOHOL
SEPARATION THROUGH COVALENT DOCKING AND MOLECULAR DYNAMICS

Yuliia Gurova !, Maksym Platonov !, Iryna Kravets!, Anastasia Kolodiazhna !,
Serhiy Ryabukhin' and Dmytro Volochnyuk !

! Enamine Ltd., 78 Winston Churchill Str., 02660 Kyiv, Ukraine; y.gurova@enamine.net

Lipases are crucial in achieving stereoselective enantiomer separation for pure enantiomer production, as
seen in pharmaceutical and chemical industries. Although empirical models like the Kazlauskas rule
guide enantioselectivity, however, this rule is considered “soft knowledge” and lacks mechanistic
depth. Advanced computational methods or “hard knowledge” approaches could yield more reliable
enantioselectivity predictions, enhancing applications in stereoselective synthesis across various
fields. A new covalent docking model has been developed that accounts for the stereochemistry
of both intermediate compounds and the transition state at the catalytic site of Amano lipase. This
model assesses enantioselectivity in resolving secondary alcohols, based on data from the Enamine
Screening Collection. Analysis revealed two key stereocenters: one in the acetylated alcohol group
and another formed when the ligand binds to Ser87 in the transition state complex. Only a specific
S-configuration of these stereocenters results in the catalytic reaction product. Molecular dynamics
showed that enantiomer discrimination in aromatic ligands relies on contacts with four key amino
acids within the catalytic site. Specifically, hydrogen bonds between the NH atoms of His286, the
alcohol oxygen (Oalc), and the Oy of Ser87, as well as between the ligand’s OH group and the NH
atoms of Leul7 and GIn88, play a crucial role in facilitating successful substrate acetylation. These
interactions create a favorable environment for the catalytic process to proceed efficiently.

Key words: lipases, enantiomer separation, Kazlauskas rule, covalent docking, molecular dynamics,
secondary alcohols.
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JAUHAMIKA 3MIHU IHTEHCUBHOCTI OKCUAATUBHUX ITPOLECIB Y IIYJIbIII
3¥YBIB 3A YMOB YIIKOJAKEHHS HUPOK HA TJII MOAOJAE®ILIUTY

I. M. lanunok

lsano-Dpanxiecvruil HayionarbHul Meouunull yHisepcumem, M. leano-Dpankiscoi

AxTyanpHICTh TeMH. OTHAM 13 TIPIOPUTETHIX MEIUKO-COIMIAIbHUX HATIPSMKIB € ITOI0JIAHHS Homomediru-
Ty, SKUH HABITh MPH JIECTKOMY CTYIICHIO BUCTYIIA€ ITYCKOBHM MEXaHI3MOM I[1JIOT HU3KHU 3aXBOPIOBaHb
MUATOITONI0HOT 321031 Ta KoMOpOimHOi maTosorii. CydacHUMH JOCIiKCHHSIMH BCTAaHOBJIEHO, IO
MIpU PI3HUX 3aXBOPIOBAHHSX OPTaHIB I CHCTEM OpTaHi3My BimOyBarOTHCS iCTOTHI (yHKITIOHATIBHI 1
Mop(}oJIOTiuHI 3MiHU B MIEJETTHO-TUIIEBIH UIsHIN. [iMOoTHpEeo3 Bigirpae iCTOTHY pOJib y PO3BUTKY
3aXBOPIOBaHb 3yOOIIENeNHOI CUCTEMH I Ma€ HeCTPUATIIMBUN IMPOTHOCTUYHHUHN BIJIMUB Ha Iepelir
3aXBOpIOBaHbL. MeTa D0CTiIKeHHs — 3’ ICYBaTH 3MiHU TOKAa3HUKIB IEPEKUCHOTO OKUCHEHHS JIITiAiB
(ITOJI) mymemir 3y0iB 32 YMOB YIIKO/DKCHHS HUPOK Ha TIi HOMOAePIIHUTY.

Marepianu Ta METOIU AOCTIIKEHb. JlocmipkeHHs mpoBeneHi Ha 60 611X 0€3MOPOTHUX CTAaTEBO3Pi-
TuX nrypax-camipsix macor 150-180 . Teapunu Oynu po3miieHi Ha Taki JocainHi rpymu: 1-ma (n =
45) — mypwu, sxi mepedyBanu Ha HomoaedinuTHii mieTi (Ctenes’ st Bb, 2014); 2-ra (n=15) — orypwu,
sKi TIepeOyBa Ha CTAaHAAPTHOMY XapuoBOMY pallioHi (KOHTpOJIbHA Tpyma). TBapuH BUBOIHIIH 3
eKcTiepuMeHTy Ha 21-i, 42-i Ta 56-# nHi BUTOmOBYBaHHA. JJII TpOBEICHHS 10 CITi IPKSHHS IPOBOIUITH
3a0ip pi3IiB BEPXHHOI Ta HMKHBOI IIEJICT 1 3AIHCHIOBAIN SKCTUPIAIIIO MyJbIIH. YMICT IPOIYKTIB
ITOJI (nieroBux koH 'foratiB — JIK Ta mpoaykTiB, Mo pearymTh Ha Tio0apOiTypoBy kucioty — ThK-
ATl) BU3HAYa M y CHPOBATIIi KPOBi, TOMOTE€HATaxX MyJbIH 3y0iB Ta HUpOK. KoHIIEHTpaIlifo cedoBoi
KUCJIOTH, CCYOBUHU Ta KPEaTHHY BU3HAYAIM y CHPOBATIII KPOBI Ta cedi. Pe3yabTaTn 10ocaiaKeHb.
V pe3ynbTaTi JOCHIKeHHS IPUBEPTAE YBary aKTHUBAIliS JIMOTMEPOKCUIAINT Y TOMOTeHATaX MyJIbITH
yxe Ha 21-i 1eHp eKCIIepuMeHTY, 10 BifoOpaxae 3poctanus Bmicty JAK wa 10 % (P <0,01), TBK-
AIl —nma 11 % (P < 0,05) momo 3HauYeHbh aHAJOTIYHUX MOKA3HUKIB y 1HTAaKTHUX mypiB. Ha 42-if
IIeHb TepeOyBaHHs TBapWH Ha HomomeIiUTHIA Mi€TI BCTAHOBIJIM MPOTPECYBAHHS IHTEHCHBHOCTI
OKCHIATHBHUX IPOIIECiB, IO BimoOpaxkae sHawHe minpumieHas sMicty JIK 1 TBK-AIl y myns1i 3y6iB
(ma 71152 %, P <0,01) moxo xouTpoto. Ha 56-if ners BUTOMOBYBaHHS y mynbIi 3y0iB BMicT K
nepeBumuB BuxinHi nani y asigi (P <0,01), TEK-AIl —na 78 % (P <0,01). Hapocranus iHTeHCHB-
HOCTI OKCUIATHBHUX MPOIECIB Ta PO3BUTOK OKCHUIATHBHOTO CTPECY V MyJbIIi 3y0iB y3roKyBaINuCh
13 (PYHKIIIOHATEHO-METa0OIIYHUMH TTOPYIICHHIMHA Y HUpKaX. 30KpemMa, Ha 56-i 1eHb mepeOyBaHHS
TBApWH Ha JI€TI y CHPOBATIII KPOBI JOCIITHUX TBAPUH CIIOCTEPITaTH 3POCTAHHS BMICTY CEUOBUHU
(ma 8 %, P < 0,05), cewoBoi kucnotu (Ha 26 %, P < 0,05) Ha 1 3HmMKeHHs KpeaTtnHiny (Ha 10 %,
P < 0,05), Toxi sx B cedi KOHIEHTpAIlisl CE€I0BOI KUCJIOTH 3pocTana y asa pasu (P < 0,05) ma i
3HWKEHHS BMiCTy KpeatuHiny (Ha 72 %, P < 0,05) mono 3HaueHs y iHTakTHUX TBapuH. [Ipu mpomy
BmicT JIK ta TBK-AIl y romorenari HUpoK nepeBUIIyBalu BUXiAHI naHi Ha 21-i1 nenp Ha 28 %
(P<0,01)118 % (P <0,05), na 42-ii—ua 21 % (P <0,05)126 % (P <0,001), ma 56-if neHb BMicCT
TBK-AII nmepesumuB nani koHTpoto Ha 38 % (P < 0,001), BucnoBok. [lepeGyBanus TBapuH Ha
onomeimuTHIN Ti€TI CYITPOBOKYERCS aKTHBAIIIEIO JTTIOEPOKCH AL My IbIH 3y0iB. [HTEHCHBHICTE
OKCHUJIATUBHOTO CTPECY MPOTPECYE MO Mipi HAPOCTAHHS METa00IIYHO-(DYHKIIIOHAIBHUX MMOPYIICHB
HUPOK.

Karouogi cioBa: 3ybomenenna cucreMa, HUPKH, HomoaepinuT, OKCHIATUBHUI CTpeEC.
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B3AEMOAIA MIK CIPKOBOJHEM I INTYTATIOHOM Y HEPBOBOMY KOHTPOJII
CUCTEMHOI'O KPOBOOBIT'Y

O.B. Imutpenko, B. ®. Carau

Inemumym ¢hizionoeii im. O.0.bocomonvys HAH Yrpainu, m. Kuis; dmytrenkoov@ukr.net

Cipkosozmenb (H,S) € oqHuM 13 TphOX ra3oBUX TPAHCMITEPIB, AKI 3aJTy4€HI B PETYIALII0 Cepue-
BO-CyIMHHOI cuctemu. H,S cunTe3yeThes 3a 10MOMOro0 Tphox MipuaOKCanb-S-hochar-3anexHnx
eH3uMiB: nucTatioHin—f-cuntasu (CBS), nucrarionia—y-miazu (CSE) 1 3-MepkanTomipyBaT-Ccyib-
dbyprpanchepasu (3-MST), mo BUKOPUCTOBYIOTh B SIKOCTI CyOCTpaTy aMiHOKHCIOTY L-1iucTein.
OcuoBHUM eH3UMOM Yy MO3KYy € CBS. Excripecis CBS miarBepmkeHa y TKaHHHaX TIITOKaMITy, MO30UYKY
KOpH 1 cTOBOYpyY roioBHOTO MO3Ky. CBS BUsABICHA y pOCTpalbHIN YaCTHHI BEHTPOJIATEPATHLHOTO
BiIITy JOBracTOTO MO3KY 1 Y TapaBeHTPHUKYJSIPHOMY SIpi TilToTaaMyca InrypiB, — JUITHKaX MO3KY
3 KJIFOYOBMMH KapAl0BACKYJISIPHUMH PETYIATOpHUME QyHKIiAME. Binomo, mo H,S 3xilicHioe Heiipomo-
ITyITIOI0UY, aHTHOKCHIAHTHY, IPOTHU3AIMANIBHY 1 KapAloBacKysApHY mifo. OMHAK TIepeTBOPEHHs L-1incTte-
iHy Ha CipKOBOJCHBb HE €AWHHH MUISX META00Ii3MYy i€l aMiHOKHCIOTH, 1 JOCTEMEHHO HE BiOMO,
3a paxXyHOK SKOTO CaMe MEXaHi3My 3IIHCHIOEThCS 3aXUCHUNA e(PEeKT, OCKUIPKH L-IUCTEiH TakoX €
MOTMEPETHUKOM CHHTE3Y TiyTaTioHy. Jlochiaum mpoBeaeHO 3 AOTPUMAaHHSM BUMOT €BpOMEHCHKOL
KoHBeHIII1 mpo 3axuct TBapwH (CTtpacOypr, 1986). ExciepuMeHTH TPOBOAMIIHCH HA HAPKOTH30BAHUX
yperarom (1600 MT/KT, BHYTPIIIHFOUEPEBUHHO) TITypax depe3 60 XBUINH MiCIs BBEACHH O10KaTopa
ryTationy OyratioHiHCyIbpokcuminy (BSO, 22,2 mr/kr). B coHHy apTepiro BBOAWIN KAaHIOIIO
JUTSE BUMIpIOBaHHS CHCTEMHOTO apTepiabHOTO THCKY 3a AOMOMOTOIO TeH301aT4ynKa. YacTtoTy
cepueBux ckopodeHb (UCC) po3paxoByBaNH MO MyJIbCOBUM KOJIHWBAHHSIM apTepiadbHOTO THCKY.
[Ticnst ¢ikcamnii romoBu TBapuHHU y cTepeorakcnuHomy npmnani CEX-3, momudikoBaHoro miist
poOoTH Ha ApiOHUX TBAapUHAX, BIIKPUBAIH MOBEPXHIO JOBracTOTO MO3KY. TeCT-ped0BUHA BBOJUIIN
y siipa TOBTacToro Mo3Ky (stapo comitapHoro Tpakty (NTS), obominpae sapo (AMB), matepans-
He petukynsapHe sapo (LRN), mapamenianne petukyispHe sapo (PMn) misxoM MiKpoiH’€k-
i, 3TiTHO KOOPJAWHAT CTEPEOTAKCUIHOIO ariiacy. Y MENYJspHI CTPYKTYpHU BBOMMIH L-1ucTein
(10"* momn/m). Mikpoin’ekuii L-1ucTeiny B sapa 10pcoMeialbHOTO BiUTiTy JOBracToro MO3Ky HIypiB
CYIPOBOIKYBAIHCS 37€01TBHIIIOTO PO3BUTKOM TIIIOTEH3UBHUX PEAKIliid 3 00Ky CHCTEMOTO apTepiallbHOTO
THCKY, SIKI HOCHJIN TO303JICKHUN XapakTep. 3BaKal0uM Ha Te, IO CHHTE3 CIPKOBOJIHIO y CEPIIEBO-
CYIWHHIN CUCTEMI TBapHUH KaTalli3yEThCSI TphOMa €H3UMaMH, MU JOCIIIHIIM BHECOK MPUTHIYCHHS
o6mokartopa riyrationy BSO y edexT Mikpoin’ekmiit L-miucTeiny y kapaioBacKyJIsIpHI HEHPOHHU
IOBTacTOro MO3Ky. IIpoBemeHi JOCHIMKEHHS MOKa3ald BHPaKECHE MPUTHIYCHHS TiMOTCH3UBHOTO
edekty L-miucTeiny crmocTepiraiaocss B yMoBax MOIMEPEIHHOTO BBEACHHS Oi0KaTopa riayrationy BSO.
OTtpuMaHi gaHi CBiIUaTh IPO TE, IO CIPKOBOICHB Ta TUIYTATIOH 3aydeHi B HEHPOTEHHUN KOHTPOJTh
CepIIeBO-CYAUHHOI AisUTHHOCTI Ta TOTPEOYIOTH MOAATBIIOT0 BUBUCHHS.

Kiro4doBi citoBa: CipKkOBOZICHB, TIYyTaTiOH, L-TIUCTEiH, JOBracTUN MO30K, apTepialbHUN THCK

MODULATION OF TRPV1 CHANNELS THROUGH ACTIVATION OF TRPA1
RECEPTORS IN SENSORY NEURONS OF RAT DORSAL ROOT GANGLIA

A.V. Dragan, O.A. Petrushenko, O.0. Lukyanetz
Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine

The role of TRPA1 and TRPV 1 channels in peripheral sensory neurons extends beyond basic sensory
perception; these channels are increasingly recognized for their involvement in pathological pain
states. TRPV1 is known for its polymodal sensitivity, responding to both physical and chemical
stimuli that include noxious heat (temperatures above 43°C), a variety of acidic environments,
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and bioactive substances like capsaicin. TRPA1, on the other hand, responds to environmental
irritants found in mustard oil, garlic, and cinnamon, as well as industrial irritants, and plays a role
in inflammatory pain pathways. Previous studies have shown that these channels can interact,
affecting each other’s sensitivity and activity. Specifically, cross-regulation between TRPA1 and
TRPV1 may modulate sensory responses, potentially influencing the intensity and duration of pain.
The primary objective of this study was to investigate how the activation of TRPA1 receptors affects
the desensitization and subsequent resensitization of TRPV1 channels in dorsal root ganglion (DRG)
neurons of rats. By examining this interaction, we aim to elucidate potential mechanisms that could
be targeted to modulate pain perception, particularly in cases where TRPV 1 desensitization is linked
to decreased sensitivity to pain stimuli. Given the association of dysregulated calcium signaling with
chronic pain and other pathological states, understanding TRPA 1-mediated modulation of TRPV 1
could have implications for therapeutic strategies targeting pain and neuroinflammatory conditions.
Cultured DRG neurons from rats were utilized in this study. To monitor changes in intracellular
calcium concentrations, neurons were loaded with the calcium-sensitive dye fura-2AM. Using
microfluorescent microscopy, calcium influx was measured upon application of selective agonists
for TRPA1 (AITC) and TRPV1 (capsaicin). Initially, capsaicin was applied to stimulate TRPV1
channels, leading to a rapid increase in intracellular Ca?*. However, repeated applications resulted
in a notable desensitization of TRPV1 channels, as indicated by a reduction in calcium transient
amplitude to 20.7% of the initial response. To investigate TRPA1’s role in TRPV1 resensitization,
AITC was applied following TRPV1 desensitization. This application led to a restoration of TRPV 1
sensitivity to capsaicin, suggesting that TRPA1 activation could reverse TRPV1 desensitization.
Furthermore, the use of HC-030031, a selective TRPA1 antagonist, confirmed that TRPAT activity
mediates this resensitization effect, as the presence of the antagonist inhibited TRPV 1 resensitization.
The data suggest a novel regulatory mechanism where TRPA1 activation resensitizes TRPV1
channels after desensitization. This resensitization effect was observed consistently, providing
strong evidence for TRPA1’s role in modulating TRPV1 activity. The findings indicate that TRPA1-
TRPV1 interactions within DRG neurons can dynamically influence the calcium signaling pathway,
potentially altering the perception of painful stimuli. The use of HC-030031 demonstrated that
TRPA1-mediated resensitization of TRPV1 is a receptor-specific interaction, as blocking TRPA1
prevented the restoration of TRPV 1 sensitivity. Our findings demonstrate that TRPA1 activation can
effectively resensitize desensitized TRPV 1 channels in DRG neurons, suggesting a novel modulatory
role of TRPAT in pain signaling pathways. The potential of targeting TRPA1-TRPV 1 interactions opens
new avenues for therapeutic development in pain management, particularly for conditions where
dysregulated calcium signaling plays a role in pathogenesis. This study provides foundational insights
that may guide future research in pain neurobiology and support the development of innovative
approaches for treating chronic and neuropathic pain.

Keywords: TRPV1 channels, TRPA1 receptors, calcium, DRG neurons, calcium signaling, capsaicin,
allyl isothiocyanate.

XAPAKTEPUCTHUKA BAPIABEJIBHOCTI CEPHEBOT'O PUTMY
Y KIHOK CEPEJHbBOI'O TA TOXUJIOT'O BIKY

. C. lyBaHoB

Cymcokuii deporcasnuii neoazoziunuil yHisepcumem imeri A.C. Maxapenka, m. Cymu, dsduvanov@ukr.net

AKTyalbHICTh JTOCTIIPKCHHS PEerylaTOPHUX MeXaHi3MiB BapiabenbHOCTi cepueBoro putmy (BCP)
y JKIHOK CEpeJHbOr0 Ta MOXHUJIOTO BiKYy 3yMOBII€Ha 3HAYHUMH BiKOBUMH 3MiHAMH B CEPIIEBO-
CYAUHHIN cHCTEMi, sIKi CyTTEBO BIUIMBAIOTh Ha 340pOB>sl Ta SKiCTh kUTTA. BCP € xmouoBum
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MOKa3HUKOM a/IaNTalliiHUX MOKIIMBOCTEH CEPIEBO-CYJIMHHOT CUCTEMH 1 BaXKIMBUM 1HIUKATOPOM
(yHKIIOHAIBHOTO CTaHy aBTOHOMHOT HEPBOBOI CHCTEMHU Ta BiJoOpakae 34aTHICTh OpraHi3My
aJlafTyBaTUCS J10 pi3HUX (Pi310JIOTIUYHKX 1 ICUXOEMOLITHUX HaBaHTaxeHb. 3HMKeHHS BCP 3 Bikom
MOB)sI3aHE 3 MiIBUIICHUM PU3UKOM CEPLIEBO-CYIMHHHUX 3aXBOPIOBaHb, PO3BUTKOM apUTMiid, ilIeMiqHOT
XBOpPOOU cepIls 1 CepIeBOl HEJOCTATHOCTI. Y 3B)SI3KYy 3 IIUM JOCIIJ)KECHHS BIKOBHUX 1 TCHIACPHUX
0COOJIMBOCTEH pPeryisIlii ceplieBOro pUTMY, a TAKOK MEXaHi3MiB, 1110 BIIMBatOTh Ha BCP, mae Benuke
3HaYEHHS U1 po3p00KHU e(peKTUBHUX MPO(IIAKTHYHUX 1 TEpalleBTUYHUX CTPATETil, CIPSIMOBAHUX Ha
MiATPUMAaHHS 3/I0POB)SI CEPIICBO-CYAMHHOI CUCTEMH Ta pO3pOOKH HOBUX MiJXOiB 10 MPOQiTaKTHKH
Ta JIIKyBaHHS CEPIEBO-CYIMHHHUX 3aXBOPIOBAaHb y KIHOK CTapuIOro BiKy. Y JOCHIPKEHHI B3N
y4acTh 18 )KiHOK cepeIHhOro Ta 15 )KiHOK MOXMUJIOTO BiKY, SKUM IIPOBOUIOCH I000BE aMOyJIaTOpHE
XonrepiBcbke MoHiTopyBanHs EKI Ha 6a3i Mmenuunoro nentpy TOB «ME/I-COIO3» (M. Cymn).
MOHITOPUHTOBE CIIOCTEPEKECHHS 3AiHCHIOBaNOCS 3 BUKopuctanHaMm cucteMu «KapnioCenc CS»
BupoOHunTBa TOB « XAI-MEJIMKA» (Ykpaina, M. XapkiB). O1iHIOBaJId OCHOBHI 4aCcOBi i YaCTOTHI
noka3zHuku BCP, 10 HagaoTh XapakTepUCTHKY HEHTPAIBHOI 1 IepuPEepHUIHOi HeHPO-ryMopaIbHOT
JAHKH peryJisinii. Yei mianociiaai )KiHKK Oy YMOBHO 3JOPOBHMH, HE MaJIM CKapT Ha 30pOB’S Ta
CepIEeBO-CYIMHHUX 3aXBOPIOBAHb B aHAMHE31 1 JaJTK MUCbMOBY 3TOAY Ha IPOBEICHHS AOCIKCHHS.
CraTucTHYHUHN aHaIi3 OTPUMAaHUX JAaHUX OYB 3[[1ICHEHHUI METOJaMU HEeTTapaMeTPUIHOT CTATHCTHKHU
3a JIOMOMOTOI0 mporpamHoro 3abe3neuenns IBM SPSS Statistics 27. BeraHoBieHO, 110 Y XKIHOK
cepeanboro Biky AMo cranosuina 48,23% (40,42; 55,79), B Toii yac, sIK y *iHOK ITOXHJIOTO BiKy BOHA
3poctana B 1,5 pa3u i cranoBuia 72,45% (66,44; 75, 78), 110 1noka3ye 3pOCTaHHS KiJIbKOCTI PUTij-
HOTO PUTMY Yy KiHOK 1iel rpynu. Take 3poCcTaHHs CBITYUTH TAKOXK MPO MEpexis Bil TpOPOTpOonHOT
JIO eproTPOIHOT CUCTEMH PETYIISIIT 3 BikoM. [TiNTBepIXKEHHSIM I[bOTO € MOPIBHSUIBHUIN aHai3 IHITUX
4aCTOTHO-YaCOBUX MTOKA3HUKIB BapiabeabHOCTI ceplieBoro putmy. OcoOJIMBOT yBaru 3aciiyroBye Io-
ka3Huk LF/HF - BijHOIIEHHS CepeiHiX 3HAYeHb HU3bKOYACTOTHOTO 1 BUCOKOYACTOTHOTO KOMITOHEHTIB
BCP, axuii xapakTepu3ye BiIHOCHY aKTHBHICTb MIAKOPKOBOTO CUMIIATHYHOTO HEPBOBOTO LICHTPY.
Lle#i moka3Huk konuBascsi B Mexax 0,8-1,2 y xKiHOK cepeJHBOTO BiKYy 1 2,7-7 y KiHOK TOXHUJIOTO
Biky. Lle CBIqYMTH MpO 3HAYHE MIJBHUINCHHS CUMIATUYHOI aKTUBHOCTI Ta 3HWIKCHHS aJlanTalliiHol
3IaTHOCTI CEPIIEBO-CYJAUHHOT CHCTEMHU Y KIHOK MOXMJIOTO BiKY, IO MPOSIBIASETHCS 301IBIICHHIM
purigHocti puTMy i 3MeHmeHHssM BCP. AHaii3 peryisTOpHHUX BIUIMBIB Ha CEpUEBY NisUIBHICTS,
oTpuManui o nokazHukam BCP y )iHOK cepeIHbOTO Ta MOXUIIOT0 BiKY ITOKa3aB BUCOKHH BKIa]
HaJICETMEHTAPHHUX ePrOTPONHUX CTPYKTYP 1 TyMOpalbHUX PErylaTOpHUX (HakTopiB (MiABUIICHHS
BizcoTky VLF) y ocTanHiX. Y KiHOK OXHJIOTO BIKYy MepeBaxkajia aKTUBHICTh CUMITATHYHOI JIAHKH
(BarocuMIaTHYHHI iHAEKC MEPEBUIILYE HOPMY) 1 BEreTaTHBHUHN OajaHC XapaKTepU3yBaBcs MEPEeBaroko
CUMIIaTUYHOTO BIIUBY (BUcokuii piBeHb LF, p<0,05). [IpoBeaeni qociKeHHS MOXKYTh TOMTOMOTTH
KUTBbKICHO OI[IHMTH MO>KJIMBOCTI aJIaNTallifHUX PEaKIii B pi3HUX BIKOBUX KOrOpTax JIIOJCH 1 CIIyryBaTH
OCHOBOIO ISl CTBOPEHHS ¢(DEKTUBHHUX MPOQITaKTUUHUX Ta TEPANIEBTHUHUX [IPOTPaM, CIPSIMOBAHHUX
Ha MIATPUMKY aJanTaliiHUX MOKIMBOCTEH CEpIEBO-CYIMHHOI CHCTEMH Y KiHOK CEpeIHBbOTO Ta
MOXUJIOTO BIKY.

Kurouosi ciioBa: BapiaOesibHICTh CEPLIEBOTO PUTMY, XKIHKHU, CEPEIHIN BIK, MIOXUIUHN BIK, aJIanTallis.

PROTEIN KINASE C MEDIATES HYPOXIA-INDUCED EFFECTS ON EXCITATORY
NEUROTRANSMISSION IN THE VISUAL RETINOCOLLICULAR PATHWAY IN VITRO

H. Dumanska, N. Veselovsky'

I Bogomoletz Institute of Physiology, National Academy of Science of Ukraine, Kyiv
doomannya@gmail.com

Hypoxia is one of the main accompanying factors in numerous diseases. Retinocollicular projections

30 ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 5, 0ooamox



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHUX BiclepalbHiii dizionorii Ta matodizionorii

play an important role in visual selective attention and subsequent appropriate behavior formation, as
they transmit primary sensory inputs. Lesions of neurotransmission in these projections lead to visual
attention and perception deficits and may result in several neurological and psychiatric disorders.
Therefore, identifying processes and mechanisms that mediate the early stage of hypoxic injury of
retinocollicular neurotransmission will give us a better understanding of the primary cellular basis
of such deficits and provide valuable insights into intervening in the dysfunctions and preventing
their progression. We use an originally designed in vitro model of the retinocollicular pathway — the
coculture of dissociated retinal cells and superficial superior colliculus (SSC) neurons. Using the
paired patch-clamp technique and method of fast local superfusion, we recorded pharmacologically
isolated NMDA and AMPA neurotransmission in cocultivated pairs of rat retinal ganglion cells
and superficial superior colliculus neurons under normoxic and hypoxic conditions. Spontaneous
activity was recorded in the absence of presynaptic stimulation. Previously, we have demonstrated
that short-term hypoxia induces a significant long-term shift in the excitatory-inhibitory balance
toward excitation in retinocollicular neurotransmission. Here, we sought to obtain insight into the
mechanisms of hypoxia-induced long-term potentiation (LTP) of NMDA and temporary suppres-
sion of AMPA retinocollicular neurotransmission and the role of the protein kinase C (PKC) sig-
naling pathway in these. We tested the involvement of the PKC by adding the potent and selective
inhibitor chelerythrine chloride (ChC, 5 uM). We observed that hypoxia-induced LTP of NMDA
neurotransmission is associated with the shortening of current kinetics. We also found that the PKC
signaling pathway mediates hypoxia-induced LTP and associated shortening of NMDA currents.
The ChC completely blocked the induction of LTP by hypoxia and associated kinetic changes.
Contrary effects of ChC were observed with already-induced LTP. The ChC led to the reversal of
LTP to the initial synaptic strength, but the current kinetics remain irreversibly shortened. We also
demonstrated that the presence of ChC completely blocked hypoxia-induced suppression of AMPA
retinocollicular neurotransmission and found that ChC eliminated hypoxia-induced decrease in
the occurrence frequency of spontaneous AMPA events. The obtained results reflect that hypoxia-
induced effects on NMDA and AMPA neurotransmission are mediated by PKC, and strengthen
the idea that ChC might be a promising agent for the prevention and treatment of hypoxic injuries
retinocollicular neurotransmission.

Acknowledgments: This work was supported by a grant from the National Research Foundation
of Ukraine Ne2023.05/0023.

Key words: retinocollicular pathway, hypoxia, synaptic transmission, NMDA, AMPA, chelerythrine
chloride, protein kinase C.

HOBI XIMIYHI 30HAU JJIs1 MOAYJIOBAHHSA I'AMK ,-PELHEIITOPIB .
TA ASIC-KAHAJIIB JJJIAA TEPAIIII TPUBOKHHUX PO?JIAI[IB TA IHCOMHII

0. B. €roposal, A. 3. Byral, T. M. Boaxkosa!, B. B. Kyauk!, M. O. ILiaTonos?,
A. O. Yepnincobknii', O. I1. Makeumiok!, O. O. Kpumrraas!

! Inemumym ¢pizionozii im. O.0. Bocomonvya HAH Ypainu, m. Kuis;
Inemumym monexynapnoi 6ionoeii i eenemuxu HAH Yxpainu, m. Kuis; egorova@biph.kiev.ua

Po3nmanm cHy - cepiio3Ha mpobiaeMa CydacHOTO CYCITiIIbCTBA, HAWTIOMIHUPCHIIIOW (OPMOIO SKOI €
iHCOMHIs (0e3coHHs). BoHa MPOSBIIETHCS TPYAHOIIAMH i3 3aCHHAHHAM Ta MIATPUMKOIO CHY, a
TaKOX TaAKUMH CHMIITOMaMH, K BTOMa, COHJHUBICTh BIECHB, TPYIAHOII 3 KOHIICHTPAIi€l0, THIB i
3HWKEHA MOTHUBAIlis. be3COHHS HeraTUBHO BIUTMBAE HA SIKICTh KUTTS, MIABUIIYE PU3UK CMEPTHOCTI Ta
BUSBIISIETHCS TPUOIU3HO Y TPETUHH JOPOCTHX ¥ ¢BiTi. Cepen THX, XTO 3a3HaB TPaBMaTUYHUX O,
MOPYIIEHHS CHY MiABUIIYIOTH pu3uK po3BUTKY [ITCP, a omHIMY 3 IepmuX HOTo MPOSBIiB € pO3JIaan
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CHY TakKi siKk KolIMapH, 0€3COHHsI, Ta pparMeHTOBaHUH COH. HeronaBHi JOCTI)KEHHS BKa3yOTh Ha
MOJXKJIMBY y4acThb NPOTOH-UYTIAMBHX i0oHHUX KaHaliB (ASIC) y mpouecax CHy HIISIXOM MOZYJSLil
axtuBHoCTi 'AMK , -penenrtopis, mo 6epyTh yyacThb y perysisuii HuMKIy COoH-HecnanHs. Po3spoOka
HOBUX XIMIYHHUX 30H/IiB € BaXKJIMBUM KPOKOM JUJIs IIOIIMOJIEHOTO BUBUCHHS POJIi IIMX MOJIEKYISIPHUX
MiIIeHEeH y peTymsiii CHy Ta mapaMeTpH iX B3a€MOJI{ K B HOPMi TakK 1 IPH CTPeC-iHAYKOBAHUX T10-
pymeHHsx cHy [1]. Anami3 6a3u nanux Reaxys BUSBHUB HasBHICTH JUIIC 5 HU3bKOMOJICKYISIPHUX
MonayssitopiB mis ASIC, Toai sk s 'AMK, ix 41. BinpliicTh 3 HUX HEAOCTATHHO BUBYEHI SIK
ximiuHi 30Ha1. ToMy po3poOka HOBHX Ta MOTJIHOJIEHE TOCHIIKeHHS HasBHUX MoayisTopiB ASIC
i '’AMK, € akTyanbHMM Uil BABYEHHS iXHBOI pOJIi Y MOPYIIEHHAX CHY. Y IONEPEaHii podoTi 3
['AMK , -penentopamu 6ys10 miATBEPHKEHO €()EKTUBHICTH IHTErPOBAHOIO MPOLECY PO3POOKH HOBUX
MMO3UTHBHUX ajiocTepudHuX MoayisatopiB (ITAM). 3a momoMororo Momenti in silico Baaiaocs BUSIBUTH
CIIOJIYKH 31 CITUTBHUM KapKacoM, BUCOKOIO akTHBHicTIO Ta mapamerpamMu ADME, 1o 7eMOHCTpYIOTh
CXOXUU podinb aKTUBHOCTI 3 BIJOMHMH MOJYJSATOpPaMH, 110 0a3yl0Thcs Ha OEH30/ia3emiHOBUX
3’€IHAaHHAX Ta MIMPOKO 3aCTOCOBYIOTHCS SIK 3aCO0M JIJIsl 3aCMIOKOEHHS abo 00pOTHOU 3 TPUBOIOIO.
ExcnepumenTanbHo Oyii0 BUALIEHO TPU HAHO1IbII TEPCIEKTUBHI, IO MPOASMOHCTPYBAJIN HAMBHUIILY
AKTUBHICTH Ta MOTEHLIa] IUIsl IOJAJIBIIOIO PO3BUTKY Ta CTAJIM OCHOBOIO JJIi CTBOPEHHS HOBUX
MonaynsaTopiB [2]. B pesymbTari BipTyadbHHH CKPUHIHT 0i0JI0TEKM XIMIYHHX CIIOJIYK J03BOJIMB
oOpatu Habip i3 30 cnonyk sk norenuiinux [TAM 'AMK,. AKTUBHICTb 0OpaHHX CIIOJYK Y KOH-
unentpaiii 100 MkM OyJio JOCHIKEHO Ha TOCTPOi301b0BaHuX HelipoHax [lypkinbe Mo30uky 10-20
JEHHUX IIYpiB i3 3aCTOCYBAHHSAM METOAY «IIeTU-KJIeMID» y KOH(}irypauii «ina KIiTHHa» B PEXKUMI
¢ikcamii morenmiany. [lonepenHi ekcriepuMeHTalbHI 1aHi CBiq4aTh, M0 4 HOBI HAWOIIBII aKTUBHI
3 HabOpy CIOJYKM CHPUYMHSAIM 30UIBIIEHHS aMILITyaAn cTpyMy onocepenkosanoro FAMK, -pe-
nentopamu Bix 20% no 40% moOpiBHAHO 3 KOHTPOJIEM, IO MiATBEPIKY€E IXHIO aKTUBHY MOIYIIS-
TOpHy it npu KoHueHnTpanii 100 MM ta nosutusHui B Ha FTAMK . Otpumani pesynbTaTi
YCHIIIHO MiATBEPIUIN BaNiHICTh 3allpOTIOHOBaHOI (hapMakoOpHOI MOeNi, 0 CBIJYUTH Mpo i1
OPUAATHICT ISl TOJAJbIIMX TOCHIKEHb 1 ONTHMIi3alii CTPYKTYp MOJIEKYJI, AKi JEMOHCTPYIOTh
snaynui nmorenuian sk [IAM I'’AMK , -penentopis 3 BUCOKOIO akTHBHICTIO. L{i MOEKy1M MOXYTh
CJIYTyBaTH OCHOBOIO JUIsl PO3POOKM HOBHX TEPaleBTMUHUX 3ac00iB, CHPSIMOBAHUX Ha JIIKYBaHHS
IHCOMHI1, TPMBOXXHHUX PO3JIa/IiB Ta IHIIUX MMAaTOJIOTIYHUX CTAHIB, OB’ A3aHUX 13 AuCchyHKITIEI0 [AM-
K ,-penentopis.

Po6ora Bukonana 3a minrpuMku rpanty 2023.03/0181 Big Hamionansaoro @ounny docnimkens YKpainu.
1. Platonov M, Maximyuk O, Rayevsky A, Hurmach V, Iegorova O, Naumchyk V, Bulgakov E,
Cherninskyi A, Ozheredov D, Ryabukhin S, Krishtal O, Volochnyuk D. 4-(Azolyl)-Benzamidines as
a Novel Chemotype for ASIC1a Inhibitors. Int. J. Mol. Sci. 2024, 25: 3584. https://doi.org/10.3390/
1jms25073584

2. Rayevsky A, Platonov M, Maximyuk O, legorova O, Hurmach V, Holota Y, Elijah B, Cherninskyi
A, Pavel K, Ryabukhin S, Krishtal O, Volochnyuk D. Integrated workflow for the identification of
new GABAAR positive allosteric modulators based on the in silico screening with further in vitro
validation. Case study using Enamine’s stock chemical space. Mol. Inform. 2023;43: €202300156.
https://doi.org/10.1002/minf.202300156

Kuirouosi ciiosa: 'AMK , -penentopu, iHCOMHIs, TO3UTHBHI anoctepudni moxynsatopu FTAMK , -pe-
nentopis, ASIC-kananu.
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PATHWAY ENRICHMENT ANALYSIS IN THE HUMAN PLACENTA

FOR THE PERIOD BETWEEN THE SECOND AND FIRST TRIMESTERS

OF PHYSIOLOGICAL PREGNANCY

Zhalilova Y.0.', Lykhenko O.K.?, Obolenska M.Yu.? Igor Sikorsky Kyiv Polytechnic Institute,
evgeniy.jalilova@gmail.com

?[nstitute of Molecular Biology and Genetic Engineering, NAS of Ukraine

Introduction. The placenta, a vital organ in ensuring optimal fetal development during pregnancy,
is a complex system that undergoes significant changes in gene expression across trimesters. These
changes reflected in differential gene expression (DEG) can reveal critical biological processes and
the regulatory mechanisms that support placental development and adaptation, a process of immense
importance in our field. Materials and Methods. The list of DEGs was obtained through the inte-
grative analysis of the placental transcriptome from the first (13 samples) and second (9 samples)
trimesters of physiological pregnancy obtained by microarray technology. The enriched pathways
were identified and analyzed using the Gene Set Enrichment Analysis (GSEA) tool, which was applied
to the list of DEGs. Results. GSEA identified several enriched pathways relevant and important to
placental development between the first and second trimesters. Among them are pathways associated
with cellular adhesion and desmosome organization, which ensure tissue structural integrity and
intercellular interactions—critical for maintaining placental stability; the regulation of the MAPK
cascade, which plays a role in cell proliferation and apoptosis, essential processes in fetal tissue
development; the pathways associated with heparan proteoglycan biosynthesis highlight the role of
glycosaminoglycans in forming the extracellular matrix and vascular development. The processes
regulating macrophage migration are crucial for immune homeostasis and inflammation control
during pregnancy. Non-coding RNA (ncRNA) processing may influence regulatory mechanisms
for post-transcriptional gene expression. Conclusions. The findings of this study may be practi-
cally relevant for further research on pregnancy pathologies originated from placental dysfunction.
Keywords: placenta, pregnancy, differentially expressed genes (DEG), Gene Set Enrichment
Analysis (GSEA).

JIOCJIJI’KEHHSI BILIMBY MET®OPMIHY HA PIBHI MAPKEPIB HEHPOI'EHE3Y
TA 3AITAJIEHHSA Y MO3KY HIYPIB 3 TOCTPUM BHYTPIIIHbOMO3KOBUM
KPOBOBHMJIMBOM HA TJII HYKPOBOI'O AIABETY 2 TUILY

B.L Kunmok!, B.JI. Toayoes!, A.E. Jlepux!, I.O. Ymakosa?

Jninpoecokuii Oeporcagruti MmeOuunull ynisepcumem, M. J{Hinpo,
Luinposcokuii nayionanvrui ynieepcumem im. Onecs onuapa, /[ninpo; 209@dmu.edu.ua

Bizomo, mo Heiipo3amaneHHsi € OJJHUM 3 KPUTHUYHUX MATOTCHETHUYHUX MEXaHi3MiB BTOPHHHOTO
ypaskeHHsI MO3KY Ta IMOPYIIEHHS MPOIIeCiB Helpoperenepalii npu nepedpoBacKyIsIPHIX 3aXBOPIO-
BaHHsX (L[B3), 30kpeMa Takux sk roCTpHil BHYTPIIIHbOMO3KOBUHU KpoBoBHIUB (BMK). LlykpoBwuii
niadet (I1J]) po3misimaeThes sk caMOCTIHHII YMHHUK HEHpoiereHepaitii, o MmocuiIioe JeCTPYKTHBHI
3MIHHU Y MO3KY 1, SIK HACJIiZOK, 301JIbIIIy€ PIBEHb CMEPTHOCTI MAIIEHTIB 200 K TalbMy€ Mpolec iX
BiiHOBJIeHHs BHACTi0K [[B3. [likaBuM BUHHMKAE € MUTAHHS I107[0 HEHPOIPOTEKTUBHOT €)EKTUBHOCTI
rinorieKMiYHUX 3ac00iB 32 YMOB MO€HaHOI marojorii. MeTa mociinkeHHsi. BUBUCHHS BIUIUBY
Metdopminy Ha BMicT ¢akropa Hekposy nyxumH-o (TNF-a), HeliporpodiuyHoro dakTopa MO3Ky
(BDNF), rniansHoTO QidpHisipHoro kucioro Oinka (GFAP) Ta HelipoHanbHOT MOJIEKYJIH KIIITHHHOT
anre3ii (NCAM) B Mo3ky mypiB 3 BMK na i IIJ] 2 Tuny. MaTepiaau i meroan. LIJ] 2 tumy mo-
JIETI0BAII 32 JIOMOMOTOI0 BHYTPIIIHBOOUYEPEBUHHOT 1H €KI[IT HIKOTHHAMINY Ta CTPENTO30TOLHHY,
BMK - crepeorakcnuHo, IIIIXOM MiKpoin’ekmii 1 Mkm OakrepianbHoi konarenasu (tum [V-S) y
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MpoeKIifo cTpiaTyMmy Ha 60 100y excriepumenTy. LllypiB paHaoMi3yBasid Ha YOTUPH I'PYIHU: IHTAKTHI
(n = 8); koutpons 1 (i3onpoBanuii L] 2 tuny, n = 9); xoutpous 2 (U 2 Tumy+BMK, n = 7); ekcre-
pumentansHa rpyna (L] 2 tumy+BMK+metrdopmin, 250 mr/kr/no0y, n= 7). Bmict TNF-a, GFAP,
BDNF ta NCAM y romMoreHarax Mo3Ky OI[IHIOBAJIU 3a JOMOMOI'OK iIMyHO(PEPMEHTHOTO aHalli3y 3
BUKOPUCTAHHSM CTaHAApTHUX TecT-HaOopiB. CraTuctuuny 3Hauymiicts (p < 0,05) BU3Havamu 3a
noromororo U-kputepito ManHa-YiTHI a00 IBOCTOPOHHBLOTO t-KpuTepito CThIOICHTA B 3aJICKHOCTI
Bijl TUIY pOo3moally naHux. Pe3yjabTaTn. AHali3 OTpUMaHHX JIaHUX BCTAHOBUB, 110 nepedir [[/12
TUIYy XapakTepu3yBaBcs 3HaunMuM Ha 38,6% (p<0,05) ta 25,4% (p<0,05) migBUIICHHSIM PiBHIB
TNF-a Ta GFAP 6e3 ictotHux 3min piBHiB NCAM ta BDNF y ronosHomy mo3ky mrypiB. Excrne-
pumenTtanbHe BinTBopeHHss BMK wHa tni /] 2 Tuny cnpusino nonansmomy 3poctanHio TNF-a Ta
GFAP, 3HaueHHS MOKa3HUKIB sIKUX Oy cTatucTuaHO Ha 59,8% (p<0,05) Ta 14,4% (p<0,05) Bumumu
BIJIHOCHO TPYyNH TBapuH 3 i301b0BaHuM L/ 2 Tumy. Takox BcTaHOBIEHO, 110 nepedir LI/ 2 Tumy 3a
yMoB roctpoi BMK xapakTepusyBaBcs JIMIIIE TOMIPHOK TEHJICHIIIE 0 3HMWKEeHHS BMicTy BDNF
(p>0,05). Bonnouac, Ha Biaminy Big BDNF, piBai NCAM 3a ymos LIJ] 2 Tuny Ta BMK 3pocranu
Ha 55,1% (p<0,05). Cnix 3a3HauuTH, 1110 KypcoBe, npotsarom 20 1HIB, BBeJeHHs MeThopMiHy Oyiio
acotiifoBane 3 icToTHO HIK4UMU Ha 30,9% (p<0,05) Ta 32,7% (p<0,05) 3nauenusimu TNF-o ta GFAP,
y MOPiBHSIHHI 3 TPYIOI0 KOHTPOIIIO 2. 3apa3oM, BBEJICHHS LOTO JOCIITHOTO Mpernapary He BILIU-
Bano Ha BMicT BDNF Ta NCAM y ronosaomy mMo3ky mypis 3 BMK na i LI/l 2 Tumy. BucHoBkm.
Pesynbratu gocniKeHHsI AEMOHCTPYIOTh, 1o nepedir LJ] 2 tuny, ycknagaenui roctpum BMK,
XapaKTepHU3y€eThCsl BUPA3HUMH SIBUIIAMH HeHpo3amnaieHHs Ta akTHBaIlii HelporeHesy, HacaMIepes
3a paxyHoK actporiii. Merdopmin 3umkye HaamipHi piBHi TNF-a Ta GFAP, cipuunneni roctpum
BHYTPIITHLOMO3KOBHM KPOBOBWJIMBOM Ha TJIi €KBIBaJICHTY I[yKpoBOTro fiabety 2 Tumy. IMoBipHO,
o came 3aBasiku BIummBy TNF-a Ta GFAP, ane ne BDNF i NCAM mnpenapat BusiBiisie Helpompo-
TEKTHBHI BIaCTUBOCTI.

KarouoBi ciioBa: ykpoBuii giadet 2 THMy, BHYTPIlIHLOMO3KOBUH KPOBOBHIINB, METHOPMiH, HEH-
po3anajneHHs, HelipopereHeparis.

OXIDATIVE FUNCTION OF RAT LIVER MITOCHONDRIA UNDER LPS-INDUCED
LUNG INFLAMMATION AND ITS CORRECTION BY MELATONIN

1.2Z.avhorodnii MO, ?Tsapenko PK, ?Portnichenko VI.

'Bogomoletz Institute of Physiology, NAS of Ukraine;
2International Center for Astronomical, Medical and Ecological Research, NAS of Ukraine;
mzavhorodnii@biph.kiev.ua

Introduction. Pneumonia is one of the most prevalent diseases across all age groups. Lipopolysaccharides
(LPS) induced pneumonia causes secondary damaging of internal organs and systems, liver included.
Liver is a central organ of metabolic regulation which actively participates in reparative processes.
Melatonin administration for mitochondrial dysfunction’s correction is used more often now.
Nevertheless, changes in the oxidative function of liver mitochondria at pneumonia and melatonin
action on it are not sufficiently studied. Aim. To study the peculiarities of the oxidative function of
rat liver mitochondria in LPS-induced lung inflammation and the effect of experimental correction
with melatonin on it. Materials and methods. Research was carried out on 30 males of Wistar rats.
Pneumonia was induced by administration of LPS at dose 1 mg/kg body weight in 0.5 ml NaCl
solution trough endotracheal tube. Sham group (endotracheal tube was inserted without solution
administration) was used as control. Melatonin was administered per os at dose 5 mg/kg body
weight daily within 28 days. Oxidative function of mitochondria was investigated by polarographic
method by Chance and Williams in liver’s homogenate. State 2 (V2, oxygen consumption before the
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addition of ADP), state 3 (V3, oxygen consumption stimulated by ADP), and state 4 (V4, oxygen
consumption after the cessation of ADP phosphorylation) were recorded. The respiratory control
ratio (ratio of state 3 to state 4), and the ADP/O ratio were calculated. The oxygen consumption
was measured with such substrates of oxidation: NAD-dependant glutamate+malate (I complex of
electron transport chain (ETC)) and FAD-dependant succinate (Il complex of ETC). Results. In LPS-
induced pneumonia oxygen consumption rate was significantly increased at V2, V3 and V4 states
with glutamate+malate, ADP/O ratio was unchanged. Oxygen consumption rate at V3 and especially
V4, but not V2, states significantly increased with succinate. It led to decreasing in respiratory
control ratio. ADP/O ratio insignificantly decreased. Melatonin correction did not cause changes in
oxygen consumption rate with NAD-dependant substrates. With FAD-dependant succinate oxygen
consumption rate at V3 and V4 states had a tendency to decreasing. The respiratory control ratio,
which indicates efficiency of mitochondrial respiration, did not differ from control. Same was for
ADP/O ratio. Conclusions. Increasing in mitochondria oxygen consumption due to oxidation of NAD
and FAD-dependant substrates at rats’ LPS-induced pneumonia was shown. It indicates increased
liver cells’ function during reparative processes on 28" day after LPS administration. Melatonin
correction causes restoring of oxygen consumption rate to control level. It could suggest about
ending of active reparative processes in this group. So melatonin correction remarkably increases
regenerative processes in an experimental model of pneumonia.

Key words: mitochondria, liver, LPS, lungs, rats, oxygen consumption, polarography, Chance and
Williams method.

THE REGULATORY ROLE OF ALPHA AMYLASE FOR THE MAINTENANCE
OF SMALL INTESTINAL STRUCTURE AND ENTEROCYTES TURNOVER
ON AN EXOCRINE PANCREATIC INSUFFICIENCY PIG MODEL

Kamil Zaworski!, Piotr Wychowanski2**#, Dominika Szkopek?®, Jarostaw Wolinski®,
Janine Donaldson®, Stefan Pierzynowski*’-3, Kateryna Pierzynowska'-%’

"Department of Animal Physiology, The Kielanowski Institute of Animal Physiology and
Nutrition, Polish Academy of Sciences, Instytucka 3, 05-110 Jabtonna, Poland; k.zaworski@ifzz.
pl kateryna.pierzynowska@biol.lu.se

’Anara AB, Alfagelgranden 24, 23132 Trelleborg, Sweden; stefan.pierzynowski@biol.lu.se
wychowanski(@o2.pl kateryna.pierzynowska@biol.lu.se;

3Department of Head and Neck and Sensory Organs, Division of Oral Surgery and Implantology,
Institute of Clinical Dentistry, Gemelli Foundation for the University Policlinic, Catholic University of
the “Sacred Heart”, 00168 Rome, Italy; wychowanski@o2.pl;

*Department of Oral Surgery, Medical University of Gdarsk, M. Sktodowskiej-Curie 3a, 80-210
Gdansk, Poland; wychowanski@o2.pl;

’Large Animal Models Laboratory, The Kielanowski Institute of Animal Physiology and Nutrition,
Polish Academy of Sciences, Instytucka 3, 05-110 Jablonna, Poland; d.szkopek@ifzz.pl j.wolinski@ifzz.pl;
SSchool of Physiology, Faculty of Health Sciences, University of the Witwatersrand, Parktown,
Johannesburg, 2193, South Africa; Janine.Donaldson@wits.ac.za;

’Department of Biology, Lund University, 221 00 Lund, Sweden, kateryna.pierzynowska@biol.lu.se
stefan.pierzynowski@biol.lu.se;

8Department of Medical Biology, Institute of Rural Health, Jaczewskiego 2, 20-090 Lublin, Poland;
stefan.pierzynowski@biol.lu.se

The aim of this study was to elucidate the impact of host pancreatic enzymes, in comparison to
microbial-derived alpha-amylase, on the small intestine wall structure, mucosal glycogen accumula-
tion and enterocyte turnover. The impact of enzyme supplementation (microbial alpha-amylase and
porcine pancreatic enzyme mixture (Creon®)), on the structure of the small intestine was estimated
in 18 pigs with surgically induced exocrine pancreatic insufficiency (EPI). Four, healthy pigs served
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as the control group. EPI led to the atrophy of the small intestine mucosa, resulting in reduced
villi length, crypt depth and thickness of the mucosa and muscularis layers, compared to that of
healthy pigs. All these changes appeared to be reversible after enzyme supplementation. Surpris-
ingly, no EPI-induced changes were observed in the Goblet cell (GC) population, but a significant
increase in GC number and area was observed following amylase treatment. Amylase, as well
as Creon® supplementation increased brush border thickness in EPI pigs. Glycogen accumulation
within the duodenal mucosa was also significantly increased in EPI pigs. EPI was also shown to
significantly increase apoptotic activity and decrease proliferative activity in comparison to healthy
animals, while both the mixture of porcine-derived pancreatic enzymes and the microbial amylase
supplementation resulted in the complete recovery of both proliferative and apoptotic activity in
all investigated intestinal segments. Creon® influenced the morphology of the small intestine.
However, supplementation of exogenous microbial amylase alone also affected gut morphology in
similar way to that of the complex host pancreatic enzymes offered orally.

Keywords: Exocrine pancreatic insufficiency (EPI), Microbial alpha-amylase supplementation,
Small intestine

3MIHU MAPKEPIB OKCUJATUBHOI'O CTPECY TA IIOKA3HUKIB CUCTEMH OK-
CHUAY A30TY POTOBOI PIIMHU AITEU MOJOAIIOI'O WIKIJIBHOTI'O BIKY
I3 KOMBIHOBAHHUM 3AJII30-TA HOJOAE®ILUTOM

3asaus O.B.

Isano-Ppankiscvruti HayionanbHull MeoudHull yHigepcumem, m.1eano-Ppankiscok; ozayats@ifnmu.edu.ua

AKTYyaJbHICTH J0CJiAKeHHs. BICOKa MOMUPEHICTh 3aXBOPIOBAHB 3y0OIIEICITHOI CHCTEMH Y TITEH
MIKUTHHOTO BiKY 3aJIUIIAETHCS aKTYaIbHOIO, IO CIIPUSIE O1TBIN PAaHHIH J1arHOCTHII Ta BIIPOBAKCHHIO
MPEBEHTUBHUX 3aXO0JIB JUIS MOKPAMIEHHS CTOMATOJIOTIYHOTO CTATyCy. 3aj1i30 Ta HOJ € BaXKJIUBUMHU
OloesieMeHTaMU, IO MPUHMAIOTh Y4acTh y 0ararbox (i3ioNoTI4HMX Mpollecax, a ix nedimur Hera-
THBHO BIUIMBA€ HAa COMAaTHMYHHHN CTaH JiTe#. 3a yMOB MO€IHAHHS 3al1i30- Ta HomoaAeIlIUTy MOXKE
MTOTCHITIFOBATUCS 1X MAaTOTEHHA Jisl Ha CTOMATOJIOTIYHUN CTATyC, IO 3YMOBIIOE JeMiHEpali3aIliro
TBEpPAUX TKaHWH 3y0iB. MeTa A0CHiIKeHHs: BCTAHOBUTH 3MIiHH IMOKAa3HUKIB OKCUIATUBHHUX IIPO-
[IECiB, CHCTEMH OKCHUIY a30Ty Y POTOBIM PiAWHI MiT€H MOJOAIIOTO IIKUIFHOTO BIKY i3 JJATCHTHUM
3amizomedinuTom Ha T HomHOI mempuBarii. MaTepiajaun Ta MeToau aocJigkenHs. [Iposeneno
obcTexeHHs 32 MPakTUYHO 3J0POBUX TUTEH MOJOAMIOTO MIKIIBHOTO BiKYy (Bim 6-tu g0 11-tm po-
KiB). Yci mkonspi Oynu po3aineHi Ha ABi rpynu: 1-ma (KOHTpOJIbHA) — MITH 3 HAJEKHUM OOMiHOM
3aj1i3a Ta MOCTYIUICHHAM HOMy, 2-ra — WKOJAP i3 nerkum ionoxedinurom (JIUJI) Ta nareHTHHM
3amizomedinurom (JI3/]). OkcumaTuBHI TPOIIECH OIIHIOBATIHN 3a MOKA3HUKAMHU TEPEKUCHOTO OKHC-
HenHs O1nkiB (ITIOB) ra nimiais (I1OJI) porosoi pignau. Ctan [10b Bu3Havanu 3a piBHEM NMPOAYKTIB
okucHoi monudikanii 6inkiB (OMB), I1OJI — 3a Hakonu4YeHHsM JieHOBUX KoH toraTiB (1K) Ta mpo-
IYKTiB, AKi pearyroTs Ha Tio0apOiTypoBy kucnoty (TBK-AII). Y poToBiif piinHi BU3HAYATIN TaKOXK
aKTUBHICTh aprinasu, Bmict L-aprininy, NO,", cymy NO, i NO,", KOHIEHTpaLil0 NEPOKCUHITPUTY.
Pesynbratu. Y poToBiil pijinHi AiBYaTOK i3 KOMOIHOBAHOO [1ATOJIOTIE0 BUSABICHO 3POCTAHHS BMICTY
nponykrie OMbB y 2,2 paza (P < 0,001), y xnomuukis — y 3,3 paza (P < 0,001) mono nanux 3aopo-
BHX OJIHOJIITOK. Y AiBYAaTOK 2-1 TPyIH BCTAHOBJICHO 3pOCTaHHs y poToBil piauni Bmicty Ky 12,4
paza (P < 0,001), y xnonuukiB — 30iabmeHHst pisas TBK-AIT na 74,5 % (P < 0,01). JocroBipHi
3MIHM NMOKa3HUKIB cucTeMH L-apridin/aprinasza y poToBill piiMHI CIIOCTEPIraiy JHUIIe Y XJIOMYHKIB,
a caMe IpHUrHiYeHHS akTUBHOCTI aprina3u Ha 33,3 % (P < 0,05) mono gaHuX KOHTPOIIO. Y POTOBIi
pinuni giBgatok i3 JIMJ] ta JI3J[ cyTTeBO 3pocTana KOHIEHTpALis MEPOKCHHITPUTY y 2,5 pasa
(P <0,01) moa0 BUXiIHUX JaHUX, TOJII K y XJIOMYUKIB I1€] 'PYIIH BCTAHOBICHO 301JIBIIICHHS BMICTY
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NO, y 8,3 paza (P <0,001), cymu NO, i NO;"—y 3,3 paza (P < 0,05) Ta nepokcunitputy —y 2,8
paza (P <0,01). BucnoBku. 3a yMOB 3a1i30- Ta ofoaedinuTy y poTOBIl pianHI TiTeH MOJIOIIIO-
ro MIKIJBHOIO BiKY IHTEHCHUBHIIIE aKTHBYIOTHCSI MPOIECH TMEPOKCU ANl OIIKIB Ta JIMiAiB Ha T
HAKOTTMYCHHS [TUTOTOKCUYHOTO MEPOKCUHITPUTY. PO3ZBUTOK HITPO30-OKCHIATUBHOTO CTpeCy € (hak-
TOPOM PU3HMKY CTOMATOJOTIYHOI MaToJIOTi] HaBITh 32 YMOB JAOKJIIHIYHUX 3MiH MiKpPOEIEMEHTHOTO
nucOanancy.

Karouosi ciioBa: HiITP030-0KCHIATUBHHM CTPEC, POTOBA PiUHA, JATCHTHHUH 3a1i30/eQillHT, TCTKUH
Homoaedinur.

OKHUCHIOBAJIbHA ®YHKIISA MITOXOHIPI/A MEYIHKHU TP EKCIIEPUMEH-
TAJIBHOMY JKUPOBOMY T'EITATO31 Y lIYPIB PI3BHUX BIKOBUX I'PYII

A. C. 3inuenko, P. B. fInko, M. O. 3aBropoasiii, B. I. Hocap, B. 1. IloptHiuenko, M. L. JleBamos

Inemumym ¢hizionoeii im. O.0. boeomonvysa, HAH Vkpainu, m. Kuis; anastazi.de.resto@gmail.com

Beryn. Jlieta i3 BUCOKMM BMiICTOM JKHPiB Ma€ HEraTHBHUM BIIJIMB HA CTaH MEYiHKH, NPU3BOASUH
JI0 PO3BUTKY 11 HEATKOTOJIBHOTO KMPOBOTO mepepokeHHs . OTHUM 13 KIOYOBUX (HaKTOPiB, AKUH
CYyNpPOBOKY€E AaHe MeTaboIiuHe NOPYIICHHS € 3MiHU CIIOKUBaHHS KUCHIO. Binomo, 1m0 MiTOXOH-
Ipii SIK TOJIOBHI OCepeKH KHCHEBOTO MeTaloyi3My, HalmpsiMy 3ajlydyeHi y BiANOBiAb Ha KUPOBE
MEePEePOKEHHS TIEUiHKH, IPU HbOMY MITOXOHApianbHa JUCOYHKLIS TPH JiMiZHOMY HaBaHTaKEHHI
Mae€ pi3HUH XapakTep 3aJeXHO BiJl BiKy. BikoBi 0COOIMBOCTI OKMCHIOBaNbHOI (PyHKIIT MITOXOHAPIH
MEYIHKHU MPH 11 HEAIKOTOIHHOMY KUPOBOMY NEPEPOIKEHHI Ha ChOTOIHI AOCIIKEHHI HEJOCTAaTHBO.
ToMmy MeTOI0 HalIMX AOCIHIIKEHb OyJI0 NOCTIAUTH MOKa3HUKH (YHKIIOHYBaHHS MiTOXOHIpPiH me-
YiHKH I1ypiB pi3HOTO BiKYy MPU EKCIEPUMEHTAIBLHOMY KUPOBOMY remnarosi. Martepiaau i MeToau.
Jnst nocmiakeHHS BUKOPUCTOBYBalW LIypiB JiHii Wistar Bikom 6 Ta 18 wmicsuiB. HeankoronsHe
skupose nepepopkenns nedinku (HXKIIIT) mogentoBanu yrpuMaHHAM Ha TiepKaiopiioMy pamioHi
(580 xkan/100r) i3 BUCOKMM BMiCTOM TBapUHHHX Ta POCIMHHHUX XHUPIB. 3 mepepBoro y n00y
BIIPOJIOBXK €KCIIEPUMEHTY 3aMicTh BOAM IIypu oTpumyBaiu 10% po3umH xap4oBoi GppyKTO3H.
OkuCHIOBaNbHY (DYHKIII0 MITOXOHAPIN AOCHIIKYBalIH Y TOMOreHaTaxX MeYiHKU Moysporpadiyaum
MeTonoM 3a Yancowm i Binbsimcom. BumipioBanu piBeHb cioxxuBaHHs KUcHIO y 0,5 M cepenoBuiia
iHKyOanii 3a ymoB nonaBanss 80 MKJI rOMOTeHaTy MediHKH. JloCIiKyBaau MBUAKOCTI CIOKUBAHHS
KHCHIO MITOXOHJAPISIMH y cTaHi crnokoto (V2) Ta 3a yMOB CTHUMYNIOBAaHHSI IUXaHHS BBEACHHSIM Yy
nossiporpagiuyny koMipky 150 Mxr AJI® (V3), a TakoK IIBUAKICTH KOHTPOJIBOBAHOTO AuXaHHs (V4).
Po3paxoByBanu auxainbHUN KOHTpOJb (cniBBinHOmeHHS V3/V4). V skocTi cyOCTpaTiB OKHUCHEHHS
BUKOopucTOBYyBanu cymimi HAJl-3anexxnux cybcTpariB rayramar+maiar, Ta NajJbMiToOin+manaT
(I xommneke enekrpoH-TpaHcnoptHoro jaHmiora (ETJ)), a takox PAJ[-3anexunii cykuunar (11
xomruieke ETJI). Pesyastatu. [Ipu mogentoBanni HXKIII y KOHTpONBHUX cTapuX MIypiB BUIKICTD
CIIO’KMBAaHHS KHCHIO 32 YMOB OKMCHEHHs cymimi HA/J[-3anexxHux cyOcTpariB rimyramaT+manat Oyia
JIOCTOBIpHO O1JIBIIOI0,HIXK Y MOJIOAUMU LIypiB y cTani V3 ta V4. /luxansHUH KOHTPOIIb, IO TIOKa3ye
e(heKTUBHICTH MITOXOH/IPiaJIbHOTO IUXaHHs, 3HUKYBaBCs 32 yMOB ekcniepuMmenTanbHoro HXXIIIT sax
y CTapHX, TaK i y MOJIOJUX TBAPHH, SIKi MaJIM O3HAKU HEAJKOTOJIBHOTr0 KupoBoro renato3y (HXKIII).
3a yMOB OKMCHEHHs CyMilli cyOcTpaTiB MalbMiTOiN+Manat 3pocTaia MBUIKICTE KOHTPOIBLOBAHOTO
nuxanus (V4) y monoaux TBapuH Ha Tai HXKIII, a takox y crapux mypiB. JuxanbHuil KOHTPOIb
pH IbOMY 301JbIIYBaBCS y CTapuXx, ajie He y MosioaunXx mypis 3a ymoB HXKIIII. [Tpu Bukopucransi
DAJI-3a51€KHOTO CYKIIMHATY Y cTapux mypiB Ha Tii HXKIIIT mBuaKicTs CIOKUBaHHS KUCHIO 3pOocTajia
y ctani V3 y nopiBHsaHHI 31 ctapumu TBapuHamu 0e3 HIXKIIII, a Takox Oynia 4OCTOBIpHO BULIOKO 32
Taky y Mostoaux uypis Ha Tii HXKIIII. [LBHAKICTE KOHTPOJIEOBAHOTO NUXAaHHS y cTapuX TBapuH (V4)
3pocTana, a IMXaJlbHUH KOHTPOJb 3HIDKYBABCS, HezasexHo Big HasBHOcTi HIXKIIII. BucHoBku. [y

ISSN 2522-9028 ®ision. scypn., 2024, T. 70, Ne 5, 0ooamox 37



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHNX BiclepalbHiii dizionorii Ta matodizionorii

MOJIOJIUX, 1 y CTapHX HIypiB OKUCHIOBaJIbHA QYHKIisI MITOXOH/piH 3a y4acTi | kommnekcy ETJI Ha
tii HXITIIT noripmyBanacek 6inbioio Mipoto, B nopiBHsHHi i3 I kommnekcom ETJI. EdexTuBHicTh
MITOXOHJpiasibHOr0 nuxaHHs 3a ydacti Il kommiekcy ETJI y crapux mypiB He 3anexalna Bij
HasgBHOcTi B Hux HIXKIIIT. OkucHenHsa cyocrpariB manpmitoin+manat (I xommiexke ETJI), sxi €
MPOJyKTaMH JIMiAHOTO 00MiHY, Y Monoaux mypiB Ha Tii HXKIIIT 3HmKyBanoch 011b1I010 Mipolo,
MOPIBHSHO 31 CTAPUMHU IIypaMH.

KitouoBi ciioBa: MiTOXOHIpii, IEUiHKA, HEATKOTOIbHE JKUPOBE MEPEPOKEHHS MEUiHKH, IyPH, BiK,
CIIOYKUBAaHHS KUCHIO, MOJsiporpadis, metoa Yanca

BIO®I3UYHI OCHOBHY BUKJAJTAHHSA ®I3I0JIOTTI JIIOJIMHU Y HABYAJIbHUAX
HPOTI'PAMAX ITIAT'OTOBKH ®AXIBIHIB MEJANYHUX CIIENIAJIBHOCTEHU

0.3. IBanuenko, O.3. MesbHikoBa, I.P. Mikaeasin, I.M. Jlykina

3anopizvxuil deporcasruti meouko-gapmayeemuynuil yHieepcumem, elenazenonovna?l@gmail.com

Y HaBYalbHUX IporpaMax MiATOTOBKH (axiBI[iB MEIWIHUX CIEIIaTbHOCTEH Iepe] BUBUYCHHSIM
¢i3iooTii IIOAUHU CTYJASHTH OMAHOBYIOTh MEIWYHY Ta Oioyoriuny dizuky. biodizuka sx 3HauHa
JacTHHA BKa3aHOI HABYAIbHOI JUCIUILTIHYU € HAYKOIO, 10 Hajae ¢pi3udHi Ta Pi3UKO-XiMi4HI OCHOBU
MPOTIECIB KUTTEMISITBHOCTI, K1 (i3i0I0Tis TIOAMHU BUBYAE, B OCHOBHOMY, Ha CHCTEMHOMY piBHI
opranizmy. Cepen HUX MPOBigHE 3HAYEHHS MAarOTh Ti, IO BiI0YBalOThCA y MeMOpaHax KIITHH.
Buuenns 6iodizukn MeMOpaHHHX MPOIECiB JO3BOJISE CTyAEHTAM OTpUMaTH (yHIaMeHTaJIbHI
3HaHHS 3a PI3HUMH acneKTamMu (PyHKIIOHyBaHHSI MeMOpaH, a BUKiIajgadam -hopMyBaTH y 3100yBadiB
HaIliOHaJIBHY TOPAICTh, OOTPYHTOBaHY JOCSTHEHHIMHU BUeHHX YKkpainu - [lmaTona Kocrroka i iioro
YYHiB, Ta 31aTHICTh 30epiraTu HayKOBI IIIHHOCTI, SIKi OyJIH CTBOPEHI MPOTATOM yCi€l icTopii pO3BUTKY
BiTun3HAHOI Oio¢izuku Ta ¢izionorii. 3microBuilt Moayns «biodiznka MeMOpaHHUX TPOIIECIB»
BKJIIOUae B ceOe BaxIMBI TeMH, cepell Skux «CTpykTypa i 0iodi3udyHi BIacTHBOCTI MeMOpaH»,
«AKTUBHUH 1 TAaCUBHUH TPAHCTIOPT PEUOBHUH y 010JIOTIYHUX MeMOpaHaxy», « EMeKTpudHe moJje KIIiTHHH.
MeMOpaHHHMI MTOTEHI AN CTOKoo», «lloTeHian xii Ta ioro momupeHHs y 30y ITUBHX MeMOpaHax».
CTyneHTH B)Ke MalOTh TOTIEPEAH] 3HAHHS, OTPUMAaHI y IIKOJIi a00 y KOJIEXKi, PO PiTUHHO-MO3aTdHy
MOJeb 0i0JTOTIYHUX MeMOpaH, X MOJICKYISIPHUN CKJaJ, 0COOIMBOCTI XIMIYHOT CTPYKTYpH O1JIKiB
i mimigiB. Ha 3aHATTSX 3 0i0i3UKH CTYIEHTH Mi3HAIOTHCS PO MOXKJIHUBI (a30Bi CTaHU JIMiTHOTO
Oimapy 1 ¢akTopH, SKi BU3HAYAIOTH HOTO B’ S3KIiCTh, SKUMH € TeMIlepaTypa, CIiBBiTHOIIEHHS MiX
HECHACHYCHUMHU T4 HACUYCHUMU KUPHUMH KUCJIOTAMHU y CKJIaal JNimiaiB. BaxkauBUMH MUTaHHIMU
TEMHU € POJIb XOJIECTepOJy B cTabimizamii i3uKo-XiMiYHUX BIIACTUBOCTEH MeMOpaH; BIUIUB 1X
($ha30BOTO CTaHy HA TPOHUKHICTD JIJISl PI3HUX PEUOBUH; BUJIM Ta MPUKIIATH BUKOPUCTAHHS MOJICITHHIX
MeMOpaHHUX CUCTEM, HAITPUKJIIA, JTIMOCOM, Ta iHII. MeXaHi3Mu TpaHCTIOPTY PEUOBUH Y 010JIOTTUYHUX
MeMOpaHax peTeiabHO PO3TIAAAIOTLCS BXKE HA HACTYTHOMY 3aHSATTI. [IpH IbOMY BUKOPUCTOBYIOTHCS
3HaHHS TIpo 010 i3WYHI BIACTUBOCTI JIMigHOTO Oimrapy (MPOHUKHICTH IS MMO(iTbHUX PEYOBHH,
HETIOJIAPHUX MOJIEKYJ MajioTo pPO3Mipy, HEPOHHUKHICTH IS 10HIB TOMIO), TPO aKTHUBHI IEHTPH
rIo0yIsIpHUX OINKiB, AKi CIIy’KaTh NMEPEHOCHUKAMHU y MeMOpaHax, nmpo amQidiabHI BIACTUBOCTI
O1TKOBHUX MOJIEKYJI, SIKi JJO3BOJISIOTH iM OyTH 3aKpITUIEHUMHU Y MEMOpaHaX i KOHTaKTYBATH 3 PIAKUMH
cepeloBUIIaMH KIITHHA. Ha 3aHATTI po3rismaloThes XapakTepHi BIACTUBOCTI KOKHOTO BHIY TpaH-
CIOpTY: SKi pedoBHHU (200 10HW) i YOMYy caMe TaK MepeHOCATHCS; SAKi TPAHCIMOPTHI CUCTEMHU
BHKOPHUCTOBYIOTHCS; SIKi 0cOO0MMBOCTI Ta OiodizmuHe oOTpyHTYBaHHS mepeHocy. OcoO0auBy yBary
BHKJIaJadi i CTy/ICHTH MPUCBIIYIOTh PyXy 10HIB Uepe3 MeMOpaHU 3a JOTIOMOTOI 10HHUX KaHaJiB
(macWBHHI TPaHCIOPT) Ta HACOCIB (aKTHBHHI TPAaHCMOPT), OCKUIBKH PO3YMIHHS IHUX MPOIECiB
€ KIFOYOBUM JJIs PO3TISAY Oi0CNeKTPUYHUX SBUNI Yy MeMOpaHax. Ha mpakTHYHUX 3aHSATTIX
00TOBOPIOIOTHECS OyZoBa 1 (YHKIIIT I0HHUX KaHaJiB, MEXaHI3MH 3a0e3MedeHHs X CeIeKTHBHOCTI

38 ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 5, 0ooamox



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHUX BiclepalbHiii dizionorii Ta matodizionorii

Ta 3aco0u KepyBaHHs iX BopoTamu. [Ipu po3risai 0ioeIeKTPUYHUX SBUIL Y HEPBOBUX BOJIOKHAX
CTYJCHTH OTPUMYIOTh 3HAHHS MPO POJIb MOTCHIIIAN3aTIe)KHIX HATPIEBUX 1 Kalli€BUX 10HHMX KaHAIIIB
y TeHepalii Ta MOWMpPEeHH]I NoTeHIiakiB 1ii. BuBueHHs HacTymHOI TeMu — 0i0Qi3uKu M’SI30BOTO
CKOpPOUYCHHS — HaJa€ BiJOMOCTI MPO MOTEHIiaIKepOBaHi KaJbli€Bl KaHAaIu HEPBOBOTO BOJIOKHA 1
CapKOIUIa3MaTUYHOTO PETUKYJIIOMA Ta JIiTaHA3aJIe:KHI HAaTPi€BI 1 KajieBi KaHamu capkoyiemu. Bee
e 3abesneuye QpyHIaMEHTaNbHI 3HAHHS MPO (Pi3MKO-XIMIYHI OCHOBH MPOLECIB KUTTEMISITLHOCTI.
BpaxoByroun BuKJIaieHe, MOKHA CTBEPIKYBATH, IO ONTaHYBaHHs 0230BHX 3aKOHOMIPHOCTEH Mpo1eciB,
AKi BiJOYBarOThCsl B MeMOpaHax KJIiTHH, 3aKJIaJae OCHOBH JJIS YCIIITHOTO BUBYSHHSI HOPMAJIBHOT Ta
naToJyioriuyHoi ¢izionorii, papmakomnorii, a B MaiOyTHbOMY CTYJCHTIB - JUIsl BUPIICHHS MPOQeciiHnX
3a7a4 y cepi OXOpPOHH 3]J0POB’S.

Karouvosi cioBa: MennuHi crienianbHOCTi, Oiodiznka, MeMOpaHH KITITHH.

E®EKT KAHABIAIOJNY HA ENNVIENITU®OPMHY AKTUBHICTD INTPAMIJHUX
HEHWPOHIB I'lNTOKAMIIA B PI3HUX MOJIEJISIX ENJIEICII IN VITRO

M. 10. Kaumenko, O. C. 3anyxisk, O. B. €Eroposa, O. I1. Makcumiok, . C. IcaeB
Inemumym ¢hizionoeii in. O.0.boeomonvys HAH Ypainu, m. Kuis, Yxpaina; mariia.klymenko1999@gmail.com

Eninencis € KOMIUIEKCHUM HEBPOJIOTIYHUM 3aXBOPIOBaHHSM, K€ CYNPOBOKY€ETHCS OPYILIEHHIM
MiX 30yJUKEHHSIM 1 TaJlbMyBaHHSIM B HEHpoMepeKax MO3KY, BHACHIIOK YOI'0 BUHHKAE TiIEPCUHXPOHHA
AKTUBHICTH HeWpOHiB Ta cyaomu. [Ipnbnuzno 30% XBOPHX Ha EMiJIENCilo CTPaKIAI0Th Ha PE3UCTEHTHY
0 JiKiB eminerncito. HalimomupeHimum GpapMakope3uCTEHTHHM BHUAOM CIilencii € emiiencis
cKkpoHeBoi yacTku. KaHa0inion 4YMHUTH HEHPONPOTEKTOPHI e(eKTH MPH EMUISNTHYHUX Hamajgax,
3MEHILYE 3amalieHHs, CTUMYJIO€ HEeHpOTeHe3 Ta 3aXMILA€ BiJ BTPATH TiMOKaMOAIbHUX HEHPOHIB
(Mori, 2017). BupooB ocTaHHIX POKiB KaHAO1HOIAM MPOAEMOHCTPYBATIHN MOTEHIIaM y JIIKyBaHHI
(bapMakope3HCTeHTHOI eniiencii, oqHaK qoci Opakye J0CHiIKEeHb PO 3aCTOCYBaHHs KaHa01HOI 1B,
ix mo3yBaHHs Ta ¢apmakoioriuni uimi (Javadzadeh, 2024). Ha croroani »oHa TBapuHHA MOJIETb
erniyiencii He MOKe OXOMUTH BCi IPOSBY HAMAAIB Yy JIOJEH Ta ilealbHO IMITyBaTH IPUTAMaHHI HUM
03HAKH, TOMY Ba)KJIMBO TECTYBATH J1if0 HOTEHLIHHOT TepaneBTUYHOI peYOBUHH Ha PiI3HUX TBAPUHHUX
mozensax eminencii (Wang, 2022). Omxe B gaHiii po60oTi Mu coKyCyBanu yBary Ha JOCIiIKEHHI
BIUIMBY KaHa0iliony Ha enuienTU(OpPMHY aKTHUBHICTH MipaMigHUX HEHPOHIB B OiKyKYJIHOBIH,
HU3bKOMArHi€eBiil, 4-aMiHOMIPUINHOBIM Ta HU3bKOKAIBIi€BIM MoeNsAX enijencii Ha mypax.

Jnst mocnigiB BUKOPUCTOBYBaAIM IIypiB JiHii Wistar Bikom 2 TwxHIi. [[OpH30HTanbHI 3pi3n MO3KY
TOBIIMHOIO 500 MKM OyJI BUTOTOBJICHI 32 JOIIOMOTOI0 BiIOPOTOMY y JIbO/ASIHIN OKCUT€HOBaHIN IITY4HIH
cimaHOMO3KoBiH piguHi (NaCl 125 MM, KCI 3,5 MM, CaCl2 2mM, MgCI2 1,3 MM, NaH2PO4 1, 25
MM, NaHCO3 24 MM, Glucose 11 mM). I1ics HapizanHs 3pi3u iHKyOyBaixu BOpogoBx 1-1.5 rox npu
temrepatypi 25°C i onTuManbHii okcurenaitii. B gociimpkeHHi 3a J0OMOror0 enekTpoQiziooTigaHuX
METOJiB OyJiM MPOBEJICHI 3alMMCU MO3aKIITHHHUX TOTEHIaliB 3 mipamigHux HeiiponiB CAl Ta
CA330Hu rinokamna urypis 3a yMoB nepdy3ii 3piziB po3unHoM 3MiHeHoro ioHHoTO ckiany (NaCl
115 MM, KCI1 5 MM, CaCl2 1 mM, MgCI2 1 MM, NaH2PO4 1,25 mM, NaHCO3 24 mM, Glucose
11 MM) 3 mojganemuM JgoAaBaHHSIM pedoBUH. Mu TectyBanu BiuiuB 4-All B xoHumenTpanii 5, 10,
50 ta 100 MxM Ta GikykyninaB xoHueHtpauii 1, 3, 10 Ta 30 MxM Ha nosBy eminenTuGOpPMHUX
CyZIOM Ta iX BiAMiHHICTb. [licist BU3HAUEHHS ONTUMAIBHOI 03U JaHUX PEUOBHH AJIS TIOSIBU CTIMKUX
ejexTporpadiyHUuX KOPEJAT CyJoOM MU TeCTyBaJli BILUIMB KaHa0igiony B KOHUeHTpauisax 3, 30 ta 100
MKM Ha iHIyKoBaHy eniientudopmuy aktuBHicTh.[loganbia o0podka peectpaniii Oyna 3aificHeHa
y nporpamax Prism 8.0 ta ClampFit 10.7. JlocnigHuM HIUIISIXOM MU BCTaHOBWIH, Mo s 4-All
MOJIeJli KOHUEHTpaLis A0JaHOTO 4-aMiHOMIPUAUHY JJII OTPUMAaHHS eJIeKTporpadiuHuX KOpEsTiB
cynoMm cranoBmia 50-100 MxkM. Bucoka dactora eminenTugoOpMHOi aKTUBHOCTI JAEMOHCTpYyBaja
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MOTY>KHUW XapaKTep TilMepCHHXpPOHi3alii HeWpoHiB B AaHiii moneni. Jis OikyKyniHOBOI mMojeni
eniyienTHQOpPMHI Hamaad BUHUKAJIM IPH KOHIEHTpanii OikykymiHy 1 MkM. B Hu3bKOMaruiepiit
MOJIEJIi MU CIIOCTEpiraiy JOBIIUHI JTATEHTHUH NEPio] 10 PO3BUTKY eniienTu(OpMHOI aKTUBHOCTI. Mu
JTOCJIIKYBaJ HECUHANTHYHY eMiJIeNTH()OPMHY aKTUBHICTh B HU3bKOKAJIBIIIEBIH MOJIEI ermiencii.
Mu BCTaHOBHIIH, IO YAaCTOTA eMieNTH(HOPMHOT aKTUBHOCTI IPH KOHIEHTpallii kaHadimxiony 30MkM
3HAUylIe 3HMKYETHCS MOPIBHSHO 3 KOHTPOJEM y 4-aMiHOMIpUAMHOBIN Ta OIKyKyIiHOBIH Mozeni
eIJICTICIT, YOTO HE CIOCTEPIrajJoch B HU3bKOKAJBIIIEBIH Ta HU3bKOMATHIEBUX Mojelsax. OTpuMmaHi
pe3yabTaTH MOXKYTh CBITYUTH MPO TTO3UTUBHUM BIUTMB KaHA01110JTy HA 3MEHIICHHS eMiJIenTH(HOPMHHIX
CYJIOM B JeAKUX MOJeNisax eminerncii. Pobora BukoHaHa 3a migrpumku rpanty 2023.05/0023 Bix
HamionansHoro ®ouny Jlocnimxkenb Ykpainu.

Kuarouosi cioBa: emninerncis, rimokami, kanabiaion, OiKyKyIiH, 4-aMiHONIpUANH, TBAPHHHI MOJEINI

BIIJINB AMIHOKHNCJIOT HA KOHIUEHTPAIIIO IVTFIOKO3U I BIOIMIIEJAHCHI
IHOKA3ZHUKU CKJIAAY TIUVIA IYPIB 3 EKCIIEPUMEHTAJIBHUM IYKPOBUM
JIABETOM 1 THUITY

Icauenko M.I.

3anopizekutl depoicashuii meouKo-ghapmayeemuunuil ynigepcumem, m. 3anopigicocs, Yrpaina,
fedotova@zsmu.pp.ua

Beryn. KinbkicTs mogeit 3 mykposum miaderom 1 tumy (L[J[1) y cBiTi 3pocTae, i 3a OIliHKaMH, I
3aXBOPIOBAHHS Bpakae MUTBbHOHY Jiofeh. B YkpaiHi KidbKiCTh 3apeeCTPOBAHNX BUITAIKIB IIEPEBU-
mrye 100 Tucsd. 1le 3axBoproBaHHS BUMarae mocTifHOT0 MOHITOPHHTY, KOHTPOJTIO 1 TTOTITYKY HOBUX
TEPANEeBTUIHUX MM AX0MiB. OHUM 13 TEPCTIEKTUBHUX HAIIPSAMIB B eKCTIEPUMEHTATBHIX O CITKCHHIX
/11 € BuBueHHS BrTuBY amiHokucioT (AK), Takux sk L-aprinia ta L-niucTein (depe3 ioro moHaTop
N-anetwmi-L-miuctein). L-apridid Mae OTEHITIaT MOKPAITyBaTH IHCYIIHOBY YYTJIHBICTh Ta METa0OTi3M
TIIOKO3H, TOAI SK L-1incTein Mo)ke MaTH aHTHOKCHIaHTHI BIACTUBOCTI, 11O JOTIOMAarae 3MEeHIITHTH
OKHCITIOBATBHUHN CTpeC, MOB’ A3aHUH 13 3aXBOPIOBAHHSIM. BaKITHBUM acIIeKTOM eKCITEPUMEHTAIBHOTO
MOCITIDKEHHS € BUKOPUCTAHHA OioiMmienancHoro anamizy ckiany Tia (BIC). Lleit meton mo3BoJsie
TOYHO OI[IHUTH TPOTOPIIii >KUPOBOi Ta M’ sI30BOT MacH, a TaKOX PiBEHb TiApaTamii opranismy. Lls
iHGOpMAIIisS JOTIOMOKE BUSBUTH MMOTCHITIHHI pU3WKH Ta eeKTUBHICTH JikyBaHHsS L[J[1. Takum qu-
HOM, METOO JIOCITIDKCHHS 0y10 BU3HAUCHHS BIUTMBY aMiHOKHCIIOT Ha KOHIICHTPAIIIFO TIIFOKO3U KPOBi
1 OloiMITeTaHCHI TOKAa3HUKH CKIIAy Tijia My PiB 3 €KCIIEPUMEHTAIHLHAM IIYKPOBUM AiabeToM 1 THUITy.
Marepianm i metoau. L/[1 MomentoBaan Ha cTapux OIypax camIrax JiHil Wistar IIIsxoM BBEICHHS
crpento3zoToruny (CTLI, 45 Mr / KT) 3 yTpUMaHHSIM IIypiB 32 CTAHAAPTHUX YMOB 6 THIXKHIB, TiCJISI
goro mrypu 3 LI /11 6ynm po3ainenni Ha 3 miarpynu 3 BBeaeHHsIM AK 1 6e3 aux (L[/[1-1 — 6e3 kopexiii,
J11-2 — xopexkmis L-apriainom, I[/[1-3 — N-ametun-L-mucteinom) mpotarom mie 2 TuxkHIB. BIC i
BUMIPIOBaHHS KOHIICHTpAIlil TJIIOKO3:M KpoBi mpoBoaunu mepen BeaeHusM CTL] (0 tmk) Ha 6 1 8
TIDKHAX eKCTIepuMeHTy. Pesympratu. Uepes 6 TmkHiB micas Beaenas CTL koHIeHTpaIris TiIf0K03H
kpoBi y mypiB 3 [I/I1 cramosuma 24,0 + 1,4 MM / 1 mpotu 4,6 = 0,4 MM / 11 1rypiB KOHTPOJIIO.
Pesynapratom BenmenHss AK BHABMIIOCS CTATUCTHYHO 3HAUYIE 3HIKCHHS KOHIEHTpAIii TIFOKO3U
B miarpymax 3 kopekmiero (I[JI1-2 — 16,8 £ 0,4 MM / n, UJ1-3 — 17,1 £ 0,3 MM / 1) nipotu
19,4 £ 1,0 MM / 1 B LI]1-1 — 6e3 xopekitii. [loka3zuuku BIC gepe3 6 THKHIB BUSBUB 3MEHITCHHSIM
YKHPOBOT 1 3HS)KUPEHOT MacH Tija i3 3MiHaMu X cmiBBigHOMEeHHS (1 : 12) mpotu 1 : 6 B KOHTpOTI.
limepririkeMist mpu3BeIa A0 3arajJbHOI 1M03a- 1 BHYTPIMTHBOKIIITHHHOT AeTiApaTallii i3 HopyImIeHHIM
ix cmiBBigHomenHs (1,0 :1,0, B Hopmi — 1,0 : 1,2). Ha 8 TmxHI ekcnepumenTy y mypis 3 L[J{1 mpo-
rpecyBajio 3MEHIIICHHS JKHPOBOi 1 3HESKNUPEHOT MacH Tijla 6€3 JOCTOBIPHUX BiIMIHHOCTEH MIX TTiI-
rpynaMu, IpoTe BUKINKaAIO TpaHchopMmarliro ix crniBBignomenHs (L[JI1-1—-1: 13, s IA1-2-1:15
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iB A1-3 —1:14). JocrosipHoro BmnBy AK Ha mapameTpu BOTZHUX 00’ €MiB HE BUSIBICHO, POTE
Oyniu 3MiHU B 1X crmiBBigHOIIeHHI B miarpynax (L[J{1-2 —1,3 : 1,0, npotu 1,2 : 1,0 y I[J{1-1 i II/{1-3).
BucuoBku. Ha 1111 po3BUTKY lyKpoBOTro iadeTy 1 THIy y IypiB PO3BUBAETHCS CTilKa rilepriikeMis
3 BTPATOIO )KUPOBOT 1 3HEKUPEHOT MacH TiJia 13 MOPYIICHHSM X CITiBBIIHOIIECHHS, a TAKOXK (POPMYETHCSI
3arajibHa, 103a- 1 BHYTPIIIHBOKIITHHHA JerigpaTaiis, i3 nepeBa)kaHHSIM BHYTPIIIHbOKIITHHHOT
nerigparanii. J[BoTH)KHEBE KOperyBaHHS IIyKpoBoro niabery L-aprininom i N-anetun-L-nucteinom
CTaTUCTUYHO 3HAYYIIE 3HIDKY€E KOHLIEHTPAIIIIO TJIIOKO3H, ajie He BIUIMBAE Ha MPOTPeCyove 3MEHIICHHS
JKUPOBOT 1 3HEKUPEHOT MacH Ta BOJHI 00’ €MH.

Kurwo4osi cioBa: mojientoBaHHs, IIyKpoBuUii aiader 1 Tum, riroko3a, aMiHOKUCIOTH, L-apriHiH, L-
UCTETH, 010IMIIETAHCHUN aHalli3, IypH.

CHARACTERISTICS OF REPRODUCTIVE FUNCTION OF MALE MICE IN THE
CONDITIONS OF EXPERIMENTAL TYPE 2 DIABETES COMBINED WITH CHRONIC
KIDNEY DISEASE

O. Kaleynikova, V. Sribna, A. Lytvynenko, O. Savchuk, N. Pilkevich, T. Blashkiv, T. Voznesenska
Bogomolets Institute of Physiology of the National Academy of Sciences of Ukraine, Kyiv, voz@biph.kiev.ua

Diabetes mellitus (DM) is a metabolic and endocrine disorder that, when poorly managed, can
lead to both acute and chronic complications. DM is a major contributor to chronic kidney disease
(ChKD) development. According to 2023 data from the International Diabetes Federation, around
30 to 40% of individuals with diabetes eventually develop ChKD. Kidney damage can result from
hyperglycemia or related conditions such as hypertension, polyneuropathic bladder dysfunction,
and infections. Furthermore, DM has been linked to male fertility issues and sexual dysfunction,
with evidence from both animal models and human studies supporting this connection. However,
existing data on male reproductive health in this context come from diverse studies, often with
small sample sizes, and the results are inconsistent and not always directly comparable. The aim
is to evaluate the reproductive function in male mammals (mice) in conditions of experimental
diabetes of the second type combined with chronic kidney disease. The research was conducted
on sexually mature male white laboratory mice of the Alba strain (weighing 25-30 g). The Ethics
Committee of the O.0. Bogomoletz Institute of Physiology, Kyiv, Ukraine approved the study.
The focus of the study was on changes in reproductive function parameters, specifically: 1) sperm
count (sperm concentration (million/ml)) and the number of abnormal sperm forms; 2) the ratio of
cells from different generations of spermatogenic epithelium (%) in the testes; 3) the death of cells
in the testes and epididymis (spermatocytes and sperm); as well as 4) pre- and post-implantation
embryonic mortality and 5) the number of live fetuses per female. Type 2 diabetes mellitus
(T2DM) combined with chronic kidney disease (ChKD) was induced by administering 120 mg/
kg of nicotinamide (Sigma, USA) (i.p.), followed 15 minutes later by 70 mg/kg of streptozotocin
(Sigma, USA) (i.p.) — three times, once daily with a 1-day interval. After 2 weeks, the mice were
immunized intraperitoneally with a kidney antigen suspension (10 pL of suspension per 10 grams
of body weight) three times (once daily with a 1-day interval). In the 6th week of the experiment,
the combination of nicotinamide and streptozotocin was repeated once at the same doses. In the
7th week, the kidney antigen immunization was repeated once at the same dose. Seven weeks after
the induction of T2DM combined with ChKD, in mice with hyperglycemia above 14.0 mmol/L
(ranging from 14.7 mmol/L to 19.3 mmol/L) and proteinuria greater than 0.10 mg/mL, the testes
were collected. In intact (control) mice, the blood glucose level was 5.84+0.27 mmol/L; protein level
was 0.02+0.01 mg/mL. In conditions of experimental T2DM combined with ChKD, the following
findings were established: 1) a 1.39-fold decrease in sperm count; 2) a 3.04-fold increase in the
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number of abnormal sperm and a 4.16-fold increase in those with primary abnormalities; 3) a 1.53-
fold decrease in spermatocyte count and a 2.08-fold decrease in spermatid count in the testes; 4) a
1.30-fold decrease in the number of live testicular cells (primary spermatocytes), and a 2.09-fold
increase in apoptotic cells and a 4.65-fold increase in necrotic cells; 5) a 1.39-fold decrease in live
sperm count and a 3.44-fold increase in apoptotic and a 3.22-fold increase in necrotic sperm; 6)
a 2.26-fold increase in pre-implantation and a 3.65-fold increase in post-implantation embryonic
mortality; 7) a 2.35-fold decrease in the number of live fetuses. Future research could focus on
identifying specific features and uncovering potential pathogenetic links in the development of male
reproductive dysfunction in this experimental pathology. Moreover, it will allow for the effective
study of the impact of toxic and potentially therapeutic substances on the reproductive system of
mammals in experimental studies of type 2 diabetes mellitus combined with chronic kidney disease.
Keywords: testis, sperm, diabetes mellitus, chronic kidney disease.

GOLD NANOPARTICLES AFFECT SPERMATOGENESIS IN A MANNER DEPENDENT
ON THEIR SIZE IN MICE

O. Kaleinikova

Bogomoletz Institute of Physiology of the NAS of Ukraine. Kyiv, Ukraine; syana_ds@ukr.net

The study of the effects of gold nanoparticles (AuNPs) on biological systems has gained significant
attention in recent years due to their unique physicochemical properties and promising potential
in biomedicine. Due to their biocompatibility, ease of functionalization, and ability to penetrate
biological barriers, gold nanoparticles have been increasingly explored for applications in drug
delivery, diagnostic imaging, and therapeutic interventions. Despite the wide array of potential
biomedical uses, the impact of AuNPs on reproductive health, particularly spermatogenesis, re-
mains underexplored. Understanding how AuNPs influence reproductive function is essential for
providing valuable insights into the reproductive effects of gold nanoparticles and evaluating their
potential as therapeutic agents in biomedical applications, particularly for conditions associated
with metabolic and reproductive disorders. The aim is to evaluate the effect of gold nanoparticles
on spermatogenesis under conditions of experimental hyperglycemia in mice. Experiments have
been conducted on Albino white laboratory mice (weighing 25-30 g). The O.0.Bogomoletz Institute
of Physiology Ethics Committee, Kyiv, Ukraine approved the study. The focus of the study was
on changes in reproductive function parameters, specifically: 1) sperm count (sperm concentration
(million/ml)) and the number of abnormal sperm forms; 2) the ratio of cells from different genera-
tions of spermatogenic epithelium (%) in the testes; 3) the death of cells in the testes and epididymis
(spermatocytes and sperm); as well as 4) pre- and post-implantation embryonic mortality and 5) the
number of live fetuses per female. The study was performed on male mice with hyperglycemia, a
model of which was created by the administration of 120 mg/kg nicotinamide (internally peritone-
ally), then after 15 min, 70 mg/kg streptozotocin (internally peritoneally) once a day with an interval
of one day (1, 3, 5 days). AuNPs (5 nm (Sigma, 741949-25ML); 10 nm (Sigma, 741957-25ML))
were spherical in shape. The substances were administered through intratesticular injections at two
different nanoparticle sizes, specifically 5 nm and 10 nm, each at a dosage of 2.0 mg/kg. This treat-
ment was conducted five times to ensure consistent exposure and thoroughly evaluate the nanopar-
ticles’ effects on the reproductive system. Our data suggest that under conditions of experimental
hyperglycemia, intratesticular administration of 5 nm AuNPs (Sigma) leads to an increase in the
number of spermatocytes and the number of spermatids in the testicles, an increase in the number
of live testicular cells (spermatocytes (primary)) and decrease the number of apoptotic and necrotic
cells. But does not lead to changes in the live, apoptotic, and necrotic cells of the epididymis, in the
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number of spermatozoa and the number of abnormal forms of spermatozoa compared to such a value
in the group with only conditions of experimental hyperglycemia. Simultaneously, under conditions
of experimental hyperglycemia, intratesticular administration of 10 nm AuNPs (Sigma) does not
lead to any changes compared to this value in the group with only experimental hyperglycemia.
Conclusion: gold nanoparticles affect spermatogenesis in mice in a manner dependent on their size.
Particle size is a significant factor, but it is not the only variable influencing the biological actions
of AuNPs.

Keywords: testis, sperm, experimental hyperglycemia.

NEURAL ACCOMPANIMENTS OF CHANGES IN THE ELECTROKINETIC INDEX OF
THE BUCCAL EPITHELIUM

Kyrylenko I.G.

Danylo Halyts kyi National Medical University, L 'viv Iryna2023(@gmail.com

Background. In previous studies, we have shown that electrokinetic index of buccal epithelium
(EKI) correlated with some functional and metabolic parameters. Subsequent studies have shown
that changes in EKI correlated with changes in some parameters of hemodynamics, metabolism,
immunity and fecal microbiocenosis. This report presents the results of a study of the relationship
between changes in EKI and HRV&qEEG parameters. Material and methods. Under an observations
were 43 men (49+15 years) and 29 women (51413 years) without clinical diagnosis or with chronic
pyelonephritis in the phase of remission (23 men). At a receipt, we first determined them the EKI
as rate of electronegative nuclei of buccal epithelium by intracellular microelectrophoresis on the
device «Biotest» (VN Karazin Kharkiv National University), according to the method described
[Shakhbazov V.G. et a., 2000]. Than recorded qEEG a hardware-software complex “NeuroCom Stan-
dard” (KhAI Medica, Kharkiv) monopolar in 16 loci (Fpl, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3,
P4, TS5, T6,01, 02) by 10-20 international system, with the reference electrodes A and Ref on tassels
of the ears. Among the options considered the average EEG amplitude (1V), modal frequency (Hz),
frequency deviation (Hz), index (%), coefficient of asymmetry (%), absolute (uV2/Hz) and relative
(%) SPD of basic rhythms: B (35+13 Hz), o (13+8 Hz), 6 (8+4 Hz) and o (4+0,5 Hz) in all loci. In
addition, we calculated Laterality Index (LI) for PSD each rhythm and the Entropy (h) of normalized
PSD for each locus. To assess the parameters of heart rate variability (HRV) we recorded during 7
min electrocardiogram in II lead (software-hardware complex «CardioLab+HRV»). After therapy:
drinking of the Naftussya bioactive water only (n=22), Naftussya and applications of ozokerite and
mineral pools (n=13) or transcutaneous electrostimulation by device “VEB” [Babelyuk V.E. et al.,
2018] (n=37), all testes repeated. For statistical analysis used the software package “Statistica 6.4”.
Results. In 49 patients the changes in EKI were in the range of +2,5% (-2+2,4), in 17 people EKI
increased by more than 2,5% (M£SD=3,87+1,54%), while in 6 patients EKI decreased by more than
2,5% (-4,19+1,72%). Screening of correlations between changes in EKI and ECG HRYV variables
revealed a number of significant ones (for a sample with n=72 , \([r[>0,22). A positive correlation
was found regarding changes in deviation of 3-rhythm (r=0,31), amplitude of B-rhythm (r=0,28),
relative PSD of VLF band of HRV (r=0,27), absolute PSD of B-rhythm in F4 (r=0,26), F3 (r=0,24),
01 (r=0,24), P3 (r=0,23), and Fp1 (r=0,22) loci as well as d-rhythm in P4 locus (r=0,24). A negative
correlation was found regarding changes in relative PSD of LF band (r=-0,27), LF/HF ratio (r=-0,22),
relative PSD of 6-rhythm in T3 locus (r=-0,25) and a-rhythm in P4 locus (r=-0,20) as well as LI of
a-rhythm (r=-0,20). In the process of building a multiple regression model by step-by-step exclusion
of variables until reaching the maximum value of Adjusted R?, the program included in the model
a number of variables whose correlation is lower than the threshold. As a result, the coefficient of
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multiple correlation between changes in EKI and EEG&HRYV variables turned out to be quite high:
R=0,844; R?>=0,711; Adjusted R?>=0,578; F00=5.4; x2(22)273; p<10%; SE=1,5%. The method of
discriminant analysis (forward stepwise) revealed 24 variables (4 HRV, laterality of 6- and 6-rhythms,
amplitude of - and a-rhythms, frequency of a-rhythm, deviation of 6-rhythm, PSD entropy in T3
locus, PSD of 8-rhythm in 5 loci, d-rhythm in 4 loci, B-rhythm in 3 loci, a-rhythm in P3 and P4
loci), according to the constellation of which three clusters of EKI changes under the influence of
balneotherapy differ significantly from each other (classification accuracy 94,4%). Conclusion.
Electrokinetic index of buccal epithelium responds to therapeutic factors in different directions, ac-
companied by characteristic changes in a number of parameters of EEG, HRV, immunity, metabolism
and hemodynamics. In the next message, predictors and reasons for ambiguous changes in registered
parameters will be clarified.

Keywords: Electrokinetic index, qEEG, balneotherapy, relationships.

CORRELATIONS BETWEEN MRNA AND PROTEINS QUANTITY OF THE UPR-
SYSTEM SENSORS IN GASTRIC OF DIABETIC RATS

Yuliia Klys, Maryna Zelinska, Petro Chernovol, Mykola Gebura, Artem Natrus, Yuliia Osadchuk
Bogomolets National Medical University, Kyiv;, e-mail: Yulya.klys@ukr.net

Background: Endoplasmic reticulum stress activates the unfolded protein response (UPR). Data on
interaction between pathways of UPR-sensors, their role and participation in the restoring a constant
level of regulatory proteins that provide intracellular homeostasis are currently being accumulated.
The ways by which ATF6, IRE1, and PERK signaling pathways are interconnected remain unclear.
The aim of the study was to investigate the correlations between the mRNA concentration and pro-
tein components in UPR system in gastric homogenates of diabetic rats. Methods: An experimental
model of type 2 diabetes mellitus (T2DM) was reproduced in male rats fed on 3-month high-fat diet
with additional streptozotocin administration. Rats in different groups were treated with metformin,
propionate, and their combination for 2 weeks. We analyzed the expression of the GRP78, PERK,
IRE-1, and ATF6 genes in gastric glandulocytes using PCR. The quantitation of protein concen-
tration was performed using western blotting. Statistical intergroup differences were calculated
using a one-way ANOVA with Bonferroni correction. The Pearson correlation coefficient (R) was
calculated with P-value corresponding to 95% confidence interval. Results: Inverse relationship
between GRP78 protein concentration and its mRNA transcript was expected. The detection of
strong positive relationship between the amount of major chaperone in UPR system, GRP78 and
ATP6, and inverse relationship between ATP6 protein concentration and GRP78 mRNA transcript
highlights their close interaction in the system. A strong correlation was also found between the
amounts of ATP6 and PERK sensors, which indicates their synergistic effect in implementing the
stress response. The finding of close direct relationships between sensor transcripts was also valu-
able. Thus, GRP78 mRNA directly correlates with ATP6 mRNA, PERK mRNA and IRE1 mRNA.
We found a positive relationship between PERK mRNA, ATP6 mRNA and IRE1 mRNA. IREI
mRNA concentration is also directly related with ATP6 mRNA. We found the strongest inverse
correlation between protein and transcript in GRP78. This characterizes a robust regulatory pathway
evolutionarily designed to maintain the required chaperone content. Consequently, the increased
chaperone concentration downregulates its transcription in the nucleus of gastric glandulocyte.
The IRE-1 and ATF6 transcription intensity was also inversely dependent on the content of these
proteins in the cytoplasm, but the strength of their correlation was less, which reflects confounding
role of other factors in the regulation of their synthesis. The PERK transcription intensity did not
depend at all on the corresponding protein concentration. we found a strong negative correlation
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between the concentrations of ATF6 and GRP78 mRNA, demonstrating the ATF6 non-participation
in enhancement of the chaperone synthesis. Chaperone concentration was strongly correlated with
ATF6 amount, but ATF6 was also strongly associated with PERK concentration. This suggests that
these particular proteins in glandulocytes provide the ER stress sensor system and the appropriate
response to participate in its compensation. Being the element of UPR system, the IRE-1 pathway
is barely involved in mitigation of ER stress in gastric glandulocytes. Conclusion: The study of
the translational level and degree of expression of the GRP78, PERK, IRE-1 and ATF6 genes in
fundal gastric glandulocytes from untreated T2DM rats and on the background of pharmacological
correction gave rise to a concept of response of the signaling UPR system and an understanding of
the involvement of molecular sensors in maintaining intracellular homeostasis in the gastric cells.
Keywords: GRP78, PERK, IRE-1, ATF6, glandulocytes, gastric fundus, rats, T2DM

INVESTIGATION OF ACQUIRED BEHAVIOR IN THE RADIAL MAZE IN RATS
WITH VARYING ALCOHOL MOTIVATION UNDER DIFFERENT PROTOCOLS
COMBINING ALCOHOL EXPOSURE AND LEARNING PROCESSES.

0.A. Kovalenko, M.Y. Makarchuk

Educational and Scientific Center «Institute of Biology and Medicine» of the Taras Shevchenko
National University of Kyiv, Kyiv, Ukraine, kl.olya@gmail.com

The current analysis of behavior under the influence of ethanol, the identification of trends in the
development of alcohol dependence and the understanding of alcohol’s impact on the nervous system
are still insufficiently explored. To develop effective approaches for correcting emotional and cogni-
tive disorders associated with alcohol dependence and to prevent relapses in pathological ethanol-
seeking behaviors, it is essential to analyze the mechanisms that underlie alcohol dependence. This
analysis should consider the individual characteristics of acquired behavioral components using
animal models. This work aimed to investigate the relationship between the influence of cognitive
processes and the development of alcohol dependence in young male rats. It has been shown that
chronic alcoholization of rats reduces the speed of learning and increases the number of errors,
which is manifested in the disruption of long-term and especially working memory. Still, despite the
general negative effect of alcohol on the behavior of rats, the process of their training in the radial
maze before the start of alcoholization reduces the negative effect of ethanol on memory perfor-
mance. It reduces the percentage of rats that prefer ethanol. Rats with high alcohol motivation have
a higher learning speed and fewer errors in the radial maze than rats with low alcohol motivation.
A possible mechanism for such an effect of training in the radial maze on alcohol motivation and
the degree of manifestation of the negative effect of ethanol on neural processes is that cognitive
training plays a significant role in inducing structural and functional changes in the brain, which
in turn is associated with greater resistance of brain tissue to the effects of stress factors. alcohol-
preferring rats have a higher learning rate and fewer errors than alcohol-nonpreferring rats. This
difference may be associated with an increase in the sensitivity of positive reinforcement systems
in the brain of alcohol-preferring animals under the influence of ethanol. The more pronounced
effect of ethanol on the acquired behavior of alcohol-nonpreferring rats can be explained by their
lower enzymatic adaptability to ethanol metabolism, weaker neuroadaptive processes, and a greater
imbalance between the inhibitory and excitatory systems of the brain.

Key words: acquired rat’s behavior, alcoholic intoxication
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SCIENTIFIC CLUBS AS A PLATFORM FOR STUDYING ANATOMY
AND PHYSIOLOGY - A STUDENT PERSPECTIVE

V. Kovalska', V. Krupchan', O. Kovalchuk', O. Podpalova', Y. Reshetnik’, I. Prybytyko?
'Educational and Scientific Center “Institute of Biology and Medicine,” Taras Shevchenko National
University of Kyiv, Kyiv

’PL. Shupyk National Institute of Health of Ukraine, Kyiv; victoria.kovalska@knu.ua

Scientific clubs focused on anatomy and physiology provide students with essential opportunities
to deepen their understanding of key medical disciplines. These clubs allow participants to engage
actively by presenting reports and enhancing skills that are crucial for their future scientific and
professional endeavors. V. Betz anatomy scientific club aims to create a robust understanding of
human anatomy while exploring significant scientific issues. Specialized discussions enable stu-
dents to grasp the intricate structure and functional characteristics of the human body, fostering a
comprehensive perspective on complex anatomical concepts. This depth of understanding is vital
for students who are passionate about this field and seek to develop a well-rounded approach in
their future medical careers. O. Walter physiology scientific club was founded with the intention
of promoting a new, integrative approach to studying physiology. This field encompasses not only
extensive theoretical frameworks and classical experimental methods but also the diversity and in-
novations inherent in contemporary science. The club’s goal is to facilitate communication among
students across various courses, promoting the exchange of experiences and ideas. This multifac-
eted approach is evident in the meetings, where comprehensive discussions encourage engaging
dialogues among young enthusiasts of fundamental sciences. Within these scientific clubs, a vari-
ety of effective teaching methods are employed to enhance the educational experience: Lectures
and Reports: Students are encouraged to present relevant topics, allowing them to deepen their
knowledge and refine their public speaking abilities. Discussions: Open forums stimulate critical
thinking and help analyze diverse viewpoints, fostering a collaborative learning environment.
Group Work: Collaboration in small groups encourages students to tackle scientific problems
collectively, enhancing their teamwork skills. Case Method: By analyzing real-life cases, students
gain practical insights, enabling them to apply theoretical knowledge effectively and increasing
overall engagement. Interdisciplinary Meetings: These gatherings integrate knowledge from various
disciplines, creating a rich environment for developing a well-rounded worldview. Scientific clubs
not only enrich theoretical knowledge but also build confidence in public speaking, equipping
students for participation in scientific conferences. Students have the freedom to choose topics
that interest them the most, making the learning process more motivating and impactful. Moreover,
these clubs foster a supportive environment for networking and communication among like-minded
peers, forming a community of young professionals passionate about anatomy and physiology. This
interaction is invaluable for sharing ideas and experiences, contributing significantly to their future
professional development.

Keywords: scientific clubs, anatomy, physiology, student activities.

IMTYTATIOHPEJAYKTA3A - MAPKEP OKCUJATUBHOI'O CTPECY
IIPU BUBYXO-IHAYKOBAHIN TPABMI I'OJIOBHOTI'O MO3KY

I0. B. Kozaosal, I. C. Macaak!, O. B. Herponina!, O. €. A6apimopa'
! Tnuinposcokuii Oepacasnuii meduunuii ynieepcumem, m. JJninpo, kozlova_yuv@ukr.net
KirouoBuM (hepMEHTOM, 10 3aXHIA€ KITITHHH BiJ{ OKCHIATHBHOTO CTPECY, BiIHOBIIOIOYH aKTHBHY (GOpMy

rIyTaTiony, € nryrarionpeaykrasa (I'P). Llei en3um Oepe yyacTh y BaXKJIMBUX O10XIMIUHHX TpOIEcax,
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Takux sk Jetokcukaris ta cuate3 JJHK. AxtuBHicth ['P mokasye cTymiHb 11 y4acTi B aHTHOKCHJIAHTHOMY
3aXUCTi opranizmy. BizoMo, 1110 OKCHIATHBHUI CTPEeC PO3BUBAETHCS MiCHIS MOMIKOKEHHS TOJIOBHOTO MO3-
Ky, B TOMY YHCJIi B Pe3yJIbTaTi BIUINBY BUOYXOBOi XBHJIi, 1 € TaTOTEHHUM (DaKTOPOM BTOPHUHHOI ajbTepartii.
Tomy, ikaBUM € TociTipKeHHs piBHS ['P U1t pO3KPHUTTS naTtoreHe3y BUOyX0-iHIyKOBaHOI TPAaBMHU TOJIOBHOTO
MO3KY, 1[0 MOJICTIOBAIK 3a JOMOMOTOI BIACHOTO TPHCTPOIO, & TAKOXK Uil pO3poOKH GiomMapkepiB Takol
tpaBmu. JlocmipKeHHS TpoBeieHo Ha 49 cTaTeBO3pINUX IIypax-caMInsix JiHii Wistar, SKux paHIOMHO
po3ninwm Ha 3 rpynu: | - 3 BuOyxo-iHIyKoBaHOO TpaBMoto (n=28), II - koHTponbHa (n-14) mianaBamuch
HapkoTtu3zauii Ta ¢ikcamnii), Il - inTakTHa (n=7). BUOyX0-iHAYKOBaHY TpaBMY T'OJIOBHOTO MO3KY MO-
JISJTIOBAIIN Y TIONEPEHHO HAPKOTH30BAHUX TAJIOTAHOM IIYPIiB 13 3aCTOCYBaHHSM BIACHOTO TPUCTPOIO
(marent Ne 146858), sikuii reHepyBaB BUOYXOBY XBMJIIO 3 HaJIMILIKOBUM THCKOM 26-36 kIla. TBapun
nekamityBanu y 1-mry, 3-tio, 7-my Ta 14-Ty m0o0y micist BIUIMBY BHOYXOBOi XBHIIi, 3a0upasii KpoB
Ta, 332 CTAHJAPTHOI METOIUKOI0, BU3Hadaiau akTUBHICTH I'P. CTaTHCTHYHO pO3paxoBYBaIIU CEpeiHE
apupmernune (M), crannaptae Biaxuienns (SD), kpurepiii CThiogeHTa UIsl 3aJIEKHUX BUOIPOK
(T), kputepiit Trioki (HSD), a Takoxx npoBonmnu aucnepciinuii anamiz ANOVA (F), kopensuiitamii
anani3z CripMmena. BctanosieHo, mo piBeHb ['P epUTpoInTIB mypiB 3 BHOYXO-1HAYKOBAHOIO TPABMOIO
TOJIOBHOT'O MO3KY 3arajioM 3MeHIIuBcs 3 1-01 10 14-01 mo6m 3 14,8+1,9 no 4,3+1,0 ox. (Ha 71%, p<0,05).
[Tpu ubomy piBens aktuBHOCTi ['P y mypis Il rpynu 6yB y mexax 4,07+1,0 oxa. (p>0,05) ¥ y TBapun
I rpymu - 3,9+0,8 on. (p>0,05). Kopemnsmiitnuii anamiz CripMeHa BCTAHOBUB HETaTUBHHM 3B’ 30K
cunbHOTO crynento (r=-0,91, p<0,0001) mix piBHem ['P epurpounTiB KpoBi TpaBMOBaHUX ILypiB Ta
no6oro nepediry BITTM. MHoxnHHE TOPIBHSIHHS 13 3aCTOCYBaHHSIM JqucniepciiiHoro anamizy ANOVA
(F-xpurepiit) Ta kputepito ThIOKI TTOKa3aja0 CTATHCTUYHO AOCTOBIpHE IMABHINEHHS aKTUBHOCTI ['P
y TpaBMOBaHMX IIypiB y 1-my noOy F=112,3 (p<0,0001), y 3-tr0 nody F=40,3 (p<0,0001), y 7-my
no0y F=12,6 (p<0,001) Ta Bxke y 14-Ty no0Oy 3Hauymmx BinMiHHocTed Mix piBHsimMu [P y TBapuH I,
IT ta I rpym uve 6ymno (F=0,3, p=0,9). B Toii ke gac, BinmiaaocTedt mixk 1l ta Il rpymamu He Oynu
CTaTHCTUYHO 3HauyImumMu (p>0,05), mo no3Bonnio ix cniBctaButu. [lonapHuii aHami3 TakoXK MOKa3aB
3HauyIi BiAMiHHOCTI: ¥ 1-11y 100y akTuBHICTH ['P epurponmtis mypis I rpynu Oyna Bumioro Ha 73%
(p<0,0001) y mopisustadi 3 111 Ha 74% (p<0,0001) mopiBHAHO 3 aKTUBHICTIO FOTO eH3UMY B 11ypis 11
rpynu. Hapani, y 3-1to 100y BcranoBwmin, mo ['P urypis I rpynu Oyna aktuBHima Ha 61% (p<0,0001)
y nopiBHSAHHI 3 TokazHukami Il rpynu i Ha 63% (p<0,0001) y mopiBuanHi 3 TBapuHamu III rpynu. B
7-my no0y aktuBHicTh ['P epurpounTiB TBapun I rpynu niasumumnace Ha 47% (p<0,001) mopiBHsHO 3
II rpynoro 1 Ha 50% (p<0,001) mopiBHsHO 3 pe3ynbTarom y 1mypis Il rpynu. B 14-1y 100y 3HaueHHS
I'P mypiB | rpynu manu Tenaenmiro 1o migsumensas Ha 5% (p>0,05) mopisusao 3 I rpymnoro i Ha 10%
(p>0,05) nopiBusiHO 3 TBapuHamu Il rpynu. Beranosieni namu 3minu aktuBHOCTI ['P epurpounTis
KpOBI IIYPIiB 3 BUOYXO-1HTyKOBAHOIO TPABMOI I'OJIOBHOTO MO3KY BKa3yIOTh HA MOCHJICHHS POy KITiT
IIHOT0 CH3UMY JUIS JCaKTHBAIlil BUTBHUX pagrKaliB, O YTBOPIINCH BXKe Y -1y 100y TiCIs BIUTUBY
BHOYX0BO1 XBUJIi. TOMy, Ba)XJINBUM, JUIsl BYACHOI 11arHOCTUKH, € BU3HAUeHHs [ P. A panHe miKyBaHHS
OKCHJIATUBHOTO cTpecy Oyjie 3MEHIIYBaTH MOMIKO/KEHHS TOJIOBHOTO MO3KY.

KuiouoBi cioBa: riryrarionpeaykrasa, BUOyX, OKCUIATUBHUN cTpec, Oiomapkep.

HYPOXIC PRECONDITIONING ALTERES THE LEVEL OF PGC-1 EXPRESSION
IN MYOCARDIUM OF RATS WITH INSULIN RESISTANCE AND MYOCARDIAL
HYPERTROPHY

Kozlovska M.G.!, Zavgorodnyi M.O.!2, Vasylenko M.L. 2, Portnychenko A.G. 1

!Bogomoletz Institute of Physiology of the National Academy of Sciences of Ukraine, Kyiv, Ukraine;
’International Center for Astronomical, Medical and Ecological Research of the National Academy of

Sciences of Ukraine, Kyiv, Ukraine; mariia.kozlovska@biph.kiev.ua

Background. PGC-1 is one of the main energy regulators of the cell. With insulin resistance (IR),
there is a violation of energy metabolism, which significantly burdens the normal functioning of the
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heart. Under these conditions, despite the significant spread of cardiometabolic disorders, the effects
of hypoxic preconditioning (HP) on PGC-1 expression in conditions of IR remain insufficiently
studied. Aim. To investigate changes in the level of PGC-1 protein expression in the myocardium
of rats with insulin resistance and hypoxic preconditioning. Materials and methods. Experiments
were performed on adult male Wistar and SHR rats. IR was modeled by a high-fat diet (58% of
calories due to lipids) for 2 weeks. HP was reproduced with the help of “lifting” to 5600 m for 3
hours in a barochamber 24 hours before organ collection. The level of PGC-1 protein expression
was determined by immunoblotting and calculated by the ImageJ program.

Results. The expression of PGC-1 was higher in the hypertrophied myocardium of SHR rats. What
is more, the level of this protein was higher in the left ventricle of the heart in Wistar, and the op-
posite in SHR. Both HP and IR increased PGC-1 protein expression in both lines of rats, and the
effect of HP was more significant in SHR. But when HP was used under conditions of IR, protein
expression was lower compared to the group without IR, especially in the right ventricle.
Conclusions. . The obtained results indicate that insulin resistance and myocardial hypertrophy
change the expression of PGC-1 protein in cardiomyocytes, increasing its level. And hypoxic pre-
conditioning under these conditions contributed to a decrease in the expression of PGC-1, bringing
its level closer to the control, which indicates the activation of compensatory and adaptive reactions.
Grant/Support Information: The work was carried out according to the budget program “Research
works of young scientists of the National Academy of Sciences of Ukraine in 2023-2024".
Keywords: myocardium, insulin resistance, hypoxic preconditioning, myocardial hypertrophy,
PGC-1, rats.

ASSESSMENT OF THE FUNCTIONAL STATE OF THE NEUROMUSCULAR SYSTEM
AND POSTURAL BALANCE IN QUALIFIED ATHLETES SPECIALIZING IN DIVING

0.V. Kolosoval+?

'National University of Ukraine on Physical Education and Sport, Kyiv, Ukraine;
’Bogomoletz Institute of Physiology, Kyiv, Ukraine; anele.solok@gmail.com

The effect of long-lasting physical exercise is accompanied by functional and structural adaptive
transformations in the neuromuscular system. Unfortunately, inadequate exercise stress of deep dorsal
spine muscles could lead to nerve compression syndrome. Certain age-related specificities of elec-
tromyographic indices have been reported; however, the peculiarities of the neuromuscular system
state in athletes of different sports remain insufficiently studied. Objective. To assess the functional
state of the neuromuscular system and postural balance of athletes specializing in diving and to detect
possible disorders. Methods. Ten highly qualified divers (7 men and 3 women, Mage=l9.6, SD=5.1)
took part in this study. The stimulation electromyography methods of H (Hoffmann) reflex of so-
leus muscle and nerve conduction velocity along the median nerve were used with neurodiagnostic
complex M-Test DX Systems. Stabilometry study was performed using force platform Stabilan 01-2.
Results. It was found that 30% of athletes had deviations in H-reflex indices from the established
standards, namely an increase in H- and M-responses thresholds or a decrease in the amplitudes of
maximal H-responses and the amplitude ratios of maximal H- and M-responses, which might be the
sign of the compression syndrome, primarily affecting the sensory fibers of the spinal nerves of the
sacral plexus. Nerve conduction velocity along the motor and sensory fibers of the median nerve
was within reference values, but 50% of athletes showed an increase in distal and residual latencies
of muscle responses, which might be an early diagnostic sign of carpal tunnel syndrome. All div-
ers had a high level of postural balance, the average position of the center of pressure (CoP) in the
frontal plane was within 10 mm to the right or left of the platform coordinate center, and the CoP did
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not undergo significant mediolateral shifts when eyes were closed or when transitioning to a more
challenging narrow stance. Visual deprivation resulted in an increase in the area of the stabilogram
and the CoP movement velocity, which is more pronounced in narrow stance conditions. Narrowing
of the stance led to an increase in the area of the stabilogram and the CoP movement velocity under
both eye-open and closed conditions. A statistically significant correlation between H-reflex and
stabilometry indices was found, suggesting that athletes with a better neuromuscular system state
exhibited a higher level of postural balance. Conclusions. One-third to one-half of the athletes in
the group of highly qualified divers had deviations of electromyographic indices from reference
values, which might indicate neuromuscular system dysfunction. The similarly directed changes in
the functional state of the neuromuscular system and the level of postural balance underscore the
importance of regular comprehensive examinations for highly qualified athletes.

Key words: neuromuscular system, stimulation electromyography, H-reflex, postural balance,
highly qualified divers.

OBI'PYHTYBAHHS BUKOPUCTAHHS TPAHCIIJIAHTAIII ME3EHXIMAJIbHUX
CTPOMAJIBHUX KJIITUH BAPTOHOBUX JAPAIVIIB JIOAUHU
B TEPAIIII EKCIIEPUMEHTAJIBHOT'O 'OCTPOI'O INEMIYHOTI'O IHCVYJIBTY

C.B. Konoazos!, B.M. Mopo3!, M.B. Moaryxiscbkmii', A.O. Crersmamyk!, B.A. Kopaiom??,
O.T. Jlepnbina®3

I Binnuyvkuii nayionansnuii meouunuii ynisepcumem im. M.1. ITupozosa, Binnuysa, Yxpaina,
2TV «Inemumym 2enemuunoi ma peeerepamuenoi meouyunuy HAMH Yipainu, m. Kuis, Ykpaina,
3 Incmumym monexynapnoi 6ionozii i 2enemurxu HAH Yxpainu, m. Kuis, Yxpaina

MeszenximanbHi ctpomanbhi k1iTuHE (MCK) MaroTh BenMKUN MOTEHLian pereHepaTUBHOI Tepamnii
IHCYJIBTY Ha TBapMHHHUX MOZEJSIX TOCTPOi imemii MO3Ky 3aBIsKd MopdoioriuHomMy Ta (QyHKIio-
HaJbHOMY BiZHOBIEHHIO. MeToto poOoTH Oyi0 JOCHIAMTH BILUIMB TEPANEeBTUYHOI TpaHCIIAHTAL]
MCK BaproHoBuX IpariiB MyNOBUHHU JIOAMHU IPH €KCIIEPUMEHTAIBEHOMY TOCTPOMY OOOPOTHOMY
imemMiyHOMY 1HCYbTi. Marepianu i Metonu: Y JOCHiIKEHHI BUKOPUCTAHO 75 mypiB-camuiB Bictap
macoto 160-190 r, sskum npoBeaeHa nepexignHa qsoo6iuna 20 xB. imemis-penepdysis (IP) BHyTpimHix
connux aprepiii (BCA). Ilicas MoaentoBaHHA aTOJOT1i TBapUHAM Y CTETHOBY BeHy BBoauINn MCK,
orpumaHi 3 BapronoBux npariis nynopunu goauHu (hWJ-MSC) nicns HopMaiabHUX mosioris (1 MitH
kiiTuH/TBapuny B 0,2 M ¢izionoriunoro po3unny). MCK BUIiis1M METOAOM €KCIIAHTIB 3 TKAHUHU
MyTIKOBOTO KaHATHKA JIIOAMHY Ta KYJIBTHBYBAJHU 0 APYroro naccaxy. KOHTpoiIbHUM TBapuHaM BHY-
TpiltHROBEHHO BBoAMIM 0,2 Mi ¢i3ionorivHoro po3unHy. BuznaueHHs: HEBPOIOTiYHOTO AeiuTy
3a mkajoro stroke-index C.P. McGrow, ¢pynkuionansnoro crany LIHC 3a TecToMm «Bigkpute mosue,
MOP(QOMETPpUYHHUX Ta 010XIMIYHMX MOKA3HHUKIB MpoBoauiu Ha 7, 14 noOy micas IP. Craructuuny
00pOoOKyY pe3ysbTaTiB JIOCHIKSHHS IPOBOIMIIM 32 JIOMTOMOTOK KOMIT FOTEpHOT porpamu Statistica
7.0 (StatSoft Inc., CIIIA) 3 BuKopucTaHHSM MeToniB HenapameTpuuHoi (U-kpurepito Binkokcona-
Manna-Yitni) cratuctuku. PedyabraTtn: HaiiOinbmia 3a BeJIMYMHOIO 3aXHCHA Jis Ha TOJIOBHUM
MO30K y IypiB 3 20-XBHIMHHOIO BOOIYHOIO nepexigHoro [P BCA BiamiueHa npu BHyTpilIHOBEH-
Homy (B/B) BBeaeHHi hWJ-MSC. Tpancnnanranis hWJ-MSC copusina 3MEHIICHHIO JIETaJIbHOCTI,
JIe CMEPTHICTH LIypiB peecTpyBasiach Ha piBHI 10 %, Ha BiAMIHY BiJ IpylH TBapHH i3 KOHTPOJIBHOIO
naroiioriero — 65 % (p<0,05). Takox, B/B TpancmnanTamis hWJ-MSC npussena 10 10CTOBIpHOTO
perpecy HeBpousiorigyHoro aedinuty. Ha 7-my 100y criocTepekeHHs cepeliHii 0an 3a mkainor Stroke-
index McGrow cknaB 7,14+0,19 npotu 11,79+£0,48 i Ha 14-1y - 4,86+0,15 Ha Biaminy 9,14+0,30
OayiB y KoHTpoJbHIH rpyni (p<0,05). Haiibinbi akTHBHE BiAHOBICHHS NOKA3HUKIB OPi€HTYBaJIb-
HO-/I0CII THULBKOT MOBEAIHKH B TECTI «BIIKPHUTE MMOJIe» BigOyBaioch y rpylli TBapUH, IKUM TpaHC-
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manTyBann hWJ-MSC. KinbKicTh rOpr30HTaIBHUX 1 BEPTUKAIBHUX PYXiB 301bIIMIIOCH, BITHOCHO
Ipyny KOHTPOJBHOI maToorii B cepennboMy Ha 54,1 % (p<0,05). MeTogoM moTo4yHOT HUTOMETPIT
Ha 7 100y miciist [P BcranoBieHo, mo B/B BBeneHHss hWI-MSC cripusiyio 3MEHIIIEHHIO IHTEHCUBHOCTI
¢parmenranii saeproi JJHK HeliponiB comatocencopHoi kopu B 2,4 pa3u, Ha BiAMIHY BiJl TBApUH
13 KOHTpOJIbHOI TaToJiorieto (p<0,05) (mapkep amonto3y). TepaneBTuyHa TpaHcmianTamis hWJ-
MSC crpusina HeHpOIPOTEKIIii, 110 BipOTiTHO 3MEHIIYBAJIO BiJICOTOK YIIKOJKEHUX KapiomiKHO30M
1 KapiOpeKCUCOoM sijiep Ta 301bIIyBaI0 HEYIIKOKEHUX BITHOCHO KOHTPOJIBHOI TpynH. IHTeHCHBHA
tepamnis P, sika Bkimrouana hWJ-MSC, BusiBnsiia HaifO1IbII OTY)XKHY aHTHOKCUAAHTHY JIi10, KA Xa-
paKkTepu3yBaJiach 3JIaTHICTIO YCYBAaTH JAUCOaaHC Y cUCTEeMi ()epMEHTHUX MPO- Ta aHTHOKCUJIAHTIB
Ta CIOBUIBHIOBATH NEpeOir MPOoIECiB JIMonepoKcuaalii Ta OKUCHOT MogudiKaIlii npoTeiHiB.,
Otxe, hWJ-MSC BonozitoTh BUpa3HUMH 1epeOpPONPOTEKTOPHUMH BIACTUBOCTIMH 1 MOXKYTh OyTH
BUKOPHUCTAHHI B KJIITHHHIN Teparlii eKCIIepuMEHTaIbHOTO FOCTPOTo ieMidHOTO iHCYnbTy. EdexTn
kcenoreHHUX MCK He MoxxyTh OyTH TOsSICHEH1 Oe3mocepeIHIM 3aMillleHHSIM BTPauye€HUX HEPBOBUX
1 IIianbHUX KIITHH, a CKOPIIl 32 BCE OMOCEPEIKOBaHI iX MapakpMHHUM BILUIMBOM Ha ilIeMi30BaHU
TOJIOBHUM MO3OK.

Karouosi cioBa: imemis-penepdy3is, Me3eHXiMallbHI CTpOMabHI KIITHHH BapTOHOBUX Apariis
JIOIMHH, Iy PH.

AJb®A-PUTMHU EJEKTPOEHIIE®AJIOTPAMM 3A YMOB AJIAIITAIIT
KBAJII®PIKOBAHUX CIIOPTCMEHOK 10O ®I3MYHUX HABAHTA’KEHDb

0. I. Kop6ym!, T. B. Kynenko?, O. C. Tokapenko?, C. B. Tykaes3, b. €. Oueperbko!,
O. M. JIucenko'*, O. A. lllunkapyk!, C. B. ®exopuyk!

!Hayionanvnuii ynisepcumem ghizuunozo suxoeéauns i cnopmy Ypainu, m. Kuis;

’Kuiscoruii nayionanvnuii ynieepcumem imeni Tapaca Illesuenxa, m. Kuis,

SFaculty of Communication, Culture, and Society, Institute of Public Health, Universita della Svizzera
italiana, Lugano, Switzerland;

*Kuiscoxuii ynieepcumem imeni Bopuca I pinuenxa, Kuis, Yxpaina, lanasvet778899@gmail.com

Cepen enextpoennedanorpadiuanx (EEI') mokasHukiB HaiiOinpmia yBara mpuIiaseTbcs aibda-
PUTMY, 3MIHH SIKOI'O KOPEIIOIOTh 3 PO3BUTKOM CIIOPTHUBHOI MAalCTEPHOCT] y Pi3HUX BHUIAX CHOPTY.
JecunxpoHnizamis anbha-puTMy BBaXKAETHCI MIpOI PO3YMOBHUX 3YCHIIb, TOJII SIK 1HII TTOKa3HUKHU
EEI 3naunoto Miporo HenootnineHi. OMHUM i3 3arajbHUX pe3ynbTaTiB gociimkenHas EEL e Te, oo
nokazHuku EET" neMoHCTpyIOTh 301IBIIEHHS MOTYKHOCTI allb(a-puTMy B MIpy ITiIBUIIIEHHS PiBHS
HaBU4OK. OHAK 1€ HE IPOCTO O3HaYae, 110 BiA0yBaeThCS KipKOBA 1€aKTUBALsl, @ HATOMICTb IPO-
XOAUTh HEWpPOHHA peopraHizallis Ta ONTUMi3alis pyxoBux mporecis [1, 2]. Meroto pobotu Oyio
JocIiauTy mposiB moka3zHukiB EET mix yac ¢pi3nyHOTO HaBaHTaKEHHS 332 YMOB aaIlTallii CHOPTCMEHOK JI0
(i3UYHOT aKTUBHOCTI. Y AOCIIKEHHI B3sJIH y4acTh 12 cTyAeHTOK-BoaelOomicTok HammionansHOTO
yHiBepcuTeTy (hi3uYHOTO BUXOBaHHA i criopty Ykpainu (M=18,35 pokiB), SKi POXOAHINA OOCTEIKEHHS
3 OJTHAaKOBHM JU3alfHOM eKCTepuMeHTy, i 12 kBanidikoBaHux ranndomictok Harionanbsroi 30ipHOT
KoMaHIu YKpainu 3 Tana001y (toHiopku 110 19 pokir) (M=18,77 poki). BoxeibomicTku mpoxXoauin
00CTEKEHHS Nepe]] I0YaTKOM TPEHYBaHb, SIKi IPOBOAMIIUCH BiANOBIAHO 0 TPEHEPCHKOT IpOrpamMu
2 pa3u Mo 2 rOAWHU KOXKHOTO JHS. 3aBAaHHAM Iporpamu Oyino migBuiieHHs (i3uyHOI MiArOTOBKH
CTYI€HTOK-BOJEHOONICTOK M0 MiKa (i3MIHOT MiATOTOBKH mepena 3MaraHHsaMmu. llpu ¢izmanomy
HaBaHTa)KCHHI Ha BEJIOTPEHAXeP1 IS NOCITHEHHS (i3WYHOTO BUCHAXKEHHS B 00CTEXKyBaHHUX OyJio
JIaHO 3aBJlaHHS MiITPUMYBaTH 4acToTy 00epTiB 60 / XB, a HaBaHTaXXEHHS 301JIbITYBAJIOCh KOXKHY
XBUINUHY 3 KpokoM 10 Bt; mouatkoBe HaBaHTaxxkeHHs — 10 BT. OOcTexyBaHi KpyTHIH TeAati 10
MOBHOTO BUCHA)XCHHsI CUJI 1 BiAMOBH. Binpasy micist 1boro HaBaHTaXXEHHS 3MEHIIYBaJIX A0 JIETKOTO
(wactora o6eptiB 30 / xB, 10 BT) Bupomosx 10 xB. Peectparniro EEI 3milicHIOBa M 32 1OMTOMOTOIO
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MobineHOTO enekrpoeniedanorpapa SMARTING mBrainTrain [3]. ¥V xozai o6cTexenHs Bij0yBa-
nack peectpanis EET 3a HacTymHOIO CXeMOIO: B CTaHi CMOKOIO (3aKpUTi 04i) — | XB, CTaH CIIOKOIO
(BimkpuTi oui) — 1 xB, QizMuHe HaBaHTAXCHHS B cTail BUCHa)KeHHA (Big 2 10 9 xB). B pesynbrari
ajanTanii 10 Gi3NYHUX HABAHTAXKEHb Y CIIOPTCMEHOK 000X IPYII CIIOCTEPIranoch 3HWKEHHS 1HIEKCY
BinHOCHOT acumeTpii (AAI) 3a anbda-purmom EET, mpuuomy y G6ibin kBaTihikKoBaHUX CIIOPTCMEHOK
3HIDKCHHS BigOyBaniochk cuibHime. [Ipore kBamidikoBaHi TaHn00MICTKH y TOPIBHSHHI 31 CTyIeH-
TKaMU-BOJICHOOTICTKAMU MaJjid BHUILI 3HaueHHs AAI, 1110 MOke BijoOpakaTu siK BUIIUU PIBEHB 1X
CIIOPTHUBHOI MiATOTOBKH, TaK 1 BIJIUB BUAY CIIOPTY.

Kuarwuosi ciioBa: ansda-purm enekrpoeHiiedaiorpamu, ajanraiis, Bojaei001, rana0om

1. Nunez P, Cutillo B. Neocortical dynamics and human EEG rhythms. New York: Oxford University
Press; 1995;12(5):340-67.

2. Smith M, McEvoy L, Gevins A. Neurophysiological indices of strategy development and skill
acquisition. Cognitive Brain Research. 1999;7(3):389-404.

3. ®enopuyk CB, Konocosa OB, Tykaes CB, Jlucenko OM, IBackeBuu JI/], Komomiens BIO,
XansBka TO. HaykoBo-MeTOMONOTIUHI AOCHIKEHHS Y Qi3UYHIN KyJabTypi 1 copTi, Qizuunii
teparnii, eproreparii, Typusmi. Kuis: HYOBCYVY; 2021;2:48-65.

CEHCOPHA CUTHAJIIBAIIA B IEPIIIA I JECSTIN IVIACTUHII CHIUHHOI'O
MO3KY IIYPIB Y HOPMI TA ITATOJIOI'TL

K. B. Kopoin!, I. O. Baamak!, C. B. Pomanenko!, B. B. Kporos?, K. C. Aramkos?,
M. €. KpacusikoBa

1 Inemumym ¢hizionoeii im. O. O. Boeomonvys, m. Kuis;
2 University College London, London, England
3 Karolinska Institute, Solna, Sweden; Koroid.kvi@gmail.com

Tepamist XpOHIYHOTO 0OJIIO 3ATHUINAETHCS OAHIEIO 3 KIIOYOBUX ITpo0ieM cyyacHoi meaunuau. Heiipo-
MaTUYHUM O1J1b, IKUH CTAHOBHUTH J10 25% BUMAAKIB XPOHIYHOIO OOJII0, TTOB’sI3aHUH 13 TUCHYHKI[I€O
CEHCOPHOI CHCTEeMHM, IO YCKIaJHIOE HOTO JiKyBaHHS. He3Bakalouum Ha YHMCIICHHI JIOCIIIKCHHS,
MexaHi3MH 00poOKM OONBOBUX CUTHAJIB Ha PiBHI CIIMHHOTO MO3KY 3alIUIIAIOTHCS HEJOCTATHBO
BuBUcHUMHU. OCOONHMBUN 1HTEpEC BUKIMKAIOTH MEpIlla Ta AeCiTa MIACTUHKH CIUHHOTO MO3KY,
sSKi OepyTh ydacTh y mepejadi Ta peryisiii HouumnentuHol iHdopmarii. [1ig gac mociipKeHHs
MEepIIoi TUIACTHHKU CITMHHOTO MO3KY OyJi0 BHUIIJIEHO KiJbKa THIIIB HEHPOHIB 32 XapaKTepOM IXHb-
0i BIJMOBiJI HAa CTUMYJISILIIO J0PCAaJbHOTO KOPIHISA: HU3bKOIPOAYKTHBHI, SKI BiJMOBIaid HA
CTUMYJI OJIMM-JBOMa MOTEHIIaNaMu Jii; BUCOKONPOAYKTHUBHI, sIKI BIJIOBIAaMu OUIBII HIXK 6-Ma
MoTEeHIiaJaMu [Iii; 3 Ta4KOBOIO TeHEPaIli€lo, II0 CIIOCTEPIrajJuch TUIBKHU Y MAaTOJOTI] Ta FTeHepyBaIH
MOTEeHIiau Jii MPOTITOM JecsTKiB ceKyHa. KpiM Toro HelipoHH, sIKi TeHepyBaju MOTEHIianu ail
y BIJIIOBiIb Ha CTUMYJIALIIO JOPCAbHOTO KOPiHI HeOosboBol amiutiTyau (50mkce, 10-50MkA),
BBaYKaJUCh HU3bKOMOPOTOBUMH, a Ti, 1[0 MOYNHAIM TeHEPYBATH MOTEHIIAIK i1 JIUIIC Y BiAIOBIIb
Ha CTUMYJILIIO0 0051b0BOTO fiana3zony (S0Mkc, 60-100MKA ) — BUCOKOIOPOTOBUMH. Y MOJIEIi XPOHIYHOTO
00JII0 CIIOCTEPIraJuch BUCOKONPOIYKTHBHI HEHPOHH, SIK1 BIIMOBI1aju Ha HEOOJIBOBI CTUMYJIH, 11O
CBIIYUTH PO PO3BUTOK AJLTOAHMHIT, TAKOXK 3’ IBHJINCh HEHPOHHU 3 MAYKOBOIO TEHEPALi€l0 y BiITOBiIb
Ha CTUMYJI 0OJILOBOTO J[ialla3oHy, 10 XapaKTepHO JUIs CTaHy rinepairesii. Jleski HeHpoHH TEeMOH-
CTPYBaJIM CIIOHTaHHY MA4YKOBY T'€HEpAIil0 32 BiACYTHOCTI CTHUMYJY, IO CBIAYMTH MPO PO3BUTOK
CIIOHTAHHOTO 00JI10. 3 METOI0 peecTparii Julie MiHIaTIOpHOT aKTUBHOCTI B HeHpoHax X MIACTUHKH
CMOHTAHHI MOCTCUHANTHYHI MOJIl NPUTHIYYBaUCS TETPOAOTOKCHHOM (). PesynbTaTn mokaszanw,
mo akrtuBauis TRPV1-penenTtopis, siki xapakTepHi sl IepBUHHUX adepeHTiB, 3a AOMOMOI0I0
KarcaiuHy MPU3BOAMIIA JI0 3HAYHOTO 301JIbIICHHS YaCTOTH Ta aMILIITyAH MiHIaTIOPHUX 30y/IKYy-
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I0YMX MMOCTCHHANTHYHHUX CTPYMIB y HEHPOHAX MIACTUHKH X, IO CBIAYUTH MPO HASBHICTH MPSIMUX
aepeHTHUX BXOAIB B 1[I0 00JacTh CIIMHHOTO MO3KY. 3actocyBanHsi AP-5, 6nokaropa NMDA-
pelenTopiB, HECYTTEBO 3MCHINYBAJIO0 CHHANTUYHY akTUBHICTH. [lomanbme mpuknaganas CNQX,
o6noxatopa AMPA-penienTopiB, MOBHICTIO MPUTHIUYBAIO 3AIHIIKOBY aKTHUBHICTh. Lle cBiAUUTE Mpo
noMiHyr4y poib AMPA-penienTopiB y cCUHANITHYHIN nepenadi B miacTUHIl X, ToAl sk NMDA-
peUenTopH BiirparoTh MEHII 3HAYYIY POJb y MIATPHUMIII [i€T aKTUBHOCTI.

JlocnipKeHHs TTOKa3ano, M0 B yMOBaX XpOHIYHOTo 0010 QYyHKIIT HEHPOHIB 3a3HAIOTH 3HAYHHUX
3MiH. HelipoHu AeMOHCTPYIOTh PI3HOMAaHITHI TaTEPHHU aKTUBAaIlil, SIKi BIANOBIJAIOTh TAKMM CTaHaM
AK allJIOJIMHIs, Tinmepanres3is Ta cloHTaHHUH Oinb. Takox OyJio MiATBEPIKEHHO 3allydeHiCTh X
MJACTHHKYA B Tiepejady i oOpoOKy HOIMIENTHBHOI iH(popMallii i BUSHAYEHO, N[O 15l aKTUBHICTH
omnocepenkoBana nepeBaxno AMPA-penienitopamu. OTpuMani pe3ynbTaTH CIPUSIOTH KPAIoMy po3y-
MIHHIO MEXaHi3MiB HEHPOMaTHYHOrO OO0 Ta BIIKPUBAIOTh HOB1 MOTEHIIMHI I[iJi JIs1 HOTO Teparii.
Kurwouosi cioBa: Homurenirisi, CHUHHUE MO30K, HEUpONaTUYHUN O1Jib, MIaCTUHKA X, aJlJIOAUHIS,
rinepanresisi, CmoHTaHHUU Oinb, miactTuHka I, TRPV1-penenTopu.

BILJIMB RUBI-HIKOTUHY TA IIPOJYKTIB MO0 ®OTOJII3Y HA CKOPOYEHHSI
I'IAAKUX M’A3IB TPAXEI IITYPA

JI.I. Kpauyk!, L.B. ®iainnos!, I.B. Corkic!, A.IL. Kycsik?, ILIL Topoux?, SI.M. Illyoa'

uemumym pizionozii im. O.0. Bozomonvys HAH Yrpainu, m. Kuis, Yxpaina;
2Inemumym ximii nosepxui im. O.0. Yyiika HAH Vxpainu, m. Kuis, Yxpaina, not.now.d@biph.kiev.ua

CBiTIouyTnuBiI KeK-cronyku (caged-compounds) € 0i0I0Ti9HO iIHEPTHUMH, ajie y BiAOBIIb HA
CBITJIOBE ONPOMIHEHHS BOHM 3/aTHI BiBIJIBHIOBATH aKTHBHY CKJIAJIOBY, IO MOXE CIIPABISATH TON
Yy iHIIAA (papMaKoIOTiuHUE e(DeKT Ha KIITHHHU-MIMIeHi. 3aBASKU bOMY KEHIK-CIIONyKH € Tep-
CIIEKTUBHUMH JUJIS pO3POOKHU (PapMaKOJIOTIHYHUX MpernapariB i3 MiHIMyMOM MOOIYHUX i OCKITBKH
iX akTmBamis Moxe OyTH 3AiHiCHEHa TIIBKA TPHU MOCTaBII y MOTpiOHE Micie i y MOoTpiOHMIA yac
CBITJIIOBOTO ONPOMiHEHHS. BINBIIICTh ICHYIOUMX Ha JaHWH 9ac KeWK-CIIONYK XapaKTepU3yIOThCs
JIOBOJII HU3bKUM KBaHTOBUM BHUX0JI0M (CHiBBIAHOIIEHHS KiIbKOCTI BUBIJIbHEHUX aKTUBHUX MOJICKYJI
JI0 KUTPKOCTI MOTJIMHYTHX KBAHTIB) Ta aKTUBAIlI€I0 IIKiJIUBUM JUIsl O10JIOTIYHUX 00’ €KTIB CBITIOM
yIbTpadioneToBoro aiana3ony, mo 0OMexKye iX mpakTHYHE 3aCTOCYBaHHS. BUHATKOM y IbOMY IUTaHi
€ KoMILIeKcHa crioiryka RuBi-aikorus (6ic(2,2’-6inipuanny-N,N’)0ic(S-HikoTuHY-N1) pyTeHito(2+)
JUXJIOPUITHUNA KOMIUJIEKC), 3 KBAaHTOBHM BHXOJOM aKTHBHOI CKJIAIOBOI — BUIBHOTO HiKOTHHY 0.23
1 CIIEKTPOM TIOTIIMHAHHS, 110 MAa€ MAaKCUMYMHU Ha JIOBXKHHAX XBHJIb roidy0oro (473 HM) i 3eJ1eHOTrO
(532 um) pianasony. IIpore nmocnimkenss no BBy RuBi-HIKOTHHY Ta TPOAyKTiB OTO (OTOMIZY
Ha OioyioriyHi 00’€KTH MPAKTUYHO BiACYTHi. Y maHiil poOOTi B SIKOCTI 00’€KTYy I BU3HAYEHHS
edexriB RuBi-HiKOTHHY 1 TPOAYKTIB OTO (POTOMI3Y — BUTBHUX HIKOTHHY 1 (OTOIA0ITEHOTO 3B’ A3y~
toyoro areHTa RuBi-Oinipuauny Oynu BUOpaHi rtajiki M’si3u TUXaJbHUX MUISAXIB IIypa OCKIJIBKH i3
JiTepaTypu BiIOMO, IO i M’ 53K €KCIPECYTh 0.7 Ta 0334 HIKOTUHOBI alleTHIIXOJIHOBI PEIENTOPU
(HAXP), a cam HIKOTHH 3/1aT€H 301IbITyBAaTH B HUX BHYTPIIIHHOKIITHHHY KOHIICHTPAIlI0 KAJbIIiO.
ExcnepuMenT Oy mpoBe/ieHI Ha KUTBLSX TPYIHOI YaCTHHH Tpaxel Iypa METOJOM TeH30MeTpii
ISl peecTpallii CKOpOYeHHS y BiATIOBI/Ib HA MPUKJIAJaHHS 3BUYAHHOTO HIKOTHHY, Ta RuBi-HiKOTHHY,
OIIPOMIHEHOTO 13 CBITJIOIOJHOTO JIKEepelia, CIePTP BUIIPOMIHIOBaHHS SIKOTO CITIBITA/IA€ i3 CIIEKTPOM
nornuHandg RuBi-nikotuny. Byno nokasano, mo Ha BiaMiHy Bin 3Bu4aiinoro Hikotuny (10 M),
NPHUKIAJaHHs SIKOTO BHKJIMKAIO IMIBUAKE (pa3He CKOpOUYEHHS M’s3iB Tpaxei, mpoayktu Qoromizy
RuBi-nikotuny (4x10** M) mix aiero cpimia (TpuBamicTh OMPOMiHEHHS 2 XB) BUKJIUKAIH (Pa30-ToO-
HigHe ckopodyeHHs. [Ipu IbOMy TpHBaIiCTh TOHIYHOTO KOMIIOHEHTY CKOPOYCHHSI 3aJieXasia BiJ] yacy
onpominenHs. Bukopucranns 6nokaropa HAXP rekcametoniro (1073 M) mokasaso, 1o Ha #oro Tii
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¢doromiz RuBi-HIKOTHHY BHKJIMKAE JHILIE TPUBAJIE TOHIYHE CKOPOUYCHHS M’ sI31B Tpaxei sike, HailiMo-
BipHile, € HeliporeHHoi npupoau. Takoxk, okpeMo OyIio nepeBipeHo niro yuctoro RuBi-6imipuanny
Ha CKOpPOYEHHS M’sa3iB Tpaxei mypa. RuBi-Oimipunun ta cymim RuBi-Oinipuauny 31 3BU4aiiHIM
HIKOTHHOM sIK 0€3 ONPOMIHEHHS CBITIOM, TaK i IPU ONMPOMIHEHHI CBITIIOM HE BiJITBOPIOBAIN BHUIIIE-
OMMCaHU ABOX(a3HUI XapaKTep CKOpOoUeHHs M’ s131B Tpaxei. OcTaHHE MOKHA MOSICHUTH PI3HULICIO
B MPOCTOPOBii KoHDopmaii Mixk RuBi-6imipununom, sik okpeMoi Mosiekynu, Ta RuBi-0inipuannom,
AK 3a7UIKY Ticias goronizy RuBi-nikoruny. Takoxk BapTo BpaxyBatu, mo npu ¢oromnizi RuBi-Hiko-
THHY OJTHa MOJICKYJIa HIKOTHHY MOXKE 3aJIMIIaTUCh 3B’s13aH0t0 i3 RuBi-0imipuanHom.

TakuMm 4ynHOM, OYyJI0O BCTAHOBJICHO, IO Y TOW 4Yac K 3BUYAHHUA HIKOTUH aKTHBYE TUIbKU (azHe
CKOpOYEeHHS NPOAYKTH (HoTonizy RuBi-HikOTHHY Y BUTIISIII BUBLIbHEHOTO HiKOTHHY Ta RuBi-HiKoTH-
HoBoOrO 327Ky (RuBi-0imipuanH) 31aTHI BUKIUKATH TpUBase C(ha3HO-TOHIYHE KOPOUCHHS TIIaJKUX
M’s131B Tpaxei mypa. BusHaueHHS TPUPOAH CTIHKOTO TOHIYHOT'O CKOPOUYEHHS TOTPEOy€E MOAaNBIIOTO
JETaNbHOTO J0CIIKEHHS.

Kuarouosi cioBa: CBiTnouyTiuBi Keik-cronyk, RuBi-HikoTin, HiKOTHHOBI perientopu riaieHbKUX
M’s31B

BU3HAYEHHS EOEKTUBHUX ITAPAMETPIB IUHAMIKH BHYTPIINHBOKJIITUH-
HOI'O KAJBIIIO ITPU AKTUBAIII TAHITIIO3HUAX KJITHH CITKIBKH IIIYPIB

K. I. Ky3nenos!, B.JO. Macuos!, C. A. ®eaynosa!, M.C. Becesnobkmiil.

! Inemumym ¢pizionozii im. O.0. Bozomonvys HAH Ykpainu, m. Kuis; kir.kuznet@gmail.com

Ha i30np0BaHOMY mpemnapati CiTKiBKHM OKa IIypa y KoH}irypauii «uijia KIiTHHa» 3 BUKOPUCTAHHIM
KanbUili-ayyTauBoro 0apBHuka Indo-1 (koHueHTpamis y BHYTPIIIHbOKJIITHHHOMY PO3YHHI
100 MKMOJIB/1T) peecTpyBal TOTEHL1aM-KEPOBaHI KaJIbLi€BI CTPYMH B TaHTJII03HUX KIITHHAX
CITKIBKM OKa IIypa Ta BUKJIMKaHI HUMU 3MiHU BHYTPIiIIHbOKIITUHHOT KOHIEHTpAaLii i0HIB KaJbLi0
(xanpuieBi curnann). KanpuieBi cTpyMu akTUBYBalu CTyneHeBUMH (TpuBaiicTio 200 Mc) 3MiHaMu
NiATPUMYBAHOTO Ha KJIITHHI MeMOpaHHOTO MOTeHLiany B Aiana3oHi Big -70 MB (morenuian cro-
ko010) o +40 MB. BukopucToByIoun XapakTepUCTHKH KaJbLi€BUX CHTHAJIB (aMILIITyAa Ta cTaja
yacy cmajy), y pamMKax Tak 3BaHoi «single-compartment» mozeni Oyno BHpaxyBaHO e€(eKTHUBHI
3HAaYCHHS NapaMeTpiB, 10 BU3HAYAIOTH IUHAMIKY 3MiH BHYTPILIIHbOKIITHHHOTO KaJbIIiI0: KOe(ilieHT
3B’s13yBaHHsI Ta MIBUIKICTh eKCTPY3ii. BcTaHOBIECHO, 1110 3aI€KHICTh JAaHUX MTApaMETPiB BiJ aMILTITY 1
3apeecTpoOBAaHOTO KalblieBoro curuany B giana3oni 0,01 — 3 MKMOJB/T € CyTTE€BO HEJiHIHHOIO 1
JIOCTaTHBO JOOpE arpoKcUMY€eThCs PyHKIIEr0 BUTIIsAY: y(x) = a/(b+x) + c. [lapamerpu gaHoro piB-
HSIHHS MOXKYTb OyTH iHTEpIPETOBaHI y TepMiHaX KOHIEHTpaLill Ta KOHCTaHT AMCOLialil CTPYKTYyp,
110 3B’SI3yIOTh 10HW KalbIil0, TA IBHUAKOCTI eKCTPy3ii. Y HaBeleHOMY BHILIE Aiala30Hi aMILTITY]
KaJIbLIIEBOTO CUTHAJY JAJIsl TAaHTJ103HUX KIITHH (n=8) 3Ha4eHHS KoeilieHTY 3B’ I3yBaHHS KaJbLil0
3MiHIOBaIMCA B Aiana3oHi Big 114 1o 2345, a mBuAKicT eKcTpy3ii — Big 7 1o 485 ¢! Orpumani gani
HeoOXiHO BpaxoByBaTH IIPY MOAEIIOBaHHI IPOLIECIB BHYTPILIHBOKIIITHHHOI AMHAMIKM KOHIICHTpaLil
10HIB KaJbLil0, 0COOJMBO NMPU EKCTPANoJsLil 3HaUeHb MapaMeTpiB MoJeled B 001acTh HU3BKUX
aMILTITy A Kalbli€BOTO CUTHATY. 3aPOIIOHOBAHUHN y 1aHii poOOTi MiAXig A0 00UMCICHHS 3HAYCHD
KoediuieHTy 3B’sI3yBaHHA Ta IIBUIKOCTI eKcTpy3ii Moxke OyTH e€(EeKTHBHO 3aCTOCOBAHUN NpPH
JOCHIKEHHSX 3MiH BHYTPIIIHBOKIITHHHOT'O KAJIBLII0 B eKCIIEPUMEHTAIBHUX MOJICJISIX HEHPOHATBHUX
YIIKOJKEHb.

Karouosi ciioBa: ranrmiosHi KINITHHY CITKIBKH, KaJbLi1€BUHA CTPYM, KaJIbLi€BUN CUTHAMT, KOe(ilieHT
3B’SI3yBaHHS, WIBUAKICTh EKCTPY3ii.
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NEPCIIEKTUBYU BUKOPUCTAHHS KOMIT'IOTEPHOI ITPOTPAMHA «MOUSE TRACK-
ER» JIJISI BUSABJIEHHS IPUXOBAHOI ABO HETIPABJIUBOI IH®OPMAIIIT

T. B. Kynenxko', JI. b. Haceakin 2, M. B. Bicrusenko!

IKL{ZGCbKuu Hayionanbrui ynieepcumem imeni Tapaca [llesuenka, m. Kuis;
2 Incmumym ximii nosepxui im. O. O. Yytika HAH Yxpainu, m. Kuis, tetiana.kutsenko@knu.ua

Bigomo, 1110 KiHEMaTUYHI IOKA3HUKH JOIOMAaralTh y pO3Ii3HaBaHHI HENPaBAUBOI iHpOpMaIlii, 1 1o
KOYKHA JIIOJINHA MA€ XapaKTepHI TPAEKTOPIl pyXiB KOMII IOTEPHOIO MHIIEIO. 3a JTAaHUMHU JIITEPaTypH,
HaliH()OPMATHBHINIOW XapaKTEePUCTUKOIO JIJIsl BUPiI3HEHHS OpPEXyHIB BiJI THX, XTO TOBOPHUTH IIPaB.Y,
€ 3BOPOTHHUH MOKA3HUK €(EKTHBHOCTI — IHACKC, SIKUH MOEIHYE IIBUJKICTh 1 TOUHICTh peakilii
Ha HecnojiBaHi 3anmuTanHs [Monaro-2021, Rosenfeld-2018]. [lo Toro x, MeToquKa Ma€e BHCOKY
e(eKTUBHICTh y MOEAHAHHI 13 3aCTOCYBaHHIM MOJeJell MalllMHHOTO HaB4yaHHs. Hamu npoBenene
MUJIOTHE JIOCJI/KEHHSI 32 JJOIOMOTOK CaMOCTIHHO PO3pO0JICHOTO KOMII IOTEPHOro TecTy «Mouse
Tracker» Ha ocHOBi nociigie MoHapo. Ha expaHi MOHITOpPY KOMIT'IOT€pa BHBOJAMIIH HACTYIHY
iHCcTpyKIito: «Bam Oyae mocTaBieHO HHM3KY 3amuTaHb. [licis MPOYUTAHHS KOXKHOTO 3aMUTaHHS
HATUCHIThH KHOMNKY «HamaTu BiiMOB11b» 1 00€piTh 13 BapiaHTIB, 10 3’ IBUJIKCS, HATUCHYBIIN KHOTIKY 3
BIATIOBIJIIO, @ JjaJIi IepexoabTe 10 HACTYMHOro 3anuTanHs». Knonku «Tak» 1 «Hi» Oynu po3MitieHi
y IIBOX BEpXHIX KyTKax €KpaHa MOHITOpY KoM toTepa. KoxHe 3amuTaHHS Malo BUIMAJKOBE 1
30anaHcoBaHe po3TairyBaHHS KHONOK «Tak» i «Hi». AHamizyBanu n’sATh pi3HUX MapameTpis,
MOB’sI3aHUX 13 YACOBUMH PEAKIIiSIMU PECIIOHJICHTA, 1 OJIUH MapaMeTp, OB’ sI3aHUN 13 TPAEKTOPI€IO
PyXy KoMII' FoTepHOi Mumri. MoXKHa BHIUJIUTH TPU THUIH CTaHy KOMII IOTEPHOI MUIII: CTATUYHICTh
(xoMmIT’0TepHa MUIIIa 3HAXOAUTHCS Y CTaHi CIIOKOI0), PyX 10 KHOIIKH, B3aEMOJIisl 13 KHONKOIO (MOMEHT
HaTHCKaHHS 1 BianmyckanHsi kHonkH). [licis BukoHnanus tecty «Mouse Tracker» pecrnonnentu
MPOXO/IHIIN ONMMUTYBAHHS B IyT-(OpMi 010 eMOLIMHOT BaJIECHTHOCTI 3anuTanHs. HauyTiuBinmm
BUsIBUBCS TIOKa3HUK LP2 (yMoBHa Ha3Ba), mapaMeTp, SIKHi 1MOB’SI3aHUN 13 YACOBUMH PEaKIlisiMU.
[MepcniekTuBHUM 0yJ10 O TOETHAHHS PO3POOJIEHOT METOJUKH 13 3aCTOCYBaHHSIM aif-Tpekepa i Moaeni
MaIIUHHOTO HABYAHHS.

Karnouosi cioBa: mouse tracker, HerpaBauBa iHQoOpMaIis, KOMIT IOTEPHUHN TeCT
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T-IIMOOIUTHU I MAKPODPATU I'OJIOBHOI'O MO3KY 1P EKCIIEPUMEHTAJIBHO-
THAYKOBAHIN HEMPOJAETEHEPATUBHIN MMATOJOTTI

Jladyneun L.®., [lanTeneiimonoa T.M., Poqniuenko A.€.

Tnemumym eenemuunoi ma peceHepamugHoi meouyuru /lepocasnoi yecmanosu « Hayionanonuti
Hayxogutl yeump «lncmumym xapoionoeii, KAiHiuHOI ma pecenepamugHoi Meouyuru imeni akademika
M. J[.Cmpascecka HAMH Yxpainuy, Kuis, Ykpaina, email: irina_labunets@ukr.net

JloBenieHO YIIKOKYFOUHA BIUTUB MPOAYKTIB aKTUBAI] KJIITHH Mikpordii/Mmakpodaris i T-nmiMmdonuTtin
(Tpo3amnanbHi MUTOKIHU, XeMOKIHH, BIJIbHI paJlKaIN) Ha CTPYKTYPY 1 pyHKIIOHANBHAN CTaH HEHPOHIB
TOJIOBHOTO MO3KYy MpH HEHpoJereHepaTHBHIW MATOJOTII, a TaKOX MOKa3aHa POJjb TCHETHYHUX
¢daxTopiB y ii po3BuTKy. Merta: Ouinntu 3MiHH KitbKOCTi T-1iMQOIHUTIB, MaKpodariB y TOJIOBHOMY
MO3KYy Ta MOTOPHO{ MOBEAIHKH MUIIEH i3 pi3HUM TeHOTUNOM 3a cuctemoro H-2 (amamor HLA
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JIOJIMHN) 3 EKCTIEPUMEHTAIBHIMH MOJICISIMU NIATOJIOTii HEPBOBOT CUCTEMHU. Marepiaiu i METOAH:
Hopocaum (6-7 mic) mumam niHii FVB/N (remorun H-2q) i 129/Sv (renotun H-2b) mnixmkipHo
0/IHOPa30BO BBOAMIN HEHPOTOKCHH |-MeTri-4-pennn-1,2,3,6-rerpariaponipuant (MOTII) y nosi
30 mr/kr (TOKCHYHA MOJIETb NapKiHcoHi3My). Kpim Toro, nopocni mumi ninii 129/Sv otpumyBanu
II0JICHHO 3 KOPMOM HEHPOTOKCHH KYIPHU30H [0ic (IIMKIOTEKCAHOH )-OKCAIIUT1Ipa30H)]| (TOKCHIHA
MoOJeNb JeMieniHizamnii). Y roxoBHOMY MO3Ky TBapuH OHiHOBanu KiibKicTh CD3+T-miMmponu-
tiB, CD3-CDI11b+makpodaris i CD3+CD11b+ akTuBoBaHMX MakpodariB; pyXxoBYy aKTHBHICTh
JOCIIIKYBAJIM B TECTaX «BIAKPHUTE MOJIE», HA PUTIHICTD 1 «poTapo TecTin. PesynpraTu. TokcnuHa
MOJIelb MapKiHCOHI3MY. BecTanoBieHo, mo uepes 18 ai6 micas Beeaennss MOTII y ronoBHOMY MO3KY
muteit JaiHi1 FVB/N nigsuntyerscs Bmict CD3+, CD3-CD11b+ 1 CD3+CD11b+ kitus, TOAl SIK y
mutei siHii 129/Sv — tinbku CD3+CD11b+ kiituH. Y Mumieid 000X JIiHIM MOPYIIYETHCS MOTOPHA
aKTHBHICTH; IIPH ILOMY 3MiHU 3Ha4YeHb MOKAa3HUKIB Oinbil BUpa3Hi y mumer ninii FVB/N, Hix
129/Sv. 3a Hamumu ganumu, y Mumed aiHii FVB/N i3 mapkiHCOHI3MOM CIIOCTEPITaroThCsl OimbII
3HAYHI 3MIHU CTPYKTYPHU HEHPOHIB YOPHOT CyOCTaHIIIT TOJTOBHOT'O MO3KY MOPIBHIHO 3 MUIIAMH JITHIT
129/Sv [Jlabynensp Ta cmiBaBt., 2023]. OTxe, ocoOnmuBoCTi 3MiH BMicTy T-miMmdouutis i Mmakpoda-
riB y TOJIOBHOMY MO3Ky Mullei pizHoro H-2 reHOTUNy 13 MOAEIIIIO MapKiHCOHI3MY y3TOKYIOThCS
3 0c00MUBOCTAME MOP(O-PYHKIIOHATHHUX MOPYLIEHb HEPBOBOI cucTeMH. Kynpru3oHoBa MoJenb
nemieninizanii. Beranosneno, mo y mumeit ninii 129/Sv uepe3 7 ni0 BKUBaHHS HEHPOTOKCUHY
CIIOCTEPIraeThCs TEHACHIIIS 0 TTaJAiHHS PYyXOBOi aKTUBHOCTI Ha TJIi MiIBUIICHHS B TOJIOBHOMY MO3KY
Bmicty Tutbku CD3-CD11b+-makpodaris. Uepes 21 100y npuitomy HEHPOTOKCUHY CYTTEBE 3MECH-
HICHHS] PyXOBOi aKTUBHOCTI CIIBIaJa€ 3 BUCOKMM BMICTOM B rojoBHOMY MO3Ky sik CD3-CD11b+,
tak 1 CD3+ T-nimponuris. Hamu paninie moka3aHo He3HAYHE MiBUIICHHS KIJIBKOCTI MAaTOJIOTIYHO
3MIHEHHX HEHPOHIB y KOPi Ta MO30YKY rOJIOBHOTO MO3KY MHIIIEH y pPaHHI TEPMiHU BIUIMBY KyIIPH30HY
Ta CyTTEBE 3POCTaHHS iX KIJIbKOCTI uepe3 21 no0y ekcniepumenty [Labunets et al., 2023]. BucHoBku.
TakuM 4YMHOM, BUSIBIICHO NMAaTOT€HETUYHE 3HAa4YeHHs 3MiH Oanancy T-nmiMmdouutiB i Makpodaris y
TOJIOBHOMY MO3KY JIJIsl PO3BUTKY MOPYLIEHb PYHKIIOHAIBHOTO CTaHy HEPBOBOI CHCTEMH MHIIEH i3
eKCTIePUMCHTAIIBHIMH MOJICTISIMU MAapKIHCOHI3MY 1 JleMieliHi3amii.

Kuarwuosi ciaoBa: T-niMmdponuru i Makpodara roJOBHOTO MO3KY, MapKiHCOHI3M, JIeMi€iHi3allis,
MOBEIIHKOBI peaKiii

CHEKTPAJIbHUM TA KOTEPEHTHUM AHAJII3 EEI' KOMBATAHTIB 3 3ABO€EM
I'OJIOBHOI'O MO3KY BHACJIIJOK BOMOBOI YHEPEITHO-MO3KOBOI TPABMH

H. O. JleBiueBa, A. B. lllasixoBa, O. I'. Bepuenko,

Jleporcasna ycmanosa «Ilncmumym Hegponoeii, ncuxiampii ma Hapkonoeii imeni I1.B. Bonowuna
Hayionanvnoi axademii meouunux nayx Yrpainuy, m. Xapxis, nbi.inpn@ukr.net

CxnaznHicTh HeHPOOiONIOTTUHUX MEXaH13MiB JIOKAJIbHUX MOLIKOAKEHb FTOJIOBHOTO MO3KY ITpH O0HOBiH
yepenHo-Mo3KkoBii TpaBmi (UMT) oOyMoBIeHa IEpMaHEHTHUMH CTPYKTYpPHO-(QYHKIIIOHATbHUMHU
3MiHaMU aKTUBHOCTI HEWPOHIB TOJOBHOTO MO3KYy SIK B TOCTPOMY, TaK 1 MPOMIXHOMY Tepiofax
TpaBMu. OpHaK, MexaHi3Mu 00IOBOI JIeTKOI 4epemHO-MO3KOBOI TpaBMU Hapasi TOCKOHAJIBHO HE
BHBUYEeHI. O0)EKTHBHY XapaKTEPUCTUKY HiSIBHOCTI MO3KY, KOMYHIKaTUBHUX BiJHOLICHb MiX PI3HUMHU
HOMYJISIIIMA HEHPOHIB KOPKOBHX BIIIITIB MO3KY Ta IX MOPYILICHH AIOTh METOJIU CIEKTPAIBHOTO
Ta KOT€PEHTHOT'0 aHaJi3iB O10TIOTEHI[iaIiB TOJIOBHOTO MO3KY.

Mertor poboTu OyJI0 IOCTIKEHHS CIIEKTPAIbHOI MOTYKHOCTI, BHYTPINIHbOIMIBKYJIBHOT Ta MiX-
MiBKYJIBHOT KOTE€PEHTHOCTI €NEeKTPUYHOT aKTHBHOCTI MO3KY y 32-X KOMOaTaHTIB B TOCTpUHU (/10
3-X MicCAIliB TicIg TpaBMH) Ta MPOMDKHHH (10 12-TH MicCSAIiB IiCJIS TPAaBMH) MEpPioau Michs 3a-
0010 ToN0BHOTO MO3KY. CTymHiHb Ba)XKOCTI TpaBMHM OLIIHIOBAaBCA 3TiHO IIKalW Komu [masro Tta
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Bignorinae ynerkin YMT. Peectpariito enekrpoennedanorpamu (EED) 3nificHIOBaMM 32 TOIOMOTOO
niarHOCTHYHOTO Komiuiekey «HelpoHn-CriekTp+» 3 BUKOPUCTaHHSIM IPOrpamMHOro 3abe3nedeHHs
«Hetpon-Cnextp.NET», 110 103BOJISIIO MPOBECTH CHEKTpajdbHUN Ta KorepeHTHUH ananiz EEL.
Cratuctuuny oOpoOKy BiAMiHHOCTEH MpoOBOAMIM 3a KputepieM ManHa-YitHi. CriekTpanbHHA
ananiz EEI" B rocTpwmii nmepioa TpaBMu BUSIBUB JIOCTOBIpHE MiABUIICHHS CIIEKTPAIbHOT MOTYKHOCTI
OlomoTeHIIaNiB MOBUIBHUX YaCTOT JICJIbTa- 1 TETa- Jiana3oHy B J0OOBO-CKPOHEBHUX Ta TIM>SHO-
MNOTWJIMYHUX BiA/IlIax MO3KY MPOTH NMOKA3HUKIB IPYNH KOHTPOJIO, HAMOLIBII BUPa)KEHE B MpaBiii
remicdepi, 10 BiJIoOpakae 0CepeIKOBI CTPYKTYPHO-(PYHKIIIOHANIBbHI IIepeOpasibHi 3MIHU Y TIAI[IEHTIB
Ha 3a01it Mo3Ky. [ToTyXHicTh anbda- pUTMY MiJBHITyBajacs B 1000BO-CKPOHEBUX Ta MOTHIMYHUX
BijjIisiaX MO3KY SIK 31iBa, Tak i cupaBa 'y 70 % maijieHTiB, 110 OB’ I3aHO 3 MOPYIICHHIM MEXaHI3MiB
perymsinii mikBopoauHaMiku BHacaigok UMT. lns pemty nanieHTiB 0yJio XapaKTepHO 3HUKEHHS
CIIEKTPaJbHOI MOTYXXHOCTI KOJHMBaHb albda- Jiana3oHy y BCiX AIMSHKAaX MO3KYy IOPIBHSHO 3
IPYINOI0 KOHTPOJIO. Y MPOMIKHHMHA NEpioJ TpaBMHU BUSBICHO MEPEPO3IMOALN CIHEKTPIB KOJIUBAHBb
JeNbTa- Jialma3oHy: JOCTOBIpHE 3HWIKEHHS B JJOOOBO-CKPOHEBHUX Ta MiJBUIICHHS B CKPOHEBO-
TIM)SIHUX Bigjinax mpaBoi remicdepu nopiBHsHO 3 cnekrporpamamu EEIT mamienTiB y roctpomy
nepioai TpaBMu. CriekTpu O0eTa- KOJUBaHb BHUCOKOYACTOTHOTO Ta HHU3bKOYACTOTHOTO Jiama3zoHy
Oynu OCTOBIPHO MiJBHINEHI B MEPEIHIX BiAAiNax MO3KY B JiBili remicdepi K y rOCTpoMy, TaK i
y MPOMIKHOMY Mepiogax TpaBMH, IO CBiAYHMIIO MPO BUCOKUH piBEHb €MOIIHHOTO HANPYKEHHS B
MOEJHAHHI 3 KJIIHIYHUMU TIPOsSBAaMHU TPUBOXKHOCTI Ta po3iaaamu cHy. KoedinieHTH MiKIiBKYJIbHOT
KOI'€pPEHTHOCTI SIK B TOCTPHA, TaK 1 y MPOMIKHUH NEpioan Mmiciis 320010 TOJIOBHOTO MO3KY HE MaJH
JIOCTOBIpHUX BIJIMIHHOCTEH 3 MOKa3HUKaMHU TPYIH KOHTPOJIO, KPiM MOCIA0ICHHSI KOTePEHTHOCTI
0eTa- HU3bKOYACTOTHOTO Jliana3oHy y MPOMIKHHM mepiof] micis oTpuMaHoi TpaBMu. [lokasHuku
BHYTPILTHBOITIBKYJIbHOI KOTEPEHTHOCTI B 1li Mepioin OYJIM JOCTOBIPHO HIDKYUMHU Y TIEPEIHIX BiIimax
MO3KY 3JiBa y JeibTa- Ta OeTa- HU3bKOYAaCTOTHOMY Jialla30HaX Ta clipaBa — y alb(da- Ta OeTa-
HU3bKOYACTOTHOMY Jiana3oHax. BUSBIEHO NOCTOBIpHE MiABUIICHHS KOS]ilieHTY MiXKIIBKYIbHOT
KOTEPEHTHOCTI B TeTa- Jiala30Hi B TIM)SHO-MOTHUJIMYHOMY BiJIBEJICHHI 3JIiBa B TOCTPUH MEepioj
YMT nopiBHSHO 3 TPYNOI0 KOHTPOIIIO Ta HOTo 30epeKeHHS Ha I[bOMY K PiBHI Y IPOMIKHUHN TepioJ
320010 TOJIOBHOTO MO3KY. Pi3HOCHpsiMoBaHi 3MiHM KOe(ili€eHTIB KOT€PEHTHOCTI B MpaBiil Ta JiBiif
MiBKyJi 1HGOPMYIOTH IPO MOpYUICHHS BHacHiqoK 0oiioBoi UMT iHTeTpaTUBHOI AisIBHOCTI MO3KY,
a caMe — peryJslii eMouii, CHy, maM»ATi, 10 Ma€ KIiHIKO-TICUX0(]i310J0TiuHe MiATBEPIKEHHS.
Kuarouogi ciioBa: 6oiioBa yepernHo-M03K0Ba TpaBMa, 3a0ill TOJIOBHOTO MO3KY, €lIEKTPHYHA aKTHBHICTh
MO3KY, CIIEKTpalbHa MOTYXHICTh, KOTEPEHTHICTb.

GOLD NANOPARTICLES CHANGE REGULATED CELL DEATH OF ENTEROCYTES
UNDER CONDITIONS OF EXPERIMENTAL GLOMERULONEPHRITIS

A.P. Lytvynenko
Bogomoletz Institute of Physiology, NAS of Ukraine, alina_lit@ukr.net

The incidence and prevalence of inflammatory bowel disease has increased over and typically at-
tributed to gut inflammation and its complications and various extraintestinal manifestations that
can be severe. However, the cause-and-effect relationships of such manifestations are remain not
fully understood, and the functional state of enterocytes requires detailed study under conditions
of experimental glomerulonephritis (EG). Gold nanoparticles (AuNPs) have recently been actively
used in different spheres of nanomedicine. Nanoparticles synthesized with polymers as stabilizing
agents. Polymer/AuNP systems can become a new preventive and therapeutic agent in the treatment
of these disorders. The aim of this study was to establish the regulated cell death of enterocytes
of the iliac section small intestine under conditions of experimental glomerulonephritis and treat-
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ment with polymer/AuNPs systems in mice. Experiments have been conducted on male Albino
white laboratory mice (25-30 g). The animals were divided into following experimental groups:
I — control (injected with saline), II —-D-g-PAA(PE)/AuNPs was introduced intravenously once a
day, five times (at a dose of 9.78 mg/kg, 0,3 ml into the tail vein), Il — EG was reproduced by im-
munizing animals with kidney homogenate, four times intraperitoneally according to the scheme
of the experiment, IV — EG + D-g-PAA(PE)/AuNPs — after EG was introduced polymer/AuNPs
systems (at a dose of 9.78 mg/kg, 0,3 ml into the tail vein) intravenously once a day, five times.
Cell viability was studied using the method of intravital double staining with fluorescent nucleic
acid dyes Hoechst 33342 and propidium iodide. For the statistical analysis of the results, Graph Pad
Prism, version 8.0.1.244 for Windows (Graph Pad Software, USA) were used. The application of
D-g-PAA(PE)/AuNPs caused decrease the number of living cells by 6,73% (p<0.05, n=8). Under
conditions of EG the number of living cells decreased by 20,62 %, the number of cells with signs
of necroptosis increased by 2,82 times and apoptosis by 2,61 times, compared to the corresponding
values in the control (p<0.05, n=8). The treatment with D-g-PAA(PE)/AuNPs under conditions of
EG the share enterocytes with apoptosis increased by 22.69% (p<0.05, n=8). Our data suggest that
treatment with gold nanoparticles in the polymer matrix D-g-PAA(PE) change regulated cell death
of enterocytes under conditions of experimental glomerulonephritis in mice. The obtained data open
new perspectives for research on inflammatory bowel diseases and kidney diseases.

Keywords: experimental glomerulonephritis, enterocytes, apoptosis, necroptosis.

The work was supported by the award of the President of Ukraine.

MEXAHI3MU HEIPOJETEHEPALII TA HEHPONPOTEKIII IPU XBOPOBI
AJIBUTENMEPA

0.0. JIyk’siHenb

Inemumym ¢pizionoeii im. O.0. Boeomonvys HAH Ykpainu, Kuis, Yxpaina

XBopoba AjpureiiMepa € MpoBiIHOIO TPUYMHOIO AEMEHLII, IO CYNPOBOIKYETHCS MOCTYIOBHM
3HM)KEHHSM KOTHITUBHHUX (YHKIIiH, TOPYIICHHSIM MaM’sITi Ta MOBEAiHKOBUMU 3MiHaMu. OCHOBHUMH
03HaKaMH 3aXBOPIOBaHHS € HAKOITMYCHHS J-aMiJTIOITHUX OJSIIOK Ta Tay-01TKOBUX KIIYOKiB Y MO3KY,
110 CIPUYMHSE 3aru0esib HeMPOHiB 1 BTpaTy HeHpOHHUX 3B’ 3KiB. He3Bakaroun Ha iHTEHCHUBHI AOCIiI-
JKeHHsI, e)eKTUBHI METOIU JIIKyBaHHS, SIKi O YIOBIIbHIOBAIM POTPECYBAHHSI XBOPOOH, 3aTHILAIOTHCS
obMexxeHnMH. JlochmiKeHHS MaToreHe3y XBopoOu AJblreiiMepa, NpoBeleH] B HAIOMY Biaaili, €
BKJIMBUM KPOKOM Y MOINYKY €(EKTHBHUX TEPANEeBTUUHUX CTpaTeriil Ijs HelpoaereHepaTUBHUX
3aXBOPIOBaHb. Y HAIIMX EKCIIEPUMEHTaX BCTAHOBIICHO, 1110 B-aMinoix 1-42, BUKOpUCTaHUN It MOJie-
JIOBaHHS XBOPOOU AnbureiiMepa, BAKJIMKAB 301IbIIEHHS YaCTOTH TeHepalii iMITyIbCiB y HEHpoHax
rimokamiy. Taka TpuBaJia aKkTUBaIisl MOXKE MPU3BOJIUTHU 10 BUCHAKEHHSI HEHPOHIB, MOPYLICHHS X
KOMYHIKalii, a B MOAaNbIIOMy — J0 3aru0ei KIITHH, 010 COPUYHHIE KOTHITUBHI MOPYLICHHS Ta
BTpaTy mam’4Ti, XapaKTepHi JIJIsl LbOT0 3aXBOPIOBaHHS. BaKIMBUM HampsMOM HALIMX J10CIiKCHb
CTaJi0 BUBYEHHS HEHPOMPOTEKTOPHOI Aii MeMaHTUHY. BHsiBIeHO, 1110 MEMaHTHH, BiTOMHH sK OJ0-
karop NMDA-peuenTopiB, epexkTUBHO 3amo0iraB TOKCHYHOMY BILTUBY P-aMinioiny, cTa0imi3yloun
KaJIbLIIEBUH roMeocTa3 y HelpoHax rinmokammy. Lle 103BoJisie 3SMEHIINTH PU3UK €KCaHTOTOKCHYHO-
CTi, 1[0 € ONHUM 13 IPOBIAHUX MEXaHi3MiB MOLIKOIKEHHS HEHPOHiB Mpu XBOpoOi AnbiureiimMepa, i
BIIKpHBAa€ HOBI MOXKJIMBOCTI AJis Teparnii KOTHITUBHUX po3naziB. KpiMm Toro, BUBYEHHS KaJbli€BOT
CUTHaJli3allii B HelipoHax MmokKasaio, I1o cTadiiizanis BHyTPIITHbOKIITHHHOTO KaJIbI[1€BOTO PIBHS Ma€
BHpilIajbHE 3HAYCHHS ISl BIDKMBAHHS HEHPOHiB. JlOCHiIIKEHHS JEMOHCTPYIOT, 10 3aCTOCYBaHHS
JAHTPOJIEHY AOTIOMAarae peryioBaTH PiBeHb KallbLilo B HeHpoHaX, iIHKyOOBaHUX 13 B-aMiI0ig0M, 110
norepekae HaAMipHE HAKOMWYEHHS KaJIbLIiI0 Ta 3HUKYE PU3HK KaJlbLi€BOi TOKCHYHOCTI. KoHTponb
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3a KaJbli€BUMHU CUTHATIAMH € KJIIOYOBUM JUIsI 3a1100iraHHs JereHepaTuBHUX 3MiH Y HepoHax, 110
Ma€e BaKJIMBE 3HAUCHHS JUIsl 3aXUCTY HEpBOBOi TKaHWHU. llle oHMM Ba)KJIMBUM acmeKTOM HaIluX
JOCHTII)KeHb € BUKOPUCTAHHS HAHOYACTHHOK JIOKCHAY LEPito, sIKi MPOSBISIOTh aHTHOKCHAAHTHY
aKTHBHICTh. L{i HAHOYACTUHKHM 1O0NIOMAaraloTh HEHTpani3yBaTu peakTuBHI (OPMH KHCHIO, THM CAMHM
3HIDKYIOUH OKCHJIATUBHUMN CTpeC y HEHpOHaXx, 10 MOXKe CIPUATH ITiABUIICHHIO BU’KUBAHOCTI KIITHH
B yMOBax narosorii. Takuii miaxija € mepcrneKTUBHUM I PO3POOKH HOBUX TepaneBTUYHUX 3aCO0iB
JUTst 00POTHOM 3 HEWpoJeTeHepaTUBHUMU MpotiecamMu. TakiuM YMHOM, Hallli 1O CJiJKEHHSI OXOILTIOIOTh
KOMIUICKCHHH IT1JIX1/1 10 BUBYUCHHS MEXaHI13MiB XBOpoOU AJbIreiiMepa, akIIeHTYIOUH yBary Ha 3aXHucCTi
HEHWPOHIB BiJl EKCAUTOTOKCUYHOCTI, OKCUJIATUBHOTO CTPECY Ta MOPYIICHb KaJbIIEBOT TOMEOCTA3Y.
OTpumaHi pe3yabTaTH BiIKPUBAIOTh EPCIICKTUBH I PO3POOKH HOBUX TEPANIEeBTUYHUX CTPATETiH,
CIIPSIMOBAHUX Ha 30epekeHHs PYHKI[IOHAIBHOT aKTUBHOCTI HCUPOHIB Ta MOKPAIICHHS SIKOCTI JKUTTS
NalieHTiB i3 XBOpoOo0 Anbureiimepa.

Honsika: Pobora Hajx iumu Te3amu Oyia migTpuMana rpanToM HanioHanbHOTO (OHTY J10CITiJIKSHb
Vkpaiau Ne 2023.05/0023.

MPOTEKTOPHUM BIIMB EKCIIEPUMEHTAJILHOI'O IITAMY JIAKTOBAKTEPII
3A YMOB MOJEJIOBAHHA JITIC-THAYKOBAHOI'O ITOIIKOJKEHH

I. JJymmnikoa!, I. Ocaguenxo’, T. Koanenxo!, O. Koctiouenxo?, /1. llleninos’,

A. Yepemmncnka!, C. llenanchknii', B. Tpu6’, B.JKopannuk!, I'. T'. Ckuéo'

uemumym ¢hizionozii im. O.0. Bozomonvys HAH Yipainu, m. Kuis;
2Inemumym 6ioximii ma 6ioghizuxu ITAH, m. Bapwasa; iviook@ukr.net

Mixkpo0OioTa CKIamaeThCs 3 CYKYITHOCTI OakTepiil, rpuOiB 1 BipyCiB Ta BIiirpae Ba)JIUBY POJb Y
MATPUMIII TOMEOCTa3y OpraHi3My JIOAUHHU 1 TBapUH. BUBUCHHS B3a€EMO3B’ A3KiB MK MIKpOOiOTOIO
KUITKiBHUKA Ta MO3KOM B HOPMI 1 TIpH maToJIorii HabyBae Bce OibmIoro inrepecy. OIUH 13 KIIFOYOBUX
MUIAX1B B3a€MOJIT HA YMOBHIN «Bici» MiKp00i0Ta-KAIMICTHUK-MO30K 3a0€3MeUy€EThCSI YUCICHHUMHU
MIiKpOOHUMH MeTaboiTaMH, Cepell SKNX € HeHPOaKTUBHI pEUOBHHU. BOHM MOXYTh BIIUBATH Ha
MO30K OTIOCEPEIKOBAHO, TOOTO Yepe3 eHTepalbHy HEPBOBY CHCTEMY, OJIYKaIOUWi HEPB, IMYHHY Ta
€HJIOKPHUHHY CHCTEMH, a TAKOXK O€3MocepeIHb0, KOJIA MOTPAILIAIOTh 10 KPOBOTOKY y pa3i MOpyIIeHb
IUTICHOCTI CTIHKW KWIIKIBHUKA Ta TeMaToeHIedarigaoro 6ap’epy. BpaxoBytouwn, mo npodioTHuHi
npemnapaTyd IMHPOKO BUKOPUCTOBYIOTHCS y TEPANEBTUYHUX IINIAX, JOCII/DKCHHS HOBHX IITAMiB
OakTepiil Ta eKCIEePUMEHTAIbHUX MOJCIICH JUISI BUSABICHHS X HEHPOIPOTEKTOPHHUX BIIACTUBOCTEH
1 MeXaHi3MiB il € aKTyadpHUMH. MeTor gaHoi poOoTu OyJIO0 MOCHIAUTH HEHPONPOTEKTOPHI
epeKTH eKCIIEPUMEHTAJIBHOTO IMITAMy JJAKTOOAKTEpid Ta MPOMYKTIB iX MeTabosi3My 3a yYMOB
MOJICJTIOBAaHHS TOIIKOKEHHSI, iHIyKoBaHOoTO Jimonoicaxapugom (JIIIC) in vivo Ta in vitro. Y
po0oTi BUKOpHCTOBYBaNM JiodinmizoBaHi maktodaktepii Lacticaseibacillus rhamnosus, oTpumani
3 ceprudikoBanoi konekiii [HcTutyty 6ioximii 1 6iodizuku [TAH (Bapmasa). KinbkicTs 6akTe-
piii BU3HAYAIM 4Yepe3 BUMIPIOBAHHS ONTHYHOI NIIILHOCTI PO3YMHHOI CYCIEH31i, KUTTE3MATHICTh
BU3HAYAJIH YEpe3 OIIHKY KUIBKOCTI KoJoHieyTBOpioounx onwHuib (KYO). Ing orpumanus
kouaumiioBanoro cepenosumma (KC) 3 mpoxykramu MeTabomi3My OakTepii, iX KyJIbTUBYBAIH Y
XIMIYHO-BH3HAYCHOMY JKHUBWJIBHOMY cepenoBuili mpotsaroMm 16 rox. KC menrpudyrysanu, Bim-
Oupanu CymepHaTaHT 3 METaboJMiTaMH, sSIKe MPOIMyCKalIu depe3 CTepuiizyrounii GiasTp Ta 3amo-
POXKYBaIIH JUISI TTOAATBITOT0 BUKOPUCTAHHS B €KCIIEPUMEHTAaxX in vitro. B ekcmepuMenTax in vivo
MpeHaTaJbHe 3allaJICHHs y MUIIeH MozemtoBanu 3a gonomororo in’exmiid JIIIC ma 12 Ta 14 nenn
BariTHOCTI (50 MKT/KT MacH Tina, inTpo/mep). Lacticaseibacillus rhamnosus BBoauIu 3a JOIIOMOT010
nepopanbHOro 30H1a Ha 14, 16, 18 aui BaritHOCTI y go3yBanHi 1x10° KYO/TBapuny. Ha 1-7, 14-
i, 21-i 1 28-# gHI micist HApOMKEHHS OIIHIOBAJINW Macy TiJla TOTOMCTBA MHUIIICH Ta Y MICSIIHOMY
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Billi MPOBOJIUIIN MOBEAIHKOBI TECTH (BIIKpUTE IMOJIe, BAMYIICHE IIaBaHHs). Byno BUsABIEHO, 110
CIIO)KMBAHHS BariTHUMHM TBapHHAMH MPOOiOTHKA 3MEHIIMJIO HETaTUBHI HACHTIJAKW MPEHATAIbHOTO
JITIC—iHyKOBaHOTO 3amajeHHs] y MOTOMCTBA Ta CIPHUSIO OiBIIOMY IPHPOCTY MacH Tijia MOPiB-
HsiHO 3 Tpynoro TBapuH JIIIC. B excniepuMenTax in vitro pns monentoanHs JIIIC—ingykoBaHoro
MOIIKOJKEHHSI, TOBIOCTPOKOBI KYJBTYPH AMCOLIHOBAaHUX KJIITHH TillOKaMmIa IypiB Ha 9-il J1eHb
KyJIbTHBYBaHHS 00po0sism JITIC npoTsirom Tppox 1i6. KC 3 OakTepialbHUIMK METa00IiTAMU BHOCHITH 32
6 rox no nii JITIC Ta noHoBIt0OBaNM yepe3 24 roj OpoTsIroM JociipkeHHs. CTyiHb TOIIKOIKCHHS
rinokaMmnajbHUX KJIITHH BU3Haudanu 3a momomororo JIJ[I'-tecra. [loka3aHo, 110 goaaBaHHS 10
kynbtyp KC y xoHnenTpariii 10 MKJI/MJI CYyTTEBO MiJBHINYBAJIO XUTTE3NATHOCTh MIMOKAMITAJIBHUX
KJIITHH B IOPIBHSIHHI 3 KyJbTypamu 00pooienumu JIIIC. OTxe, Han AOCTiHKEHHS MOKa3aH, 10
eKCTIepUMeHTaIbHIUH mTaM Oakrtepiii Lacticaseibacillus rhamnosus, Mae HEHPOMPOTEKTOPHY [Iif0
3a ymoB MojentoBanHst JITIC—iHayKOBaHOTO MOMIKOKEHHS in Vivo Ta in vitro.

Karouvosi cioBa: npo6ioTuky, ninomnosicaxapua, HEHPOIPOTEKILis, MTOBEIIHKOBI TECTH.

OCOBJIMBOCTI BAPIABEJIBHOCTI CEPHEBOI'O PUTMY Y KIHOK CEPEJHBOT'O
BIKY 3 TIOPYIIEHHAMMU CHY

Jsenko B.I1., Crenenko C.M.

Cymcwkutl Oepoicasnuii nedazoziunuil ynisepcumem im. A.C. Maxapenxa, m. Cymu, Yrpaina,
stetsenko.sn@gmail.com

[TopymieHHs CHY cepen )KiHOK CepeHbOTO BiKy HEraTMBHO BIUIMBAIOTH Ha iXHIN cTaH 340poOB’s Ta
AKICTB XKUTTS. BOHM BKIII0OUaIOTH TPYAHOILI 13 3aCHHAHHSM, 4acTi NPOOY/IKEHHS Ta TIOBEPXHEBUH COH,
10 3HWXKYIOTh PiBE€Hb BIAHOBJIEHHS OpPTaHi3My Ta 301MbIIyIOTh (Pi3WYHE 1 ICUXiYHE HABaHTaXKEHHS.
BapiaGenpnicTs cepueBoro putMmy (BCP) € BaxnuBuUM MOKa3HMKOM NCHXO0(]i310J0TIYHOTO CTaHY,
KWW BitoOpakae OaaHC MiXK CUMITATHYHUM 1 TApacUMIIATHYHUM BiJI/IiIaMH BEeT€TaTUBHOI HEPBOBOT
CHUCTEMH, L0 PETYIIOI0Th PEaKLiio Ha cTpec. AKTYyalbHICTb JOCIIIKEHHS 3yMOBJIEHA OIHUPEHICTIO
XPOHIYHOTO CTpECy Ta 3pOCTaHHSIM YaCTOTH PO3JIaJliB CHY y CydyacHOMY cycniyibeTBi. [lorana sikicts
CHY HEraTHBHO BIUIMBAE Ha 310POB’ s, 3HUKYIOUHU aJanTaliliHi MOXKJIMBOCTI OpraHi3My Ta CHPHIOUH
PO3BHUTKY NCHUXOCOMAaTUYHUX 3aXBOpIoBaHb. [lopylieHHs CHY MOXYThb MOpYLIyBaTH OallaHC Bere-
TaTUBHOI HEPBOBOI CUCTEMH, 3HMIKYIOUH BapiaOelbHICTh CEPLEBOTO PUTMY 1 MiJABUILYIOYH PU3HK
CepLEBO-CYANHHUX 3aXBOPIOBaHb. JOCTIIKEHHS IUX B3a€EMO3B’A3KIB € BaXKJIMBUM JJISI CTBOPEHHS
e(eKTUBHUX NPO(ITAKTUUHUX Ta KOPEKUIHHIX IPOrpaM, CIPSIMOBAHUX Ha MOKPALICHHS SKOCTI )KUTTSI
JKIHOK CepeHhOTO BiKy. JlocmimkeHHs mpoBoArmiIock Ha 0a3i MmeamaHoro neHTpy TOB « MEJ[-COXO3»
(M. Cymn) i Ha 6a31 HaykoBO-KOHCYIBTaTHBHOTO 1 1IarHOCTUYHOTO MEIUYHOTO HEeHTPY «l 00BHUMH
0imb» (M. JJHinpo) B mepiox 3 mrotoro 2023 poky mo ceprenb 2024 poxy. B excriepumenTi Opanu
y4acTh 92 KiHKU cepelHbOTO BiKY, sSKi npinau tectyBanHs no lllkam connuBocti EmBopra (The
Epworth Sleepiness Scale, ESS) ta IliTTcOyp3pKoMy ONUTYBaJbHUKY Ha BU3HAYCHHS 1HEKCA SIKOCT1
cuy(PSQI) i Mmanu 3a qumMu pesyapTaTaMu Ti UM iHIII MOPYILICHHS CHY. BCi )KiHKM HaJajau MUCBMO-
By IH(opmaniiiny 3romy Ha y4acTh y AOCIHIJKEHHI Ta BUKOpPHCTaHHS AaHUX. JKiHKaM MpOBOIMIH
nobose EKI'-moniTopyBanHs i3 3actocyBanHsaM cucteMu «KapaioCenc CSy», po3pobienoi TOB
«XAI-MEJIUKA» (Ykpaina, M. XapkiB). JlocaimKyBain 4aCTOTHO-4acOB1 MOKa3HUKH Bapialeib-
HOCTI CEepLeBOTO pUTMY. BuMiproBanock cepeHe 3HAUCHHS Ta IIOMUJIKA CEPEIHBOI0 3a T0MTOMOTOI0
nporpamu IBM SPSS Statistics 27. Hame nocnigkenHs, npoBeJeHe cepel KiHOK BikoM 45-55 pokiB
13 MOPYLICHHSIMHU CHY, TOKAa3aJI0, 110 Y HUX crocTepiraerbest 3HmkeHHs: BCP, oco6imBo noka3HUKiB
RMSSD ta SDNN, 110 cBiZ4UTh PO MOPYLICHHS PIBHOBArM Mi’K CUMIIATUYHOIO Ta MapacuMIaTH-
HOIO aKTHBHICTIO. AHAJi3 OTPUMAaHMUX JAHUX CBIAUUTH, IO MOKA3HUK AMO y HOCHiKEHUX KIHOK
OyB B Mexax 60-65% 3 cepennim 3HaueHHIM 62,28 £6,44%, Mo Oinbiie 3a cepeaHi 3HAYCHHS IS
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ocib manoro BiKy i ctari B 1,5 pasu (p < 0,05). Kpim Toro, cnisBinnomennss LF/HF y sxiHok miei
rpynu gopisHioBano 3,42+0,11, mjo Oinbmie Hix B 3 pa3u nepeBeplrye HOpMalibHI 3HAYCHHS I[bOTO
MOoKa3HWKa I KiHOK JnaHoro Biky (0,7-1,3). Taki pe3ynbraTu SICKpaBO CBifuaTh, IO KUIBKICHI 1
AKICHI MOPYIIEHHS CHY 3MIHIOIOTH aJlanTalliifHi peakiii BereTaTUBHUX QYHKIIH, IO MPOSIBISIETHCS
B MIiJBUIIICHHI aKTHUBAI[il CUMIIATO-aJIPEHAJIOBOI CUCTEMU 1 BUCHAXXCHHI CHEPTETUYHUX PECYPCIB.
JlocuiKeHHS TOKa3yI0Th, 110 MOPYIICHHS CHY MOKYTh 3HIKYyBatH BCP, 1o cBiquuTh po HaaMipHY
aKTHUBAIIII0 CHMIIATHYHOT HEPBOBOI CUCTEMHU Ta IMiABUIIECHHS piBHS cTpecy. Lle 301nbInye pu3uk kap-
JIIOBACKYJIIPHUX 3aXBOPIOBAaHb Ta 1HIIMX NICUXOCOMAaTUYHUX Po3iaiB. EQEeKTUBHICTh ajanTaiiHux
peaxiiil HanpsiMy 3aJIeKaTh BiJl CHEPreTUYHOTO 3a0e3MeueHHs AisIbHOCTI. CaMe TOMY MOPYIIeHHS
CHY MOXYTh B TPUBAJIOMY acIEKTi IPUBOANUTH J10 3pUBY aJaNTaliiHUX MEXaHI3MiB i BAHUKHECHHIO
MAaTOJIOTIYHUX CTaHiB. BCTaHOBICHHS MOXIMBUX KOPEIAMIHHUX 3B’ A3KiB MK MMOKa3HUKAMH SKOCTI
CHY 1 BapiaOeNbHICTIO CEPIICBOI0 PUTMY 1 € 33/1aUCr0 TOAJIBIIHUX JIOCIiJKECHb.

KuarouoBi ciioBa: BapiabenpHICTh CEPIIEBOTO PUTMY, )KiHKH, CEpeHIN BiK, cTpec, MOPYILIEHHS CHY.

MOAYJISIUIA EJEKTPOKAPAIOT'PA®IYHOI'O IHTEPBAJIY QT VY )KIHOK
CEPEJHBOTI'O I MOXUJIOI'O BIKY

B. I1. JIsmenko, /. C. /lyBaHoB

Cymcokutl Oepoicasnuii nedazociunuii ynieepcumem imeni A.C. Maxapenxa, m. Cymu,
dsduvanov@ukr.net

AKTyanpHICTh TOCIIHDKSHHS MOAYJIAIIT enekTpokapiorpadiuaoro intepary QT y xKiHOK cepeaHboro i
MOXMJIOTO BiKY 3yMOBJICHA BaXJIMBOIO POJUIIO LHOTO MapaMeTpa y MPOTHO3YBaHHI PU3HKIB CEPLIEBO-
CyAMHHHUX YCKJIaJHEHb, 30KpeMa apuTMiil Ta pantoBoi cepueBoi cMmepTi. [nTepBan QT € uyTnusum
MOKAa3HUKOM EJIEKTPUYHOI CTa0ITLHOCTI CepIls 1 BijoOpaxkae TPUBAIICTh PEMOISpU3aIlii MITyHOUKIB,
Ha Ky MOXYTh BILTMBATH SIK BIKOBi 3MiHH, TaK i TOPMOHATbHI KOJUBAaHHS, XapaKTEPHI JJIsl KIHOK
y nepion MmeHonay3u. 3Minu B iHTepBani QT 3 BikoM cTaloTh Aefani 3HaYHIIIMMU, 110 00YMOBIICHO
FOPMOHAJIBHUM AMCOANaHCOM, 3HMKCHHSM aJanTaliifHUX MOXKJIMBOCTEH cepus 1 MiABULICHHSAM
PU3HUKY PO3BUTKY apuTMii. Bimomo, mo tpuanicts inTepBany Q-T na EKI (enextpuuna cucrona
cepus) BijjoOpa)kae TPUBATICTh MPOIECIB ASMONsApU3allii i pernoiaspusalii B KIiTHHAX MiOoKapiy,
K1 BUHUKAIOTh B PE3YyJIbTATi pyXy iOHIB y KJIITHHY 330BHiI 1 HaBMaKW i SKUH KOHTPOIIOETHCS
K+-, Na+-, Ca2+-xkaHajamu, eHepreTuyHe 3a0e3MeueHHs SIKUX 3JiHCHIOEThCS Mg2+-3a1exHO0I0
AT®dazoro. [IpuunHN MOpyIIeHHS IUX MPOIIECIB BEAYTh 10 MOJM0BXKeHHs iHTepBany Q-T — tob6To
JI0 CIOBINBbHEHOI 1 aCHHXPOHHOI Jie- 1 permoysipu3amii KapaioMiolUTiB NUTyHOUKiB. Po3yMmiHHS
MexaHi3MmiB Moaysii iHTepBany QT y KiHOK cTapIIMX BiKOBHX T'PYI € HAA3BUYAHHO BAXITUBUM
I pO3POOKH MPOQiTaKTUIHUX 1 TEPANEBTUYHUX ITiX0/iB, CIIPSIMOBAHUX HA 3HIKEHHS CEPIIEBO-
CYJMHHOT'0 PU3UKY Ta MOKPAIIEHHS SKOCTI JXHUTTS 1€l Bpa3IUBOi KaTeropii marieHTiB.

B nocnimkenHi npuitManu y4acth 36 ®IHOK CepeHbOT0 Ta 32 IHKHU MOXHMIOTO BiKY, SKUM aMOy-
naTopHo nposoauau 1odose EKI'-MoHiTOpyBaHHs 3a MeTo10M X0JTepa Ha 6a31 MEAMYHOTO LICHTPY
TOB «ME/I-COIO3» (M. Cymn) i Ha 6a31 Hayk0oBO-KOHCYJIBTaTUBHOTO 1 1IarHOCTUYHOT'O MEIUYHOT'O
ueHtpy «l'omosuuit 6ine» (M. Auinpo). Yci qocnifkeHi )KiHKH OyJIM YMOBHO 310POBHUMH, HE MaJH
CKapr Ha 3[0pOB’s Ta CEPLEBO-CYJAMHHHX 3aXBOPIOBaHb B aHaMHE31 1 Jalu MMCbMOBY 3TrOAY Ha
MPOBEACHHS JOCTIIKEHb 1 BUKOPUCTaHHS JaHUX. MOHITOPUHT 3A1HCHIOBAIM 13 3aCTOCYBaHHSAM
cucremu «KapaioCenc CSy, pozpodsienoi TOB «XAI-MEJIMKA» (Ykpaina, m. XapkiB). Ctaructuuna
00po0Ka OTpUMAaHMX PE3yibTaTiB 3[iMCHIOBANAcs METOAOM IAapHHUX MOPIBHAHBL 3a JOIOMOIOI0
nporpamu IBM SPSS Statistics 27. Bumiprosascs kapaiointepsan QT 1 ioro BiIXUICHHS y KIHOK
KOKHOI BiKOBOi Tpymnu. Harmri mochiiKeHHs moKasand, o0 y XKIiHOK cepeJHboTo Biky iHTepBanm QT
kKonuBaBscs B Mexkax 360-380 mc 3 cepeanim 3HaueHHsM 370,30 £4,98 mc. YV KiHOK MOXHUIIOTO BiKy
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el iHTepBall CTAHOBHB, B cepeinboMy, 405,05 +3,75 mc 1 OyB B Mexkax 380-420 mc. Take BiporinHe
(p <0,05) 30iybIIEHHS I[LOTO KapA10IHTEPBATY Y )KIHOK 3 BIKOM CBITYUTH PO MOCTYIOBE 3MCHILICHHS
MOTEHIIIAJTy CIIOKOIO KapaioMioluTiB. ToOTO 301IbIIICHHS IILOTO MOKA3HUKA CBITYUTH PO 3HUIKEHHS
HIBUAKOCTI MPOBEJCHHS 110 MiOKapay i OB’ si3aHE 3 IGCCHHXPOHU30BAHUMH MPOIecaMu 30y KSHHS 1
CKOPOYCHHS, 1[0 MOKE HETaTUBHO BIJIMBATH Ha QYHKIIOHAIBHI MOKIUBOCTI 1 pE3EPBH CEPLIEBOTO
M’s13a. OTpuMaHi AaHi MOXKYTh OyTH BUKOPUCTaHI HE TUIBKH JJIS OLIHKU CTaHy CEpLeBO-CYJUHHOT
CHUCTEMH, a U K MapKep CTYNEHIO BIKOBUX 3MiH 30y/UIMBUX TKaHWH. MU IPHUIIyCKAEMO, IO IIeH
MOKa3HUK MOKE BiJIoOpa’kaTh CTYMiHb aKTUBHOCTI TaIbMiBHUX CHCTEM OpPraHi3My B KUJIBKICHOMY
ACHEKTI.

Karouosi cioBa: enekrpokapaiorpadis, sKiHKH, cepenHiil Bik, moxunuii Bik, QT-iHTepBaur.

TPbOXKOMIIOHEHTHA CUCTEMA BU3HAYEHHS CTAHY HIEHTPAJILHOI
HEPBOBOI CUCTEMM TA KOTHITUBHUX (I)YHKIIII/I JIOAUHHU

M.IO.Makapuyk!, H.B.®iximonosal, .B.ITammyxa !

! Kuiscoruii nayionanonuii ynieepcumem imeni Tapaca Illesuenxa, m. Kuis;, makarchuk mykola@knu.ua

st Bu3HaueHHs 00’ €KTUBHUX KUJIbKICHUX MOKa3HHUKIB CTaHy LEeHTpaabHOoI HepBoBoi cuctemu (LIHC)
Ta KOTHITUBHUX (YHKLIN JTI0AnHY Oyia po3podiieHa TPhOXKOMIIOHEHTHA cucTeMa. [lepiinii KoMImoHeHT
CKJIaJIa€ThCs 3 OJIOKY OpUTiHAIBHUX KOMIT IOTEPHUX TECTIB BU3HAUYCHHS CTAHYy OCHOBHHX BIIaCTUBOCTEH
uentpanbpHoi HepBoBoi cuctemu (IIHC) (30-35 xBuUIKMH), 37aTHOCTI BUTPUMYBATH iHQOpMaIliliHE
nepeBanTakeHHs (10 XBUIIMH), MIKPOCTPYKTYypH omepatuBHoi mam»>sti (40-45 XBwiIMH), a came:
ONEepaTUBHOI MaM>sTi Ha BepOasibHi Ta HeBepOaIbHI CTUMYJIN 3pOCTAI0Y0] CKIAAHOCTI; aCOLIaTUBHOI
namM>sITi 3a CXOXKICTIO, 32 CYMIKHICTIO B 4aci Ta MpOCTOpi, 32 KOHTPACTOM Ta aCOL[iaTUBHOI MamMysTi
Ha HEJIOTiuHI acouiamii, a TaKOXK CTPYKTypH iHTesekTy Ha ocHOBi TSI (1,5 rogunm). ¥V npyromy
KOMIIOHEHTI Ha OocHOBI aHani3y enekrpoeHuedarorpamu (EEI") (peectpanis EED 3mificHIO€THCS
MiJ Yac BUKOHAHHS TECTOBHX 3aBJaHb) PO3Ii3HAIOTHCS HEHpOMapKepu aJeKBaTHOCTI HEHPOHHUX
Mepexk MO3KY. 3a JOOMOIr0I0 CTaHAAPTHU30BAaHOI MPOTPaMH €JIEKTPOMAarHiTHOI ToMorpadii MO3Ky
HU3bKO1 po3ninbHoi 31aTHOCTI LORETA BH3HAUAIOTHCS CTPYKTYPH MO3KY, SIKi 3a/lisTHI B BUKOHAHHI1
TECTOBHX 3aBJaaHb. KpiM TOT0, Ha OCHOBI KOT€PEHTHOTO aHalli3y BU3HAYA€THCS 3B SI3HICTH MO3KY,
OCKIJIBKHU caMme crenndiyHi HepoHHI Mepexi, AKi 3’ €AHYIOTh CTPYKTYPH MO3KY B TUMYAacOBi (pyHK-
HiOHAJbHI MepexXi st BAKOHAHHS TIEBHOTO 3aBJaHHs, BU3HAYAIOTh €(DEKTUBHICTH MO3KOBOI AisIb-
HOCTIi. Y TPeTbOMY KOMIIOHEHTI Ha OCcHOBI aHamii3y enektpokapuiorpamu (EKI) (peecrpanis EKI
3IMCHIOETHCS i/l Yac BUKOHAHHS TECTOBUX 3aB/IaHb) BU3HAYAETHCS (Di310JI0T1UHA 1iHA, SKY [IJIaTUTh
OpraHi3M 3a BUKOHAHHS 3aBJaHb, a CaM€ BHU3HAYAIOTHCS MOKA3HMKM aKTHBHOCTI CHMIIATHYHOTO
1 mapacHMMMIaTUYHOTO BiAJA1IIB BEreTaTUBHOI HEPBOBOI CHUCTEMH, SIKi XapaKTepHU3YIOTh CTYIiHb
HAIPY>KEHHA PEryJISITOPHUX MEXaHi3MiB, 110 OKa3y€, HACKIIBKH CKJIaJHO JaHOMY 00CTEKYBaHOMY
BUKOHYBaTH TOM 4M iHmMH TecT. Jeski ypaxxeHHS MO3KY, Taki SIK KOHTY3ii, OCTTpaBMaTH4Hi
ctpecoBi poznanu (IITCP), panni HelipojereHepaTuBHi 3MiHM Ta iHII. € HEBUAMMUMHU Ha MPT
ta MPT, mo npu3BoAUTH 70 X HEJOOUIHKK. BonHOYac, BHACIIIOK TaKUX TPaBM 1 3aXBOpPIOBaHb
YUIKOJUKYIOThCS MEBHI MIXKHEHPOHHI 3B’ SI3KH, 10 BUKJIHWKA€E JOBrOTPUBAJi MCUXIUHI pO3Iagn
Ta KOTHITUBHI MOpyLIeHHs. B pe3ynbrari HempaBUIbHOI A1arHOCTH Ta HEHAJEXKHOTO JiKyBaHHS
KOMOATaHTH MOXKYTb CTPaXXAaTH Bijl KOTHITUBHUX PO3Ja/iB IPOTATroM 0aratboX pokiB. BcranosieHo,
110 OTPUMAaHHUI KOMIUIEKC MOKa3HUKIB € e(eKTUBHUM y AiarHOCTHII Ta pealiniTamii KOMOATaHTIB
3 IITCP, KOHTY3i1siMH Ta IHIIMMH ypa)X€HHSIMH T'OJIOBHOT'O MO3KY, 110 3a0e3medye CBOEYaCHE
BTPYYaHHA, IPUHLHIIOBO MiJABUINYE JOUUIBHICT T €(PEKTUBHICTh MEJUYHOI TOMIOMOTH Ta MPOLECY
peabimitarii komOaranTtiB. KpiM TOoro, mpornoHoBaHa cucremMa Moxe OyTH €()EKTHBHOI Y PAHHBOMY
BUSIBJICHI HEHPO-JIereHEepaTUBHUX 3aXBOPIOBAHb, 3a0€3MEUYUTH KOHTPOJIb 32 SKICTIO JIIKYyBaJbHUX
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Ta pealiliTaifHUX MPOUEAYp Ta MEPCOHATI30BaHMN MiAXiA Mpu BUOOPI MEIUYHUX DIlIEHb Ta
MPakTUK Ha OCHOBI MPOTHO30BaHOI peakilii KOHKPETHOro maiieHTa. Takok BCTAHOBJIEHO, IO Ha
OCHOBI TECTyBaHHS BPOJ)KEHUX 0COOJIIMBOCTEH CTaHy HEPBOBOI CHCTEMH Ta KOTHITUBHUX (QYHKIIIH
JiTeH JOIKITFHOTO Ta MIKITLHOTO BiKY MOXKYTh OyTH chopMoBaHi ipodini cep Haibinbr eeKTUBHOT
iX MallOyTHBOT AISIIBHOCTI Ta CTBOPEHI 1HAWBIAYyalbHO-Opi€HTOBaHI cTparerii HaBYaHHA. Kpim
TOTO, BCTAHOBIICHO, IO NMPONOHOBaHA CHCTEMa J03BOJISIE BU3HAYUTH HEHPO-McuxoQi3ionoriuni
MapKepHu MEBHUX BIHCHKOBUX CIICI[IAJIBHOCTEH, IO MiJBUIIYE SKICTh T4 IHTEHCUBHICTH MiJTOTOBKH
BIHICBKOBOCITYXOOBIiB Ta e(EKTHUBHICTh NPOQBIAO0PY MEPCOHATY OCOOJIHMBO IS CHEIiaTbHOCTEH,
SIK1 TIPEJI SIBJISFOTH MeBHI BUMOTH I0JI0 BPOJKEHUX MTapaMETPIB JIFOMHHU.

Karouogi cioBa: [IHC, onepaTuBHa nam’siTh, IHTEIEKT, HEHpoMepeKi TOJIOBHOTO MO3KY, BapialiiiHa
MyJIbCOMETPIst

IN VIVO PHOTOCONTROL OF MECHANOSENSORY CIRCUITS IN SPINAL CORD

Maleeva G.!, Nin-Hill A.2, Rustler K. , Wirth U.3, Gomila A.!, Ranucci M.4, Rovira C.2,
Bregestovski P.5, Zeilhofer H. U.4, Konig B.3, Alfonso-Prieto M.%, Gorostiza P.1"

!Institute for Bioengineering of Catalonia, The Barcelona Institute of Science and Technology, Barcelona;
’Departament de Quimica Inorganica i Organica, University of Barcelona, Barcelona;

3Institute of Organic Chemistry, University of Regensburg, Regensburg;

*Institute of Pharmacology and Toxicology, University of Zurich, Zurich;

SInstitut de Neuroscience des Systemes, Aix-Marseille University, Marseille;

Institute of Neuroscience and Medicine INM-9, Forschungszentrum, Jiilich;

“Institucié Catalana de Recerca i Estudis Avan¢ats (ICREA), Barcelona; gmalieieva@ibecbarcelona.eu

Inhibitory neurotransmission in the central nervous system is mainly mediated by GABA ,Rs.
Disequilibrium in their function leads to many sever neurological disorders, such as epilepsy,
anxiety, depression. Thus, development of allosteric modulators that would regulate the activity
of these receptors with minimized side effects is of great importance. Photopharmacology is
a unique tool for these purposes allowing precise spatial and temporal light-driven control of
pharmacophores” activity, and consequently of their target proteins. Pursuing the goal to develop a
GABA ,Rs positive photomodulator, we successfully functionalized the benzodiazepine nitrazepam
into a light-controllable molecule via extension by a photochromic fulgimide. The molecule that
was obtained, Fulgazepam, was demonstrated to be the first photochromic switch-on potentiator
of GABA,Rs and its ability to photomodulate neuronal activity and behavior was successfully
demonstrated in vivo in zebrafish. Next, through azologization of a partial agonist of GABA ,Rs
we have obtained a photoswitchable activator of GABA ,Rs. Similarly to the Fulgazepam, it was
shown to activate gabaergic currents only after illumination with UV light. Its advantage, comparing
to the Fulgazepam, is its higher synthetic accessibility and an activation wavelength shift towards
blue part of the spectra — 400-405 nm, which allows better penetration of light into the tissue. We
demonstrate that our new photoswitchable GABA ,Rs modulator can photocontrol mechanical
sensitivity of mice in vivo, without disrupting locomotion. In summary, we have developed a toolbox
of photoswitchable modulators of GABARs that can be used for variety of tasks when studying
gabaergic neurotransmission. Our latest light-switchable gabaergic molecule is a promising model
compound for further therapeutic developments in photopharmacology.

Key words: photopharmacology, inhibitory neurotransmission.
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INFLUENCE OF INTRATHECAL TRANSPLANTATION OF MULTIPOTENT
MESENCHYMAL STEM CELLS DERIVED FROM UMBILICAL ARTERY AND
MULTIPOTENT STROMAL STEM CELLS DERIVED FROM SKIN ON THE COURSE
OF EXPERIMENTAL PERIPHERAL NERVE INJURY

Z.K. Melikov'?, O.A. Rybachuk™, V.V. Medvediev'?*

! Bogomolets National Medical Universit, 13, Tarasa Shevchenka Blv, Kyiv, 01601, Ukraine

2 State Institution «Romodanov Neurosurgery Institute, of NAMS of Ukrainey, 32, Platona Mayborody
Str, Kyiv, 04050, Ukraine

* Bogomoletz Institute of Physiology of NAS of Ukraine, 4, Akademika Bohomoltsia Str; 01601, Kyiv, Ukraine;
4 Institute of Genetic and Regenerative Medicine, M. D. Strazhesko National Scientific Center of Car-
diology, Clinical and Regenerative Medicine, NAMSU, 5, Sviatoslava Khorobroho Str, 03680, Kyiv,
Ukraine; E-mail: melikov_ziya@ubkr.net, rbk@biph.kiev.ua, vavo20l0@gmail.com

Peripheral nerve injury (PNI) is a pressing biomedical issue, especially during wartime, due to the
high frequency of such injuries. Modern methods for restoring the function of the injured nerve
include mandatory surgical restoration of its integrity and a number of conservative or less invasive
interventions aimed at stimulating the recovery process, reducing neuropathic pain syndrome, etc.
Bioengineering approaches to restorative treatment of PNI are considered the most promising,
among which the impact of stem cell transplantation into the subarachnoid space on the process of
plastic remodeling of the nervous system in the context of PNI is the least studied. In this study,
we examined the effect of delayed transplantation of two types of human multipotent stromal stem
cells into the cisterna magna on the recovery of the functional index of the sciatic nerve (sciatic
functional index, SFI) after its transection and immediate epineural suturing in adult rats. The
obtained data indicate that a two-week delayed intrathecal xenotransplantation of multipotent
stromal stem cells from skin and multipotent mesenchymal stem cells from umbilical artery leads
to a significant increase (p<0.001, ANOVA test with Tukey’s test for post hoc comparisons) in SFI
after 2.5 months of observation to levels of —46.3+18.8 (p<0.01, Tukey’s test for post hoc compari-
sons) points and —35.94+12.4 points (p<0.001, Tukey’s test for post hoc comparisons), respectively,
compared to the result of isolated suturing of the transected sciatic nerve, which was —60.4+13.0
points. For a more thorough understanding of the effectiveness of this method of restorative treatment
of PNI, further research with longer observation periods and the involvement of morphometric,
immunohistochemical, and electrophysiological methods is necessary.

Keywords: peripheral nerve injury, restorative neurosurgery, multipotent stromal stem cells, intra-
thecal cell transplantation, sciatic nerve functional index.

KAJIBIIIEBI CUTHAJIA, BUKJIUMKAHI IMITYJIbCAIIEIO HEMPOHIB FAHIJIIS
TPIMYACTOI'O HEPBA

B.1O. Macaos, M.B. Teabka, M.C. BecesoBebkuii, C.A. ®@enyJioBa

Incmumym ¢hizionocii im. O.0. boeomonvys HAH Yxpainu, m. Kuie; masl@biph.kiev.ua

KanpiieBa curnanizamisi y Heiiponax ranriis Tpiidactoro Hepsa (I'TH), Ha BigMiHy Bix KIiTHH
CITIIHAJIPHUX TAHTIII1B, 3TUIIAETHCA HEJOCTATHRO MOCIIHKEHO0. 30KpeMa, 3HaUHUH 1HTepecC mpe-
CTaBIISI€ BU3HAYCHHS MapaMETPiB KATBIIEBOTO CUTHAITY, BUKJIUKAHOTO OKPEMHUM TOTEHITIAJIOM il
(ITH), amke 3a yMOB MPUPOAHBOT IMITyJIbCaIlii TAKWIl CUTHAJ € CBOEPITHOIO «EJIEMEHTApPHOIO I0-
JII€I0», CYNEPIO3HILis IKUX BU3HAYAE XapaKTeP 3MiH BHYTPIITHBOKIITHHHOT KOHIIEHTPAIlil KaJIbIIifo.
Panime Ha kynpruBoBaHUX Heiiponax I'TH miypa Hamm Oyio 3apeecTpoBaHO KalbIi€BI CUTHAIH
MpU Jenosipu3amii KIITHHH CepisiMU IMIYIbCiB, AKi iMiTyBanu TOHiuHy TeHeparito IIJ1. IIpu
bOMY OyJ0 BH3HAUYE€HO €(PEKTHBHY aMILIITYIy (Aecb) CUTHally Ha OJIMH IMITYJIbC (BiIHONICHHS
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aMILTITyAH CUTHAIIY JI0 KITBKOCT1 iIMITyJIBCIB Y cepii), cepeiHe 3HAUCHHs K01 cKiiasio 17 HMOMb/I.
OTpuMaHa BeJIMYHHA € BAXKIMBOIO XapaKTEPUCTHKOIO KaJbI[iEBOTO rOMEOCTa3y HEHpoHa 3a yMOB
TOHIYHOI IMITyJIbCAllil, MPOTE 3a paXyHOK HENHIHHOCTI Oy pepHOT EMHOCTI 11 BAKOPUCTAHHS Y SIKOCTI
OI[IHKHM aMIUIITYJu CUTHay Ha okpemuil [1]] (Appy) Moxe OyTH HE IIJTKOM KOPEKTHHM. 3 METOIO
0e3mocepeTHbOT OLTHKH A OyJI0 MPOBEICHO HACTYITHY cepito qociiaiB. ['eHepariro okpemoro [1]]
y KyJbTHBOBaHOMY HelipoHi I ' TH mypa BUKIMKaIH KOPOTKOIO IeNOoJsIpr3alieto MeMOpaHH B pexKUMI
¢ikcanii cTpymy, Ipu HbOMY OJTHOYACHO PEECTPYBAJIM 3MiHU BHYTPIIIHBOKIITUHHOT KOHIIEHTpAIil
KaJIbIIi10, sIKi MPEeACTaBISIIN cO00I0 raycoBUi IyM 0e3 BUPaXEHOTO CUTHAITY XapakTepHoi hopmu
(IIBHIKE 3pOCTaHHS Ta €KCIOHEHIIHHUHT clIaa) 3 cepeIHbOKBaAPATHUYHUM BiXHJICHHSIM 8§ HMOJIbB/J,
110 JTUIIIC YBi4l MEHIIIC 32 MONEPEIHHO BU3HAUCHY HAMH Aecb' Ile o3Hauae, 1110 32 YMOBH JIIHIHHOCTI
OydepHOi eMHOCTI Ha OJIHI¥ peecTpallii cUrHaji y BianoBiab Ha ojauH [1]] Oyn0 6 MOKIUBO BUSIBUTH.
[IpoTe HaBiTh IpU ycepeaneHHi 25 ta 100 mocaiJoBHUX peecTpalliit He 0yJI0 BUSBICHO KaIbI[IEBUX
CUTHAIIIB, BIJIMOBIIHI 3HAYCHHS CEPEIHBOKBAJAPATUYHOTO BiIXUICHHS ckianu 1.6 ta 0.8 HMOJIB/I1.
MosxHa 3pO6HTH BUCHOBOK, 1[0 Ay, puHaiiMHi y 20 pa3iB MeHIIa 3a Aed’ MPH BiJHOCHO KOPOTKUX
(mo 10) cepisix IMIyJIbCIB; [ CBIIYUTH PO CYTTEBY HENiHIHHICTH OydepHOi eMHOCTI HeipoHa y
BIJIMOBITHOMY Jialta30Hi 4YacTOT iMIyJibcallii. TakuM 4YMHOM, 3aCTOCOBAaHE HAMH YCEPEIHCHHS HAaJI0
MOJKJIUBICTb OL[IHUTH 3BEPXY Aqyy; T BCTAHOBUTH, IO KaJlbLli€BUIA CUTHAJ IPpH TeHepanii Kiabkox [1]]
HE € MPOCTOI0 CYNEPIIO3HIIEI eJIEMEHTAPHUX MOiH. DyHKIlIOHATbHE 3HAYCHHSI TAKOT HEaIUTUBHOCTI
MOKE IMOJSTaTH y TOMY, 11O BiJHOCHO MOMIpHI BIUIMBU Ha aMIUIITYJy KaJIbI[i€BOIO CTPyMy Ta
gactoTy [1/] MOKXYTh TPU3BOJAUTH JIO ICTOTHUX 3MiH MapaMeTPiB KAJIbI[I€EBUX CUTHAJIB, BHKJIUKAHUX
IMITYJIbCAI[i€F0; BIJIMOBITHI KJIITUHHI MEXaH13MHU (aKTUBAIIIs KaJbI[1ii-3aJIC)KHOTO BUBIJIBHCHHS 10HIB
KaJbI[i10 3 BHYTPIITHBOKIIITHHHUX JICTIO, 3Ty YCHHSI KaIbIi#-3B’ I3yI0UHX OUIKIB 3 pi3HUMU a)iHHUMHU
XapakTEepUCTUKAMH TOLIO) MOTPEOYIOTh OKPEMOT0 TOCITiIKCHHS.

KarouoBi cioBa: ranrmiii Tpiifuactoro HepBa, KaJdbl[i€BUI CUTHAJ, MOTEHIial Aii.

FROM SYNAPSES TO BEHAVIORS: INTEGRATION OF FEEDING
AND STRESS IN THE HYPOTHALAMUS

I.V. Melnick

Dept of Biophysics of lon Channels, Bogomoletz Institute of Physiology of National Academy of
Sciences of Ukraine, Ukraine, igorm@biph.kiev.ua

Food intake and stress response are homeostatic motivated behaviors necessary for survival, which,
in natural conditions, inevitably interact with each other to produce behavioral continuum of an
organism. Laboratory and in situ observations suggest the inverse relationships between them, e.g.
increased food intake is a common strategy to cope with stress for both animals and humans. The
neural mechanisms of this negative integration, however, are poorly understood. Here the data are
presented, both personal and elsewhere, which identify the necessary components of hypothalamic
circuitry that integrate both homeostatic responses. These components include parvocellular neurons
producing corticotropin releasing hormone (CRH), which are known to activate hypothalamic-
pituitary-adrenal axis initiating stress response, and converging on them reciprocal synaptic inputs
releasing fast neurotransmitters, excitatory glutamate (GLU) and inhibitory GABA. Remarkably,
GLU- and GABA-ergic afferents convey signals of opposite behavioral modalities, stress- and
feeding-related respectively. In result, an acute balance between postsynaptic excitation and inhibi-
tion of CRH cells provides a rapid (seconds) control over behaviors: excitation leads to stress, while
inhibition is necessary for feeding. Depending on distinct temporal relations between respective
behaviors however, there also exist a slow integration of feeding and stress (days). Thus, prior food
deprivation (i.e., hunger) facilitate, while re-feeding suppresses, excitatory response of CRH cells to
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other stressors. The nature of this slow effect was defined as sensitization of stress axis, which occurs
locally at the level of presynaptic GLU-ergic terminals via as yet unknown molecular mechanisms.
Keywords: hypothalamic circuitry, stress and feeding integration, corticotropin-releasing hormone
(CRH)

FEATURES OF THE PARAMETERS OF EEG IN PERSONS WHOSE IMMUNE STATUS
IS SUSCEPTIBLE OR RESISTANT TO CHRONIC STRESS

Melnyk O.I. !, Lukyanchenko O.1.2

'Danylo Halyts kyi National Medical University, L viv, omelnyk7@gmail.com
2Ukrainian Scientific Research Institute of Medicine of Transport, Odesa sofia.lukyanchenko@gmail.com

Introduction. In animal experiments and clinical observations, it was found that the reactions
of the immune system to stress are characterized by features of individuality due to individual
reactivity of the main stress-realizing systems: sympatho-adrenomedulary and hypothalamic-
pituitary-corticoadrenal. Secondary, but essential role is also played by stress-induced changes
in vagal tone, blood levels of sex and thyroid hormones as well as parathhormone and calcitonin.
In order to find out the role in induced by chronic stress changes in immune parameters of the
sympatho-vagal balance in the previous study, we compared the individuals who were retrospectively
divided into two groups, almost identical to the average value of LF/HF ratio and its dispersion,
but with opposite deviations from the norm of the links of immunity. Previously, in our laboratory,
significant relationships were found between the parameters of phagocytic, cellular and humoral
links of immunity, on the one hand, and HRV and EEG, on the other hand. Hence, a hypothesis
that, for the same states of the autonomic nervous system, the differences in immune responses
to chronic stress were due to the features of the EEG. The verification of this hypothesis was the
goal of this study. Material and research methods. The object of observation were 32 men (aged
24-70 years old) and 8 women (39-71 ys) with chronic pyelonephritis in remission. The criterion
for inclusion was the magnitude of the sympatho-vagal balance index LF/HF, which exceeded the
age norm by 0,5 6. We recorded the parameters of HRV («CardioLab+HRV», «kKhAI-MEDICA») as
well as EEG (“NeuroCom Standard”, KhAI MEDICA) monopolar in 16 loci by 10-20 international
system. Results processed using the software package «Statistica 5.5». Results. After the EEG
parameters screening, two profiles have been created that reflect the differences between the two
clusters of individuals. The first profile contains the parameters that in stress-sensitive individuals
are in the zone of narrowed norm, whereas in stress-resistant individuals they are to some degree
elevated, or at least exceed those in stress-sensitive individuals. This means that the Amplitude of
d-rhythm and PSD of d-rhythm in O1, F4, P4, F3, O2, T3, C3, T4, TS, P3, T6, Fp2 loci as well as
Deviation of a-rhythm, which are higher than the average norm prevents inhibition of phagocytosis
and cellular immunity, which is accompanied by a sympathetic shift of sympatho-vagal balance.
On the other hand, the factors listed above result in the enhancement of humoral immunity that is
absent in persons susceptible to stress. The second profile contains EEG parameters, each of which
in stress-resistant individuals are lower than that of stress-sensitive individuals. The first set has
a significantly pronounced 0-rhythm Asymmetry, increased Entropy in TS5 locus, and also PSD in
F8 locus in stress-sensitive individuals, whereas in stress-resistant individuals, the Asymmetry is
much less pronounced and the other two parameters are quite normal. The second set consists of
parameters of B-rhythm, as well as Entropy in F8 locus, whose Z-scores fluctuates around zero in
stress-sensitive individuals, whereas in stress-resistant individuals all of them are in the lower norm
zone. Apparently, such a state of B-rhythm prevents the suppression of phagocytosis and cellular
immunity, and also causes the activation of humoral immunity under conditions of chronic stress.
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Additional preventive factors are the left-side lateralization of a- and 6-rhythms. Conclussion. We
have proven that for the same states of the autonomic nervous system, the differences in immune
responses to chronic stress due to the features of the EEGs parameters as markers of individual
reactivity.

Key words: chronic stress, sympatho-vagal balance, immunity, EEG, individual reactivity.

AHTAPKTUYHA MOJIEJIb TOCAIJIXKEHHSA JIIf EKCTPEMAJIBHUX ®AKTOPIB
HA JIIOIUHY

€.B.MoicecHko

Inemumym ¢hizionoeii im.O.0.bozomonvys HAH Ykpainu, m. Kuis e-moiseyenkoev@gmail.com

BcTaHoBneHO, 110 OJIHUM 13 BapiaHTIB MOJEII JUIs TOCIIJDKEHHS Ji1 eKCTpeMalbHUX (PaKTOpiB HA
JIOJUHY Ta iX HACHiAKIB, aCOLiHOBAaHUX 3 MOCTTPAaBMAaTHUYHUMHU pO3JagaMu (CTpecoBi, HEBPOJIO-
riy"i Ta MeTa0oJIiuHI MOPYHICHHS), MOXKYTh CIYT'yBaTH HaJ3BUYalHI YMOBH TPHBaJoi cOLiadbHOT
JernpuBanii B AHTapKTULI Ta MOPCHKOTO MEPEXOAy MPHU MTOPMOBIH XUTaBULi, KOJIM rapaHTOBAHO
MPOSIBJISIIOTHCS. O3HAKM MOPYIIEHb Ha BCiX piBHAX (yHKLIOHATBHOI opraHizanii opranizmy. BusHa-
YEHO, MI0 XapaKTEepHOIO OCOOIMBICTIO 3MiH OlOPUTMIKH €NEKTPHUYHOI aKTUBHOCTI I'OJOBHOTO
MO3KYy BHACIiJOK TPUBAJIOTO mepeOyBaHHA B aHTAPKTHYHHX YMOBax € JIEMPECUBHICTH BiAMOBiAl
nepedpanbHOi 01I0pUTMIKH Ha TJi FeHepali30BaHoil IeCHHXPOHI3alil 610pUTMIB 3 PEBaTIOBAHHIM
JTU3PETYISIIIMHUX MPOSIBIB y TPOEKLIAX KOPHU TOJIOBHOTO MO3KY, 1110 MalOTh BiTHOILIEHHS 1O peryJsmii
ncuxoemouiitnoi chepu monuuau. [Ipu 1poMy, B aHTapKTHYHHUX 3MMIBHHUKIB BU3HAYaJUCh HasSBHI
npobiemu y peiekTopHiil perysiiii BepTHKaIbHOTO MOJI0XKEHHS Tijia: OijblIe BUpa3Hi BiAXUICHHS
kedanorpadiyHoi KpUBOi JiBOPYY, IO MOXKe OYTH O3HAKOIO MPEBANTIOBAHHS 3pYILIEHb y OKpEeMiil
perynamiiHii naHni HeHTpanbHol HepBOBOi cucTeMH. BUsSBIEHO, M0 MOPYLIEHHS METa0omi3My
BHACIIIIOK TPUBAJOI AepuBalii MiJBUIIY€E IHTCHCUBHICTb POOOTH CUCTEMH KpOBOOOITY i BUMarae
CYTTEBOTO 301IbIICHHS yAapHOro 00’ €My KPOB1 BHACIIIOK MMiIBUILEHHS PiBHSA NOTJIWHAHHS KHCHIO,
301IBIIYIOYN PU3UKU PO3BUTKY PO3JIaliB HOPMAIBHOTO (DYHKIIOHYBaHHS CEPLEBO-CYANHHOI CUCTEMHU.
Bcranosneno, mo anensHuid noximopdism mo reny HIF-lo BnnuBae Ha rimoKCMYHO iHAYKOBaHi
3MiHU yIBTPACTPYKTYpH 1 QYHKIIT KIITHH KPOBi, 1 TAKHH THUI 3MiH MOXE CIYTyBaTH MapKepoMm
(dbopMyBaHHS aJJaliTHBHUX PEaKIliil y BiJIOBIAb HA riMOKCHYHUM cTUMYI. [loka3aHo, mo quHaMmika
3MiH y OUpKaJiaHHIH apXiTeKTOHII TeMIepaTypH Tijia 3MMiBHUKIB MOKe OyTH OMOCEepeIKOBaHUM
CBIITUCHHAM CYTTE€BHUX 3PYLICHb Yy T'YMOpalbHIN peryisiuifiHiil maHui, ki BigOyBaroThCsS il
BIUTUBOM OiOPUTMOTEHHHMX YMHHUKIB (1HBEpCisl ce30HIB, 3MiHa (OTONMEPIOJUKH 1 YACOBOTO MOsCY,
MOHOXPOMHICTBh CEpeIOBHUIIA), [0 CBIAYNUTH NPO HASBHICTH JIECHHXPOHO3HUX 1 AM3aJanTaliiHUX
po3naxiB. BkazaHi 3MiHU MiATBEPKYIOTHCS MapaleIbHUMU pe3ybTaTaMy AOCIiKEHHS TUHAMIKH
MOp(}o-PYHKIIOHATHHUX XapaKTEPUCTHK MITOXOHIPIaIbHOTO anapary, ki BKa3yloTh Ha Iepe0yJ0BH
CYOKIITHHHUX CTPYKTYp, IO CUTHANI3YIOTh PO (OPMYBAHHS HACIIAKOBHX O3HAaK CTPECOBOTO
ctany. baraToo0insito4uM HAMpsIMOM y A1arHOCTUYHIN Ta MpoQiNaKTHYHI MEAUINHI BUCTYNAIOTh
HOBI BiZIOMOCTi MPO HAasIBHICTh MPUUIBHOT MOAYIALII MikpoOioMy Ha ¢GOHI MITOXOHIPialbHOI
nucyHKOil Ta MEeTabOJIYHOTO CHHAPOMY MpPH pO3Jajax acoUiiloBaHUX 3 MOCTTPaBMaTUYHUMU
NopyLIeHHsIMU 1 Tinokciero. OkpiM TOro, mpoBeAeHI MiIOTHI AOCTiKEHHS MOKIMBOCTI KOpPEKIii
NOpyUIeHb MCUXO(I3UUHOTO CTaHy JIOJUHU LUIIXOM PO3POOKH TEXHOJOTI MPOrpaMHO-anapTHOTO
yhpaBiiHHS npedepeHUifHUM CIPUUHITTSAM CHEKTPIB KOJIbOPiB 3a AOMOMOTOI0 iHpOpMamiiHOT
curHanizanii nepeOy 0B MOTOYHOTO CIiBBI1IHOIIEHHS MOTYKHOCTEH PUTMIB €IEKTPUYHOT aKTUBHOCTI
TOJIOBHOTO MO3KY, 10 BiI0yBa€ThCs 32 paxyHOK ocoOHCTICHOT aBToperysnii. OTxe, TOCIiKSHHS
oco0nuBOCTEl 3MiHM MEPCOHIPIKOBAaHUX MOKA3HUKIB MCUXO0(i3i0N0riYHOr0 cTarycy, nepedyaoB
€JEKTPUYHOI AaKTHBHOCTI FOJIOBHOTO MO3KY, MOP(GO(DYHKIIOHATBHUX XapaKTEPUCTUK MITOXOHIPIiH,
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MeTaboI1i3My, KHCEHb-TPaHCIIOPTHOT QPYHKIIT KPOBi Ta aneinbHOro noniMopdizmy reny HIF-1o mroannu
3a yMOB TPHBaJIOT aianTallii 0 Jii KOMILUIEKCY eKCTpEeMalIbHUX (DAKTOPIB Ma€ aKTyaJbHE 3HAUCHHS 1
peanbHO BHOCHTH BKIIAJ Y PO3pPOOKY MpoOieM BU3HAYSHHS IEBHUX MapKepiB i MEXaHi13MiB PO3BUTKY
MAaTOJIOTii Bi/I BIUIMBY KOMILIEKCY KCTpeMalbHUX (DaKTOPiB acouiioBaHUX 3 TOCTTPaBMAaTHYHUMH
CTPECOBUMH PO3JIaJIaMH.

Kuro4uoBi ciioBa: rinokcis, 0O10puT™MH, ajganTtailis, JenpuBais, 3MMiBHUKU

Moiseyenko Y, Sukhorukov V, Pyshnov G, Mankovska I, Rozova K, Miroshnychenko O, Kovalevska
O, Madjar S, Bubnov R, Gorbach A, Danylenko K, Moiseyenko O. Antarctica challenges the
new horizons in predictive, preventive, personalized medicine: Preliminary results and attractive
hypothesis for multi-disciplinary prospective studies in the Ukrainian ‘Akademik Vernadsky’ Station.
JEPMA. 2016;7(1):1-19.

GENDER RELATED EEG MARKERS OF BURNOUT
(RESISTANCE STAGE FORMATION)

S. Mushta'*, D. Harmatiuk!, A. Popov!, J.M.A. Ferreira2, B. Palamar3, M. Makarchuk®,
I. Zyma¥, S. Tukaiev*>¢

Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine;

*Universidade de Coimbra, Coimbra, Portugal;

3 Bogomolets National Medical University, Kyiv, Ukraine;

*Universita della Svizzera italiana, Lugano, Switzerland,

SBrainPatch Ltd, Dublin, Ireland;

STaras Shevchenko National University of Kyiv, Kyiv, Ukraine; simonmushta@gmail.com

The development of burnout leads to serious mental and behavioral changes. The processes underlying
burnout remain insufficiently studied. Less is known about gender differences, and it is contradictory.
High levels of burnout are prevailing in women than in men. To identify the neurophysiological
mechanisms of emotional burnout we aimed to examine the EEG frequencies changes relating to
severity of Resistance stage of Emotional Burnout. The objects of the survey were 621 volunteers
(443 women and 178 men, aged 18 to 26 years old, Mage = 18.91, SD = 1.6 years). All participants
were first-fourth-year students of the Taras Shevchenko National University of Kyiv (Institute of
Biology and Medicine and Faculty of Psychology) and National Aviation University (Institute of
the Humanities), Kyiv, Ukraine. To determine the severity of emotional burnout 84 item Boyko’s
Syndrome of Emotional Burnout Inventory (SEB) was used. Psychological testing was performed
before the registration of EEG. EEG was registered during the resting state (3 min, closed eyes
condition). The interhemispheric and intrahemispheric average coherence across all EEG segments
in all frequencies from 0.2-45 Hz was estimated. The normalized power spectral densities (PSD)
were calculated on the segment from 61 to 70 seconds of recordings. The Resistance phase of
emotional burnout was formed in 139 women and 42 men. The development of the Resistance stage in
women includes the formation of new intrahemispheric connections mainly in the left frontal region
(alphal,2,3 subbands) and the midline fronto-central axis (Fz-Cz, alphal,2 and theta2 subbands). In
females detected increased Power Spectral Density of the alpha-rhythm reflects changes in activation
of the processes of short-term memory (alphal subband), and attention (alpha2 subband). The PSD
of betal subband was less expressed across the cortex except for anterior frontal areas, while beta2
subband was less decreased in the left frontal-central areas of the cortex. At the same time, in men,
with the development of Resistance, new intrahemispheric connections are formed mainly in the
right frontal region (alphal,2,3 subbands). Power Spectral Density changes were described by the
decreasing activation within thetal subband in central and posterior areas. Brain activity patterns
demonstrate specific gender differences, which are associated with differences in changes in attention
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concentration, working memory and emotional processes during the formation of burnout.
Keywords: emotional burnout (Resistance stage), EEG, functional connectivity (coherence), power
spectral density

BILIMB MEKAMEJIAMIHY HA LCC-KAHAJIM HEPOHIB MYPKIHHE MO30YKA
LYPIB

C. Haaroka, O. Kotuk, K. Ilpouenko, A. Korasipoa

Incmumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, m. Kuis, Ykpaina, n.serhiy.oleks@gmail.com

[Ipouecu 30ymKeHHS Y HEHpOHAX Ta MiOIUTaX 4acTO € HEPO3PUBHO MOB’A3aHUMH 13 BHYTPIIIHBO-
kiiTuHHOI0 Ca®'-curHanizaniero, OHUM 3 aCNEKTIB AKOi € BUBLIbHeHHS Ca’’ 3 BHYTPIIIHBOKII THHHUX
neno. st uporo npoiecy HeoOXiHa HasgBHICTb 3BOPOTHOIO MIOTOKY MO3UTHUBHO 3apsKCHIX HOHIB
y 3BOPOTHOMY HaIlpsIMKY, OJHAK Hapa3i HEeBiJJOMO, sKi HOHHI KaHAaJH 1 32 SKUM MEXaHi3MOM HOro
OToCepenKOBYIOTh. Ha posb Takux KaHasiiB Oyiio0 3alpOIIOHOBAaHO BUCOKOIIPOBIJHI KaTIOHHI KaHAIH
(LLC - large conductance cation channels) (Marchenko et al., 2005) ta TRIC-kananu (Trimeric
intracellular cation-selective channels) (Zhou et al., 2014). Bognouac ponp TRIC-kananiB y npomy
MpoIeci YaCTUHOI aBTOpPiB Oyia nmocrasieHa mijg cymHiB (Guo et al., 2013), ockinbku KoQeiH-cTH-
MysboBaHe BUBiNbHeHHS Ca’’ y nHokayTHuX 3a TRIC-reHoM MMILIEH BUSABUIOCS WIBUAIIUM i Oi/1b-
LIMM, HIK y MULIel qukoro tuny. IlepeBipka x rinotes3u npo ydacts LCC-kaHaiiB y upomMy npoueci
YCKIIaJHIOETHCSI BIICYTHICTIO JaHUX MpPO iX crneundiunuit 6mokatop. [lomyk ocTaHHROTO BUMarae
TECTYBaHHsI CIIEKTPY PEUOBHH. Y naHiil poOoTi yBara (GoKyCyeTbcsl Ha IPEICTaBHUKY OJIOKAaTOpPiB
H-XOJIIHOPELENTOPIB, a caMe MeKaMeJlaMiHi, OCKIIbKHY 1eKiIbKa IHIIKUX NPEACTaBHUKIB IILOTO KIIACy
PEYOBHH paHille onucaHi HaMu siKk MoaynaTtopu aktuBHocti LCC-kananiB (Kotuk Ta iH., 2019).

Jnst nocnifiB BUKOpUCTOBYBasiM IypiB sinii Wistar BikoM 3 Twokui. [licis BUIiIEHHS MO304YKa
foro ¢parmMenTH 30epirajiu y 3aMOpPOKEHOMY CTaHi y PO3YHMHI TAaKOTO CKJagy (MMOJB/J): KaJio
rmokonat-150, HEPES-10; HEPES-kanieBa cinb-10; pH=7,2 3 inriditopamu nporeas, J0JaHUX
3rifHo iHCTpYKUid BupoOHuKka (cOmplete Protease Inhibitor Cocktail, Roche, Switzerland). 3pa3ok
PO3MOPOXKYBaJId, TOMOI'€HI3yBalu Ta HEHTPUPYTyBadu mpu 5,5 THUC. 00/XB BIPOAOBK 5 XBUIMH
IUISL BiloKpeMJieHHsT Qpakiii saep Bil pemITH KIITHHHUX opranein. [licis romorenisanii Hagoca-
JOBY PIAMHY 3JIMBajy Ta 3aMiHIOBaiIu Ha po3unH Ha ocHOoBI KCl (Mmons/m): KCI-150; HEPES-S;
HEPES-kanieBa cinb-12; EGTA-1; pH=7,2). PecycnengoBany y pobouomy po3uuHi ¢ppakiito ocany,
1o mictuia siapa kTl [lypkinbe, mepeHocuin Ha IpeIMeTHUN CTOJMK MIKPOCKOIa Ta Miciis Mo-
BTOPHOI BiiMUBKH po3unHOM Ha ocHOB1 KCl, gocnimxyBann metogom patch-clamp y kongirypamii
nucleus-attached B pexumi voltage-clamp. [lonaneina o6poOka peectpaiiii Oyna 3ailicHeHa y Mpo-
rpamax Origin 2018 Ta Clampfit 10.7. Ilpu nogaBanHi MeKkaMenaMiHy y KOHLIEHTpauii 1 MMOIb/1
3a mpukiIageHoro norenuiany -40 ta -60 MB crnocrepirany 3MeHIICHHS aMIUNTYAH CTPYMY Kpi3b
LCC-kananu na 18,7 1 16,8 % Bignosinno (n=4-5, P<0,01-0,05). 3a npukiazeHOro MOTEHIiAy
+40 MB ta +60 MB ammiityna ctpymy 3a Aii MexaMenaaMiHy y KOHIIEHTpamii 1 MMoJIb/iI, HaBMAKH,
3a3HaBala HE3HAYHOTO, aje AO0CTOBipHOro 36inpmenns (n=4, P<0,05). MmogipricTs mepeGypan-
Hs KaHaJiB y BiAkputoMy crasi (P ) 3a koHueHTpauii Airo4oi peqoBuHH 1 MMOJIB/JI 3MEHIINIIACH
HaIMoJIOBUHY (N=3) MOPIiBHSAHO 3 KOHTPOJIBHUMHU 3HAYCHHSMH 32 IMPHUKJIaACHOro moreHuiany -40
MB. 3a mii nocnimkxyBaHoi pedyoBuHH criocTepiraiu Takox murotinas LCC-kananiB. Ha migcrasi
BHILE3a3HAYCHOT0 MOXHA 3p0OUTH BUCHOBOK, 110 MeKamenamiH (1 MMoJb/1) MOKHA PO3LIHIOBATH
gk Onokarop LCC-kaHaniB, KOTPUH OHOYACHO COPUYMHSE TPU €PEKTH - MUTOTIHHS, 3MEHILICHHS
ammitynu ctpymy kpisb LCC-xananu, smenmenns ix P . I[IOpiBHSHO 3 paHille ONMCaHUMHU HAMU
onoxatopamu LCC-kananiB (Kotuk Ta i, 2019), MmekamenaMiny npuramManHa OiJibII BUpa)KeHa Jis,
HIK TeKCaMETOHIIO Ta 0.-KOHOTOKCHHY, 1 HOTO /i € MOAIOHOI0 10 Takoi y pOKypoHill Opominy, ssKuit
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TAKOX CHPUYMHSE SHWKEHHA P, a Takok 10 minekypoHii 6pominy, AKMi 3a Takoi K KOHIEHTpawil
crpuuuHAB 3HKeHHs amiutiTyan LCC-kanani Ha 50 %.

Karouosi cioBa: LCC-kananu, Heliponn [lypkiHbe, IeTY KJIeMI, MEKaMeJlaMiH.

[Monsxu: JocmikeHHs BUKOHAHO 32 YaCTKOBOI MiITPUMKH TPAHTY Ha BUKOHAHHS MPOEKTIB HAYKO-
Bo-pocninaux pooit (HJAP) monoaux yuennx HAH Ykpainu (2021-2022 pp.) (KOHKYPCHHI TPOEKT
«®DapmaxooriyHa 4y TIUBICTh Ta EKCIPecis KaTiIOHHUX KaHalliB BEJIMKOT MPOBIAHOCTI Y siipax KIITHH
pi3HOrO THIY»); HOMep nepxkpeectpanii 0121U112012. Yactuna MarepiaiiB 3aKkyIjieHa 3aBISKH
crioHcopcehKii gornomosi . [loru Xamkumisiii.

BILJIUB LIYKPOBOTI'O JIABETY HA MOTEHIIAJIN A1i
HEWPOHIB BEPXHbOI'O IIUITHOI'O TAHIJIISA Y LY PIB

A.O. Hactenko, O.E. Ilypuunb, M.C.BecenoBcbkuii

ITnemumym ¢hizionoeii im. O.0.bocomonvya HAH Yxpainu, e-mail: auruml97@bigmir.net

JiabeTnuHa aBTOHOMHA HEWPOTMATis € OMHUM 3 HaHYacTiIINi yCKJIaJHEHb, OB’ I3aHUX 3 YKPOBUM
niabetom (L/]). [To gacToTi BUHMKHEHHS! BOHA MOCTYMAEThCA JIMIIE AiaOeTUUHIN nepudepudHii
noJliHeponaTii Ta MOKe MPU3BOAUTHU 10 TSIKKHUX MOPYLICHB 3J0POB’S MaLi€HTIB IO CTPaXXAal0Th
Ha [I/] [1]. BepxHniit muiiauit ranrmiit (BLUT) siBasitounch 4aCcTHHOO CUMITATUYHOI HEPBOBOI CHC-
TEMH, 32 PaXyHOK CBO€i (yHKIIOHAIbHOI MPOCTOTH Ta 3pYYHOTO aHATOMIYHOTO PO3TAIlyBaHHS €
THIIOBUM 00’€KTOM JJIsi BUBYCHHS MAaTOJIOTIYHUX 3MiH. Bimomo, mo I[J] Bukinkae HelipoHalbHI
nopywenns y BIIT', BniauBaroun Ha 30yAMUBICT HEHPOHIB Ta Ha CHHANTUYHY Mepegavdy A0 HUX
[2]. 3umkyerbest akTuBHICTh Na™-K -AT®a3u memOpanu #oro ueiiponis [3]. Omnak, 3araabHuii
MEXaHi3M J1ia0eTHYHUX MOPYILIEHb B HEHPOHAaX TaHIIisl, 110 MPU3BOAUTD 10 BHHUKHEHHS aBTOHOMHOT
Helpomnarii, 3aNuIIaeTbest HE 10 KiHI BUBYEHUM. ToMy MeTo0 poOOTH Oyno IOCTiJUTH BILIKB
crpenro3oToluHiHAyKoBaHOTO [[/] Ha akTHBHI BiiacTuBOCTI MeMOpanu HeviponiB BIUT y mypis. lo
eKcIepuMeHTy BinOupanu uypis i3 LIJ] Ha 4-my Ta 12-My THXKHI Ticias iH’€KUii CTPENTO30TOLUUHY,
po3ainsoun Ha BiAnoBigHI rpynu. B po6oTi nocnimaxyBanu xapakrepuctuku norenuianis aii (I1),
[0 PEECTPYBAJIMCS METOJOM MIKPOGJIESKTPOJHUX BifBeNeHb Bij HeiponiB BIII y BinmoBigs Ha
Oe3rocepe/iHe SIIEKTPUYHE MO Ipa3HeHH . byio BusiBiieHo, 1o 3a ymoB L JI ammityu [1]] Heliponis
BIII" 3MeHIIyBanucs BHACHIIOK 3HIKCHHS OBepIIyTa, sikuii cranoBuB 38,4+1,5 MB B koHTpoOUIi,
37,9+1,6 MB Ha 4-My TwxKHI micias iH ekuii cTpento3otounny, ta 32,3+2,0 MmB a Ha 12-My THXHI.
[Topir 30y/KeHHS TPU IBOMY CTAaTUCTUYHO HE 3MiHIOBaBCsl, 1 cTaHOBHB -23,8+0,9 MB B koHTpOIII,
-23,4+1,0 mB Ta -24,240,9MB y Bignosigaux rpynax. MemMOpaHHHil MOTEHIiaJl CIIOKOIO TaKOX
CTaTUCTUYHO HE 3MiHIOBaBcs i ctaHOBUB -48,8+1,1 MB y xonTpomni, -49,9+1,6 mB ta -49,1+1,3 MmB
nicns i’ exuii. OgHak peobasa 3poctana i ctaHoBuia 180+£20 nA y KoHTpoJbHUX 1ypiB, 190421
nA y mypiB Ha 4-Mmy TwxHI, Ta 280425 nA Ha 12-my ThxHi micns in’ekuii. lIBuakicts cnany
[T noctoBipHO 3HMXKYBasacs, Ha 3,8 MB/Mc Ha 4-my THxHI Ta Ha Ta 3,6 MB/Mc Ha 12-my THXHI
BinHOCHO KOHTpouto. UIBuakicts HapocTanus [1/] 3menmyBanacs, Ha 13,8 MmB/mc na 4-my ta Ha 21,5
MB/mc Ha 12-my TrkHi BignoBigHo. Lli BiaMiHHOCTI MOXKYTh OyTH 00yMOBJIEHI Pe3yIbTaTOM 3MiH
y MPUCYTHOCTI Pi3HUX TUIIIB IOHHUX KaHAiB, 3SMCHIICHHIM KiIbKOCTI QpyHKIioHaTbHIX Na® ta K*
KaHaIiB ab0 3HmKeHHAM akTUBHOCTI Na'-K*-AT®as3u Ha mi3nix cragisx [[J1. Oxke, GyHKIiOHATBHI
nopymenss HeiiponiB BIII mypiB nposiBasinucs Ha gocTaTHBO mi3HiX etanax L[/l. Bonu cBinuath
npo te, mo BUII € BaxkyinBOIO MilIeHHIO NaTO(i310JI0TMYHIX MOPYIIEHb, 110 00ymoBiieni L.
Karouosi cioBa: BepxHill uniHKN Tanriii;niabeTnyHa aBTOHOMHA HEHPOIaTisi; CTPENTO30TOLMH-
IHIyKOBaHMH LYKpOBUH nia0eT; moTeHuian aii.

Snyder MJ, Gibbs LM, Lindsay TJ. Treating Painful Diabetic Peripheral Neuropathy: An Update.
Am Fam Physician. 2016 Aug 1;94(3):227-34.
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Campanucci V, Krishnaswamy A, Cooper E. Diabetes depresses synaptic transmission in sympa-
thetic ganglia by inactivating nAChRs through a conserved intracellular cysteine residue. Neuron.
2010 Jun 24,66(6):827-34.

Silva-Dos-Santos NM, Oliveira-Abreu K, Moreira-Junior L, Santos-Nascimento TD, Silva-Alves
KSD, Coelho-de-Souza AN, Ferreira-da-Silva FW, Leal-Cardoso JH. Diabetes mellitus alters
electrophysiological properties in neurons of superior cervical ganglion of rats. Brain Res. 2020
Feb15;1729:146599.

INCREASED OXIDATIVE/NITROSATIVE DAMAGE IN THE BRAIN
OF DIABETIC RATS UNDER METFORMIN MONOTHERAPY

Larysa Natrus, Yuliia Klys, Yuliia Osadchuk Nataliia Onyshchenko, Hanna Zajjchenko

Department of Modern Medical Diagnostic and Treatment Technology, Bogomolets National Medical
University, Kyiv; e-mail: Yulya.klys@ukr.net

Background: Complications of various organs associated with type 2 diabetes mellitus (T2DM) are
closely related to the formation of reactive oxygen species (ROS). Disorders of oxidant/antioxidant
balance is especially dangerous for brain neurons, as it induces apoptosis reactions, which leads
to neuronal damage. Metformin is a well-known hypoglycemic drug. The effect of metformin on
the state of brain neurons in the setting of T2DM is being actively studied. The aim of the study
was to investigate the degree of oxidative/nitrosative damage in the brain of rats with experimen-
tal type 2 diabetes mellitus treated with metformin. Methods: The experimental model of T2DM
was reproduced in male Wistar rats by dietary loading on the basis of pork fat and fructose for 3
months, followed by a single induction with streptozotocin. The animals were divided into control
(healthy rats); rats with T2DM and no further therapy; rats with T2DM that received metformin.
Ventromedial hypothalamus samples were analyzed by transmission electron microscopy, gas-liquid
chromatography, Western blotting, RT-PCR and electron paramagnetic resonance. This project has
received funding from the European Union’s Horizon 2020 Research and Innovation programme
under Grant Agreement no. 871072. Results: The level of nNOS in the brain tissue of animals with
T2DM was 3.77-fold increased compared to control. In T2DM rats supplemented with metformin,
the level of nNOS was 4.59-fold elevated. Analysis of nNOS mRNA expression in brain tissue of
rat showed that nNOS mRNA was increased in T2DM group compared to the control group, but did
not reach statistical significance. The introduction of metformin led to an increase in nNOS mRNA.
The rate of generation of superoxide radicals (SR) in the brain tissue of T2DM rats increased 2.1-
fold compared to control rats. In T2DM rats treated by metformin, the level SR was not significantly
affected. We found, that level of 8-oxoguanine in the brain tissue of rats with T2DM increased by
2.6-fold compared to the levels in control rats. The supplementation with metformin did not sig-
nificantly affect the level of 8-oxoguanine. It has been established that the development of T2DM
is characterized by a change in the distribution of fatty acids (FA) compared to the control group: a
1.7-fold decrease in polyunsaturated (PUFA), a 1.3-fold decrease in unsaturated (USFA) (P=0.028),
and a 1.4-fold increase in saturated (SFA). Treatment with metformin reduced the content of SFA,
but increased the content of PUFA and USFA even more than the control levels. Using electron
microscopy we found that in case of diabetes mellitus most mitochondria have damaged structural
organization, which is associated with both swelling of the matrix of these organelles and destruction
of cristae. The influence of pharmacological supplementation metformin led to the normalization
of neuronal architecture almost to the control stage with improvement of all altered parameters.
However, the administration of metformin was accompanied by a visible accumulation of lipofuscin
granules in the cytoplasm of VMH neurons.
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Conclusion: We have shown an increase in the oxidative stress markers, fatty acidic disorders and
damaged structural of organization mitochondria in ventromedial hypothalamus samples of diabetic
rats. Metformin monotherapy did not improve these parameters. Thus, such diabetes therapy requires
enhanced protection of brain tissue from the harmful effects of ROS.
Keywords: Diabetes mellitus, metformin, oxidative/nitrosative stress

POJIb [IPOTEIH ®OC®ATA3H A2 (PP2A) B KJIITUHHINA CUTHAJI3ALIT
TA HEHPOTEHE3I

Hesmep:xunbka H. M.

Hayionanvnuti meouunuii ynisepcumem imeni O. O. bocomonvys, Kuis, Yxpaina

Beryn. bananc dpochopuntoBanns/aedochopraoBaHHs CUTHAIBHUX MOJIEKYIT € KIIFOUOBHM MOMEHTOM
y peryJsunii KIiTHHHOT curHami3anii. JlanuM npouecoM KepyroTh Ba Kiacu pepMeHTiB: IpOTeiHKi-
Ha3u i npoteindocdaraszu (Javadpour P 2019). [To nanum neskux aBTOpPiB 1eil OanaHc B OinbIIiif
Mipi 3a5exuTh BiJ aedocopuiaoBanss, i TOMy BBa)XaeThCs, o nporeindocdarasu € Oinpm 1o-
MIHYIOYMMH B TiATpUMaHHs OanaHcy cTany ¢ochopunroBaHHs OinkiB-MmimeHed y ¢iziongoriunux
ymoBax ( Alonso A, 2004, Mustelin T 2007, Javadpour P 2019) . [lana poboTa npucBsueHa ogHii
3 mpoteindocdaras: nporeindocdarazi A2. PesyabraTn. [Iporeindocdarasu - ue pepMeHTH, mo
BUIAJSAIOTH hocdarHy Tpyny 3 GocHopuiIbOBaHMX aMiHOKHCIOTHUX 3aJIMIIKIB O1JIKiB-cyOCTparTiB
(Hassan 2024, Seok 2021). IIporeindocdaraza 2A (PP2A) - € mOBCIOIHO €KCIPECOBAHOIO, KHUT-
TEBO BaXKJIMBOIO JJIA KIITHHHOI CUCTeMH, cepuH/TpeoHindocdartazoro (Nematullah 2018, Park et
al. 2016), mo Oepe yuacTp y perynsauii kKIiTHHHOI curHamizanii (Amin, P.,2022) Ta ¢izionorii, y
TOMY 4MCIi y QyHKLIIOHYBaHHI Ta po3BUTKY MO3Ky (Verbinnen, 1.,2021), Bkirouaodu BI>KMBaHHS
KIIITHH, BiAnoBiab Ha nowmkokeHHs JJHK, nedocdopunroBanns ray, mpomidepariio i amomnto3 Tomo
(Perrotti, D 2013, Verbinnen, 1.,2021, Nematullah, M. 2017). PP2A sBnsie co6oto reTeporpumep,
IO CKJIAJAaEThCs 3 CTPYKTYpHOI cyboamuui A, karamitnunoi cyooauuuni C i BapiabenbHOI pery-
nstopHoi cyoonununi B (Janssens V., 2001). Mae 4 cimeiictBa cyooaununs B, B, B, B” i B”, ane
TUIBKU OJHA MIPUCYTHS y KoxkHOMY ronopepmenTi (Mayer-Jaekel R.E., 1994, Leslie, S. N.,2019). ¥
Mexax 4 cimeiicTB cyOonuannb B Takox € kinbka i3o0¢opm. Hanpuknaz, cimeiictBo B’ kogyeTbes 5
reHamu (B’a, B, v, 6 a0o €) 3 kinbkoMa BapianTamu crutaiicunry (Bl i f2) (Janssens V., 2001, Leslie,
S.N.,2019). Ha nonarok no Bapiauiii y cybonuunusx B, cyboaununi A i C Takox MaroTh GOpMH o
Ta [}, KOXHa 3 KX KOoAyeThbcs pisHuMH reHamu (Janssens V., 2001). Cnenudiunicts PP2A Takox
3aJIeKUTh BiJI po3TainyBaHHs Oinka i ckiany cyooamuuns (Slupe A.M. 2011, Leslie, S. N.,2019).
PiznomanitHicts opm PP2A Ta fioro perynsaTopis MaioTh BUpilanbHe 3HAUCHHS sl ONTUMAIbHOT
¢depmenTaTHBHOT (DYyHKLIT CKIAaJHOT MEpeXi CUTHAIBHUX MOJEKYJ, [0 3a0e3MeuyloTh HaleKHUH
bananc ¢pocdopunroBanug/aedocHOpHIIIOBAaHHS CUTHAIBHUX MOJIEKYII, @ TAKOX MOXYTh OyTH Mi-
mieHsaMu s peryisnii ¢pyHkiionyBanas PPA2 (Leslie, S. N.,2019). YucieHHi MOXIJIHBOCTI 30ipKH
ronopepmerTy PP2A 3 pi3HHMH KOMIIOHEHTaMu HOTO 130()OpM TaKOXK JAlOTh HOMY MOXKIHBICTh
OyTH akTHUBAaTOpOM a0o iHTi0ITOpOM B pi3HUX curHaidbHUX nuisxax (Nematullah, M. 2017). PP2A
HIMPOKO TIOIIMpPEeHa B TOJJOBHOMY MO3KY CCaBIiB, Oinblie Toro, excupecis PP2A B Mo3Kky € HaiiBu-
moto cepen cepundocdaraz (Nematullah 2018), a mopymenns perymnsuii i1 kniTHHHUX QyHKIIH
noB’s3aHo 3 oHKoreHe3oM (Bryant, J. P 2021). PP2A igentudikoBano sk ocHOBHY ¢ocdarasy, sxa
perymnoe Heliporenes i Heiipoperenepanito (Nematullah, M. 2017). PP2A perynioe Heiiporenes 3a
paxyHok nedocdopuntoBanHs OiIKiB i mpoTeinkina3, Bkiatouaroun GSK3P, Akt, kanbMmoxyniHKiHazy
II (CamKII), (CRMP2), Dock6 i Tay Tomo (Miyamoto Y 2013 Kamat PK 2014, Nematullah, M.
2017). [linTBepmxeno, mo PP2A nobpe ekcripecyeTbesi B IUCTAIBHUX aKCOHAX HEMPOHIB riMmoKaMIry
[Liu D 2010]. I'imokamm - e o0nacTb MO3KY, Jie HEMpOTeHe3 Bil0yBaeThCs MPOTATOM yChOTO KHUTTS
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(Nematullah, M. 2017). PPA2 no0pe ekcripecyeThcsl B HepOHaX Ha paHHIX eTanax HeHpymsiuii. Bin
MePEBaXHO PO3TAIIOBYETHCS B JUCTAILHUX CETMEHTAX aKCOHIB Ta akTUBYE iX picT (Zhu, L.Q. 2010).
Mogpymnsnis aktuBHocTi PPA2 mpu crimHanbpHIM TpaBMi aKTUBYE PiCT aKCOHIB Ta (QyHKIIOHAIbHE
BIIHOBIICHHSI, OMOCEPEAKOBAHO, NUIIXOM jAedochopuntoBanHs B ToMy umcai CRMP2 (collapsin
response mediator protein-2) i Moxe OyTH Ba)XKJIMBOIO Ta €(PEKTUBHOIO TEPANIEBTUYHOIO CTPATETIEI0
y MaIi€HTIB 3 Takow natojioriero. Bucnosku. Koutpons ekcrpecii PP2A a6o i cyOoauHuLb MOXKe
OyTH MIIICHHIO AJIs1 pO3pOOKH HOBHX (DapMaKOIOTiYHHX MPenapariB, M0 MOXKYTh OyTH €(peKTUBHUMU
pyu HeHpoAeTeHepaTUBHIN Ta MTapaHeOoNIaCTUYHIN MaTOOTi].

Kurwuogi ciioBa: nporeindocdaraza 2A, HeliporeHes i HelipoaereHepalis, KJIITUHHA CUTHA13a1is]

MORPHOFUNCTIONAL CHANGES IN REPRODUCTIVE ORGANS
OF FEMALE MICE AFTER SPINAL CORD INJURY

Yu. A. Nesterenko!, R. A. Moskalenko?, O. A. Rybachuk-

'Bogomoletz Institute of Physiology, NASU, Kyiv, Ukraine;

2 Sumy State University, Sumy

3 Institute of Genetic and Regenerative Medicine, M. D. Strazhesko National Scientific Center of
Cardiology, Clinical and Regenerative Medicine, NAMSU, Kyiv, Ukraine; rbk@biph.kiev.ua

Spinal cord injury (SCI) is currently considered one of the most difficult conditions that people can
experience. More than 130 million people around the world injure the spinal cord (SC) annually:
the ratio of men to women is 2:1. In addition, one of the consequences of SCI is the violation of
functions of the reproductive organs, both in men and in women. However, even experimental data on
the influence of SCI on the morphofunctional state of rodent reproductive organs have not yet been
sufficiently accumulated. Therefore, our study aimed to evaluate morphofunctional changes in the
organs of the reproductive system of female mice after SCI. The research was conducted on female
FVB mice, aged 2-3 months, weighing 22-26 g; the injury model is a left-sided hemisection (LSH)
of SC at the lower thoracic region (T9-T11). Histological evaluation of slices of female reproductive
organs (uterus and ovaries) for the 1st week, Ist, 3rd, 6th and 12th months of the post-traumatic
period was carried out by staining with hematoxylin-cosin according to the standard method. At
the 1st week after LSH of SC, it was observed that the uterus of female mice was slightly enlarged,
compared to the uterus of control animals; the ovaries of the experimental animals had a normal
structure, namely, they contained follicles and Graafian vesicles. As early as in the 1st month of
the post-traumatic period in females, it was established that the uterus was of normal structure,
however, there were signs of hyperplasia and cystic changes of the endometrium; in the ovaries, the
presence of yellow bodies, morphologically similar to those during a normal menstrual cycle, was
observed. At the 3rd month after LSH of SC, the ovaries of animals were also of a normal structure
and contained mature follicles with eggs; the uterus had a normal structure and normal proliferative
activity of endometrium was observed. Even at the 6th and 12th months of observation in the
reproductive organs of experimental females, only minor changes were revealed (compared to the
control animals), namely: the ovaries were of a normal structure with a predominance of primordial
follicles and the presence of a small number of follicular cysts; the uterus of such animals had minor
cystic and inflammatory changes of the endometrium. Therefore, even in the long term after SCI,
female mice showed only minor dystrophic and dysfunctional changes in the reproductive organs,
particularly cystic changes in the ovaries and endometrium of the uterus.

Key words: spinal cord injury, reproductive organs, ovaries, uterus, endometrium, inflammation,
cystic changes
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BIOLOGICAL TISSUES DIFFERENT TYPES RECOGNITION BY USING NEURAL
NETWORK METHODS FOR MRI DATA

V.M. Morozov, A,V. Netreba

Faculty of Radiophysics, Electronics and Computer Systems,
Taras Shevchenko National University of Kyiv, e-mail: fffgfff12321@gmail.com, avn@univ.kiev.ua

Region segmentation for medical tissue imaging is an important image processing technique that
enables the isolation of different structures for further analysis. This process has been enhanced by
neural networks and deep learning, which have revolutionized medical image processing. These
technologies automate previously labor-intensive tasks, accelerating disease diagnosis and enabling
better monitoring and treatment planning. This paper focuses on the recognition of brain tissue types
(gray matter, white matter, cerebrospinal fluid) using MRI data, with an emphasis on optimizing
neural network hyperparameters for efficiency and accuracy. The goal of this study is to distinguish
gray matter, white matter, and cerebrospinal fluid from MRI data. Optimizing the U-Net neural
network, widely used in medical image segmentation, is essential for enhancing training speed,
accuracy, and resource efficiency, with various hyperparameters tested to find the best configuration
for the dataset. We used a neural network consisting of an input layer, multiple hidden layers, and an
output layer, following the U-Net architecture. Optimizers, including Adam and stochastic gradient
descent (SGD), were compared for their efficiency in adjusting learning rates during training. We
also tested different batch sizes and activation functions, specifically rectified linear unit(ReLU)
and hyperbolic tangent(Tanh), to identify the optimal configuration for the task. The dataset consists
of 3D MRI scans, and we evaluated the model using the Mean Squared Error (MSE) and Pearson
Correlation Coefficient (PCC) to assess segmentation accuracy. Our experiments showed that using
smaller batch sizes, particularly 6 samples, improved model accuracy while reducing memory usage,
as it allowed the model to gain more detailed information from each typical MRI brain sample, Op-
timizer Adam outperformed SGD in generalization, reaching high accuracy quickly in early training
phases. Its robustness against local minima was especially advantageous, leading to better validation
accuracy even with less smooth growth curves. While Tanh initially had slightly higher accuracy,
ReLU ultimately performed better over time. ReLU allowed for faster computation and more stable
training, with the Pearson correlation increasing from 0.76 to 0.98 and epoch time dropping from
110 to 104 seconds over 22 epochs. Tanh showed a correlation increase from 0.79 to 0.97, with
epoch time decreasing from 185 to 109s. The optimal configuration for this task includes a batch
size of 6 samples to balance speed and accuracy, the Adam optimizer for faster convergence and
better generalization, and the ReLU activation function to enhance network stability.

Keywords: Neural Networks, MRI, segmentation, U-Net, Adam, ReLU.

N. V. Gorbovtsova, A. V. Netreba, “Deep learning approaches for neuroimaging data denoising by
autoencoder implementation”, Fiziologichnyi Zhurnal, 2022; 68(3S): 1-61.

Tripathi Prasun, Bag Soumen,- “CNN-DMRI: A Convolutional Neural Network for Denoising of
Magnetic Resonance Images”, Pattern Recognition Letters, 2020, p. 135(6).

METO/J ITEHTU®IKALII MIPOCTOPOBUX KJIACTEPIB INIIOIUTIB TOJIOBHOI'O
MO3KY, AKUU BUKOPUCTOBYE€ AJITOPUTM TPUAHI'YJIAIII AEJTOHE

O.I'. HikoneHko

Inemumym ¢hizionoeii im. O.0. Boeomonvysa, HAH Ykpainu, m. Kuis, agn@biph.kiev.ua

Po3po0niennii MeTo aHaJi3y MPOCTOPOBOTO PO3MO/LTY KIIiTHH, IKHI BUKOPUCTOBYE aITOPUTM TpiaH-
rymsnii Jlenone. Meton 3acTOCOBYETHCS B KOHTEKCTI KJIACTEPHOTO aHalli3y, KOJU KPUTEepPieM MpH-
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HAJI)KHOCTI JIO KJIACTEPY € eBKJIIOBA BiJICTaHb Mixk 00’ ekTamu. [lepiiuii etamn aHani3y nependadyae
noOynoBy rpady JenoHe Ha BUOOPII BEpIIKH, 10 BiIMOBIAAIOTH IEHTpoIigaM npodinis kiaitud. Ha
npyromy erari pedpa rpada, ToOBKUHA SKUX MEPEBUIINYE 00paHE 3HAUCHHS IMOPOTY, BUIANSIOTHCS.
Buacniznok 1iei onepanii yTBOprOIOTECS MiArpadu, Tak 3BaHi KBa3i-KIiKH - MJIMHOXHHHU BEPIIHH,
3’€IHAHUX IOHAMMEHIe OJHUM peOpoM. BBakaeThcs, mo mi miarpadu BiAMOBiIAIOTh MPOCTO-
poBUM KjacTepaMm KiiThH. [loporose 3HaueHHS MiAOUPAaIOTh IHTEPAKTUBHO, BPAXOBYIOYH PO3MipH
KIIITHH, IO aHami3yloTs. Meron OyB BTieHHH y komn toTepHiit mporpami DelClustO1, Hanucaniit
Ha MoBi Object Pascal y cepenoBumi 3 Binkputum konom Lazarus (Bepcist 2.2.0). [Iporpama mpa-
[I0€ B onepauiiHii cucreMi Linux. SIk BXigHI JaHi mporpaMa BUKOPUCTOBY€E KOOpPAWHATH ICHT-
poinie npodineii kiiTuH. EQekTuBHICTh MeTOY OyJia JOCHIKEHA B aHATI31 OMYJISAIIT aCTPOIUTIB
TKaHWHU KOMNaKTHOI yacTHHH 4opHOi cybcranmii (kYC) mopocaux mypiB-camiiB ninii Bicrap.
PoreHoH y 1031 12 MKT cTepeoTakCHYHO BBOAMIM TBapuHaM y 30HY JiBoi KYC. Yepes 14 ai6 mics
1HQY3ii nypiB TpaHcKapaianbHO nepdy3yBainu 4%-m Gopmanbaerinom ta 2,5% mroTapaibIerioM.
dpoHTanbHI BIOPaTOMHI 3pi3¥ FOJOBHOTO MO3KY 3HCBOJIHIOBAJIM Ta 3aKJ0YaJy B eroH. HaniBTOHKI
3pizu papOyBanu ToyiiuHOBUM cuHIM. KoopauHaru neHTpoifiB npo@ijiiB KJIITHH BU3HAYAIN HA
nudpoBux Mikpodororpadisx 3a gornomororo nporpamu Imagel. 3 monepenHix JOCHiAKEHb OyI0
BiJIOMO, 1110 POTEHOH-3aJIe’)KHA Peopranizallis TKAHUHU MO3KY OB’ s13aHa 31 30UIBIICHHSAM KiJIbKOCTI
acTpouuTiB. OCKUIBKHM 11 KIITHHU QYHKIIOHYIOTH SIK MEpeka, MoKHa OyJ0 O4YiKyBaTH, HIO iX KO-
JICKTUBHA PEaKIlis Ha MOIIKOKeHHsI TkKaHUHU KYC BUKIIMUE 3MiHHU y iX MPOCTOPOBOMY PO3IOJLIII.
VY SKOCTI eKCIEpUMEHTATBHOT 30HH PO3Isgaiu TKaHuHy JiBoi KUC, Kyau 3xaificHioBanu iHQy3ir0
POTEHOHA, a KOHTPOJBHOIO 30HOI0 BBa)KaJu TKaHUHY KOHTpJaTepanbHoi, npaBoi KUC miei xx TBa-
puHu. TeHIEHIiI0 aCTPOLMTIB 0 YTBOPEHHS MPOCTOPOBHUX KJIACTEPiB BU3HAUAJIHU 32 YaCTOTOIO Ta
po3mipom kiactepis. [Toporose 3nauenns (30 MKM) AJist BUJlalieHHsT OKpeMux pedep rpady demone
OyJIO BU3HAYCHO Yy NOTIEPEAHIX JOCIIKCHHAX. AHAJII3 MTOKa3aB, [0 YaCTKa OJJMHOYHUX KJIITHUH, SKI
HE BXOJIMJIH JI0 CKJIAly KJIacTepiB, ckiajaia 62,6% y KOHTpOJIbHIH Ta 69,4% - B eKClIepUMEHTaIbHIN
30Hi. [IpocTOpoBHil pO3MOIiN ACTPOLUTIB B EKCIIEPUMEHTANIbHIH 30H1 JEMOHCTPYBAB O1JIbIII BUCOKY
CTYMiHb IPYNyBaHHS aCTPOLIMTIB, Y MOPIBHAHHI 3 KOHTPOJIBHOI 30HO10. Lle Oyno XxapakrepHo st
O1BIIOCTI PO3MIPHHX KJIAciB KiacTepiB. JlocmikeHHs MOKa3aad CIPOMOXKHICTh 3aPpONOHOBAHOTO
METO/Iy Ta BIAMOBIIHOT KOMII FOTEPHOT MPOTpamMu i1IeHTU(iKyBaTH 3MiHU Y IPOCTOPOBOMY PO3TOALTI
[JIONUTIB. 3aNIPOTIOHOBAHUN METO/I JI03BOJISIE BUSBIISITH IIPOCTOPOBI KJIACTEPU KIITHH Ta KUIBKICHO
aHaJi3yBaTH MIPOCTOPOBY JWHAMIKY MOIYJAILIHN TITIOUMKUTIB B MpOIeci pOTEHOH-3aJIeKHOT IereHepa-
1ii TKaHMHK 4OpHOI cyGcTanmii. Moro 3acTocyBaHHS J03BOJISE ONTUMI3yBaTH POTEHOHOBY MOJIEIb
reMinapKiHCOHI3MY LI0JI0 BUBYEHHS HEHPOH-IMialbHUX B3a€MOJIiil Ha paHHIX eTamax JercHepanii
nodaMiHepriYHUX HEHPOHIB. MeTox Ma€ repeBaru nepei METOA0OM PaliaIbHOTO PO3MOILTY Y TOMY,
10 HOro mapamMeTpaM BIacTUBI OlJibIlIa CTaOUIBHICTh Ta JUCKPUMIHAHTHA CUJIA, a MTePEe]] METOIOM
Mo3aik BopoHoro B Tomy, 110 BiH HE 3aJ€XKHUTh BiJl pO3MipiB TECTOBOTO BiKHA.

KarouoBi ciioBa: actporuty, koM 1oTepHa MoppomMeTpist, Tpuanryisinis Jenone

SOME MARKERS OF APOPTOSIS AND PROLIFERATION
IN ENTEROCYTES OF DIABETIC RATS AFTER METFORMIN TREATMENT

Yuliia Osadchuk, Maryna Zelinska, Petro Chernovol, Mykola Gebura, Artem Kushnir, Yuliia Klys
Bogomolets National Medical University, Kyiv, e-mail: Yulya.klys@ubkr.net

Background: Persons with type 2 diabetes (T2DM) have an increased risk of developing multiple
complications, including those from the gastrointestinal tract. Metformin is a first-line hypoglycemic
drug for patients with type T2DM. It is known that metformin treatment is associated with intestinal
complications. The influence of metformin on the regulation of various molecular processes in the
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cells of the small intestine is still being actively studied. The aim of the study was to investigate
the apoptotic and proliferative processes markers in the small intestine of rats with T2DM on the
background of metformin monotherapy. Methods: Methods: Male Wistar rats were divided: con-
trol groop; T2DM (3-month high-fat diet followed by streptozotocin injection of 25 mg/kg of body
weight); T2DM + metformin (60 mg/kg, 14 days, orally). Western blotting and scanning electron
microscopy were performed. Results: We measured the protein levels of the major players—Bax,
Bcl-X, caspase-3 and Ki67 in the duodenum of diabetic rats and after administration of metformin.
The Bax content in the small intestine of diabetic rats was unchanged compared vs. control animals,
the appointment of metformin led to a decrease in its content by 45%. We were not able to identify
antiapoptotic Bcl-X protein in the duodenum by western blotting. In the T2DM group, there was no
changes detected in the p17 subunit level, while procaspase-3 content slightly declined compared
to the control by 21%. Metformin did not affect the levels nor procaspase-3 neither p17 subunit
compared vs. control. We found that diabetes and treatment with metformin led to a decrease in Ki67
content compared to the control rats: by 38.8% in the T2DM rats, by 42.7% in the metformin group.
Electron microscopic examination revealed a slight increase in the size of cristae and the cristae
volume density in mitochondria of enterocytes in the T2DM group compared vs. the control ani-
mals. Morphometric analysis also showed a tendency to an increased cristae volume density after
metformin. Conclusion: We observed T2DM-induced profound changes in small intestine: impaired
ultrastructure of mitochondria, increased cristae volume, and decreased level of proliferative marker
Ki67, while the apoptotic ones were unchanged. Since T2DM treatment may take a long time, it is
necessary to improve therapeutic strategies with a focus on the target organs including intestine.
Keywords: type 2 diabetes mellitus, small intestine, diabetic intestinal complications, apoptosis,
proliferation.

MEXAHI3MHU NONEPE/KEHHS NOCTIIMEMIYHUX NOIKOAXEHb
I BINIMBOM IMONNEPEJHBOI'O 3ACTOCYBAHHS ITPOITAPTVITVIIHUHY
IL-OUUCTEIHY Y LIIYPIB

L. 1O. Oxaii, P.A. ®eniuxina, FO.B. l'omoBcbka

Inemumym ¢hizionoeii im. O. O. Boeomonvys, m. Kuis, iokhai@ukr.net

3araabHOBIAOMO, 1110 JIEBOBA YaCTKA MOIIKOKCHb BiJl IPUIIMHEHHS KPOBOTOKY CEPLIEBOIO TKAHUHOIO
NpHUITaJae Ha eTal HoTo BiTHOBIIEHHS. PaHille My mokasanu, o momnepeaHe BHYTPIIIHbOYSPEBHHHE
3actocyBanHs KomOinauii DL-nponaprinrminuny (PAG, 11,3 mr/kr) ta L-uucreiny (120 mr/kr).
3a0e3revye MOBHE BiTHOBICHHS (PYHKIIIT cepllsd Ha imeMidHo-pernepdy3iiHiid Moaeni y Jopocaux
mrypiB (JiHii Bicrap, BikoM 6 MicsmiB) [1]. Meroro Hamoi po6otu O0y:10 3’sCyBaTH MOKIITUBI MEXaHI3MH
3a0e3MeyeHHs MOoNepeIKeHHS MOCTIEeMIYHUX NowKokeHb. [lonepeane BBenenns PAG+L-uucrein
3240 i 30 xB 110 AexamiTaIii BiAMOBiJHO JOCTOBIPHO 301IbIIYBAIO PiBEHD BIIHOBJICHOTO IIIyTaTiOHY
Ha 14 %, P<0,01 y TkanuHax i3os1p0BaHoro 3a Jlanrengopdom cepust micins 15 xBununHoi nepdy3ii.
Ha mpomy Tmi minBumminace Ha 14,5 %, P<0,001 BennunHa MeMOpaHHOTO MOTEHIIATy MiTOXOH-
npiii (Aym) BuIieHUX yibTpa-neHTpudyryBanasM Ha 10 xB pernepdysii micns 20 XB imemii.
MPOTH TOCTIMEMIYHOT Tpynu 0e3 BBeJAeHHS (B SIKOCTI cyOcTpary sl TUXaHHS 3aCTOCOBYBABCA
cykiuHaT Na, BUMipIOBaJIH pPiBeHb Aym 32 JOMOMOT0I0 €JIEKTPOAY CEICKTHBHOTO JI0 JIMOJIITHIHOTO
kationy TPMP+). SIlkuM 4uHOM ToTepeaHs €HIOTeHHA CTUMYJIAIIS CHHTE3y IIIyTaTioHy 3a0e3-
revyuia He MPOCTO BIICYTHICTh AucHUmaliii Aym mig gyac penepdysii, a i Take Horo miABUIICHHS?
[To-nepure Oe3mocepeaHiM BUKOHAHHSAM BiJHOBJICHOTO TJIYTAaTiOHY CBOIX aHTHOKCHIAHTHHX
(GYHKIIH BiAHOBICHHSIM TEPOKCUY BOJTHIO Ta TiAPONEPOKCHUIIIB JIMiJiB (epMEHTAMHU POJUHU
riayTationnepokcuaas (pisenb renepanii H,O, suususcs na 57,5 %, P<0,01). ITo-gpyre msxom
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npurHidenHs: BupoOieHHs ADK (piBeHb yTBOpPEHHS CYNEpOKCHUAHOTO PajMKaly 3HU3UBCS Ha
62,4 %, P<0,001). OctanHe MOxJHUBO HenpsiMo depe3 aito GSH Ha oOepHEHI MOCTTpaHCAMINHI
Moaudikarii O1IKiB, 30kpema ukia Kpebca 1 e1eKTpOH-TPaHCIIOPTHOTO JIAHIIIOTA, JIJIsl OaJlaHCyBaHHSI
OKHCHO-BIJIHOBHOT'O CTaHy MITOXOHAPIH NUISIXOM S-TIIyTaTiOHyBaHHs/AeTAyTaTioHyBaHHs. Tak MU
roKa3saliu, o rpyma 3 BBeieHHsIM PAG+L-1ucTeiHy BXOJAUTH Y IIEMit0 31 3011bIIICHUM TOTAJIbHUM
piBHEM TIIyTaTioHyBaHHs TKaHUH cepus Ha 13,9 %, P<0,01 nmporu rpynu 6e3 cTuMysiii CHHTE3Y
rnytationy. Taka koMOiHOBaHa aHTHOKcHAaHTHA Jist PAG+L-1uctein crnipusiia 3MIIIEHHIO KPUBOT
MPOTOHHOTO BUTOKY Ha BHYTPIlIHII MiTOXOHApianbHi MemOpaHi npu penepdysii BnpaBo P<0,05
(KpuBa 3aJIe)KHOCTI OZJHOYACHOT'O CITO’KMBAHHSI KUCHIO BiJl BEIMYMHHA Aym MIPH TUTPYBAHHI MaJIOHATOM
Hatpito II nuxanpbHOro KOMIUJIEKCY MITOXOHAPiA Ha (QoHi OsoKyBaHHS | TUXalbHOIO KOMIUIEKCY
poteHoHoM). L{e cBimuuTh Mpo 3011bMeHHS e()eKTUBHOCTI POOOTH EIEKTPOH-TPAHCIIOPTHOTO JIAHIIO-
ra MiTOXOHApii. TakuM YUHOM, CTUMYJISIiSI €HAOTEHHOTO CHHTE3Y IIyTaTiOHY IPH NOTNEePeIHbOMY
BBenieHi PAG+L-niucreiny Ha doHni imemii-penepdysii 30inpuryBana MiTOXOHApialbHUNA MEMOpaHHUHT
MOTEHIIIaJl, TOKpaIlyBajia e()eKTHUBHICTh JIUXAIBHOTO JIAHIIFOTa MITOXOHPIN, HOpMaji3yBaia OKHCHO-
BIIHOBHHMI OanaHC y TKaHWHAX cepls IIJISAXOM SK MPsSMOi aHTHOKCHUJAHTHOI Nii BiJHOBIIE-HOTO
TIIyTaTiOHY TaK i KOMIUIEKCHOTO BIUIMBY S-TIIyTaTiOHyBaHHS Ha O1IKM TKaHWH cepls y UIypiB.
KirouoBi ciioBa: riyTarioH, riryTaTioHyBaHHs, imeMisi-perniepdy3ist, MiTOXOHpianbHUH MeMOpaHHUI
MOTEeHIial

1. Goshovska Y, Fedichkina R, Balatskyi V, Piven O, Dobrzyn P, Sagach V. Induction of Glutathione
Synthesis Provides Cardioprotection Regulating NO, AMPK and PPARa Signaling in Ischemic Rat
Hearts. Life. Jun 29;11(7):631.Cited in PubMed; PMID 34209822,

JociimkeHHss BUKOHaHO 3a (piHaHCOBOI miaTpuMku HamioHanibHOTO (GOHIY JOCHIKEHb YKpaiHu
[rpanT Ne 2021.01/0210].

CKOPOTJIMBI PEAKIIII BOPITHOI BEHHM NEYIHKH ITYPIB I JIEIO TOPAMIHY
O.M. IIaciyniyenko

Kadgheopa ¢hizionozii ma anamomii HHL] «Incmumym 6ionozii ma meouyunuy Kuiscvkoeo
HayionanbHo2o yHieepcumemy imeni Tapaca [llesuenka; pasichnichenko@knu.ua

MeTta po6oTu. 3’scyBaTH MEXaHi3MH BIUIMBY Jo(aMiHy Ha Ba30MOTOpPHI peakuii i30J1b0BaHUX
npemnapatiB BopiTHO1 Benu (BB) neuinku urypis. Meroau i matepianau. Jlocnimkenas Oynu npoBeaeHi
Ha 30 Oinux HediHiIKHMX mypax o0ox crareit macoro 180-250 1, y BiiIOBIAHOCTI 10 MiI>KHAPOIHUX
OpUHIUIIB €BpoNeiichKOi KOHBEHLIT MO0 3aXUCTy XpeOSTHUX TBAPHH, SIKi BUKOPHUCTOBYIOTHCS
nig 4ac JOCHiAHUX abo IHIIMX HayKOBUX wLinei. [3oapoBani mpenapatu BB posmimysanu y
nepdyzoBaHiil migirpitum po3zunnom Tipone (2-2,5 ma/xs; 37+1°C) niuexcurnacopiii xamepi.
Peectpaniro 3MiH ToHycy riaageHbkoM’si30Bux kinitul (I'MK) BB 3xilicHIoBanu 3 BUKOPUCTaHHSIM
€MHICHOT'0 MEXaHOEJIEKTPHUYHOI0 MEepPEeTBOpIOBaya, MicuiioBaya nocriiinoro crpymy ta ALIT Ha
nuck komn 'torepa. Jleengorenizaiito BB npoBoaunu canoninom (0,5 mMr/mir) Bripogosxk 10 XBUIUH.
Jani npo cunmy ckopoueHs (y MiniHptoToHax — MH) y po6oTi monano y Burasgi M+SD. BigminnocTi
BBaXKQJIUCh CTATUCTHYHO BiporigHumu npu p<0,05. ¥ xoni ekcnepuMeHTiB OyiIu BUKOpPUCTaHI
Taki ¢apmakonoriydi npenapatu: nopamin (BupoOHuk - BAT «3mopoB’s», XapkiB); O1oKkaTop
TpombOoKcaHcuHTa3u Ta TpoMmOkcanoBux (Tke) peuenrtopis kinonigorpens (Sanofi, @panuist), MmeTo-
knonpamin (BAT «3mopos’s, Xapkis) Ta canoHin (Merk, Himeuunna). Bka3zaHi peyoBUHU MOJgaBaIn
1o npenapatiB BB mo nporouniii cucremi. PesyabraTn Ta ix odroBopenns. Jodgamin BUKIUKaB
3a5eXHe BiJ KOHIeHTpanii ckopouenns BB. [Ipu konuentpauii nodaminy 5-10° Mmons/n ammnity iy
TOHIYHOTO CKOpoudeHHs ctaHoBmia 3,1+0,4 mH (p<0,05, n=10). Jleengorenizaiis npenaparis BB
CaIllOHIHOM MpUTHIYyBaia CKopoueHHs Ha 54 BincoTku. OTxe, BILIUB Jo(paMiHy Ha CKOPOUYBaJIbHY
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AKTHBHICTh BOPITHOI BEHU BEIMKOIO MIpOIO OMOCEPEAKOBYETHCS €HIOTENieEM. Y HACTYIHIN cepil
JOCITiTiB MiABUIICHHS TOHYCY BB 3 iHTaKTHUM eHaoTemniem, BUukinkane gohaminom (5-10-6 moinb/n),
y KoHTpoxi ctaHoBuio 3,8+0,73 MH (p<0,05, n=10). Anmikanis KJI0Omigorpento, y MOPIBHSIHHI 3
KOHTpPOJIEM, BUKJIMKaja BipoTiJlHe IPUTHIYCHHs cKOpoTiIuBoi akTuBHOCTI BB Ha 33%. Otpumani
PE3yJIbTaTH CBIYATh PO YACTKOBE OMOCEPEIKYBaHHS TPOMOOKCAHOM €HI0TENalIbHOTO TTOXO/PKEHHS
nigBUIIeHHs ToHYcy BB, 3ymMoBieHOr0 nodamiHOM, IUISIXOM aKTHUBaLii TPOMOOKCAHOBHX PEIENTOPIB
Ha memOpani 'MK Benu. OnHak, ocKinbku TKC-pelenTOPH MOXKE TaKOX OJIOKYBaTH MOTEPEIHUK
TpoMOOKcaHy npoctariauaud H2 Tomy, minkom fimoBipHo, mo [1I'H2 3axisauil y gociipKyBaHux
HAMU peakiisiX. 3 METOI0 BCTAHOBJICHHS TUIY 10()aMiHOBHX PELENTOPIB, IO ONOCEPEIKOBYIOTH JIif0
nodaminy Ha BB, BukopucroByBanu 6s0katop D1-penentpis metoknonpamin. [Tonepenus nepdysis
CYJMHHUX IpernapaTiB 3 IHTAKTHUM €HA0TeJieEM po3urHoM Oiokaropa D1 modaminepriiiHux perenTopis
METOKIIONPaMizoM y KOHIeHTpauii 6,8-107 Monb/1 nmpotsrom 10 XBUIMH, BUKIMKAIa BiporigHe
npurnivenns nodamin-ingykosanux (51076 Monb/n) ckopouens Ha 37%. Y KOHTpoi aMIuTiTyna
CKOPOYCHHS MiJ BIUTMBOM Aodaminy cranosmia 3,5+0,5 mH (p<0,05, n=10). Orxe, nana cepist
EKCIIEPUMEHTIB BUSIBIIIA, 0 e(heKT JodaMiHy Ha BOPITHY BEHY NMEUYIHKH 31IHCHIOETHCS 13 3aIy4EeHHIM
DI1-nodaminepriiiHuX penenTopis, HMOBIpHO, pO3TalIOBAaHUX HA MEMOpPaHi €HJAO0TETiOUTIB.
KurouoBi cioBa: BopiTHa BeHa, €HJIOTENIN, canoHiH, HodamiH, TpoMOOKCaH, KJIOMAOTrpeb, Me-
TOKJIOTIpaMIij.

AIIOIITO3 TA HEKPO3 B KJITUHAX CEHCOPHUX HEMPOHIB TA HEHPOIJIII
DRG IIYPIB IIICJIA 5-7 A1b KYJIbTUBYBAHHA

O.A. Ilerpymienko, B.B. I'an:ka, M.O. Ilerpymenko, O.0. Jlyk’ssHenb

Inemumym ¢hizionoeii im. O.0.boeomonvya HAH Yrpainu,m. Kuis, petrushenko@biph.kiev.ua

JocnimkeHi 3MiHHU B KJIITHHAX TIEPBUHHOI KyIbTypH HelipoHiB DRG mypiB mig 4ac KyJbTHBYBaHHS
npotsrom 1-7 ni6. Exkciepumentr Oynu BUKOHAHI Ha KIiTHHAX, i30dp0BaHuX 3 DRG mypis P8-12
1 KynbTuBoBaHUX 1-7 1i6. CeHCOpHA aKTUBHICTh HEHPOHIB TECTyBaJIach METOIOM (IyOpeCceHTHOT
MIKpOKaJIbIUMETPil Yy BIAMOBiAL Ha MpUKIanaHHs nenonspusytouoi konuenTpanii KCI (50 MM) Ta
aronicta TRPV1-kananis kancainuny (300 MkM). 3MiHM KOHIIEHTPAIlii [IUTOIIA3MATUYHOTO KAJIBIIiF0
y BUTIIAAI KaJbI[i€BUX TPAaH3I€HTIB peecTpyBald 3a JOMOMOTOI0 (hIyopecueHTHOTO iHAMKaTopa
nBoBalleHTHUX KaTioHiB Fura-2AM i ¢ayopecuentHoro mikpockona Olympus (Amownist). dus
BUSIBJICHHS KJIITHH 3 O3HAaKaMH aloNTo3y BUKOPUCTOBYBAJH MoJBiliHEe (apOyBaHHS OapBHUKAMH
Hoechst i ioguaom mpomizito Ta MiApaxyHOK BHUSBJICHHUX KIITHH METOAOM (IyopecleHTHOI
KOH(OKaJIbHOT MiKpOCKoOMii. Yci KIITHHU OyJIM PO3/iJieH] Ha Bl IPYIH 32 TPUBATICTIO KyJIbTHBYBAaHHS:
KopoTkoTpuBana (1-2 nobu) ta nmosrorpuBaina (5-7 ai6). Cnix 3a3Ha4UTH, 1O NPHU MOPIBHIHHI
BIAMOBIIEH MOCHIKYBaHUX KIITUH Ha 1-2 Ta 5-7 Ai0 KyJIbTUBYBaHHs BUSBIICHO BIAMIHHOCTI B
KIIBKOCTI KOKHOI 3 TPYH KJIITHH 32 YyTJIMBICTIO 10 Kancainuny. ['pymna HelpoHiB, sIKi 3HAXOAUIHCH
B yMOBax KyinbTypu 1-2 moOu 30epirana BIacTHBOCTI T'OCTPO i30JbOBaHUX HeiponiB. Ha 5-7
000y KyJIbTUBYBaHHS B HelipoHax BigOyBalOThCS 3MiHM, OB s3aHI 3 IX aJamTali€lo A0 YMOB
KyJbTUBYBaHHS. 3MEHIIYETHCS KITbKICTh HEMPOHIB, SIKi 30epiraloTh QyHKIIOHATbHY aKTHUBHICTB 1
BIAIMOBIIaIOTh HA MpUKIIANaHHs aenoisspu3yrouoi koHmeHTpanii KCl ta aronicta TRPV1-kananis
KarncainquHy. 3MEHIIYEThCS aMIUIITy/la Ta KiJIbKICTh BUKJIUKAHUX JII€F0 aroHICTIB KaJbI[iEBUX
TPAH31€HTIB, 1 YHOBIJILHIOETHCS BiJIHOBJICHHS HOPMaJIbHOI BHYTPIIIHBOKIITUHHOI KOHLEHTpaLii
KaJIbI[iI0 Tichs iX BiAMUBaHHSA. MU TpOBeNM aHaJi3 CTaHy KJIITHH 3a JAOMOMOTOI0 1HAMKATOPiB
anonTo3y 1 Hekpo3y. byno mokazaHo, mo Ha 5-7 neHb KyJbTHBYBAaHHS 3MEHIIYETHCS 3arajibHa
KITBKICTh HEHPOHIB Ta 301IBIIYETHCA KINBKICTh HEHPOHIB 3 O3HAKaMH HEKpO3y. Y TOH ke dac
cepea KIITHH HeHporyii, HaBMaKku, BUSBISAETHCS 3HAYHO MEHILE KIITHH 3 03HAKaMHU HEKpO3y, ajie
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crocTepiraerbes 301MbIICHHST KIITHH 3 O3HakaMu anonTo3y. KpiM TOro 3Ha4HO 301JbIIY€ETHCS
3aralibHa KiNbKiCTh KIITHH Helpormii. Lle cBimuuTh mpo Te, 110 KIITHHH HeWpOoTii, Ha BiAMIHY BiJ
CEHCOPHUX HEHPOHIB, Kpallle MPUCTOCOBYIOTHCS 10 YMOB KYJIbTYpH 1 30€piratoTh sSiK )KUTTE3IATHICTB,
Tak 1 QyHKIIOHATBbHY aKTUBHICTD Micyg 5-7 IHIB KyJIbTUBYBaHHs. TakuM YHHOM, cepe]] HEHPOHIB,
i3ompoBanux 3 DRG mypiB P8-12 i kynbTrBOBaHUX 5-7 110, HE CIOCTEPIraqnuch KIITHHY 31 3MiHAMU,
OB’ I3aHUMHU 3 allONTO30M, aJie BUSBWIIMCH KIITHHH 3 O3HAKaMU HEKpo3y. HatoMicTh cepes KINITHH
Helpordmii, i3onpoBanux 3 DRG mypiB P8-12 i kynbTUBOBaHUX 5-7 1110, criocTepiraduck KIiTHHHU 31
3MIiHaMH, ITOB’SI3aHUMH 3 allOTITO30M.

Kuarouosi ciioBa: kynbtypa HeliponiB DRG, Heiiporiist, Hekpo3, anonTo3, pryopecieHTHa MiKpOCKOITisL.

®I310JIOT'TYHA IIIHA TA CTPYKTYPHA OPTAHI3AIISI HEHPOMEPEK PO3YMOBOI
HNPAOE3JATHOCTI I'OJIOBHOI'O MO3KY JIIOAWHHU B 3AJIEZKHOCTI BIJl BIKY

O.1. Ioaxoska!, MLIO. Makapuyx? H.B. ®inimonosal, I.B. ITammyxa', M.M. Hikiopos!, B.M. Jlo3a!

! Biticbrosuil incmumym, KHY imeni Tapaca [llesuenka;
2HHI] «Incmumym 6ionozii ma meouyunuy, KHY imeni Tapaca Ilesuenxa, podkovka olga@ukr.net

[IpanesnatnicTs rosoBHoro mo3ky (III'M) xapakTepusye 3aaTHICTH O€3[IOMUIKOBO BUKOHYBATH
poOOTY BIIPOIOBK TPUBAIIOTO Yacy, 3IaTHICTh 10 KPOMITKO1, OJHOMaHITHOI pOOOTH, TOCUAIOYICTh.
[II'M 3a A.€. XiIlp4eHKO BU3HAYAETHCS 3a TOKa3HUKAMH KiJTBbKOCTI MOMIJIOK IIIIXOM peecTparii
peakuiii 00cTeKyBaHOTO Ha MpeI)sIBICHHS YMOBHUX IOAPAa3HUKIB y MIBUAKOMY TEMIIl HPOTITOM
JIEKTHbKOX XBHWJIMH. MU MpumycTiui, 1mo tect Ha BuzHadeHHs [1I'M, ocoonuBocTi EEI korepenocTeit
ta ingexc Hanpyru (IH) mig gac #oro BUKOHaHHS MOXYTh OyTH KOPUCHHUMH iHCTPYMEHTaMU JUIs
BUSIBIICHHS BIKOBUX 3MiH Yy NisUTbHOCTI MO3KY. COpOK CiM 3I0pOBHX JOOPOBOJBIIIB, IPECTABHUKIB
pi3HUX BilickKOBHX Mpodeciii, Bikom 18-54 poku, sxux Oyio noxaisieHo Ha Tpu rpyn# (I rpyma — 18-
23 poku, n=16; Il rpyna — 24-34 poxu, n=19; III rpyma — 35-54 poku, n=12), mpoXoA¥Ix TECTH HA
BusHaueHHs [II'M Ha 0cHOBI1 aBTOpChKOi KOMIT IOTepHOT MeTOAMKH. [lapaienbHO IPOBOAUBCS 3aIIKC
enexrpoennedanorpamu (EEI") Ta enexkrpokapmiorpamu (EKI') 3 mogaiapmmm kKorepeHTHUM aHAIi30M
(mocToBipHA CHHXPOHI3aIlis BBa)KaJIach IS ap BiABEEHB, 3 MeaiaHoto0 > (0,7) Ta aHATi30M METOAOM
BapianiHoi mysnbcomeTpii. [lopiBHANBHMI aHaNi3 3a KpuTepieM MaHHa-YiTHI BUSBUB, 110 BiIHOCHA
KiTBKiCTh MOMIIIOK OyJa 3Hauyme Mermorw y Il rpymi, Hixk y I (p<0,01) Ta He Biapizusmacs ms [ i
III ta IT i I rpyn (p=0,39 ta p=0,52 BigmoBigHo). OTpuUMaHi pe3yabTaTH MOXYTh OYTH OB’ sA3aHi
3 TUM, 10 BificbkkoBocmyx00BIi Il Ta Il BikoBUX Tpyn mpoinui MPUPOAHIN BinOip BIPOIOBK
cnyx0wm, a Ti 3 HUX, XTO MaB HepoctaTHi piBHI [II'M nipu npomy Biacisnuce. Lle Bka3ye Ha Te, 110
3HaueHHs [1I'M € moka3HUKOM, SIKUi B OUIBIIIH Mipi 3aJI€KUTH BiJl IHAUBIYaJTbHUX OCOOIHBOCTEH
HHC, nix Bix Biky. Hisskux 3nagymux BigmiaHocTten IH mix 11 11, I 1 111 ta II i Il rpynamu BusiB-
neHo He Oymno (p=0,09, p=0,19, p=0,75 BingnosigHo). KorepertHuii ananiz EEI’ mokasas, mo y Bcix
TPHOX Tpymnax OyJia creriaaizoBaHa JiBOMiBKYJIbHA Mepexa, chopMoBaHa 371e01IBIIOr0 y Aiana30Hax
tera Ta anbda gactoT. Y I Ta Il rpymax BoHa BUSBIIIACH HAIUTUIIIKOBOIO, JIO TOTO X, y | rpymi mana
HE JOCTAaTHIO 3B’S3aHICTh, 1 nme B Il Oysia onTuManbHOIO ISl AOCATHEHHSI HAHMEHIIOT KIJIBKOCTI
noMuJiok. [3o1p0Bani ppoHTanbHi 38’ a3ku nipaBoi niBkyai (F4Fp2 ta F4F8) B 1 rpyni y Teta i anbda
niarna3oHax CBiYaTh PO HAAJIULIKOBY 00pOOKY 300pa)keHb, Ha 110 BUTpadaBCs JOJATKOBHUI yac
MIpU BUKOHAHHI TecTiB Ha Bu3HaueHHs [I['M. [lopiBHsanbHMIT aHATI3 32 KpuTepieM Kpyckana-Bomrica
BHUSIBHB BiIMIHHOCTI y TPBhOX TpyIlax cepeia 3B’sA3KiB i3 JOCTOBIPHOIO CHHXPOHI3AIIEI0 Yy JENbTa
nianasoHi jug map Bigsenenb O2P4 ta O2T6, mo Oynu HasBHI nume y npeactaBaukiB III rpymnu, y
Tera-aiana3oHi — s Binsenenb C3Fz, P3Fz, PzFz, PzC3, PzP3, oo Oynu B ycix TppOX rpymax Ta
nnst O1P3, O2T6, vaasui numie B 111 rpymi, mo miaTBepaKy€e AaHi po 301IbIIEHHS PO 30pOBOT
kopwu 3 BikoM. Cepeq map BiJIBEICHb 3 JOCTOBIPHOIO CHHXPOHI3aIli€lo B ayibda Jiarma3oHi BiIMiHHOCTI
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y TpboX rpynax 0ynu BusiBieni juyist PzZFpl, P3Fpl PzF3, P3Fz, P3F3, PzFz, O1Fz, PzC3, P3C3, mo
Oynu masHi mume y 111 rpyni Ta PzP3, npucytnsoro y I 1 III rpynax, a y 6eta 2 niana3oni — Jist
3B’s13Ky Mix BinBeaeHHs MU O 1Pz, mo OyB HasBHMI nuuie y yuacHUKiB I rpynu. OTxe, BUKOHAHHS
3aBJaHHS 3 HAHMEHIIOIO KiNbKICTIO MOMWIOK yyacHUKamu I rpymnu Oyino AOCATHYTO 3a paxyHOK
ONTHUMAJIBHOT HeHpPOMEpEeKi Ta BUINOI 3B’S13aHOCTI MO3KY Yy TeTa Ta alib(a Jianma3oHax, 110 Jajio
3MOTY MATPUMYBATH CTa0iIbHY KOHIICHTPAI[il0 YBard HA MOHOTOHHOMY 3aBJ/IaHHI (TeTa), BiICIIOI0YH
HepeJieBaHTHI ctumyiin (aibda) i cremiaiai3oBaHOi JIOKalbHOI HelpoMepexi y Oera2 jaiama3oHi,
AKa OKPiM IEHTpalbHUX Ta TiM ssHUX AingHOK (K B I 1 I rpynax) B Ginmbmriit Mipi 3amydana 30poBi
ninsaku (O 1Pz, O2P4).

KarouoBi ciaoBa: mpane3gaTHiCTh TOJIOBHOTO MO3KY, iHIEKC HampyrH, eleKTpoeHuedanorpama,
BIKOBI1 3MiHH.

3ACTOCYBAHHS KOMAH/THOI'O METOJ1Y HABYAHHS HA KA®EIPI ®I310J10TI'11
MEJUYHOI'O BY3Y

T.B. ITonoBa, JI.JI. Ckyounbka

JHinposcokuii 0eporcagrutl meouunuti ynisepcumem, m. [Auinpo; tatiana_mashko@ukr.net

BcraHoBIIeHO, 1110 BUKOPHUCTAHHSI KOMaHIHOTO METOly HaBUaHHS Ha IPAKTUYHUX 3aHIATTSIX 3 i3io-
JIoTi1 MOKpalLye 3aCBOEHHS MaTepiany, MiABUIIYE SIKICTh 3HAaHb Ta MOTHBALIIO CTYACHTIB 10 HABYAHHSI.
[MuTanHg MOTHBALI{ CTYACHTIB 10 HABYAHHS 3aBKIU OYyJIO 1 € MPIOPUTETHUM B Hamomy By3i. Cepen
CTYACHTIB 3 KO)KHMM POKOM 3pOCTAa€ 3alHUT Ha 3aJyYEeHHSIM CaMe aKTHBHHX METOJiB HaBYAHHS.
Hanpuknan, ogauM 3 Takux MetoiiB € - Team Based Learning (TBL), To6To koMaH1HEe HaBYaHHS
(HaBYaHHS B HEBEJIMKUX Tpynax). MU NpakTUKY€eMO 3allydeHHs IIbOTO METOly Ha Kadeapi ¢izionorii
MiJ 9ac MPaKTHYHUX 3aHATH: CTYJEHTH HiATPYIH PO3NOAIISIOTHCS Ha TPU-YOTUPH KOMaHaH 1o 3-4
CTY/JCHTH B KOXHiM, sIKI OTPUMYIOTh BiJl BUKJIanaya psij CUTyalliiHUX 3aBAaHb 3 Qizionorii mis
KOJIEKTUBHOTO po3B’si3aHHs. CTy/IeHTH KOXKHOT 3 KOMaHJl CAMOCTIHHO MPauioOTh HAJ OKPEeMHMH
MUTaHHIMH TEMH: Jal0Th BU3HAYEHHS MOHITTSIM, TEPMiHaM, OMMMCYIOTh €TAIH BiIMOBIJHUX MIPOLIECIB.
[Ticns 3aBepIIEHHS CTYACHTH IOYEPTOBO O1JIs TOIKHU MPEACTABISAIOTH Pe3yIbTaTH, MATIOIOTh CXEMH,
MOSICHIOIOTh MEXaHi3MH 3T1IHO iX 3aBOaHHs. BaxyinBo BiAMITUTH, 10 MOKIIMBICTh BUKOPUCTAHHS
Takoi KOJEeKTHBHOI (OpMH 3aCBOEHHS 3HaHb, YMiHb Ta HaBUYOK BKpad HeoOximHa. CrmpaBa B
TOMY, IO B JOKJIHIYHINA MATOTOBIN JiKapl 4acTO 30CEPEIKEHI Ha IHJAMBINyaJlbHOMY OTPUMaHHI
3HaHb. [[opiBHSAHO 31 3BUYHUM 1HAMBITyalbHUM HaBYaHHSM, HaBuaHHs B KomaHai (TBL), B ocHOBI
SAKOTO JICKUTh B3a€EMOJis 3 OJHOTPYNHUKAMH, HAJA€ HAIIUM CTYJEHTaM YHiKaJbHI MOKJIHUBOCTI
IJIs1 IPSIMOTO CIIOCTEPEKEHHS 3a MPOoQeciiHUM MHUCIECHHSIM Ta MOBEAIHKOI. 3a TOMOMOTOI0
METOAY CIOCTEPEKEHHs, KOMAaHIU MOXYTh OIIIHIOBaTH Ta aHaJi3yBaTH BiAMOBiJIi OJHWH-OJHOTO,
(dbopMyBaTH BIacHy CTpaTerilo MOUIYKY MpaBWUIbHOI BiAMOBiAi, OLIHIOIOYM BapiaHTH BiJMOBixeH
OJHOTPYIHUKIB ab0 poOutn camoouinky. Ha Hamy nymKy, y cTyneHTiB MeauuHux By3iB TBL
crpusie GOpMyBaHHIO HABUYOK KPUTHYHOTO MUCJIEHHS, MOKpamlye 30epexeHHsl Ta 3aCTOCYBaHHS
3HaHb, PO3BUBAE CTYJCHTIB sIK MpodeciiHuX MpakTUKiB. [1ig yac BUKOpUCTaHHS LBOTO METOAY MPH
BHUKJIaJIaHH] PI3HUX TeM Kypcy (¢i3iosiorii, BUKIagadl OLIHIOBAJIM pe3yJbTaTH OKPEMHX KOMaHI,
3BepTalM yBary 4M MOBHICTIO BUCBITJIEHI BCi MUTAaHHS 3aBIaHHs, KOPEryBall HETOYHOCTI, MPHU
HEOOXI1THOCTI I0AaTKOBO MOsicHIOBaTH. [1icis HaJaHHsT KOMaHaMU BIIMIOB1I1 TPOBOIUAIIACS IUCKYCist
3a y4yacTi0 BUKJaJgada, BUPILIyBanHCs CHipHI MUTAaHHS, KOMaHIX JOBOJAMIM MPaBUIBHICTh CBOIX
IyMOK, (OpMyBaJild OCTaTOYHY BiAMOBiAb. OLUiIHIOBaHHS 3A1HCHIOBANIOCS Ha KOHKYPEHTHIH OCHOBI:
Kpala KOMaHJja OTpUMYyBaJja BUulli ouiHku. OcoOIMBO IKaBUM € OCTaHHIH eTarl, KOJIH KOKEH CTYICHT
Ma€ OLIHUTH CBill BHECOK Y pe3yJIbTaT KOMaH/H, a TAKOX BHECOK KOKHOTO 31 CBOiX koJer. Yepes
JIeKiJIbKa TaKUX 3aHSTh Y CTYJCHTIB 3HUKAE AUCKOMQOPT Wi Yac OIIHIOBAHHS YJICHIB KOMaHIH,
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3 SIBJIIIOTHCS JIijiepu, aTMoc(epa cTae APy HbOIK 1 HaBiTh Becesior. Came 1el eran CTUMYJIIOBAB
10 BUSIBJICHHSI Ta BUIIPABICHHS HEJOJIKIB, aJKe BiJl BHECKY KOXKHOTO 3aJI€KaB pPe3yJbTaT BCi€l
KOMaH/H. 3a BIATYKaMH CTY/ICHTIB TaKHi (OpMAaT € IiKaBUM i CTUMYJIIO€ J10 HaBUaHHA. A TOJOBHE —
BUKOPHUCTAHHS CUTYAI[IHUX 3aBJJaHb 4yJI0BO JIOTIOMAarae B MiJIroTOBII MaiOyTHBOTO Jikaps. OTxe,
JTOUINBHO MPOJOBKYBAaTH 3alIPOBAIKCHHSI KOMAaHIHUX METOJIB HaBUaHHS, OCKIJIbKM KOMaHIHA
poboTa € BaXJIMBUM €JIEMEHTOM JIisUIbHOCTI Jikaps. Jns aktuBHOro Bukopuctanus TBL mepen
BUKJIaIa4aMH TaKOX CTOITh OaraTo 3aiad, siki Tpeba BUPILTYBaTH: HABYUTHCS KOHBEPTYBAaTH MaTepia
kypcy B TBL, po3ymitu nepemkoan mig yac po3pooku Mmoaynis TBL i Mmeroau ix mononanus, ajie
3YCHJIUISI TOTO BapTi.

Kuro4oBi ciioBa: koMaHHE HaABYAHHS, AKTHBHI METO/H, IPAKTUYHE 3aHATTS, (i310JI0Tis

CALCIUMEMIA AND NEUROENDOCRINE-IMMUNE NETWORK
Popovych I.L.!., Kushneruk A.V. %, Yanchij R.I. 3

!Kozyavkin International Rehabilitation Clinic, Truskavets’ i.popovych@ukr.net,
’National Medical University, Ivano-Frankivs’k, kanotoli2011@gmail.com;
3Bogomoletz Institute of Physiology, Kyiv

Background. Calcium was the favorite ion of our beloved Anniversary. Therefore, the purpose of this
study was to find out the relationship between calciumemia and the parameters of the neuroendocrine-
immune network. Material and methods. The object of physiological observation were 10 men
(37-69 y) and 10 women (33-76 y) with maladaptation examined twice with a weekly interval. We
recorded an ECG for 7 min to assess the HRV parameters (“CardioLab+HRV”) and simultaneosly
quantitative EEG (“NeuroCom Standard”) monopolar in 16 loci. Among the options considered the
average EEG amplitude (1V), average frequency (Hz), frequency deviation (Hz), index (%), abso-
lute (WV?/Hz) and relative (%) PSD of basic rhythms. In addition, we calculated Asymmetry (As),
Laterality Index (LI) and the Shannon’s Entropy. We determined serum levels of calcitonin, PTH
cortisol, aldosterone, testosterone, and triiodothyronine (ELISA, analyzer “RT-2100C”), components
of cellular (CD4, CDS8, CD25, CD22, CD56 lymphocytes and their Entropy), humoral (Igg M, G,
A, CIC, IL-1, IL-6), and phagocytic (activity, intensity and completeness of phagocytosis of E. coli
and Staph. aureus by neutrophils) links of immunity as well as default Calcium (“Pointe-180").

Results. Screening revealed significant (|r|>0.31) and borderline relationships of calciumemia
(2.0+2.6 mM/L) with the parameters of EEG and HRV. Among the EEG parameters, the most nu-
merous and exclusively positive correlations of calciumemia were found with PSD of B-rhythm in
Olr (r=0.42), Fp2r (r=0.37), T3r (r=0.37), C3r (r=0.35), F7r (r=0.32), T3a (r=0.30), T4a (r=0.30),
O2r (r=0.28) loci. Instead, correlations with PSD of a-rhythm are negative: T3r (r=-0.38), T4r
(r=-0.36), Fp2r (r=-0.36), C3r (r=-0.31), F4r (r=-0.29), O2r (r=-0.28). In addition, positive correla-
tions with As (r=0.36) and LI (r=0.32) of 6-rhythm as well as Entropy in O2 (r=0.32), O1 (r=0.31) and
P3 (r=0.28) loci were found. The HRV parameters are located in the next row: LFr (r=-0.51), VLFr
(r=0.45), ULFa (r=0.45), HFa (r=-0.26), Entropy (r=-0.40). However, when constructing a multiple
regression model by stepwise elimination until the maximum value of Adjusted R?> was reached,
only 11 variables (marked in bold) remained in it. R=0.912; R?=0.832; Adjusted R?>=0.766; p<10->.
The connections of calciumemia with other parameter sets have the following form. Endocrine: IL-1
(r=0.35), aldosterone (r=-0.30), triiodothyronine (r=-0.27). Immune: Entropy (r=0.40), Leukocytes
(r=-0.37), CD8" (r=-0.33), CD56" (r=0.33). The physiological nature of correlations between cal-
ciumemia and the activity of neurons of the central and autonomic nervous systems is evidently in
the interaction of extracellular and intracellular pools of calcium ions, which is manifested in the
activation of neurons that generate B-rhythm and the inhibition of a-rhythm generating neurons.
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Instead, the physiological interpretation of the links between calcemia and the release by endocrino-
cytes of aldosterone and triiodothyronine, as well as IL-1 (the source of which is also immunocytes)
can be twofold. The first mechanism is the direct effect of calcium on endocrine and immune cells,
as well as on neurons. An alternative mechanism consists in the mediation of neurons, the axons
of which through mediators are able to influence the receptors of both endocrine and immune cells
within the framework of a triune neuro-endocrine-immune network. The stated speculations are
supported by the data of canonical correlation analysis. In particular, a strong correlation was found
between 12 EEG parameters and HF band HRYV, on the one hand, and the levels of aldosterone, tri-
iodothyronine, and IL-1, on the other: R=0,843; R>=0,710; X2(39)272; p=0.001. A somewhat weaker
canonical correlation was found between the constellations of 10 EEG and 3 HRV variables and 4
immune: R=0,717; R2=0,514; x2(49)=50; p=0.040.

Conclusion. Serum calcium is closely related to neuroendocrine-immune network.

Keywords: calciumemia, neuroendocrine-immune network, relationships.

IMMUNOLOGICAL HOMUNCULUS HYPOTHESIS.
OUR CONFIRMATION, CORRECTION AND ADDITION

Popovych L.L., Kulchynskyi A.B.

Kozyavkin International Rehabilitation Clinic, Truskavets’ i.popovych@ukr.net

Background. According to the Tracey KJ [2007] hypothesis, there is a structured, somatotopically
organized neural network that controls specific components of the immune response through input
and output communication. Such a theoretical organization is similar to the classical homunculus,
which demonstrates that certain areas of the brain control certain parts of the body, and in the future
it will be possible to build an “immunological homunculus”. For example, one area of the brain
may control cytokine responses in the liver, while another may control the activation of T cells in
the spleen or lymph nodes. Some centers may integrate information on antigen presentation, while
others may integrate information on the maturation process of dendritic cells. Individual neurologi-
cal domains in the central nervous system can regulate the state of general readiness of the innate
immune system to respond to pathogens or damage. However, in subsequent publications of this
laboratory, this hypothesis was not advanced. Under the influence of this hypothesis, our laboratory
conducted research to verify it [Kulchynskyi AB, Popovych IL et al., 2016; 2017; Popovych IL et
al.,2017;2018;2022; Popovych IL, 2024]. Material and methods. The object of observation were
34 men (23-71 y) and 10 women (33-76 y) with maladaptation examined twice with a weekly inter-
val. We recorded quantitative EEG (“NeuroCom Standard”) monopolar in 16 loci and determined
components of cellular (CD4, CD8, CD25, CD22, CD56 lymphocytes), humoral (Igg M, G, A, CIC,
IL-1, IL-6, C-RP), and phagocytic (activity, intensity and completeness of phagocytosis of E. coli
and Staph. aureus by neutrophils) links of immunity. The raw values of the variables were recal-
culated into Z-scores. Results. We found that in the putative cortical Center of B-cell of memory
activation (Fp2), inhibition of the activity (as PSD relative) of neurons generating the 8-rhythm
(Z£SE=-0.26+0.12) is accompanied by a decrease in the serum immunoglobulins M (-0.39+0.12)
and A (-0.24+0.14). Center for Late Cytokine Release, by Tracey KJ [2007], is projected between
the parietal and occipital loci. This is consistent with our data on the association of decreased IL-1
(-0.42+0.27) and C-RP (-0.26+0.06) levels with inhibition of B-rhythm generating neurons in the
02 (-0.3340.13) and P4 (-0.34+0.12) loci, simultaneously with activation (0.34+0.17) of 8-rhythm
generating neurons localized there. If we accept the Tracey’s hypothesis that the cortical Center of
T-lymphocyte regulation is projected onto the T6 locus, it turns out that it has an inhibitory effect
(PSDr T6-p = -0.25+0.12) on the blood level of T-regulatory and T-cytolytic lymphocytes. At the
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same time, the data obtained by us provide grounds for putting forward an alternative hypothesis
regarding the upregulation of T-cells (0.51+0.19 and 0.60+0.26, respectively) by neurons generating
d-rhythm, which are projected onto Fp2 (3.13+1.56), Fp1 (3.14£1.59), F3 (2.53+1.34), F8 (7.62+3.11)
loci and a-rhythm in F7 (0.294+0.12) locus. Finally, our laboratory modest contribution to the con-
cept of the immunological homunculus is a hypothesis about localization in the right occipital part
of the cerebral cortex of d-rhythm generating neurons (0.42+0.17) responsible for the regulation
of phagocytosis (Bactericidity vs E. coli: 1.64+0.39; Bactericidity vs Staph. aureus: 1.54+0.42).
Conclusion. Immunological homunculus hypothesis received our confirmation, correction and ad-
dition and deserves further research.

Keywords: immunological homunculus, EEG, cellular, humoral and phagocytic links of immunity.

TENSIOREGULOME AS CONSTELLATION OF NEURO-ENDOCRINE,
IMMUNE AND METABOLIC FACTORS REGULATING BLOOD PRESSURE

Kozyavkina N.V.-2, Popovych LL. !

!Kozyavkin International Rehabilitation Clinic, Truskavets’;
1Y Horbachevskyi National Medical University, Ternopil’; i.popovych@ukr.net; clinic@kozyavkin.com

Background. Earlier we showed that the qualitative-quantitative clusters of blood pressure are very
clearly different from each other by age, sex and the constellation of neuro-endocrine, immune and
metabolic variables, which we called the Tensioregulome by analogy with the metabolome and the
microbiome. Materials and methods. Under an observations were 34 males and 10 females by age
24+76 years with chronic pyelonephritis and cholecystitis in the phase of remission. Testing was
performed twice - on admission and after 7-10 days of standard balneotherapy. The main object of
the study was blood pressure (“Omron M4-1""): 107+190/59+118 mmHg. We determined parameters
of qEEG (“NeuroCom Standard”) and HRV (“CardioLab+HRV?”), levels of adaptation hormones
such as cortisol, aldosterone, testosterone, triitodothyronine, calcitonin and TTH (ELISA, analyzer
“RT-2100C”), electrolytes (Na, K, Ca, Mg, phosphate, chloride), lipids (TG, LD&HD LP Choles-
terol), lipids peroxidation (SOD, catalase, MDA, DC) and nitrogenous metabolites (uric acid, urea,
creatinine) (“Reflotron” and “Pointe-180""), components of cellular (CD4, CD8, CD25, CD22, CD56
lymphocytes), humoral (Igg M, G, A, CIC, IL-1, IL-6, TNF-a), and phagocytic (activity, intensity
and completeness of phagocytosis of E. coli and Staph. aureus by neutrophils) links of immunity
as well as microbiota faeces and electrokinetic index (EKI) of buccal epithelium. For statistical
analysis used the software package “Statistica 6.4”. Results. Retrospectively, 5 quantitative-quali-
tative blood pressure clusters were created according to the existing gradation by systolic BP: Low
Norm (<120), Norm (120+129), High Norm (130+140), AH I (141+160), AH II (>160 mmHg). The
forward stepwise program identified 42 Tensioregulome parameters as characteristic of BP clus-
ters: 25 EEG parameters that reflect main rhythms such as delta (deviation and Power Spectrum
Density in F4, T3, C3, P3 loci), theta (amplitude and PSD in F8, C4, P4, O1 loci), alpha (index,
deviation and PSD in Fp2, F4, F7, T4 loci) and beta (laterality and PSD in T3, C3, O1) as well as
entropy of PSD in F3, T3, TS5, T6 and P3 loci; HRV-marker of sympathetic tone (LFnu), cortisol
and calcitonin, 6 metabolic (serum Na, K, Mg and phosphate, K and Ca excretion) and 5 immune
(IL-6, CIC and T-helper level, phagocytosis activity and intensity against Staph. aureus) parameters,
Bifidobacteria faeces content as well as sex and age. The accuracy of patient classification is 97,7%.
Another 15 parameters were found to be characteristic, but were outside the discriminant model
due to duplication/redundancy of information. Both linear and non-linear correlations between the
blood pressure and Tensioregulome parameters were revealed. Constellation of 15 EEG and 7 im-
mune variables as well as uricosuria, SOD, age and sex determine systolic BP by 77,8% (R=0,882;
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R?=0,778; Adjusted R?>=0,711; F(20,7)=11,7; p<10-; SE=10,0 mmHg). Diastolic BP determined by
sex, uricosuria, SOD, EKI, calciuria, calcitonin, TG/HDLP Ch ratio as well as 3 EEG and 4 HRV
variables on 72,1% (R=0,849; R?>=0,721; Adjusted R*=0,663; Fs7=12.4; p<10-; SE=5,8 mmHg).
Caused by balneotherapy changes in systolic BP determined by changes in constellation of 13 EEG
variables as well as testosterone, PTH, ULF band of HRV, SOD, catalase, TG and IgA levels on
92,2% (R=0,960; R?>=0,922; Adjusted R>=0,837; F12=19.5; p<10-; SE=4,9 mmHg). Changes in
diastolic BP determined by changes in constellation of 5 EEG variables as well as testosterone, PTH,
LF band of HRV, serum catalase, glucose, phosphates, IgM and bactericidity of neutrophils against
E. coli on 84,4% (R=0,919; R?>=0,844; Adjusted R>=0,728; F 142925 p<107; SE=4,6 mmHg).
Conclusion. The Tensioregulome allows us to reliably evaluate levels of blood pressure without
measuring it with a tonometer.

Keywords: blood pressure, EEG, HRV, hormones, immunity, metabolome, pyelonephritis.

RELATIONSHIPS BETWEEN GEOMAGNETIC AP-INDEX AND EEG PARAMETERS
IN PATIENTS WITH DYSFUNCTION OF THE NEUROENDOCRINE-IMMUNE COMPLEX

R.G. Tserkovniuk!, A.I. Gozhenko!, T.A. Korolyshyn'?3, S. M. Lomeyko*, V.M. Fil’, A.S. Anchev!,
W. Zukow$, R.I. Yanchij?, I.L. Popovych!

!Ukrainian Research Institute of Medicine for Transport, Odesa;
ruslan.urology@gmail.com prof.gozhenko@gmail.com
20.0. Bohomoletz Institute of Physiology of NAS, Kyiv; i.popovych@biph.kiev.ua janchij2014@gmail.com

3Clinical sanatorium “Moldova”, Truskavets’;

“Danylo Halyts 'kyi National Medical University, L'viv, svtlana.krupa@i.ua;
SIvan Franko Pedagogical University, Drohobych, fillvitalij@gmail.com;
SNicolaus Copernicus University, Torun, Poland w.zukow@wp.pl

Background. Back in 1990, Limansky hypothesized acupuncture points (AP) as polymodal re-
ceptors of the ecoceptive sensitivity system. In the process of hypothesis development in 2003 an
existence of separate functional system of regulation of electromagnetic balance of organism has
been substantiated and a working conception of light therapy has been formulated. Recently, we
found that disturbances of the geomagnetic field cause a significant immediate modulating effect
on the level of immune parameters in the blood. The data available in the literature give grounds for
assumptions about the direct effect of disturbances of the geomagnetic field on immunocytes, and
indirectly, through immunotropic neurotransmitters and hormones. Our hypothesis is as follows.
Disturbances of the geomagnetic field are perceived by acupuncture points (APs). The information
obtained is transmitted to neurons and endocrinocytes, the mediators of which, in turn, affect im-
munocytes. The purpose of this study is to test this hypothesis. Methods. The object of observation
were 21 men (24-63 y) and 20 women (30-72 y) with neuroendocrine-immune complex dysfunction.
We recorded the ongoing electroencephalogram (EEG) and immunity parameters. Each patient was
tested twice with an interval of 4 days. Observations were carried out on 09.06. and 13.06. 2015 (13
men and 3 women), 14.09. and 18.09. 2015 (1 man and 4 women), 27-28.03. and 04-05.04. 2018 (3
men and 7 women), 28.01 and 01.02. 2019 (4 men and 6 women). Retrospectively we recorded the
geomagnetic Ap-Index, i.e. the average value of deviation of the geomagnetic field strength from
normal in this region (range on Earth: 35-65 uT) on the day of testing and during the previous 7
days, using a publicly available information resource https://www.spaceweatherlive.com/.

Results. The canonical correlation between Ap-indices for 7 days before and on the day of testing,
and EEG parameters is 0,886; immunity parameters is 0,921. In turn, the immune parameters are
closely related to the EEG parameters (R=0,944). Conclusion. Disturbances of the geomagnetic
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field (Ap-index) causes a significant immediate modulating effect on the parameters of immunity
as well as EEG, apparently through acupuncture points as polymodal receptors of the ecoceptive
sensitivity system.

Key words: geomagnetic Ap-index, acupuncture points, EEG, immunity, relationships, humans.

YKPATHCBHKI INIIOKCUYHI JOCJI)KEHHS: TIOHEPChKWI HATIPSIM
Y CBITOBIX HAYLI

A.T. IloprHu4enko, I. M. MaHbKOBCBbKa

ITnemumym ¢hizionoeii im. O.0. boeomonvys HAH Yxpainu, m. Kuis, Ykpaina, port@biph.kiev.ua

[Tonax 90 pokiB Tomy Mukona CHpOTHHIH pO3M10YaB «BUBYCHHS BIUIMBY 3HHKEHOTO aTMOC(PEPHOTO
THCKY Ha Oprasizam», a B 1934 p. 3acHyBaB HayKOBHUH MiApO31iJ, IKUH HUHI € BigAiIOM Trimokcii
Iactutyty dizionorii iMm. O.O. boromonsss HAH Ykpainu. TpuBana icTopis BiAnilly HE TITBKH
0XOIUII0€ BceOiuHE 1 TPYHTOBHE OOCHIIKEHHS MpoOieM rimokcii, ajge i BimoOpaxkye HayKOBHM
CBITOTJIS KITBKOX MOKOIiHB OJTUCKYYUX HAYKOBLIB, 1/1e1 Ta po3pOOKH SIKUX OyJIM MIOHEPCHKUMH Ta
BUTIEPEMIIN CBITOBY HayKy Ha KibKa aecsitupid. Akagemik M.M. CupoTunin po3poOuB kinacudikairo
rinokcii, BUBYaB MOPiBHSIBHI ((P1I0- Ta OHTOTEHETHYHI) 0COOIMBOCTI i1 PO3BUTKY, aJanTallito 10
rinokcii, maTorenes ripcbKoi XBOpoOH, Brieplle 3aCTOCYBaB BIUIMB TIIOKCi] Ta KUCHIO 3 TEpaNleBTUYHOT
Metor. Pazom 3 H.B. Jlayep chopmynroBaB rinoTe3y mpo 3B>s30K CTIHKOCTI JI0 TIMOKCIT 1 peryisiii
HIBHAKOCTI MeTabo01i3My, mpoueciB Mopdorenesy i pynkuii ctpykryp. H.B. Jlayep i A.3. Komunncbka
CTBOPHWJIM KOHIIETILI}0 KHCHEBUX PEKUMIB OpraHi3My — CIiBBIAHOMICHHS IBUIKOCTI Ta IHTEHCUBHOCTI
MaconepeHocy kucHio i PO, Ha eramax TpaHcnopTy KMCHIO 10 TKaHuH. A.3. KoauuHCBKOI0 Oyn10
ONMCaHO TiMEepOKCHYHI, rinepbdapuyHi Ta rinepMeTadoaiyHi TUIU TiMOKCii, CTBOPEHO KOHUEILII0
npo QYHKUIOHAJIBHY CHUCTEMY AMXaHHS, PO3POOJICHO TMOKCUTEPANeBTUYHI MiIXOAH Y MEIHULHHI
i cnopri. Jocnimxkenns BueHoi Ta il y4HIB oxapakTepu3yBalH cTajail rinokcii HaBaHTa)XKCHHS,
PO3KPUIIM €BOJIFOIIHI MEXaHI13MHU aJIallTallii JI0 TiOKCii Ta rinepKanHii, rnO0OKOBOJHUX 3aHYPCHb.
[Tin xepiBaunTBoM M.M. Cepenenka y Bigaini BuB4Yanu nutanHs Qizionorii Ta matogizionorii
JUXaHHS, OPYLIEHb TPAHCIOPTY 1 YTUIi3alii KUCHIO, OyJi0 po3po0aeHO0 MIISAXU KOPEKLii rinmokeii
IpU pecnipaTopHiil marosorii, KpoBoBTpari, crpeci, cPOpMyIbOBAHO KOHLEMILIIO «CTPECOPHUX
aereub». 3 2000-x poKiB aKIEHTOM JIOCIIIJKEHb CTAIM MEXaHi3MHU PO3BUTKY Ta KOMIIEHcaLii rimokcii
Ipy M>SI30Biil aKTUBHOCTI Ta BTOMI, CTapiHHi, cTpeci, AediuuTti nodaminy, naroiorii AuxaabHOI
Ta HEPBOBOI CUCTEM, «aHTapKTUYHOMY cuHApoMi». Ilin kepiBHUITBOM [.M. MaHbKOBCHKOI OyIs0
BCTAHOBJICHO 3arajibHi Ta criequ(iuHi 03HAKH FIIOKCHYHUX CTaHIB Yy 3aJ€KHOCTI BiJl TUIY T1OKCIi,
BiKY, PE3MCTEHTHOCTI 10 [OKCii; 0XapaKTepru30BaHO MOJEKYJISIPHO-TEHETHYHI MEXaHi13MH PO3BUTKY
MITOXOHJIpiadbHO1 quchYHKLIT Npu Tilmokcii 1 cTpeci, MexaHi3MHU CHPUATINBOI Aii iHTepBaIbHOI
rinokcii npu OpoHxianbHi# acT™Mi, XBopoOax IlapkincoHa i AnpureiiMmepa, NiAr0TOBIi CIIOPTCMEHIB
Ta nonsapHux pociigaukiB. T.B. CepeOpoBcbkoio Oyno po3poOieHO JiKyBalbHO-I1arHOCTUYHUN
KoMIUIeKC «'ImMOKCUTpOn». Y TOM e 4ac, yepe3 By3bKe CIpSIMYBaHHS MIIOKCUYHHUX JO0CIiKEHb 3a
KOPAOHOM, Yy CBiTi IaHyBaJI0 PO3YMiHHSI BIUIMBY TiMOKCii BUKIIOYHO SIK IIKiIJIMBOTO. AJle 3aBIsSKH
aKTUBHINA MixkHapoaHi# aisnpHocTi T.B. CepedpoBcbkoi, .M. MaHbKOBCHKOT Ta IHIIMX HAYKOBLIB,
CHPSIMOBaHIM Ha MOMIMPEHHS MIOHEPCHKUX PE3YJIbTATiB JOCIHIIKEHb YKPAiHCHKUX TiMOKCHUCTIB, y
CBiTi OyJI0 BU3HAHO CIPHUATIUBY Ail0 rinmokcii B HOpMi Ta mpu nartosorii. CydacHi HOCTiIKEHHS
BIIJIIJTy PO3BUBAIOTHCS Y HANPSIMKaxX BUBYCHHSI MEXaHi3MiB KJIITUHHOT Ta MeTa0O0Ii4HOI mpoTeKuil
npu rinokcii. OTprMani HOBI JaHi 00 MITOXOHIApiadbHUX, MikpoPHK-3anexxnux i MojaexyasipHux
MeXaHi3MiB PO3BUTKY LYKpoBoro aiabery 2 tumy, imemii-penepdysii miokapaa, 3amnajieHHs,
pO3po0IIeHO TiMOKCUTEpaneBTUYHI Ta (papMaKoJOriuHi miaXoau a0 iX Kopekuii. BeranosieHo
POJIb JICNTHHOBHUX PELENTOPIB MITOXOHIAPIH y MITOXOHApialbHIM AUCHYHKLIT IPU KOMOPOigHOMY
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nepebiry 3amaneHHsi 1 MeTaboaiyHUX po3naiiB. OxapakTepru30BaHi PEeJIOKC-UyTIMBI MEXaHi3MH
BI/IMOBI/Il TapreTHUX TeHiB 1 OUIKiB MPH TiMOKCii, pO3BUTKY MiTOXOHpianbHOT AUCOYHKIIT y ma-
ieHTiB 3 xBopoOoto [lapkiHcoHa 1 MykpoBuM aiadetom 2 Tumy. TpuBae BUBUCHHS POJIi TiMoKcii
Ta aKTUBAaIlil CTPEC3aJIeKHUX KIITHHHUX MEXaHi3MiB y Ipollecax 3aro€HHs paH. JlocmijkeHHS i
po3po0OKHM HAayKOBIIB BiAaiNy BiJg3HaueHi JlepkaBHOI NpeMilo YKpaiHu B rany3i HayKH i TEXHIKH
(2000) Ta iHIIMMH HAYKOBUMH BiJ3HAKAMH.

Karouosi croBa: M. M. CupoTHHIH Ta HOTO HayKOBa MIKO0JIa, YKPaTHCHKI MIMTOKCHYHI TOCTIHKCHHS.

50 POKIB BIIIITY KJTHIYHOI ®1310JI0T1i CHIOJIYYHOI TKAHUHU
HopTtHivenko B.I., JleBamos M.I.

Inemumym ¢hizionocii im. O.0. boeomonvya HAH Ykpainu

B 1974 p. B InctutyTi hiziosorii im. O. O. boromosnbIis OyB 3acHOBaHUN BiAI1JT (Pi310JI0TIT TUXAHHS,
KEepiBHUKOM SIKOTO OyB MpU3HAUYCHUN TOKTOp MeandHuX HayK B. f1. bepe3oscrkuii. B 1987 p. Bigmin
OyB nepeliMeHOBaHU y BiJALI KIiHIUHOT marodizionorii. 3 2017 p. Binain 3HOBY OyB niepeiiMeHOBa-
HUH 1 OTpUMaB Ha3BY BTy ¢i3ionorii cronyyHoi TkaHUHU. 3a 50 pOKiB CBOTrO iCHYBaHHS BiJJIid
MPOBOJMB CAMHUH IIMPOKUN CIIEKTP JOCIIKEHb. Y BIAALII mig kepiBHUIITBOM B.S1. Bepe3oscbkoro
Briepuie B Ykpaini OyB BUKOPUCTAHUHN €JIEKTPOXIMIYHHIA METO/ BUMIPIOBAHHS HANIPYKCHHS KUCHIO
B )KMBUX TKaHWHAX JIIOJWHU 1 1a00paTOPHUX TBApUH. ByJI0 BCTaHOBIEHO HAsABHICTH 1HIUBIIyalb-
HOT uyTIIMBOCTI 70 Tinokcii. [IpoBeneHi AOCTIKEHHS 10 3’ SICYBaHHIO CIIBBIAHOIICHHS BPOJKE-
HUX 1 HAOyTUX y Tpoleci OHTOTeHe3y O0COOIMBOCTEW peakiiid Ha rimokciro. st nporo 3 1.0.H.
T.B. CepeOpoBchbKkoto OYB CKJIaJICHUH PEECTP MOHO- Ta IU3UTOTHUX OJU3HIOKIB M. Kuera, i mpose-
JIeH1 iX 00CTeXXEeHHs Ha PiBHI MOPsI Ta B YMOBaX BUCOKOTIp’s. 11i MOCIIHKeHHS MOKa3aiu, o JJIs
O1IBIIOCTI MOKa3HUKIB TEHETHYHO 3yMOBIICHI PUCU PEAKTUBHOCTI JUXAJIBHOI Ta CepIeBO-CYAMHHOT
CHUCTEM BIITpaloTh NTOoMiHytouy ponb. OcobnuBe 3HaYeHHs ais (i3ionorii JereHb Mae HeJoCTaT-
HbO BUBYCHA Ha TOH yac cypdakranTHa cucrema. B.f. bepezosebkuii Ta B.1O. ['opuakos crBopuim
npuian cyppakToMeTp, 3aBISKH SIKOMY 3’ sIBUJIACS MOXKIIUBICTh KUJIBKICHUX BU3HAYeHb aKTUBHOCTI
cypdaxranTiB. BukopucToBYyI0uH cydyacHi MeMOpaHHI TEXHOJIOT1T Ta e(DEeKT «MOJIEKYISIPHOTO CUTaY,
B.fl. Bepe3oBChbKUII CTBOPUB T€HEPATOPHU IITYYHOTO TiPCHKOrO MOBITPsI, 3[aTHI 3a0e3mneuyBaTu
1HUBilyabHE J03yBaHHS HOPMOOApPHYHOI caHOTeHHOI rinokcii. BrpoBajkeHHs MpHIIaIiB THITY
«Opotpon» Ta «bopei» B MeIUIHY PAKTUKY MiATBEPIUIO IX BUCOKY €(EKTUBHICTh. PesynbraTn
BOTO UKy poOiT y3aradbHeHO B MOHOTpadisx «Du3nonorunueckne MexaHu3Mbl CAHOTEHHBIX d(-
¢dekroB ropuoro kiaumara» (1988 p.), «Beenenne B oporepanuto» (1998 p., npyre Bunanus 2002 p.)
ta “[Ipuponnas u nHCTpyMeHTaIbHas oporepanus” (2012 p.). Lli nocmimxeHHs nanu 3Mory cgop-
MYJIOBaTH TIOJIO)KEHHS NPO HAasSBHICTBH JIBOX JiaMeTpajibHO MPOTHIICKHUX 32 eekToM Aii THIiB
KUCHEBOI JienpuBaIlii: CAHOTEHHOT T1MOKCI1, 0 CIPHUSE 30POB’ 10 Ta JOBIOJITTIO JIOAUHH, 1 1aTO-
TeHHOI T1MOKCi1, sSIKa 3[]aTHa 3aIIKOJJUTH HOTO 3/10poB’t0. [IoyaTok KOCMidHOT epH 1 epiri opoiTanbHi
MMOJILOTH JIFOAWHU IMOKa3ajd, [0 HEBATOMICTE ICTOTHO BIJIMBAE Ha METAa00III3M KaJIbI[iI0 Ta 3MIHIOE
BJIACTUBOCTI CKeJIeTY. BUKOpPHUCTOBYIOUH CrieliaibHi peXKUMHU TIepepUBIACTOT HOPMOOAPHUYHOT T1IOKCIT,
B.Sl. bepe3oBchkuii Ta CiBpOOITHUKK BiAiAy KIiHIYHOT marodizioorii qoBeau, 110 MpeaaanTta-
ist B MEKaX CAaHOTEHHOI TiMOKCii 3/[aTHA rajJbMyBaTH PO3BUTOK aJEPriYHUX CTaHIB Ta OCTEOIEHIT
0e3xisbHOCTI. TEXHOJIOTII0 MPEBEHTHBHOTO MiIBULICHHS PE3UCTEHTHOCTI OpraHizmMy OyJI0 BUKOPH-
CTaHO B MEPEeI-MOJBOTHIN MiATOTOBIII MEPIIOTr0 KOCMOHABTa He3anexxHoi Ykpainu JI. Kagentoka ta
fioro nyonepa . [TycroBoro. YV Bigainy OyJio CTBOPEHO €KCIIEPUMEHTAIbHUM 3pa30K JIIKYBaJIbHO-
npodinaktuyHoi iHPpayepBoHOI TepMokamepu. HOBUM KPOKOM y pPO3BUTKY HEMEIHMKAMEHTO3ZHUX
MEeTOIB PO IIAKTUKY Ta Teparrii 0ararhboX 3aXBOPIOBaHb Oyjia po3po0Ka KoXJieapHOI rajjokaMepH.
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PesynbraTy kiniHiuHOT ampoOailii mokas3aiu, 1Mo CeaHCH 03JI0POBJICHHS BUSBIISIIOTH BUCOKY e(ek-
THUBHICTB TalloTeparii npu peadimiTamnii mamieHTiB 3 JOHO30JOTTYHUMHU GOopMaMu 3aXBOPIOBaHb 32
HassBHOCTI CHHJIPOMY XPOHIYHOT MEpPEeBTOMHM, TIMEPTEH3UBHUX Peakiliii, rinepcekpeTopHux Gopm
XPOHIYHHMX OpOHXITIB. ByJi0o p03p00JIEHO TEXHOJIOTII0 Ta CTBOPESHO NEPIIHi B YKpaiHi TpPUYaCTOTHUH
OioiMnenancHui anapar «OcTeoTecT» Jis HeIHBAa3UBHOI JIarHOCTHKU CTaHY KiCTKOBOI TKaHWHU
moaunu. [lig kepiBHunTBoM a.M.H. M.I. JleBamoBa Oyiau npoBeneHi JOCIKEHHS 10 BUBYCHHIO
POJIi CEpOTOHIHEPTiYHOT CUCTEMH B PETYJISIIIT TPOIIECiB pereHepailii crnojy4Hoi Tkanuau. Ha nanuit
MOMEHT IiJl KepiBHULITBOM JI.M.H. B.1. [TopTHiUeHKO Yy BiA/Iii BUBYAIOTH [1epe0ir OMiKiB Ta OMiKOBY
XBOPOOY, EKCIIEPUMEHTAIbHY MHEBMOHIKO Ta KOPEKI[iF0 Ii€1 MaToyorii HOBUMHU MEPCICKTHBHUMHU
JiKapcbKUMU peyoBuHaMu. Ha 6a3i Bijaniny KoxkHi 2-3 poKH peTylsapHO nmpoBoauiancs MixHapoaHi
cuMmmnosiymu “AkryanbHi nmpobiemu Oiodiznunoi meaumuau” (1998,2000,2002,2005,2007,2009,
2012,2014,2016,2018), siki KOPUCTYIOTHCSI YBAroK MIXKHApOIAHOT HayKoBOI cniibHOTH. Ha nanwmii
MOMEHT X IPOBEACHHS 0yJI0 YCKIIaJHCHE BHACHIAOK emijaemii koBin-19 1 BiliHU.

Karouogi cioBa: B.Sl. Bepe3oBchkuii Ta ioro 1mkosa, oporepanis, mousiporpadis.

JIMHAMIKA ®YHKIIOHAJBHOI'O CTAHY MO3KY Y BINCbKOBOCJYKBOBIIIB
3 MIHHO-BUBYXOBUMU TPABMAMU

IIpuBanosa H.M., 3a6ponina JL.IL., bosT 1O.B.

Jleporcasna ycmanosa «Incmumym Hegponoeii, ncuxiampii ma Hapkonoeii HAMH Yxpainuy, m. Xapkis,
Yxpaina, inpn_zabrodina@ukr/net

CxnaznHi MexaHi3MH GOpMyBaHHS NATOJOTIYHUX CHHJIPOMIB Ta PO3BUTKY KOMIICHCATOPHUX MPOIIECIiB
y BiHICBKOBOCYXOOBIIIB, IO OTPUMaJd MiHHO-BHOYXOBi TpaBMH B OOWOBHUX YMOBAaX, 3MYIIy€
ITyKaTH HOBI MiJIXOH JI0 JIarHOCTHKH, JIIKYBaHHS Ta peadiniTallii mocTpaxaainx Ha pi3HUX eTanax
3aXBOpPIOBaHHS. MeTa HAIIOTO JOCIHIIKEHHS MoJIsirajia y BU3Ha4eHH] iHQOpPMaTUBHUX MOKa3HUKIB,
K1 XapaKTepHU3YHTh OiNbII a00 MEHII CUPUATINBY AWHaAMiKy (pYHKIIOHAIBHOTO CTaHy MO3KY
y BiHiCBKOBOCIYXO0OBIIIB 3 MiHHO-BHOYXOBUMHU TpaBMaMmH. bynu oOcrtexeHi 18 mamieHTiB, mo
nepe0yBalln Ha CTalliOHAPHOMY JIIKYBaHHI TicIsi MIHHO-BHOYXOBOI TpaBMH CEpPeAHBOI TSHKKOCTI,
TEpMiH TiCIs OCTAaHHBOI TPABMU Bija 3-X 10 6-TH MICSIiB, IO BiAMOBi/la€ pAHHBOMY BiJITHOBHOMY
nepiony, Ta 11 mpakTudHO 310poBUX 0¢i0. Bei 00cTexeni 4onoBiku, cepeaHin Bik 38,5+2.57 pokis.
OO6cTexenHs nposoauiiocs npotsrom 10 aHiB BpaHui. s BUKOHAHHS 3aBJaHb JOCIIIKCHHS OYyB
PO3pO0IICHNH KOMIDIOTEPHUI BapiaHT TEHIIHTY, 10 BKJIOYaB BUKOHAHHS 3aBJaHb [IPaBOIO Ta JiBOIO
PYKOIO B Pi3HMX HMIBUAKICHMX pexxkumax. Lle naBano 3Mory BH3HAUMTH 1HAMBIAyaJlbHI MOKa3HUKHU
MUHAMIKU (QYHKIIOHAIBHOTO CTaHYy MO3KY, & caMe 3MiHHM HIBUJIKOCTI Ta CTA0IIbHOCTI pearyBaHHS,
acCHUMETpil0 pearyBaHHs, TUI peakiii Ha JOBiIbHE MPHUCKOPEHHS, a TAKOX JO3BOJSIO OLIHUTH
MOJKITUBOCTI aJanTaIiifHOTO IMOTEHITaTy MO3KY SIK Y 3JJ0POBHX, TaK i Y XBOPHX ITiCIIsT MiHHO-BUOYXOBO1
TpaBMu. [lOpiBHSIIbHMI aHAI3 TOKA3HUKIB MPOTYKTUBHOCTI TEMIIHTY B PI3HUX PeXXUMaX BUKOHAHHS
B MOTNEPEHIN Ta HACTYNHHUH AC€Hb OOCTEKEHHS BIPOJOBXK BCHOTO MEPIOY CIOCTEPEIKEHHS
J03BOJIMB BU3HAUMUTH JICKiJIbKa TUIIIB AUHAMIKN LbOT'0 NOKA3HUKA: aJJallTUBHUN, CTa01NbHUI,
KOMIICHCATOPHUH, 3HIKEHHS (yHKIIIOHAIBHOTO CTaHy, BUCHAXIUBHUH [ 1]. PesynbraTu mocmimKkeHHs
MOoKa3alld, 10 Y 3JI0POBHUX OCi0 JOMiHYBalu 3MiHH, SKi CBITYMIIN MTPO MOKPAIISHHS a00 JOCTATHIO
CcTaOUIBHICTh PYHKIIIOHATBLHOT'O CTaHY MO3KY BIIPOJOBK BCHOTO MEPiOAy cIocTepekeHHs. B rpyrmi
XBOPHX 3 MiHHO-BHOYXOBHMH TpaBMaMH CYTT€BO HM)KYMH BiICOTOK aZalTHBHOTO Ta CTabiNbHOTO
THITIB pearyBaHHs, BOJHOYAC MPH OINbII CIPHUATIUBOMY Tepediry mpoIeciB BiTHOBICHHS ITiCI
MiHHO-BHOYXOBOT TPaBMU CIIOCTEpiraBcs OiMBITUN BiICOTOK KOMIIEHCATOPHOTO THITY pearyBaHHS,
a mpu OiNBII HECHPUATINBOMY Tepediry - OUIbIIHMI BiJICOTOK BHCHAXJIHUBOTO THUIY. BiACyTHICTH
JIOMiHYBaHHSI 3MiH, SIKi CBIIYMIIN MTPO TOKpaIaHHs ab0 JOCTATHIO CTa0iIbHICTh (DYHKI[IOHAIBHOTO
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CTaHy MO3KY MOPS/I i3 3pOCTaHHSM BiJICOTKY KOMIIEHCATOPHOTO a00 BUCHAKIIUBOTO THITIB pearyBaHHs
CBITYMJIM TIPO 3HAYHE 3HIKEHHSI GHEPTETUYHOTO PECYPCY Y XBOPUX 3 MIHHO-BUOYXOBUMH TPaBMaMH.
OTpumMaHi J1aHi MOXKYTh TAKOK CBIYUTH PO CyTTEBE 3MEHILCHHSI CIPOMOKHOCTI KOPKOBUX PEry-
JSTOPHHUX BIUIMBIB Ha MiJIKOPKOBI CHCTEMH Hecmelu@iuyHOT akTUBalil B yMOBaxX HaBaHTAXCHHS,
PO 3HIKCHHSI PiBHS MPOIECiB MIKITIBKY/ILOBOI B3aeMo/ii. Pe3ynbTaT 10CiKeHHS 1al0Th 3MOTY
KOpEeryBaTH METOJM 1HJAUBIAYaJli30BaHOTO €TIONATONEHETHYHOTO JIIKYyBaHHS Ta peadimiTariiftHux
3aX0[(iB 3 METOI0 MPO]ITAKTUKH YCKIIaIHCHbD.

Karouogi ciioBa. MinHO-BHOYX0Ba TpaBMa, MOHITOPHHT (PYHKIIOHAJILHOTO CTaHy MO3KY, iHpOpMaTHBHI
MOKa3HUKH Mepediry mpoueciB BiTHOBICHHS.

[Mpusanosa H.M., 3abpoaina JI.I1., bost }O0.B., CyxopykoB B.B. MOHITOpHHT acTeHIYHIX pO3TaiB
Yy XBOPHX 3 ICHXOHEBPOJIOTIUYHOIO MAaTONOTi€l0. YKpaiHChKHUI BiICHUK ncuxoHeBposorii. 2023;31(3):
46-52.

MODIFIED THROUGHPUT NINHYDRIN METHOD FOR THE QUALITATIVE
ASSESSMENT OF DIETARY PROTEIN ABSORPTION IN PIG PLASMA

K. Pierzynowskal-*3, K. Zaworski?, P. Wychowanski, S. Pierzynowskil>*3

Department of Biology, Lund University, Lund, Sweden;

Department of Animal Physiology, The Kielanowski Institute of Animal Physiology and Nutrition,
Jabtonna, Poland;

Anara AB, Trelleborg, Sweden Fondazione Policlinico Universitatio A. Gemelli IRCCS-Universita,
Rome, Italy;

Department of Medical Biology, Institute of Rural Health, Lublin, Poland,; Kateryna.Pierzynowska@biol.lu.se

Protein maldigestion and malabsorption lead to malnutrition and are a feature of exocrine pancreatic
insufficiency (EPI). Although it is the current standard, measurement of nitrogen in stool to assess
protease activity is indirect. Up to 80% of hydrolysed proteins appear in blood in the form of
peptides so we developed a method to measure peptide-derived amino acids in plasma as a relevant
measure of proteolysis, verified its accuracy, precision, and linearity, and validated it in a porcine
model. We modified a ninhydrin method. Large proteins were eliminated from plasma with 10
kDa-cut-off centrifugal filters. Free and total amino acids were measured in permeate before and
after its hydrolysis. Peptide-derived amino acids were quantified by subtracting free amino acids
from total amino acids. We verified the method in vitro and by comparing results in healthy and
EPI pigs. The accuracy of the analysis was close to 100%, with excellent precision (mean relative
standard deviation for low, medium and high amino acid levels=0.88%) and with stringent linearity
(r2=0.986, %RE =5.23). The high-throughput ninhydrin method detected levels of peptide-derived
amino acids in vivo with maximal changes seen approximately 2 hours postprandially in young
pigs. The AUC and Cmax were significantly higher in healthy compared to EPI pigs (p=0.0026 and
p=0.0037, respectively). The high-throughput ninhydrin method is a sensitive, reliable, and practical
method for the estimation of dietary peptide-derived amino acids. This assay endpoint could serve
as a direct biomarker of protein digestion and absorption.

References: Kateryna Pierzynowska, Kamil Zaworski, Piotr Wychowanski, Janine Donaldson,
Jarostaw Wolinski, Drucy Borowitz, Robert Gallotto, Stefan Pierzynowski, Modified throughput
ninhydrin method for the qualitative assessment of dietary protein absorption in pig plasma, Biol-
ogy Methods and Protocols, Volume 9, Issue 1, 2024, bpae078, https://doi.org/10.1093/biomethods/
bpae078

Keywords: peptide absorption, method, validation.
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BILE ACIDS IN THE BILE OF RATS WITH TETRACYCLINE-INDUCED
FATTY HEPATOSIS

V.A. Gryshchenko!, V.A. Tomchuk!, S.P. Veselsky?, Y.M. Reshetnik?, O.V. Tsymbalyuk?,
S.I. Holopura!

! National University of Life and Environmental Sciences of Ukraine, Kyiv
2 Taras Shevchenko National University of Kyiv, Kyiv, yevdokiareshetnik@knu.ua

It is known that under the influence of antibiotics, the synthetic and biotranformation processes
in hepatocytes can be both stimulated and suppressed. The aim of the research is to study the bile
acids composition of the bile and processes of cholates synthesis by the liver of rats under tetracy-
cline usage accompanied with the bioadditive “FLP-MD” made from milk phospholipids. Studies
were performed on white laboratory male rats with body weight 200 + 50 g (n = 13), kept in the
vivarium at room temperature 22-24°C with 14-hour light period and standard diet and free water
access. All manipulations with rats were carried out in accordance with the requirements of the
European Convention for the Protection of Vertebrate Animals used for experimental and scientific
purposes (Strasbourg, 1986), the Law of Ukraine “On the Protection of Animals from Cruelty” Ne
3447 of 02.21.2006. Liver damage in the form of fatty hepatosis was modelated by administering
to rats a 1% solution of tetracycline hydrochloride intragastrically at a dose of 0.5 g per kg of body
weight of the animal during five days. Bioadditive “FLP-MD” made from milk phospholipids was
administrated daily to experimental animals one hour before tetracycline and the next two days
after discontinuation of the antibiotic. A day after the completion of intragastric administration of
substances, an acute experiment was performed with cannulation of the bile duct to obtain bile.
Biochemical analysis: in bile, the content of conjugated and free bile acids was determined by thin-
layer chromatography. The used method of bile analysis made it possible to identify six fractions
of bile acids in the samples: in particular: taurocholic, taurohenodeoxycholic and taurodeoxycholic
(mixture), glycocholic, glycohenodeoxycholic and glycodezoxycholic (mixed) and free bile acids:
cholic, chenodeoxycholic and deoxycholic (mixture) acids. The experimental data were processed by
variation statistics methods using OriginPro 2018 (OriginLab Corporation, USA) and STATISTICA
7. 0 (Stat Soft, USA) software packages. It was found in experimental fatty hepatosis the processes
of biotransformation of primary and secondary bile acids by conjugation with taurine are inhibited.
In the case of using the bioadditive “FLP-MD?” to rats in experimental fatty hepatosis concentra-
tion of taurocholic, taurohenodeoxycholic and taurodeoxycholic acids is increased compared to
the control. Concentration of glycoconjugated bile acids and free bile acids are the same as in the
control. Using the bioadditive “FLP-MD” based on milk phospholipids under experimental fatty
hepatosis the effects of the antibiotic on the processes of biotransformation and formation of bile
acids are eliminated. It should be emphasized that the bioadditive “FLP-MD” contributes to the
intensification of the conjugation processes of free bile acids with taurine. That is, the bioadditive
“FLP-MD” improves detoxification processes in hepatocytes. This allows us to recommend bioad-
ditive “FLP-MD” as a means of hepatoprotective profile in the case of administration to animals of
potent drugs that have a negative effect on liver cells and bile acids biotransformation processes.
Kuarwouosi caosa: Bile acids, Tetracycline, Fatty hepatosis, Milk phospholipids

EKCIIEPUMEHTAJIbHUM MTAPKIHCOHI3M TA JAESKI ATAIITABHI PEAKIIT ¥V
TKAHUWHI I'OJIOBHOI'O MO3KY

K.B. Po3oBa, H.M. Bamenko

Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis,; erozova@ukr.net

BuBuanu 3MiHU yOBTpPacTPYKTypH TKaHWH MO3KY IPH €KCIIEpUMEHTAJIbHOMY HNApKiHCOHI3Mi, BH-
KJINKaHOMY J1i€}0 POTCHOHY, BBOJAUMOMY CTAaTE€BO3PIJINM IIypaM-CaMLsM IPOTATOM 2 THXKHIB y 1031
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0,3 mr/100 r macu Tina. ENeKTpoHHO-MIKPOCKOMIYHO Ta MOP(QOMETPUIHO TOCTIIHKYBaId TKAHHHH
JnoBracToro Mo3ky (8-12 mm Big bpermu) ta crpiatymy. @ikcamito maTepiany NpOBOJWIH 3TiAHO i3
3arajJbHONPUHHATOI0 MeTOAMKOIO. [lepersi mpenapariB 3iHCHIOBAIH 3a IOMIOMOTOI0 €JIEKTPOHHOTO
mikpockomna [IEM - 125K (Vkpaina). MopdomeTpuuHi J0CHTIIKEHHS TPOBOIUIH 3 BAKOPUCTAHHSIM
KOMIT'FOTEPHOI IporpamMu uisi MoppoMeTpuuHux migpaxyHkiB Image Tool Version 3 (CILIA) Ha
130-150 monsx st KOKHOTO JOCIIKYBAaHOTO BILIMBY. BBeICHHS pOTCHOHY Hal0ibII BUPaKEHO
normuOIIo€ MposiBU MiToxoHApianbHoi (M/]) Ta ennoreniansuoi (EL) nucdynkuii, a BiaTak i okcu-
JATHUBHOTO CTPECY, CaMe Y JOBracTOMY MO3KY, OCKiJIbKH BiH 34aTHUH aKyMYJIOBaTHUCS B MiITOXOH/APIsSX
(MX) MO03Ky, Jie MOPYIIYIOUU IIEPEHOC SJICKTPOHIB y AUXalbHOMY JaHIory MX Ta iHri0yroun ak-
THUBHICTbh KOMIIJIEKCY |, BUKIIMKAa€ HAKOTMYCHHSI BUIBHUX PaJMKaIiB, [0 PA30M 3 OKHCHHM CTPECOM,
MPHU3BOJIUT JI0 3MiH BHYTPIIIHEOKIITHHHOTO OalaHCy 10HIB KaJb1lif0, 3MEHIICHHIO yTBOpeHHsI ATO,
MOPYUICHHIO MPOIIECiB CHHTE3Y O1JIKiB, AeToiMepHu3allito MikpoTpyoouok. Bee e Hagani crae 6e3-
MOCEPEIHHOI0 MPUIMHOIO0 MOIIKOKCHHSI HEPBOBOI TKAHWUHHU 13 3arn0EIIITI0 KIIITHH 38 allONTOTHYHIM
Ta/ab0 HEKPOTUYHUM THIIOM. TpuBaje BBEJICHH POTCHOHY MOCUITIOBAIO KOMIIapTMEeHTH3alit0 MX,
[0 BKa3y€ Ha aKTUBHY «BOTHHUIIEBY JICTCHEpAIlil0» KIITUH - Oinbmie 40% opraHen BUSBISIUCS
CTPYKTYpHO 3MiHeHUMH. [0 TOTO X 3arajibHa KibkicTh MX 10CTOBIpHO 3HIKYBanacs 3 14,3+£2,1
10 9,2+1,4 ox1./10 mxm? (P<0,05). INapanensHo icToTHO 36inbmyBaBcs giamerp MX (3 0.58+0.07
10 0.96+£0.08 MKM), 110 BKa3y€e Ha MOXJIMBICTh 3aru0Oelli opraHes 3a HEKPOTUYHUM THIIOM 1 4acTO
€ He3BOpOTHUM. OKpIM IIbOTo OyJIO BUSBICHO 3HAUYHI MISTHKU MOPYIIEHHS CTPYKTYPH MIi€NiHY 3
HaOPSIKOM Ta JECTPYKII€I0 MIEJIIHOBUX BOJOKOH, 11O BJacHE i CTaj0 03HAKOI0 PO3BUTKY MapKiHCO-
Homnoi0HOro cTany. Crioctepiraiacs rimeprijaparaiis reMaToeHiedaaigaoro 6ap’epa, o CBIAYUTh
PO PO3BUTOK CTPYKTypHOTO KoMrnoueHTy EJI. [Tpu MojentoBaHHI NapKiHCOHIZMY YIBTPaCTPyKTypa
CTpiaTyMy TakKoX 3a3HaBaja HETaTUBHMX 3MiH MiJ BIUTMBOM POTEHOHY, MPOTE Li 3MiHU OyiH CyT-
TE€BO MEHII BUPAKEHUMH, HI’K y IOBFACTOMY MO3KY, MOKJIMBO came 3aBJsKH 04YaTKy GpopmMyBaHHS
KOMIICHCATOPHUX MeXaHi3MiB. MU 3HaWIUIM MiATBEPIKEHHS TaKOMy TependadyeHH0. 30KpeMa
HE CIIOCTEpiraiocsi TOCTOBIPHOTO 3MEHIICHHS KiIbKOocTi MX, HaTOMICTh CyTTEBO aKTHBYBaJUCS
nuHaMiuHi fission-fusion npouecu B MX anapari, KOTpi, MOIIKO/PKYIOTBCS ITPU HelpoaereHeparii
nepeBa)xcHo 3a paxyHok fission mpouecy. OTxke, TpH PO3BUTKY NAapKiHCOHOMOIIOHOTO CTaHy MOpy-
HICHHS YJIBTPACTPYKTYPH TKaHUH MO3KY, po3BuTOK M/] Ta E/] cioctepirarorbest 01l BUPaKEHO B
JIOBracTOMY MO3KY, MEHIII B cTpiarymi. [Ipu BBeIeHHI pOTCHOHY TIOYMHAIOTH ()OPMYBATUCH aJalITHBHI
3MiHH, KOTpPi, KMOBIpHO, € 1 y 0cib 3 xBopoOoro [lapkiHcoHa, IO J03BOJISIE€ IM MPUCTOCOBYBATHCH
JI0 HAsIBHOTO 3aXBOPIOBAHHSI.

Kuwo4doBi cjoBa: ekcriepuMeHTalIbHUN MapKiHCOHI3M, POTEHOH, JIOBracTHH MO30K, CTpiaTyM,
MITOXH/piajdbHa AUPYHKIIIS, CHAOTeNialbHa TUCPYHKIIS.

THE EFFECT OF DANTROLENE ON CYTOPLASMIC CALCIUM SIGNALING
AND VIABILITY OF CULTURED RAT HIPPOCAMPAL NEURONS
IN RESPONSE TO AB1-42 EXPOSURE

N.M. Rozumna, V.V. Hanzha, and V.M. Shkryl, E.A. Lukyanetz
Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, nata_nr@biph.kiev.ua

A constant imbalance in calcium (Ca?") entry and exit inside the cell disrupts its integrity, ultimately
leading to a disturbance of cellular calcium homeostasis and cell death. Alzheimer’s disease
(AD) is the most common cause of dementia. The main neuropathological characteristics of
Alzheimer’s disease are extracellular deposits of B-amyloid peptide (AP) in the form of senile
plaques, the formation of intracellular neurofibrillary tangles, and neuronal damage, especially in the
hippocampus. Several studies indicate the contribution of altered Ca®>" homeostasis regulation under
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AP influence to the development of AD. For example, impairments in ryanodine receptors (RyRs)
function may be involved in the pathogenesis of AD, as these receptors play an important role in
regulating calcium release from the endoplasmic reticulum (ER) in neurons. In our research, using
the dual-wavelength calcium measurement method with Fura-2/AM, we investigated the effect of
the RyRs receptor antagonist dantrolene on the cytoplasmic concentration of Ca?" in rat hippocampal
neurons culture during AD modeling by incubation of neurons with AB1-42. Additionally, using
confocal microscopy with double cell staining by Hoechst and propidium iodide, we evaluated the
effect of dantrolene on hippocampal neurons’ viability under AB1-42 action. During AD modeling,
dantrolene was observed to reduce the basal level of free calcium and decrease calcium responses to
electrical stimulation or the application of depolarizing solution in neurons, as well as reduce Ca**
loading in the ER, i.e., decrease the negative changes in calcium homeostasis caused by Ap1-42. It
was found that 24-hour incubation of neurons with Af1-42 resulted in more than a twofold increase
in the number of cells with signs of apoptosis and/or necrosis compared to control. However, in the
presence of dantrolene in the same incubation solution, an increase in the number of live cells and
a decrease in the number of apoptotic and/or necrotic neurons were observed. We concluded that
RyRs are involved in AD development by inducing an increase in cytosolic calcium, and dantrolene
effectively eliminates this defect caused by AP1-42. Thus, the reduction of the negative effects of
AB1-42 on cytoplasmic Ca®" concentration and cell viability of hippocampal culture by dantrolene
indicates that ER calcium stores are affected by amyloid, leading to calcium homeostasis disruption
and, consequently, to cell death.

Keywords: f-amyloid, dantrolene, Alzheimer’s disease.

BIIJIUB ITYXJIMHU HA PIBEHDb IIOIIKO/J’KEHb 'TEHOMY B HEMAJII'HI3OBAHUX
KITUHAX XBOPUX HA I'VIIOBJIACTOMY

H. A. Kypinnuiil, O. B. 3emckoBa? , T. II. JIamenko®, M. I'. Pomanenxo!, M.IO Makapuyk>,
C. P. PymkoBchKmii’

Jﬂepafcaeua yemanoea «Hayionanvnuil naykogutl yenmp paoiayivinoi meouyunu Hayionanonoi akaoe-
Mil meduunux nayk Yrpainuy, eyn. 0. Iuienxa, 53, m. Kuis, 04050, Yxpaina;

2 [leporcasna yemanoea «lncmumym netipoxipypeii im. axad. A.I1. Pomooanosa HAMH Ykpainuy, eyn.
Hﬂamona Maiibopoou, 32, m. Kuis, 04050, Yipaina;

SHasuanvno-nayxosuti yenmp «Incmumym 6ionozii ma meouyunuy Kuiscokozo nayionarvnozo ynisep-

cumemy imeni Tapaca Illesuenxa, éyn. Bonooumupcoxa, 64/13, m. Kuis, 01601, Yxpaina,
e-mail: kurinnyi.d@gmail.com

I'mio6nacToma € HAWOUTHIT MOIMUPEHOIO MEPBUHHOIO MYXJIHWHOIO TOJOBHOT'O MO3KY Y JOPOCIHUX,
BiZpI3HIETHCS BKpal HECIPUATIIMBUM IIPOTHO30M. Y XBOPHX Ha TIII001aCTOMY ITiABUIICHUN PiBEHD
($1310JT0T1IHOT aKTUBHOCTI TPaHCHOPMOBAHUX KIITHH CYITPOBOKYETHCS BUKHIOM Y MIKKITI THHHHI
npoctip mutokiHiB TNF-a, IL-6, IL-1 ta IL-10, IL-8, IL-2 Ta GM-CSF, mikpoPHK i dhparmenTis JIHK,
SKI TUITXOM TIPSIMOT UM OITOCEPEeIKOBAHOT B3a€MO/Ii1 MOXKYTh BIUTMBATH HA KJIITHHH, IO HE 3a3HATHU
Tpancdopwmarii. Mera: BU3HAYUTH PiBHI CIIOHTAHHHUX Ta pajialliiHO-1HIYKOBAHUX MOIIKOKCHB
JHK B mimdonutax nepudepuanoi kposi (JIIIK) xBopux Ha riiodracToMy 3a TOMTOMOTOI0 METOIY
enexTpodopedy okpemux KiiTuH (Comet assay). MaTepiaau Ta Metoau. [IpoBoanan KyJasTHBYBaHHS
npotsrom 48 roaun JIIIK 69 xBopux Ha ririomu 11— IV crymento 3a WHO, cepenniii Bik 53,7 pokiB
(28-70); xinok 28 (40,6%), gonosikis 41 (59,4%) Ta rpynu KOHTpOIIO - 16 YMOBHO 310pOBUX 0Ci0,
cepennin Bik 45 pokis. OnpoMinenHs in vitro B 1031 1,0 I'p nposoaunu na G, crazii KIITHHHOTO
nukiry. PiBens momkomkens JJHK Ta gactoTy kiriTiH B ctani amonTto3y (All) omiHoBamm 3a 101oMo-
roro Mmetoxy Comet assay. /{71 Bu3HaUeHHS BiTHOCHOTO piBHS nomkopkeHHs JJHK BukopucToByBamu
noka3Huk «Tail Momenty» (TM). byno nposeneno anamiz 99700 kmitun. PesyabTaTn: Cepenne
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snaueHHss TM B JIIIK xBopux Ha riio0macToMy OyJio CTATUCTUYHO 3HAUylle BUIIEC HiX B rpyri
KOHTpOJIs (6,99+0,98 Ta 4,26+0,30 BinHOCHO, p<0,05), 1110 CBIIUUTH PO HASIBHICTH OUIBIIOT KiJib-
kocTi nmomkokeHs JJHK B HemanirnizoBanux kimiTuHax xBopux. [licis onpominenHs B 1031 1,0 I'p
B rpyIi KOHTpOJt0 Oyiio 3adikcoano Biporigue (p<0,01) 3pocTanHs cepeHboro 3HaueHHs TM 10
12,86+0,74. Lle 3pocTaHHs OB’ s13aHO SIK 3 BUHUKHEHHsIM nomkopkerb JJHK micns onpoMiHeHHs,
TaK 13 aKkTUBaIli€ro TeHiB penapaiii. OHaK, pajaialiiiHe HaBaHTAXKCHHS HE BUKJIUKAJIO CTATUCTUYHO
3Hauymux (p>0,05) 3miH cepennbo rpynosoro 3HaueHHss TM B kyibrypax JITIK xBopux (mMOKazHUK
nopiBHIOBaB 6,99+0,98 B HeonpomineHux Ta 7,47+0,86 B ompOMiHEHUX KyIbTypax), IO BKa3y€ Ha
BiJICYTHICTb aKTHBaIlii penapamniifnux npouecis. PiBens All B Heonpominenux Kyibrypax JIIK xBopux
Ha I1100JI1aCTOMH CTATUCTHUYHO 3HAUYIIE TEPEBUIILYBAB BiITOBIJHUI MOKA3HUK TPYITH KOHTPOIIO (TI0
rpymi B cepeaubomy 13,3242,38 ta 1,50+0,52 na 100 xaiTHH BiANIOBiAHO). 3ape€eCTPOBAHO PiI3HUIIIO
(p<0,005) wactotu AIl B xynbTypax JIIIK XxBopux Ha raioMu J10 i micist onpoMiHeHHs in vitro. B
onpoMminenux KynbTypax JIIIK xBopux AIl nopiBHIOBaB B cepennboMy 1o rpymi 20,67+3,20 na 100
KIIITHH, B TpyMi KOHTpoJo 3,56+0,71 na 100 xaitun. BucnoBku: B JIIIK xBopux Ha riiobnactomy
CIIOCTEPITAEThCS MiJBUIIICHUN piBeHb molikokeHb JIHK, 110 CBiIUUTh PO BIUIMB MYyXJIUHU HA
CTa0iIpHICTh TCHOMY B HEMaJlirHI30BaHUX KIITHHAX Mali€HTIB (MPOSB MyXJIMHHO-1HAYKOBaHOTO
edekty cBinka). Kpim Toro, Haii pe3yibTaTH BKa3ywTh Ha Te, [0 All MOXIHUBO € OCHOBHHM
MPOILECOM MiJATPUMKH I€HETHYHOI CTaOIIBHOCTI SIK MPH PO3BHTKY MYyXJIHHO-3aJI€KHOTO eeKTy
CBijKa, Tak 1y BinoBiae Ha onpomMineHHs B JIIIK xBopux Ha rimiobdiacTomy.

Kurouogi cioBa: rinio6nacromu, nomkopkenns JJHK, anomno3s, ioHi3y0ue BATPOMIHIOBaHHS, €JICKT-
podope3 OKpeMHUX KITITHH.

3MIHU B AKTUBHOCTI HEMPOHIB NEPIIOI IIJIACTUHKHU JOPCAJIBHOTO POI'Y
MMUIII TPA AKTUBAIII PEHENTOPIB CHCTEMU KOMILIIMEHTY

C. B. Pomanenko, K. B. Kopoix, 1. O. baamak, O. B. I'anaiinunu
Inemumym ¢hizionoeii im. O. O. bocomonvyss HAH Ykpainu, m. Kuis, sergii@biph.kiev.ua

Heiliponatuunuii 6i1b € cepH0O3HOI MEIMYHOI0 MPoOIEeMOI0, 0COOIMBO B CBITJII MacmTabOHOTO
301NIbIIEHHS XIPYPTiYHUX Ollepaliii Ta TpaBM MepuepuIHIX HEPBIB YEPE3 MAaCOBY TPaBMATH3ALIIO
Ta MOpaHeHHs B yMOBax BiliHU pocii mpotu Ykpainu. CucteMa KOMILUIEMEHTY, HEBi/I>€MHA YaCTHHA
BpOJKEHOI IMyHHOI peakuii i ckianaeTbest 3 CUCTEMHU O1NKIB, sIKi MPALIOIOTh Pa3oM JIsl yCyHEeH-
HS HACJIJKIB NIl MaTOTeHIB 1 MONIKOKEHUX KIITHH. C5a OJMH 13 KIOYOBUX YYaCHHUKIB KacKay
KOMIUIEMEHTY, 110 BipOTiJHO MOB)>SA3aHUH 3 maTojorivnuM Oosiem. Konu cucteMa KOMIIJIEMEHTY
AKTHBYETBHCA, 1I€ MPU3BOAUTH 10 BUpOOIeHHs nmominentuay CSa, mo akTUBYE KIITHHH MIKpOTIii
y CIHHHOMY MO3KY 1 MOX€ 3allyCKaTh HU3KY HOJiH, sIKi COPHUSIOTH PO3BUTKY TPUBAIUX OOJBOBHX
cuHIpoMiB. MexaHi3mHu, 3a onomororo akux CS5a-3anexHa akTHUBaLis MiKpOTIii cipusie BHHUKHEH-
HIO XpPOHIYHOTO OOJI0 Hapasi 3ajJMIIAIOTHCSA HE3PO3YMITUMU. Y AOCHiIKEHHI 0yJ0 BUKOPUCTAHO
npenapaT CIMHHOTO MO3KY JOPOCIINX MUIIeH eX vivo. CHMHHHA MO30K BUIUISUIA PA30M 3 KOPIHIISIMH
cnuHHOTO MO3KY L5 1 L4. Enexrpodizionoriuni peectpanii HelpoHiB mIacTHHKU | mpoBOIUIHN B
OKCHUTe€HOBaHIM MITYYHI CHUHHOMO3KOBIH pianHi. CTUMYysALito fopcanbHux Kopinmis (L4 abo LS)
MPOBOJIUIIN OKPEMUMH €JIEKTPOJAMU 32 TOTIOMOT0I0 CTUMYJISATOPIB. IMITyIbCH CTPYMY aMILTITY JOIO
+150 MKA i TpuBamnicTio 1 Mc 3acTocOoBYBanu AJig pekpyTyBanHs AB-, Ad- 1 C-BOJIOKOH, a iMITyJIbCH
aMmmiiTynow -150 MKA 1 TpuBamictio 1 Mc - ans akTuBauii Bucokomoporopux C-apepeHTHHX
BOJIOKOH. byio BusiBieHo, mo npukiaganas C5a (50 HM) BukiiMKae B iHTAKTHOMY CIUHHOMY MO3KY
MiJBUILIEHY aKTUBHICTh y YaCTHHM CIHMHOIapadpaxiaJlbHUX MPOCKUIHHUX Ta HEeiAeHTU(IKOBAHUX
IHTepHEHPOHIB HEPOHIB MOBEPXHEBOT INIACTUHKHU J10PCAIBHOTO pory. Mu mokasainu, o KiJIbKicTb
noreHuianiB aii (I1/]), BUKIMKaHUX CTUMYJISAIIED AOPCATbHUX KOPIHIIB 3HAYHO 30LIbIIUIACS
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MPUOIU3HO B MOJIOBUHI 000X MOMYJSIid HEHPOHIB Ticis 1HKyOyBaHHS CIMHHOrO MO3Ky y CSa-
BMICHOMY po34uHi npoTsroM 20 XB. B 3anexHOCTI Bif THNY 1 CKIaqy CTUMYJbOBAHUX BOJIOKOH
KOpiHLA, KiNbKicTh [1J] B MOCTCHHANITUYHUX BIAMOBIASIX HEHPOHIB MOBEPXHEBUX JaMiH CITMHHOTO
MO3KYy 3Ha4yHO pi3Hmiacs. [Ipu 3aranbHiil cTuMysiii ceHcopHUX BoJIOKOH (A, Ad, C) Biamosiai
BiJI3HAYANINCS BITHOCHO HeBeJMKO KinbkicTio [1]] (2,17+0,15 I1/1 Ha cTuMy), B TOH Yac sIK OKpema
CTUMYJIALIS NOBITBHUX 00160BUX BOJOKOH (C-) dhopmysana no 15 [T (B cepeaabomy 3,34+0,17 [T
Ha ctumydn). [Ipuknaganus C5a mpuU3BOAMIO 10 CTATUCTHYHO JOCTOBIPHOTO MiIBUIICHHS KIJIBKOCTI
[1]] y BiIMOBiJb K Ha 3arajbHy CTUMYJIAIII BOJOKOH JopcaibHOro kopiums (3,20+£0,16 T1/] Ha
CTUMYJI), TaK 1 IPU CTUMYJIALIT TOBITBHUX 00JIH0BUX BOJOKOH (4,03£0,12 I1/] Ha ctumyn). Takox
B 000X THIIaX CTHITYJSLIH BiA3HAYAIOCh HE3HAUHE 3MEHIIECHHs aMiniTyau [1/] npu npuknananxi
C5a. Mocnimxkenus nopory aktubaiii [1J] HelipoHiB BUSBHUIO JOCTOBIpHE HOTO 3MECHIIICHHS MiCJIsI
npukiagansas C5a npu crumyisiiii 60s1p0Bux C- BostokoH (-48,0+0,6 mV vs -51.5+£0.4 mV), yoro He
CIIOCTEPIranoch, MpH 3arajbHill CTUMYISIIT BOJIOKOH JOPCaIbHOTO KOPiHIISl. MM TakoX crocTepiranu
3HAYHO MiJBUIICHY CIOHTAHHY MOCTCHHANITHYHY aKTUBHICTh B IEPEBAXKHIN KIJTLKOCTI JOCIIIKEHUX
HeHpoHiB micis npukiagands CSa. Takum unHoM, aktuBanis CSa penenTopiB y KIITHHAX MiKpOTIii
CIIMHHOTO MO3KY MOJKeE BiJlirpaBaTH BaKJIUBY POJIb y CEHCHO1Ti3alil IK JIOKaTbHUX IHTEPHEHPOHIB,
Tak 1 cmHOMapadpaxialbHUX MPOCKIIHHUX HEeWpoHiB. Ll ceHcuObinmi3aiis MoXke JekKaTH B OCHOBI
MigBULIEHOT 00IHOBOT Uy TIIMBOCTI, 1[0 CIOCTEPITAETHCS K PE3YJIbTAT TPABM NepruepuIHIX HEPBIB.
Karmouosi cioBa: C5a, xpoHiuHHMi Oiflb, HEHPOHH

TERMINATION OF STATUS EPILEPTICUS USING DIFFERENT DOSES
OF DIAZEPAM IN THE LITHIUM-PILOCARPINE MODEL OF EPILEPSY.
A COMPARATIVE STUDY.

A Savchenko, Y Tytarenko, D Isaev
Bogomoletz Institute of Physiology, Kyiv, Ukraine,; anton.savchenko@biph.kiev.ua

The lithium-pilocarpine model in rodents is a widely recognized tool for studying epilepsy-related
seizures and status epilepticus (SE). This study investigates the application of various doses of
diazepam in effectively terminating SE episodes induced by lithium-pilocarpine, providing critical
insights into optimizing intervention protocols within this model. By identifying the effective dosage
and timing for diazepam administration, our research seeks to enhance the precision and reliability
of experimental conditions, allowing for more accurate assessments of seizure control mechanisms.
For our research we used 30 male Wistar rats (2 months old weighing approximately 250 grams)
which were intraperitoneally (IP) injected with lithium (127mg/kg). After 22 hours the rats were
IP injected with 40mg/kg pilocarpine hydrochloride with subsequent injections of 10mg/kg every
30 minutes until Racine stage IV seizure activity. The rats were then divided in 3 goups (n =10 per
group). These 3 groups were administered varying doses of diazepam (10mg/kg, 20mg/kg, 30mg/kg)
to terminate status epilepticus. All animals were provided with adequate food, water and bedding to
ensure optimal living conditions during the study. After the termination of SE rats were observed
for 14 days. Our studies revealed that rats administered 10mg/kg diazepam has a mortality rate of
80%. The group administered 20mg/kg diazepam for SE termination showed a mortality rate of 50%
while the droup administered 30mg/kg of diazepam showed a mortality rate of 25%.

This work holds significance for optimizing the lithium-pilocarpine model in preclinical epilepsy
research, advancing its utility in testing therapeutic compounds and understanding seizure dynamics.
By refining this model, we aim to improve its applicability and translational value, thereby
contributing to a deeper understanding of epilepsy and facilitating the development of more targeted
and effective experimental approaches.
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Keywords: Lithium-pilocarpine model, Epilepsy, Status epilepticus (SE), Diazepam, Seizure control
mechanisms, Mortality rate, Dose-response, Preclinical epilepsy research, Seizure dynamics, Seizure
termination, Racine stage IV seizure, Targeted therapeutic approaches

BIJHOBJIEHHSI PYXOBOI ® VHKIIII 3AJHLOI KIHI[IBKY L[YPA MICJISI TPABMU
CIMHHOI'O MO3KY I TPAHCILIAHTAIIII ME3EHXIMAJIbHUX CTOBBYPOBHX
KJITHH, MOEHAHMX 13 PHPMA-TIIPOT'EJIEM

B. M. Caraiinak!, O. A. Putauyk?3, B. B. Measencsn!

IHauwHaﬂbHuu meouunuu yrigepcumem imeni O.0. Bocomonvys, m. Kuis;

IHcmumym Qisionoeii ineni O.0. bozomonvyss HAH Ykpainu, m. Kuis;

S Inemumym 2enemuunoi ma pecenepamuenoi meduyunu, HHI] «Incmumym xapoionoaii, kniniunoi ma
pecenepamuernoi meouyunu imeni M. /. Cmpaxcecka, HAMH Ykpainuy, m. Kuis, dr.viktorsahaidak@gmail.com

Tpasma ciuaHOTO MO3KY (TCM) cynpoBOIKYETHCSI TPUBATIUMU, YACTO — IMOXKUTTEBUMH PYXOBUMH,
YYTJAMBUMH 1 BEreTaTUBHUMHU PO3jajaMH. 3aXBOPIOBAHICTh y CBIiTI Ha Lel BHI TpaBMU csrae ~I1
MJIH. BUIIaAKIB IOPOKY, MOMIUPEHICTh — ~27 MITH. 0ci6. OCHOBHA MPUYHMHA TSKKOI HEBPOJIOTiYHOT
cumnToMatuku Ipu TCM — MOMIKOIKEHHsI JOBTUX HU3X1IHUX HEPBOBHUX BOJIOKOH CIIMHHOT'O MO3KY.
Ix perenepaniiine npopocTaHHs 4epes AUIAHKY TPaBMHU NParHyTh 3a0€3I€UMTH Pi3HOMAHITHUMH
IMILTAaHTALIMHUMU O101H)KEHEPHUMH 3aC00aMHU, SIKi MOTJIU O BiZITBOPUTH HEOOXI HI /IS IIbOTO TKAHUHHI
yMoBHU. Hamu mociipkeHo eeKTUBHICTh OJJHOTO i3 TaKUX 3ac00iB — amMop(HMI MaKpOOPUCTUH]
pHPMA-rigporens (NeuroGel, NG), HamoBHEHHI ME3eHXIMaJIbHUMHU CTOBOYPOBUMH KIITHHAMHU
(MCK) nroguuu. [nst 3’sicyBanHs epeKTUBHOCTI LHOTO 3ac00y y 0iMX 0€3M0pOJHUX HIYPiB-caMIliB
Mmacoio 250-300 r MoaesoBa M BUCIYCHHS (parMeHTy (JOBXKUHOIO ~1 MM) JIiBOT ITOJIOBUHH CIIUH-
HOTO MO3KY Ha HI)KHbOTPYAHOMY-BEPXHbOIONIEpeKOBOMY piBHI (rpyma « TCM»). ¥V TBapuH rpynu
«TCM+NG» nedexT cnuHHOTr0 MO3KY HEeraifHO 3alI0BHIOBAJIN ()parMeHTOM MOPOKHBOTO T'1IPOTeo,
a'y tBaput rpynu « TCM+NG+MCK» — ¢parmentom rigporeinto, nonepegaso HanoBHeHoro MCK.
Yepes 3 Mic micist BTpy4YaHHs BUSBISUIN 3HAYYILy Pi3HULIO MOKa3HUKA PyX0BOi QPyHKIIT, 00YMCIeHOTrO
3a mwkaynoio Basso—Beattie—Bresnahan, mix rpynamu «TCM» ta « TCM+NG+MCK» — 6,9+0,5 Ta
8,340,4, BigmosigHo (p < 0,05; ogHodakropuuii Tect ANOVA). Ileit pe3ynbrar cBiI4uTh IPO ic-
ToTHE nokpaieHHs epexkry pHPMA-rigporeinto 3a npucytHocTi y Horo cknani MCK, monaiimenmre
y BIATBOPEHUX HAMHU €KCIEPUMEHTATbHUX YMOBaX. OTpuMaHuil pe3yabTaT notpedye Bepudikamii
Ha TPUBAJIIIINX TEPMiHAX CIOCTEPEKEHHS 13 3aCTOCYBAHHSM IMYHOTICTOXIMIYHOT'O METOAY 3aJIs
3’siICyBaHHS J10JI1 TPAHCIUIAHTOBAHMX CTOBOYPOBUX KIIITHH 1 iX poJii y BiIHOBJIEHHI TPOBIIHUKOBOTO
anapaTy CIIMHHOTO MO3KY.

Kuarouogi cioBa: TpaBma ciuaHOro Mo3Ky, pHPMA-Tinporens, Me3eHXiManbHi cTOBOYPOBI KIIITHHH,
pyxoBa (yHKIis.

POJIb CIPKOBOJAHIO B IIATPUMILI CITPSKEHHS mtNOS IIPU CTAPIHHI
Carau B.®.

Inemumym ¢hizionoeii im. O. O. Bocomonvyss HAH Vkpainu,; vsagach@biph.kiev.ua

[lIupoko BijloMa cUCTEMa OKCHJY a30Ty, L0 3a0e3Ieuy€e Peryisiito pi3HUX MPOIECIB B OpraHi3Mi
Ta PO3BUTOK HOTO MATOJOTIYHUX CTaHiB. MeHIle yBaru npuaiisioch MitoxonapiansHiii NO cuH-
tazi (mtNOS), sika Bifirpae 3HauHy poJib B PO3BUTKY MITOXOHJIpialbHOT AUCHYHKLII - opraHedn,
110 3a0€3MevyI0Th MO0A00U CUHTEe3 AecATKiB KinorpaMiB AT®, HapaxoBYIOTh JeKilbKa TPiIbOHIB 1
ckianarTh A0 10 BijcoTKiB Baru Tina iroauau. HaitOinbiie X B TkaHUHAX cepiist i MO3Ky. Po3BHTOK
iX qucyHKIil, 10 CYNPOBOIKYE 1 SIBISETHCS BaKIMBUM MEXaHI3MOM CTapiHHS XapaKTepU3y€EThCS
NaJiHHAM CHHTE3Y OKCUAY a30Ty 1 3HaUHUM HAKOITUYCHHIM BiJIbHUX PaAUKaliB, IO BiAirpaloTh Ba-
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TOMY pOJIb y pyHHYBaHHI TEHETUYHOTO MaTepiady MiTOXOHAPIH Ta CyTTEBOMY 3HHMI)KEHHI MPOIYKIIiT
AT®. Hamu nokazaHo, 10 3HaYHY POJIb B PO3BUTKY OKCHJIATUBHOTO CTPECY B MITOXOHJPIAX KpiM
JINXaJIbHOTO JIAHITFOTA BiJIirpae Tak 3BaHe HecnpspkeHHst mMtNOS, sika 3aBJsSKH OKUCICHHIO 11 KO(haKTo-
pa TeTpariapobionTepruHy MepeTBOPIOETHCS 3 AiMEPY Ha MOHOMED 1 3aMiCTh OKCH/IY a30Ty MPOJYKY€
CYNEPOKCHUIHUM pajJiuKal, Mo JAaji Mij] i€l CYNepOKCHIICMyTa3u Ta KaTaja3y MepeTBOPHETHCS
Ha TIEPEeKHC BOAHIO Ta HAA3BMYaHO HEOE3MEeYHUH T1APOKCHMILHUN paluKal PiBHI SIKUX Y CTapux
OpraHi3MiB Habararo MepeBUINYIOThH iX piBHI y AOpOCIHX TBapUH. Taka KapTUHA, 1[0 XapakTepHa
JUISL CTapuX TBapHH CYNPOBOKYETHCS 3HAUYHUM MaAiHHSAM PIBHIB OKCHIY a30Ty i CipKOBOAHIO Y
MITOXOHJPisiX. 3aCTOCYBaHHS MOMEPEAHUKIB OCTAHHBOTO Ta CTUMYJISIiSI HOTO CHHTE3Y 3 JJOTIOMOTOI0
KO(PaKTOPy CIpKOBOJICHb CHHTE3YIOUMX (PEPMEHTIB CYyTTEBO 3HMKYBAJIM PIiBHI MiTOXOHIPiadbHOTO
CYMEepOKCH]ly Ta MiJBHILYBaId BMICT OKCHAY a30Ty. Lle BKa3zyBaso Ha BiJHOBIICHHS CHPSKCHHS
mtNOS, sike 6mokyBanock 3acrocyBanasiM L-NAME un 6nokanoro 3MST, depmenty skwuii 3a6e3nedye
CHUHTE3 CIpKOBOJHIO B MITOXOHAPisAX. OTXe ISl MiATpUMaHHS crpspkeHoro ctany mtNOS noTpioOHi
JIOCTaTHI PiBHI MITOXOHIPiaJbHOTO CIPKOBOJHIO. A MPU CTapiHHI HOTO PiBHI 3HAYHO 3HUKYIOTHCS,
110 MPU3BOAUTH 10 HecnpsukeHHS MNOS, po3BUTKY MiTOXOHIpianbHOI qucdyHKIIl Ta yHKIiO-
HaJbHOT HEIOCTATHOCTI TKAHHH B MIEPIIY YEPTy CepIlsl Ta MO3KY. BUXOs49M 3 HABEICHOTO MOKIHBO
MPOMOHYBATH CTUMYJISIIIIO CHHTE3Y CHIOTCHHOTO CIPKOBOIHIO UM 3aCTOCYBaHHS HOTO JOHOPIB JJIsI
MOJIIMIIIEHHS CHEPTOEMHHUX MPOIIECiB B TKAHWHAX CTapUX OpPTraHi3MiB.

Karouosi caoBa: mitoxonapiansna NO-cuaTaza (mtNOS), okcuaaTuBHUE cTpec, MITOXOHIPIi,
CIpKOBOJICHb, CHEPTCTUYHUN OOMIH.

HNOPIBHAHHS MATEPHIB KOAKTUBAIIIL B M’SI3AX JIIKTbOBOT'O CYIJIOBA
B ITIOAIBHUX PYXOBHUX 3ATAYAX

H. C. Cemeniok!, O. B. Jlerenza!, /1. O. 3aBonoBcbKuii!

Iuemumym pizionozii im. O.0. Bozomonvys HAH Ypainu, m. Kuis; e-mail: olehedza@gmail.com

CninbHa aKTHBAIlis M’s31B-arOHICTIB Ta AHTArOHICTIB € Ba)XJIMBOI BJIACTHUBICTIO HOPMAaJIBHOTO
(GYHKIIOHYBaHHS PyXOBOTO KOHTpPOJIO. Lle KiltoyoBa MpoakTUBHA CTPATETisl, 1Ka BUKOPUCTOBYETHCS
ISl pEryJIIOBaHHS KOPCTKOCTI Cyriioda Ta 301IbLIeHHS! 1Oro Omopy y BiANOBiAb Ha MPUKIAICHHS
30BHILIHIX CHJI AJI5 3aB/IaHb, 110 BUMAraroTh BUCOKOI TOYHOCTI BUKOHAHHS. TOMY BUBUEHHS MPOLIECiB
KOAaKTUBALii M’ 531B JTIKTbOBOTO CYIII00a € aKTyaJIbHUM JJIsl pO3yMiHHS LEHTPaIbHUX MEXaHi3MiB MO-
TOPHOI'O KOHTPOJIIO Y JIIOAUHU. Y Wil poOOTi MM OPIBHIOBAJIM IEPBUHHI MaTEPHU aKTUBALil M 531B-
3THHAYiB Ta PO3THHAYIB JIKTHOBOIO cyrioba. JlociimkyBaHi M 431 BBa)KaJUCs aroHiCTaMH LIOJ0
HampsiMy CTBOPEHOT'O 3yCHJUIS B YMOBax KOHKPETHOTO PYXOBOTO 3aBJIaHHA. AKTUBHICTh aroHicCTiB
MU [OPIBHIOBAJIN 3 AKTUBHICTIO BIAMIOBIAHUX IM aHTArOHICTIB, 10 KOAKTUBYBAJIUCS B MEXaX PyXOBOi
3amavi. BunpoOyBaHi reHepyBany JOBiJIbHI 3yCHIUIS 3T1AHO 3 Bi3yaJlbHUMH KOMaHAaMH 0ionoriy-
HOTO 3BOPOTHOTIO 3B’SI3KY Mijg yac GOHOBUX PYXiB y JIKTHOBOMY CyIN00i, HaB s13aHUX POOOTH30Ba-
HO-MEXaTPOHIYHUM NMPUCTPOeM. EKCriepuMeHTH MPOBOJMIM B paMKaX TPhOX KOHILEMIIH PyXOBUX
3aB/IaHb, Y ABOX 3 AKMX BUKOPUCTOBYBAIHCS 1A€HTHYHI 32 (POPMOIO JIiHIMHI 3MIHU JOBXKHHH M’ S31B
Ta JOBIIBHOTO 3yCHILIA AK HapameTpiB pyxy. Lli konmenuii npoaeMoHCTpyBaJiu BIAMOBIAHICTE MiXK
yCepeIHeHUMH MTOKa3HUKAMU aMILTITY/IH €JIeKTPOMIorpaM y MepBUHHO aKTUBOBAHHMX 1 KOAKTHBOBA-
HUX Ipynax M’3iB, TOI1 SIK TPETsl, IO BKJII0Yajla CHMETPUYHI Y Yaci CHHYCOiqanbHi1 XBHIII 3MiH LUX
napaMeTpiB, BAKOPUCTOBYBAJIACS I CTATUCTUYHOTO MIATBEPPKEHHS LINX PE3YNbTaTiB. K pe3ynbrat
MU OTPUMAaJIH YiTKYy aCUMETPUYHY BiAMOBIIb B CIOCTEPEKYBAHUX (DEHOMEHAX eJIeKTpoMiorpam Jis
BCiX 3amydyeHHX M’s131B. CTaTUCTUYHE MOPIBHSHHS CEPEAHIX 3HAYEHb aMIUTITYAH €JIeKTpOMiorpam
pH MEePBUHHIN akTHBaLii M’A31B-3TMHAYIB Ta KOAKTHBALii PO3THHAYIB 1 HABMAKH [10Ka3ajo0, 110 B
AKTHBHO CKOPOYYBaHUX M’ A3aX-3rHHAYax MNEPEBUIICHHS YCEPEIHEHUX aMIUTITY XapakTepPHO s
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MEepIIoi XBHUJII KPYTHOIO MOMEHTY B TOW 4ac, SIK y pO3THHAYiB MEPEBHUIIECHHS HAJICKHUTh A0 APYroi
XBWJIi. 3BOPOTHO-MTOCTYMANIbHI Ta CHMETPUYHI 3MIHH JOBKUHHU M’S31B Ta iX CUITU CYTIPOBOJIKYIOTHCS
ACMMETPUYHOIO aMILTITYI0I0 XBHJIb €JIEKTPOMIOTpaM B aKTHBHUX M s3aX, IO € MPOSIBOM TicTepe-
3UCHHUX BIAacTHBOCTEH. OCKIIbKH JOBXKUHU 3THMHAYIB 1 PO3TMHAUIB 3MIHIOIOTHCS B MPOTHIICKHUX
HampsMKax, 3aralbHii HeHOMEH acUMeTPil eNeKTPOMiOTpaMu Y IIEPBUHHO aKTHBOBAHHUX aroHicTax
1 KOAKTHBOBAHMX AHTAaroHiCTaX MOXKE CBIAYMTH MPO MiAMOPSIKOBAHY 1 TOTIOMIXKHY POJb OCTaHHIX.
KarouoBi cioBa: koakTuBalis, eJeKTpoMiorpama, JiKTbOBUH Cyri00, ricrepesuc, HaB i3aHi pyXH,
OioJIOTTUHMI 3BOPOTHHI 3B’ 30K

IHNOPYIIEHHSA CHY Y XKIHOK CEPE/IHHOI'O BIKY
HA ®OHI BOEHHHUX JIIM B YKPAIHI

Crenenxo C.M.

Cymcokutl Oepoicasnuii nedazociunuii ynieepcumem im. A.C. Makapenka, m. Cymu, Yxpaina
stetsenko.sn@gmail.com

3arocTpeHHs CTpecy, CIPUYNHEHOTO BOEHHUMH JisIMH, 3HAUHO BIUTMBA€E HA SKICTh CHY, OCOOJIMBO y
JKIHOK CepPEeIHhOTO BiKY, SIKi € OJTHI€F0 3 HAWOLIBII Bpa3IUBHUX KaTeTropiit HaceneHHs. [lopymieHHs cHY
BKJTIOYAIOTh PI3HOMAHITHI CAHMIITOMH, TaKi SIK yTPYIHEHHs 3aCHHAHHS, 9acTi MPOOYIKeHHS MTPOTIATOM
HOYi, TIOBEPXHEBHI COH Ta paHHI MpoOymkeHHs. Lli mopylmeHHs CpUsIOTh 3arallbHOMY 3HUKEH-
HIO SIKOCTI KHTTS, NiJBUIIYIOTh PH3UK PO3BUTKY ICHXOCOMAaTHYHHX 3aXBOPIOBAHb T4 HETaTHBHO
BIIMBAIOTH Ha ncuxodizionoriunuii ctan. CTpecosi nmoaii, moB’43aHi 3 BOEHHUMH JiSMH, MOXYTb
NiJBUILYBAaTH PiBEHb TPUBOTH, IO MPU3BOIUTH IO AUCPETYIALI] BereTaTHBHOI HEPBOBOI CHCTEMU
Ta, SIK HACJIiIOK, HETraTHBHO BIUIMBAE HA apXiTEKTypy CHY. 30KpeMa, CIOCTEPIraeTbCcsi CKOPOUCHHS
(hazu IOOKOTO CHY, 110 BAXKJIMBO ISl BITHOBIICHHS OPTraHi3My, a TAKOXK 301JIbILICHHS Yacy HECIIaHHS.
JKiHKM cepeTHbOTO BiKY, OKPIM COIlialbHHX 1 MTOOYTOBUX HABAHTAXKEHB, MAIOTh MIABUIICHY YyTIUBICTh
JI0 IOPYIIIEHh TOPMOHAIBHOTO (OHY, IO TAKOXK € (PaKTOPOM PU3UKY [UISL pO3JIaiB cHY. JlocmikeH-
HS TIOPYIIEHB CHY Y Li¥ TPyl HACEIEeHHS € BAXKIUBHUM IS PO3pOOKH e(EeKTUBHUX IHTEPBEHIIIN Ta
METO/IiB MIATPUMKH, K1 JOMTOMOKYTh 3HU3UTH HETaTUBHUI BIUIMB CTpECy Ha 310poB’s1. BaxknuBumu
€ TaKOXX 3aXO0JIM 3 MiBUIIECHHS TICUXOEMOIIHHOI CTIMKOCTI Ta MpOo]iTaKTHKA XPOHIYHUX PO3JaJiB
CHY, IKi MOXXYTb BKJIFOUATH K IICUXOJOTIUHY, TaK 1 MEAUYHY MIATPUMKY. Y JOCHIJKEHHAX Opaiu
y4acTb 67 xxiHOK cepenHporo Biky (51,2340,69 pokiB), mo nmpoxuBarTs B M. Cymu. Yci qocmif-
JKeH1 HaJaJu MUCbMOBY [H(oOpManiiiHy 3roJy Ha y4acTh y JOCIHIJUKCHHI Ta BUKOPUCTAHHS JTaHUX.
VY SKOCTI METOIIB HOCIiKCHHS HopylieHb cHy Oynu BuOpani Llkana connusocti EnBopra (The
Epworth Sleepiness Scale, ESS) ta IliTTcOyp3bKknii OnuTyBaJbHUK Ha BU3HAUYCHHS 1HAEKCA SKOCTI
cuy(PSQI). IlIkana coHTUBOCTI 103BOJISIE OIIHUTH «JIEHHY COHJIMBICTh)» MarfieHTiB. [[iTTcOyp3bpKHit
iHexc sskocTi cHy (PSQI) — 11e omuTyBanbHHK i3 CAMOOIIHKOO, IKMH OILIHIOE SKICTh Ta TOPYIIECHHS
CHY MPOTSITOM OCTaHHBOTO Micssd. CTaTUCTHYHA 00pOOKa OTPUMaHUX Pe3yIbTaTiB 3AiHCHIOBaIACS
3a gonomoroto nporpamu IBM SPSS Statistics 27. KinbkicHi 3MiHHI IpeACTaBlIeH] K cepeiHe apud-
METHYHE | CTaHJapTHE BIAXWICHHS U1 HOPMaJIBHOTO po3noniny. [Ipu mocmipkeHHI BUSBICHO, IO
72 % 0cid MaroTh cepenHii cTymiHb JeHHO1 connmBocTi. KpiM Toro, y 20 % BUSBHIIM COHIUBICTD,
[0 TIEPEBUIYE HOPMY, III0 MOYKE BKa3yBaTH Ha OLIbIN CepHO3HY mpodiiemMy 3i cHOM abo Ha iHImi
(dakTopH, SKi BININBAIOTh HA SAKICTh CHY. TaKkoX MOKa3aHo, 10 O1NbIIicTh XiHOK (68%) BKasyBain
Ha «HE 3aJ]0BOJICHICTH) SIKICTIO CHY. YCi JOCTIAKEH1 BBa)KaIOTh (Di3UUHY 1 ICUXOJIOTIUYHY IEPEBTOMY
OJTHIEIO 3 TOJIOBHUX NMPHUYMH MPoOIeM 31 cHOM. Takoxk cepel HassBHUX CKapr II0J0 MOPYIICHHS CHY
JKIHKY BKa3ylOTh Ha TpyAaHoIIi 3 3acuHaHHAM (32%), npoOymxeHHs cepen Houi (44%), po30UTICTh
Bpanui (23%). Cepen MOXIMBUX YMHHHKIB, 10 BIUIMBAIOTH HA PO3BUTOK MOPYIIECHb CHY, Y JKIHOK
MPEBANIOIOTH BXKMBaHHS daro (48%), kaBu (40%) Ta TroTroHOomaniHHs (36%). [lopiBHSAIBHA OIiHKA
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KIIBKOCTI CHY 3a 0Oy MO)Ke JJOTIOMOTTH BU3HAYUTH MOXKIIMBY Pi3HUIIO Y TPUBAIIOCTI CHY 1 3B’ SI3KY
3 ()yHKI[IOHAJLHUM CTaHOM OpTraHi3My B3araii. 3a3BUYail, pEKOMECHAYETHCS, MO0 JOPOCIHI JOIH
criayim Bijt 7 0 9 roJIMH Ha HiY JiJIs 3a0€3TCUCHHS BiITOBITHOTO BIJIHOBJICHHS Ta (yHKIIIOHYBaHHSI
oprani3zmy. Harmi 1o ciipkeHHs MoKa3aiiu, o OiJibIiia KiIbKIiCTh JOCIIIKEHUX KIHOK CIUIATh 5 (36%)
Ta 6 (36%) ronuH. Hamri nociimpkeHHs TOKa3yoTh, [0 TTOPYIIEHHS CHY HETaTUBHO BILUIMBAIOTH Ha
AKICTh JKUTTS Ta Mpale3/laTHICTh, CIPUUNHAIOYM BTOMY, 3HM)KCHHSI €Heprii Ta KOHIeHTpalii, 1o
noripmye ¢i3udHe i cuxivne 370poB’s. B ymoBax BoeHHUX il B YKpaiHi cTpec i TpUBOXKHI CTaHH
MOCHUJIIOIOTH 111 TPOOJIeMH, 10 MiABUIIY€E PU3UK PO3BUTKY COMAaTHYHUX 3aXBOpIOBaHb. Lle BuMarae
0CcO0IMBOT yBaru /0 MiITPUMKH 370POB’ sl HaCEICHHS.

Kuro4oBi ciioBa: coH, )iHKHU, CEPEIHIN BiK, CTpEC, BOEHHI JIii, ICUXOEMOI[IHE 3J0POB’ .

AKTUBHICTb nNOS B MIOIUTAX CEPIISA TA CYJIUH
Ckyonunka JI.JI. Kanaynos 3.K.

Juinposcokuii nepxaBHUN MeAMYHUN yHiBepcuTeT, kadeapa dizionorii; luda.scubitskaya@gmail.com
zakhharkaplunov(@gmail.com

Mosekysa OKCUAY a30Ty IpoAOBKye OyTH B pokyci yBaru HaykoBLiB. Ha cboronni BigkpuTo 6arato
edekriB aktuBHOCTI NO B opranax i cucreMax, 3ally4eHicTh IIbOTO razy B 6e31i4 ¢i31010r14HIX Mpo-
neciB Ta narosoriunux craniB. NO He Moske 30epiraTucs B BUIbHIHN (OpMi i CHHTE3YETHCS 3a 1OTIOMO-
roto piznux i3opopm NOS (aBi kanpuiii 3anexui nNOS, eNOS ta xanbuiii- Hezanexna iNOS) B Big-
MOBIJHOCTI 3 MOoTpebamMu NeBHUX Oionoriunux edekriB. HaykoBui BigMidaroTh 3Ha4eHHS KOPaKTOPiB
(L- aprinin, HikoTuHamigageHingunykiaeorundocpar (HAADH), O2) i n’satu cydcTparis (paasi-
HageHingunykiaeotus (PANL), pnasinmononykineorua (PMH), kanbmonynin, TeTparigpo0ionTepuH
i reM) B (yHkuionyBanHi i3o¢popm NOS, moBHOLIHHA AKTHBHICTh SIKMX BIUIMBAaE Ha 010XiMIiYHI
NEepPEeTBOPEHHS, MIBUAKICTh yTBOpeHHs 1 BuBinbHeHHs1 NO. Tpaguuiiino BBaxkasocs, mo nNOS e
HEHpOHANBHO- ceu(iuHO0 130()OpMOI0, IO JOKANI3y€eEThCA B HEPBOBIH TKAaHWHI, aje HEJABHI
JOCIII/IKEHHS MPOJAEMOHCTPYBalu i eKcrnpecito i B CyIMHHUX TJIaJIKOM)I30BUX KIITHHAX, & TAKOXK
B opranenax, MeMOpaHi kapaiomiouutax cepusg. nNOS € Ginkom B ckiajii sikoro HassHI 1434
AMUHOKHCIIOTH 3 MOJIEKYJIsipHOIO Macor 161 x/la, mo kogyerses renom NOS1 Ta mpucyTHiil Ha
ninsHui 12924.2 121 xpomocomu y moaunau. Jlana i3odopma Biapisuserbes Bin iHmux NOS Ha-
aBHicTI0O foMeHa PDZ (postsynaptic density protein/Discs large protein/Zonula occludens-1) Ha
il N- amino-3akinyeHi. Ha cporogHi BizoMi yotupu Bapiantu nNOS, siki mpeacTaBieHi K B He-
pBOBiii cuctemi Tak i B Mmiogurax: nNOSa, nNOSB, nNOSp, nNOSy. lomenst PDZ matoTh Tiibku
nNOSa i nNOSp 3aBasku 4oMy B3a€MOAIIOTH 3 1HIIMMH OiIKaMHU Ha IUTa3MaTU4HIA MeMOpaHi,
Hampukiaazg, yepe3 o-cuHTpodid B mionurax. nNOSP i nNOSy He matots nomena PDZ i € mpucyT-
HiMu B muTo30ui. B 3anexHocti Big 3akpimiends nNOS Ha MeMmOpani a00 Ha UTO30JbHUX OLIKAX
¢izionoriuna aktuBHicTs NO Bapitoerbcs. B HaykoBi miTeparypi onucaHi JesKiabka MEXaHi3MiB
dochopunroBanns nNOS. DochopuntoBaHHS aMiHOKHCIOTHUX 3aJIMIIKIB cepuHy 852, mo 3ane-
JKUTH BiJl KalbLii/KanbMoaynin-3aiexxHoi npoteinkinasu tuny Il (CaMKII) 3HnXye akTUBHICTH
nNOS, 610xyroun 3B’A3yBaHHS Kaibllilo-kanbmonyinHa. PochopuntoBannsa cepuny 1417, mo €
3aJIeKHUM BiJl cepuH/TpeoHid nporeinkinaszu (AKT), naBnaku, nigsumye ¢ynkuiro nNOS B kap-
JIioMiOIUTaX 1 NIaIeHbKUX M’ si3aX CyAHMHHOI cTiHKH. @ocopuntoBanus cepuny 1412 3 qomomoroo
5'-AMP-aktuBytouoi nporeinkinazu (AMPK) crnpusiio BUHUKHEHHIO OKHCIIOBalIbHOTO CTPECY
B GKCIEPUMEHTI Ha MHUIIMHUX Kapaiomiouutax HL-1, mo e mposiBom He ¢i3i0J0TTHHOTO ePeKTy
NO. B cepui nNOS noxkanizyeTbcs B MITOXOHAPIsX, MeMOpaHi, CapKoIIa3MaTHYHOMY PETUKYITyMi
KapaioMiOLHUTIB, BHYTPILIHIX HEHpPOHAX Ta KOPOHAPHHUX apTepisiX Ha BiAMIHY BiJl 3HAXOJIKEHHS
eNOS i B ocHOBHOMY 1ie KaBeoau KapaiomionutiB. E¢ektu curnamnizaimii okcuay a3oTy Ha cepLeBy
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¢dyHKIIIO cKIaHI 1 3anexarts Bix 6anancy aktuBHOCTI eNOS, nNOS, a Takox BrunBiB AHC. Oxcua
azoty nNOS- moxo/KeHHsT Mae reMOoJAnHaMiuHi e(heKTH B cepleBO-CyAnHHIN cucTeMi, koau eNOS-
Bijlirpae BakKJIMBY poib B MexaHoperyisanii. nNOS noxanizoBanuil B KapJioMiolUTax BILIMBA€E Ha
IHOTPOIIIIO ceplsl, MiBUINYIOUM oO0epHeHui 3axBar Kanblito Ca2+-ATda3zoro capkomniazMaTny-
HOTO PETHKYJIyMa 1 MOIYJIOIOYM aKTHBHICTH KajbIi€BBIX KaHaNiB L-THMy, M0 B HIJIOMY 3HHKYE
CKOpPOTJIMBICTh KaphioMionutiB. B camomy kapaiomionuti nNOS BrutmBae Ha MiTOXOHApiaibHI
O1JTKM MIISAXOM TPUTHIYEHHSI MITOXOHJIPIaJIbHOTO JUXaJIbHOIO JiaHItora. HeliponansHa i30opma
TaKOX BHUSBIJICHA B Psiii KPYIHUX CYJUH: a0pTa, COHA apTepis, KOpOHAPHi CyJJMHU Ta BILIMBAE Ha
peryisiniro 0a3anbHOr0 KPOBOTOKY, CYJJMUHHUN TOHYC, CACTEMHUH CYJJUHHUH OIip Ta apTepiadbHU
THCK. B cyMHaX ToJ0BHOT0 MO3KY OKCHJI a30TY MATPUMY€E MO3KOBHH KPOBOTIK, MiABUIYIOYH HOTO
gyepe3 I MO mexani3M, 3aBASKH HEHPOBACKYIAPHid B3aeMo/ii. Aje kinbkicTh NO Bijg 060X i30popm
00yMOBIIIOE 1X CTAaTyC B KJIITHHI - aHTH- /OKCHAAHT. barato mociaiHUKIB BUSBHIN €(DEKTUBHY POJIb
NO 1pu pi3HHX NATOJOTIYHUX CTaHaX, IO MOB)>SI3aHO 3 OI0JIOTIYHUM BBEJICHHSM I[i€1 MOJICKYJIH.
Ha croroani yBara HayKOBIIiB IPUKYTa JI0 MPOEKTYBaHHS Ta po3poOku noHopis/ HociiB NO, pe-
T'YJIOBaHHS PiBHIB BUBUIBHEHHS 1 KOHTPOJIO JOCTaBKH OKCHJIY a30Ty B IIUIBOBI MicIsl A Pi3HUX
OloMeMYHUX, TEPalleBTUYHUX 3aCTOCYBaHb.

TEPANIEBTUYHUI E®EKT HA3AJIBHOI'O 3ACTOCYBAHHS JIIMOCOM
3 KYPKYMIHOM I MIKPOPHK-101 HA EKCHHEPUMEHTAJIBHIN MOJEJII XBOPOBU
AJIBIII'EMMEPA VY II{YPIB

B. B. Coxkouaik!, O. I. Bepuenko!, H. O. Jlesiuenal, I0. I'. Kot K. B. Kor?, C. M. lllyabra’

! ﬂy «Inemumym nesponoeii, ncuxiampii ma napronoeii imeni I1. B. Bonowuna HAMHY», m. Xapkie;
2 Xapxiecokuii HayionaneHul ynieepcumem iveni B. H. Kapasina, m. Xapkie;
3 IV ««lnemumym xapuoeoi biomexnonozii ma eenomixu HAHY », m. Kuis; v.sokolik67@gmail.com

XBopoba Anbrreiimepa (XA) e HeBUIIKOBHE TPOTpeCcyIode HelpoaereHepaTuBHE 3aXBOPIOBAHHS,
SKOMY BJIACTHBI HE3BOPOTHA pyHHAIlisl HSHPOHAJIBHOT MEpeXi, BTpaTa raM’siTi, Ierpecis, aMiioinos,
Helpo3anajeHHs, OKCUIATUBHUN cTpec. HezanexxHuMu JOCTIKEHHIMHU T0Ka3aHa aHTHU3alalbHa
HecrienndivHa Ais KypKyMmiHy Ta crienuidHuil aHTHaMiIoiqoreHHH edekT okpemMux MikpoPHK.
JlimocomanpHa yrnakoBKa IUX YHHHHUKIB 3a0e3mnedyBaja 30epeeHHs iX aKTHBHOCTI Ha HUIAXY
0 LUIBOBUX BiJAILIIB TOJOBHOTO MO3KY (HEOKOPTEKC i TiMOKaMI), sKi HAaWOINbII MOTEepNaroTh
BiJl aMinoino3y. MeTor JoCiipKeHHs 0yJio 3’sCyBaTH TEPalleBTUYHHA €(PEKT Ha3aJbHOTO 3aCTOCY-
BaHHA JinocoMmanbHoi Gopmu komiuiekcy kypkyminy (Cur) i mikpoPHK-101 (miR-101) na
eKCIIepUMCEHTAIBHIN MOJei XBopoOu AblreiiMepa y nrypiB Ta BU3HAYHTH €¢(DEKTUBHY TPUBAIICTh
tepanii. ExcriepumenTansny XA y urypiB camiiB 14 Mic. BiKy MOJEIIOBaNIU MUISIXOM JIiBOOIYHOTO
IHTparinokaMmnajabHOTO BBEJACHHS cycreH3ii arperatiB P-aminoigHoro mentuay 42 (AB_Human
1-42) B no3i 15 HM Ha TBapuHY WiJ] TIOTIEHTAIOBUM HapKO30M B cTepeoTakcuci. Yepes 5 aio micis
CTBOpEHHS Mojeli XA mypaM JOCTiAHUX IPYI Ha3albHO BBOAMIIN CYCIEH31I0 Jinmocom mo 40 MK
Ha tBapuny 3 Cur (0,55 MM) i miR-101 (1,25 eM) npoTtsirom 5, 15 1 25 ni6 nepen aexamnitamiero.
['pymaMu mopiBHSHHS CIIyTYBali H1ypH 3 Mojeiutio XA 6e3 Tepartii, sskux aekamityBaiu Ha 10, 20130
100y 3aXBOPIOBaHHS, BIAMOBIAHO. Jl0 rpyny KOHTPOJIIO YBIHIIUIA IHTAKTHI TBAPUHH, PETIPE3CHTATHBHI
3a BIKOM 1 cTaTTi0. B roMoreHaTax HEOKOPTEKCY i T1IOKaMITy FOJIOBHOTO MO3KY IYpPiB YCiX TpynH
BUMIPIOBAJIM KOHLCHTpaIlil0 eHporeHHoro Rat AP 1-40, engoreniansaoi NO cunrasu (eNOS) ta
UUTOKWHIB: iHTepuelkiny-1p (IL-1B), pakropy Hekposy myxmnus o (TNFa) 1 inTepnelikiny-6 (IL-6)
iMmyHO(EepMEeHTHUM MeTo10M 3a onomoroto Bianosinuux ELISA Kit Big Elabscience Biotechnology
Inc. BcranoBuim, 1mo y rinmokamMIii roloBHOTO MO3KY TBapuH 3 XA 0e3 JiKyBaHHsI KOHLIGHTpALlis
ennoreHHoro Rat AP 1-40 Oyia 30iiblieHa Ha BCI TEpMiHU PO3BUTKY 3axBoproBanHs: 10, 20 ta 30
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noba, B HeokopTtekei — numne Ha 30 no0y. HazanbHa Tepanis ginocomamu 3 Cur + miR-101 BusiBuia
AHTHAMUJIOIIOTCHHUN e(eKT MOYMHAUM 3 5 100U JIIKyBaHHS B 000X BiJJiJlaX TOJOBHOTO MO3KY
ulypiB: koHueHrtpaiis Rat AP 1-40 Oysja MeHIIO 3a BiJMOBIJIHI MOKa3HUKU TPyH MOPIBHIHHS 1
HaBiTh KOHTPOJIS, IO CBIJYUTH MPO peTeibHe npurHidenHs miR-101 Tpancnsauii monepeaHuka
B-aminoigHOrO ENTUY B HelipoHax. Y TBapuH 3 Moo XA 0e3 JIiKyBaHHS JMHAMiKa HAKOITHYCH-
HS IUTOKIHIB B HEOKOPTEKCI 1 TimoKaMIi BUsIBUIIACS Jeno pizHoto. [IpoTe aHTH3ananbHU ePeKT
HaszanbHOI Tepamii Jimocomamu 3 Cur + miR-101 O6yB BieBHeHO 3adikcoBanmii 3 15 100U TiKyBaHHS
st IL-1B3, TNFa 1 IL-6 3aBasiku BIacTUBOCTI KYpKYMiHY NPHUTHIYYyBaTH TPAHCKPHUIIiIO iX TEHIB.
AHTHOKCUIaHTHY Hito JinocoM 3 Cur + miR-101 cmocrepiranu Ha BCi TepMiHM JiKyBaHHS B
HEOKOpPTEKCi 1 rimokammi mypiB 3 Mogemnto XA Ha Tiui 30inpmenns eNOS na 10, 20 i 30 go0y
3aXBOpIOBaHHS B rinmokammi Ta 30 o0y — B HEOKOpTeKci 0e3 JIiKyBaHHS.

BucnoBok. [Tokazanu aHTHaMIOiTOTEHHY, TPOTHU3aNaIbHY T4 aHTHOKCUJAHTHY Jif0 Teparmii Jimno-
COMaJIbHUM TpernapaToM 3 KypkyMinoM i MikpoPHK-101 y rimokammi Ta HEOKOPTEKCi TOJIOBHOTO
MO3Ky npu XA. BcranoBunw, mo epeKTUBHA TPUBATICTh JiKyBaHHS Ma€e OyTHu He MeHie 15 nil.
Karouosi cioBa: kypkymin, miR-101, minocomu, xBopoba Aibireitmepa, mypu

JlocnijkeHHsT BUKOHAaHE MpH rpaHToBIM miaTpumii HarionansHuii GOHA A0CHIKEHb YKpaiHu
B MeXax MpoekTy «CTBOpEHHS aepo30JII0 JIIMOCOMaTbHOI GOPMHU KOMIUJIEKCY KYPKYMiHOINIB i
MikpoPHK miist Tepanii panaboi cTaaii xBopoou Anbireitmepar.

JIBA BUJIM HEiPOHHUX MEPEK MO3KY:
IHOOPMALIHI ®YHKIII, EBOJIIOLIMHI IEPEBATM TA HEJOJIKH

CoJosiioB O., Jliteinosa O.

Kpemenuyyokuii Hayionanvruii ynisepcumem im. M. Ocmpoepadcwvkoeo, oleg@iws.com.ua

besniu ¢izionoriunnx (¢pisuuHNX) QakTiB aKTUBHOCTI HEHPOHHUX MEpEX MO3KY, OTPUMAHHUX 3a
OCTaHHE CTOJITTS, AKi Y KOHKPETHUX BUIAJKaX MOCTAIOTH Mepe] HaMu B Gpopmi O10eneKTpUYHUX,
CTPYKTYPHO-MEPEKEBHUX, MOJCKYJISIPHUX, OI0XIMIYHUX 1 Take iH. JOCHIIJKEHb, TaK 1 HE 3MOTIIH
cTaTu (HaKTOJOTIYHOIO OCHOBOIO AJisl JOPMYBaHHS 3arajJbHUX YSIBJICHB PO TE, SIK MO30K IIepepooIsie
iHpopmaniro. Bignaroun HanexHe MPakTUYHIN 3HAUYLIOCTI TAKOro 3HAHHS, MepeayciMm, y cdepi
(apmaxosorii, THM HEe MEHIL, MOKHa TOBOPHUTH PO Te, 110 Brain Science norpanuna y mapagaurManbHUR
TYIHK, 3 SIKOTO BOHA HE MOKE BHOpaTHCh BKe Maiike cTopiuus. Tox, y HbOMY AOCHIIKEHHI MU
HaMaraeMocsi 3HalTH LUIAX BUPIilIEHHS wiei mpoOieMu dyepe3 GpyHKIioHaNbHE (IPUYUHHE) BKIIOUEHHS
NCUXIYHUX SIBULI Y iHPOpMaLiiiHy aKTHBHICTh HEHPOHHUX MEPEK MO3Ky. MU MOKeMO BUAUINTH B
JIOJCHKOMY MO3KY J1Ba, QYHKIIOHAJIbHO KapAHMHAJIBHO Pi3HI BUAM HEHpoHHUX Mepex (mami HM),
nepuri 3 SKUX € 0e3yMOBHO-pe(dIeKTOpHIUMH, a0 (YHKUIOHYIOUMMH 32 MPUHIUIIOM «CTUMYJ-
peakuis». i HM posramoBaHi nepeBaxxHO y HaAMO1IbII «apXaidyHUX» 00J1aCcTAX MO3KY — CHUHHOMY
i nosracromy. Ix GesmepeuHoro TepeBarow € Te, M0 BOHM HAHOGIIBII TOYHO Ta IIBUIKO MOXKYThH
peani3oByBaTH MOBEAIHKY JKHBHUX ICTOT, ajle pearyrouu TiIbKH Ha MOAPAa3HUKH, 1[0 € BPAaXOBAaHUMHU
TEeHEeTHYHUM J10cBiioM. [HpopMmaniliHi GyHKIIT TyT BUKOHYIOTHCS IPOCTHM, (Pi3MUHO 311HCHIOBAHUM
0l0eeKTPUYHIM MEXaHI3MOM, KU 3’€JHY€ CEHCOPHHU BXiJl 3 MOTOPHUM BUXOJOM IiJ Yac Jii
ctumyny. Takuii MexaHi3M MOKHA Ha3BaTH (i3UYHO AiI0UMM, ajke BiH OyB CTBOPEHHUH B OpraHi3-
Max 4epe3 eBOJIIOIIMHUHN Bi0Oip Ta 3aKpiluIieHHs Oi0JOTIYHO NOUIIBHUX, ajieé TaKUX, M0 (Pi3UIHO
3IIMCHIOIOTHCA, MPOILECiB, AKi, QYHKLUIOHYIOUHM B OpraHi3mi, HaOynu ctatycy ¢izionorivaux. Ase
taki HM-i € reTh HECTPOMOXXHIUMH HAKOMWYyBaTH HOBHH JOCBIJ i pearyBaTy Ha HOBi OJPa3HUKH.
Iammii Bux HM-x Tyt HasuBaethcs HM-mu, 1m0 peani3yroTh ncuxiuHi ssuia. Ha BigMiny Bix cTH-
myn-peaktuBaux HM, i HM, came uepe3 peanizaniro HuMHU ncuxiuaux suil (Soloviov, 2023),
€ 3JaTHUMHU HAKOMHMYYBaTH 3a KUTTS )KUBOI iCTOTH iHpopMaLiio (BIacHHI NOCBix), 30epiraTu Ta
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inTerpyBaru ii. Tox, 3a paxyHOK iHTerpoBaHoi iH(opmallii BOHH € 3JaTHUMH BiJITOBiJIaTH Ha HOBI
MOJIPa3HUKHU CBOEI 010J0TTYHO (2 Mi3HIIIe B €BOJIFOIIT 1 COIiaIbHO) JOMUIBHO MOBEIIHKOBOIO HO-
BHU3HOIO, 1110 POOUTH MICUXIYHO AaKTUBHI MBI ICTOTH IPUCTOCOBAHUMU JI0 BUKUBAHHS 1 ajjantallii B
yMOBaXx MOCTIHHOTO TUCKY HOBU3HHM Ta HeBu3HaueHocTi (Clark, 2015). 3 inmoro 60oky, Helpodizionor
91 HEHPOXipypr, OCHAIIlCHI HAalCydYacHIIIKUM OOJIalHaHHIM, He 0adaTh y MO3Ky caMoi iH(popMalii,
X04a BOHHM O0MBA HE JyKE CIEPEYarOThCs 3 THM, [0 MO30K € iH(popMaliitHuM opranom. To e x
TOJli MM MOXEMO MOOAUYUTH Y MO3KY camy iHpopMamito 4 iHGopMaiiHui mpouec, CupsiMOBaHUN
Ha OTpUMaHHS HOBOIT iH(OpMAIlii, 1110 eJIIMiIHY€ HEBU3HAYCHICTh Yy B3a€MOJIISX )KUBOT iICTOTH 13 CBOIM
cepenoBuiiemM? Binmosiib Ha 1€ MTUTAHHS, 1[0 HAOJMKAE HAC O CTBOPECHHS 3arajibHoI Teopii iHpop-
MaIliiiHOT aKTHBHOCTI MO3KY, € TAKO: TOH «IOTIK» JIyMOK Ta €MOI[IMHUX OI[IHOK, SKUH (yHKI[IOHY€E
Ha 0a3uci GikcoBaHOT B MO3KY MaMysITi, 1 SIKMH KOXKHOTO JHS CYIPOBOJKY€E HAlly 1HTEJICKTYalbHY
AKTHBHICTb, 1 € KIIOTOKOM IepepoOKu iHpopMalii», mo posropraetbes Ha HM-1 Mo3Ky. Ajke, n1ym-
Ka — IIe TIOCJIIJJOBHICTh omepaliii o0pooku iHdopmariii, siKi, yepe3 31aTHICTh JIOAUHU Cy0 EKTUBHO
OIiHIOBAaTH O10JIOTIUHY (UM comianbHy) HiHy iHPOpMaLii Mpo HUX IHTETPYE 1t0 iHopMmaIlito 3apas3u
eximinanii gedinuty indopmarnii. [arerpamis inpopmarii — e ncuxivHUH npouec, B AIKOMY JeKiIbKa
(parMeHTiB MHHYJIOTO JJOCBI Y 00’ € IHYIOTHCS Y OUIBII CKIAHUN y3arajlbHIOWUMI iHPOpMaIiHHUM
KOHCTPYKT, 4OTO HE MOKe Bi10yTHCh Yy camux 1o codi HM-ax, ski 3abe3neuyroTs 11ei nporec.
Kuarouosi cioBa: Heiiponi Mepexi, 1o peanizyloTh MCUXIYHI SIBUIIA; iHTErpalis iHpopMarii.
Clark A. (2015). Surfing uncertainty: Prediction, Action, and the Embodied Mind. Oxford University
Press. 2. Soloviov O. (2023) Neuronal Cells Spontaneous Activity is One of the Key Functional
Aspects of Brain Informational Processing: Neurosurgical Case Analysis. Mathews Journal of Case
Report, 8 (6), 1-5. https://doi.org/10.30654/MJCR.10112

INFORMATION ACTIVITY OF A BRAIN IS IMPOSSIBLE WITHOUT MENTAL
PHENOMENA: THE MECHANISM OF BOTTOM-UP AND TOP-DOWN INFORMATION
FLOWS IN A BRAIN

Soloviov O., Litvinova O.

Kremenchuk National University named after Mychailo Ostrohradskii, oleg@iws.com.ua

The causality associated with the phenomenon of information, despite its intuitive obviousness, unlike
the well-known physical causality, has not yet been conceptually and, even with simple examples,
described. So, in this paper, an attempt is made, based on the functional possibilities of mental
phenomena described in (Soloviov, 2024), to explain the mechanism of information integration in
the brain, which demonstrates the causal capacity of the phenomenon of information. (Informa-
tion integration here, following Gi.Tononi, interpreted as the process of combining of experience
fragments into more complex, more generalizing information constructs, which provide formation
of new information based on already fixed in the brain information). The research is based on the
question “Why does the physically existing and physically functioning brain “paradoxically” pro-
cess information biologically or socially expediently?” After all, we know that no physical laws
supports this. The answer to this question is next: it happens because certain structures of the limbic
region (hypothalamus, cingulate and frontal cortex) realize the ability of living beings subjectively
evaluate the biological/social value of environment objects and phenomena, as well as the results
of information processing, providing in the brain. However, if so, we should consider that despite
its non-physical, namely mental essence, subjective assessment somehow “must orchestrate” (that
is, cause) all physical processes in the brain that realize its informational activity. Indeed, subjec-
tive assessment is a phenomenon that usually addresses only the biological or social value of the
world’s objects and phenomena. Motivation works in the brain also through subjective evaluation.
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Because what is not evaluated cannot motivate. It is argued that this causal “paradox” is resolved
within the framework of hierarchical relationships of neural networks of the brain, where neural
networks of specific brain structures perform a managerial functions through implementation of
managerial mental phenomena (such as subjective evaluation through pain, hunger, thirsty, body
experience of pleasure and displeasure, sexual desire, fear, decision-making). Therefore, we insist
that functions (and, hence, causal informational abilities) of neuronal networks is determined by
mental phenomena, which are ensured by these neuronal networks.

The hierarchical organization of the brain functions through the management functioning of neural
networks that form management mental phenomena and which collect information from controlled
networks to integrate it for the purpose of “competent” management of them. That is why, we called
this mechanism (using the terms of M. Gazzaniga and G. Tononi) “Mechanism of Bottom-Up &
Top-Down flows of information for Integration Information by means of Mental Phenomena”. It
is suggested that control networks (Top) integrate information through managerial mental “tools”
and basing on integrated information manage (orchestrate, determine) controlled, executive net-
works (Bottom) for arbitrary regulation of sensory and memory processes, motor acts. It allows to
changes the surrounding world from a state of “undesirable present” to a state of “desirable future”
by means of information about the past. Through this mechanism physical (physiological) processes
in controlled networks “obey” the integrated information fixed in mental phenomena’s structure by
means of an ability of living beings to reveal the subjective (biological or social) value of informa-
tion. Thus, through the psyche, the brain forms new information for the sake of new biologically
(socially) expedient behavioral acts to change the surrounding world to a “wished” direction.

Key words: mental phenomena, Bottom-Up and Top-Down flows of information, causality.
Reference: 1. Soloviov O. (2024) Towards a General Brain Theory: How does physically active
neuronal networks “paradoxically” process information in biologically or socially appropriate way?
Materials of Congress of FENS-2024, Wien, 25-29 June. https://www.world-wide.org/fens-24/
towards-general-brain-theory-does-physically-6d4666¢e3/poster.png

NEW ANIMAL MODELS FOR THE STUDY
OF PREMATURE OVARIAN FAILURE

V.Sribna
Bogomoletz Institute of Physiology of the NAS of Ukraine. Kyiv, Ukraine; valia-z@ukr.net

Research over the past decades has produced a large body of knowledge about premature ovarian
failure (POF). We established the involvement of single-strand DNA breaks in cells of the follicu-
lar environment of oocytes in the development of ovarian function disorder in the conditions of
experimental immune complex damage, and also proposed a new experimentally based method of
correction of POF. Also, literature data together with our own research, provide grounds for asserting
the primary importance of single-strand DNA breaks repair of oocyte nuclei and cells of follicular
environment of oocytes in ensuring ovarian function. To date, a significant number of experimental
models are described in the literature, with the help of which studies of POF are conducted. However,
due to the polymorphism of the clinical manifestations of ovarian dysfunction of autoimmune etiol-
ogy, on the one hand, and the difficulty of reproducing it in animals, on the other, there are currently
no available experimental models that fully reproduce the pathogenesis and course of the disease in
women. It becomes necessary to search for new experimental models in which certain aspects of this
disorder would be reflected, which would allow to find out new effective options for the prevention
and treatment of POF. A close relationship between the clinical realities of POF as ovarian aging
(premenopausal and menopausal) and the limits of prognostic validity for each laboratory model
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of POF should provide progress in the development of existing and future models of POF. Through
the strategic use of advances in genetics and epigenetics, existing and emerging animal models of
human POF have the potential to establish new directions in clinical care for women.
Modifications of existing animal models to more accurately reflect human POF and clinical inter-
ventions to predict outcomes regarding unsolved clinical issues affecting menopausal women’s health
are becoming urgent. New animal models of human POF have the potential to set new directions
for clinical menopausal care for women worldwide.

Keywords: animal models, premature ovarian failure.

OVARIAN FUNCTION UNDER CONDITIONS
OF EXPERIMENTAL HYPERGLYCEMIA

Valentina Sribna', Olena Vynogradova-Anik?, Kateryna TarasovaZ, Ihor Karvatskyi?,
Taras Blashkiv!

I Bogomoletz Institute of Physiology NAS of Ukraine, Kyiv, Ukraine;
2 0.0.Bogomolets National Medical University, Kyiv, Ukraine; tblashkivi@gmail.com

Reproductive function in women is carried out thanks to the activity of the ovaries and uterus. In
the ovaries, the female germ cell, the ovum, matures. During folliculogenesis, the oocyte under-
goes a number of changes - genetic, epigenetic and cytoplasmic - aimed at the development of full
competence for fertilization and production of normal offspring. This process involves a continu-
ous exchange between oocytes and granulosa cells, which ensure the coordination of all events in
the ovary under the influence of paracrine and endocrine factors. During the period of a woman’s
reproductive life, the ovarian reserve of the ovary gradually decreases. During puberty, the ovary
has 300,000 primary follicles containing oocytes suspended in the prophase of the first division of
meiosis, which are periodically involved in the phase of growth and differentiation. The aim of the
work is to establish the features of ovarian function under conditions of experimental hyperglycemia
(EH). Experimental hyperglycemia (EH) in mice was induced by the administration of streptozotocin
three times intraperitoneally with an interval of 7 days. The glucose level in animals in the group
with EH rose on the 5th day after the last administration of streptozotocin and by the end of the
3rd-4th week reached 9.7+£2.4 mmol/l (normal 5.3+0.5 mmol/l), then it was noted further increase
in glucose level. Apoptotic and necrotic cell death was assessed by morphological features using
intravital double staining with fluorescent nucleic acid dyes Hoechst 33342 and propidium iodide.
The ratio number of live and apoptotic cells, as well as cells with signs of necrosis in samples >
200 cells, was determined in (%). Significant disorder to the ovaries of mice was established: in the
animals, a probable decrease in the number of mature follicles that were isolated from the ovary
(large follicles with an egg cell with a pronounced transparent membrane and surrounded by many
layers of follicular cells) was found. An increase (compared to the control) in the number of oo-
cytes with atypical morphology (unevenly granular cytoplasm, signs of cytoplasm fragmentation)
was noted; animals showed a significant (P<0.01) decrease in the number of oocytes that were
isolated from the ovary (10.1£0.4 compared to 16.1+0.4 in the control). It was shown that, under
experimental conditions, the percentage of cells dissolving the germinal vesicle (metaphase I) and
capable of forming the first polar body (metaphase II) significantly decreased during cultivation.
Namely, at the stage of metaphase I up to 47.24+1.7% (in the control 73.8+1.2%; P<0.01) and up to
31.241.2% (in the control 51.7 £0.8%; P<0.01) at the stage of metaphase II. It was established that
under conditions of EH, the number of live cumulus cells decreases (P<0.01) and the number of
cells with morphological signs of apoptosis increases (P<0.01). Namely, under experimental condi-
tions, the number of living cells decreased to 43.6+0.4%, and the number of apoptotic and necrotic
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cells increased (44.8+1.2% and 11.6+0.14%, respectively) compared to the control (respectively,
70.5£1.4%, 18.6£1.1% and 9.8+0.5%). Thus, under conditions of experimental hyperglycemia, the
following occurs: a decrease in the number of oocytes released from one ovary, the percentage of
oocytes that dissolved the germinal vesicle (metaphase I), as well as those that formed the first polar
body (metaphase II) in vitro; a decrease in the number of living cumulus cells and an increase in
cells with morphological signs of apoptosis. The obtained data can form an experimental rationale
for the creation of new test systems for predicting the quality of the embryo and the outcome of
pregnancy in women, in particular, with autoimmune diabetes and the introduction of the latest
techniques in assisted reproductive technologies.

Keywords: experimental hyperglycemia, ovary, oocyte, cumulus cells.

CORRELATIONS BETWEEN PER CAPITA GREEN TEA CONSUMPTION
AND COVID-19 MORBIDITY/MORTALITY: COMPARING THE STRENGTH
IN YEARS 2021-2024

M.V. Storozhuk

Bogomoletz Institute of Physiology of National Academy of Sciences of Ukraine, Kyiv,
maksim@biph.kiev.ua

In spite of the development of numerous vaccines for the prevention of COVID-19, there is still a great
need for effective and inexpensive therapy of this disease. Additionally, it should be mentioned that initial
expectations regarding efficacy and safety of SARS-CoV-2 vaccines were, probably, exaggerated [1]. In
this overall context, green tea catechins are considered as promising based on results of pharmacological
and epidemiological studies. In particular, it has been shown in 2020 that: (i) green tea catechins inhibit
3CL-protease [2], enzyme essential for coronavirus replication; (i) COVID-19 morbidity and mortality are
lower in countries with higher per capita green tea consumption [3]. These finding were later confirmed
in relation to SARS-CoV-2 variants causing the disease in years 2021-2022 [4]. However, it is not known
whether more recent variants are still sensitive to green tea constituents. Here correlations between
per capita green tea consumption and COVID-19 morbidity/mortality were calculated using multiple
regression models in a subset (n=84) of countries/territories worldwide with HDI above 0.55. Strength
of these correlations was compared for several dates during 2021-2024 period. Statistically significant
correlations were observed in 2021-2024. As compared to 2021, the strength of both correlations was
decreased during 2022-2024 period: On average, normalized to 2021 strength of correlation between per
capita green tea consumption and COVID-19 morbidity decreased to 0.60, while normalized strength of
correlation between per capita green tea consumption and COVID-19 mortality decreased to 0.83. This
differential decrease, at the epidemiological level, suggests that green tea consumption may affect more
than one molecular target. This is in line with in vitro pharmacological evidence showing that green tea
catechins affect separate molecular targets responsible for entry of the virus and its replication. (More
details DOI: 10.1101/2023.12.18.23300136)

[1] Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson NIJ, Gillespie J ‘Spikeopathy’:
COVID-19 Spike Protein Is Pathogenic, from Both Virus and Vaccine mRNA. Biomedicines. 2023 Aug
17;11(8):2287. DOI: 10.3390/biomedicines11082287

[2] Jang, M.; Park, Y.I.; Cha, Y.E.; Park, R.; Namkoong, S.; Lee, J.I.; Park, J. Tea Polyphenols EGCG
and Theaflavin Inhibit the Activity of SARS-CoV-2 3CL-Protease In Vitro. Evid Based Complement
Alternat Med 2020, 2020, 5630838, DOI: 10.1155/2020/5630838

[3] Storozhuk MV. COVID -19: could green tea catechins reduce the risks? MedRxiv 2020.
DOI: 10.2174/2666796703666220124103039

[4] Storozhuk M, Lee S, Lee JI, Park J. Green Tea Consumption and the COVID-19 Omicron Pandemic Era:
Pharmacology and Epidemiology. Life (Basel). 2023 Mar 22;13(3):852. DOI: 10.3390/1ife13030852
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Key words: catechins; SARS-CoV-2; (-)-epigallocatechin (EGC); (-)-epigallocatechin-3-gallate
(EGCQG).

CYCLOPHILIN D DOWNEXPRESSION AS A SIGNIFICANT MECHANISM
OF MITOPROTECTIVE EFFECTS OF HYDROGEN SULFIDE IN OLD RAT HEARTS

N. Strutynska, L. Mys, Yu. Korkach, R. Strutynskyi, V. Sagach

Bogomoletz Institute of Physiology, National Academy of Sciences of Ukraine, Kyiv;
e-mail: na-strutynska@biph.kiev.ua

Cyclophilin D (CypD) is an important regulator of the multiprotein complex, the non-specific
calcium-induced mitochondrial pore (mPTP), as well as the metabolic function of mitochondria in
general [Haleckova A, 2022]. High-conductance mPTP function is one of the causes of mitochondrial
dysfunction as a universal mechanism for the development of a number of diseases and a central
factor in pathophysiological processes in the cardiovascular and nervous systems. We have previously
found that ageing is associated with increased sensitivity of mPTP to inducers of its opening,
insufficient synthesis of the hydrogen sulphide (H,S) gas transmitter, and loss of resistance to
oxidative stress [Strutynska N, 2022]. CypD, as an important regulatory component of mPTP,
is involved in the development of ischaemia-reperfusion injury, neurodegenerative disorders,
inflammation, etc. Reducing CypD expression can prevent mMPTP opening as well as free radical
processes and apoptosis [Hong K, 2023]. Thus, CypD may serve as a potential therapeutic target to
regulate mMPTP opening and prevent mitochondrial dysfunction in ageing. The aim of the study
was to investigate the expression levels of the gene Ppif, which encodes CypD protein synthesis,
and the sensitivity of mPTP to Ca®* as an inducer in the heart of old rats under the influence of
H,S-synthesising enzyme modulators. Materials and methods. Experiments were performed in rats
aged 21-22 months. Modulators of H,S synthesis were sequentially administered to old rats at 11.3
mg/kg DL-propargylglycine (PG) and 10 min later L-cysteine (L-cys) at a concentration of 121
mg/kg. Animals were sacrificed 30 min after drug administration. Ppif gene (CypD) expression
in heart tissue was assessed by real-time PCR. Markers of oxidative stress and hydrogen sulphide
levels were measured spectrophotometrically. The study of mPTP opening was performed by
spectrophotometric registration of mitochondrial swelling at A = 520 nm. Results. It has been shown
that the H,S content in the heart mitochondria of old rats was reduced by half (2.35+0.25 nmol/mg
protein) compared to the control (4.48+0.44 nmol/mg). Under the influence of PG+L-cys on old
animals, the concentration of this gas mediator in the organelles increased significantly (5.06+0.96
nmol/mg protein). At the same time, under the conditions of restoration of H,S synthesis in the heart
mitochondria of old animals, a decrease in oxidative stress markers, such as superoxide radical and
hydrogen peroxide, which increased with aging, was observed. An important result of this study is
the detection of a 2.22-fold increase in the expression of the Ppif gene in the heart tissues of old
rats and its normalisation under the influence of PG+L-cys (2.86-fold decrease compared to the
old rats). We observed pathological mMPTP opening in the mitochondria of old rat hearts, which
usually leads to mitochondrial dysfunction, uncoupling of oxidative phosphorylation, and cell death.
The action of PG+L-cys reduced both the amplitude of spontaneous and Ca>*-induced swelling, and
the sensitivity of mMPTP to inducers, thereby increasing mitochondrial integrity and promoting
cardiomyocyte survival. Conclusions. The mitoprotective effects of PG+L-cys were manifested in
the restoration of mitochondrial H,S concentration, the mitigation of free radical processes and the
reduction of CypD expression, which contributed to the inhibition of mPTP opening during ageing.
These results suggest the existence of new mechanisms of H,S action, providing insight into its
physiological function in mitochondria and CypD-dependent regulation of mPTP. In our opinion,
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inhibition of CypD expression, a regulator of mitochondrial membrane permeability (mPTP), is an
important mechanism by which H.S, as an important signalling molecule, exerts cardioprotective effects.
Key words: cyclophilin D, mPTP, hydrogen sulphide, oxidative stress, mitoprotection, heart, ageing.
This research was performed with the financial support of the National Research Foundation of
Ukraine [grant Ne 2021.01/0210, The role of mitochondrial mechanisms in the development and
prevention of cardiovascular dysfunctions in aging].

BIIJIUB AKTUBAIIII KAt KAHAJIIB HA OKCUTOIIMHIHAYKOBAHY CKOPOTJIUBY
AKTHUBHICTb MIOMETPISI MATKHA I YPIB 3 EKCIIEPUMEHTAJIBHOIO
EHJAOTOKCEMI€IO

B. P. Crpyruncekuii, P. b. Ctpyruncskni, P. 1. SAnyii

Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis; e-mail: strutvlad@gmail.com

CropotnuBa QyHKITiSI TIAJEHBKAX M’ sI31B MIOMETPist MATKH CCaBI[IB € OJHI€I0 13 HEOOXiTHUX YMOB
Uit (izionoriyHoro 3abe3mnedeHHs PernpoyKTHBHOI 34aTHOCTI opraHizmy. Bimomo, mo cepen eHuo-
TeHHUX PEeryasaTOpHUX (Pi310JOTIYHMX MEXaHi3MiB YHHHA POJIb HANEXKUTh QPyHKIiIOHYBaHHIO ATO-
YYTIUBUX Kalli€BUX (KAT(D) KaHaJiB KJIITHHHUX MeMOpaH. OCTaHHI CBO€O Ji€I0 3/1aTHI 3amooira-
TH HeOa)KaHOMY IIiJ] 4ac BariTHOCTI IMOCHIJICHHIO CKOPOTJIMBOI aKTHBHOCTI MiOMETpisl, SIKE MOXKe
MaTH MaToJOTiYHI HACHIIKU: 30KpeMa, MOpYyIIeHHs Hijgamii 3uroTu Ta mepediry BariTHocTi. Sk
CTPUMYIOUHI MEXaHi3M [HX MMOPYIIeHbB, Ii/I Yac BariTHOCTI BilOyBaeThCA 301MbIICHHS eKcIpecii
K, 1¢ KaHamiB. 3 iHmoro 60Ky, y TKAaHMHI MAaTKH IIiJl 9aC IOJIOTiB 3HAYHO 3MEHIIYEThCS €KCIPECis
OUX KaHaIiB, 10 3MCHIIYE CTPUMYIOUHMHM HOTEeHLiak Aii CTUMYJIATOPIB CKOPOTIAMBOI aKTUBHOCTI
MioMeTpisi, 30kpemMa okcutonuHy. OJHUM 13 IHAYKTOPIB MOpyIIeHb (PYHKIIT MaTKU € 3amayibHi
MPOIIECH, IO CIPUUYUHSAIOTHCA 3/1€01TBIIOTO OAKTEPIIMHU Ta €HAOTOKCUHAMH - JIIMOTIOJIicCaXapHIaMH.
MeTtoro poGoru Oymno pocnimkenns epexrip akrupauii K, . Kanamis (IoKaliHOM Ha OKCHTO-
LHUHIHIYKOBaHY CKOPOTJIMBY aKTHBHICTh 130JIbOBAHMX INpENapaTiB MiOMETpisi MaTKM ILYpiB 3 €K-
CIIEpUMEHTAJIBHOI0 €HIO0TOKCeMielo. Jlocnian mpoBOAMIIM HA 130Jb0BaHMX, Nep(dy30BaHUX HPHU
37°C oxcurenoBanum poszunHoM Kpebca, MOB3JOBKHIX CMYyKKaX pir MAaTKH JOBXKHHOIO 5-7 MM i
IIUPUHOIO 2-3 MM CTaTeBO3PUINX €CTPOTECHI30BaHUX caMuIllb ImypiB JiHii Wistar. Yci TecTyBaHHS
3M1MICHIOBANN B 130METPUYHOMY PEXHUMI MPU MOYATKOBiH 3ananiil HanpyxeHocTti 3 MH. Excriepu-
MEHTAJIbHY €HIOTOKCEMiIO BiITBOPIOBAIM BHYTPIIIHEOOYEPEBUHHUM BBEICHHSM JIINOIOJIicaXapuay
y a03i 3 Mr/kr 3a 100y m0 ekcnepeMeHTy. OKCUTOIIMH BBOJAUIN B nep(y3iiHUI pO3UHH B MeXKaX
koHIeHTpanid 10 amons/1 — 10 MKMonb/11, duokaiin — B koHneHTpamiax 10, 11 0,1 MkMonb/1 Ha
i1 1ii okcutonuHy (10 Mmkmonb/i). [TokazaHo, 10 OKCHUTONHH IiIBUIIYBaB CKOPOTIMBY aKTUBHICTh
130JIbOBaHUX IIpenapaTiB MiOMETpis MATKH IIYPiB 3 eKCIIEPUMEHTAITHHOIO €HI0TOKCEeMiEI0. 30KpemMa,
aMILTiTy1a ckopouyeHb 30ibmryBaiacs Ha 10,7, 47,4 1 88,4% npu a1l OKCUTOLMHY B KOHIIEHTPALisAX
1, 0,1 i 0,01 amons/n BigmoBigHO. BogHOYaC BBEAEHHS IIHOTO TOPMOHY J10303aJI€)KHO ITiABHUIILY-
BAJIO0 4aCTOTY CKOpOY€Hb, a came Ha 17,1, 45,51 76,4% 3a Tux camux ymoB. IIpu akruBauii K,
KaHaIiB JIOKAIIHOM J10303aJ1€)KHO 3MEHIITyBajlacs CKOPOTINBA aKTUBHICTh 130JIhbOBAaHUX MIpeNapaTiB
MiOMETpis MaTKH M1ypiB. 30KpeMa, aMIUIITyJa OKCUTOUMHIHAYKOBAaHUX CKOPOYECHb 3MEHIIYBajacs Ha
21,6, 71,91 84,4% upu nii dbnokaminy B konrnentpanisx 10, 1 10,1 Mxmons/a Bingnmosigao. B ymoBax
BrutuBY 0,1 MKMOJIB/T PIIOKATIHY MPAKTUYHO IMOBHICTIO HIBEIIOBAINCS CKOPOTINBI €()eKTH OKCUTO-
IUHY. 3HAYHUM YUHOM akTuBaiis K AT KaHaJiB 3HUXKYBalla i OKCUTOIMHIHAYKOBaHE 301IbIICHHS
4acTOTH CKOpodYeHb, a came, Ha 30,4, 34,9 i 61,2% npu BBeAeHHI (IIOKaliHy B KOHIEHTAIIsAX
10, 1 1 0,1 mxmounb/a BinmoBigHO. TakuM YUHOM, OKCHUTOIIMH 3HAYHO MiJBUIIYBAaB CKOPOTIHBY
aKTUBHICTHh MIOMETpPisi MATKH IIYPiB 3 EKCIIEPUMEHTAIBHOIO €HJIOTOKCEMIEIO, 110 MOXKE OyTH TpH-
YMHOIO MOPYIIEHHS PENPOYKTUBHOI GyHKIii camuub. Bognowac npu aktusauii Gpuaokaninom K,
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KaHaJliB 3MEHIIyBajacsi OKCUTOIMHIHYKOBaHA CKOPOTIMBA AKTUBHICTh MiOMeTpis MaTKu. Diokalin
(0,1 MKMOJTB) €(heKTHBHO CKaCOBYBAB [[il0 OKCHTOIIMHY Ha CKOPOTIUBICTh MioMeTpisi. Biporiano, mo
axtuBauis K, ., Kananis B Malil0yTHbOMY MO€ MaTH TEpaneBTUYHY HIHHICTh 00 3a0e3MeYeHHs
HOpMaJti3amii CKOpoTANBOT QYHKIIIT MaTKHM MPH 3aNaIbHUX MPOIEcax.

KirouoBi ciioBa: MioMeTpiit MaTku, OKCUTOIWH, K KaHaJli, CKOPOTIIMBA aKTHBHICTh, JIITIOTOJIi-
caxapun

ATD

MOJEJIOBAHHSI CUMITATO-3AJEKHOI MOAYJISILII NPOBIIHUX LLJISIXIB
TAHIUIISI TPIMYACTOIO HEPBA

M.B. Teabka, B.FO. MacJioB, M.C. BecenoBcbkuii, C.A. @enyioBa

Inemumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, m. Kuis; masl@biph.kiev.ua

OyHIaMeHTaJIbHE Ta MPAKTHYHE 3HAUCHHSI JOCIiPKEeHb CUMIIATO-CEHCOPHOI B3a€MO/Iii MOJIATal0Th y
PO3LIMPEHH] 3HaHb PO MEXaHi13MU B3a€MOi1 pi3HUX BiAJ1iB IepUPEPUIHOT HEPBOBOI CHCTEMH Ta
3yMOBJICHI ii BAXKJIMBOIO POJLTIO Y PO3BUTKY HEBPONAaTUYHHUX Ta HEBPAITIUHUX cTaHiB. Hopaapenanin
(HA), axuii BUAIASETHCS 3 MOCTTaHTIIOHAPHUX CHMIATHYHUX BOJIOKOH, BHACHIJOK B3aeMOAii 3
aJ[pEHOPEIENTOPAMH Ta TOJANBIIOK akTUBalicr0 G-O1IKIB MOJYJIOE MOTEHIIIaI-3aJICKH] MPOBij-
HOCTI MeMOpaHHU ceHCOpHOTO HeiipoHa. Takuii BIJIMB HOpaapeHalTiHy JOCTAaTHBO 100pe OMHCAHO
Ha CHiHAJIBHUX TaHIMiAX, TOAI SIK HEHpPOHU rauriis Tpituactoro Hepsa (I'TH) 3anumarorscs B
BOMY aCIeKTi JOCTIKeHI HeJJ0CTaTHh0. CUMITATO-CEHCOPHY B3a€MO/II0 HA PiBHI 3MiH KIITHHHUX
eJeKTPOPi310J0TIUHUX XapaKTEPUCTHUK HaMH OyJ0 MPOMOJEIbOBAHO HA KYyJIbTHBOBAaHUX HEHpPOHAX
I'TH 3 BukopucTtanusM MeToAiB (ikcauii moTeHmiamxy/cTpymMy B KoH(DIrypamii «1ija KiaiTHHa» Ta
mBUAKOT TokanbHOI cynepdysii HA. Enekrpoddiszionoriube BigBeAeHHs MPOBOJUIN BiJl HEHPOHIB,
JiaMeTp SKMX He mepeBHIlyBaB 25 MkM. Amumikauiss HA nmpu3Boania 4acTKOBOi BTpaTu 34aTHOCTI
[0 TOHIYHO1 IMITynbcanii, 3SMEHIICHHSI aMIUTITYAH, TPUBAJIOCTI Qa3u crmaay Ta ClIiJoBoi Timepro-
nspusanii okpemoro norenuiany aii. Takox BHachigox aii HA Oyno 3apeecTpoBaHO 3MEHUICHHS
edexTy BXigHoro BunpsimiaeHHs. Lli gani cBiguaTh, M0 aApeHEPTiYHUHA BIJITUB HAa XapaKTePUCTUKH
Heiponis ['TH 3aificHIO€TECS BHACTIAOK BIIUBY apEHEPTiYHUX PELENTOPiB HA MOTEHI1aIKepOBaHi
BHCOKOIIOPOTOBI KaJbLi€BI KaHAIW Ta KaHAJH, [0 aKTUBYIOTHCS TillepHoJspu3ali€co. Y oKpemii
cepii ekcriepuMeHTiB Oyi10 mociikeHo Jiro HA Ha KanbIii€eBi CTpyMH, BUIUJICH] 3 BUKOPHCTAHHSIM
¢dapmakosoriyHoi Oj0Kaau HATPiEBOI Ta KamieBoi MpoBigHOCTeH MemOpanu. BcTaHoBIEHO, 110
Heiiponu ['TH Bigpi3HAIOTHCS 32 MEXaHI3MOM MOJYJISITOPHOTO BIUTUBY aJpEHOPEICTITOPIB Ha KalbLi€B1
KaHaJIM: mpoTeinkiHaza-C 3ajneXHui Ta BUKIMKAHUHN NpIMUM BIULIMBOM Py cybonuuuni G-6inka Ha
KaHasl. TakuM YHHOM, OTPUMaHI pe3ylbTaTh XapaKTepU3yIOTh KIITHHHI MEXaHi3MHU aJpeHepriyHo]
monynsanii HeiipoHiB I'TH ta cBiguaTs npo MoxnBicTh AudepeHianii ciMIaTo-CEHCOPHOTO BILTUBY
Ha nepeaady CeHCOopHOoi iHpopMalii y IpoBiAHUX HUIIXax TpiyacToro Hepsa.

KurouoBi cioBa: ranrmiii Tpiiiuactoro HepBa, enekTpodi3ionoriuni XapakTepuCTUKN, HOpaapeHaiH.

STEROID HORMONE POOL IN SERUM AND CSF OF COMBATANTS AT DIFFERENT
TIMES AFTER COMBAT TRAUMATIC BRAIN INJURY

A.M. Titkova, Z.M. Lemondzhava, N.O. Levicheva, M.F. Posokhov

State Institution “P.V. Voloshyn Institute of Neurology, Psychiatry and Narcology of the National
Academy of Medical Sciences of Ukraine”, Kharkiv; annatitkova?2@ukr.net

Under the conditions of stress caused by the hostilities in Ukraine, steroid hormones play a lead-
ing role in regulating the body’s adaptive functions Combat traumatic brain injury (TBI) creates
an additional burden on the system of neurosteroid epigenetic regulation, the reaction of which is
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transformed internally systemically during the development of the consequences of trauma. This
transformation over time requires serious study, as it should be taken into account when choosing
tactics for effective treatment of patients. The aim of the study was to investigate changes in the
concentration of progesterone, cortisol and testosterone in the blood serum and cerebrospinal fluid
(CSF) of combatants with mild combat TBI in the acute and intermediate periods after contusion
or concussion. In 65 patients with combat TBI: 15 - in the acute and 16 - in the intermediate period
after brain contusion; 16 - in the acute and 18 - in the intermediate period after concussion, as well
as in 7 conditionally healthy male subjects, the levels of progesterone, cortisol and testosterone in
the blood serum (in patients with combat TBI - also in CSF) were studied by ELISA upon admission
to the hospital. Studies have shown that serum progesterone levels significantly decrease in patients
with contusions (by about 40%) in the acute period after TBI and do not recover in the future.
Concussion causes a 30% decrease in serum levels of the hormone in the intermediate period after
the injury. In CSF during the intermediate period, the concentration of the hormone significantly
decreases by 20-25% compared to the acute period in both groups of combatants. Serum cortisol tends
to increase significantly after combat TBI both in the acute and intermediate periods. In CSF during
the intermediate period, the concentration of the hormone increases by 1.5-2.0 times compared to
the acute period in both groups of combatants. Serum testosterone has a decreased level in the acute
period after brain contusion with a tendency to recover in the future. In CSF during the intermediate
period, the concentration of the hormone decreases by 3.5-4.0 times compared to the acute period
in both groups of combatants. The ratio of cortisol/testosterone in the blood serum practically does
not change over time, but the effects of cortisol over testosterone after brain contusion are much
more prevalent. In CSF, the ratio of hormones increases in favor of cortisol by 6-8 times in the
intermediate period after injury in both groups of combatants. The ratio of cortisol/progesterone
in the blood serum of combatants also has a significant advantage in favor of cortisol, especially
in the intermediate period after brain contusion. In CSF, the ratio of hormones increases in favor
of cortisol by 2.0-2.5 times in the intermediate period after injury in both groups of combatants.
Thus, cortisol levels increase after combat TBI The level of testosterone, which was reduced in
the blood serum in the acute period after brain contusion, is somewhat restored, but in the CSF in
the intermediate period after the injury, the hormone content is sharply limited in both groups of
combatants. in both serum and CSF, with the most pronounced increase in CSF in the intermediate
period. The level of progesterone, a precursor of cortisol and testosterone, is significantly reduced
in both serum and CSF, especially in the intermediate period after trauma. Changes in the ratio of
cortisol/testosterone and cortisol/progesterone in favor of cortisol indicate the dominance and in-
tensification of stress and catabolic effects of cortisol, especially at the brain level, in combatants
of both groups, most of all in the intermediate period after trauma. The obtained data demonstrate
an increase in the deficit of compensatory and restorative capabilities of the neurosteroidal regula-
tion in the dynamics of time after combat TBI. This fact requires special attention to the choice of
the temporal strategy for the treatment of combatants with TBI.

Key words: combat TBI, progesterone, cortisol, testosterone, serum, CSF.

MOJAUPIKAIIA BIOEJEKTPUYHOI AKTUBHOCTI EPEPEHTHUX BOJIOKOH
CIJHUYHOT O HEPBY 3A YMOB TPUBAJIOI TIIIOAHIPOT EHEMII

Popuncoknii O.I., Tkauenko C.C.

Jninposcokuii 0eporcagrutl meouunuti ynisepcumem, dr.tkachenkoss@gmail.com

Jediuut TecToCTEpOHY MOXE MPU3BOAMUTH A0 Pi3HUX (PopM nereHepanii HEPBIB, 10 MOXKE B KiH-
LIEBOMY pe3yibTaTi NPU3BOJAUTHU HABITH JIO aHATOMIYHUX 3MiH. SIKICHO CIIOCTEPIraroThCs O3HAKHU
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JereHepaitii HepBiB, 0COOIMBO Mi€lliHy, AereHepanis 000JI0HKH, 0 Oe3MepeyHo TATHE 32 CO00I0
MOPYIICHHS TPOBiHOT QyHKIII. MeTOr JaHOTO JAOCIHIKEHHS 0YyJI0 BUBYUTH 3MiHU 30y/TUBOCTI
PYXOBHX HEPBOBHX BOJIOKOH B YMOBaX TPUBAJIOTO AeQiUTY aHIPOTEHIB Ta MOJU(IKaIlil0 TapaMeTpiB
BHUKJIMKAHOT BiMOBi/i. EKCIIepuMeHTaIbHy MOICNb OYJI0 CTBOPEHO IIISIXOM XipypriuHoi kacTpamii
cTaTeBO3piux camiiB O6imux mrypis. Yepes 120 1i6 TBapun Opanu y rocTpuil eKkcriepuMenT. BinseaeHHs
BHUKJIMKaHOT aKTUBHOCTI MMPOBOJIMIIH BiJl CIIIHUYHOTO HEPBa IPH CTUMYJISLiT MPOKCUMAaTbHOT AUITHKH
IMcHIaTepaIbHOTO BEHTPAIBHOTO KOPIHI iMIynbcamMu TpubamicTio 0,3 Mc Ta cunoro Big 1 g0 5
MOPOTiB. AHATI3yBaJH MOPIT, XPOHAKCIIO, TATEHTHUH MepioJ, aMILTiTyAy Ta TPUBAiCTh BUKITMKAHUX
MOTEHIIATIB, a TAKOXK JOCHIIHKYBaIU ABUIIEC PePPAKTCPHOCTI 32 JIOMOMOIOK HAHECEHHS TapHUX
CTUMYIIB 3 iHTepBanoMm Bix 2 g0 20 mc. [lopir BUHUKHEHHS cyMapHOi BiAnmoBial epepeHTHUX
HEPBOBUX BOJIOKOH B IMOPIBHSHHI 3 KOHTPOJBHOK I'PYIO 3pic Ha 564,29+0,75% (p<0,001), xpo-
Hakcis 3MeHmuiach Ha 28,1+1,94%, naTeHTHHI niepion mogoBkuBCcs Ha 72,73+2,63%, a 3araibHa
TpuBalicTh - Ha 25,53%1,13% y nopiBHSHHI 3 KOHTPOJBHOI TPYMO0. AMILIITY/Ia BiAMOBI Al 301b-
nriiacst Ha 76,42+5,88% (p<0,001). [Tpu 3acTocyBaHHI MapHUX CTUMYJIIB aMILTITyU BiAOBiAeH Ha
KOHJIUIIOHYIOYHH Ta TECTYIOUUH CTUMYIIH Y TBAPUH 3 OPXEKTOMIEIO 3piBHSIIUCH ITPH iHTEpBaIax BiJ 3
MC, TO/I1 SIK B KOHTPOJIBHIN TPyIi BOHO Bi0yBajgoCh nuiie nmounHaroyu 3 20 Mc. Bumeckazane Moxe
OyTH CIIIZICTBOM CYTTEBOTO BKOPOUCHHS PePPaKTEPHOTO NIepioly HEMPHUTIB 32 YMOB TilIOaHIPOTEHEMI].
3 METOI0 JOCHIIKCHHS JMHAMIKH PEKPYTHHTY PI3HOIIOPOTOBUX HEPBOBUX BOJIOKOH BUKOPHCTOBYBABCSI
METO]l HAHECEHHS Ha CiIHNYHUN HEPB MOOAMHOKUX CTUMYJIIB 3pOCTa04d0i iIHTEHCUBHOCTI Bij 1 10 2
peoba3 3 kparHicTio 1/10 3 aHaII30M aMILTITY/IM IHTErpaIbHOT BiJIITOBIII, 1110 JIJIsl TBAPUH 3 IT1JII0CIi-
HOI TPYyIH JIEMOHCTpYBaJia O1IbII IBUJIKE 3pocTanHs. JlocToBipHi (p<0,001) 3mMiHu criocTepiranucs
npu nojapasHenHi cuioro Big 1,1 mo 1,6 I1, mo HAMOBIpHO NEMOHCTPYE MiABUIICHHS 30y/JIMBOCTI
CepelHbO- T2 BUCOKOIIOPOTOBUX HEPBOBMX BOIOKOH. MIMOBipHO, i BiaxuneHHs Gyam BHKIMKaHi
3MIHOIO YJIBTPACTPYKTYPU aKCOHIB MOTOHEHPOHIB MEPEIHHOTO POTY CIMHHOTO MO3KY — CKJIQJIOBUX
€JIEMEHTIB BEHTPAJIBHOTO KOPIHIIS, Ta AeMi€IiHI3yIOUUMH MTPOECaMHU, XapaKTEPHUMH ISl TPUBAIIOTO
nediuuTy aHJIPOreHIB, Ta, K Pe3yibTaT, €halTUUHUM PO3TOBCIOKCHHSIM 30y/KCHHSI. 3HUKCHHS
30yATMBOCTI HEPBOBUX BOJIOKOH Pa3oM i3 MOJOBXKEHHIM JATEHTHOTO MIEPioAy B EKCIIEPUMEHTANbHIH
rpymi Moke OyTH MOSICHEHE TIOCHJICHHSM BIUIMBY BIJIbHUX paJUKalliB HA HEHPUTH Ta 3HMKCHHSIM
e(eKTUBHOCTI Aii HeHpoTpodiuHUX PaKTOPiB, IO MAE MiCIE 32 BiICYTHOCTI HEHPOTPOTEKTOPHOTO
edexty anaporeniB. CyTreBe 30ibIIeHHS 1a01IBHOCTI HEPBOBUX BOJIOKOH y TBapUH 3 Ae(inuTom
TECTOCTEPOHY, BIPOTIJIHO, OB s3aHE 31 3HUKEHHSIM KOHIICHTpAIll 10HIB KaJbI[iF0 B IIMUTOIIa3Mi
HEHWPOHIB, a, OTKE, 301JbIICHHIM 3HAYCHHS MTOTCHIIIaNy CIIOKOK. TaKuM YUHOM, TPUBAJIO iICHYIOYA
rinoanaporeHeMis 3aiCHIOE JOCUTh 3HAYHHUK X0Y 1 MapaJoKcalbHUH BIUIMB Ha (QYyHKIIOHYBaHHS
e(hepeHTHUX COMaTHYHUX HEPBOBHMX BOJIOKOH, BUKIJIMKAIOUM 3HWKEHHS 1X 30yasimMBoOCTi Ha ¢oHi
3HAYHOTO MiJBUIICHHS JTa0UIBHOCTI, @ TAKOXK 301IbIICHHS aMIUTITYJU Ta TPUBAJIOCTI BUKIMKAHOL
BIJIIOBI/I.

KuarouoBi ciioBa: HepBoBe BOJOKHO, BEHTPAILHUI KOpiHEIb, aHAPOTCHH, 30y/IITUBICTD
AHTAT'QHICT TRPV1 PEIIEIITOPA AMG-517 IHI'IBY € BUKJIFOYHO

KATICAIIUH-THIYKOBAHE 3BY/)KEHHS YYTJIUBUX 3AKIHUEHb
HOOUOEINTUBHUX AOEPEHTIB IIKIPHU MUIII

FO.M. Tkauenko, B.B. Xmu3, O.B. €roposa, O.I1. Makcumiok, /I.C. Icaes, O.0. Kpumranan
Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis; tkachenko@biph.kiev.ua

JlokanpHU anmug03 TKaHWH 30YIKYy€ HONMIENTOpH 0e3 O3HaK JeceHcHmOimizamii 4yu ajamrarii.
HepBoBi 3akiHUCHHSI MEPBUHHUX HOIHUIECTITOPIB EKCIPECYIOTh PEIENTOPHO-KAHATBHI KOMILIEKCH,
SKi y BiJIMTOBi/Ib HAa 3aKUCJICHHS ACTOJSIPU3YIOTh HEPBOBI 3aKiHUYCHHS, 110 TTPU3BOIUTH IO Pi3KOTO
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3pOCTaHHS eNIEKTPUYHOT 30y/UTMBOCTI BOJIOKHA Ta CIIOHTAHHOT reHepaii cepiit morenuianis aii. [Ipo-
TOH-uyTnuBi ioHHI KaHanu (ASICs) i BaH1IOTAHI pelienToOpH NepexiJHOTo MOTEHIialy ePIIOro THITY
(TRPV1) BBaXkaroThCsi OCHOBHUMH CEHCOPAaMU MPOTOHIB y MO3aKIITHHHOMY cepeaoBuii. JloBeneHo,
110 aIMJ103 € OAHHUM i3 OCHOBHHUX 00JIb0BHX (PakTOpiB MpH 3anajieHHi, a npuraiuenss sk TRPV1, Tak
1 ASIC kananiB nonerurye 6i1b Ta 3Menmye rinepanresito. Tomy ASIC i TRPV 1 BBaxkaroThCst OJHUMH
3 HalOIbII NMEePCIeKTUBHUX (HapMaKOJIOTIUHMX MilleHeH y Tepamii Ooufo 3anaipHOI eTionorii. Y
HAIIOMY JIOCIPKEHHI BUKOPHCTAHO METOJUKY PeecTpallii akTHBHOCTI TOOJAUHOKUX C-BOTOKOH MU
eX ViVo Ha mpenapari «Kipa-HepB» JUIsl BA3HAUCHHS MeXaHi3MiB 30y/I>KEHHSI CEHCOPHUX HEPBOBUX
3aKiHYEHb IIKIPH B YMOBaX JIOKaJIbHOTO €KCTIEPUMEHTAIBHOTO al[i103y. EKcriepuMeHTalbHUi aluao3
BHUKJIMKABCS aluliKaliero po3unny 3 pH 6,7 Ha penentuBHe mosie. Y BiJMOBiJb HA 3aMiHy PO3UHHY
3 pH 7,45 Ha po3uun 3 pH 6,7 cnioctepiranocst 301JIbIICHHS YaCTOTH CIIOHTAHHOT akTUBHOCTI C-BO-
JIOKOH B =~ 5 pa3iB, KOTpE 5K 1 B MONEPEJIHIX HALIUX JOCIKCHHX [ 1] OyJio HEUYTIIMBUM JI0 BIUTUBY
onoxatopa ASIC kananiB quMmiHazeHy y KoHUeHTpanii 25 ptM. AHanoridHa cutyaris coctepira-
nacst 3 6nokatopom TRPV1 peunentopa AMG-517: y kornentpanii 1.3 uM AMG-517 He BuKa3yBaB
JKOJTHOTO BIUIMBY Ha alli103-BUKJINKaHE 301bIICHHS YaCTOTH aKTUBHOCTI HEPBOBHX BOJOKOH. Tak
caMmo AMG-517 )x0lHMM YMHOM HE BIUIMBAB Ha aKTUBAIil0 YyTIUBUX HEPBOBUX 3aKiHUCHb IIKIipH
y BiATIOBiZb HA MiJABUILICHHS Temneparypu a0 50 °C, npu pbOMY MPAaKTHYHO MOBHICTIO OJOKYIOUH
BIZINOBI/Ib HEPBOBUX BOJOKOH Ha 20 uM cenektuBHoro aronicra TRPV1 penenropip kancaiuny.
OnnouacHe npukianandss AMG-517 Ta guMiHa3eHy TaKOX HE BIUIMBAJIO HAa MPOTOH-BUKIIMKAHE
30ymxeHHs adepentiB mkipu. [lokazano, mo cenexkruBHuii antaronict TRPV1 peunentopa AMG-
517 6moKye IpOTOH-, KaNcailluH- Ta TEPMO-BUKJIMKAHI CTPYMH B KYJIbTypax KIITHH y HAHOMOJISIP-
HUX KOHIEeHTpauisx [2]. JluMiHa3eH Takoxk Moka3aB e(peKTHUBHE MPUTHIUYCHHS MPOTOH-BUKIHMKAHUX
cTpyMiB y KynbTypi kiiTiH DRG [1]. Po30ikHICTh MiXk pe3ysibTaTaMu in Vitro Ta in vivo € BeJIbMHU
CEpI03HOI0 MPOOJIESMOK Y MEIUKO-010JIOTIUHUX JOCITIJKCHHSX, aJ)Ke 3aHaJATO 0arato (pakTopir
MOXYTb OyTH IPUYMHOIO I[LOTO. BilcyTHICTB OJIOKYBaHHSI MPOTOH-BUKJIMKAHOI BiJIMOBI/Ii a)epeHTiB
mKkipu npu 3actocyBanHi aHtaronictiB TRPV1 i ASICs penenTtopiB MoXe BKa3yBaTH K Ha 1HII
MEXaHi3MH POTOHHOI UYTIMBOCTI Ha CEHCOPHHUX 3aKiHYCHHSX HEHPOHIB TaK i HA MOXKIHMBY Pi3HY
noctrpancisiniiay monugikaniro TRPV1 ta ASICs y comax HeHpoHiB Ta Ha CCHCOPHHUX 3aKiHUCHHSIX.
Hamri nocnigkeHHs BKa3yloTh Ha HarallbHy MOTPe0y MOPiBHIBHUX AOCIHIKEHb (apMaKoIOTIYHUX
XapaKTePHUCTHK 3aKiHUYEHb MEPBUHHUX HOIHUIEITOPIB.

Karwouosi caoBa: ASICs, TRPV1, guminazen, AMG-517, Houuneniisi, npenapar mkipa-HepB.

1. Tkachenko, Y., et al., Acid-sensing ion channel blocker diminazene facilitates proton-induced
excitation of afferent nerves in a similar manner that Na(+)/H(+) exchanger blockers do. Front Cell
Neurosci, 2023. 17: p. 1131661.

2. Doherty, E.M., et al., Novel vanilloid receptor-1 antagonists: 2. Structure-activity relationships
of 4-oxopyrimidines leading to the selection of a clinical candidate. ] Med Chem, 2007. 50(15): p.
3515-27.

MECHANISMS UNDERLYING THE BENEFICIAL EFFECTS
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Neuromodulation is becoming the safe and effective alternative for improving emotional and
physiological states. The current evidence from the up-to-date state of vagus nerve stimulation
application in studies of emotional state modulation demonstrates a strong impact of vagus stimulation on
the state of patients with a range of psychiatric and neurological disorders due to normalizing effects
on the abnormal sympathetic nerve activity. The hypothesis of emotional burnout development as
a result (manifestation) decreasing of vagus-mediated heart rate variability (HRV) under everyday
stress is discussed. Heart Rate Variability is a promising strong indicator of capacity to adapt and
recover from stress. In the same time the absence of sufficiently convincing evidence of vagus
nerve stimulation’s effects on brain functioning. Considering all of the above, we aimed to explore
the influence of a novel VNS stimulation protocol on emotional state, psychological well-being
at job conditions, to highlight specific features of the neurodynamics related to the vagus nerve
stimulation, to determine the effects on HRV time, frequency and non-linear metrics. 11 right-handed
male volunteers aged 18-22 years participated in the 1st (EEG) study (6 persons - taVNS group and
5 - SHAM group). 62 healthy volunteers 18-49 years old were recruited for the 2nd (HRV) study
(26 - VNS group and 22 — Sham, 14 persons were excluded for different reasons). The combination
of pleasant meditative classical music and a slow bi-polar wave of electrical non-invasive transcutaneous
stimulation of the auricular area (BrainPatch platform for non-invasive stimulation, https://brainpatch.
ai/) were used. Psychological testing (State Anxiety, STAI; psychological stress level, PSM-25;
severity of emotional burnout, MBI; depression, IDS) and EEG registration (3 min of the rest state,
closed eyes condition) were carried out before and after the VNS set. HR was measured during each
stage of both studies. Non-invasive stimulation was rated by the participants as a positive experience.
We detected beneficial changes in the psychoemotional state of the respondents (improvement
of mood, reduction of job related stress — emotional burnout). The increase of vagally mediated
parameter RMSSD and decrease of LF/HF ratio has reflected the activation of parasympathetic
nervous system (PNS) during stimulation. HRV effects of VNS turned out to be short-term, which
was manifested in a drop in the value immediately after the stimulation. EEG analysis indicated a
prolonged effect of VNS. Increased alpha and beta rhythms (generalized growth in the frontal and
posterior cortex) and gamma activity (frontal region) after a series of 4 VNS sessions may indicate
the improvement of mental processes and creative thinking (attention, information processing and
memory storage). Enhanced activation level was mirrored in an increased beta/alpha ratio.

Our data suggests that VNS has a normalizing effect on the psychoemotional state shifting “sympatho-
vagal balance” to the functional optimum. EEG data showed the prolonged stimulating effect on
the brain processes related to the cognitive functioning while attenuating the stress impacts at the
same time.

Keywords: vagus nerve stimulation (VNS), Heart Rate Variability (HRV), EEG, emotional burnout/
stress.

S-100B PROTEIN AS A DIAGNOSTIC AND PROGNOSTIC TOOL IN INTRACRANIAL
HEMORRHAGE
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As of today, molecular and genetic tools that manipulate specific astrocyte proteins to understand
their individual contributions to synaptic plasticity and related neurological disorders are highly
relevant. Understanding how the dysregulation of astrocyte-specific proteins contributes to conditions
like Alzheimer’s disease, autism, and schizophrenia can provide insights into potential therapeutic
targets. However, diagnostic and prognostic tools for risk stratification of long-term complications
in patients with traumatic brain injury and intracranial hemorrhage are limited in both the early and
late stages following injury. Unlike diseases affecting other organs and tissues, where rapid diagnosis
is feasible based on the determination of tissue biomarkers in the blood, there are currently no rapid,
definitive diagnostic blood tests designed to predict post-traumatic neurological diseases. Many
studies have been conducted to identify and evaluate the diagnostic value of various neuromarkers,
among which is the S100B protein. In this study, an in vivo model of experimental intracranial
hemorrhage was applied to adult Wistar rats via microinjection of a collagenase solution, in
compliance with ethical norms of working with laboratory animals. To detect cytological changes in
the brain, histochemical and immunohistochemical staining of brain sections from two experimental
groups (control and hemorrhage, n=8 for each) was performed. Histochemical/immunohistochemical
staining was executed to detect SI00B-positive astroglia. The following brain areas were analyzed:
the area close to the collagenase injection point and distal regions of the cortex and hippocampus.
The corresponding regions of control animals served as controls. Cell density after thionin staining
and immunoreactivity to S100B (a calcium-binding protein and marker of astroglia) were assessed
using appropriate primary and secondary antibodies. Analysis was performed using a FluoView™
FV1000 confocal microscope (Olympus Inc., USA). Quantification of protein levels in the brain
and blood plasma was conducted using an enzyme-linked immunosorbent assay (ELISA).

The most pronounced destructive changes in brain tissue were noted at the site of collagenase
injection. Significant tissue degradation was observed in the areas adjacent to the injection site.
In remote regions (the cortex of the large hemispheres and the hippocampus), the condition of
brain cells was deemed satisfactory, but signs of general vascular element destruction were noted.
Immunohistochemical staining showed an increase in S100B-positive astrocytes in all regions of
the rat’s brain (injection site, cortex, hippocampus) under hemorrhage conditions. The levels of
S100B were increased to 1.5 and 1.63 times in protein extracts obtained from the left and right
brain hemispheres of animals with experimental hemorrhage, as determined by ELISA. The amount
of S100B in the blood plasma of these animals was slightly elevated, with a wide variation within
the animals studied. Conclusions. Experimental intracranial hemorrhage resulted in pronounced
morphological signs of astrogliosis development, both at the epicenter of the hemorrhage and in
remote areas of the brain, which is accompanied by the presence of S100B protein in the blood plasma.
Keywords: calcium-binding protein, S100b, brain injury, diagnostic marker

OOPMAJIBHO-IUHAMIYHI BIACTUBOCTI IHAUBIAYAJIBHOCTI BETEPAHIB
BIVIHU 3 YPAXYBAHHSIM PIBHSA ITIPOSIBY CEHCOMOTOPHUMX PEAKIINA

C. B. ®enopuyk!, O. I. Kopoym', 1. B. Cy6in'-?
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YMOBH BiliCHKOBOI MiSTTLHOCTI MalOTh, KPIM 3arajbHUX JUIS TisTbHOCTI OUBIIOCTI JIO/IEH, HUZKY
crienu¢iganX (podeciiHux) 0coOOIMBOCTEHN, OB’ I3aHNX 3 BILNIUBOM 3HAYHOTO (i3WYHOTO Ta IICH-
XIYHOTO HaBaHTA)XXEHHS, BUCOKOI BiJIMOBITAIBHOCTI Ta €KCTPEMAIIBHOCTI XapakTepy AisibHOCTI [1,
2]. Meroto nociipkeHHs 0yi10 BUBYCHHS (YHKI[IOHAILHOTO CTaHY IIEHTPAIbHOI HEPBOBOT CHCTEMU
(LIHC) Ta popManpHO-TMHAMIYHHAX BIACTUBOCTEH 1HAMBIAYalbHOCTI BETEPaHiB BiifHU 3 ypaxyBaHHIM
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PiBHSI IPOSIBY CEHCOMOTOPHUX peakiiid. Y T0oCiPKeHHI ik 00cTexXyBaHi Opanu yuacts 10 BeTepaHiB
BIfiHM — yYaCHUKIB OOMOBUX JIiH, BikoM 26-54 poku. J{Ji1s BUBUCHHS 30pOBO-MOTOPHHUX PEaKIliid Pi3HOTO
CTyNEHsl CKIAAHOCTI Ta (opMalbHO-AMHAMIYHUX BIACTUBOCTEH IHIMBiAyalbHOCTI BETEpaHiB 3a
tectoMm B. M. PycanoBa BukopucToByBanu niarHoctTuaHui Komiuieke «bOC-tecT npodeciinuiiny [3].
[Tpocra 30poBO-MOTOpHA peakxilist IEBHOIO Mipolo BigoOpaxkana piBens aktusanii LIHC [4], B To# xe
Yac MOKa3HUKH CEHCOMOTOPHOT peakiiii BUOOpy BiAI3epKaIIOBaIN CTPECOCTIHKICTh PECIIOHCHTIB [3].
Jnst cratrcTHuHOT 00pOOKH pe3ybTaTiB 1OCIIKEHHS BHKOPUCTOBYBAIW METO/IH HETIapaMeTPHIHOT
CTaTUCTHKH. 3arajaoM y OLIbIIOCTI 00CTeKYyBaHMX ICMXOMOTOPHA aKTUBHICTD Ta 3arajibHa aKTHUBHICTh Y
BCiX TpbOX chepax (ICUXOMOTOPHIH, IHTEIEKTyalnbHil, KOMYHIKATUBHIH) JOCATIN BUCOKOTO PiBHS;
IHTeNeKTyallbHa Ta KOMYHIKaTHBHA aKTUBHICTB, 3arajibHa eMOLIHHICTH 1 3arajibHa aJlalTUBHICTh —
JIOCATIN cepeaHboro piBHs. Bumniuii pisenp aktusaiii [IHC BeTepaHiB acoiitoBaBcs 31 3HHKCHUM
pPiBHEM IHTEJIEKTyaJlbHOT €MOIINHOCTI, BUSBICHA TEHJCHIIIS JIO B3a€EMO3B’SI3KYy CTPECOCTIHKO-
CTi 31 3HI)KEHHM piBHEM EMOILIHHOCTI (a came NCUXOMOTOPHOI Ta 3arajiabHoi). B Toil ke yac Bci
IHII BUSBJICHI KOPEJISIINHI 3B’ A3KHM CBIIUMIIN MPO BIAMOBIAHICTH BUIOTO piBHsA akTuBaiii [[HC
Ta CTPECOCTIMKOCTI 32 BUMIPIOBAHWMH TIOKAa3HHUKAMU CEHCOMOTOPHHMX PEaKIliid 3 BHIIUM piBHEM
(dopManbHO-IMHAMIYHUX BIACTUBOCTEH 1HINBIAYalbHOCTI (€PT1YHOCTI, TUIACTHYHOCTI, IIBUJIKOCTI)
Ta BUMIPIOBAHMX 1HJEKCiB aKTUBHOCTI (1IHTEJIEKTyaabHOI, KOMyHIKaTHBHOI, 3arajbHo1) 1 3arajabHO1
ajpantuBHOCTI. PiBens aktuBamnii [IHC acomitoBaBcst 3 epriuHicTio, MIACTUYHICTIO 1 MIBUJKICTIO B
KOMYHIKaTHBHiH cdepi Ta iIHTeNeKTyalbHO0 EMOLINHICTIO, 8 TAKOXK 3 KOMYHIKaTUBHOIO Ta 3arajibHOI0
AKTUBHICTIO PECIOHJICHTIB. HaTOMICTh, CTPECOCTINKICTh 00CTEIKEHUX BETEpaHiB OyJia 00yMOBJICHA
MCUXOMOTOPHOIO Ta IHTENEKTYabHOIO IBHUJIKICTIO, €PTiYHICTIO 1 MIACTUYHICTIO B IHTENCKTyaIbHIN
cepi, 3araJibHOIO IHTEICKTYAJIbHOK AKTUBHICTIO Ta PIBHEM 3arajibHOT aJ[allTUBHOCTI.

Karouosi cjoBa: BeTepanu BiliHH, QyHKIIOHATBHUN CTaH IEHTPaIbHOI HEPBOBOI CUCTEMHU, CEHCO-
MOTOPHI peakIiii.
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Introduction and aim. Earlier, by applying the water-immersion and restraint stress (WIRS) model,
we reproduced primary attributes of stress and found that the severity of the damage to the gastric
mucosa correlates with changes in ECG parameters, which indicate myocardial dystrophy. Further,
it was found that such a connection is caused by the damaging effect on both targets of increasing
the level of parathyroid hormone, as well as the production of aldosterone and catecholamines by
enlarged adrenal glands. In addition, an increase in the level of corticosterone and sympathetic
tone with a simultaneous decrease in vagal tone as well as serum calcitonin and testosterone cause
damage to the gastric mucosa, but not to the myocardium. Such a constellation of neuro-endocrine
reactions to stressors determines the severity of damage to the gastric mucosa and myocardium
by 73% [Fihura OI et al., 2023]. The purpose of this study is to find out metabolic and immune
accompaniments of electrocardiogram and gastric mucosa parameters in naive and stressed rats.
Material and methods. The experiment is at 18 male and 20 female Wistar rats. Over the 10 days,
one animal remained intact and 3 other rats were exposed to WIRS. The next day after stressing,
immune and metabolic parameters as well as ECG and gastric mucosa injuries was recorded.
Results. Serum levels of Phosphates, Catalase and a-LP Cholesterol as well as erythrocyte level of
Potassium and Na,K-ATPase activity of the erythrocyte are positively correlated with ECG mark-
ers of myocardial damage, and negatively correlated with visual markers of damage to the gastric
mucosa. Erythrocyte level of Sodium and serum levels of Potassium and Alkaline Phosphatase
reflect the intactness of the gastric mucosa only. While serum level of Calcium reflects damage to
the gastric mucosa. Taken together, the listed metabolic factors determine the morpho-functional
state of the gastric mucosa and myocardium by 72% (R=0.851). Damage to the gastric mucosa
and myocardium is more severe, the lower the bactericidal activity of blood neutrophils, and the
greater the mass of the thymus. The spleen mass and the content of fibroblasts in the thymus are
negatively correlated only with the severity of damage to the gastric mucosa, while the percent-
ages of reticulocytes and lymphoblasts in the spleen are positively correlated with it. Finally, the
higher the percentage of macrophages in the thymus, the deeper the damage to the myocardium.
The canonical correlation between the listed immune parameters and markers of the two targets of
stressors is very strong (R=0.809). Conclusion. Water-immersion and restraint stress causes changes
in the neuro-endocrine-immune complex, which lead to changes in the metabolome and damage to
the gastric mucosa and myocardium.

Keywords: acute water-immersion and restraint stress, damage to the ECG and gastric mucosa,
immunity, metabolome, relationships, rats.
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Background. Earlier we showed that the Ukrainian phytocomposition “Balm Truskavets’” exerts
immediate modulating effects on parameters of EEG and HRV as well as biophotonics [Ruzhylo
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SV et al., 2015; Fihura O.A. et al., 2021]. In a pilot study on 10 volunteers, we found that the
use of the phytocomposition for 11 dais causes changes in EEGs parameters accompanied by a
sympatho(adreno)mimetic effect. The modulating effects on the EEG&HRYV parameters are combined
with the changes in biophotonics parameters [Fihura O.A. et al., 2021]. This study was conducted
on a four times larger cohort and with a wider range of methods. Materials and Methods. The object
of observation were 16 women 46+15 ys and 24 men 50+11 ys. The volunteers were practically
healthy, but the initial testing revealed deviations from the norm in a number of parameters of the
neuro-endocrine-immune complex as a manifestation of maladaptation. In the morning in basal
condition we registered kirlianogram (“GDV Chamber” from “Biotechprogress”). Then recorded
simultaneosly electrocardiogram (ECG) and quantitative electroencephalogram (qEEG). Used
Ukrainian hardware-software complexes «CardioLab+HRV» “NeuroCom Standard”. In addition,
we determined plasma levels of major hormones of adaptation: Cortisol, Testosterone, Aldosterone,
Triiodothyronine and Calcitonin by the ELISA with the use of analyzer “RT-2100C” and correspond-
ing sets of reagents. Parameters of phagocytic function of neutrophils estimated as described by
Kovbasnyuk M.M. [Kul’chyns’kyi A.B. et al., 2016]. After the initial testing patients used 5 ml of
Phytocomposition, pre-diluted in 45 ml of boiled tap water, half an hour before meals three times a
day for 9 days. The next morning after completing the treatment, retesting was performed. Results.
A noticeable effect of the phytocomposition on 38 parameters was revealed, grouped into 6 clusters,
of which 4 are enhancing and 2 are reducing. In particular, the reduced levels of the adaptation index
and phagocytosis parameters increase significantly, instead, the increased levels of the leukocytary
strain index, testosterone, triiodothyronine, LF band HRV as well as two biophotonics parameters
decrease, that is, there is a normalizing/beneficial effect. At the same time, normal levels of HRV-
markers of vagal tone decrease, and cortisol and circulating catecholamines as well as the activity
of B- and a-rhythm generating neurons increase, but within the normal range. Finally, there is a
further increase in the upper limit levels of activity of 8-rhythm generating neurons. Therefore, the
phytocomposition «Balm Truskavets’» increases the resistance of the observed cohort to bacterial
infection, i.e. corresponds to one of the attributes of adaptogens: the ability to cause a state of non-
specifically increased resistance of the body to the influence of adverse environmental factors of a
physical, chemical and biological nature. An even stronger proof of the adaptogenic ability of the
phytocomposition is an increase in the leukocytary Popovych’s adaptation index, which reflects the
quantitative assessment of qualitative changes in the body’s general adaptive reactions, namely, a
decrease in the share of pathological and premorbid (disharmonious) reactions and an increase in
the share of normal (harmonious) reactions. Conclusion. Ukrainian phytocomposition “Balm Trus-
kavets’” exerts classical adaptogenic effects on parameters of neuro-endocrine-immune complex as
well as biophotonics in humans with maladaptation.

Keywords: phytocomposition “Balm Truskavets’”, neuro-endocrine-immune complex, biophotonics,
maladaptation.
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[IpoBeaeHo excrniepuMeHTalbHEe AOCTi)KEHHS piBHS TPUBOXKHOCTI, KA IMOB’s13aHa 13 KOTHITUBHUMHU
npouecamu, y JII0JeH 3 T0CBiI0M IPOKUBAHHS y pi3HUX O0e3nekoBux ymoBax. KommnapaTuBHuUi aHami3
Pe3ynbTaTiB HEUPOIOCIIIKEHHS 3 BUKOPUCTAaHHM MIaTdopMu Anima B yMOBax iMepCUBHOTOMYJIb-
TUQYHKIIOHATFHOTO Xa0y3axiIHOYKPaiHCHKOTO HAI[IOHATBHOTO YHIBEPCHTETY J03BOJIMB BCTAHOBUTH
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HasBHICTh KOPEJSIii M’k piBHEM TPUBOKHOCTI Ta JJOCBIIOM MPOKUBAHHA y Oe3neyHux abo Hebes-
neyHux ymoBax. JlocmipkeHHs npoBeieHi d ekcriepuMeHTi i3 3anydeHHsM 40 oci0, 3 HUX MOpiBHY
YOJIOBIKIB 1 XKIHOK, sIKi OyJIM MOJIiNIeH] Ha 2 TPYNH — NOCHIAHY (BHYTpilIHBO-IIepeMileHi 0co0un) Ta
KOHTPOJIbHY (MIiCIIEB1 )KHTEII 3 BIJHOCHO O€3MEYHOr0 periony). /s ekciepuMeHTy 00paHO METO/I
alTPEeKIHTY 3a J0MOMOTOIO0 BiflcokaMepuHa miaaTdopmi Anima. TexHomOris BiCTEKEHHS MOTISLY
(adiTpekiHr) 3a0e3meunyia OTPUMAHHS JAaHUX MPO crenudiky BizyalbHOI 00pOOKHU Ta XapakrTep
KOTHITUBHUX ITPOIIECIB, ACOIIMOBAHUX 13 TPUBOXKHICTIO, CEPE/] JIOCIIPKYBAaHUX3 JIOCBIJIOM ITPOXKUBAHHS Y
pi3HHX O0e3meKoBUX yMOBax. JlocnikeHHs OyIi0 CripsiIMOBaHE Ha MiATBEPKEHHS a00 CIIPOCTYBaHHS
rinore3n «piBeHb TpUBOKHOCTI BIIO € BHIIUM MOPIBHSAHO 3 MiCIEBUMH JKUTEISIMHY,[TOPIBHSIHHS
MOKa3HUKIB, sKi BiZOOpakaroTh PiBEHb TPUBOKHOCTI JIIOJMHU,TAKUX SIK TIMEPIUIBHICTD MiJ] 4ac
neperysay 300paxeHb, TCHACHIIS JOBIIC 3aTPUMYBATHU MOTJIS]] HA 300paKCHHSX, SIKI BUKJIUKAIOTh
TPUBOTY, Ta YHUKATH HEOE3MEUHUX CUTHAJIB, SKIO TaKi €, MACYMKOBUN MOKa3HUK TPUBOXKHOCTI
3a MeToIuKOo Anima. [lix yac ekciepuMeHTY pecnoHACHTH 3AiMCHHUIN Bi3yalbHy OLIHKY cepil
300pakeHb 13 BapiaTUBHUM €MOIL[IHHUM 3a0apBlIeHHsIM. B X011 eKClIEpUMEHTY OTPUMAaHO Pe3yJIbTaTH,
SIKi OTIpallbOBaHI 3a JJOMOMOTOK CTaTUCTHYHOTO aHami3y. [To-nepre,70% BITO (14 oci0) noka3zanu
BHCOKIi piBHI TPUBOXKHOCT1, HMOBIpPHO 4Yepe3 BIUIMB MOCTIHHOT'O CTpecy, aAanTaliiHuX mpodiem i
TpaBMaTHYHOTO JocBiay; 30% MicueBux xuteniB(6 0ci0) TakoX Maju MiJBHIIEHUN PIBEHb TPHU-
BOXKHOCTI, aJie IMOBIpHO uepes iHIIi, MeHIII iHTeHcuBHI ¢pakTopu. [To-npyre,20% BI1O(4 oci6) manu
CepeJiHi# piBeHb TPUBOXKHOCTI, MOKA3YIOYH aJaNTallio a00 HasBHICTh MiJAITPUMKH, KA JOTIOMArae
Briopatucs 3i crpecom;50% wmicueBux xuteniB (10 oci®) mManu cepeaHiil piBeHb TPHUBOXKHOCTI,
KU € OUIBII TUIOBUM JUJIsS JIOJICH, 110 HE MEPeKHUBAITH CKCTpeMallbHUX 3MiH y *)HUTTi. [1o-
tpete, 10% BITO(2 ocoOn) manu HU3BKUH PIBEHb TPUBOXKHOCTI, 110 € PiIKICHUM 4Yepe3 NOCTIHHUI
BIINB cTpecy;20% micueBux xuteniB (4 oci0®) Manu HU3BKHHI PiBEHb TPHUBOXKHOCTI HMOBIPHO
3aBJAKU CTA0IMBHUM yMoBaM XUTTs. OTKe, BCTAHOBJIEHO, 110 PiBEHb TPUBOXKHOCTI y JIOJEH,
KOTpP1 MaroTh JIOCBiJl MPOXUBAHHS Y PI3HUX 0€3MEKOBUX YMOBAX,MOKHA BiJICTEKUTH 32 JJOTIOMOT'OFO
alTpeKiHry, i BiH pi3HuThes. Y rpynu BIIO Bummii cepeqHili moKa3HUK TPUBOKHOCTI, HMOBIPHO
4yepe3 TpaBMaTUYHUI JOCBIJI, SKUI MIT CHPUYMHUTH €MOLIHE HAMIPYKEHHS 1 MMiIBUIIICHY YyTINUBICTh
JIO TPUBOXKHUX CTHMYJIiB.Y MiCIIEBHUX KUTENIB 3 0€3[IeYHUX PEriOHIB PiBEeHb TPUBOXKHOCTI TOMIpHUH
a6o Husbkuid. Y BIIO BHsIBIEHO 3HAYHO BUINI MOKa3HUKH B HATIPSIMKY TiMEPIUIBHOCTISK MPOSIBY
CWJIBHOT peakIlii Ha MOTeHIIHI 3arPO31 Ta YHUKHCHHS PU3UKOBAHUX CUTYaIliil. Y MiCLEBUX KHUTEIIIB
i TOKa3HHUKY 3anumaiucs B HopMi. Y BITO nposiBuiiacek TeHACHITIS TOBIIE 3aTPUMYBATH TOTJIS HA
300paKeHHX, SIKI BUKIMKAIOTh TPUBOTY, Ta YHUKATH HEOE3MEYHNX CUTHAIIB, IO MOXKE CBITUUTH
TEX MPO MiABUILECHY TPUBOKHICTh. Y YACHUKH CKCIIEPUMEHTY 3 KOHTPOJIBHOI Ipynu (MiCLIEB1 KHUTE1)
JEMOHCTpYBaJIM OinbII 30aJaHCOBAHI pe3yabTaTH 0€3 YiTKUX BUKPUBIICHb YBaru.

KarouoBi ciioBa: piBeHb TPUBOKHOCTI, alTPEKIHT, HEHPOIOCIIIKEHHS

JAUHAMIKA TOPMOHAJIBHO-METABOJITYHUX ITOKA3ZHUKIB CUPOBATKHN KPOBI,
CTPYKTYPHUX 3MIH TIEYIHKHU TA INIAIJTYHKOBOI 3AJIO3U LIYPIB
3A YMOB BUCOKOKAJIOPIMHUX AIET

E. M. lum6aaa

leano-@panxiscokuil HayionanbHull Meouynull ynisepcumem, M. leano-@Ppankiscvk, Vkpaina,
e-mail: etsymbala@ifnmu.edu.ua

AKTyanpHICTH JocHimpkeHHs: HaaMmipHa Maca Tifla € TpUTepOM YHCICHHUX MAaTOJOTIYHUX CTaHIB,
110 MOB’s3aHi 3 MopyueHHsIM oOMiHy pedoBuH. Cepen HaceJIeHHS BCbOIO CBITY AOBOJI momIUpe-
HAMH € MeTa0OJIIYH] 3aXBOPIOBAHHS, 30KPEMa, iHCYJIIHOPE3UCTEHTHICTh, I[yKPOBHIA aiadeT 2 Tuimy,
apTepialbpHa TiMepTeH3is, OKUPIHHSA, a TAKOXK XBOPOOM remaTomnaHKpeaToOiTiapHOT CHCTEMU, IO
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¢dbopMyIOTh TJIO0ANIbHY COIiajbHY W MEIU4YHYy Mpobiemy. BigomMo Takok, 110 HaJJIMIIKOBA Maca
TiJla € BAXKJIUBUM (aKTOPOM Y BUHUKHECHHI )KHPOBOTO IeNaTo3y Ta CTEaTO3y MiANIITYHKOBOI 3a103H.
Merta noCiKeHHS : BUBYUTH 3MIHH BMICTY TOPMOHIB-aHTAarOHICTIB €eHEPTETUIHOTO OOMIHY TPEIiHy
1 JIENTHHY, MapKepiB BYTJIEBOJHOTO 0OMiHY (1HCYJiHY Ta TIIOKO3M) Y CUPOBATI KPOB1, CTPYKTYpHI
0COOJIMBOCTI MEYiHKH Ta MiANITYHKOBOT 3aJI03H IIyPiB y IMHAMIIII 32 yMOB repeOyBaHHS Ha BHCOKO-
KaJopifHuX nietax. Matepian i metoau. JlociipkeHHS MTPOBOAMIN Ha O1uX 0€3MOpOHUX IIypax,
aKi Oynu mojineni Ha Taki rpynu: 1-ma (n=10) — koHTpoibHA (IHTaKTHI TBapUHH, IepeOyBaIn Ha
CTaH/JIAPTHOMY XapuyoBOMY palioHi); 2-ra (n=10) — TBapuHU, sAKi nepedyBai Ha BUCOKOBYTIEBOIHI it
nieri (oTpumyBanu 3amicTh TuTHOI Boau 10 % po3unn ¢ppykro3n); 3-1s1 (n=10) — TBapuHH, SIKi Iepe-
OyBaJi Ha BUCOKOXHUPOBIiH Ji€Ti (3 HAIMIPHUM BMiCTOM KHPIB Ta X0JIeCTEpHHY ). TBapUH BUBOAMIN
3 ekcriepuMeHTy Ha 21-mry, 35-Ty, 46-Ty Ta 56-Ty 100M BUTOOBYBaHHS. Pe3yiapTaTn MOCHiIKEHHS.
Ha 35-ty no0y ekcniepuMeHTY y CHpOBATIIi KpOBi IIypiB 2-1 Ta 3-1 JOCHIAHUX TPy 3HU3UBCS BMICT
rpeniny Ha 24,04 % (P, , < 0,05) ta 28,85 % (P, ;< 0,05) Ha i NiBUIIEHHS PiBHSA JIENTHHY HA
23,34 % (P, ,< 0,05) Ta 30,56 % (P, ;< 0,05) BiANOBiAHO MOPIBHSHO 3 TaHUMHU Y TBAPUH KOHTP-
onmsHOI rpymnu. [Ipu mboMy y TypiB 2-1 Tpynu MiABUIITUBCS BMICT TITIOKO3W Y CHPOBATIlI KPOBi Ha
29,53 % (P, , < 0,05) mono xonTpomo. Ha 46-Ty 100y y TBapuH JOCiJHHMX IPYI PiBEHb TPENiHY
y cuposarii kpoBsi smenmuses Ha 30,77 % (P, , < 0,05) Ta 42,31 % (P, ;< 0,01) 3 onHoyacHuM
MiIBULIEHHAM BMiCTy sentuny Ha 41,78 % (P, ,<0,01) ta 48,84 % (P, ;< 0,01) monxo 3nauenn
KOHTpOII0. TakoXk BCTaHOBMIIM 30iMbIICHHS Y CUPOBATLI KPOBI LIypiB 2-1 TpyNH BMICTY iHCYIiHY
(na 34,98 %, P, , < 0,05), 2-i ta 3-i — nmoko3u (na 58,45 %, P, ,< 0,001 Ta 21,38 %, P, ;< 0,05
BiZMTOBITHO) TIOI0 MMOKA3HUKIB Y TBAPUH KOHTPOIHHOI TpymH. Taky X TEHICHITIIO 3MiH JIOCITiIKY-
BaHMX MMOKAa3HUKIB crlocTepiraiu Ha 56-Ty 100y ekcriepuMeHTy. 30kpema, y mypiB 2-i ta 3-1 rpyn
CIOCTEpIranu 3HWKEHHS PiBHA rpeniny Ha 35,58 % (P, , < 0,05) Ta 48,08 % (P, ;< 0,01) na i
iIBULIEHHS BMICTY JenTuny Ha 52,38 % (P, ,<0,01) ta 68,62 % (P, ;< 0,01), 3pocTanns BmicTy
iHCyniny y cuposarui kposi Ha 47,95 % (P, ,<0,05) Ta 38,47 % (P, ;<0,05), mroko3u —na 76,57 %
(P,,<0,001) ta 27,69 % (P, ; < 0,05) BiANOBIAHO MO0 KOHTPOIIIO. 3a TAKUX YMOB Y TBAPHH 2-1
nociinHoi Tpymu 3 35-1 mobu crmocTtepiraiad IUCTPOo(idHO 3MiHEHI TeMmaTomMUTH 13 PO3IIHPEHHIM
MEPUCUHYCOITAIBHUX 1 MI)KYaCTOYKOBUX MPOCTOPIB, CTPYKTYPHI MPOSIBU XOJiecTasy, U0 MOCHUITIO-
I0ThCS 10 56-1 100U mociiKeHHs. Y TOH 9ac K y TBapuH 3-i JOCTIAHOT TPyH BUpPaXKeHa TOTAIBHO
xKupoBa iHIIbTpanis, 3 21-1 100K BUABIAIOTHCS 03HAKU XOJIECTa3y, MOPYIICHHS TPaOeKyIIpHOCTI
B FiCTOCTPYKTYpi MEUiHKK Ta MHOXHUHHI JiniaHi iHdineTparu. Ha 56-Ty 100y nocaiIKeHHs 3MiHH
B IIE€UiHI SICKPAaBO BUPAXXEH1, OAHAK, Y TBAPUH 2-1 JOCIIAHOT I'PyIH YaCTO BUSBISIOTHCS JBOSIACPHI
TenaToIUTH, [0 CBITYUTH PO MOXKIIUBICT PErpecy Ta pereHepaTOpHi MOXKIMBOCTI. Y MANIITYHKOBIH
3aJ1031 TBapuH 2-1 Ta 3-i focaigHUX Tpyn MopdoioridHi 3MiHN MaHiPeCTyIOTh HAOPSIKOBUMH MIPOIIC-
CaMH Ta OPYIICHHSIM Ba3aJIbHOTO KOMIIOHEHTY i3 O1TBIINM JOMiHYBaHHAM IIPH BUCOKOKHUPOBIH Ji€Ti.
BucHoBok. HajMipHe Crio’KMBaHHSI BYTJIEBOJIIB Ta KUPIB CYNPOBOIKYETHCS PO3BUTKOM 1HCYJIHO-
PE3UCTEHTHOCTI Ta OKUPiHHA. BUsABIEHI CTPYKTYpHI 3MiHHM renaTolmaHKpeaToOiaiapHOI CUCTEMHU
MOXYTh SBJIATHCS IPEIUKTOPaMHU PO3BUTKY (PiOpO3y, HUPO3Y a TAKOXK KUPOBOTO IMEPEPOIKEHHS
MEYIHKH Ta IMiANITYHKOBOT 3aJ103H.

Kuaro4dogi cjioBa: iHCYTiIHOPE3UCTEHTHICTh, OXKUPIHHS, TOPMOHANBHUHN MPOQiiab, CTPYKTYpHI 3MiHH,
Medvinka, MiAILUIYHKOBA 3aJ1034a.
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AKTHUBHICTH NO-CUHTA3HUX HEHPOHIB Y JIATEPAJIHOMY SI/IPI
I'IMIOTAJIAMYCA BHACJIITOK JOBI'OTPUBAJIOI'O BJ/KUBAHHS ETAHOJIY

HJosrans O.B. Yaiikocbka B.P.

Binnuyvxuil nayionanerutl meouunut yuisepcumem im. M. 1. [lupocosa (Vkpaina). dovgan@vnmu.edu.
ua, viktroriacajkovska@gmail.com

AxkTyanbHicTh Temu: Bigomo, 1o snarepanbhe sapo rinotaisamycy (LH) gacto acoriroetbes 3
XapYOBOIO MOBEIIHKOO Ta 11 MOTHBAI[IHHUMHU IIUKJIAMH, aJi¢ TAKOX Ma€ BIUIMB Ha IMMOBEIHKOBI peakilii,
AKi TOB’sI3aHi 3 OTPUMaHHSIM BUHAropoJH, Ta MOKe OyTH MPHUYETHE JIO PO3BUTKY (OpMyBaHHS
ankoronbHoi 3anexHocTi (Torruella-Suarez M. L., 2020). AKOT0JIb CTUMYJTIOE BUBITBHEHHS 0P aMiHy
yepes LH, 110, y cBOIO uepry, BIUTMBAa€ Ha CUCTEMY BUHArOpOIH, a TaKoxk i Ha cexperito NO, 1 Moxe
MaTtu O0e3rnocepeHil BILIUB Ha HEUPOHU, TaK 1 ONIOCEPEIKOBaHH I uepe3 MeTabomiuHi nporecu. Bee
e 3/laTHE MPU3BECTH JIO0 aJallTUBHUX 3MiH Yy HEHPOHHHX Mepexax, CIPUSIOUN Ta MiATPUMYIOUYH
ajKoroyibHy 3anexHicte (Morganstern ., 2020). ToMy BHHHMKIA TilOTe3a MPO MOXKIUBY y4acTh
NO-cunTaznoi cucremu LH, 30kpeMa 3MiHM aKTUBHOCTI B HEHPOHAX MPHU TPUBAIOMY CIIOKHBAHHI
ankoromnto. Mera: BecranoBuTH ocoOnuBocti 3MiH aktuBaiii NO-CHHTa3HUX HEHPOHIB B sApi JaTe-
pajbpHOro rinoranaMmyca npu GOpMyBaHHI aJKOTONBHOI 3ajexHocTi. MaTepiaau Ta Mmetoau : B
HAIIOMY €KCIIEPUMEHTAIBLHOMY JOCIiPKeHH1 Oyiii BUKOpUCcTaHi mypi ninii Wistar. TBapuH ninuimu
Ha TPH EKCMEPUMEHTAIbHI TPYIH N0 YOTUPH IIypH y KiiTHi. [pyna 1-KoOHTpoIbHA TpyNa, TBAPHHH
oTpuMyBanu iH’ekuii ¢i3. po3unHy iHTpaneputToHeansHo (i/m) (n=4); rpymna 2-rocTpa ajKorojbHa
iHTOKCHKaIlisl (n=4), SIKi OTpUMYBaJH iH>€KIIT i/11 eTanony y 1031 2 /KT 15% p-Hy; rpyna 3-XpoHiuHa
aJKOTOJIbHA 3aJIeXKHICTh (n=4), sika orpumyBana 20% p-H eraHoxny y BinpHOMY amoctyni 30 ni6.
MeTtoauka rictoximiyHoro ananizy cuHtasu NO 3a gonomoroto gapOysanus NADPH niadopasu.
Kinpkicuuit ananiz NOSp HelipoHIB TPOBOJIMIIN 32 JIOMOMOIOK MiKpOCKoma. Mexi aHami30BaHUX
CTPYKTYp BH3HAYaJIMCS BIIMOBIIHO /IO aTiiacy MO3Ky 1iypa. PesyasTaTn: B rpymi 1-cepeins miibHICTD
NOSp k1. (30-50 k11/3pi3) Ha pi3HUX PIBHIX Bi -1,3 10-2,8 mm Bijg Opermu 31 3pOCTaHHIM CEPEIHbOT
HIUTBHOCTI B KayJaTbHOMY HanpsiMKy. B rpymi 2- 3Haune nigsunienss aktusaiii NOS, B nutorasmi
MITKHX (10 5 MKM), Ta cepeHbporo aiamerpy (12-15 MkM) HEHpOHIB MOPIBHSHO 3 KOHTPOJIEM, IO
MOXe OyTH CBIIUCHHSM BHUIIOI aKTUBHOCTI Ta/a00 koHueHTpallii NO-cunTa3u. Takox 301IbIICHHS
urieHOCTI NOS Oimbin Hixk Ha 30% (55-73 ki1/3pi3). Lle Moxke MOsSCHIOBATHUCS THM, 110 BiI0YBa€EThCS
CTUMYJISIIiSI CACTEMHU BHHATOPO/IU CIIPUYNHIOIOYH BUBLIbHEHHS nodaminy (Torruella-Suarez M. L.,
2020), abo x aktuBauii [AMK-epriunoi cuctemu mo3ky (Fernando Valenzuela C., 1997). I'pyna
3-BiiMiuaiy BiTHOCHE 3HWKEHHS TaKOT aKTHBHOCTI MpuOim3Ho Ha 17% (16-33 k11/3pi3) B NOpiBHAHHI
3 KOHTposieM. BUCHOBKH: Pe3ynbTaTs HAIIOTO JOCIIKEHHS TOKA3yI0Th, 10 NO-CHHTa3H1 HEHPOHH
LH pearyooTs sIK IiJl 4ac TOCTPOI alKOTOIBHOT IHTOKCHKAaIil, TaK i Mpu GOpMYyBaHHI aTKOTOIBHOT
3anexxHocTi. Xoua posnb LH y B)KUBaHHI aKkoroJsito He 10 KiHISE 3p03yMilia i moTpedye mo1aibioro
BUBYCHHSI, MOXHa NPUNYCTUTH, 1110 LH Marouu 3B’43KHu 3 HeMpoHaMHU, 110 3aJyYeHi O MOTUBAIIil
Ta BUHATOPOJM MiJBUINYIOTh aKTUBHICTH HelipoHiB NO (Ipu rocTpiil alKoronbHil 1HTOKCUKAIIT),
THM CAMUM CTHUMYIIIOIOTh MICIEBHI KPOBOTIK Yepe3 Ba3OJUIIATAIlII0, IO CTUMYIIOE (OpMYBaHHS
AJTKOTOJIHHOT 3aJIe)KHOCTI Yepe3 3aKpilIeHHs MOTHUBAIIi i 3HAUYIIOCTI alIKOTOJI0. A TIPU XPOHIYHOMY
B)KMBaHHI aJIKOT'OJII0 MPU3BOJUTH J0 3HMKEHHS akTuBaiii NO-cuHTa3HO1 cucteMu. MOKIUBO
MoB’si3aHe 3 BUCHAXEHHSIM perienTopis 10 NO miJ gi€r0 HEHPOTOKCHUYHOTO BITUBY alleTallbJIeTi Ty,
IO y CBOIO YepTy MOPYIIye OanaHC B UKJII BUHATOPOJIH.

Karouogi ciioBa: narepanbHHii TimoTanamyc, CMHHTa3a OKCHY a30Ty, €TaHoJ, 10(aMiH, BHHAropo/a.
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HAVKOBA CHAJIIIMHA IL.I. KOCTIOKA: BIJJILI, 1110 CTAB OCHOBOIO
YKPATHCBKOI HEMPO®I3IOJIOTTT

LI. Yennosa, O.0. Jlyk’siHenb

Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis; ilona@biph.kiev.ua

IcTopis Bimminy 3aranpHO1 ¢izionorii HepBoBoi cucteMu [HcTUTYTY (izionorii iM. O.O. boromobIis
HAH VYxpaiau moganace B 1957 pomi. Ciouarky, [loctanoBoto IIpe3unii Akagemii Hayk YKpaiHCh-
koi PCP Big 15.11.1957 p. mpotoxon Ne72 ta Hakazom mupektopa [HcTUTYTY dhizionorii im. O.O.
boromonsnst AH YPCP akamemika Makapuenko O.D., Oyna cTBOpeHa 1adopaTopis 10 CKIamy sKOi
BXOJIMJIO JTBA MOJIOAIINX HAYKOBUX CITIBPOOITHUKH, TAOOPAHT, MpernapaTop i 3aBiayrounii. 3aBIaHHIM
nmaboparopii 3aranbHOI (izionorii OyIo TOCTIMIKEHHS 3aralbHUX BIACTUBOCTEH KXWBO1 PEUOBHHU
1 3araJbHUX 3aKOHOMIPHOCTEH MisITBHOCTI KIITHH HEPBOBOI, MYCKYJIBHOI, CEKPETOPHOI Ta IHIINX
TKaHWH, a TaKOX TMOPIBHAIHLHO-EBOJIIOIIfHE BUBUCHHS 3aTalbHUX OCHOB OKpeMHUX (i3iomoTriyHux
npornecis. Jlabopatopito ouonus 1.0.H. KocTiok Ilmaton I'puroposud. I1.I. KocTiok, yueHs akazae-
Mmika Jlannuna CemeHoBuda BopoHIiosa, skuii 3aiiMaBCst BUBUCHHSAM €JIEKTPO(i310J0TIIHUX MIPOIIECiB
30yIKeHHS Ta TaJIbMyBaHHS B HEPBOBiM TKaHWHI, 3 4aCOM IMEPETBOPUB Ja00OpaTOpio y Biaaia, B
STKOMY CTPIMKO PO3BHBAJINCh HOBI HaNpsSMKH B obOmacTi ¢izioyiorii HEpBOBOiI cucTeMu. Bimmin, 3a-
cuoBanmit I1.I. KocTiokoM, CTaB KOJTMCKOIO JJIs1 YHCJICHHUX HAYKOBUX HAMPSIMKIB, 3 SKHUX 3TOI0M
chopmyBasucsa HOBI Bigainu. KepiBHUIITBO ITMMH HOBOCTBOPCHUMH ITiAPO3aiIaMuA Opain Ha cede
yuHI Ta mochifnoBHIKA KoCTioKa, KOKEH 3 SIKHX MPOJOBXKYBAaB PO3BUBATH Ta MPUMHOXKYBATH Hay-
KOBi 3700yTKH CBOTO BUHTENSA. 3aBIAKH IIbOMY Biaaina KocTioka He JIHIIe po3IIUPIOBAB TOPHU30HTH
BIIACHUX MOCHI/KEHB, ajie i 3aKjaB OCHOBY ISl PO3BHTKY OKPEMHUX HAmpsIMKiB HeHpodiziomorii
Ta MOJIEKYJISIpHOT 0i10(pi3MKM B paMKax HOBHUX JlabopaTopiit Ta BimgminiB. B 1972 p. 6yno cTBOpeHO
nmaboparopiro 0i0ximii HEpBOBOi KJIITHHH, peopraHizoBany B 1990 p. y Bigain HefipoxiMii, TOTIM B
nmaboparopiro 6ioJorii cToBOypoBHUX KIITHH, B 1978 p. cTBOpEeHO 1ab0paTopiro yIbTPaCTPYKTYPHOTO
aHamiizy, peopranizoBany B 1995 p. y Binmin Heitporutonorii, a B 1996 y Bigmin iuromorii, B 1982 p.
Bigmin ¢izuko-XiMigHOT O6i070Tii KIIITHHANX MeMOpaH, B 1994 p. Bigmin ¢izionorii pyXiB gKi i 1Mo
CHOTOJTHIIIIHIHN IEHb € OTHUMH 3 TIPOBITHUX HAYKOBUX BiAiiB [HCTHTYTY. JIOBTI pOKH YCIIIIHO (PYHK-
IIOHYBaJH 1 JTaboparopist MogemtoBaHHs ¢iziomorigaux mporecis (3 1970), i maboparopis diziomorii
nmoBracTtoro Mo3ky (3 1979), i Bimmin ¢izionorii cmmaHOr0 MO3Ky (3 1982). 3 wacom mi CTpyKTypH
peopraHi3oByBaIUCh CTBOPIOBAMCH HOBI Biainu, Tak B 2003 porii 6yB yTBOpeHHi Biaaia ¢iziomorii
HEHUPOHHUX MEPEXK 1 BXKE TpeTe-deTBepTe mokoiaHsg yuHiB [1.I. KocTioka mrigHo mparoe i po3BuBae
3amovYaTKOBaHI HAMPSIMKHN JOCIIHKeHb. ['0JIOBHHI HANPsSIM JTOCHIKEHb CTOCYETHCS MOCTIIKEHDb B
obacTi Hefpodi3i0I0Tii Ta MOJTEKYISAPHUX 1 KIIITHHHUX MEXaH13MiB TIaTOJIOTi MO3KY. 3TOAO0M, TiCIIsI
cmepti [1.T. KocTroka Bimmin ogonus fioro yuens akagaeMik O.O. Kpumrans 1y ckiaai Biaminy Oyimo
CTBOPEHO TpH Jlabopatopii: 6i0hi3uky 10HHUX KaHaJiB, MOJEKYIIpHOI 0i0(pi3UKN Ta BIAMIT CEH-
copHoi curHamizarii. ¥ 2017 porti i tabopartopii cTanu BiggiaaMu. 3aradbHUN HAyKOBUH JOPOOOK
[Tmarona I'puropoBrda Ta CiBpOOITHUKIB BiOIiIy YBIHIIIOB 10 HU3KH MOHOTpadii, MapyIHUKIB,
COTEH HAyKOBHUX CTaTeil OmyOJiKOBAaHWX B HAWUTIPECTIKHIMNX MI>KHAPOAHUX HAYKOBHX BUIAHHSIX.
3a poku iCHyBaHHs, CIIBPOOITHUKAMH BiIIiTy Oyiu 3p0oO0ieHI BIAKPHUTTS SKi YBIHIIUTH B iCTOPIIO
(1310JIOTI9HOT HAYKH 1 IO CHOTOMHINTHIN AeHb € GyHIaMEHTOM TSI PO3BUTKY HAWTIPOTPECUBHITITNX
HayKOBHUX JOCIIHKEHb B Taldy3i Heiipodizioynorii, MoleKyIsIpHOi ¢i3ioyorii Ta KIiTHHHOI 0i0di3u-
ku. [TocnimoBuukn KocTioka MpogoBKyIOTh HOTO CIIpaBy, MPaIIOOUN B 1HITKUX Bigairax. Bemndes-
Ha KITBKICTh KOJMIIHIX CHIBPOOITHUKIB BIAMINY YCITIITHO MPAIIOIOTH 332 KOPIOHOM B MPOBITHUX
nmaboparopisx abo ogonmoroTh iX. Ilig kepiBaUITBOM Ilnatona ['puroposuua KocTioka 3m00yTKH
CITiBpOOITHUKIB Binairy Oynm BinzHadeHi Jep>xasaumu Haropogamu ta mpemismu CPCP i Ykpainw,
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npemisimu iMeHi O.0. Boromounsis, [.M. Ceuenona, I.I1. [Tanosa, B.1O. Uarosiis 3a HeoliHEHHH
BHECOK B PO3BHUTOK HEHpodi3i0JIOriuHOT HAYKHU T€ TiIbKK B YKpaiHi, aje U jJaneko 3a il Mexamu.
TakuMm urHOM, BiJIia 3aranbHOi (i3i010Tii HEPBOBOI cCUCTEMHU, 3acHOBaHul [lnaTonom ["puroposudem
KocTiokom, cTaB He JikIlle KOJTUCKOK YKpaiHChKOT Helipodizioorii, ane i JpKepeaIoM HeepepBHOTO
HayKOBOT'O PO3BHUTKY 1 BIIKPUTTIB, SIKi MaIOTh INI00QJIBHE 3HAYCHHS. 3aB/IIKH TAJAHTY, IPAIETO0CTBY
i Bigmanocti cripaBi KocTroka Ta fioro y4yHiB, BiJiis 3p0OUB HEOI[IHEHHU BHECOK Y CBITOBY HayKy
PO MO30K, JIOCIIJDKCHHS! KIITUHHOI Oiodizuku Ta Helipodizionorii. Haykora mikona, 3akiiajieHa
I1.T". KocTioKOM, MPOIOBKYE KUTH Y AOCITHEHHSIX HOTO MOCIiOBHUKIB sIK B YKpaiHi, Tak 1 3a ii
KOpJIOHAMH, HAJUXAa04Yl HOBI MOKOJIHHS JOCIIJHUKIB HA HOB1 BIJIKPUTTS.

CORTICAL DYNAMICS UNDER COGNITIVE LOAD BEFORE
AND DURING THE FULL-SCALE RUSSIAN INVASION OF UKRAINE

Mariia Chernykh, Victoriia Kravchenko, Yevdokiia Reshetnik, Ihor Zyma

Department of Physiology and Anatomy, ESC “Institute of Biology and Medicine,” Taras Shevchenko
National University of Kyiv, E-mail: mariia.chernykh@knu.ua

Living in war-affected areas significantly impacts the cognitive functions, mental health, and over-
all well-being of children, adolescents, and adults. Electroencephalographic (EEG) data reflect
the neurodynamics associated with managing cognitive workload and stress, showing that chronic
exposure to stress significantly affects cognitive performance. Therefore, we aimed to compare
coherence in 0 and B EEG bands during mental mathematical computations under normal conditions
and during the full-scale russian invasion of Ukraine, with a specific focus on sex differences. The
study subjects were volunteer students of Taras Shevchenko National University of Kyiv, n =57,
aged 18 to 24. Twenty-eight participants were enrolled in the years 2010-2012 (ng, =15, n_=13,
“control” group ), and twenty-nine subjects were involved during the full-scale invasion (n;, =18,
n =11, “war” group). The subjects were instructed to perform sequential subtraction (4-digit (minu-
end) and 2-digit (subtrahend) numbers) with their eyes closed while the EEG was recorded. The
obtained data were subdivided into subbands (01 [4.1, 5.8] Hz, 062 [5.9, 7.4] Hz, B1 [13, 19.9] Hz,
B2 [20, 25] Hz) and further processed using the EEGLAB toolbox. It was discovered that within the
B1 subband, both “war” groups demonstrated a significant decrease in strong coherent connections
in the occipital and lateral parietal cortical areas. Thus, the main hub of connections was located
in the precentral regions. In the f2 subband of activity, the distribution of connections in female
“control” and “war” groups was identical. At the same time, a shift in the network of connections
to the posterior frontal and temporal areas of the left hemisphere was observed in the male “war”
group. The dynamics of the p EEG band generally reflected the tonic alterations in cortical arousal
that correlate with perceived mental effort. We assume that such evidence generally depicts impaired
cognitive control and emotional regulation in both female and male groups during the war. In the
01 subband, a significant extension of the connection network was observed in the female “war”
group, with a predominance of parietal-temporal areas of the right hemisphere. The male “war” group
demonstrated the same phenomenon but with predominantly left lateralization. In the 62 subband,
the female group demonstrated increased connections during the war, and the emerging network
covered both hemispheres and united the central and occipital areas. There was also an increase in
connections in the male group, but they were all predominantly located in the left hemisphere. Thus,
we can presume that chronic stress conditions intensified the calculation-induced stress expressed
in the boost of coherent connections within the theta band in both “war” groups. However, the male
“war” demonstrated the overload of working memory and enhancement of analytical processes.
In contrast, aggravated verbal memory-related and top-down control processes were observed in
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the female group. Overall, both “war” groups exhibited impaired cognitive control and emotional
regulation during mental computation, reflecting the detrimental impact of long-term stress on
the cognitive capacities of the civilian population in Ukraine. The results obtained may form the
foundation for developing novel therapeutic strategies.

Keywords: electroencephalography (EEG); mental calculation; magnitude-squared coherence (MSC);
chronic stress.

MPOCTHUM TA IBUJKHUI CIIOCIB KJIACU®PIKAIL ®YHKIIIOHAJIBHUX CTAHIB
JJABOPATOPHUX TBAPUH HA OCHOBI EET-CUI'HAJIIB TA PYXOBOI AKTUBHOCTI

A. YepHincbkuii, O. €roposa, O. MakcuMIoK

Inemumym ¢hizionoeii im. O. O. Bocomonvyss HAH Ykpainu, m. Kuis, andrii.cherninskyi@biph.kiev.ua

[ToBHOUIHHUN COH € KPUTHUYHO BAXKIUBUM ISl Gi3MUHOTO, MCUXIYHOTO Ta €MOILIHHOTO 310POB’s
moauHu. Haxanb, MOIIMpPEHUM SIBULIEM Y Cy4acHOMY CYCHIJIBCTBI € pi3HOMAaHITHI poO3/laau CHY,
OJIHUM 13 HAHTOIIMPEHIIINX 3 IKKX € iIHCOMHis (0e3COoHHS), o Bpaxae mpuonuzHo 10-30% mopocnux
mogeil. Bona nposiBisieThes y BUTISAAI TPYJHOILIB 13 3aCHHAHHIM, YaCTUX MPOOYKEHb BHOYI Ta
HEJIOCTaTHLOTO BiJHOBJICHHS Micysi cHy. OnHUM 3 QakTopiB iHiNialii iHCOMHIT € cTpec, IKOro y
JKUTTI Cy4acHOT JTIFOJJUHU, 2 0COOJIUBO YKPATHIIIB MiJ] Yac BIHU O1NIBIIL, HIXk JOCTATHLO. JloCiIiIoKeHHS
MEeXaHi3MiB PO3BHTKY 1HCOMHIi Ta MOIIYK HUISXiB il KOpeKii € BaKJIMBUM HalpsSMKOM Cy4acHOI
HelpoOionorii. st nporo po3po0ieHi pi3HOMaHITHI TBapuHHI Moaeli popmyBaHHs iHcoMmHii. [Tpu
IbOMY Ba)XKJIMBE 3HAUCHHSI MAIOTh CIIOCOOM OLIHKH (YHKIIOHAIBHOTO CTaHy, 1 HE JINIIE «CIUTh — HE
CIIUTH», a i BU3HAYECHHS cTaAii cHy. HaltHaxiiiHimm pe3ynbraTu 1a€e aHaji3 eJIeKTpUYHOI aKTUBHOCTI
TOJIOBHOT'O MO3KY. 30Kpema, y rpusyHiB REM crazis cHy XapakTepu3yeTbes BAPRKEHUM TETa-PUTMOM,
HATOMIiCTh, Non-REM COH CynpoBOAKYETHCS BUCOKOAMILTITY THOIO0 HU3bKOYACTOTHOIO AKTHBHICTIO.
Taxuii aHani3 BUMarae onpamnioBaHHs YAMAINX 00CSTIB JaHUX, aJKe AJIS1 PO3YMIHHS CTPYKTYPH LUKITY
«COH-HECIIaHHS» HEO0XiAHO Knacu(iKyBaTH CTaH TBApUH LIOHANMEHIIIE TPOTATOM H00H. «PyuHuii»
ananiz EEI" njocBigueHMMH eKciepTaMH € BKpail yaco3aTpaTHUM, TOMY Ba)KJIMBE 3HAUCHHS MalOTh
ANTOPUTMHU aBTOMAaTHYHOI Kinacugikauii. HasBHI Ha naHWii MOMEHT MiXO0/1, HABITh 3 BAKOPUCTAHHIM
MaIIMHHOTO HaBYaHHS, al0Th Tpoxu Oinbiie 90% TOYHOCTI MOPIBHIHO 13 Kinacu]ikali€ero JII0IUHOIO.
Mu MoaudikyBaau OAMH 3 TAKUX MiIX0/iB, 3aIPOIOHYBABIIN JBOKOMIIOHEHTHUH mpocTip. [lepimii
napameTp Iie AaHi 3 JaT4yuKa pyxy, BOyJoBaHOTO B MiHIaTIOpHUH peecTpyrounii mpunag Neurologger
(TSE Systems, Germany). Ha {ioro ocHOBi MO’KHa BUOKPEMHUTH NEPiond aKTUBHUX PYXiB Ta Mpak-
TUYHO TOBHOI'0 3HEPYXOMJICHHS TBapuWHHU. pyruil mapameTrp — e AECATKOBUH Jorapudm cmis-
BITHOIIGHHSI BHCOKOYAacCTOTHOI (raMa-iiana3oH) Ta HU3bKOYACTOTHOI ([eJIbTa) YaCTUH CIEKTPY
EET". 3a Hum MacuB 10-ceKyHAHHUX €MOX aHali3y MOAUISIETHCS HAa «AaKTUBHUN» Ta «HEAKTHBHUI
knacrepu. KoMmOiHanii 3a3HayeHuX MapaMeTpiB AO3BOJISIIOTH BUOKPEMHUTH MEPioaX MOBEIIHKOBOT
aKTHBHOCTI (HecaHHs), napaxokcanbHoro cHy («aktuBHa» EEIL Ta BigcyTHs pyxoBa akTHBHICTB) Ta
MOBIUILHOXBUJILOBOTO CHY (HU3bKa pyXxoBa akTuBHicTh, EEI" 3 mepeBakanusam genbra-xBuib). [Ipu
bOMY HEOOXiHI 00UMCIICHHS 3IHCHIOIOTHCS AYKE IIBUIKO, @ TOYHICTh Y TIOPIBHIHHI 13 «pYUYHUM
aHaini3zom ctaHoBuTh Oubine 80%. ExkcnepTHOi yBaru notpedye nume 10 20% TpuBanocti 1000Boro
3amuCcy aKTUBHOCTI TBapHH. TakuM YWHOM, TAKMH MPOCTUH Miaxig 3abe3nedye cyTTEBY EKOHOMIIO
HEOOXiTHOTO JIJIs aHaTi3y Yacy.

Kuarwuosi cioBa: con, EEI', Neurologger

PoGora Bukonana 3a migTpumku rpanty 2023.03/0181 Big Hamionansnoro @ouay JlociimkeHs
Ykpainu.
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GRP78 EXPRESSION IN THE SPINAL CORD: A BIOMARKER FOR DISTANT
NEURONAL RESPONSES BEYOND INTRACEREBRAL HEMORRHAGE

A.lL Shevchenko, S.I. Savosko

0.0. Bogomolets National Medical University, Kyiv, Ukraine; s.i.savosko@gmail.com

Many researchers refer to stroke as a catastrophe for the brain. Animal models have demonstrated the
sequential events in the brain during acute ischemia and intracerebral hemorrhage: necrosis, neuronal
loss, inflammation, scarring, vasculogenesis, and even certain manifestations of brain plasticity, as
well as the positive effects of various compounds as neuroprotectors. Changes in the brain develop
according to a specific pathophysiological scenario, which has been extensively studied, leading to
an increased interest in examining long-term changes in the nervous system that are distant both in
time from the stroke episode and in distance from the stroke core. We hypothesized that neuronal
loss in the brain could affect spinal cord neurons, particularly when the motor cortex and internal
capsule are damaged, as the neurons in these regions contribute to the pyramidal tract. The neuronal
response to brain injury may manifest through altered expression of various proteins, and searching
for such changes may be a lengthy and highly anticipated process. The expression of proteins that
characterize the overall neuronal response to injury could be used as a model object to assess the
neuronal reaction, even if it is non-specific. In our study, we aimed to evaluate the expression of
GRP78 in the L3-L5 segments of the spinal cord. To achieve this, we modeled intracerebral hemor-
rhage in rats by injecting autologous blood into the internal capsule of the right hemisphere. On days
1, 3, 10, 30, and 60, we examined the L3-L5 segments of the spinal cord, performing densitometry
of the immunohistochemical reaction for GRP78 in the neurons of the anterior horns. Routine his-
tological staining did not reveal a significant loss of neurons in the spinal cord; however, the level
of immunohistochemical detection of GRP78 significantly changed over the course of the study. We
observed a significantly higher immunopositive response for GRP78 in the neurons of rats with in-
tracerebral hemorrhage compared to the sham-operated group on day 3 of the experiment, followed
by a decrease on days 30 and 60. Overall, changes in GRP78 synthesis levels were characterized by
a curve where synthesis peaks occurred between days 3 and 10, whereas in the sham-operated rats,
the peaks were observed between days 10 and 30. GRP78 expression in the spinal cord significantly
increased during the acute phase of brain injury compared to the sham-operated group, which only
modeled penetrating brain trauma without the injection of autologous blood. Penetrating trauma also
triggered an increase in GRP78 synthesis, but the peak expression occurred later, and the synthesis
level was significantly lower by day 60. In conclusion, GRP78, as a consistent agent of synthetic
processes associated with the endoplasmic reticulum, proved to be a reliable marker of the overall
neuronal response in the spinal cord to intracerebral hemorrhage. Given that GRP78 expression in-
creases under conditions of endoplasmic reticulum stress, is involved in the processing of misfolded
proteins, and plays an anti-apoptotic role, we concluded that the increase in GRP78 synthesis in the
spinal cord represents a distant neuronal response to brain injury.

Keywords: intracerebral hemorrhage, spinal cord, neuronal reaction, GRP78.

CTPYKTYPHI 3MIHHU ¥ CTOBBYPI 'OJIOBHOI'O MO3KY LIYPIB IIPU
KOPOTKOYACHOMY INEPEPUBYACTOMY XOJOAOBOMY HABAHTAXEHHI

O. B. llInjo, B. B. Jlomako

Incmumym npobnem xpiobionoeii i kpiomeouyunu HAH Yxpainu, m. Xapxis, e-mail @gmail.com

Bmuiue Xonoay cnipusie po3BUTKY clieln(PIYHIX Ta CKOOPAMHOBAHUX TEPMOPETYIISITOPHUX PeaKIliif
opraHi3my, pu IbOMY aKTUBYIOTHCS YUCIIEHHI JIJITHKY TOJIOBHOTO MO3KY, 30KpeMa y HEOKOpTeKcCi,

120 ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 5, 0ooamox



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHUX BiclepalbHiii dizionorii Ta matodizionorii

rinoranxamyci Ta cToBOYpi, 110 MOKe OyTH BU3HAYCHO 33 CTPYKTYpHUMHU 3MiHamMu. Heiiporu cToBOypa
YTBOPIOIOTH $i/ipa, AKi (OPMYIOTh HaBa)KJIMBIIII HEPBOBI LEHTPHU JKUTTE3a0€3MEUCHHS OpraHi3zMy —
JIUXAJIbHUN, CEPIICBO-CYyIMHHUM, TPABHUM, a TAKOXK IICHTPU PETYJIALIl M’I30BOr0 TOHYCY, pediekcy
YTPUMAaHHS 1 BITHOBJICHHS [1031, OPIEHTOBAHOTO pediiekcy Ha 30pOBi Ta CIIyX0Bi mojpasHuku. CToBOYp
TOJIOBHOTO MO3KY Oepe y4acTb y 3a0e3MeYeHHI FTOMe0CTa3y, IEBHUX MOBEAIHKOBHUX PEAKIIiif, HEOOX1THUX
JUISI BIDKUBAHHS, a TAKOXK 3a0e3meuye rnepeaavy inhopmariii 10 Ta BijJ BUIIUX BIAJIUIIB MO3KY. BuBuanu
CTPYKTYpHI 3MiHH Y CTOBOYPi T'OJIOBHOI'O MO3KY O-MiCSYHUX IIYPiB MiCJIsi KOPOTKOYACHHUX MEPEPUBYACTHX
XOJIOJIOBUX BIUTUBIB 3a Temmeparypu —12 (moderate thermal stress) Ta 10°C (no thermal stress) y
XOJIOJIOBIM KaMepi, K1 3/1IMCHIOBAIN MPOTATOM 15 XBHIIMH KOKHOT F'OJIMHU, TOTIM 45 XBUJIMH TBAPUHU
3HaXOJMJIMCS 11032 XOJIOJ0BOI0 Kameporo mpu 22-24°C. TakuM YMHOM OXOJIOJKEHHS MPOBOAMIN
JIeB’ATh pa3 MPOTITOM CBITJIOT YaCTUHU JIOOU JIBA JIHI MOCHIb. [ICTOJIOTTYHE JTOCIIIIKEHHST CTOBOYpa
TOJIOBHOT'O MO3KY BUKOHYBAIIH 32 CTAHJAPTHOIO METOAMKOIO: BUJIY4eHI (pparmMeHTr TKaHUHH (pikcyBanu
y 10%-My po3umHi HelTpanbHOTO GopMmalniny npotsiroM 24 roauH. [licns BigMuBaHHs (ikcoBaHUN
MaTepian 00e3BOJHIOBANIN Y CIIUPTAX 3pOCTal040i KOHIEHTpallii 1 3anuBaiu y napadin. OTpumani 3pizu
3aBTOBIIKH 6—8 MKM 3a0apBIIIOBaId TeMaTOKCHIIHOM 1 eo3uHOM. [Ipenapatu BuB4anu, pororpadysanu
1 o pOBYBaJH 3a JIOTIOMOT00 CBITIIOBOTO Mikpockomna «AmScope IN300T-FLy» (Amscope, CIIIA) i
¢doroxamepu «Tucsen TCC-50ICE» (Tucsen, Benuka bputanis). [lapamerpu niadparmu Bigeokamepu,
OCBITJICHHS Ta 301JIBIICHHS MiKpocKona Oysu mocTiiHuMu ¥4 X 160. [1iist BizyansHOTO 1 ppakTanbHOTO
aHamizy Oyno 3anucano 100 300paxens. @pakranbHy po3MipHicTh (FD) 3pi3iB MO3KY po3paxoByBaju
3a gomomoror nakera Fractal Box Counting mist ImageJ 1.53t [1]. BeraHoBiieHO, 10 y TKaHHUHI
cTOBOYpY TOJIOBHOTO MO3KY O-MICSYHUX IIypiB IMicJs BIUIMBY 000X PEXHMIB OXOJOJDKEHHS, SIK 1y
KOP1 TOJIOBHOTO MO3KY [2], BiA3HAYaH JIOKATHHHUN IOMipHUAN EPUBACKYJIISIPHUAN Ta MEPHUIICITIONSIPHUI
HaOpsIK, MaJlK Miclie MOOJMHOKI MaJIeHbKI OCEPEIKN HEKPO3y Ta 3aMillieHHsI [NTiaJbHUMH KIIITHHaMHU (TI1103),
y MIKpOCYAMHAX BHUSIBIISLIMCA JIOKai30BaHi 1o nepudepii abo mo3a ocepeikiB HEKpo3y npodtidepaTuBHI
Me30- 1 MepUBaCKYJIiTH, 3ycTpidaaucs MOACKY I TPOMOU Ta TPOMOOBACKYIITH. TaK0X BHSBIISIIUCS
03HaKu (opMyBaHHS «IIOPUCTOTO» HEHpomind, TeMHI HelipoHu (dark neurons), i HEHPOHU Ha PI3HUX
CTa/IisIX HEeKpoO0io3y, TOOTO HEHPOHH 3 sIAPaMH Ha CTalii KapioMiKHO3Y Ta KapiopeKCUcy, TUCTPOPIIHO
3MiHEHi HeHpoHH. [HKOJIN y TICTONOTIYHUX TpenapaTax BUSBISLIHCS O3HAKH TUCTpodiii (3epHICTOT 200
MOMIpHOI T1APONiYHOT AUCTPOdii), ToOTO OyN0 BUIHO 011l 3epHUCTI BKIIIOYEHHS, TTMOKH Ta Kparuti. s
OIIIHKH CTPYKTYPHOI CKJIaJTHOCTi CTOBOYpY TOJIOBHOTO MO3KY II[yPiB 32 YMOB XOJIOJJOBHX BILIHBIB OyJia
po3paxoBana FD 3pi3iB TKaHHHH, siKa € OUIBII YyTIMBOIO O CTPYKTYPHOI MiHIUBOCTI OyIOBH MO3KY,
HiX iHII MopdotoTiuHi moka3Huky. 3Hauynux 3MiH FD BusiBneno ue 0y:o, ane npu 10°C BoHa mana
TEHJICHILIF0 JI0 3HWXKEHHS, a 1pu —12°C — 10 30UIbIICHHS.

KurouoBi cioBa: cToBOYp TOJIOBHOTO MO3KY, CTPYKTYpPa, OXO0JIOKEHHS

1. Schindelin J, Arganda-Carreras I, Frise E, et al. Fiji: an open-source platform for biological-image
analysis. Nat Methods. 2012; 9: 676-82.

2. Lomako VV, Shylo OV, Pirozhenko LN. Brain Cortex Morphology in Rats After Cold Exposures.
Probl Cryobiol Cryomed. 2023; 33(3): 193-200.

®YHKIIOHAJBHU CTAH LHIEHTPAJIBHOI HEPBOBOI CUCTEMU
KBAJII®IKOBAHUX CHOPTCMEHOK Y YEPJIIZIEHT'Y 3A IOKA3SHUKAMMW PEAKIIII
HA PYXOMUM OB’EKT

O. A. lllnnakapyk, I'. C. Anapienko, C. B. ®enopuyk

Hayionanehuii ynieepcumem ¢hisuunoeo euxosarms i cnopmy Yrpainu, m. Kuis; lanasvet778899@gmail.com

CHnopTUBHUH pe3yJbTaT 3aJCKUTh BiJl HU3KH CKJIAJOBHX MiATOTOBKHM CHOPTCMEHA, Cepel SIKUX
3HAYYIIUMH € MOHITOPUHT CcTaHy NcuXxo]izionoriuaux (yHKIIA Ta IMCUXOJIOTiYHA MiJTOTOBKA B

ISSN 2522-9028 ®ision. scypn., 2024, T. 70, Ne 5, 0ooamox 121



Tesn nonosineit MixnaponHoi koHdepeHii 3 Helfiponayk Ta HaykoBuX YNTaHHB, IPUCBAYEHNX BiclepalbHiii dizionorii Ta matodizionorii

MPOIIEC TPEHYBAIBHOT Ta 3MaraibHOT JTisUTbHOCTI [ 1, 2]. BCTaHOBJICHO, 10 B YEPITiICHTY IIPH BUKOHAHHI
CKJIaTHOI 3MarajbHOi NPOrpaMy BaXKJIMBHUMHU BUCTYNAIOTh €MOIiHA CTiHKiCTh, BMIHHS MPOTHCTOSATH
cTpecy, MIBUJIKO PearyBaTh Ha 3MiHM CHUTYaIlil 3MarajibHOI IisIbHOCTI [2]. MeToro poboTu Oyiia oriHKa
BIUTMBY PiBHS ICUXOEMOIIHHOT HAPYTH, €(PEKTHBHOCTI MCHXIYHOT cCaMOPEryJIsLii Ta CTpaTerii mo1o1anHs
cTpecy Ha (QyHKIIOHATBHUE cTaH 1eHTpasibHOT HepBoBOi cuctemu (PC [[HC) 3a nmokazHukamu peakiii
Ha pyxomuii 00’ekt (PPO) xBamiikoBaHUX CHOPTCMEHOK, IO CHEIIalli3yIOThes B 4yepiigaeHry. J{is
MoHiTOpuHTY Ta nporo3yBanHs ®C [[HC, oriHKy MBUIKOCTI Ta TOYHOCTI pearyBaHHs, CITIBBITHOIIICHHS
npoleciB 30yPKEHHS 1 TaTbMyBaHHSI BAKOPHCTOBYBAIIM PEAKIIII0 HA PyXOMHUH 00’ €KT, SIKY BUMipIOBaJIH
3a JIOIIOMOTOI0 JIiarHOCTHYHOTO KoMIuiekey «/[liarnoct-1» (M. B. Makapenko, B. C. JIuzory0) [3]. V
BIJIMTOBIAHOCTI 1O METH POOOTH y CIIOPTCMEHOK 3a pe3ylibTaTaMu Tpbox crpod B PPO mocumimkyBanucs
HACTYIHI MOKa3HUKU: TouHicTh PPO, KimbKicTh peakiiii BUTIEpEKEHHs 1 3aMi3HIOBaHHS, cyMapHe i
cepenne BiaxwieHHs B PPO Ta ciiiBBiAHOIIICHHS BUMIPIOBAaHHUX TIOKa3HUKIB [ 3 ]. J[yist BU3HaYCHHS HAsIBHOTO
TICUXIYHOTO CTaHy CIIOPTCMEHOK (@ came PiBHS iCHYIOUOT'0 CTPECy ), EMOIIHHOI CTIMKOCTI Ta e)eKTHBHOCTI
MICUXIYHOT caMOperyJIsii i aqanTUBHOCTI BUKOpHCTOBYBasu TecT M. Jltomiepa, aisi BUBUCHHS CTpaTeriit
MOJIONaHHsI cTpecy (KOMiHr-cTpaterii) — « OMUTYBaJIbHUK CIIOCOOIB MCUXOJIOTIYHOTO TOJ0JaHH I R.
Lazarus i S. Folkman. CiopTcMeHKH TIPOXOJUIN TECTYBaHHS MPH IirOTOBIII JIO TOJOBHUX 3MaraHb.
B nocnimpkenHsx Opainu ydacTb 4 CIOPTCMEHKH BHCOKOTO Kiacy, BikoMm 14-19 pokiB, siki HA MOMEHT
00CTEeXKEHHS 3HAXOAUIIUCS Ha eTarll 0e3110CepeIHbOT M ITOTOBKH JIO MIXKHAPOIHUX 3MaraHb 3 YepJIiICHTY.
CropTcMEHKH MPOJIEMOHCTPYBAIN MEepEeBaKaHHs aKTHBALli CHMIIATUYHOI HEPBOBOI CHCTEMH, HU3bKUIA
PIBEHB CTpecy Ta cepe/iHil piBeHb ePEKTHBHOCTI ICUXIYHOT CaMOPETyYJIALIi Ta aJanTHBHOCTI, HeJOCTaT-
HIO eMOIIHY CTIHKICTh, & TAKOXK Cepe/Hil PiBEHb TOUHICTh B Peakilii Ha pyXoMuil 00’ €KT, mpeBato-
BaHHS PEaKIill 3ami3HIOBaHHS HaJ| pEaKiisIMi BUIICPEDKEHHs. 3a pe3ysbTaTaMu JIOCITIKeHHS piBEHb
CTpecy, piBeHb e()eKTHBHOCTI TICUXIYHOI CAaMOPETYJISII] Ta aJalTUBHOCTI, 8 TAKOXK PiBEHb HAIIPY KCHHSI
3a mKanow «/lucraHmiroBanHs» acomioBaiuch 3 nokasaukamMu PPO 3a pesynbTatamu TppOX cnpoO, a
caMme 3 TOYHICTIO peakilii, KiJbKICTIO 1 4acOM peakiiii BUTIepeKeHHS, YaCOM PEeaKiliii 3ami3HIOBaHHS,
koeditieHToM Oayiancy HepBoBuUX mporieciB (p<0,05). KopensiiiHux B3a€MO3B’I3KiB MK TIOKa3HHUKaAMH
PPO Ta piBHEM eMOLIIHHOT CTIHKOCTI, @ TAKOXK THITUMH BUMIPIOBAaHUMH TTOKa3HUKAMH KOITIHT-CTpaTeriii
00CTEKEHNX CIOPTCMEHOK HE BUSIBIICHO.

KarouoBi cioBa: uepiifieHr, ctad ncuxogizionorivHux QyHKIiN, MICUX011arHOCTHKA
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PRESYNAPTIC LTD EXPRESSION AT GLUTAMATERGIC NOCICEPTIVE SYNAPSES
DEPENDS ON THE LOW-FREQUENCY STIMULATION DURATION OF SINGLE DRG
NEURONS

M.S. Shypshyna, K.I. Kuznetsov, S.A. Fedulova, M.S. Veselovsky
0.0. Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, e-mail: shypshyna.mariia@gmail.com

Nociceptors are a heterogeneous group of sensory neurons specialized in the detection of potentially
tissue-damaging stimuli that contribute to acute and chronic pain. Most nociceptors transmit infor-
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mation to their 2nd-order neurons in the spinal dorsal horn (DH) via monosynaptic glutamatergic
contacts. It was shown that long-term changes in synaptic efficacy, i.e. long-term potentiation (LTP)
and long-term depression (LTD) can be induced in sensory synapses by stimulation of dorsal roots.
But information on the presynaptic LTD induced by low-frequency stimulation (LFS) of single no-
ciceptive DRG neurons remains limited, and the understanding of LTD expression locus is unclear.
Here we used the paired-recording technique in the rat DRG and DH neurons co-culture to obtain
monosynaptic evoked glutamatergic postsynaptic currents (eEPSCs) at nociceptive synapses, and
LFS of single nociceptive DRG neurons with a frequency of 5 Hz during 1-6 min for LTD studying.
After LTD induction the changes in EPSCs coefficients of variation (CV) and paired-pulse ratio
(PPR) were analyzed. The probability of glutamate release p, quantal content m and n were calculated
according to the binomial law. LFS for 1 min led to insignificant reduction of EPSCs amplitude by
5.6 £1.4% (n=35; P=0.06), but increased CV value (by 56.8 = 11.5%; n =5, P <0.001) and the
PPR (by 37.8 £ 11.4%; n =5, P <0.05). However, the calculated parameters p and n did not change
significantly. Obviously, the trend of EPSCs amplitude reduction is associated with the involvement
of presynaptic mechanisms in the LTD process. LFS for 2 min reduced the EPSCs amplitudes by
20.5 £ 5.5% (n = 10; P<0.005), did not change CV, PPR and p values (n = 13), but significantly
decreased the number of calculated glutamate release sites (n). LTD under LFS for 4 min and 6
min was associated with the decrease of EPSCs by 47.5 £ 6.0% (n = 8; <0.001) and 55.3 = 3.9%
(n =9; P<0.001) and the increase of CV by 37.7 + 12.8% (n = 7; P <0.001) and 38.1 £9.3 (n=28

P <0.001) respectively. The changes in p and PPR were not significant. However, the number of
glutamate release sites reduced to 46.1 £ 4.4% (n=7; P <0.001) and 54.3 £ 10.4%, respectively
(n=28; P<0.01). The increase in CV values during LTD indicates presynaptic expression. In ad-
dition, the invariance of p and PPR, as well as the increase in n, indicates a possible reduction in
the number of active synapses that contribute the integrative EPSC, i.e. ‘synaptic silencing’. To
verify the presynaptic LTD expression, we applied 5 Hz LFS protocol under 10 mM BAPTA into
the postsynaptic DH neuron: LTD arose with initial intensity. Thus, in our experiments the level of
presynaptic LTD expression at nociceptive synapses depends on the duration of 5 Hz stimulation
of DRG neurons. Understanding of such LTD properties at nociceptive synapses may be useful for
achieving the therapeutic effects of transcutaneous electrical nerve stimulation (TENS) in symp-
tomatic relief of acute and chronic pain.

Keywords: nociceptive synapses, evoked glutamatergic postsynaptic currents, long-term depres-
sion, glutamate release, low-frequency stimulation

THCYJIIH-IHAYKOBAHI 3MIHU TAPAMETPIB KOPOTKOYACHOI ILIACTUYHOCTI
TJIYTAMATEPTTYHOI HEMPONIEPEJIAYI B KYJIbTUBOBAHUX HEHPOHIB
I'HNTOKAMILY IIPU I'lNTIOIHCYJITHEMII.

M. C. llunmunal, C. A. ®exynosal, M.C. BecenoBbkuiil.

! Incmumym ¢pizionozii im. O.0. Bocomonvys HAH Ypainu, m. Kuis; shypshyna.mariia@gmail.com

lNnoincyniHeMis € CHHAPOMOM ITyKPOBOTO [iabeTy, SIKUi peasi3y€eTbcs MpHU 3MEHIIEHI TPOXYKITii
iHCYITiHY TipH Aia0eTi 1-ro TrIry Ta pu aiadeTi 2-ro TUIY BHACTI0OK BHCHAXEHHS HEUPOTYMOPAITbHUX
MEeXaHi3MiB 3 KOMIIEHcaIlii rinepriikeMii. Biqomo, 110 namieHTH 3 0)KUPIHHSAM 1 IIyKPOBUM J1iabeToM
2-T0 TUITy MarOTh HIDKYi KOHIIEHTpaIlil iIHCYJIiHY B CTMHHOMO3KOBI# pignHi. OKUpiHHS Ta 3aMaleHHs
MOXYTb MOTIPIIMTH TPAHCIIOPT iHCYJiHY B MO30K. AcOIiiioBaHe 3 TiMOIHCYJIHEMI€I0 TPUTHIYEHHS
IHCYJIIH-3aJIe)KHUX CUTHAJIBHHUX KaCKaJiB CIIpUsS€ PO3BUTKY HEWPOJETeHEPATUBHHX IPOIECIB B
TOJOBHOMY MO3KY i IIABUIIY€ PU3UKU PO3BUTKY IeMeHIii. Hamri monepeHi pe3ynbpraTu mokasand,
10 TIiMOIHCYIIIHEMIs MOCIAa0II0€ CHHANITHYHY aKTUBHICTh B HEHPOHHUX MEpekaxX KyJIbTHBOBAHUX
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HelpoHiB rinokammna. [Ipu HopMoiHCyTiHEMIT JOJATKOBHH 1HCYJIIH MOCHIIIOE KOPOTKOYACHY TIjac-
THYHICTh y TiMOKaMIalbHUX CHHAICaX, CTUMYJIIOIOYM BUBUILHEHHS B HUX riaytamaty. OTxe,
3’siCyBaHHS BIUIMBY 1HCYJIIHY Ha MOJYJISIIF0 CHHANTUYHOI IJIACTUYHOCTI MPU TIMOIHCYITiHEMIl
3aJIMIIAIOTHCS aKTYalbHUM Ta MEPCIEKTUBHUM. MU BUKOPUCTOBYBAIHM METOJ METY-KIEMI Y KOH-
¢irypamii «mina KJIiTHHA» Ta METOJ JIOKAIbHOT MO3aKIITHHHOT €JIEKTPHYHOI CTUMYISLII mpe-
CHHAINITUYHOTO aKCOHA MPHU peecTpallii BUKIUKAHUX TIyTaMaTEepPTiuHUX TOCTCHHANITHYHHUX CTPYMIB
(eEPSC), mo6 gocmiautu BrummB iHcydainy (100 HM) Ha macTHYHICTH NPH MapHIA CTUMYISIIT B
CUHAIcax KyJbTHBOBaHUX HEHPOHAX TiMIOKaMIIa IPH TimoiHcymiHeMii (4 1oOu iHCYyIiHOBOT IepuBallii).
AHanizyBanu 3HaueHHS KoedinieHTiB napuoi ctumyisinii (PPR), koedimienTi Bapianii ammiiTyn
eEPSC (CV); iiMOBipHICTh BUBIIBHEHHS IIyTamary (p) i 3Ha4e€HHSI KBAaHTOBOTO BMicCTy (m) po3paxo-
BYBaJIHM 3 BUKOPUCTAaHHAM MPocToi OiHOMianbHOI Moeni. [Ipu rimoincyniHeMii 10JaTKOBHIA 1HCYIIiH
HeE BIUTMBAB Ha IUIACTUYHICTh B CHHAIICAX 3 MOJIETEeHHsIM npu napHii ctumynsnii (PPF; n=17): PPR,
CV2/CV1, 6inoMiallbHI mapaMeTpu p Ta m He 3MiHoBanucsa. OgHak, y CHHaIcax 3 AeNpecielo mpu
napHiii crumynanii (PPD; n=16) incynin nigsungysas PPR (3 0,77+0,005 o 0,97+0,006; P<0,005)
i 3amxyBaB CV2/CV1 (3 1,67+0,02 no 1,3+0,01; P<0,05), o Moxe CBITYUTH MPO 301IbIICHHS
HMOBIpPHOCTI CHHANITUYHOT'O BUBUIBHCHHS, OCKUIBKM 3HAUCHHS p 301nbiuniocs B 1,3 pa3u, a m He
sminunocs. [lTapanensno mu nopiBaioBanu 1-ii eEPSC y rpynax PPF ta PPD: cepenni 3HaueHHs
He Biapisusnucsa [M (PPF) =-131,5 = 32,2 nA; M (PPD) = -100,1 + 48,0 nA; p = 0,6, HenapHwuii
t-xputepiit Creronental. Ilicas ammikanii iHcyniny B Tpyni PPD mpu rinoincyninemii 3HaueHHS
PPR He Bifgpi3HsHCs BiJ TaKUX, BUMIPSHUX B yMOBaxX HopMoincyninemii (p > 0,05; 1BocTopoHHi
ANOVA), Toni sixk mouatkoBi 3HaueHHs PPR y HopmoiHcyminewmii Ta B miarpyni PPD rinoincyninemii
oynu pizaumu (p <0,05; nBoctoponniit ANOVA). Hami pe3ynbraTu mokasaiy pi3HOCHPSMOBaHUN
BIUIMB 1HCYJIIHY Ha KOPOTKOUYACHY TUIACTUYHICTh B CHHAIICAX T1MOKaMIly B 3aJIeKHOCTI Bijl 6a30BO1
HMOBIpHOCTI BUBUIBHEHHS B HUX TityTamary. [Ipu rinoincymiHemii gogaHuil iHCYIiH BiIHOBIIOBAB
JIesIKi TapaMeTpH MIaCTUYHOCTI B cuHancax 3 PPD 1o HopMoiHCyiHEMiUHOTO piBHS (B TOMY YMCi
3a paxyHOK 301JbIIICHHSI HMOBIpHOCTI BUBUIbHEHHS TIyTamary), ajie He BIJTUBa€e Ha cuHancu 3 PPF
yepe3 iIXHI0 IMOBIpHY 1HCYJIHOpE3UCTEHTHICTh. OTpUMaHi JaHi BKa3yloTh Ha HEOAHOPIIHICTh CH-
HAICiB TimoKamny 3a iX 4YyTIuBICTIO 10 AeDIUTY iHCYIiHY.

KuarouoBi cjoBa: rinoincysaiHeMis, CHHAITHYHA MJIACTUYHICTh, IHCYJIiH, TOCTCHHANITHYHI CTPYyMHU.
PobGora Oyna BUKOHaHa 3a MIATPUMKH rpanTy HamioHanbHoro ¢goHay mociigxeHb YKpaiHH
Ne2023.05/0023.

3MIHU EKCHPECII nuxkPHK H19 TA GAS5 3A AKTUBAIIIl PPARS ITPH
PEMO/IEJIIOBAHHI CEPILISI 3A YMOB EKCHEPUMEHTAJIBHOI'O LIYKPOBOI'O
NIABETY

AM. Iy , M. Xenypiani, T.I. Jlaryra

Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis; angela@biph.kiev.ua

LykpoBuii qiabeT € OJHUM i3 HAHOITBIT PO3ITOBCIOKEHNX 3aXBOPIOBAHb y CBITI, a yCKIIATHEHHS ITi€l
XPOHIYHOT XBOPOOU YaCTO CyNPOBOKYIOTHCS MiIBULICHUMH PU3HKAMH PO3BUTKY CEPLIEBO-CYIMHHHUX
3axBopioBanb (CC3). Monaynsuis ekcupecii PPARsS 3Hauno BmiinBae Ha MeTa®o0di3M TIIOKO3U Ta
JinigiB y MioKapai, o Moxe IpU3BOAUTH A0 HOpMaii3auii ¢pyHkuionyBanHs miokapay npu CC3.
[IpoTsiroM TpHUBaJIOro yacy B poJli KapAioNpOTEKTOPiB 3aCTOCOBYIOTH MpenapaTH ®-3 MojliiHeHacH-
yeHuX KUpHUX Kuciot (-3 [THXKK), ski 3amobiratoTe po3BUTKY 3aXBOPIOBAHb CEPIIEBO-CYIUHHOL
cucremu. Bigomo, mo -3 [THXK € aronictamu Ta mogynstopamu PPARS, ki BilirpatoTe IpoBigHY
poisb mpu CC3. MeToau aociaiakeHHs. B ekciepruMeHTax BUKOPUCTOBYBAJIN LIypiB JiHii Wistar,
SKAM Torepeaabo BBoAwIN ®-3 [THXKK (0,1 mr/kr 4 Tux). ExciepuMeHTanbHUN IyKPOBHH jdia-
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0eT MOoJIeTI0BalIi OAHOPA30BHM BBEACHHIM CTPENTO30TOLHHY 13 PO3paxyHKy 55 MI/Kr Macu Tina.
Excmpecito MmemOpanHux OinKiB BU3HaYaidu meTogoM Western-blotting ananisy. PiBeHs ekcnpecii
noBrux Hexkoxytounx PHK Busnauanu y miokapai TBapuH 3a nonomoroto [1JIP y peanbHOMY Haci.
PesynbraTt. Pe3ynbratu kinbKicHOT OIiHKH ekcrpecii reHiB-mimeHeld PPAR B Tkanunax cepus
nokasanu, mo ekcrpecis MPHK FATP ta MPHK IL-1ra € 3Menmenoto y mrypis 3a ymo L[JI. Hamri
HACTYTHI J1aHi CBilUaTh MPO OJAHOCIPIMOBaHHK cTUMyorounit BrumB ®-3 [THXK, 30kpema exc-
npecis MPHK FATP Ta ekcnpecis MPHK IL-1ra 3pocrae B cepusx niypiB. OTpumani pe3yyibraTu
poOOTH CcBimuaTh, MIO MPU PO3BUTKY LYKPOBOTO aiabeTy BMIcT moBrux Hekomyrounx PHK GASS
MiJBHUIYETHCS OiblIe HIX y miBTopa pa3u Ta IncRNA H19 ninpumyetses y 1,8 pazu nopiBHSHO 3
KOHTposieM. 3a yMOB MoayJisinii excripecii PPAR-penenTopis Ta npu po3BUTKY IIyKpOBOTo JgiabeTy
piBeHb GASS 3HaYHO 3HUKYETHCS, Maiike B 3 pa3u, MOPIBHSIHO 3 piBHEM IIPH IyKPOBOMY AiabeTi 6e3
3acTocyBaHHs aktuBatopa PPAR-penentopis. o crocyeTses noBroi Hekoayrodoi PHK H19, To ii
BMICT B cepisix mypiB 3a aktubaiii PPAR-perenTopiB Ta po3BUTKY IIYKPOBOTO AiabeTy 3HHKYETh-
cs B 1,6 pa3u MOpiBHAHO 3 piBHEM NpU IYKpOBOMY niabeTi 06e3 3actocyBaHHs akTuBatopa PPAR-
peuenTopis. Bussieno, mo 3a ymoB excriepuMenTansHoro L/ piens excnpecii pocdopuinboBaHoTOo
Oinka Cx-43 3MeHUIyeThCS Y MOPiBHSHHI 3 KoHTposeM. 3actocyBanHsa ®-3 [THXKK 3a nux ymos
CTaTHUCTUYHO 3HAYMMO 301IbIIIy€e piBeHb Oisika. [Topsi 3 iuMm Oyiio BusiBieHo 3a yMoB L1 /] 3HMKeHHs
Oinka nmporeinkinasu C-epsilon, sika, sk BBaXalOTh, BOJIOJIi€ Kap{iONPOTEKTOPHIUMH BIACTUBOCTIMH
Ta HeoOxiaHa s GpochopuntoBanns Oinka Cx-43. Tak, 3acrocyBanHs -3 [THXK npussoguts 1o
MiIBUIIICHHS piBHIO Oinika mpoteinkinazu C-epsilon B cepisax mypis 3a ymos [IJI. Bussieno, o
®-3 MMHXK migcumooTe akTUBHICTh (EepMEHTIB aHTHOKCHJIAHTHOTO 3aXHCTY, IO CBIIYUTH MPO
3MCHILIEHHS OKHCHOTO CTpeCy y Nia0eTHYHUX LIypiB. AKTHBHICTH INIyTaTiOHIIEPOKCUIA3H 3HAYHO
3HUXKYBAJacs 32 YMOB IIYKPOBOTO Jlia0eTy Ta JInIanacs cTadiIbHO Py 3acTocyBanHl -3 [THXKK.
Takox 3a IUX e YMOB BiJJTHOBJIIOETHCS BMICT BIJIHOBJICHOTO I1yTaTioHy. BUCHOBOK. TakuM 4rHOM,
pH IyKpoBOMY jaiaberi 3actocyBanss npenapatiB o-3 [THXK BigHoBmIO€ piBeHb excnipecii pocdo-
punboBaHoro 0inka Cx-43 ta nporeinkinasu C-epsilon, Ta TpU3BOAUTH J]O 3MEHILIEHHS 03HAK OKCHU-
JATUBHOTO CTpecy. 3a yMOB IIyKpoBOro Aiabety 3minu excrpecii IncRNA mpu Mmoxymsinii ekcripecii
PPAR-TapreTHuX reHiB Moxke OyTH HOBUM acIEKTOM MEXaHI3My PeryJisiilii peMOIeTOBaHHS CEepIIsl.
Karouosi cioBa: nykposuii giabdet, o-3 [THXK, cepue.

EFFECTS OF MAGNESIUM ON INTRACELLULAR CALCIUM CONCENTRATION IN
HIPPOCAMPAL CULTURED NEURONS OF RATS

V. M. Shkryl, V. V. Ganzha, E.A. Lukyanetz

Department of Biophysics of lon Channels, Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv,
Ukraine; slava@biph.kiev.ua

Magnesium (Mg?*") plays a central role in neurons, influencing several biochemical processes.
Imbalances in Mg?* levels, such as hypomagnesemia or hypermagnesemia, have been implicated
in the pathophysiology of many diseases and can directly affect intracellular calcium (Ca?*") ho-
meostasis. Low magnesium levels disrupt the regulation of Ca?" channels, including inositol
1,4,5-trisphosphate receptors and ryanodine receptors, leading to excessive intracellular Ca**
accumulation, particularly in neurons and muscle cells. Conversely, hypermagnesemia suppresses
Ca?" influx by stabilizing the plasma membrane and reducing cell excitability, potentially resulting in
muscle weakness, hypotension, and impaired neuronal signaling. In cultured hippocampal neurons,
elevated extracellular magnesium concentration (5.0 mM MgCl2) resulted in a 6% reduction in basal
intracellular Ca** levels compared to control conditions (2 mM MgClz). In addition, the amplitude
of calcium responses to depolarization (50 mM KCI, 5 seconds) was reduced by 8%. Conversely,
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decreasing the extracellular magnesium concentration to 0.5 mM resulted in a 12% increase in
basal intracellular Ca*" levels relative to control, along with a 13% increase in the amplitude of
calcium responses to depolarization. These results demonstrate that extracellular magnesium exerts
aregulatory effect on intracellular calcium dynamics. The present study underscores that alterations
in extracellular magnesium significantly influence intracellular calcium concentration, potentially
affecting neuronal function not only under normal conditions but also in neurodegenerative diseases
associated with chronic Mg?* imbalance. Such imbalances exacerbate Ca?* signaling dysfunction,
potentially leading to cellular pathology.

Keywords: hippocampal neuronal culture, calcium homeostasis, magnesium.

POJIb ’KAP/KAIICAIIIMHOBOTI'O PEIIEIITOPA TRPV1
Y XOJIHEPTTYHOMY 3BYJKEHI INTAAKHUX M’A31IB CEHOBOI'O MIXYPA 11 YPA
®ininnos L.B., €abamos C.1., Corkic I.B., lllyoa S1.M.

Incmumym ¢hizionocii im. O.0. boeomonvys HAH Ykpainu, m. Kuis, Ypaina; yshuba@biph.kiev.ua

TRPVI1 — e meMOpanHuii KaTiOHHUN KaHaJ, MPOHUKHUHN IS CaZ", mo AKTUBYETHCA MEKYUYOIO
CKJIaJIOBOIO TIEPITIO YUJIi — KalCailMHOM Ta CIMOPITHEHUMH XIMIYHUMHU CIIOTyKaMH 13 TPYITH BaHi-
JOI/iB, a TaKOXK TepMidHUM xkapoMm. TRPV1 nepeBakHO NOKaII3yeThCS y TUTIA3MAaTHYHIA MeMOpaHi
CEHCOPHHUX HEHPOHiB, Je 3a0e3neuye nepeTBOpeHHs 00JIbOBOrO CTUMYITY, BUKIMKAHOTO BUCOKHMHU
TeMIepaTypamu i XiMiYHUMH MOAPa3HUKAMH, y eeKTPoXiMiuHy Gopmy, MpuaaTHy JIsl mepegadi y
IHC. Excnpecis ta ¢pyukuis TRPV1 no3a ceHCOpHOIO HEPBOBOI CHCTEMOIO, BKIIOYHO 3 TIaIKUM
M’s30M getpy3opa (I'M/]) cedoBoro mixypa, 3alUIIAlOThCS CyNnepedNuBUMH. B naniii poborti 3
BUKOPHUCTAHHSM (IIyOpeCUeHTHOI MiKpoCKoTii Ha i301p0BaHuX KiiTHHAX ['M/] mypiB, HaBaHTaXe-
nux Ca’*-uyTinBuM GapBHMKOM, Ta peecTpalii TpaHcMe6paHHUX cTPyMiB MeToaoM patch-clamp y
BiAMOBiNb Ha pukiIaaanHs aroricta TRPV1 kancainuny (100 MkMonb/i1) Mu BusiBuiu, mo TRPV1
¢yHKIiOHAaNBHO ekcipecyBaBcs nuie y 40% IoCiiKeHnX KIITHH, Y SIKUX KalcailluH OyB 3aTHUH
BHUKJIMKATH TPAH3UTOPHE MiJBHUINCHHS BHYTPIIIHBOKJIITUHHOT KOHLIEHTpAIil KalbI[ifo ([Caz+]i),
asie He TeHepallilo TpaHCcMeMOpaHHOTO cTpyMmy. Lle mo3Bommio 3poduTn BUCHOBOK, mo TRPV1 y
KamncainmH-TO3UTHBHUX KIiTHHAaX ['M/] mokanidyeTbes He y IUIa3MaTH4IHIN MeMOpaHi, a y MeMO-
paHi eHJ0IIa3MaTUIHOTO PETUKYIYMa, € BiH (YHKLUIOHYE K KaHaJ BUBUIbHEHHS EIIOHOBAHOTO
Ca’". CxopouenHns cmyxok IMJI y BifNOBiab Ha IPUKIaJaHHs M-XoJiHOMiMeTHKa KapOaxomy (10
MKMOITb/1) MicTuio TRPV 1-3anexxuuii komnoHeHT. OCTaHHIN BUSBUBCS HE3HAYHUM Y CMYXKKaX, 110
MepeBaXkHO CKiajaiucs i3 kipiesoro mapy 'M/I, ane csraB 50% y cMyXKax MO310BXHBOTO 1Ay
I'M/. OnauM i3 HACIiAKIB aroHICT-0TIOCEPEIKOBAHOI aKTHUBAIlll MYCKapUHOBUX alleTUIXOTIHOBUX
penenTopiB 'M/] € 306inpImenHs kaTamizoBanoro ¢ocgominazon A2 (PLA2) BUBUIbHEHHS apaxXigoHO-
Boi kuciotu (AA), MeTaboIiuHI TOX1/IHI SIKOT, [0 YTBOPIOIOTHCS JIMOKCUTeHA3aMU, — EHKO3aHO1 /I,
BizloMi sk engoreHHi aronictu TRPV1. EkciepuMeHTH O mepexpecHOMY BIIMBY Ha KapOaxod-
BUKJIMKaHe ckopodeHHs O1okatopiB TRPV1 Ta iHribitopiB S-1inokcureHasy nokasainy, M0 aKTUBAILis
TRPV1y I'M/] nypiB mij 9ac M-XOJIIHEPTI4HOT CTUMYJISIIIIT iHCHO 3a0e31meuyeThesi eHKO3aHOiJaMu.
Imynoximiuna gerekiiss TRPV1 Ha i3ompoBanux kiitTmHax I'M/] Ta momepedHnx 3pizax c€I0BOTO
Mixypa miaTBepauia excrpecito 6inka TRPV1 y eromnasMatiaHOMY peTUKYITyMi YaCTUHH KIIITHH
Tay M’SI30BHX BOJIOKHAX, 1110 YTBOPIOIOTH no370BxHi mwapu ['M/I. 3po6ieno BucuoBok, mo TRPV1
POOUTD iICTOTHUHI BHECOK Y XOJIIHEPTiUHI CKOPOYEHHS M0340BKHbOr0 mapy ['M/] ceuoBoro mixypa,
10 MOKe OYTH Ba)KJIMBUM Yy CTBOPEHHI aHizoTpormii aegopmaii pisHUX YaCTHH CTIHKH CEYOBOTO
MiXypa MiJl 9ac nmapacuMIaTuyHoi cTumyJsisinii. OTpuMani pe3yiabTaTH BCTaHOBIIOIOTH TRPV1 sk
MOJKJINBY MIIICHB JIIKYBaHHS CHHAPOMY TIiMEPaKTHBHOTO CEYOBOTO MiXypa Ta HETpHMaHHS cedi
HEWPOTeHHOT MPUPOIHU.
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Karouosi caoa: TRPVI, mnaaki M’ 531 ce40BOro Mixypa, eHJI0IUIa3MaTHIHHH PETHUKYIYM, M-XO-
JiHepriuHe 30yIKEeHHs, IKO3aHOI/IH.

PoGora Bukonana 3a migTpumku rpanty 2020.02/0189 pig Hamionansnoro @ouay JlociimkeHs
VYkpainu. Ls poGoTa npucBsiueHa Hamomy JIpyry i konesi, ['eporo Ykpainu HlaponoBy b.P., sikwuii
3arMHYB CMEPTIO XOPOOpHUX BiAOMBAIOYH POCIHCHKY HaBaIy.

MODELING THE IMPACT OF HYPOXIA ON NEURONAL IMPULSE ACTIVITY
USING THE HODGKIN-HUXLEY COMPUTATIONAL MODEL

V.A. Yavorskyi', 1.O. Lukyanets', M.V. Yavorskyi?, O.0. Lukyanets'

! Bogomoletz Institute of Physiology, National Academy of Sciences of Ukraine, Kyiv, Ukraine,
2 Swiss Federal Institute of Technology Zurich, Zurich, Switzerland; jva@biph.kiev.ua

Based on experimental data on the effects of hypoxia on sodium, potassium, and calcium conductance,
as well as intracellular free calcium dynamics, we developed a Python-based computational model
of action potential generation in neurons. The model captures qualitative and quantitative changes
in neuronal excitability in response to input current. Following the Hodgkin-Huxley formalism,
we examined shifts in activation and rhythmicity of the model neuron under hypoxia-induced
modifications to ionic conductances, as independent components of the computational model,
informed by relevant literature and research findings from our department. A rapid effect of hypoxia/
ischemia in neurons of the CAl region of the hippocampus, as the primary mechanism, involves
inhibition of transient sodium channels within 1-3 minutes, which is typically considered a cellular
protective response during early hypoxia. Simultaneously, acute or chronic hypoxia may double
the persistent sodium currents, which constitute 1-5% of the transient currents, leading to neuronal
hyperexcitability. Our model demonstrated that the neuron’s capacity for action potential generation
critically depends on the reduction in transient sodium conductance density, which can ultimately
halt generation due to significant accommodation of action potential peak amplitudes. An increase
in persistent sodium current density from 0.2 to 0.4 mS/cm? did not cause significant disruptions in
generation rhythmicity, but effectively added a 10 pA load to the input stimulation current, reducing
the action potential peak amplitude by 5-10 mV and increasing generation frequency. Hypoxic reduc-
tion of potassium conductance (up to a 30% decrease in delayed rectifier potassium current) was found to
enhance excitability under low stimulation conditions and even induced burst firing in the absence
of stimulation. The reduction in K,1.2 currents specifically increased impulse generation. However,
under strong stimulation above 70 pA, modification of potassium conductances led to suppressed
impulse generation, with reduced peak and rapid accommodation of action potential amplitudes to
a steady potential level around -35 mV. Aperiodic dynamics in neuronal impulse generation were
observed when calcium dynamics slowed, coupled with an increased calcium current. Interaction
between the model’s calcium component and the small-conductance calcium-dependent potassium
current induced arrhythmic impulse generation, resulting in burst or single action potentials fir-
ing. A similar effect is also seen in biological neurons during prolonged recordings, when impulse
activity degrades, possibly due to disrupted calcium binding and accumulation mechanisms during
external current stimulation or membrane damage during neuron isolation. Hypoxic modifications
to the sodium, potassium, and calcium components of the neuron model alter the stimulation range
for stable impulse generation: promotes increased generation with repetitive discharges under low
stimulation, while excessive stimulation rapidly halts membrane potential oscillations, leading to
neuronal inactivity in an “overload” state. The model replicates key phenomena observed in real
biological neurons: irregular impulse generation, shifts in the action potential threshold, and sup-
pression of generation with excessive input current stimulation. The computational model also
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confirms the potential of neurons to restore rhythmic activity under conditions of blocked calcium
input currents, such as under the influence of lanthanum or cadmium cations.

Keywords: neurons, impulse activity, hypoxia, membrane potentials, intrinsic discharges, computer
simulation, Hodgkin-Huxley formalism.

TRYPTOPHAN ACCELERATES RESTORATION OF WHITE ADIPOSE TISSUE
STRUCTURE IN RATS AFTER EXPOSURE TO HIGH-CALORIE DIET

R. V. Yanko, M. 1. Levashov
Bogomoletz Institute of Physiology NAS of Ukraine, Kiev, Ukraine; e-mail: biolag@ukr.net

Introduction. Dietary obesity is one of the most common chronic diseases in the world, not only in
adults but also in children. As early as 1997, the WHO declared this pathology to be a global epidemic,
and it remains one of the most pressing problems of modern medicine. The significant prevalence of
this pathology is associated with the influence of a number of factors, the most important of which is a
change in diet, namely the consumption of calorie-dense foods with an increased content of fats and easily
digestible carbohydrates and a low content of vitamins, minerals and trace elements. In obesity, there
are often changes in the structure of white adipose tissue (WAT), in particular adipocyte hypertrophy. It
is therefore appropriate to find ways of reducing the negative effects of obesity on the body, including
WAT. One possibility is the use of the essential amino acid tryptophan. The aim was to investigate the
effect of oral tryptophan administration on the state of visceral WAT in rats exposed to a long-term
high-calorie diet and to evaluate the possibility of its use to accelerate the reduction of visceral obesity.
Materials and methods. The study was performed on 40 male Wistar rats, aged 3 months at the beginning
of the experiment. The rats were divided into 4 groups. Control rats (group I) received a standard diet
with a daily caloric content of 66 kcal. Experimental rats (group II) received a high calorie diet (HCD)
for 12 weeks, with a caloric content of 116 kcal per day. After 12 weeks on the HCD, animals in groups
IIT and IV were transferred to a standard diet for 4 weeks. At the same time, rats in group IV were given
an additional 80 mg/kg of oral L-tryptophan. For histomorphometric studies, samples of visceral WAT
were randomly selected for histological preparation according to the standard method. Digital images of
the micropreparations were subjected to morphometry using the «Imagel» computer program. Results
and discussion. Group II rats on HCD showed clear signs of visceral obesity: the weight of visceral
WAT and indicators of lipid metabolism in blood serum (total lipids, triglycerides and cholesterol)
doubled. Structural changes occurred in WAT: the area of adipocytes increased significantly (by 50%),
the thickness of their walls decreased (by 17%), the relative area of connective tissue increased (by 27%)
and the area of blood vessels decreased. When the adipocytes were distributed according to size, the
number of cells with a diameter of <50 pm was 28% lower, the number of adipocytes with a diameter
of 50-100 um was 30% higher and the number of adipocytes with a diameter of >100 um was 690%
higher than in the control group. This means that obesity is of the hypertrophic type. After the rats were
transferred to a standard diet, a decrease in visceral obesity was observed and the WAT structure showed
signs of recovery. However, the recovery of WAT structure was more pronounced in the group IV rats
that received L-tryptophan. In these rats, the area of the adipocytes was significantly smaller by 54%
and the area of their nuclei was larger by 30% than in the group II animals. An increase in the number of
small adipocytes (<50 um) by 44%, a decrease in the number of medium (50-100 um) and large (>100
um) cells by 34% and 59% respectively was observed compared to rats in group II. These rats also had
a greater relative area of blood vessels (by 19%) and a higher trophic index (by 22%), indicating better
perfusion of WAT. Conclusions. Supplementation of a balanced diet with L-tryptophan accelerates the
restoration of visceral WAT structure in rats fed a high calorie diet and reduces the signs of visceral
obesity. This has medical implications for the use of tryptophan in the complex treatment of obesity.
Key words: tryptophan, visceral obesity, white adipose tissue.
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JIYAJIBHUM MOTJIA HA EKCIIPECIFO BIMEHTIHY
Y HEPUTEMATOMHIU AIJIAHII I'OJIOBHOT'O MO3KY ITPU IHCYJBTI

O.M. I'pa6oBuii, T.C. MepBincbknuii, C.I. CaBocbko, H.B. Putikosa, JI.M. SIpemenko

Hayionanvnuii meouunuil ynieepcumem imeni bocomonvysi, m. Kuis, Ykpaina; s.i.savosko@gmail.com

Bimentun (Vim) — npoMixkHU# (ilaMeHT LUTOCKENETY, 110 3aJy4eHUH y pealizalilo MHUPOKOro Koja
GyHKIIIH, CIpSIMOBaHUX Ha CTa0lIi3allil0 IUTOCKENETY, KJIITHHHY CHTHAII3aIlilo, aare3ito i Mirparito.
Tpaauuiiino Vim po3risgaeTbes IK MapKep Me3eHXiMalbHUX KIITHH, ajle BiH TaKOK BUOIPKOBO eKcIIpe-
CYEThCS KJIITHHAMH HEPBOBOI cucTeMU. B eMOpioreHesi KIITHHH pagiadbHOT TIIi1 aKTUBHO €KCIIPECYIOTh
Vim, a 3 audepeHuianieo us puca BTpadyaeTbes. Y MO3KY JOPOCIUX CCaBLIB PEaKTUBHI aCTPOLUTH
AKTUBHO €KCIPECYIOTh Vim Ha piBHI 3 riadbHUM KucauM ¢Gi0punspauM oinkom (GFAP) [1]. Posmsina-
€ThCS 3aJIy4eHHs Vim y cIpsIMyBaHHI KJIITHH-TIONEPEIHUKIB y3/I0BXK IJ1iajJbHOro pyOus. Y Hamii po6oTi
rirmoTesa mojsAraia y Tomy, mo Vim J0ImoMoXe BUSBUTH ME3CHXIMallbHI CTPOMaIIbHI KITITHHH y pyOIIsX,
K1 GOPMYIOThCS y AUISHII 1HCYIbTY. 111 IbOTO MU MOJEIIOBAIM OJJHOCTOPOHHIM reMOpariyuHui iHCyabTy
y JAOpOCIUX IIypiB NUISXOM BBEICHHS ayToJioriyHol KpoBi i Ha 1, 3, 10, 30 i 60 100y mocmimxyBanu
3minn excnpecii GFAP ta Vim y nepurematoMHiil aiisHui. BcTaHoOBIIeHO, 10 aKTUBHA €KCIPECis
Vim cnoctepiranacs y i301p0BaHUX KJIiTHHAX Ha 3 1 10 mo0y i1 Oyna acorniifoBaHa 3 pSICHOIO MOSBOIO
Vim-no3uTUBHUX KIITHH y reMaroMi Ta nepurematrouHii minsauai. Ha 30 i 60 goOy excnpecis Vim
cTalla CyTTEBO MEHIIIOK 1 00MeXyBajacs NUISTHKO pyOIs, SKuii popMyBaBcsi HABKOJIO €lIiIMiHOBAHOTO
KpOBOBMIIUBY, nceBAokuctu. Haromicts ekcnpecis GFAP pizko 30ibmnacs y peakTUBHUX acTpOIUTaX.
Axmo GFAP ekcripecyBan iHTaKTHI acTPOIUTH y BiJJaJeHHUX JUISHKAX MO3KY, TO eKcrpecis Vim
BizOyBaacs TUIbKHU 3@ MOLIKOKEHHA MO3KY. Y IIbOMY JOCHI)KEHHI MU HE 3MOTJIU TOCTOBipHO nude-
PEHIIIIOBAIM aCTPOIUTH Ta ME3eHXIMalbHI CTOBOYPOBI KIITHHHU Y IEPUTEMATOMHIN JIISHII 32 Xapak-
tepuctukoio excrnpecii GFAP ta Vim, tak sk nokanizamis Ta MOpQoJIorid iIMyHONO3UTUBHUX KIITHH
Oyiia moniOoHOr. Pa3zom 3 TuM, psicHa MOsiBa KIITHH He3ipuacToi Mopdomorii y caMoMy KpOBOBWIIHMBI Ta
3a TINOTETUYHUMU MEXaMHU [I1albHOTO pyOIIs aja HaM IiJCTaBH PO3TIISLIaTH HMOBIpHY piBHY y4dacTi K
GFAP- ta Vim-mo3uTHBHUX aCTPOIUTIB, TaK 1 VIM-IMIO3UTHBHUX ME3EHXIMAIBHUX KIITHH y GOpMyBaHHI
rJiajJbHOro pyOLs HABKOJIO JiJSHKU 1HCYJIBTY.

KurouoBi cioBa: iHCYIbT, pyOellb, ME3eHXIMaJIbHI CTOBOYPOBI KIIITHHH, BIMEHTHH.

1. Potokar M, Morita M, Wiche G, Jorgacevski J. The Diversity of Intermediate Filaments in Astrocytes.
Cells. 2020; 9(7):1604. https://doi.org/10.3390/cells9071604

METOJUKA 3AIIUCY AKTUBHOCTI AOEPEHTHUX HEPBOBUX BOJIOKOH
IKIPU MUIII EX VIVO IJIA JOCJJII)KEHHSA CEHCOPHOI UYTJUBOCTI

IO.M. Tkauenko, O.I1. Makcumiok, €roposa O.B., /I.C. Icaes, O.0. Kpnraas
Inemumym ¢hizionoeii im. O.0. Boeomonvyss HAH Yxpainu, m. Kuis; tkachenko@biph.kiev.ua

IIkipa ccaBuiB HIiTFHO MPOHM3aHA YYTIUBUMHM 3aKiHUYCHHSMU CEHCOPHUX HEHPOHIB, sKi (HOPMYIOThH
TaK 3BaHE PCICITOPHE ITOJIe MOBEPXHEBOI TYTIMBOCTI. 3araThbHOBIIOMO, IO i HEPBOBI 3aKiHUCHHS €
YHIKQJIBHUM 00’€KTOM IS €JeKTPo(i3ionoriyHuX Ta (HapMaKoJOTIUHUX JOCTIIKECHb MOJICKYISIPHUX
MeXaHi3MiB MEPBUHHOI MEPIEIIii AK in Vivo, Tak i €X Vivo. 3 METOI ONTHUMI3allii eKCTIEPUMEHTAIBHOTO
qacy JUIsl MPOBEICHHS (papMaKOJIOTIUHUX JOCIHIIKEHb, MU MO (IKyBaIH METOAUKY peecTparlii akTUB-
HOCTI OKpeMHUX aepeHTHUX HEPBOBUX BOJIOKOH MIKipH eX Vivo [1], sika mo3Bois€e 31 iCHIOBATH KOHTP-
0JIbOBAHY CTHUMYIISIIIO YyTIUBUX 3aKiHUCHb HEPBOBHUX BOJIOKOH, BU3HAYATH iXHIN TUII 32 MOAAJIBbHICTIO
Ta NIBUJKICTIO TPOBEACHHS, @ TAKOX JOCTIKYBATH TXHI (hapMaKoJIOTidHI XapakTepucTHKU. [1iarotos-
JeHUH mpenapaT CKIamaeThes 3 GparMeHTy IIKipH 3 JOpPCajbHOI YACTMHM CTOIH, BUPI3aHOI pa3oM i3
OCHOBHHMMH TUIKaMH MiIIIKIPHOTO CEHCOPHOTO HEpBY n. saphenous, MO iHHEPBYE MO TIISHKY MIKIPH.
IIpenapar noMinryoTs B OJHOKAMEPHY BaHHY, /1¢ BHYTPIIIHS MOBEPXHS IIKipH MOCTIHHO Nepdy3yeThCs
HAaCHYCHUM KHCHEM 0araTOKOMIIOHEHTHUM (Di310J0TTUHUM pO3YHHOM. [1i1 MiKpOCKOTIIYHUM KOHTPOJIEM
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3 OJTHI€T 3 HEPBOBHX T'JIOK 3HIMAIOTh 00OJOHKH Ta MOAUISIOTH Ha APiOHI MYYKH JUIS BHIIICHHS TOOIH-
HOKHMX HEPBOBHX BOJIOKOH, 3 SIKHX 3@ JOIOMOTOI BCMOKTYBAJIBHOTO CKJISTHOTO MiKpOEJIeKTpoja 3/ikc-
HIOETHCS 30BHINIHBOKIITHHHUHN 3allMC CIIOHTAHHOI Ta CTUMYJIbOBaHOI akTUBHOCTI. [locTiiiHa epdy3is
MOBEPXHI HIKiIpU 3a0e3neuye KOHTPOJIbOBAHY XIMIUHY CTUMYJISIIIO H MOXIMBICTh arulikallii peyoBUH,
3aJuUIsl BUBYEHHS {XHBOTO BIUIMBY Ha aKTUBHACTH HEPBOBHX 3aKiHUeHHH mKipu. Cuctema nis nepdysii
Ta XiMIUHOT aruTikarii npenapary, y skiif po3unH MiX BUXiJTHUM OTBOPOM KaHIOJI Ta MMOBEPXHEIO IIKipH
YTPUMY€EThCS 3aBASIKH IIOBEPXHEBOMY HATATY, 3a0e3Ieuye AK MBHIKY 3aMiHy PO3UHHY, IO OMUBAE pe-
LENTOPHE 10Je, TaK i eKOHOMHE BUKOPUCTAHHS aKTHBHHUX PEYOBHH. MOXIMBICTh peecTpalii curHany
BiJl OKpEMHUX TiJOK HiAMIKIPHOTO HEPBAa 3HATHO MOJIETIIY€E Ta CKOPOUYE Yac MOUTYKY PEIEITHBHOTO MO
HEpBOBUX adepeHTiB. PeecTpallis 3MiH y aKTUBHOCTI a(epEHTIB IMIKIPU € YHIKAJIBHOIO METOAMKOIO JITIS
JIOCIIJKEHHS JiT 010JIOTIYHO aKTUBHUX PEYOBHH Ha PEIENITOP-KaHAIbHI KOMIUJICKCH Yy TJIIMBUX 3aKIHUCHD
CEHCOPHMX HEHPOHIB IIKipH Ta BUBUCHHS MEXaHi3MiB nepudepuyuHoi uyTauBocTi. HaBeneHno neranpHuit
MOKPOKOBHH OMHC €KCIIEPUMEHTAIBLHOTO MTPOTOKOITY 3alHCy aKTUBHOCTI OKpeMHUX a)epeHTiB MKipH ex
Vivo, a TaKOX MepesIik HeOOXiMHUX MaTepiaiiB Ta 00JaAHAHHS 3 METOIO MOKPAIICHHS BiATBOPIOBAHOCTI
I[LOTO €KCIIEPUMEHTATBHOTO ITiAX0/Y.

KuarouoBi cjioBa: npenapat mkipa-HepB MU, 30BHIIIHBOKIITUHHA PEeCTPaLlisi aKTUBHOCTI a)epeHTIB,
n. Saphenous, nepudepiitHa 9y TIUBICTD.

1. Zimmermann, K., et al., Phenotyping sensory nerve endings in vitro in the mouse. Nat Protoc, 2009.
4(2): p. 174-96.

BIIJIUB KOPOTKOUYACHOI BACKYJISIPHOI IIIIEMII
HA PEAJIIBAIIIIO CKOPOYEHb MUSCULUS GASTROCNEMIUS

H. C. Cemenmwk, O. B. Jlereasa, /1. O. 3aBogoBcbKuid

ITnemumym ¢hizionoeii im. O.0. Boeomonvys HAH Yxpainu, m. Kuis; e-mail: zavodovskyi@biph.kiev.ua

JlocmipkeHHs M’ I30BUX MTATOJIOT1H € HaI3BHYAHO aKTyallbHUM Y cyqaCHiﬁ (hiziozorii Ta MEIUITUHI, 30KpeMa
4yepe3 3pOCTaHHs YUCIIa BUMAKIB 3aXBOPIOBaHb, IO BIUITMBAIOTh HA M’s130BY (yHKIit0. TeH30MeTpis -
METO/I BUMIPIOBAHHS CHJIM M’SI3iB, € BaKJIMBMM iHCTPYMEHTOM y IbOMY KOHTEKCTi. Ii BUKOpHCTaHHS
JIO3BOJISIE HE JIMIIE OLIHUTH M SI30BY CHITY, alle i TUHAMIKy 3MiH y IpoIleci JiKyBaHHs abo peadimiTalii.
AKTYallbHICTh 3aCTOCYBaHHS TEH30METpii 3yMOBJICHA 11 MOXKIIMBICTIO HaJaTH KiUJIbKiCHI Ta 00’ €KTUBHI
JlaHl PO CTaH M’s31B, 10 € KPUTHYHO BAXKJIMBUM JIJI TOYHOI A1arHOCTUKHU Ta €(HEKTUBHOTO JIKyBaHHS
M’30BUX Martoyiorid. TeH30MeTpis Mae mepeBara BiIHOCHO IMHPOKOBIIOMHUX 1 3aCTOCOBAHMX METO/IIB
OLIIHKM cTaHy M’s3iB. Tak enextpomiorpadis (EMI') Bumiproe enekTpuyHy aKTUBHICTh M’31B, IO J0-
3BOJISIE OIIHUTHU TXHIO (QYHKI[IOHATBHY aKTUBHICTh Ta BUSBUTU HEHPOM S30Bi posyianu, ogHak, EMI He
HaJa€ MpsMOT OLIHKH CUJIM M’ 5131B, K 11€ pOOUTH TeH30MeTpisd. MaruitHo-pe3oHaHcHa Tomorpadis (MPT)
3a0e3rneuye JeTallbHe 300paKeHHS M sI31B Ta MOYKE BUSBUTH CTPYKTYpPHI aHOMalii, mpoTe, el MeTos €
JIOPOTUM 1 HE MIAXOJUTD JJIS1 PETYJISIPHOTO MOHITOPUHTY TMHAMIKHU 3MiH M’ 5130BO1 CUJIU. YIBTPa3ByKOBa
niarHocTuka (Y3]/]) m103BOJIsIE€ OMIHUTH CTPYKTYPY M’SI31B 1 IXHIO 37aTHICTH JIO CKOpOUYCHHS, ane Y3/]
€ MCHIII TOYHUM METOJIOM JUIsl IIPOTHO3YBAHHS a HE BUMIipPy 3MiHU CHJIH, MMOPIBHSHO 3 TEH30METPIEIO.
[NcTomorivni JOCTiHKEHHS T03BOJISIOTh TOYHO OMTUCATH MOP(HOOJIOTTYHI 3MiHH M’ 130BOi TKAHWHHU, OJTHAK
METO/I € 3HAYHO TPUBATIIIMH y peaiizalii HiXk TEeH30MeTpis, Ta Ja€ HE y3araJbHEHY, a JOKaJIbHY OLIHKY,
10 MOK€ 3HAYHO BIiJPI3HATHCH y CYCINHIX (aciialbHUX CyMKax M’s3y. TakuM 4HWHOM, TEH30METpis
MIPOTIOHYE MO€JHAHHS 00 €KTUBHOCTI Ta KiJbKICHUX JAHUX Ta J03BOJISE OUIBII TOYHO NiarHOCTYBATH
Ta JIIKyBaTH M’ S30Bi1 po3naau. B MUHYIHMX JOCIIDKEHHSIX, HAMH OyJI0 TTOKa3aHO HEOOX1THICTh MOIIYKY
napaMeTpy, 110 JONOMIr OM OLIHIOBATH MATOJIOTIYHI 3MiHU y M’s3aX Ha MEPIIMX TOAUHAX TpaBMaTH4-
HOTO TaTOTEHEe3Y, IIJISIXOM OIIHKA BUKOHAHHS OCHOBHOI (YHKIIIT M’513y — CKOPOYCHHS, Oyny4du OiibI
YHIBEpCaJbHUM Hi)K BUMiPIOBaHHS MaKCUMAJIBHOTO PiBHS reHepallii cuin. TakuMm mapaMeTpoM Ha Halny
JIYMKY € aBTOMAaTH30BaHe BUMIPIOBaHHS 1 OI[IHKA 3MiH HOPMOBAaHHMX TUION] KPUBUX TiJ] MEXaHOTpaMaMu
CUJIOBHUX BiJNOBiJlel Ha CyOTeTaHIUHY €NEeKTPOCTUMYIIALII0 TPaBMOBAHUX M s31B. [y miATBEpAKEHHS
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CBOTO MPUITYIICHHS Ha MOJCIBHIN TPYIIi TBAPHH 3a 3 TOAMHHU J0 €KCIICPUMEHTY 3IiHCHIOBAIN XipypTiuHe
HaKJIaJeHHS HePO3TsHKHUX Jiratyp Ha arteria femoralis. [lamni, mporpaMoBaHUM CTUMYJISTOPOM MO/IaBa-
JU eNEeKTPUYHUHN cUTHaJ Ha nervus medianus iMoyiascaMu TpuBadicTio 1 Mc. CTUMYIAMIHHIN maTepH
CKJIaJ]aBCs 3 MOOJMHOKOrOo iMmynscy depe3 S00Mc micis SIKOTO CHlifyBaB HMyJ iMIYJIbCIB TPUBATICTIO
5000 mc 3 gactoToro 40 I', micns sikoro yepe3 S00Mc citiiyBaB OOJUHOKHH iMITynbe. Hairi monepenHi
JIOCITIIPKEHHS BKa3yBaJIH 0COONMBY CKJIATHICTh iieHTH]iKali] e eKTiB imemii y mepiri roAuHA PO3BUTKY
MATOJIOTiH, 0COOTUBO 3a 3HAUYCHHSIMH MAaKCHMAaJbHOI CHIIOBOI BinmoBini. [IpoTe mpu 3amponoHoBaHOMY
MOPIBHSAHHI MEXaHOTPaM KOHTPOJIO Ta 3-TOAUHHOI imeMii, pi3HUISI HOPMOBAHUX IUIONL IiJ{ CHJIIOBUMU
KPUBHMH CKJIaJana, 3a IepImux npooiris, 6imst 5 ta 8 %, a 3a mecsatux, 35% ta 75% 3a KOHTpOIIO Ta
imeMii BianoBigHo. OCOOMUBICTIO TPOJEMOHCTPOBAHMX 3MiH OYyJI0 Te, 110 OI[iHKa Ta MOPIBHSHHS TLIOI]
1T MeXaHorpaMaMu OyJI0 BUKOHAHO 3 BUKOPUCTAHHS BiJbHOI 0101i0TekH numpy MoBH Python, a came
¢byHK1ii trapz (110 BUKOPUCTOBYE MpaBuiio Tpametii 3 kpokom 0,001), mo 103BoJsi€ moganbiie BUKOPU-
CTaHHsI 3alPOTIOHOBAHOTO ITIIXO0/Ty B OIIIHIII IMIEMIYHOTO MOIIKO/KEHHS, Ta, HaJall HOTo Teparii, IIsaXoM
aBTOMAaTHU3allii OLIHKKA TMHAMIKU CTaHy MaTOTeHe3y MaToJOT1i.

KurouoBi ciioBa: imemisi, TpaBMaTH3M, CKEJICTHI M’ sI31, TCH30METPis.
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