HAOYKOBO-MPAKTUYHE BUAQAHHS

BICHUK
XAapKiBCbKOro HAWIOHAOABHOroO
yHiBepcuTeTy imeHi B.H. KapasiHa.
Cepis MEAULNHA

T T https://ukrmedsci.com/index.php/visnyk

ITIACHIEA, o) BYFEPEIGAS <JAC

3acHOBHMK i BuaaBeLb XapKiBCbKMI HaLiOHANbHUIA YHIBEPCUTET
TOM XXXI” imeHi B.H. KapasiHa MiHicTepcTBa 0oCBIiTM i Haykn YkpaiHu

2(53) | 2025 3acHoBaHo 1992 poky

MepioanyHicTb BUXOAY — 6 pasiB Ha pik

ISSN 2313-6693 (Print)

ISSN 2313-2396 (Online) - MIHICTEPCTBO
OCBITU I HAYKHA
YAK 61 YKPATHM
YHiKaAbHUM npedpikc DO BxoguTb go MNepeniky HayKoBUX OpYyKOBaHUX
BMACIBHMLITBA XKYPOHOAY: haxoBux BUAaHb Ykpainu (kateropia «b»),
10.26565 y KX MOXYTb NybnikyBaTucsa pesynsratv guceprauiiiux pooit

B ranysi 3HaHb «22 — OxopoHa 3gopoB’a» (JogaTtok 4 oo Hakasy
MinicTepcTBa ocBiTu i Haykn YkpaiHu Big 02.07.2020 p. Ne 886)
3ATBEPAXKEHO AO APYKY 3a cneujianbHocTaAMM: «222 — MeguumHa»
ByeHoto paaoto
XAPKIBCbKOrO HALLIOHAABHOTO
yHiBEpPCUTETY
imeHi B.H. KapasiHa MiHictepcTtsa
OCBITM | HOYKM YKPQiHM
(MpoTokoA Ne 12 Bia 25.04.2025 p.)

laeHTUdDIKaTop Mmeaia e
y Peectpi cy6’'exTiB il
y cdbepi meaia: R30-04449 Faete
(PiLeHHs Ne 1538 Bia 09.05.2024 p. [
HawuioHaAbHOI paam YkpaiHm

3 MUMTAHb TeAeBbayeHHs Ll
T

i PaAIOMOBAEHHS.
[Mpotokoa Ne 15)

CBiAOLTBO MPO BHECEHHS
cy6’'ekTa BUAABHMYOI CRPABU
AO AEP>XABHOIO peEECTPY
BWMAQBLLIB, BUTOTOBAIOBQAYiB
i PO3MOBCIOAXKYBQNIB
BUACIBHMYOI MPOAYKLLT
cepig AK Ne 3367 Bia 13.01.2009 p.

AApPECa pPeEATKLL:
MAMACH CBoBoAM, BYA. 4,
M. Xapkis, 61022, YkpaiHa

TeA./doakc: +38 (057) 702-04-55
e-mail: ukrmedsci@gmail.com,
journal.medicine@karazin.ua KOHTEHT AoCTynHMI 30 AileHsielo Creative Commons «Aftribution» 4.0

Po6oTa peAAKLIMHOT KOAETT OPIEHTOBAHA HO HOPMM TA MPUHLMMM
International Committee of Medical Journal Editors


https://ukrmedsci.com/index.php/visnyk
mailto:ukrmedsci@gmail.com
mailto:journal.medicine@karazin.ua

Research and practice edition

The Journal of V.N. Karazin
Kharkiv National University.
Series MEDICINE

https://ukrmedsci.com/index.php/visnyk

KARAZIN UNIVERSITY

CLASSICS AFIEAD OF TIUE

Founder and publisher V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine

ation : VOLUME XXXIII
Established in 1992
Published 6 times a year 2(53) | 2025

ISSN 2313-6693 (Print)
OF EDUCATION AND SCIENCE
. OF UKRAINE UDC 61

Listed in the scientific printed DOl unique prefix of the
professional editions of Ukraine (category B) Journal publishing house:
which can publish theses results in «22 — Healthcare» field 10.26565
(Annex 4 to Order No 886
of Ministry of Education and Science of Ukraine, 02.07.2020)

on the specialties: «222 — Medicine» ApEreee T pLsliceren

by the decision
of the Academic Council
of V.N. Karazin
Kharkiv National University
of the Ministry of Education
and Science of Ukraine
(record Ne 12 of 25/04/2025)

Media identifier
in the Register of the field
of Media Entities: R30-04449
(Decision Ne 1538 dated 9/05/2024
of the National Council
of Television and
Radio Broadcasting of Ukraine,
Protocol Ne 15)

A i ARV,
i 1
g

Certificate of registration
of publishing industry entity
in the State Register of Publishers,
Manufacturers and Distributors
of Printed Products
AK Ne 3367
Issued 13/01/2009

Editorial office address:
With a focus of the editorial board on the standards and guidelines of 4 Svobody Sq.,
International Committee of Medical Journal Editors Kharkiv, 61022, Ukraine
ph/fax: +38 (057) 702-04-55
e-mail: ukrmedsci@gmail.com
The content is available under license from Creative Commons “Attribution” 40 journal.medicine@karazin.ua,


mailto:ukrmedsci@gmail.com
mailto:journal.medicine@karazin.ua
https://ukrmedsci.com/index.php/visnyk

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MeguumHa. 2025. T. 33 Ne 2(53)
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53))

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

PEAAKLLIMHA KOAETIS
EDITORIAL BOARD

rOAOBHUIN PEAAKTOP

NapoBa TertsiHa IBaHiBHa — JOKTOP MeOWYHUX Hayk,
npodpecop, AekaH mMeauvHoro dakynetety, npodecop
kadbeopn iHMEKUiNHMX XBOPOO Ta KNiHIYHOI iMyHOnorii
Mean4Horo akynsTeTy XapKiBCbKOro HauioHanbHOro
yHiBepcuTeTy imeHi B.H. KapasiHa MiHicTepcTtBa ocsiTn
i Haykn Ykpainu (M. XapkiB, YkpaiHa)

3ACTYNMHUKU TOAOBHOTO PEAAKTOPA

LliBeHko Onekcin IBaHOBUY — JOKTOP MeOUYHUX Hayk,
npocpecop, npodecop kadeapu XipypriiHux XxBopob
MeOn4HOro pakynbTeTy XapKiBCbKOro HauioHanbHOro
yHiBepcuTeTy iMeHi B.H. KapasiHa MiHicTepcTBa ocBiTH
i Haykn Ykpainu (M. XapkiB, YkpaiHa)

BenosbopoB Irop BikropoBuMY — [OOKTOp MeAUYHUX
Hayk, npodpecop, npodecop kadeapu OHKonorii, pagio-
norii Ta pagiauinHoi MeguuMHW MeguyHoro akyrb-
TeTy XapKiBCbKOro HauiOHanbHOrO YHIBEPCUTETY IMEHI
B.H. KapasiHa MinicTepcTBa oOCBiTM i Hayku YkpaiHu
(m. XapkiB, YkpaiHa)

BUKOHABYUN PEAAKTOP

MaTtBeeHko Mapia CepriiBHa — poktop dinocodii
3a cneuianbHicTio «MeagnumHay, AOOUEHT, 3aBigyBadka
kadbegpw 3aranbHOi Xipyprii, aHecTesionorii Ta nania-
TUBHOI MeAVLMHN Mean4YHOro akynsTeTy XapKiBCbKOro
HauioHanbHoro yHiBepcuteTy iMeHi B.H. KapasiHa
MinicTepcTBa ocBiTu i Hayku Ykpainu (M. Xapkis, YkpaiHa)

HAYKOBI PEAAKTOPU

Motewnko lMeTpo IBaHOBUY — kaHaUAAT MEOUYHUX HayK,
[OOLIEHT, BUKOHYHOUMIA OOOB’'A3kM 3aBigyBava kadenpwu
BHYTpILLHIX XBOpOO i cimeliHoi mMeauumHn HaeyanbHo-
HayKoBOro MeAMYHOro iHCTUTYTY HauioHanbHoro Tex-
HIYHOrO  yHiBepcuTeTy  «XapKiBCbKMM  MONITEXHIYHUN
iHCcTUTYT» MiHicTepcTBa OCBITM | Haykm YKpaiHu
(m. XapkiB, YkpaiHa)

TuxoHoBa TetAHa MwuxawniBHa — [OKTOP MeAUYHMX
Hayk, npodecop, 3aBigyBayka kadedpu BHYTPILLHLOT
MeauUnHU MeaunyHoro dhakynsteTy XapkiBCbKOro Hawio-
HanbHoOro yHiBepcuteTy iMeHi B.H. KapasiHa MiHicTep-
CTBa OCBITU | Hayku YkpaiHu (M. XapkiB, YkpaiHa)

CHIEF EDITOR

Liadova Tetiana Ivanivha — Doctor of Medicine, Full
Professor, Professor of the Department of Infectious
Diseases and Clinical Immunology, Dean of the School
of Medicine of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine
(Kharkiv, Ukraine)

DEPUTY EDITORS

Tsivenko Oleksij lvanovych — Doctor of Medicine, Full
Professor, Professor of the Department of Surgical
Diseases of the School of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Kharkiv, Ukraine)

Belozorov Igor Viktorovych — Doctor of Medicine,
Full Professor, Professor of the Department of Oncology,
Radiology and Radiation Medicine of the School of
Medicine of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine
(Kharkiv, Ukraine)

EXECUTIVE EDITOR

Matvieienko Mariia Serhiivna — Doctor of Philosophy,
Associate Professor, Head of the Department of
General Surgery, Anesthesiology and Palliative
Medicine of the School of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Kharkiv, Ukraine)

SCIENCE EDITORS

Poteiko Petro Ivanovych - Candidate of Medical
Sciences, Associate Professor, Acting Head of the
Department of Internal Medicine and Family Medicine,
Educational and Research Medical Institute of the
National Technical University «Kharkiv Polytechnic
Institute» of the Ministry of Education and Science of
Ukraine (Kharkiv, Ukraine)

Tykhonova Tetiana Mykhaylivna — Doctor of Medicine,
Full Professor, Head of the Department of Internal
Medicine of the School of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Kharkiv, Ukraine)

164



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MeguumHa. 2025. T. 33 Ne 2(53)
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53))

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

ABpocbeB Opin BonoammnpoBuy — JOKTOP MEOUYHNX
Hayk, npodecop, 3aBigyBay pPeHTreHOXipypriYHoro Biagi-
neHHs [epxaBHOi ycTaHOBU «IHCTUTYT 3aranbHoOi Ta
HesigknagHoi xipyprii im. B.T. 3anuesa HauioHanbHoi
akagemii MeamyHux Hayk Ykpainm» (M. Xapkis, YkpaiHa)

Anbnept [xo3ed — AOKTOP MeAMYHUX HayK, npodecop
MeauunHW, npodecop KNiHIYHUX TPaHCAAUIMHUX Hayk
ApusoHcbkoro yHiBepcuteTy (M. Temne, ®enikc, Crnony-
yeHi LUtatn Amepukn)

BonbdraHr ApHonba — AOKTOp MeQUYHUX Hayk, npode-
cop, YHiBepcuteT BitTeH Xepaeke (M. BiTTeH, HimeuunHa)

FopwyHcbka Map’saiHa HOpiiBHa — [JOKTOp MeauyHmX
Hayk, npodecop, npodecop kadenpu BHYTPILLHLOT Me-
ONUMHU Megu4Horo dhakynsTeTy XapKiBCbKOro HawioHarb-
Horo yHiBepcuTeTy iMmeHi B.H. KapasiHa MinicTepcTBa
OCBITW i Haykun YkpaiHu (M. XapkiB, YkpaiHa)

Mxaddepani Moxammag — OOKTOpP MeOMYHMX Hayk,
npodpecop kadenpu ncuxiatpii Ta couianbHUX Hayk,
LleHTpaneHuii MivuraHcekuii yHiBepeuteT (M. MiyuraH,
CronyueHi LLtatn Amepukn)

3ynaHeub Irop Anb6epToBUY — JOKTOP MEANYHUX HayK,
npocpecop, npodecop Kadeapwu KriHiYHOI bapmako-
norii Ta KniHiYHOT hapmauii HauioHansHoro dapmaes-
TUYHOro YyHiBepcuTteTy MiHicTepcTBa OXOPOHM 300pPOB’s
YkpaiHu (M. XapkiB, YkpaiHa)

Kot KOpin MpuropoBu4y — kaHauaat GionoriyHuMx Hayk,
OOLEHT, OoUeHT kadeapu Gioximii GionoriyHoro gakynb-
TeTy XapKiBCbKOrO HaLiOHaNbHOrO YHiBEPCUTETY iMEHi
B.H. KapasiHa MinicTepctBa OCBiTU i Hayku YkpaiHu
(m. XapkiB, YkpaiHa)

Kcas’ep Mactop [OropaH — AOKTOp MeAMYHUX Hayk,
npodecop, npodecop Xipyprii Ta MegnyHoO-XipypriyHnx
cneuianbHocten. MeguyHa iHdopmaTtuka. KniHivyHa
nikapHs YHiBepcuTety Bapcenonu (M. BapcenoHa, IcnaHis)

KynHoBuubka IpuHa puropiBHa — [OKTOP MeAWNYHMX
Hayk, npodecop, 3aBigyBayka kadpegpu  KniHiYHOT
hapmakornorii Ta KniHiYHOT dhapmaLii IBaHO-PpaHKiBCbKOro
HauioHanbHOro MeguyHoro yHiBepcuteTy MiHicTepcTBa
OXOPOHU 300pOB’s YKpaiHu (M. IBaHO-®paHKiBCbK, YKpaiHa)

NiHcbkun Irop BonogumupoBuY — [OKTOP MeauyHUX
Hayk, npodecop, pAupekTop IHCTUTYTY, 3aBigyBau
BigAiny ypreHTHoi ncuxiatpii Ta Hapkonorii JepxaBHol
yCcTaHoBU «IHCTUTYT HeBpororii, ncuxiaTpii Ta HapKonorii

HauioHanbHOI akagemii  MeguyHuMx Hayk  YkpaiHuy»
(m. XapkiB, YkpaiHa)
MaptuHeHko OnekcaHgp BitaninoBny — pgoktop

isuko-maTeMaTUYHNX Hayk, npodecop, npodecop ka-
denpu ririeHn Ta couianbHOI MegUUUHW MEANYHOro
hakynbTeTY XapKiBCbKOro HauiOHanbHOro YHiBEpCUTETY
imeHi B.H. KapasiHa MinicTepcTBa OCBIiTH | Haykn YkpaiHu
(m. XapkiB, YkpaiHa)

MiweHko Tamapa CepriiBHa — JOKTOp MEAMYHUX Hayk,
npodecop, 3aBigyBayka kadeapu HeBponorii, ncuxiaTpii,
Hapkonorii Ta MeguyHoi ncuxonorii meguyHoro da-
KynbeTeTy XapKiBCbKOrO HaLioHarnbHOro YHiBepcUTeTy
imeHi B.H. KapasiHa MiHicTepcTBa OCBITU i Haykn YkpaiHu
(m. XapkiB, YkpaiHa)

Avdosyev Yuriy Volodymyrovych — Doctor of Medicine,
Full Professor, Head of the Department of Interventional
Radiology State Institution «V.T. Zaitsev Institute of General
and Urgent Surgery of the National Academy of Medical
Sciences of Ukraine», Kharkiv, Ukraine, (Kharkiv, Ukraine)

Alpert Joseph Stephen — Doctor of Medicine, Full
Professor, Professor of Clinical Translational Sciences,
University of Arizona College of Medicine (Tempe,
Phoenix, United States of America)

Wolfgang Arnold — Doctor of Medicine, Full Professor,
Witten/Herdecke University (Witten, Germany)

Gorshunska Maryana Yuryivha — Doctor of Medicine,
Full Professor, Professor of the Department of Internal
Medicine of the School of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Kharkiv, Ukraine)

Jafferany Mohammad — Doctor of Medicine, Professor
of the Department of Psychiatry and Behavioral Sciences
Central Michigan University College of Medicine
(Michigan, United States of America)

Zupanets Igor Albertovych — Doctor of Medicine, Full
Professor, Professor of the Department of Clinical
Pharmacology and Clinical Pharmacy of National
University of Pharmacy (Kharkiv, Ukraine)

Kot Yurii Hrihorovych — Doctor of Philosophy,
Associate Professor of the Department of Bio-
chemistry of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine
(Kharkiv, Ukraine)

Xavier Pastor Duran — Doctor of Medicine, Full Professor,
Departamento de Cirugia y Especialidades Médico-
quirdrgicas Informatica Medica. Hospital Clinic de
Barcelona (Barcelona, Spain)

Kupnovytska Iryna Hryhorivna — Doctor of Medicine,
Full Professor, Head of the Department of Clinical
Pharmacology and Pharmacotherapy of lvano-Frankivsk
National Medical University of the Ministry of Health
of Ukraine (lvano-Frankivsk, Ukraine)

Linskyi Igor Volodymyrovych — Doctor of Medical
Sciences, Full Professor, Director of the Institute, Head
of the Department of Urgent Psychiatry and Narcology
of State Institution «Institute of Neurology, Psychiatry
and Narcology of the National Academy of Medical
Sciences of Ukraine» (Kharkiv, Ukraine)

Martynenko Oleksandr Vitaliiovych — Doctor of
Physical and Mathematical Sciences, Full Professor,
Professor of the Department of Hygiene and Social
Medicine of the School of Medicine of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Kharkiv, Ukraine)

Mishchenko Tamara Serhiivha — Doctor of Medicine,
Full Professor, Head of the Department of Neurology,
Psychiatry, Narcology and Medical Psychology of the
School of Medicine of V.N. Karazin Kharkiv National
University of the Ministry of Education and Science
of Ukraine (Kharkiv, Ukraine)

165



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MeguumHa. 2025. T. 33 Ne 2(53)
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53))

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

MonoB Mukona MwukonamMoBu4 — [OOKTOP MeEAUYHUX
Hayk, npodecop, npodecop kadeapn iHPEKUiINHNX
XBOpPOO Ta KMiHIYHOT iMyHOMOriT MeguyHoro akynsreTy
XapKiBCbKOro  HaLiOHanbHOrO  yHiBEpcUTETYy  iMEHi
B.H. KapasiHa MinicTepcTBa oCBiTU i Haykum YKkpaiHu
(m. Xapkis, YkpaiHa)

MpoueHko OneHa CepriiBHa — JOKTOP MEANYHUX HayKk,
npodecop, 3asigyBayka kadegpw 3aranbHOI Ta KMiHiy-
HOI nartonorii  MeguyHoro dakynsteTy XapKiBCbKOro
HauioHanbHOro yHiBepcuteTy imeHi B.H. Kapasina MiHic-
TepcTBa OCBITK i Hayku YkpaiHu (M. Xapkis, YkpaiHa)

PanmoHai [DxaHdpaHKO — [OKTOP MEAUYHUX Hayk,
npodgecop, Pumcbkuii  yHiBepcuteT Jla CanieHua
(M. Puwm, Itanis)

PxeniweBcbka OneHa — [OKTOp MEAUYHUX Hayk,
npodecop, HaykoBui cniBpobiTHWK Kadbeapw Xximii, cnis-
pobiTHWK Kadeapw KniHiYHOI Mikpobionorii YHiBepcutety
Ymeo, (M. Ymeo, LBeuis)

Ymxx Mukona OnekcinoBud — KaHOuOaT MeLUYHUX
HayK, CTapLUMi OOCnigHWK, 3aBigyBad Bigdiny ekcnepu-
MEHTarnbHOI KpioMeanumHn IHCTUTYTY npobnem Kpiobio-
norii i kpiomeguumHu HauioHanbHOI akagemii  Hayk
Ykpainn (M. Xapkis, YkpaiHa)

WanimoBa AHHa CepriiBHa — JOKTOp MeOU4YHUX Hayk,
npodecop, npodecop kadeapy BHYTPILLHBOT MEAULIMHU
MeguuHoro  yHiBepcuteTy [paHcbka (M.  [AaHCebK,
MonbLua)

Popov Mykola Mykolaiovych — Doctor of Medicine,
Full Professor, Professor of the Department of Infectious
Diseases and Clinical Immunology of the School of
Medicine of V.N. Karazin Kharkiv National University of
the Ministry of Education and Science of Ukraine
(Kharkiv, Ukraine)

Protsenko Olena Serhiivna — Doctor of Medicine, Full
Professor, Head of the Department of General and
Clinical Pathology of the School of Medicine of
V.N. Karazin Kharkiv National University of the Ministry
of Education and Science of Ukraine (Kharkiv, Ukraine)

Raimondi Gianfranco - Doctor of Medicine, Full
Professor, Sapienza University of Rome (Rome, Italy)

Rzhepishevska Olena — Doctor of Medicine, Professor,
staff scientist at the Department of Chemistry, affiliated
research fellow at the Department of Clinical Micro-
biology, Umea University, Sweden (Umea, Sweden)

Chyzh Mykola Oleksiiovych — Candidate of Medical
Sciences, Senior Researcher, Head of the Experimental
Cryomedicine Department of the Institute of Problems of
Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine (Kharkiv, Ukraine)

Shalimova Anna Serhiivha — Doctor of Medicine, Full
Professor, Professor of the Department of Hyperten-
sion and Diabetology of Medical University of Gdansk,
(Gdansk, Poland)

PEAAKLLIAHA PAAA
EDITORIAL COUNCIL MEMBERS

Mapknx ®epip BonogmmupoBu4y — OokTOp doinoco-
gii B ranysi OXOpOHM 3[0pPOB'SE 3a cheLianbHICTIo
«MeguumHa» (kaHOuAaT MeAMYHUX Hayk), CcTapLuuvn
HayKoBUI CMiBPOBITHUK rpynyu MpOMeHeBOI naTonorii
i naniatuBHoi MeaunumHn Bigainy pagionorii JepxaBHoi
YyCTaHOBU «IHCTUTYT MeAMYHOI papionorii Ta OHKOMorii
im. C.IN. Mpurop’eBa HauioHanbHOI akagemii MeguuHmnx
Hayk YkpaiHm» (M. XapkiB, YkpaiHa)

KoHcTtaHTMHOBCbKka Onbra CepriiBHa — KanHgugat
MeOUYHUX HayK, OOLEeHT, AOUEeHT kadenpu iHdeKuin-
HUX XBOpOG Ta KMiHIYHOT iMyHonorii  XapkiBCbKOro
HauioHanbHoOro yHiBepcuteTy iMeHi B.H. KapasiHa
MinicTepcTBa OCBIiTM i Haykn Ykpainu (M. Xapkis, YkpaiHa)

Llenynko Bipa MocuniBHa — [OKTOP MeOUYHUX Hayk,
npocpecop, 3aBigyBadka kadpeapw kapgionorii, nabopa-
TOPHOI Ta (YyHKUIOHaNbHOI AiarHOCTUKM XapKiBCbKOro
HauioHanbHoOro yHiBepcuteTy iMeHi B.H. KapasiHa
MinicTepcTBa OCBITM i Haykn Ykpainu (M. Xapkis, YkpaiHa)

A6nyyaHcbkui AHgpin MwukonahoBuY — KaHaupar
MEeAVNYHUX HayK, OOLEHT, HaykoBuUI LLIEHTP OXOPOHW 340-
poB’st YHiBepcutety Oknaxomu (M. HopmaH, Oknaxoma,
CnonyyeHi Wtatn Amepukn)

Hladkykh Fedir Volodymyrovych — Doctor of Philo-
sophy (PhD) in Health Care in specialty «Medicine»,
Senior Researcher of the Group of Radiation pathology
and palliative medicine at the Radiology Department
of State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine» (Kharkiv, Ukraine)

Konstantynovska Olha Serhiivha — Doctor of Philo-
sophy, Associate Professor Department of Infectious Dis-
eases and Clinical Immunology of the School of Medicine
of V.N. Karazin Kharkiv National University of the Ministry
of Education and Science of Ukraine (Kharkiv, Ukraine)

Tseluyko Vira Yosypivna — Doctor of Medicine, Full
Professor, Head of Department of Cardiology, Labora-
tory and Functional Diagnostics of the School of
Medicine of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine
(Kharkiv, Ukraine)

Yabluchanskiy Andriy Mykolaiovych — Doctor of
Philosophy, Associate Professor, University of Oklahoma
Health Science Center (Norman, Oklahoma, United
States of America)

166



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MeguumHa. 2025. T. 33 Ne 2(53)

The Journal of V.N. Karazin Kharkiv National University.

Series Medicine. 2025;33(2(53))

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

3MICT

OPUTIHAAbHI AOCAIAXEHHSA

MupowHuyeHko M.C., MiwwuH HO.M.,

MiwwuHa M.M., MapueHko |.A., Bypos A.M.

AHani3 uMToKiHOBOroO Npodinto

y NOTOMCTBA, WO NigaaBanocs B npeHaTanbHOMY nepiogi
BMNIIMBY MaTEPUHCHKOrO XPOHIYHOrO 3ananbHoro npouecy
ceyocTaTeBOi CUCTEMU, CIIPUYUHEHOTO ypoi3onsaTamu
Proteus mirabilis Ta Streptococcus pyogenes

Yux M.O., MaTBeeHko M.C., Magkux ®.B.,
Napos.a T.I., KomopoBcbkum P.P., Koznosa T.B.
OuiHKa KapQionpoTEKTOPHOI aKTUBHOCTI KPIOEKCTPaKTy
cepusi Ha Mogeni agpeHaniHoBoi MiokapaiogncTpodii
3a NoKasHVKamW BiNlbHOPaaWKanbHOrO OKUCHEHHS

HakoHeuHa O. A., BaunHcbkun P. O,

M’sicoepoB B. B., BekwuH B. O., BoHgapeHko M. A.,
BuwHuybka l. A., Knoukos B. K.

leHepaUis akTUBHNX DOPM KUCHIO B NerkouuTax Lwypis
3a YMOB BM/IMBY Pi3HUX KOHLIEHTPALin opToBaHaaaTy
rafgoniHin-iTpito Npu nepopanbHOMY BBEAEHHI

KoBanbuyk [1.0., CaBenbeBa H.M.,

HikoHoB A.1O., BpecnaBseub H.M.

OcobnueocTi AnHaMikm KOHUeHTpaLih C-peakTMBHOMO
6inka Ta IJ1-6 y cupoBaTLi KpOBi MpY MOAENOBaHHI
eKCrnepUMeHTarnbHOro kKapariHaHOBOro 3ananeHHs
CKPOHEBO-HWKHBOLLIENENHUX Cyrnobis

Mepecunkina T.B., HectepeHko B.I",
Momorai6o K.I., Mepkynosa T.B.

Bnnue TpaBMaTMYHUX NOZIN, NOB’A3aHUX 3 BilIHOH,
Ha pyHKLiOHaNbHUI NCUXOEMOLLINHWIA CTaH
CTYAEHTCbKOI Moroi NpucpoHTOBOro MicTa:
[Oesiki novaTKoBi pesynbTaTi BUBYEHHS Npobnemu

loria M.O., Kypcos C.B.,

MapkoB O.B., Kyapesuy O.M.

3MiHM NOKa3HWKIB Koarynorpamu y naujieHTiB 3 NonirfpaBmMoro
Ta pi3HUM IHOEKCOM Macw Tina B 3arexHOCTi Big cnocoby
[03yBaHHs1 eHOKcanapyHy HaTpito Ha TNi 3BM4anHOro

Ta PeCTPUKTUBHOIO PeXuMIB iHgy3iHOT Tepanii

OlAAA AITEPATYPU

Monosa A.M., Bono6yeBa O.B., Beno3sopos |.B.
CTaH CUCTEMHOrO ryMOparnbHOro iMyHITETY Y XBOPUX
Ha Bipyc EnwTteiHa—bappa (BEB) iHdekuito

CwisiH O.1., Nonwok K.O., Bacunbesa O.I, MaHbko H0.A.
38’30k Mix gediumTtom BitTamiHy D Ta COVID-19

BUNAAOK I3 MPAKTUKHU

LWon L.B., TuxoHoBa T.M., Anb-TpaBHex O. B.,
ImaHoBa H.l., OninHuk B.C.

COVID-19 sik TpUrep CUCTEMHMX 3aXBOPOBaHb:
y LIeHTPi yBarn CUCTEMHUI YepBOHWI BOBYAK

MyparoB I.P., MonoB M.M., Bono6yesa O.B.,
®ponosa T.B., CaBeo O.M., KapnyweHko 0.B.,
Nawenko K.1O., Conosnosa A.T.

KniHiyHnn BUNagok BpoaXeHoro

iMmyHoaedIunTy y AUTUHU FPYAHOTO BIKY

BE3MNEPEPBHA MEAUYHA OCBITA
TA OPTAHI3ALLIA OXOPOHU 3AOPOB’'A

Yan Ban Xawn, HryeH BaH Kyanr, YaH ®uoHr Txao, HryeH
Txyi INlinb, Xoanr BaH KyiH, HryeH TxaHb BiHb
MoTuBaUis Ta 3a40BOMEHICTb yMOBaMu npaLi MeanyHmx
npauiBHUKIB Y NpMBaTHUX MEAMYHUX 3aknagax B'etTHamy

168

178

194

21

221

235

246

256

269

280

291

167

CONTENTS

ORIGINAL RESEARCH

Myroshnychenko M.S., Mishyn Yu.M.,

Mishyna M.M., Marchenko L.A., Burov A.M.
Analysis of the cytokine profile in offspring exposed
prenatally to maternal chronic inflammatory process
of the genitourinary system caused by uroisolates
of Proteus mirabilis and Streptococcus pyogenes

Chyzh M.O., Matvieienko M.S., Hladkykh F.V.,

Liadova T.I., Komorovsky R.R., Kozlova T.V.
Evaluation of the cardioprotective activity of cardiac
cryoextract in an adrenaline-induced myocardiodystrophy
model based on oxidative stress markers

Nakonechna O.A., Bachynskyi R.O.,

Miasoiedov V.V., Vekshyn V.0O., Bondarenko M.A.,
Vyshnytska I.A., Klochkov V.K.

Reactive oxygen species generation in leucocytes of rats
under the influence of different concentrations of yttrium
gadolinium orthovanadate during oral administration

Kovalchuk D.O., Savielieva N.M.,

Nikonov A.Yu., Breslavets N.M.

Features of the dynamics of serum C-reactive protein
and IL-6 concentrations in case of experimental
carrageenan-induced inflammation

of temporomandibular joints

Peresypkina T.V., Nesterenko V.G.,

Pomohaibo K.G., Merkulova T.V.

The impact of war-related traumatic events on the functional
psycho-emotional state of student youth in a front-line city:
preliminary findings of the study

Gogiya M.O., Kursov S.V.,

Markov 0.V., Kudrevych O.M.

Changes in coagulation parameters in polytrauma patients
with different body mass index according to the
enoxaparin-sodium dosing strategy under conventional
versus restrictive fluid therapy regimens

LITERATURE REVIEW

Popova A.M., Volobuieva O.V., Belozorov I.V.
Systemic humoral immune status in individuals
recovered from Epstein—Barr virus (EBV) infection

Smiyan O.l., Holiuk K.O., Vasylyeva O.H., Manko Yu.A.
The relation of vitamin D deficiency and COVID-19

A CASE FROM PRACTICE

Shop 1.V., Tykhonova T.M., Al-Trawneh O.V.,
Imanova N.L., Oliinyk V.S.

COVID-19 as a trigger for systemic diseases:
a focus on systemic lupus erythematosus

Muratov G.R. Popov M.M., Volobuieva O.V.,
Frolova T.V., Savvo O.M., Karpushenko Yu.V.,
Pashchenko K.Yu., Soloviova A.G.

Clinical case of the infant with primary
immunodeficiency

CONTINUING MEDICAL EDUCATION
AND HEALTH CARE ORGANIZATION

Tran Van Hai, Nguyen Van Quang, Tran Phuong Thao,
Nguyen Thuy Linh, Hoang Van Quynh, Nguyen Thanh Binh
Motivation and job satisfaction of healthcare

workers in private hospitals in Vietham



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.
Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 168-177

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):168-177

DOI: https://doi.org/10.26565/2313-6693-2025-53-01
YIK: 616.6-053.1-002.2-02-022.7-078-092.9

O

OPEN ACCESS

AHQAI3 LUTOKIHOBOTO NPOCPiAI0 Y MTOTOMCTBAQ, LLLO MNiAAGBAAOCS
B NPEHATAABHOMY NepioAi BNAUBY MATEPUHCBKOTO XPOHIYHOro
3AMNAaAbHOro NPoLEecy ce4oCcTaTeBol CUCTEMMU, CMPUYUHEHOTO
ypoisoaaTamu Proteus mirabilis Ta Streptococcus pyogenes

MupowHuyeHko M.C.,
MiwwuH FO.M.,
MiwnHa M.M.,
MapueHko LA,
Bypos A.M.,

https://orcid.org/0000-0002-6920-8374, e-mail: ms.myroshnychenko@knmu.edu.ua
https://orcid.org/0000-0003-2226-2944, e-mail: ymmishyn.po22@knmu.edu.ua
https://orcid.org/0000-0001-6484-4198, e-mail: mm.mishina@knmu.edu.ua
https://orcid.org/0000-0001-5583-9768, e-mail: ia.marchenko@knmu.edu.ua
https://orcid.org/0000-0002-3236-7259, e-mail: am.burov@knmu.edu.ua

Xapkiecbkull HayioHanbHUl MeduyHUl yHigepcumem
Minicmepcmea oxopoHu 300poe’st YkpaiHu, Xapkie, YkpaiHa

Analysis of the cytokine profile in offspring exposed prenatally
to maternal chronic inflammatory process of the genitourinary
system caused by uroisolates of Proteus mirabilis and

Myroshnychenko M.S.,
Mishyn Yu.M.,
Mishyna M.M.,
Marchenko L.A.,
Burov A.M.,

KAo40Bi cAoBa:

LMTOKIHOBUIA NpOodinb, NOTOMCTBO, XPO-
HIYHUIA MaTePUHCBKUIA 3ananbHUin npouec
cevyocTaTeBoi CUCTEMMU.

AASl KOPEeCNOHAEHLI:

MiwwuH KOpii Munxannosuy

XapKiBCbKUN  HaUiOHaNbHUN  MEeAUYHUIA
yHiBepcuTeT MiHicTepcTBa OXOPOHM 3[0-
poB’ss YkpaiHu, kadedpa 3aranbHoOi Ta
KniHIYHOT naTonoriyHoi disionorii

im. [.0. AnbnepHa;

npocn. Hayku, 6ya. 4, m. Xapkis, YkpaiHa,
61022;

e-mail: ymmishyn.po22@knmu.edu.ua

© MupowHu4eHko M.C., MiwuH HO.M.,
MiwuHa M.M., MapuyeHko I.A.,
bypos A.M., 2025

Streptococcus pyogenes

https://orcid.org/0000-0002-6920-8374, e-mail: ms.myroshnychenko@knmu.edu.ua
https://orcid.org/0000-0003-2226-2944, e-mail: ymmishyn.po22@knmu.edu.ua
https://orcid.org/0000-0001-6484-4198, e-mail: mm.mishina@knmu.edu.ua
https://orcid.org/0000-0001-5583-9768, e-mail: ia.marchenko@knmu.edu.ua
https://orcid.org/0000-0002-3236-7259, e-mail: am.burov@knmu.edu.ua

Kharkiv National Medical University
of the Ministry of Health of Ukraine, Kharkiv, Ukraine

PE3IOME

AkTyanbHicTb. XBopobu HAPOK 3aliMatoTb OAHE 3 NPOBIAHWUX MiCUb Yy 3ararnbHili CTPyK-
Typi 3aXBOPIOBAHOCTI, Ta € coujianbHO 3HaYyLLO Npobrnemoto Yepes 36inbLUeHHs naLli-
€HTIB AMTSY0rO BiKy. BaxnuBy porb y romeocTasi Ta NporpecyBaHHi 3aXBOPOBaHb HAPOK
BifirpaloTb LMTOKIHW, sIKi BUKOHYHOTb HM3KY BionoriyHux (hyHKLIN Ta B3aEMOZitoThb 3 iHLIK-
MW KMiTUHaMK Ta TKAHUHAMW OpraHi3my.

MeTta po60T1 — BYBYEHHS BNIVBY EKCNEPUMEHTANBHOTO MaTEPUHCHKOTO XPOHIYHOTO 3ananbHo-
ro NpoLecy ce4ocTaTeBOI ccTeMM BakTepiarbHOI eTioNOrii Ha LIMTOKIHOBUIA CTaTyc NOTOMCTBA.
MaTtepianu Ta meToam. Matepianom gocnigkeHHs byna cupoBaTtka KpoBi LLYpST nomny-
nauii WAG, HapogXeHux Bif MaTepiB 3 XPOHIYHUM 3anarnbHUM NpoLeCcOM CeYoCcTaTeBoi
cucTeMU, CnpuYMHEHUM ypoisonaTtamu Proteus mirabilis Ta Streptococcus pyogenes.
PiBeHb LMTOKIHIB BU3Ha4anu 3a gonomoroto IXLA, ELISA B nabopatopii « MEO-EKO»,
M. XapkiB, (niueHsis Ne 2224 Big 01.10.2020p.). AHani3 pesynbraTtiB NpoBOAVNN
3 BMKOpUCTaHHAM nporpamu Statistica 7.

Pe3synbraty Ta ix o6roBopeHHs. PiBHi npo3ananbHux iHTEpNenkiHiB Oyny BUCOKMMU
y BCiX gocnigHuMx rpynax Ta 36inbwyBanuce 3 BikoM. Cnig BiaAMiTUTY 0COBNMBICTb: BinbLu
BUCOKi piBHi IL-1b Big3HayaloTbCA Yy rpyni NOTOMCTBA, WO NiggaBanocs npeHaTanbHoOMy
BMNMMBY MaTEPUHCBLKOTO XPOHIYHOMO 3anasibHoro npouecy, 3ymoeneHoro Streptococcus
pyogenes, BCix BIKOBUX KaTeropin, a 6inbLu BUCOK piBHi IL-6 cnocTepiratotbes y 7-Ao6o-
BUX Ta OAHOMICSIYHMX LLypiB-NMOTOMCTBA, LLIO NiAAaBanucs npeHaTansHOMy BNvMBy maTte-
PUHCLKOrO XPOHIYHOTO 3anarbHOro rnpotecy, 3yMoBrieHoro Proteus mirabilis. MNpv Bu3Ha-
YeHHi BMiCTy npo3ananbHux IL-2 Ta IL-17 6yno BusBneHo ancbanaHc: 3a Bmictom IL-2
nopyLueHHss 6anaHcy cnocTepiranocs y NOTOMCTBa, Lo NigAaBanocs npeHatanbHOMy
BMNMMBY MaTEPUHCBLKOTO XPOHIYHOMO 3anasibHoro npouecy, 3ymoeneHoro Streptococcus
pyogenes, a 3a piBHeM IL-17 — y noTomMCTBa, WO niaaaBanocs npeHaranbHOMy BMNUBY
MaTEePUHCLKOTO XPOHIYHOMO 3ananbHoro npolecy, 3ymoBneHoro Proteus mirabilis.
BucHoBku. BctaHoBneHo, Wo AncbanaHc LMTOKIHIB Cripusie po3BUTKY HedponaTtonorii
y NOTOMCTBa, ke NigAaBanocsi npeHaTanbHOMY BMNBY MaTEPUHCBLKOrO XPOHIYHOTO 3a-
nanbHOro npouecy, 3yMoBrieHoro Streptococcus pyogenes Ta Proteus mirabilis.
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ABSTRACT

Background. Kidney diseases occupy one of the leading places in the overall structure
of morbidity and are a socially significant problem due to the increase in pediatric pa-
tients. An important role in homeostasis and progression of kidney diseases is played by
cytokines, which perform a number of biological functions and interact with other cells
and tissues of the body.

Purpose — study of the impact of experimental maternal chronic inflammatory process
of the genitourinary system of bacterial etiology on the cytokine status of the offspring.
Materials and Methods. The study material was blood serum from WAG rat born to
mothers with chronic inflammatory process of the genitourinary system caused by
uroisolates of Proteus mirabilis and Streptococcus pyogenes. The level of cytokines
was determined using IXLA, ELISA in the laboratory «MED-EKO» in Kharkiv (license
No. 2224 dated 01.10.2020). The results were analyzed using the Software Statistica 7.
Results. The levels of proinflammatory interleukins were high in all experimental groups
and increased with age. It should be noted a feature: higher levels of IL-1b are observed
in the group of offspring that were prenatally exposed to the maternal chronic inflamma-
tory process caused by Streptococcus pyogenes, of all age categories, and higher levels
of IL-6 are observed in 7-day-old and 1-month-old rat offspring that were prenatally ex-
posed to the maternal chronic inflammatory process caused by Proteus mirabilis. When
determining the content of proinflammatory IL-2 and IL-17, an imbalance was found: in
terms of IL-2 content, an imbalance was observed in the offspring that were prenatally
exposed to the maternal chronic inflammatory process caused by Streptococcus pyo-
genes, and in terms of IL-17 levels, in the offspring that were prenatally exposed to the
maternal chronic inflammatory process caused by Proteus mirabilis.

Conclusions. It has been established that cytokine imbalance contributes to the dee
velopment of nephropathology in offspring exposed prenatally to maternal chronic
inflammatory processes caused by Streptococcus pyogenes and Proteus mirabilis.

Myroshnychenko MS, Mishyn YuM, Mishyna MM, Marchenko IA, Burov AM. Analysis of the cytokine profile
in offspring exposed prenatally to maternal chronic inflammatory process of the genitourinary system caused by
uroisolates of Proteus mirabilis and Streptococcus pyogenes. The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):168—177. DOI: https://doi.org/10.26565/2313-6693-2025-53-01

BCTYN

INTRODUCTION

[laTtonoris HMPOK 3almae ogHe 3 MPOBIgHMX MicClb
y 3aranbHil CTPYKTYpi 3axBOPHOBaAHOCTI, Ta € coujiarb-
HO 3Ha4yLLo Npobrnemoto Yepes 36iNnbLUeHHS NauieHTIB
auTtadoro Biky. BaxnuBy pornb y romeocTasi Ta nporpe-
CyBaHHi 3axBOpPIOBaHb HWPOK BIgirparoTb LUMTOKIHW, SKi
BMKOHYIOTb HM3KY GionoriyHMx yHKUi Ta B3aEMOLit0Tb
3 iHWWUMK KNiTMHaMK Ta TKaHuHamu opraHiamy [1]. Kinb-
KiICHUA BMICT UMTOKIHIB Ta iX cniBBigHOWEHHSA Bigobpa-
XalTb AUHaMiKy MaTonoriYHOro MpoLecy, Lo A03BOMseE
NpOrHo3yBaTtu pesyrnksrar XBopobu. Tak, perynatopu npu-
POAHOro IMyHITETY — nNpo3ananbHi untokiHm (IL-183, I1L-6,
IL-17) GepyTb yyacTb y Hecneuudi4HOMy 3axucTi opra-
Hi3My Bif GakTepianbHUX iHMEKLN: OCHOBHUMM MilLIeHS -
MU Crny>kaTb KMiTUHU-daroumTn [2]. € noBigoMneHHs, LWwo
IL-6 iHOyKye OudepeHuitoBaHHA B-nimdouunTiB y KNiTK-
HW, SKi NPOAYKYIOTb aHTUTINA Ta Bidirpae KMm4voBy porb
y nporpecyBaHHi rmomepynonarii  [3]. [lMpoTusananbHi
iHTepnenkiHn (IL-4, IL-10) peryntoioTb cneuudidHi iMyH-
Hi peakuii, 6epyTb y4acTb B akTUBaLi, 3pOCTaHHi Ta Au-
depeHuitoBaHHA 3pinux nimgouunTie, Ta BigirpatoTb porb
B afanTMBHOMY Ta BPOAXXEHOMY iMyHITETi, iX OCHOBHa

Kidney pathology occupies one of the leading plac-
es in the overall structure of morbidity and is a socially
significant problem due to the increase in pediatric pa-
tients. An important role in homeostasis and progression
of kidney diseases is played by cytokines, which perform
a number of biological functions and interact with other
cells and tissues of the body [1]. The quantitative con-
tent of cytokines and their ratio reflect the dynamics of
the pathological process, which allows predicting the out-
come of the disease. Thus, regulators of innate immu-
nity, pro-inflammatory cytokines (IL-1B, IL-6, IL-17) are
involved in nonspecific protection of the body against bac-
terial infections: the main targets are phagocyte cells [2].
There are reports that IL-6 induces the differentiation of
B-lymphocytes into cells that produce antibodies and
plays a key role in the progression of glomerulopathy [3].
Anti-inflammatory interleukins (IL-4, IL-10) regulate spe-
cific immune responses, participate in the activation,
growth and differentiation of mature lymphocytes, and
play arole in adaptive and innate immunity: their main
function is to activate effector cells, such as cytotoxic
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yHKUIA — akTMBaLia edeKTOPHUX KMITUH, Taknx SK Lu-
TOTOKCUYHI Makpodparn 1 nNpupogHi Kinepu, BOHU TaKoX
3MEeHLLYITb CeKpeuilo npo3ananbHUX UMUTOKIHIB  [4].
Binomo, wo IL-10 6epe y4yacTb y perynsauii Ta nigrpum-
Ui HopManbHOI PyHKUIT HUPOK Yy HOPMi Ta NpW NaTornoril.
BaxnmBo BpaxoByBaTH, L0 3aXUCHa POrib LIMTOKIHIB Npo-
ABMSAETLCA Y TOMY pasi, KOnv BOHW NPaLooTb NoKarnbsHo,
npote HagMmipHa Ta reHeparnizoBaHa NpoAyKuis npo3sa-
nanbHUX LWTOKIHIB MPU3BOAUTbL OO OpPraHHUX AUCHYHK-
uin. LjutokiHn gitoTb Ak 6araTohakToOpHUA Ta MOnidyHK-
LioHanNbHUIN MexaHi3M, sKUA 3abesnedvye MiKKIITUHHI
KOMYyHiKaLii, HeoOXigHi ons iHayKuil Ta peani3adii iMyHHOT
BignoB.iai i perynsuii romeocrtasy [5].

36anaHcoBaHa NpoAyKLis UWTOKIHIB Mae Benuke
disionoriyHe 3HayeHHsi, a aucbanaHc Yy LUWUTOKIHOBOMY
npogini npu3BoanTb A0 PO3BUTKY naTonorii. Kackag pe-
aKuin, CNpUYMHEHUX 3MiHaMM LIMTOKIHOBOro npodqinto,
€ Pi3HOMaHITHUM NPW KOXHIN naTtornorii. Ans BigHOBNEHHS
CTPYKTYPW Ta PYHKLIOHYBaHHSI TKAHUHM Ta opraHa B Lii-
nomMy HeobxiaHa piBHOBara npo- Ta NpoT13ananbHUX Lu-
TOKiHiB. OCOGMMBOCTI 3MiHM BMICTY LIUTOKIHIB [O3BOMNSAOTH
OLIHMTN PO3BUTOK CUCTEMHOI 3anasibHOI peakuii Ta dyHK-
LiOHYBaHHSA iIMYHHOI CMCTEMM B LiNOMYy 3 noganbLlunm
BUSIBMEHHAM MOPYLUEHHST KMHOYOBUX MATOMOrYHMX MNpOo-
ueciB. OuiHKa piBHS iIHTEPrENnKiHIB B opraHiami moxe 6ytu
BMKOpUCTaHa $IK AiarHOCTUYHUIA Mapkep po3BUTKY abo
nporpecyBaHHsi Hedoponatornorii [6]. Came Tomy BKkpan
BaXNNBO MPOBOAUTW LOCHIMKEHHA ANsi BCTAHOBMEHHS
0Cco6NMBOCTEN LIMTOKIHOBOTO MpOInto Y pO3BUTKY HUP-
KOBMX AMCYHKUIN y NOTOMCTBA, SIKe B npeHaTtanbHOMY
nepiogi nigaasanocs BhfUBY XPOHIYHOIO MaTePUHCHKOro
3anarnbHoro npotecy 6akTepiansHoi eTionorii.

MeTa po60Tu — BYBYEHHS BNNMBY eKCNeprvMeHTarb-
HOr0 MaTEepPUHCHKOro XPOHIYHOrO 3ananbHOoro npouecy
ceyocTaTeBoi cuctemn HakTepianbHOI eTionorii Ha LMTo-
KIHOBMI CTaTyc NOTOMCTBA.

MATEPIAAU TA METOAU AOCAIAXXEHHA

EkcnepvmeHTaneHe pocnimkeHHs Oyno npoBeaeHo
Ha 6asi ekcnepumeHTanbHOI GionorivyHOI KniHikn Xap-
KIBCbKOr0 HaLiOHanNbHOr0 MEeOUYHOrO YHIBEPCUTETY Ha
Lypax-caMkax penpoayktuBHoro Biky nonynauii WAG
(Wistar Albino Glaxo) Bikom 8 micsauis macoto 200 rpa-
miB. [MpoBeaeHO MoAentoBaHHA XPOHIYHOrO 3ananbHOro
npoLecy ce4ocTaTeBoi CUCTEMWU, CpUYMHEHOrO Proteus
mirabilis Ta Streptococcus pyogenes (ekcnepumeHTasnb-
HO po3pobrneHa metoguka 3a npotokornom [16, 17]), i3
nofanbLlUMM OfepXXaHHAM Big TakMx CaMok 7-4000BuX,
OAHOMICSIMHMX Ta [OBOMICAYHMX Hawagkis. B ekcnepwu-
MeHTi B6yno cdopmoBaHo fAgi rpynu: | rpyna — gocnig-
Ha, sika BKNto4yana Asi niarpynu — go la 6yno BigHeceHo
LypiB-HaLWaAKiB Bif mMaTepiB, BariTHICTb sSIKMX Mana ne-
pebir Ha Tni XPOHIYHOro 3ananbHOro Mpouecy cevocTa-
TEeBOI cucTemu, cnpuunHeHoro Streptococcus pyogenes
(320 — 7-poboBux, 128 — ogHOMicsiuHUX, 64 — OBOMICSIY-
HKX) Ta 16 — yBiALWNKM Wypu-Hallaakv Big maTtepis, BariT-
HICTb SIKMX Marna nepebir Ha Thi XPOHIYHOro 3ananbHOro
npoLecy ce4yocTaTeBoi CUCTEMWU, CpUYMHEHOTO Proteus
mirabilis (320 — 7-po6oBux, 128 — ogHomica4Hux, 64 —
ABomicaYHmx) Ta Il rpyna — KOHTponbHa, A0 SKoi BigHecC-
nv wypiB-Hawaakis (320 — 7-poboBux, 128 — ogHomi-
CAYHUX, 64 — ABOMICAYHKX) Bif MaTepiB 3 isionoriyHum

macrophages and natural killer cells, and reduce the se-
cretion of pro-inflammatory cytokines [4]. It is known that
IL-10 is involved in the regulation and maintenance of
normal renal function in normal and pathological condi-
tions. It is important to consider that the protective role of
cytokines is manifested if they work locally, but excessive
and generalized production of pro-inflammatory cytokines
leads to organ dysfunctions. Cytokines act as a multifac-
torial and multifunctional mechanism that provides inter-
cellular communications necessary for the induction and
implementation of the immune response and the regula-
tion of homeostasis [5].

Balanced cytokine production is of great physiologi-
cal importance, and an imbalance in the cytokine profile
leads to the development of pathology. The cascade of
reactions caused by changes in the cytokine profile is
diverse in each pathology. To restore the structure and
functioning of the tissue and organ as a whole, a balance
of pro- and anti-inflammatory cytokines is necessary.
The features of changes in the content of cytokines allow
us to assess the development of the systemic inflamma-
tory response and the functioning of the immune system
as a whole, with the subsequent detection of violations of
key pathological processes. Assessment of the level of in-
terleukins in the body can be used as a diagnostic marker
for the development or progression of nephropathology [6].
That is why it is extremely important to conduct research
to establish the features of the cytokine profile in the de-
velopment of renal dysfunctions in offspring, which in the
prenatal period was exposed to chronic maternal inflam-
matory process of bacterial etiology.

Objective — is to study the impact of experimental
maternal chronic inflammatory process of the genitouri-
nary system of bacterial etiology on the cytokine status
of the offspring.

MATERIALS AND METHODS OF RESEARCH

The experimental study was conducted on the basis
of the Experimental Biological Clinic of the Kharkiv Na-
tional Medical University on female rats of reproductive
age of the WAG (Wistar Albino Glaxo) population at the
age of 8 months and weighing 200 grams. A chronic in-
flammatory process of the genitourinary system caused
by Proteus mirabilis and Streptococcus pyogenes (An exe
perimentally developed method according to the protocol
[16, 17]), was simulated (using own experimental modi
el), with subsequent production of 7-day-old, 1-month-old
and 2-month-old offspring from such females. Two groups
were formed in the experiment: Group | — experimen-
tal, which included two subgroups — la included rats —
offspring from mothers whose pregnancy occurred against
the background of a chronic inflammatory process of the
genitourinary system caused by Streptococcus pyogenes
(320 — 7-day-old, 128 — 1-month-old, 64 — 2-month-old)
and Ib — included rats — offspring from mothers whose
pregnancy occurred against the background of a chronic
inflammatory process of the genitourinary system caused
by Proteus mirabilis (320 — 7-day-old, 128 — 1-month-old,
64 — 2-month-old) and Group Il — control, which includ-
ed rats — offspring (320 — 7-day-old, 128 — 1-month-old,
64 — 2-month-old) from mothers with a physiological
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nepebirom BariTHOCTI (iHTaKTHI TBapuHu). EkcnepumeHTn
npoBefeHO BiAMNOBIAHO A0 «3aranbHUX eTUYHUX NPUHLIK-
niB eKCnepumMeHTIB Ha TBapuHax», siki cxsaneHi lll Hauio-
HanbHUM koHrpecom (Kwuis, 2007) i BignosigHo o nomno-
XeHb «EBPOMENCbKOi KOHBEHLIiT Npo 3axmcT xpebeTHux
TBapVH, O BUKOPUCTOBYHOTLCS ANt eKCepUMEHTaNbHNX
Ta iHwWwnx uinen» (Ctpacbypr, 1986). JocnioxeHHs 6yno
yXBaneHo Ha Komicii 3 eTuku Ta BioeTmkn XapkiBCbKOro
HaLioHanbHOro MeguyHoro yHisepcuteTy (npotokon Ne 3
Big 05 6epesHst 2025 poky).

Marepianom pocnigkeHHs 6yna cupoBaTka Kpo-
Bi wypat nonynsauii WAG, HapogXeHux Big martepis i3
XPOHIYHUM 3anarnbHVM MPOLLECOM CevoCcTaTeBOi CUCTe-
MKW, CrpUYMHEHUM ypoidonaTamu Proteus mirabilis Ta
Streptococcus pyogenes. LiuTokiHOBMIA Npodinb oLiHo-
Banu 3a BMICTOM MpO- Ta NPOTU3ananbHUX LUWUTOKIHIB:
IL-1b, IL-2, IL-4, IL-6, IL-10, IL-17. PiBeHb uuTOKiI-
HiB BM3Hadanu 3a pgonomorot IXLA, ELISA B naboH
patopii «MELO-EKO» m. XapkiB (niueHsis Ne 2224 Big
01.10.2020 p.). AHani3 pesynbraTiB NPOBOAUNN 3 BUKO-
pucTaHHAM nporpamu Statistica 7: uncnosi gaHi HaBegeHi
y Burnagi «M = m», oe M — cepegHe apudmMeTnyHe 3Ha-
YeHHS, m — cTaHAapTHa NoXnbka cepeaHbOoro apugpmeTny-
HOro 3HadeHHs1. [Insi BUSIBNEHHSA BipOrigHUX BigMiHHOCTEWN
6yno BukopuctaHo t-kputepin CrblogeHTa. BigmiHHOCTI
BBaXanuncb BiporigHUMKM Npw piBHi 3HadeHb p < 0,05 [7].

PE3YABTATU TA iX OBrOBOPEHHS

Y pesynerati NpoBeAeHOro AocniaXeHHst Oyno BcTa-
HOBMEHO, WO B AOCMIAHMX rpynax LypiB, ki B npeHa-
TanbHOMYy nepiogi nigaaBanucs BNAMBY XPOHIYHOMO mare-
PVHCBKOrO 3anarnbHOro npolecy 6akrepianbHoi eTionorii,
crnocTepiranicb 3MiHM B LIMTOKIHOBOMY Mpodoinii 3a BM3Ha-
YEHHAM BMICTY MpO- Ta NpoTusananbHVX iHTEPrnenkKiHiB.
PiBHi npo3ananbHux iHTepnenkiHie IL-1b Ta IL-6 6ynn Bu-
COKMMM y BCIX JOCHIAHUX rpynax Ta 36inbLlyBanvch 3 Bi-
kom: IL-1b y 7-goboBux Lwypi nigBuwysascs y 1,9 pasy
y wypis la rpynu, Ta'y 1,5 pasy y wypis 16 rpynu, y ogHoMmi-
CSIYHUX LLYpPIB BigNoBigHO —y 2,6 pady Tay 2,2 paay, Y ABO-
MicsYHMX LWypiB —y 3,4 pady Ta 2,7 pasy BignosigHo; IL-6 —
y 7-poboBux Lypis nigsuwysascs y 1,4 pasy y wypis la
rpynu, Ta'y 3,3 pasy y wypis 16 rpynu, y OAHOMICAYHUX LLy-
piB BignosigHo — y 1,7 pa3y Ta y 2,1 pasy, y ABOMICAYHNX
wypiB —y 2,1 pasdy Ta 2 pasu BiAMoBiAHO NMOPIBHAHO 3 rpy-
noto koHTponto (Il rpynoto). Xoya IL-1b Ta IL-6 6ynu nigsu-
LeHi y LwypiB B 000X rpynax, CnocTepiraeTbCs NeBHa 0Co-
6nuBicTb: BinbL BUCOKi piBHi IL-1b Big3HavatoTbCA B rpyni
la, a 6inbL BUCOKi piBHI IL-6 cnocTepiratoTbes y wypis 16
rpynu 7-0o60BUX Ta OAHOMICSYHUX.

[Mpu BU3Ha4YeHHi BMIiCTY npo3ananbHux IL-2 Ta IL-17
Oyno BusBnNeHo ancbanaHc: y 7-0obosumx wypis la rpynu
KOHLeHTpauis |IL-2 mana TeHOeHUito 0O 3HWXKEHHA, ay
wypis 16 rpynu Bignosigana KOHTPOMbHUM 3HaYeHHSAM,
y 0gHOMicsYHUX LWypiB la rpynun BmicT IL-2 36inbluiyBas-
ca y 1,9 pasy, ay wypis 16 rpynu — y 1,4 pasy, y ABOMi-
cAYHMX WwypiB la Ta 16 rpyn 3HoBy 3HmyBaBcs y 1,2 Ta
y 1,1 pasy BigNoOBiAHO, MOPIBHAHO 3 FPYMOK KOHTPOSHO.
AHanoriyHa cuTyauis Woao KonmBaHHs BMicTy IL-17
y LWypiB AOCAIAHUX TPYN 3anexHo Bif BiKy: y 7-0000BMX
wypis la rpynn koHueHTpauis IL-17 Gyna 3HmKeHot
y 1,7 pasy, a y wypis 16 rpynu —y 2 pa3u, y oqHOMICAYHMX
wypis la rpynu BmicT IL-17 36inbliyBaBcsa y 2 pasu, ay

course of pregnancy (intact animals). The experimental
study was conducted in accordance with the «General
Ethical Principles of Animal Experiments», approved by
the Il National Congress (Kyiv, 2007) and in accordance
with the provisions of the «European Convention for the
Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes» (Strasbourg, 1986). The
study was approved by the Ethics and Bioethics Com-
mission of Kharkiv National Medical University (Protocol
No. 3 of March 5, 2025).

The study material was blood serum of WAG rat pups
born from mothers with chronic inflammatory process of
the genitourinary system caused by uroisolates of Prote-
us mirabilis and Streptococcus pyogenes. The cytokine
profile was assessed by the content of pro- and anti-
inflammatory cytokines: IL-1b, IL-2, IL-4, IL-6, IL-10,
IL-17. The level of cytokines was determined using
IXLA, ELISA in the laboratory «MED-EKO» in Kharkiv
(license No. 2224 dated 01.10.2020). The results were an-
alyzed using the Software Statistica 7: numerical data are
given in the form «Mtm», where M is the arithmetic mean,
m is the standard error of the arithmetic mean. To identify
significant differences, the Student's t-test was used.
Differences were considered significant at alevel
of p <0.05 [7].

RESULTS AND DISCUSSION

As aresult of the study, it was found that in the ex-
perimental groups of rats that were exposed to chronic
maternal inflammatory process of bacterial etiology in
the prenatal period, changes in the cytokine profile were
observed as determined by the content of pro- and anti-
inflammatory interleukins. The levels of pro-inflammatory
interleukins IL-1b and IL-6 were high in all experimental
groups and increased with age: IL-1b in 7-day-old rats
increased by 1.9 times in rats of group la and by 1.5 times
in rats of group Ib, in 1-month-old rats, respectively —
by 2.6 times and 2.2 times, in 2-month-old rats — by
3.4 times and 2.7 times, respectively; IL-6 — in 7-day-old
rats increased by 1.4 times in rats of group la and by
3.3 times in rats of group Ib, in 1-month-old rats —
by 1.7 times and 2.1 times, respectively, in 2-month-old
rats — by 2.1 times and 2 times, respectively, compared
with the control group (group II). Although IL-1b and IL-6
were increased in rats in both groups, a certain peculiarity
is observed: higher levels of IL-1b are noted in group la,
and higher levels of IL-6 are observed in rats of group
Ib of 7-day-old and 1-month-old.

When determining the content of pro-inflammatory
IL-2 and IL-17, an imbalance was detected: in 7-day-old
rats of group la, the concentration of IL-2 tended to de-
crease, and in rats of group Ib, it corresponded to con-
trol values; in 1-month-old rats of group la, the content of
IL-2 increased by 1.9 times, and in rats of group |Ib — by
1.4 times; in 2-month-old rats of groups la and Ib, it again
decreased by 1.2 and 1.1 times, respectively, compared
to the control group. A similar situation was observed in
the fluctuations of IL-17 content in rats of the experimen-
tal groups depending on age: in 7-day-old rats of group
la, the concentration of IL-17 was reduced by 1.7 times,
and in rats of group Ib — by 2 times, in 1-month-old rats of
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wypis 16 rpynu —y 2,1 pasy, y ABOMICAYHKX Lwypis la Ta 16
rpyn 3HoBY 3HWXyBaBcsa y 1,6 Ta y 2,1 pa3sy BignosigHo,
MOPIBHSAHO 3 FPYMO KOHTPOIt0. TakMM YnHOM, Hanbinb-
wur gncbanaHc 3a BMicTOM IL-2 cnocTepiraBcs y BCix
BIKOBUX KaTeropisix NoTomMcTBa, L0 NigaaBanocs npeHa-
TanbHOMY BMMMBY MaTEPUMHCLKOTO XPOHIYHOrO 3ananb-
HOro npouecy, 3ymoBneHoro Streptococcus pyogenes,
a IL-17 cnocTtepiraBcs y BCiX BiKOBMX KaTeropisix notom-
CTBa, Lo NigaaBanocs npeHatanbHOMY BMfMBY MaTepuH-
CbKOTO XPOHIYHOrO 3ananbHOro MpoLecy, 3yMOBIIEHOMO
Proteus mirabilis (tabn.1).

group la, the content of IL-17 increased by 2 times, and
in rats of group Ib — by 2.1 times, in 2-month-old rats of
groups la and Ib it again decreased by 1.6 and 2.1 times,
respectively, compared to the control group. Thus, the
greatest imbalance in the content of IL-2 was observed in
all age categories of offspring exposed to prenatal expo-
sure to maternal chronic inflammatory process caused by
Streptococcus pyogenes, and IL-17 was observed in all
age categories of offspring exposed to prenatal exposure
to maternal chronic inflammatory process caused by Pro-
teus mirabilis (Table 1).

Ta6nuus 1. PiBHi npo3anarnbHuX LMTOKIHIB y CMpOBaTLi KPOBi NOTOMCTBa AOCNIAHOI Ta KOHTponbHOi rpyn (Mtm)
Table 1. Levels of proinflammatory cytokines in blood serum in offspring of experimental and control groups (Mtm)

INokasHuk
Fovna Indicator
G%up IL18 IL2 IL6 IL17
(nr/mn) (nr/mm) (nr/mm) (nr/mm)
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
_ 7-RoGos 36,34+0,23 9,74+0,25 5,38+0,21 1,08+0,15*
[ocnigHa rpyna la 7-day-old
(Streptococcus pyogenes) OAHOMIGSHHI 74,98+0,25* | 26,36+0,33* 8,140,26* 4,89+0,22*
Experimental group la 1-month-old
Streptococcus pyogenes i i
(Strep pyogenes) ABOMICAHHI 124,330,43* | 14,08+0,19 15,4+0,33* 2,16+0,29*
2-month-old
7-RoGosi 29,59+0,16* 10,15£0,14 12,19£0,16* 0,940,07*
7-day-old
ﬂocplnHa rpyna 16 (Proteus m/ra!bllls.). O HOMIiCSYHI 61,78£0,25 18,86+0,24 9.91£0,2* 5.15£0,24*
Experimental group |b (Proteus mirabilis) 1-month-old
ABOMICRHHI 98,15+0,3* 15,33+0,33 14,38+0,36* 1,65£0,21*
2-month-old
7-noGosi 19,3140,15 10,45+0,24 3,73+0,28 1,8120,14
7-day-old
KorTponena rpyna (Il rpyna) OBHOMICRUHI | 55 591016 | 13,69£0,18 4,7840,19 2,4120,21
Control group (Group Il) 1-month-old
ABOMICRUHI 36,65+0,29 16,890,2 7,2940,2 3,5+0,32
2-month-old

Mpumitka: *p < 0,05 — NOPIBHAHO 3 KOHTPOJIBHOIO FPYMOLO.
Notes: *p < 0.05 — compared to the control group.

Mpw aHanisi LUTOKIHOBOrO NPOMINto 3a BMICTOM NPOTU-
3ananbHuX iHTepnerkiHie IL-4 Ta IL-10 6yno BcTaHOBNEHO
ancbanaHc 3a konvBaHHsM IL-4 y noTomcTBa, LWo nigaa-
Bafiocs npeHaTtanbHOMY BrMfMBY MaTEPUHCBHKOTO XPOHiY-
HOro 3anarnbHoro npotecy, 3ymoBneHoro Proteus mirabilis:
y 7-0000BMX LLYPIB AaHWI MOKa3HMK MaB TEHAEHLIt0 40 Nia-
BULLEHHS, @ Y OHO- Ta ABOMICAYHUX LLYPIB — 3HKYBaBCS
y 1,3 Ta 1,1 pasy BignosigHo. [ncbanaHc 3a KonMBaHHSM
IL-10 BMABREHO y NOTOMCTBaA, WO MiggaBanocs npeHa-
TanbHOMY BMMBY MaTepUHCHKOrO XPOHIYHOMO 3anarnbHOro
npotecy, 3ymoBrneHoro Streptococcus pyogenes: y 7-po-
00BMX Ta ABOMICAYHUX LLYPIB CNOCTEpiranock 36inbLUeHHS
BmicTy IL-10 y 1,3 Ta 2,1 pasy BignoBigHo, a B O4HOMICAY-
HUX LLYPIB BiAMIYEHO TEHAOEHLI0 A0 3HWKEHHA Yy 1,1 pa3y
MOPIBHSIHO 3 rPynoto KOHTPONto (Tabn.2).

TakvM YMHOM, LIMTOKIHOBUI BanaHc Mae Benuvke 3Ha-
YEHHs1 MpWY PO3BUTKY MATOMOrYHMX MPOLIECIB, 30Kpema,
Hedpponarororii y NoTOMCTBa, WO nigaaBanocs npeHa-
TanbHOMY BMIIMBY MAaTEPUMHCLKOTO XPOHIYHOrO 3ananb-
HOro npouecy GakTepianbHOI eTionorii, OCKINbKA LUTOKi-
HW PEerynioTb PO3BUTOK 3aXUCHUX MnpoueciB Ta 6epyTb
yyacTb y popmyBaHHi 3ananbHOi peakuii. banaHc Ta cnis-
BiIHOLLEHHS NpO- Ta NpoTu3ananbHUX LWTOKIHIB MOXYTb

When analyzing the cytokine profile by the content
of anti-inflammatory interleukins IL-4 and IL-10,
an imbalance was found in the fluctuation of IL-4 in the
offspring exposed to prenatal exposure to maternal
chronic inflammatory process caused by Proteus mirabilis:
in 7-day-old rats, this indicator tended to increase, and in
1-and 2-month-old rats, it decreased by 1.3 and 1.1 times,
respectively. An imbalance in the fluctuation of IL-10 was
found in the offspring exposed to prenatal exposure
to maternal chronic inflammatory process caused by
Streptococcus pyogenes: in 7-day-old and 2-month-
old rats, an increase in IL-10 content was observed by
1.3 and 2.1 times, respectively, and in 1-month-old rats,
a tendency to decrease by 1.1 times was noted compared
to the control group (Table 2).

Thus, cytokine balance is of great importance in the
development of pathological processes, in particular, ne-
phropathology in offspring exposed to prenatal exposure
to maternal chronic inflammatory process of bacterial
etiology, since cytokines regulate the development of pro-
tective processes and participate in the formation of an in-
flammatory reaction. The balance and ratio of pro- and
anti-inflammatory cytokines can be considered the most
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Tabnuusa 2. PiBHi NpoTM3ananbHNX LMTOKIHIB y CMpOBATL KpOBi MOTOMCTBA AOCAIAHOI Ta KOHTponbHOiI rpyn (M+m)
Table 2. Serum levels of anti-inflammatory cytokines in offspring of the experimental and control groups (Mtm)

I MokasHuku
GF;Z:a Indicator
i IL-4 (nr/mn) (pg/ml) IL-10 (nr/mn) (pg/ml)
7-po6oBi . K
7-day-old 4,06+0,17 10,48+0,24
Rocnigxa rpyna la (Streptococcus pyogenes) OfHOMICSYHi 5.4140,32° 0.3440.25
Experimental group la (Streptococcus pyogenes) 1-month-old
OBOMIiCAYHI . R
2-month-old 6,2410,29 26,45£0,34
7-nobosi -
7-day-old 5,79£0,11 6,08+0,13
[Hocnigna rpyna Ib (Proteus mirabilis) OAHOMICSHHI R R
Experimental group Ib (Proteus mirabilis) 1-month-old 6,11£0,2 7,61+0,26
OBOMICSYHI R
2-month-old 8,3410,3 8,26+0,19
7-po6oBi
7-day-old 5,1320,26 8,3510,25
KoHTponbHa rpyna (Il rpyna) OAHOMICSYH
Control group (Group I1) 1-month-old 7,78+0,15 10,2+0,13
ABOMIiCAYHI
2-month-old 9.2910,2 12,83+0,25

Mpumitka: *p < 0,05 — NOPIBHAHO 3 KOHTPOJSBHOIO FPYMOLO.
Notes: *p < 0.05 — compared to the control group.

BBaXaTUCs Hambinbl O6'EKTUBHMMMW MOKa3HUKaMM po3-
BMTKY 3anarnbHOro npouecy Hupok. [lucbanaHc y cucremi
LUMTOKIHIB TaKOX MOXE BUKOPUCTOBYBaTUCH $IK MPOrHOC-
TUYHMI Biomapkep poO3BUTKY HedponaTonorii 3 BU3Ha-
YeHHSAM pesynbraTy noganbLlioro nepebiry. AHania gaHux
niTepatypu BKasye Ha HaykoBY Ta MPaKTUYHY 3HAYYLLiCTb
OOCTiKEHb LMTOKIHOBOMO CTaTycy Npv po3BUTKY NaToro-
ril HAPOK y NOTOMCTBA, WO nigaasBanocs npeHaranbHOMY
BMNMVMBY MaTEPVHCBHKOrO XPOHIYHOMO 3anarnbHOro npouecy
HakTepianbHoi eTionorii. IcHytoTb haxosi nybGnikadii gocni-
[)KeHb, B SKMX MOKa3aHO MOPYLUEHHS PiBHIB LIUTOKIHIB Mpu
3aXBOPHOBAHHSIX HUPOK, i Ui MOBiOOMMNEHHs Ge3nepeyHo
NiATBEPOKYIOTH POSb 3anarieHHsi B MaToreHesi 3axBoplo-
BaHb HUpOK [8, 9]. OgHak, BOHWM He BpaxoBYHTb aHania
KOMMIIEKCHOI B3aeMofii MK UMTOKIHAMW NpU PO3BUTKY
HedoponaTtonorii y NoTOMCTBa, WO MighaBanocs npeHa-
TanbHOMY BMIMBY MaTepPUHCHKOIO XPOHIYHOTO 3ananbHOro
npotecy 6aktepiansHoi eTionorii. Kpim Toro, BOHW He Hapa-
I0Tb XOOHMX JOKa3iB Ansi BU3HAYEHHS pori LMTOKIHIB Y na-
TOreHesi Ta NporpecyBaHHi 3axXBOPIOBAHHSA Y NMOTOMCTBA,
Lo niaaaBanocs npeHatanbHOMY BMfMBY MaTEPUHCHKOTO
XPOHIYHOTO 3ananbHOro npouecy bakTepianbHOiI eTionorii.
Tak, Sivick 3 koneramun AocnigpKyBanv BrfuB iHTepremnki-
HiB, 30kpema IL-17, Ha BpomKeHUN | aganTUBHWUIA iIMYHITET
Ha eKkcnepuMmeHTanbHi Mogeni TpaHcypeTpaneHoi E. coli-
iHdbekuii, i 6yno BcTaHoBNeHo, wo IL-17 He Bigirpae poni
B adanTuMBHIM IMYHHIM BigMNOBI4I B CEYOBOMY MiXypi, a Ha-
Bnakw, IL-17 cnpuse enimiHauii 6akTepini B iHpikoBaHOMY
CEe4YOBOMY MiXypi Ha paHHiX TepmiHax: ekcnpecisa IL-17
30inblYETECA B HUPKaxX Micns  iHpikyBaHHS MPOTSIrom
nBox fi6 [10]. daxiBui 3annaHyBanu nornubnexi ekcne-
PUMEHTW, AKi MatoTb OyTW 30CepempKeHi Ha AOCHiMKEHHI
akTuBHOCTI IL-17 y HMpKax nicnsa iHiKkyBaHHsSI CEYOBUBIA-
Hux wnaxis [11]. e B ogHoMy gocnigxerHi daxisui [12]
cnocTepirany KONMMBaHHSA LIMTOKIHIB NPW eKCriepyMeHTarnb-
Hih 0BGCTPYKLii cevoBoay, i QiNLWNM BUCHOBKY, WO Aediumnt

objective indicators of the development of the inflammato-
ry process of the kidneys. Imbalance in the cytokine sys-
tem can also be used as a prognostic biomarker of the
development of nephropathology with the determination
of the outcome of the further course. Analysis of literature
data indicates the scientific and practical significance of
studies of cytokine status in the development of kidney
pathology in offspring exposed to prenatal exposure to
maternal chronic inflammatory process of bacterial etio-
logy. There are professional publications of studies that
show impaired cytokine levels in kidney diseases and
these reports undoubtedly confirm the role of inflam-
mation in the pathogenesis of kidney diseases [8, 9].
However, they do not take into account the analysis of
the complex interaction between cytokines in the devel-
opment of nephropathology in offspring exposed to pre-
natal maternal chronic inflammatory process of bacterial
etiology. In addition, they do not provide any evidence to
determine the role of cytokines in the pathogenesis and
progression of the disease in offspring exposed to pre-
natal maternal chronic inflammatory process of bacterial
etiology. Thus, Sivick and colleagues studied the effect
of interleukins, in particular IL-17, on innate and adaptive
immunity in an experimental model of transurethral E. coli
infection and found that IL-17 does not play a role in the
adaptive immune response in the urinary bladder, but on
the contrary, IL-17 contributes to the elimination of bacte-
ria in the infected urinary bladder in the early stages: IL-17
expression increases in the kidneys after infection for
two days [10]. The researchers planned to conduct fur-
ther experiments, which should focus on the study of
IL-17 activity in the kidneys after urinary tract infection [11].
In another study, [12] observed cytokine fluctuations
during experimental ureteral obstruction and conclud-
ed that IL-10 deficiency exacerbated renal fibrosis and
severe renal inflammation in laboratory animals of the
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IL-10 nocuntoBaB HUPKOBMIA HIBPO3 Ta TsXKKe 3ananeHHs
HMPOK Yy NabopaTopHUX TBapWH eKCNepuMeHTarnbHOI rpy-
Ny, WO NPOSIBUNOCH Y TSHPKKOMY MOLLKOOXKEHHI KaHanbLiB,
BiAKNaOeHHi konareHy Ta gibpoHekTuHy. Byno BusiBneHo,
Lo npo3ananbHi unTokiHu (IL-6 Ta IL-8) Bynu BMCOKO ekc-
npecosaHi. JocnigHnkn npunyctunmn ton dakT, wo IL-10
Biirpae BaXKNMBY POrb Y Pi3HWX 3aXBOPIOBAHHAX HUPOK,
aKTMBYIOYM NpOTU3ananbHy BiAMOBiAb, IMyHHY perynsuito
Ta nonerwyoun ibpo3 HUpKoBoi TkaHuHM [13]. MNpoBene-
HUIA CNPsSIMOBaHWIA ABOBUOIPKOBUIA MEHAENIBCLKUA paHO0-
Mi30BaHWI aHani3 BUSIBUB [OKa3W MPUYNHHO-HACTIAKOBUX
3B’A3KIB MK CUCTEMHMMM 3ananbHUMKU MOLYNATOpaMu T1a
NiABULLEHVM PU3MKOM MOPYLUEHHS OYHKLiA HUpoK [14, 15].

Pe3ynbratv paHoro [OCnigKEHHS [OMOBHIOWTL Ta
YTOYHIOIOTb HayKOBi AaHi WOA0 NOPYLUEHHS LUTOKIHOBO-
ro 6anaHcy y noTomcTBa, L0 NigAaBanocs npeHartasnb-
HOMY BM/MBY MAaTEPUHCBKOIO XPOHIYHOro 3anarbHOro
npouecy bakTepianbHOi eTionorii 3anexHo Big 36yaHuka
Ta BIKOBOI KaTeropii: npo3ananbHi 6iomapkepu IL-1 Ta
IL-6 6ynu 3HayHO NiABULLEHI B JOCMigHiIA rpyni nopie-
HAHO 3 KOHTPOSNbHOW rpynot, a ll-2 — y ogHomicaY-
HUX LYpST-HaLWaaKiB, WO MigaaBanucsa npeHaranbHOMy
BMIMBY MaTEPUHCBLKOro XPOHIYHOrO 3anasibHOro npoLecy,
3ymoBneHoro Streptococcus pyogenes Ta Yy ABOMICSY-
HUX LWYpST-HaLaaKiB, O niggaBanucsa npeHatanbHOMY
BNIMBY MaTEPUHCBHKOrO XPOHIYHOIO 3anarnbHoro npote-
cy, 3ymoBrieHoro Proteus mirabilis; IL-17 — y ogHoMicaY-
UX LLYpAT-HaLWaAKiB, WO niggaBanvics npeHartanbHOMY
BMIMBY MaTE€PUHCBKOrO XPOHIYHOrO 3amnanibHoro npote-
¢y, sk Proteus mirabilis, Tak i Streptococcus pyogenes.
MpoTtnsananbHi 6iomapkepu cuposaTku Kposi Bynu nig-
BuLleHi: IL-10 — y 7-0oboBMx Ta ABOMICSYHUX LLYypSAT-
HallagkiB, WO MiggaBanucs npeHartanbHOMY BMvMBY
MaTEpPUHCBKOrO XPOHIYHOrO 3ananbHoro npolecy, 3y-
mMoBneHoro Streptococcus pyogenes, a lL-4 — y 7-no6o-
BUX LLYpAT-HALLaAKIB, WO nigaaBanucsa npeHaranbHoOMy
BMMMBY MaTEPUHCBLKOro XPOHIYHOrO 3anarsbHOro npowecy,
3ymoBneHoro Proteus mirabilis.

Takum YMHOM, 00MiK AMHAMIKM NMOKa3HMKIB Npo- Ta Npo-
TM3ananbHUX NPoginiB LUTOKIHIB y NOTOMCTBA, LLO Nigaasa-
nocs nNpeHaTanbHOMY BrIMBY MAaTEPUMHCBHKOTO XPOHIYHOTO
3ananbHOro npouecy OGakTepianbHOi eTionorii Jae MOoX-
NMBICTb XapaKTepudyBaTh peakuito iMyHHOI cucTteMun npu
Hecbponatonorii Ta NporHo3yBaTy Nepebir 3axBOpHOBaHHS.

BUCHOBKHU

BcraHoBneHo, Wo agucbanaHc LUMTOKIHIB cCnpusie pos-
BUTKY Hedyponartonorii y noTomcTea, Lo niggasanocs
npeHaTanbHOMY BMfMBY MaTEPUHCBHKOrO XPOHIYHOro 3a-
nanbHOro npouecy GakTepianeHoi eTionorii, 0cobnueo
3ymoBneHum Streptococcus pyogenes, Lo MOXe Npu3Be-
CTV 0O PO3BUTKY TSXKKMX YCKINaAHEHb.

Y notomcTBa, WO niggaBanocs npeHaTanbHOMY
BNINBY MaTEPMHCBLKOrO XPOHIYHOMO 3ananbHOro npouecy
GakTepianbHoi eTionorii peecTpyeTbcst NiABULLEHHS piB-
Hs1 IL-6 y BCix BikoBUX rpynax, Lo mMoxe 6yTn 3ymOoBneHo
TMM, WO BMICT IL-6 y cupoBaTui KpoBi TiICHO NMOB’si3aHMIA
3 LWUBMAKICTIO KIy6OYKOBOI dhinbTpaLyi.

MepeBaxxaHHA npo3ananbHUX LMTOKIHIB Haf npoTu3a-
nanbHUMKM Npu Po3BUTKY HedpponaTomnorii y NoToMCTBa,
WO nigfaBanocs npeHatansHOMY BNMBY MaTepPUHCHLKOIO
XPOHIYHOro 3ananbHoro npotecy GakTepianbHoi eTionorii,

experimental group, which was manifested by severe
tubular damage, collagen and fibronectin deposition.
It was found that pro-inflammatory cytokines (IL-6 and
IL-8) were highly expressed. The researchers suggest-
ed that IL-10 plays an important role in various kidney
diseases by activating anti-inflammatory responses,
immune regulation, and alleviating renal tissue fibro-
sis [13]. Adirected two-sample Mendelian randomized
analysis revealed evidence of causal relationships
between systemic inflammatory modulators and
an increased risk of renal dysfunction [14, 15].

The results of this study complement and clarify
scientific data on cytokine imbalance in offspring exposed
to prenatal exposure to maternal chronic inflammatory
process of bacterial etiology depending on the pathogen
and age category: pro-inflammatory biomarkers IL-1 and
IL-6 were significantly increased in the experimental group
compared to the control group, and IL-2 was significantly
increased in 1-month-old rat offspring exposed to prena-
tal exposure to maternal chronic inflammatory process
caused by Streptococcus pyogenes and in 2-month-old
rat offspring exposed to prenatal exposure to maternal
chronic inflammatory process caused by Proteus mirabilis;
IL-17 in 1-month-old rat offspring exposed prenatally to
maternal chronic inflammatory process, both Proteus mi-
rabilis and Streptococcus pyogenes. Anti-inflammatory
serum biomarkers were increased: IL-10 in 7-day-old and
2-month-old rat offspring exposed prenatally to maternal
chronic inflammatory process caused by Streptococcus
pyogenes, and IL-4 in 7-day-old rat offspring exposed
prenatally to maternal chronic inflammatory process
caused by Proteus mirabilis.

Thus, taking into account the dynamics of pro- and
anti-inflammatory cytokine profiles in offspring exposed
prenatally to maternal chronic inflammatory process of
bacterial etiology makes it possible to characterize the
immune system response in nephropathology and predict
the course of the disease.

CONCLUSIONS

It has been established that cytokine imbalance
contributes to the development of nephropathology in
offspring exposed to prenatal exposure to maternal
chronic inflammatory process of bacterial etiology, espe-
cially caused by Streptococcus pyogenes, which can lead
to the development of severe complications.

In offspring exposed to prenatal exposure to maternal
chronic inflammatory process of bacterial etiology, an in-
crease in IL-6 levels is recorded in all age groups, which
may be due to the fact that the content of IL-6 in the blood
serum is closely related to the glomerular filtration rate.

The predominance of pro-inflammatory cytokines over
anti-inflammatory cytokines in the development of ne-
phropathology in offspring exposed to prenatal exposure
to maternal chronic inflammatory process of bacterial eti-
ology allows us to confirm the important role of cytokine
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[03BOMSE NIATBEPANTY BaXITUBY POIib LIMTOKIHOBUX B3aEMO-
[ii y natoreHesi 3ananeHHs npu xsopobax HMPOK 3 BiKOM.

BigmiHHOCTI B Npoginsx LMTOKIHIB NOB’si3aHi 3 BMn-

BOM (paKTopiB MaTOreHHOCTi eTIONOrYHOro YMHHMKa XpPOo-
HIYHOrO 3aXBOPHOBAHHA CEYOCTATEBOI CUCTEMWU MaTepi
B nepiog BariTHOCTiI.
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NepcnekTuBM NOAAAbLLUNX AOCAIAXEHDb
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TepiiB BU3HAYEHHA PU3MKY PO3BUTKY Hedbponatonorii
y NOTOMCTBA, SiKe B NpeHaTtansHOMy nepioi niggasano-
CS BMAMBY MaTepPUHCBHKOrO XPOHIYHOMO 3ananbHoro npo-
Lecy cevocTaTeBoi cucteMu bakTepianbHOI eTionorii.
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Prospects for further research

The obtained results require further research to identify
the leading pathogenetic criteria for determining the risk of
developing nephropathology in offspring that were exposed
to maternal chronic inflammatory process of the genitourinary
system of bacterial etiology in the prenatal period.
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PE3IOME

AkTyanbHicTb. 3axBOpOBaHHsI Miokapda CynpOBOXKYHTbCS BUPaXeHUM OKcuaaTuB-
HUM CTPECOM, KU CNPUSE NOLLUKOAXEHHIO Kap4ioMioLMTIB, peMOAENOBaHHAM MioKap-
Aa Ta po3BMTKOM cepLeBoi HegocTaTHoCTi. CyyacHi TepaneBTUYHI NiAX0AM He 3aBxXaun
30aTHi MOBHICTIO HEMTpaniayBaT HaAMIpHe YTBOPEHHS BiflbHUX paaukanis, TOMY NOLUyK
HOBMX KapAionpoTEKTOPHUX 3acobiB, 3AaTHMX KopuryBatu aucbanaHc akTMBHUX opMm
kucHio (ADK) Ta aHTUMOKCUAAHTHUX MEXaHi3MiB, € HaA3BUYaNHO akTyarbHUM.

MeTta po6oTu — JoCniguTn KapaionpoTEKTOPHY aKTUBHICTb KPIOEKCTPaKTy cepLs Mopo-
CAT, 30KpemMa Moro BrfvB Ha MOKa3HUKMN OKCUAATMBHOIO CTPecy B TKaHWHax cepus Ta
cmpoBaTLi KpoBi Ha MoAeni aapeHaniHoBoi MiokapAioancTpodii y LLypiB.

Matepianu Ta Metoan. EkcnepnmeHT npoBegeHo Ha 84 HemiHiMHUX Lwypax-camusix,
pO3noAineHnx Ha YoTupw rpynu (n = 21): iHTaKTHI TBapuHW; LWypW 3 agpeHaniHoBO
miokapaiogmcTpodieto (AM) 6e3 nikyBaHHs; wypn 3 AM[, SKMM BHYTPILLHbOYEPEBHO
BBOAMNM kpioekcTpakT cepus (50 mkr nentuais/100 r macu TBapuHK) NpoTsrom 14 OHis;
wypu 3 AMA, ski oTpumysanu kopgapoH (10 mr/kr, B/m) npotarom 14 gHiB. OujiHioBanm
piBHI NpoaykTiB ninonepokcuaadii: TiobapbiTyposoi kucnotn (TBK-PI) i gieHoBKX KOH'to-
raTiB y romoreHaTtax cepus, manoHosoro Aianbaerigy (MOA) B cupoBaTLi KpoBi Ha 2-Ty,
7-my Ta 14-Ty 0oby nicna MoAentoBaHHs.

Pe3ynbratn Ta ix o6roBopeHHA. Ha tni AM[I Big3HayeHo 3HayHe NigBULLEHHSA piB-
HiB TBK-PI (+140,5%), MOA (+82,5%) Ta pieHoBux koH'toraTiB (+252,9%) nopiBHSAHO
3 iHTakTHUMK Wwypamm (p < 0,001). KpioekcTpakT cepusi Ha 2-ry foby 3HusmB TBK-Pr1
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AAS LUTYBAHHS:

Ha 33,7% (p < 0,001), MOA — Ha 11,0% Ta aieHoBi koH'toratn — Ha 16,7%, Wo He nocTy-
nanocsi edekty kopaapoHy (30,3% Ta 6,4%; p > 0,05). MNMpotarom 7—14 gHiB nikyBaHHS
obuaea 3acobu NiaTpuMyBanu 3HadyLle 3MeHLUEHHS] MapKepiB OKCMOATUBHOIO CTPECY,
xoua pieHi MOA Ta gieHOBUX KOH'loraTiB He JOCAMMMN MOKa3HWKIB IHTAKTHMUX TBApWH.
BucHoBkK. KpioekcTpakT cepus NOpocAT BUSIBUB BUPaXKeHY KapdionpoTEKTOPHY Aito,
KOpUrytoun okcmaaTuBHUA aucbanaHc Ha Mogeni aapeHaniHoBoi Miokapaioguctpodii Ta
NPaKTUYHO HE MOCTYNarYNCh €PEKTUBHICTIO KOPAAPOHY 3@ 3HKEHHSIM KIMHOYOBMX Map-
KepiB BiNlbHOpaAMKanbHOro OKUCHEHHs!. KpioeKkcTpaKkT cepusi € NepcnekTUBHUM 3acoboM
y cknagi natoreHeTnyHoi Tepanii AM[, cnpsiMOBaHOI Ha 3HVKEHHSI PiBHA OKCUAATUBHOTO
cTpecy, ctabinisauito membpaH, BiAHOBNEHHSA aKTUBHOCTI (hepMEHTIB aHTUOKCMAAHTHOIO
3axuCTy Ta 36epeXeHHs1 peloKC-roMmeocTasy.

Ymxk M.O., MateeeHko M.C., Magkux ®.B., Nagosa T.1., Komoposcbkuii P.P., Kosnosa T.B. OuiHka kapaionpoTekTop-
HOI aKTMBHOCTI KPIOEKCTpaKTy cepusi Ha Modeni agpeHaniHoBoi MiokapaiogMcTpodii 3a nokasHMKaMmu BinbHopagu-
KanbHoro okucHeHHs1. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025. T. 33. Ne 2 (53).
C. 178-193. DOI: https://doi.org/10.26565/2313-6693-2025-53-02
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myocardial dystrophy, oxidative stress,
cardioprotection, heart  cryoextract,
cordarone.
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ABSTRACT

Background. Myocardial disease typically involves pronounced oxidative stress, which
contributes to cardiomyocyte damage, myocardial remodeling, and the development of
heart failure. Current therapeutic approaches are not always capable of fully neutralizing
the excessive production of free radicals; therefore, the search for new cardioprotective
agents capable of correcting the imbalance between reactive oxygen species (ROS) and
antioxidant mechanisms is highly relevant.

Purpose — To investigate the cardioprotective activity of porcine heart cryoextract,
particularly its effect on oxidative stress markers in cardiac tissue and blood serum using
a rat model of adrenaline-induced myocardial dystrophy (AMD).

Materials and Methods. The experiment was conducted on 84 outbred male rats
divided into four groups (n = 21): intact animals; rats with AMD without treatment;
rats with AMD that received intraperitoneal injections of heart cryoextract (50 ug of
peptides/100 g of body weight) for 14 days; and rats with AMD treated with cordarone
(10 mg/kg, intramuscularly) for 14 days. Levels of lipid peroxidation products were
assessed: thiobarbituric acid reactive substances (TBARS) and diene conjugates in
heart homogenates, and malondialdehyde (MDA) in blood serum on days 2, 7, and
14 after AMD induction.

Results. AMD induction was associated with a significant increase in TBARS (+140.5%),
MDA (+82.5%), and diene conjugates (+252.9%) compared to intact rats (p < 0.001). On
day 2, the cryoextract reduced TBARS by 33.7% (p < 0.001), MDA by 11.0%, and diene
conjugates by 16.7%, which was comparable to the effects of cordarone (30.3% and
6.4%, respectively; p > 0.05). During the 7-14 days of treatment, both agents maintained
a significant reduction in oxidative stress markers, although MDA and diene conjugate
levels did not reach the baseline values observed in intact animals.

Conclusions. Porcine heart cryoextract demonstrated significant cardioprotective
effects by correcting oxidative imbalance in a model of adrenaline-induced
myocardial dystrophy and showed efficacy comparable to that of cordarone in
reducing key markers of free radical oxidation. Heart cryoextract appears to be
a promising agent in the pathogenetic treatment of AMD, aimed at lowering oxidative
stress, stabilizing membranes, restoring antioxidant enzyme activity, and preserving
redox homeostasis.

Chyzh MO, Matvieienko MS, Hladkykh FV, Liadova Tl, Komorovsky RR, Kozlova TV. Evaluation of the cardioprotective
activity of cardiac cryoextract in an adrenaline-induced myocardiodystrophy model based on oxidative stress
markers. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(2(53)):178-193.
DOI: https://doi.org/10.26565/2313-6693-2025-53-02

BCTYN

INTRODUCTION

[MowkomKkeHHs MiokapAa MOXYTb BWHMKaTW BHacHi- Myocardial injury may result from a wide range of
JOK LUMPOKOro Kora naTonoriyHMx npoueciB, 3okpema  pathological processes, including inflammatory, vascular,
3ananbHUX, CyAMHHMX, MeTaboniyHmx i TOKcuyHMx no-  metabolic, and toxic damage [1-3]. Despite the diversity of
pyweHb [1-3]. He3Baxatoun Ha pisHOMaHITHICTL eTiono-  etiological factors, several key pathogenetic mechanisms
rYHMX YMHHWKKIB, Y iX PO3BUTKY BUAINAIOTb ChifbHi kMo-  are shared in their development. A leading role is played
YoBIi naToreHeTM4YHi MexaHiamu. MpoBigHy ponb Bigirpae by mitochondrial dysfunction in cardiomyocytes, which
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MiTOXOHApIanbHa AUCHYHKUIS KapaioMmioumTie, ska 3y-
MOBMIOE €eHepreTMYHUn AediunT, HagMipHe YTBOPEHHS
akTMBHUX chopMm KkncHio (ADK) i ancperynsauito kanbLjieBo-
ro romeocTasy, Lo BpeLUTi-peLuT Beae A0 3armbeni KnituH
miokapga [1, 4]. He3sanexHo Big no4yaTkoBOi MPUYMHMU,
KIMOYOBMM MexaHi3MOM natoreHedy OaraTbox ¢hopm 3a-
XBOPIOBaHHs € okcngatusHum crtpec (OC) — ancbanaHc
MiXK YTBOPEHHSIM akTUBHUX hopM kucHio (ADK) Ta 3gatHi-
CTI0 @HTMOKCUOAHTHUX CUCTEM IX HeUTpanisysatu [5].

36inblUeHHsA BMPOONEHHST KUCHEBMX pagukarniB y Mi-
TOXOHAPISAX MOXe NPU3BECTU A0 KaTacTPOivYHOro LMKy
nowwkomkeHHs mitoxoHapiansHoi AHK (MTOHK), a Takox
00 dYHKLIOHaNbLHOro MOripLIEeHHs, NOoAanbLoro yTBo-
PEHHS KNCHEBUX paanKanis i NOLWKOMKEHHS KNiTUH [6—8].
OC, sk BigOMO, aKTMBYE MeTanomaTpu4Hi npoteasu Ta
pynHYe Oinkun no3akniTMHHOrO MaTPUKCY Ans iHAYKUiT pe-
MOLENI0BaHHSA cepus Ta cepueBoi AUCAYHKUi. Takox,
Oyno nokasaHo, wo OC iHaykye cybkniTMHHe pemope-
noBaHHA Ta aHomanii obpobku Ca?*, a Takox BTpaTy
KapaioMmioumTiB Yepe3 po3BUTOK anonTo3y, HEKpPOo3y Ta
ibposy [5-8]. MiaBuweHa reHepauis AD®K y mMiToxoH-
Opisix 3anycKae «MopoYHe KOMo» YLIKOAXEHHS MiTOXOH-
apianbHoi OHK, wo noripwye ix yHKLilo Ta cnpusie no-
JanblIOMy HapOCTaHHIO OKCUAATMBHOIO HaBaHTaXKEHHS
N KNITUHHUM nopyleHHam [6—8]. Okpim npsimoro pyn-
HyBaHHs1 ninigis i 6inkis, OC akTMBye MeTanomarpuy-
Hi NpoTeasun Ta KaTanidye gerpagauito no3akniTMHHOro
MaTpuKCy, iHAYKYOMM pEMOJENIoBaHHs Miokapaa Ta
ancdyHkuito [5]. [lopaTtkoBo cnocTepiralotTbea Cyokni-
TUHHI 3MiHM 06pobkn Ca?" i 3arnbenb KapaiomiouuTis
yepes anonTos, HeKpo3 i ibpos [5, 6], Lo NexunTb B OC-
HOBI HEaJanNTUBHOIO pemogentoBaHHs cepus [7, 8].

MocTinHmi OC Ta akTMBaLUisa 3ananbHUX LWNSXiB cnpu-
UYMHSAKOTb KacKag YLIKOOXKEHb, BKMYHO 3 arnornTto3om
KapaiomiouuTiB i 3amilleHHAM iX iOPO3HOK TKaAHWHOK
(iHTepcTuuianbHMiA  ibpos), WO NOCTYNOBO MOripLlye
cKopoTnuBY oyHKLUito cepus [9].

BogHouac gucperynsidis kanbLieBoro obmiHy B cap-
KornnasmaTuyHOMY peTuKynyMi Ta uutonnasmi kapgiomi-
ouUTIB NOpYLLYE NpoLec 30yaKEeHHA—CKOPOYEHHS, BUCTY-
nar4un yHiBepcarbHOK 03HAKOK CepLeBOoi HEAOCTAaTHOCTI
npu pisHMx Buaax kapaiomionatin [4]. CykynHa aig umx
dakTopiB NPN3BOANTL A0 PEMOAENIOBaHHA Miokapda Ta
noripweHHs1 HACOCHOT PYHKLi, WO KNiHIYHO NPOSABNSAETb-
CS1 MPOrpecyryo0 CepLIEBOI HEAOCTATHICTIO.

KniHiyHi 1 ekcnepumeHTanbHi gaHi csigy4atb nNpo nia-
BULLIEHHS MapKepiB OKCUAATMBHOIO YLLKOKEHHS (ninone-
pokcuaiB, okMcHeHnx GinkiB) Ta aktueauito A®K yTBopto-
BaNbHMX LUMAXIB Y MiOKapAi XBOPUX i AOCHIAHWUX TBapWH
i3 cepueBoto HegocTaTHicTio [10, 11]. Y knacu4Homy gdo-
cnigkeHHi LlyuyT Ta cniBaBT. nokasanu, Lo cepus MyLlen
i3 CepueBOK HeOoCTaTHICTIO Manu NiABULLEHUA piBEHb
miToxoHapianbHnx A®K, a XpoHi4He OKCMAaTMBHE YLLKO-
okeHHa MTOHK dopmyBano mopoyHe Koro, sike nigpu-
Bano YyHKLUil0O MITOXOHAPIN | NPUCKOPIOBANo pPO3BUTOK
cepueBoi  AucdyHKUil. [JocnigHWKM TakoX BCTaHOBWMM,
IO MiACUMNEHHS aHTUOKCUOAHTHOIO 3axMUCTy MITOXOHAPIN
(4epe3 Hapekcrnpecito nepokcupenoKcuHy-3) abo 36epe-
XeHHs1 uinicHocTi MTOHK (4epes3 Hagekcnpecito dakTopa
MiTOXOHApPIanbHOI TpaHcKpunuii A) po3pvBano ue Komno
1 nokpatlyBano dyHkuito cepus. Hanpuknag, 6yno noka-
3aHO, L0 aKTUBHICTb aHTUOKCUAAHTHUX hepMeEHTIB (cyne-
pokvcoamMcMyTasa, katanasa) He 3HubKyBanacs B cepusx

causes an energy deficit, excessive production of
reactive oxygen species (ROS), and disruption of calcium
homeostasis, ultimately leading to myocardial cell death
[1, 4]. Regardless of the nature of the primary injury, one
of the central mechanisms is oxidative stress (OS) —
an imbalance between the production of ROS and the
antioxidant systems’ ability to neutralize them [5].

Increased production ofoxygenradicalsinmitochondria
can lead to a catastrophic cycle of mitochondrial DNA
(mtDNA) damage, functional deterioration, further ROS
production, and subsequent cellular injury [6-8]. It is well
established that OS activates matrix metalloproteinases
and degrades extracellular matrix proteins, thereby
inducing cardiac remodeling and dysfunction. Moreover,
OS has been shown to induce subcellular remodeling
and abnormalities in Ca?* handling, as well as the loss of
cardiomyocytes through apoptosis, necrosis, and fibrosis
[5-8]. The enhanced mitochondrial ROS generation
triggers a «vicious cycle» of mtDNA damage, impairing
mitochondrial function and promoting further oxidative
stress and cellular disturbances [6-8]. In addition to the
direct destruction of lipids and proteins, OS activates
matrix metalloproteinases and catalyzes the degradation
of the extracellular matrix, thereby inducing myocardial
remodeling and dysfunction [5]. Furthermore, subcellular
abnormalities in Ca** handling and cardiomyocyte death
through apoptosis, necrosis, and fibrosis are observed
[5, 6], underpinning maladaptive cardiac remodeling [7, 8].

Persistent OS and activation of inflammatory
pathways trigger acascade of damage, including
apoptosis of cardiomyocytes and their replacement with
fibrous tissue (interstitial fibrosis), which gradually impairs
the contractile function of the heart [9].

At the same time, dysregulation of calcium
metabolism in the sarcoplasmic reticulum and cytoplasm
of cardiomyocytes disrupts the excitation—contraction
coupling process, serving as a universal feature of heart
failure across various types of cardiomyopathies [4].

The cumulative effect of these factors leads to
myocardial remodeling and impaired pumping function,
which clinically manifests as progressive heart failure.

Clinical and experimental data indicate an increase
in markers of oxidative damage (lipid peroxides, oxidized
proteins) and activation of ROS-producing pathways in
the myocardium of patients and experimental animals
with heart failure [10, 11].

In a classic study, Tsutsui et al. demonstrated that the
hearts of mice with heart failure exhibited elevated levels
of mitochondrial ROS, and that chronic oxidative damage
to mtDNA formed a vicious cycle that undermined
mitochondrial function and accelerated the development
of cardiac dysfunction.

The researchers also found that enhancing mito-
chondrial antioxidant defense (through overexpression of
peroxiredoxin-3) or preserving mtDNA integrity (through
overexpression of mitochondrial transcription factor A)
broke this cycle and improved cardiac function.

For instance, it was shown that the activity of
antioxidant enzymes (superoxide dismutase, catalase)
did not decrease in hearts with heart failure, despite
a fourfold increase in markers of oxidative damage,
indicating a predominance of ROS overproduction rather
than antioxidant deficiency [10].
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i3 cepLeBO0 HeAOCTATHICTIO, HE3BaXar4M Ha YOTMPUPaso-
BE 3POCTaHHS1 MapKepiB OKCMAATUBHOIO YLLKOXKEHHS, L0
BKa3ye Ha nepeBaxaHHs yTBopeHHsA APK, a He Ha aediumnT
aHTnokemaaHnTis [10]. MNpu UbOMY aKTUBHICTb KMHOYOBUX
aHTUOKCUAAHTHMX (DEPMEHTIB (CynepokcuaamcmyTasu, Ka-
Tanasu) 3asHarna Hes3Ha4Hoi 3MiHu, WO NigKPeCcne pornb
HaaMmipHoi reHepauii AOK, a He gediunTy 3axXncHMX Mexa-
Hi3miB, y nporpecyBaHHi OC [6, 7, 11, 12].

Ons  pocnimpkeHHA  3a3Ha4YeHUX NaTOreHETUYHUX
MeXxaHi3miB | BUNPoOOyBaHHSA TepaneBTUYHUX MigxoaiB
BMKOPUCTOBYIOTbCA  Pi3Hi  eKcnepuMeHTanbHi  mMoaeni
KapgiomionarTivi Ha TBapuHax. 3okpema, BBeAEeHHsI aHTpa-
LUMKIIHOBUX UMTOCTaTUKIB (Hanpuknag, Ookcopy6iunHy)
CRyrye Knacu4HoOK MOAEN TOKCUMYHOI Kapaiomionarii:
3acTOCyBaHHS LOKCOPYOIiLMHY Yy FPU3YHIB BiATBOPIOE Kap-
TUHY XiMiOTEpaneBTUYHOTO YLLKOKEHHS CepLS, OCKINbKM
ue npenapaT acoUilETbCA 3 A0303aNeXHO Kapaio-
TOKCMYHICTIO, L0 BKIMOYaE pPO3BUTOK Kapgiomionartii Ta
cepueBoi HepgoctaTHocTi [13]. CTpenTo3oTouUMHOBaA MO-
Aenb (BHYTPILWHbOYEPEBHE BBELAEHHS CTPENTO30TOLIMHY)
BMKOPUCTOBYETbCS ANs iHAYKUiT LykpoBoro giabety 1-ro
TUMNY Yy FPU3YHIB 3 NOAanbLUMM PO3BUTKOM AiabeTuyHoi
Kapgiomionartii; Taka rinepriikemis B eKCnepuMeHTi Bif-
TBOPOE MeTaboniyHi Ta CyauHHi hakTopu, SKi NpM3BOASTb
Ao kapgiomionariiy niogew [14]. AopeHaniHosa (kaTexona-
MiHOBa) MOAenb HaAMIPHOro CTUMYIOBaHHS Miokapaa —
Hanpwvknaz, BBeAEHHs i3onpoTepeHorny abo BUCOKMX 403
agpeHaniHy — BUKIMKAE rocTpe YLUKOOXKEHHS cepus, Lo
XapakTepuayeTbCcsa ANY3HUM HEKPO3OM KapAioMiouuTiB,
rinepTpocpieto Ta BUpaxeHum ibposom miokapaa [15],
iMiTytOuM cTpec-iHaykoBaHy kapaiomionarito. Llupoko
3aCTOCOBYETbCS TAKOX MoAenb ilemii-penepdysii, npu
SKi nicns TMMYacoBOlI KOPOHAPHOI OKM03il BigHOBIMO-
€TbCS KPOBOTIK; Taka cuTyauis BiATBOPIOE MaToreHes iH-
hapkTy Miokapga Ta nicnsilemiyHOro peMoaentoBaHHs:
mMacuBHe yTBopeHHsi ADK nig yac penepdysii npu3Bo-
OWTb OO anonTo3y/HeKpo3y KapAioMiouuTiB, acenTud-
HOro 3amnaneHHs1 Ta HacTyrnHoro po3BuUTKy dibposy [13].
[MepenivyeHi mogeni 4O3BONATL AOCMIANTU CRINbHI KiHLE-
Bi LUNSAXM YLIKOIXXEHHS MioKapAa Ta TecTyBaTh epeKkTuB-
HICTb HOBMX TepaneBTUYHMX MiAXOA4IB.

Cnupatouncb Ha po3yMiHHSA KIHOYOBWUX NaToreHeTuy-
HWX NaHOK, HWHI NPOMOHYITLCH Cy4YacHi ekcrnepumeH-
TanbHi METoAM KOpeKLUii Kapgiomionariin, cnpsiMOBaHi Ha
Ui MexaHiamu. 3okpema, aHTMOKCMOAHTU 3aCTOCOBYOTb-
csl 3 MeTo HenTpanisauii Hagnuwkosmx APK Ta 3axu-
CTy KkniTMH Miokapga Big OC. NokasaHo, LWo Oeski aHTu-
OKCMAaHTHI cnonyku (Hanpuknag, TaypuH, koeHaum Q10)
30aTHi 3meHwyBsaTtu piseHb OC Ta anonTo3y Kapgiomio-
unTiB y Mogeni AokcopyObilMH-iHAYKOBaHOT KapaioTOKCUY-
HocTi [16]. Xouya 3aranbHi aHTMOKCMAAHTHI cTpaTerii
(Hanpuknag, BiTamiHm E Ta C) npogeMoHcTpyBanu cyne-
peynuBi pesynstatu B KMiHiYHMX BUNpobyBaHHsx [1, 10,
17], cenekTnBHiI Ta KOMBIHOBaHI Nigxoan MatTb GinbLuMiA
noteHuian. IHribiTopun AMN®, B-6riokatopw, aHTaroHicTu
MiHepanoKopTUKOIAHUX peLenTopiB Ta iHridiTopn SGLT2
3MEeHLUYI0Tb HelporymoparnbeHy aktusauito APK, a 6bno-
KaTopu peLenTopiB aHrioTEH3NHY—HEMNPUITI3UHY 3HUXKY-
I0Tb PiBEHb OKCMOATMBHOIO Ta HITPO3aTUBHOIO CTPEecy
3aBOSKU NPUrHIYeHHo Aii aHrioteH3uHy |l Ta aktuBauii
HaTpiypeTudHnx nentuais [17-21]. Takum ynHom, dap-
MaKOSIOriYHi cTpaTerii, HauineHi Ha oKCUOaTUBHUIA CTPeC
i MeTaboniyHi NOpyLUEHHS, 4EMOHCTPYIOTh €(PEeKTUBHICTb

At the same time, the activity of key antioxidant
enzymes (superoxide dismutase, catalase) underwent
only minor changes, highlighting the role of excessive
ROS generation, rather than the deficiency of protective
mechanisms, in the progression of OS [6, 7, 11, 12].

Various experimental models of cardiomyopathies in
animals are used to study these pathogenic mechanisms
and to test therapeutic approaches.

In particular, the administration of anthracycline
cytostatics (e.g., doxorubicin) serves as a classical
model of toxic cardiomyopathy: doxorubicin use in
rodents reproduces the pattern of chemotherapy-induced
cardiac injury, as this drug is associated with dose-
dependent cardiotoxicity, including the development of
cardiomyopathy and heart failure [13].

The streptozotocin model (intraperitoneal admi-
nistration of streptozotocin) is used to induce type
1 diabetes in rodents with subsequent development
of diabetic cardiomyopathy; such hyperglycemia in
experiments replicates the metabolic and vascular factors
leading to cardiomyopathy in humans [14].

The adrenaline (catecholamine) model of myocardial
overstimulation — for example, through the administration
of isoproterenol or high doses of adrenaline — induces
acute cardiac injury characterized by diffuse cardiomyocyte
necrosis, hypertrophy, and pronounced myocardial fibrosis
[15], thereby mimicking stress-induced cardiomyopathy.

The ischemia—reperfusion model is also widely used,
where blood flow is restored after temporary coronary
occlusion; this situation reproduces the pathogenesis
of myocardial infarction and post-ischemic remodeling:
massive ROS production during reperfusion leads
to apoptosis/necrosis of cardiomyocytes, aseptic
inflammation, and subsequent fibrosis development [13].

These models allow for the study of common final
pathways of myocardial injury and the testing of new
therapeutic approaches.

Based on the understanding of key pathogenic
links, modern experimental methods for the correction
of cardiomyopathies targeting these mechanisms are
currently being proposed.

In particular, antioxidants are used to neutralize
excess ROS and protect myocardial cells from OS.

It has been shown that certain antioxidant compounds
(such as taurine, coenzyme Q10) are capable of reducing
the level of OS and cardiomyocyte apoptosis in the model
of doxorubicin-induced cardiotoxicity [16].

Although general antioxidant strategies (e.g., vitamins
E and C) have demonstrated conflicting results in clinical
trials [1, 10, 17], selective and combined approaches
show greater potential.

ACE inhibitors, B-blockers, mineralocorticoid receptor
antagonists, and SGLT2 inhibitors reduce neurohumoral
ROS activation, while angiotensin—neprilysin receptor
blockers lower oxidative and nitrosative stress by
inhibiting the action of angiotensin Il and activating
natriuretic peptides [17-21].

Thus, pharmacological strategies targeting oxidative
stress and metabolic disturbances demonstrate effective-
ness in preventing myocardial injury in preclinical studies.

Biological agents and gene technologies for the
protection and repair of the heart in cardiomyopathies are
gaining increasing importance.
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y NONEPEemMKEHHI YLIKOMKEHHS MiokapAa B AOKMIHIYHUX
[OCNIOKEHHSX.

Bce 6inbLuoro 3HavyeHHst HabyBatoTb GionoriyHi npena-
paTu Ta reHHi TEXHOMOrii AN 3aXMCTY i BiAHOBMNEHHS cepus
npu kapaiomionatiax. Hanpvknag, kniTuHHa Tepanisi i3 BY-
KOPUCTaHHAM Me3eHXiMmarnbHVX CTOBOYpPOBMX KMNITUH JOCHIi-
DKYETBCA AK CNocib penapadii Miokapaa: TpaHCMaHToBaHi
CTOBOYpPOBI KNITUHW BUAINSIOTE LMTOKIHM Ta dhakTopu pocTy,
LLO YMHATb aHTUOKCUAAHTHWUIA | NpoTU3ananbHUA BNvB Ta
CTUMYMIOKOTb pereHepaTuBHi npouecu B cepui [16]. Ekc-
nepuMeHTarbHi JOCMIMHKEHHA TaKOX BUSBUIN Kapgionpo-
TEKTOPHI BNacTMBOCTI KPIOEKCTPaKTiB cepusd Ta CyMiKHUX
BionpenapartiB y pisHMX MoAensx kapgiomionartiv [22, 23],
LLO pOBUTbL X NEPCNEKTUBHUM HANPSIMKOM Ars nofanbLuo-
ro pO3BUTKY iIHHOBALNHUX TepaneBTUYHUX CTpaTerin.

MeTa po6oTHu — OCNIONTM MexaHi3aMu KapaionpoTek-
TOPHOi aKTMBHOCTI KPIOEKCTPaKTy cepusd, 30Kpema Koro
BNNMBY Ha Perynsuito OKMCHOrO CTpecy B KapgiomioumTax
Ha mogeni agpeHaniHoBoi mMiokapaiogncTpodii (AMA).

MATEPIAAU TA METOAU AOCAIAXEHHSA

EkcnepumeHTanbHi - gOCRigKeHHS nNpoBedeHi Ha
84 HeniHinHuX Wwypax-camuax macoto 250-300 r (tabn. 1),
SKi yTpUMyBanucb y cTaHAapTHUMX ymoBax BiBapito. TBa-
pvH noginunu Ha 4 rpynu (n = 21). IHTaKkTHI Wypwn ckna-
nann 1-wy rpyny, KOHTponbHow Gyna 2-ra rpyna 3i 3mo-
penboBaHnMm AM[] 6e3 nikyBaHHSA. TBapuHW KOHTPOIbBHOT
rpynn oTpMmyBanu ekBiob’eMHy KinbkicTb 0,9% posvuHy
HaTpito xnopuay (NaCl, MAT «lanuddapm», YkpaiHa).
[o 3-i rpynu BBINLWNM eknepuMeHTarnbHi TBapuHK 3i 3MO-
penboBaHo AM[, sKi BHYTpiLLHbOOYEPEBHO 3 po3pa-
XyHKYy 50 mkr nentugis Ha 100 r macu TBapuHM LWOAEHHO
(14 pHiIB) OTpMMyBanM eKCTpakT KpiOKOHCEPBOBaHUX
dparmenTie cepus nopocat (EKCI). | 4-ta rpyna Bkntoya-
na wypis 3 AM[, sKMM BBOAWN BHYTPILLHLOM Si30BO KOP-
gapoH (10 mr/kr) wopgeHHo npotsarom 14 aHiB. KopgapoH
obpaHo B SIKOCTIi pedepeHc-npenapary (TOB
«CaHoi-ABeHTIC YkpaiHa»), K1 LUIMPOKO BUKOPUCTOBY-
€TbCS ANA MiKyBaHHS iLLeMi4HOT XBopobu cepus [24].

KomnnekcHy nporpamy AocnigXeHb PO3rfsHyTO Ta
noropxkeHo Komitetom 3 GioeTukn npu IHCTUTYTI npobrnem
Kpiobionorii i kpioMmeanumHy HauioHanbHoT akagemii Hayk
Ykpainn (Butar 3 Mpotokony Ne 2 Big 3 ciyHs 2022 p.).
MpoTokon po3pobreHo Ha OCHOBI «3aranbHKX NPUHLKMNIB
eKCMeprMeHTIB Ha TBapuHax», yxBaneHux |l HauioHanb-
HUM KoHrpecom 3 Gioetukn (Kuis, 2007), Ta rapMoOHi30-
BaHO 3 BMMOramu «EBpONencbkoi KOHBEHLLT Mpo 3axucT
XpebeTHMX TBapWH, LU0 BMKOPUCTOBYKTLCS B eKCrepu-
MEHTanbHMX Ta iHWKMX HaykoBux Uinax» (Ctpacbypr,
1986), Oupektuen Pagn €sponu 86/609/EEC (1986),
3akoHy YkpaiHu Ne 3447-1V Big 21.02.2006 «[Mpo 3axucT
TBapwH Bif KOPCTOKOIO NOBOXKEHHS.

AM[I mopenoBanu 3a metogukoro Mapkosoi O.0.
(1998 p.) wnaxom ogHOpPa3oBOro MigwkipHoro (n/m)
BBegeHHs 0,18% posunHy agpeHaniHy taptpaty (MpAT
«PapmaueBTMyHa dipma «dapHuusi», YkpaiHa) B [03i
5 wmr/kr macwm Tina [15].

KpiokoHcepBoOBaHi parMeHTn cepusi NOpoOCAT OT-
pumyBanu 3rigHo 3 metogukor [25]. KoHueHTpauito
NenTuaiB B €KCTpakTax BU3Ha4YanuM cnekTpodoTome-
TPUYHUM MEeTOLOM npw SOBXUHI xBuni 280 HM. KiHueBa

For example, cell therapy using mesenchymal stem
cells is being investigated as a method of myocardial repair:
transplanted stem cells secrete cytokines and growth
factors that exert antioxidant and anti-inflammatory effects
and stimulate regenerative processes in the heart [16].

Experimental studies have also revealed the
cardioprotective properties of heart cryoextracts and
related bioproducts in various models of cardiomyopathies
[22, 23], making them a promising direction for the further
development of innovative therapeutic strategies.

Objective — the aim of this study is to investigate
the mechanisms of cardioprotective activity of heart
cryoextract, particularly its effect on the regulation
of oxidative stress in cardiomyocytes in a model of
adrenaline-induced myocardial dystrophy (AMD).

MATERIALS AND METHODS OF RESEARCH

Experimental studies were conducted on 84 outbred
male rats weighing 250-300 g (Table 1), which were
kept under standard vivarium conditions. The animals
were divided into 4 groups (n = 21). Intact rats comprised
Group |, while Group Il served as the control group with
modeled AMD without treatment.

Animals in the control group received an equivalent
volume of 0.9% sodium chloride solution (NaCl, PJSC
«Galychpharmy, Ukraine).

Group Il included experimental animals with modeled
AMD that received an intraperitoneal administration of
a cryoextract of porcine heart fragments at a dose of
50 pg of peptides per 100 g of body weight daily for 14 days.

Group IV consisted of rats with AMD that were
administered cordarone intramuscularly (10 mg/kg) daily
for 14 days. Cordarone was chosen as the reference drug
(10 mg/kg, i.m.; LLC «Sanofi-Aventis Ukraine», Ukraine),
which is widely used for the treatment of ischemic heart
disease [24].

The comprehensive research program was reviewed
and approved by the Bioethics Committee of the Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (extract from
Protocol No. 2 dated January 3, 2022).

The protocol was developed based on the «General
Principles for Experiments on Animals» adopted by
the Il National Bioethics Congress (Kyiv, 2007) and
harmonized with the requirements of the «European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes»
(Strasbourg, 1986), Council Directive 86/609/EEC (1986),
and the Law of Ukraine No. 3447-1V of February 21, 2006,
«On the Protection of Animals from Cruel Treatment».

AMD was modeled according to the methodology of
0.0. Markova (1998) by a single subcutaneous (s.c.)
injection of a 0.18% solution of adrenaline tartrate (PJSC
«Pharmaceutical Company «Darnitsa», Ukraine) at
a dose of 5 mg/kg of body weight [15].

Cryopreserved fragments of porcine hearts were
obtained according to the method described in [25]. The
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KOHLIeHTpaLisi nenTuais B ekcTpakTi cknagana 0,1 mr/mn.
MaTtepianom gocnimxeHHs BUCTYynanv romoreHat Tka-
HVH cepus LLypiB Ta 3MillaHa (BeHO3Ha 1 apTepianbHa)
KpOB, sIKy OTpMMYBanu nicnsa gekanitauii TBapuvH. TBapuH
BMBOOMMM 3 EKCNEPUMEHTY Ha 2-ry, 7-my Ta 14-Ty foby
(Mo 7 TBapWH 3 KOXHOI rpynu). [na oTpyMaHHs nnasmu
LinbHy KpoB Bigbupanu y npobipkn 3 nonepeaHbLO BHe-
CEHVM  aHTMKOArynsiHToM (eTurneHaiaMmiHTeTpaoLToBa
(EOTA) kucnota). MNnasmy Biodinanu ueHTpudyryBaHHAM
Bnpoaosx 15 xB npu 3000 g. [1na oTpuMaHHA cMpoBaTku
KpOB Bigbupanu y cknsiHi npobipkn 6e3 aHTukoarynsHra
Ta BUTPMMYBanu npuv KiMHaTHin Temnepatypi (20—26°C)
[0 MOBHOrO BifAiNEeHHs CUPOBATKY, SIKy Bigbupanu y npo-
Gipky 1 LeHTpudyrysanu snpogoex 15-20 xB npu 3000 g.
[ns oTpMmaHHsA romoreHaTy TKaHWHU cepus nepdysysa-
nn xonogHum (+4°C) izotoHiyHnM 1,15% posunHom KCI
Ta romoreHizyBanu npu 3000 06/xB (TecbrnoH-ckno) y ce-
penoBuLLi BydepHOro posumHy npu cniBBigHoLwweHHi 1:10
(maca/o6’em: HaBaxka 250 mr + 2,25 mn 1,15% po3unHy
KCl), otpumytoun 10,0% romoreHar. MNoctagepHun cynep-
HaTaHT OTPUMYBANN LLUMASAXOM LEHTPUGYryBaHHA roMore-
HaTy Bnpogoex 30 xB npu 600 g 3 noganbLLMM Bigbopom
anikeoT y Mikponpo6ipku «Eppendorfy. OenpoTeiHizoBa-
HUA eKCTPaKT OTpUMyBanu OOOABAaHHSAM OO roMoreHarty
TKaHWHW cepus TpuxnopouToBoi kucrotn (0,6 M) 3 no-
nanblioto HenTpanisauieto 5,0 M kanito kapGoHaToMm.

BwmicT peaktaHTiB 3 2-Tio6ap6iTypoBOIO KUCNOTOLO
(TBK-PI) y TkaHMHax cepusa BM3Ha4anum cnektpodoTo-
MEeTpUYHO 3a MeToaumkoto Asakawa T. et al., KinbkicTb Npo-
OYKTY peakuii 3 TiobapbiTypoBOK KMCMOTOK BU3Havanmu
3a ONTMYHOIO FYCTUHO NPU AOBXWHI XBUMi 535 HM, BUKO-
PUCTOBYIOYN MOMSPHUIA KOediLiEHT eKCTUHLIT YepBOHOro
komnnekcy (1,56 x 105 M~* cm ") [26].

Bwmict manoHoBoro agianbgeriny (MOA) B cupo-
BaTUi KPOBi po3paxoByBany 3a MOKa3HMKaMM OMTUYHOI
ryCTUHW, BW3HAYEHOI 3a CBITIOMNOMMUHAHHAM MpU [OB-
XVHKU xBuni A = 535HM, BpaxoBytoun KoedilieHT Monsap-
HOI eKCTUHLIT 3a6apBneHoro KOMMMeKCy, sIKNN OOPIBHIOE
1,56 x 10°monb' / cm™' Ta Bupaxanu y Hmonbs/mn [27].

BwmicTt gieHoBux koH’toratiB ([K) y TkaHuMHax cep-
Usi MPOBOAMNN CMNEeKTPOPOTOMETPUYHO 3a Memodom
laspunoea B.B. [28], npyvHUMN AKOTO I'PYHTYETbLCHA Ha
34aTHOCTI 00 iIHTEHCUBHOIO Y®-nornnmHaHHSa KOH'toroea-
HWUX OIEHOBUX CTPYKTYp rigponepokcuais ninigis y giana-
30Hi XBUJb OOBXUHOW A = 232—234 HM.

MeToaunka BusHaveHHsi: 4o 0,4 mn 10,0% romoreHaty
popasanu 4 Mn rentaHoisonponaHonosoi cymiwi (1:1),
eKkcTparyBanu pocnigkysaHun metadonit npu + 20°C
BnpogoBx 15 xB., gogasann 1,0 mn posunHy HCI
(pH = 2,0) Ta 2,0 mn renTaHy.

[Micna BigcTolOBaHHA Ta po3LllapyBaHHS CyMilLli, Yepes
30 xB., BU3HaA4anu ONTWUYHY TYCTMHY BiadineHoi renta-
HOBOI (ha3un 3a CBITIONOMMUHAHHAM NPU AOBXUHW XBU
A =233 Hm.

Pesynbratv nigpaxoByBanu 3a ¢opmynoto Ta Bupa-
Xanum B MKMonb/r TkaHuHu: K = D,,, x Ve / Vi, e K — koH-
ueHTpauis, D — onTuyHa ryctmHa, Ve — 06’em rentaHoBOro
ekcTpakty, Vr — 06’em romoreHary.

O6pobky faHMX BUKOHYBanu B cepegoBuwli Microsoft
Excel 2010. HopmanbHiCTb po3noginy B KOXHiN rpyni
ouiHoBanu 3a pgonomoroto W-kputepito LLanipo—Binka
(Shapiro-Wilk test, n < 50), a ogHopigHicTb ancnepcin —
3a kpuTepiem JleBeHa (Levene’s test). [Ina nopiBHSAHHS

peptide concentration in the extracts was determined
spectrophotometrically at a wavelength of 280 nm. The
final peptide concentration in the extract was 0.1 mg/mL.

The materials for the study included heart tissue
homogenates of rats and mixed (venous and arterial)
blood, collected after animal decapitation. Animals were
sacrificed on days 2, 7, and 14 (7 animals from each
group at each time point). To obtain plasma, whole blood
was collected into tubes containing an anticoagulant
(ethylenediaminetetraacetic acid, EDTA). Plasma was
separated by centrifugation for 15 minutes at 3000 g.

To obtain serum, blood was collected into glass tubes
without anticoagulant and allowed to stand at room
temperature (20-26 °C) until serum separation was
complete, after which it was transferred into another tube
and centrifuged for 15-20 minutes at 3000 g. To obtain
heart tissue homogenates, tissues were perfused with
cold (+4 °C) isotonic 1.15% KClI solution and homogenized
at 3000 rpm (Teflon-glass) in a buffered solution at a ratio
of 1:10 (weight/volume: 250 mg tissue + 2.25 mL 1.15%
KCI solution) to obtain a 10.0% homogenate. The post-
nuclear supernatant was obtained by centrifuging the
homogenate for 30 minutes at 600 g, and aliquots were
collected into Eppendorf microtubes. The deproteinized
extract was obtained by adding 0.6 M trichloroacetic acid
to the heart tissue homogenate, followed by neutralization
with 5.0 M potassium carbonate.

The content of thiobarbituric acid-reactive
substances (TBARS) in heart tissues was determined
spectrophotometrically according to the method of
Asakawa T. et al. The amount of the reaction product
with thiobarbituric acid was measured by optical density
at a wavelength of 535 nm, using the molar extinction
coefficient of the red complex (1.56 x 10° M~ cm™) [26].

The content of malondialdehyde (MDA) in blood
serum was calculated based on the optical density
measured at a wavelength of A = 535 nm, taking into account
the molar extinction coefficient of the colored complex
(1.56 x 10° mol~'/cm™"), and expressed in nmol/mL [27].

The content of diene conjugates (DC) in heart
tissues was determined spectrophotometrically according
to the method of Gavrilov V.B. [28], based on the ability
of conjugated diene structures of lipid hydroperoxides
to intensely absorb UV light in the wavelength range of
A =232-234 nm.

Method of determination: 0.4 mL of 10.0% homogenate
was mixed with 4 mL of a heptane—isopropanol mixture
(1:1), and the target metabolite was extracted at +20 °C
for 15 minutes. Then, 1.0 mL of HCI solution (pH = 2.0)
and 2.0 mL of heptane were added.

After settling and phase separation, 30 minutes later,
the optical density of the separated heptane phase was
measured at a wavelength of A =233 nm.

The results were calculated according to the formula
and expressed in umol/g of tissue: CDC =D, x Ve / V,,
where C is the concentration, D is the optical density, Ve
is the volume of the heptane extract, and V, is the volume
of the homogenate.

Data processing was performed using Microsoft
Excel 2010. The normality of distribution in each group
was assessed using the Shapiro-Wilk W-test (n<50),
and the homogeneity of variances was evaluated by
Levene’s test. To compare indicators between groups
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MOKa3sHWKIB MiX rpynamMmm npyv HopmarnsHOMY po3nogini 3a-
ctocoByBanu t-kputepin CTblogeHTa; SKLO po3noain Bia-
XUNABCS Bif HOpMarbHOro, BUkopuctoByBanu U-kputepin
MaHHa—YiTHi. [laHi, Lo Manu HopmarnbHUI po3noain, no-
AaHi y Burnagi M £ m abo M (95% [l), a HeHopmarnbHi —
y cbopmarti Me [LQ; UQ] [29].

PE3YABTATU TA iX OBTOBOPEHHS

[poBeneHe gocnigxeHHs nokasano, wo Ha thni AM[
piBeHb TBK-PIMy TkaHnHax cepus WwypiB 3HAa4YHO MiABULLY-
€TbCH, L0 CBiAYNTL NPo akTuBHWUI nepebir OC, xapakTep-
HOro Ang uboro 3axsoptoBaHHA. OKMCHIOBarbHI npouecu
B CEPLEBIN TKaHMHI € OAHMM i3 OCHOBHMX MEXaHi3MmiB,
L0 NPU3BOAATL A0 MOLUKOAXEHHS KNiTWMH | pO3BUTKY Mi-
okapgiognctpodoii [5]. MNMokasHukun piBHa TBK-PI1 y wypis
KOHTPOSbHOI rpynu Ha 2 AeHb nicnga mogentoBaHHa AMI
BUSIBUIUCS 3HAYHO BULLMMM MOPIBHAHO 3 iHTAKTHUMMU
lwypamu, WO BKadye Ha BupaxeHe 30inbLUeHHs piBHA
OKCUAATMBHOIO CTPECY, CNpUYMHEHOro po3sutkom AML.
JlikyBaHHs 3a gonomoroto EKCIT Ta kopaapoHy 3ymoBuno
3HMXKeHHS piBHA TBK-PI1 y NOpiBHAHHI 3 KOHTPOMNBHUMU
Lypamu, xo4a B 060X BMMagKax NokasHWKL 3anuiianuncs
BULLMMM 3@ PiBEHb Y IHTAKTHMX LLYPIB, LLIO MOXE CBIiAYUTU
npo 3anuwikosut OC HaBiTb 3a YMOBM NiKyBaHHS.

Y wypie 3 AM[, ski otpumysanu EKCII, piBeHb
TBK-PI1 Ha 2- geHb 3HM3nBCS Ha 33,7%, L0 € 3HAa4YHUM
3meHweHHsM OC (p < 0,001). Lle cBigumTb Npo BUCOKY
edekTuBHICTb Tepanii 3a gonomoroto EKCIT y 3MeHLeHHi
MOLLUKOXXEHHSA CcepLeBOi TKaHWHK, crnpuynHeHoro AM[.
[MopiBHAHO 3 KOPAAPOHOM, AKUA 3HU3MB piBeHb TBK-Pr1
Ha 30,3%, CTaTUCTMYHO 3HaAYyLMX BiAMIHHOCTEN MiX
UMMKU OBOMa MeTofaMu fiKyBaHHS Ha 2-M OeHb He Cro-
ctepiranocs (p = 0,35), Wo BKasye Ha CXOXy edeKTmB-
HiCTb 060X TepaneBTUYHMX MiOXOAIB HA paHHBOMY eTani.
Lle Takox moxe BkasyBaTu Ha Te, Lo kopaapoH i EKCII
MatoTb NofibHMM mexaHiam gii woao OC Ha paHHix eTa-
nax nikysaHHa AM[.

Ha 7-n peHb nicna mogentoBaHHsa AM[ y LypiB KOH-
TponbHOi rpynu piseHb TBK-PI1 3Hu3nBca Ha 19,1%, ane
3anuvLIaBcs 3HAYHO BULLMM MOPIBHSIHO 3 MOKa3HUKaMu Ha
2-i1 geHb (p < 0,009), wo niaTBEpPAXY€E HAsBHICTL TpUBa-
noro OC. Y wypis 3 AM[, aki otpumysanu EKCIT, piseHb
TBK-PI1 3HM3uBcs Ha 22,9%, Lo CBiAYMTb NPO NEBHE Bia-
HOBMEHHS, xo4a Len edekT OyB MEHLI BMPaXeHWM Mo-
PiBHSAHO 3 2-M gHeM. JlikyBaHHSA KOpAapOHOM Ha 7-1 AeHb
NpPoAEMOHCTPYBarno HanbinbLie 3HKeHHs piBHA TBK-PMN—
Ha 28,5% (p < 0,001), wo moxe cBiguMTM Npo OGinbL
edpekTmBHe npurHiveHHss OC KopAapOHOM Y NOPIBHSHHI
3 EKCI1 B uen nepiog. OgHak, BapTo 3a3HaunTy, LWO CTa-
TUCTUYHI BiOMIHHOCTI MiXK UMMM ABOMa MeToAaMu Ha 7-¢n
OeHb 6ynu HesHayHuMu (p = 0,17), WO BKa3ye Ha CXOXY
eheKTMBHICTb LMX npenapari..

Ha 14-11 peHb nicnst MogentoBaHHs cnocTepiranocs no-
AanbLue 3HwkeHHs pisHa TBK-PIy Bcix rpynax, wo Bkasye
Ha TpuBane 3MEeHLLUEHHSI OKCMOATUBHOIO CTPECY 3 YacoM.
Y wypiB KOHTponbHOI rpynu piseHb TBK-PIT 3HM3uBCA Ha
34,8% NOpIBHSAHO 3 NOKa3HUKaMK Ha 2-11 AeHb, ane 3anu-
LIABCH BMLUMM 32 piBeHb Y iHTaKkTHUX wypiB (p < 0,01), wo
[OEMOHCTPYE HEMNoBHE BIAHOBMEHHSI TKAHWH cepus nicns
mogentosaHHs AMA. VY wypis 3 AM[, ki oTpumysanu ni-
KyBaHHS1, piBeHb TEK-PI npogosxyBaB 3HMXKXYyBaTUCS, NpK
LbOMY HamnbinbLue 3HMKEHHS Ha 16,1% 6yno 3adikcoBaHo

with normal distribution, the Student’s t-test was used;
if the distribution deviated from normal, the Mann—
Whitney U-test was applied. Data with normal distribution
are presented as M £ m or M (95% CI), while non-normal
data are presented as Me [LQ; UQ] [29].

RESULTS AND DISCUSSION

The conducted study demonstrated that, against
the background of AMD, the level of TBARS in rat heart
tissues significantly increased, indicating active oxidative
stress (OS) processes characteristic of this condition.
Oxidative processes in cardiac tissue are one of the
main mechanisms leading to cellular damage and the
development of myocardial dystrophy [5]. TBARS levels
in the rats of the control group on the 2nd day after AMD
modeling were significantly higher compared to intact
rats, indicating a pronounced increase in oxidative stress
caused by AMD development. Treatment with cryoextract
(CEXP) and cordarone led to a reduction in TBARS levels
compared to the control rats, although in both cases the
indicators remained higher than those of the intact rats,
suggesting residual OS even with treatment.

In rats with AMD receiving CEXP, the TBARS level
decreased by 33.7% on the 2nd day, representing
a significant reduction in OS (p < 0.001). This indicates
the high efficacy of CEXP therapy in reducing cardiac
tissue damage induced by AMD. Compared to cordarone,
which reduced TBARS levels by 30.3%, no statistically
significant differences between these two treatment
methods were observed on the 2nd day (p=0.35),
indicating similar effectiveness of both therapeutic
approaches at an early stage. This may also suggest that
cordarone and CEXP have similar mechanisms of action
concerning OS at early stages of AMD treatment.

On the 7th day after modeling, TBARS levels in the
control group rats decreased by 19.1% but remained
significantly higher compared to the 2nd-day values
(p<0.009), confirming the presence of prolonged OS. In
rats with AMD receiving CEXP, TBARS levels decreased
by 22.9%, indicating some recovery, although this
effect was less pronounced compared to the 2nd day.
Treatment with cordarone on the 7th day demonstrated
the greatest reduction in TBARS levels — by 28.5%
(p < 0.001), suggesting more effective suppression of OS
by cordarone compared to CEXP during this period.

However, it should be noted that statistical differences
between these two treatment methods on the 7th day
were insignificant (p = 0.17), indicating similar efficacy of
these drugs.

On the 14th day after modeling, a further reduction
in TBARS levels was observed in all groups, indicating
a sustained decrease in oxidative stress over time. In the
control group rats, TBARS levels decreased by 34.8%
compared to the 2nd-day values but remained higher than
in intact rats (p < 0.01), demonstrating incomplete cardiac
tissue recovery after AMD modeling. In rats receiving
treatment, TBARS levels continued to decrease, with the
greatest reduction of 16.1% recorded in rats receiving
CEXP (p < 0.03).

In rats treated with cordarone, TBARS levels
decreased by 28.4%, and the statistical differences
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y ypis, aki otpumysanun EKCIT (p < 0,03). Y wypis, ski oT-
pvmMmyBanu kopaapoH, piseHb TBK-PI1 3Hu3nBcs Ha 28,4%,
npu LbOMY CTaTUCTUYHI BIAMIHHOCTI MDK L€l rpynoto Ta
rpynoto LypiB, gki otpumysanu EKCI1, 6ynu miHimansHm-
mu (p = 0,15). Lle Bkasye Ha Cx0Xy eDEKTUBHICTb LIX ABOX
METOAIB IiKyBaHHs1 Ha Mi3HilLMX eTanax AOCHiMKEeHHS,
30kpema Ha 14-i geHb (Tabn. 1).

between this group and the CEXP group were minimal
(p = 0.15). This indicates similar effectiveness of the two
treatment methods at later stages of the study, particularly
on the 14th day (Table 1).

Tabnuus 1. Bninue ekCcTpakTy KpiOKOHCEPBOBaHWNX hparMeHTIB cepLis MOPOCHT Ha piBeHb peakTaHTIB 3 2-TiobapbiTypoBO KUCMOTOH
(TBK-PIM) y TkaHnHax cepus LLypiB HA MOAENi aapeHaniHoBoI MiokapaiogncTpodii, Mkmonb/r TkaHuHM (M £ m, 95% [, n = 84)
Table 1. Effect of Cryoextract of Cryopreserved Porcine Heart Fragments on the Level of Thiobarbituric Acid-Reactive Substances

(TBARS) in the Heart Tissues of Rats in the Model of Adrenaline-Induced Myocardial Dystrophy, pmol/g of Tissue (M £+ m, 95% CI, n = 84)

| rpyna Il rpyna Il rpyna IV rpyna PiseHb
= Grlc)))LIJ [ Gr:: I Groﬁy 1 Grosy \Y BEATIAE R P st 1)
£ § P P P P Level of Statistical Significance [%]
= %‘, KoHTponb AML + kopgapoH
O E | lnTakTHi wypn | (AM[ 6es nikysanHs) | AM[ + EKCII (10 mr/kr)
= p p. Y P
Intact Rats Control (AMD without | AMD + CEXP | AMD + Cordarone 2l o i b
treatment) (10 mg/kg)
g o~ 10,6+0,43 25,4+0,53 16,9+0,63 17,7+0,61 S % Py X S T o
T2 | (95% Ml (95% A: (95% A: (95% [I: 8& | o | @ | o
= N o < oM o o (=270}
3 9,7-11,4) 24,4-26,5) 15,6-18,1) 16,5-18,9) vy Vo, Vo, L,
10,940,70 20,6+0,81 15,910,51 14,7+0,61
I~ (95% Al: (95% A: (95% A: (95% AI: S | 5% | 58 | o3
2| 95-122) 19,0-22,2) 14,9-16,9) 13,5-15,9) S S | &9 =
8| p,=04 p,,= 0,009 p,=0.1 p,,=0014 Ve | v |V =
[+2,7%]2 [+19,1%] [-5,9%]72 [-16,9%]
10,910,46 16,6+0,65 14,1£1,03 11,9+1,06
. (95% A: (95% A: (95% A: (95% [I:
< | 100-118) 15,3-17,8) 12,1-16,2) 9,8-13,9) SE| W F | 55| o=
=8 - - — _ ~ —
=% p,=0,34 p,=0,01 p,=0,03 p,,=0,01 g 2— g 5 g ;- S g
al [2,7%] [34,8%]2 [16,1%]2 [33,1%]2 Vo = | ¥ =
p,,= 0,45 p,,= 0,02 P, = 0,11 P, = 0,04
[-177 [19,4%]~ [10,8%]~ [19,4%]~
MpumiTkn:

1. p2—1 — piBeHb CTATUCTUYHOI BipOrigHOCTI PO3GiXKHOCTI MOKA3HWKIB;

2. [%] — 3Ha4eHHst po3biKHOCTEN NOKa3HWKIB y BiACOTKAX;

3. IHgekcamm 1, 2, 3 BKa3aHO HOMEp rpynu, MK MOKas3HUKaMU KX NPOBELEHO MOPIBHAHHS;
4. lHpekcamu 42, 47 BKa3aHO CTPOKM OOCNISKEHHS, 3 MOKa3HMKaMM SKMX NPOBEAEHO MOPIBHAHHSA B AUHAMIL.

Notes:

1. p,, — the level of statistical significance of the differences between indicators;

2. [%] — the percentage difference between indicators;

3. Indices 1, 2, 3 indicate the group numbers between which the comparison was made;
4. Indices d,, d, indicate the time points used for dynamic comparisons.

MokasaHo, Lo piBeHb ManoHoBoro Aianbaerigy (MOA)
y cupoBaTLi KpoBi wypiB Ha Tni AM[ nigBuLLyeTbCs, Lo
€ nokasHukom po3suTky OC. [lopiBHAHHA pesynbraTis
Ha 2- AeHb 3 iHTaKTHUMWU LypamMy Mokasano 3HauvHe
nigsuweHHs pisHa MOA y WypiB KOHTPONbHOI rpynu 4o
8,2 HMonb/Mn, wWwo Ha 82,5% 6GinbLue NopiBHAHO 3 Nokas-
HVYKamu iHTakTHUX wypiB (p = 0,001). NikyBaHHa EKCII
NpYBENO A0 3HWXKEHHA piBHa MOA go 7,8 HMonb/mMn, Wwo
Ha 11,0% MeHLue NOPIBHAHO 3 PIBHEM Y LUYPIB KOHTPOIb-
HOI rpynu, ane cTaTtMCTUYHO 3HaYyLLMX 3MiH He crocTepi-
ranocs (p = 0,3). Y rpyni wypis, WO oTpumMyBanu kopaa-
poH, piBeHb MIA 3HM3uBcs Ao 7,3 HMonb/M1, Wwo Ha 6,4%
MEHLLUE, HiXK Y KOHTPOSbHIN rpyni, 04HaK Pi3HMLS TaKOX He
Oyna ctatucTuyHo 3Hadywo (p = 0,4).

Ha 7-n peHb nicna mogentoBaHHA AM[ nokasHu-
kv MOA B KOHTPOMbHIN rpyni 3anuiianncs BUCOKUMM —
6,9 HMOMnb/MA, Xo4ya MOpPIBHSAHO 3 MOKas3HMKaMuM Ha
2- geHb CrnocTepiranocb He3Ha4yHe 3HWKEHHS, sike He

It was shown that the level of MDA in the blood serum
of rats increased against the background of AMD, serving
as an indicator of the development of OS. Comparison
of the results on the 2nd day with intact rats revealed
a significant increase in MDA levels in the control
group rats up to 8.2 nmol/mL, which was 82.5% higher
compared to the intact rats (p = 0.001). Treatment with
CEXP led to a decrease in MDA levels to 7.8 nmol/mL,
which was 11.0% lower compared to the control group
rats; however, the change was not statistically significant
(p = 0.3). In the group of rats receiving cordarone, the
MDA level decreased to 7.3 nmol/mL, which was 6.4%
lower than in the control group, but the difference was
also not statistically significant (p = 0.4).

On the 7th day after AMD modeling, MDA levels in
the control group remained high — 6.9 nmol/mL, although
compared to the 2nd day, a slight decrease was observed,
which did not reach statistical significance (p = 0.2). Rats
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pocsarano ctatMcTUYHoI 3HavywocTi (p = 0,2). Wypw, ki
otpumyBanu EKCII, nokasanu 6inbl 3Ha4yHE 3HWXKEH-
Ha piBHS MOA go 5,5 HMonb/Mn, WO € 3HWXKEHHSIM Ha
29,5% nopiBHAHO 3 Noka3HMKaMu Ha 2-i aeHb (p = 0,3).
JlikyBaHHs KOpOApOHOM CNpUANO 3HWXKEHHO piBHa MOA
0o 5,0 HMonb/Mn, WO € HanBINbLWNM 3HWXKEHHAM cepen
rpyn — 31,5% (p = 0,04). OgHak pisHMUA MK rpynamu
EKCI i kopoapoHom 6yna CTaTUCTUYHO HEe3HauYyLLOo
(p = 0,06).

Ha 14-n geHb nicna mogentoBaHHa AM[ piseHs MOA
Yy LWYpiB KOHTPOMNBHOI rpynu 3Hu3necsa Ao 4,9 HMornb/mm,
LLO € 3HWKEHHAM Ha 40,2% MOPIBHSIHO 3 NOKa3HUKaMu Ha
2-i1 pgeHb (p = 0,01), ane Bce LWe 3anuLIaBcs 3HAYHO BU-
LLMM MOPIBHSAHO 3 iHTAKTHUMU LWypamu. Y Wwypis, siki oTpu-
myBanun EKCI1, piseHs MOA 3Hu3unBca o 4,9 HMonb/mn,
Wwo Ha 37,2% MeHle MOpIiBHAHO 3 MoKasHMKaMy Ha
2-i1 pgeHb (p = 0,02). BaxknvBo 3a3Ha4nTU, LLO 3HWKEHHS
pieHa MOA B rpyni EKCI1 Ha 14-11 feHb Byno ctaTucTuyHo
3HaYyLLMM NOPIBHAHO 3 NOKa3HUKaMmn Ha 2-1 AeHb. Lypw,
SIKi OTPUMYBanu KOPAAPOH, MOKa3amnu 3HWXKEHHS PiBHS
MOA 0o 4,5 HMonb/MA, WO € 3HWXKEHHsAM Ha 38,4% no-
piBHSAHO 3 2-M gHeM (p = 0,01), ogHak pisHUUS 3 rpynoto
EKCI He Byna cTtaTMCTMYHO 3Ha4yLLoo (Tabn. 2).

treated with CEXP showed a more substantial reduction
in MDA levels to 5.5 nmol/mL, representing a 29.5%
decrease compared to the 2nd day (p = 0.3). Treatment
with cordarone contributed to a reduction of MDA levels
to 5.0 nmol/mL, which was the greatest decrease among
the groups — 31.5% (p = 0.04). However, the difference
between the CEXP and cordarone groups was not
statistically significant (p = 0.06).

On the 14th day after AMD modeling, MDA levels in
the control group decreased to 4.9 nmol/mL, representing
a40.2% reduction compared to the 2nd-day levels
(p = 0.01), but still remained significantly higher compared to
intact rats. In rats treated with CEXP, MDA levels decreased
to 4.9 nmol/mL, representing a 37.2% reduction compared to
the 2nd-day levels (p = 0.02). It is important to note that the
decrease in MDA levels in the CEXP group on the 14th day
was statistically significant compared to the 2nd-day values.

Rats treated with cordarone showed a reduction
in MDA levels to 4.5 nmol/mL, representing a 38.4%
decrease compared to the 2nd day (p = 0.01); however,
the difference compared to the CEXP group was not
statistically significant (Table 2).

Tabnuusa 2. Bnnue eKCTpakTy KPiOKOHCEPBOBaHMX parMeHTIB cepus NOPOCAT Ha piBeHb ManoHoBoro dianbaerigy (MOA)
B CMpOBATLi KPOBI LypiB Ha MoAeni agpeHaniHoBoi Miokapgioauctpodii, Hmons/mn (Me [LQ; UQ], n = 84)
Table 2. Effect of Cryoextract of Cryopreserved Porcine Heart Fragments on the Level of Malondialdehyde (MDA)
in the Blood Serum of Rats in the Model of Adrenaline-Induced Myocardial Dystrophy, nmol/mL (Me [LQ; UQ], n = 84)

| rpyna Il rpyna Ill rpyna IV rpyna PiBeHb cTaTucTU4HOI BiporiaHocTi [%]
o _‘g Group | Group Il Group I Group IV Level of Statistical Significance [%]
g o KoHTponb AM[+ kopgapoH
S g IHTakTHI wypw | (AM[I 6e3 nikyBaHHsa) | AM[I + EKCI (10 mr/kr) B b B B
i~ | Intact Rats Control (AMD without | AMD + CEXP | AMD + Cordarone 2 24 i e
treatment) (10 mg/kg)
a — —
g,éc% 45 8.2 78 7.3 S8 | 9 | 28 | «¥
=0 [4,2;4,7] [6,25; 9,05] [5,3; 8,5] [6,5; 7,9] = ° < e = )
N Pt —
2 4,9 6,9 55 5,0 © T = = .
o > [4,4; 5,1] [5,5; 8,0] [5,0; 8,0] [4,0; 5,0] S o ™ & 8 o 8 i
= A p,,=02 p,,=02 P,,=03 p,.= 0,04 S 9 °3g SN Sy
™~ [+8,9]7 [-15,9]7 [-29,5%] [-31,5%]% - = =
43 4,9 4,9 4,5
25 [4,0; 5,0] [4,3; 5,0] [4,5; 5,3] [4,0; 5,0] = — .
ST pL=05 p,,= 001 p,,= 0,02 P, = 0,01 05 | oz | 98 | o§
’fr S [-4,4%]72 [-40,2%]72 [-37,2%]2 [-38,4%]2 e E e ° Cw
- Py= 0,1 P= 0,01 P= 0,03 P= 0,1
[-12,2%]" [-29,0%]* [-10,9%]* [-10,0%]*"
MpumiTkn:

1. p2—1 — piBEHb CTAaTUCTUYHOI BipOriAHOCTiI PO3BIXKHOCTI MOKA3HUKIB;

2. [%] — 3Ha4eHHs po3biKHOCTEN NOKa3HWKIB Y BiACOTKAX;

3. IHgekcamu 1, 2, 3 BKa3aHO HOMeEp rpynu, MK MOKasHUKaMM SKUX NPOBEAEHO MOPIBHAHHS;
4. lHpekcamu 42, A7 BKa3aHO CTPOKM OOCNISKEHHS, 3 MOKa3HMKaMM SIKMX NPOBEAEHO MOPIBHAHHSA B AVHAMILL.

Notes:

1. p, , — the level of statistical significance of differences between indicators;

2. [%] — the percentage difference between indicators;

3. Indices 1, 2, 3 indicate the group numbers between which the comparison was made;
4. Indices d,, d, indicate the time points compared for dynamic analysis.

Docnigxenns Bnnuy EKCI1 Ha piBeHb Ai€eHOBKX
koH'toratiB (OK) y TkaHMHax cepusa LWypiB Ha Mode-
ni AMJ npogemoHCTpyBano CyTTEBi 3MiHW B AMHaMILi
Ha pi3HMX eTanax CnocTepexeHHda. Ha 2-n geHb nicnsa
mozentoBaHHs AM[ KOHTpOmnbHi LWypu 6e3 nikyBaHHS

The study of the effect of CEXP on the level of DC in the
heart tissues of rats in the AMD model demonstrated significant
changes in dynamics at various observation stages.

On the 2nd day after AMD modeling, untreated control
rats showed a significant increase in DC levels up to
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npoaeMOoHCTpyBanu 3HavHe 36inbleHHa piBHa OK go
18,0 mkmonb/r TkaHuHu (95% Al: [13,5; 19,5]), wo Ha
252,9% nepeBuLLy€E MOKA3HUK IHTAKTHUX LUYPIB, Y SKMX
piseHb [OK craHoBmB 5,1 mMkmonb/r TkaHuHu (95% Al:
[5,0; 6,5]) (p = 0,001). Lle cBigunTb NPO BMPaXXEHUIN OKCU-
OaTUBHWI CTPEeC, KU BUHMKAE Ha oHi po3suTky AM[
i CyNpOBOMKYETHCA YTBOPEHHSIM MPOAYKTIB MEPEeKUCHO-
ro OKMCHEHHS NinigiB, 30Kpema OieHOBMX KOH'loraTis, Lo
€ MapkepoM MeMOPaHHOIO MOLLKOMKEHHSA. Y rpynax, siKi
oTpumyBanu nikyeaHHsa EKCI1 Ta kopaapoHowm, piBeHb
OK ©yB 3HWXKeHWA MNOPIBHAHO 3 KOHTpPONeM i cknajas
15,0 mkmonb/r TkaHuHu (95% Ol [13,0; 25,0]) Ta
12,0 mkmonb/r TkaHuHu (95% [Al: [10,0; 13,5]) BignosigHo.
OpHak, Ui 3Ha4YeHHs Bce Lue Bynim 3Ha4HO BULLMMU MNOPIBHSI-
HO 3 iHTaKTHMMM LLlypamu, L0 BKa3ye Ha HEMoBHE BigHOB-
NEHHs1 HOPMarnbHOTO PiBHA @aHTMOKCUAAHTHOI aKTUBHOCTI.

Ha 7-i1 peHb piBeHb K y BCix rpynax 3HM3uMBCS no-
PIBHAHO 3 NOKa3HMKaMM Ha 2 AeHb. Y LWypiB KOHTPOrbHOT
rpynu piseHb OK 3meHwmBes Ao 12,0 MKMOMb/T TKaHWHK
(95% Ol: [11,0; 13,5]), wo Ha 33,3% MeHLUe NOPiBHSAHO
3 2-m gHeMm (p = 0,04), ogHak BCe Lie 3anuLiaBcs 3Hau-
HO BULLMM MOPIBHSIHO 3 iHTakTHUMK LWypamu (p = 0,001).
Y rpyni, wo otpumysBana EKCII, pieeHb [OK cTtaHoBuB
9,9 mkmonb/r TkaHuHKM (95% [Ol: [7,5; 11,4]), wo Ha 34,0%
MeHLLEe NopiBHAHO 3 2-M AHeM (p = 0,01) i Ha 17,5% 6Ginb-
LUe NOPIBHSAHO 3 iHTakTHUMUK Wwypamm (p = 0,02). Y wypis,
SIKi OTPMMYBanu KOpAapoH, piBeHb K OyB 3HMXeHWI O0
8,0 mkmonb/r TkaHuHK (95% [l: [5,0; 10,0]), wo Ha 33,3%
MeHLUe MOopiBHAHO 3 2-M AHeM (p = 0,01) Ta Ha 19,2%
GinbLUue NOPIBHSAHO 3 iIHTAKTHUMU LLypamMun. SHWKEHHS piB-
Hs [IK Ha 7-1 feHb y NOPIBHSAHHI 3 2-M AHEM Y BCiX rpynax
€ CBiAYEHHsIM NEeBHOro BiAHOBNEHHS PYHKLiA aHTUOKCU-
JaHTHOI cucTemu, ogHak piBeHb K y rpynax nikyBaHHSA
3anuLaBcs BULLMM, HiXK Y TPyni iHTAKTHUX LLYpIB.

Ha 14-n peHb nicns mogentoBaHHa AM[, pieeHb OK
y BCIX rpynax npofoBXyBaB 3HWXKYBaTUCS. Y LLypiB KOH-
TponbHOI rpynu piBeHb [K 3meHwmBca oo 8,0 mkmonb/r
TKkaHuHM (95% Al: [6,0; 9,0]), wo Ha 55,6% MeHLle nopis-
HsiHO 3 2-M aHeM (p = 0,01) Ta Ha 33,3% MeHLLe NopiBHAHO
37-m gHem (p = 0,01). Y wypis, ki otpumysanu EKCIT,
piBeHb [K craHoBuB 5,0 mMkmone/r TkaHuHu (95% Al:
[4,5; 7,0]), wo Ha 66,7% MeHLIe MOPIBHAHO 3 2-M OHEM
(p = 0,01) iHa 49,5% MeHLle NOPIBHAHO 3 7-M AOHEM
(p=0,03). Y rpyni 3 kopaapoHom pieeHb [1K 6yB 6,0 MKMOnb/T
TKaHuHu (95% [l: [4,5; 7,5]), wo Ha 50,0% MeHLLe nopiBHs-
HO 3 2-m gHeM (p = 0,02) i Ha 25,0% MeHLLE NOPIBHSHO 3 7-M
aHewm (p = 0,1). Takum 4mHOM, Ha 14-11 AeHb criocTepiranocs
3HayHe 3HWKeHHS piBHA K B ycix rpynax, Lwo cBigunTb Npo
YaCcTKOBE BiAHOBMNEHHSI (PYHKLi aHTUOKCUAAHTHOI CUCTEMN,
xo4a piBeHb [IK BCe Lie 3anuwaBcs BULLMM, HiXK Y iIHTAKTHUX
wypis, ocobnueo y rpyni 3 EKCI1 (tabn. 3).

OTXe, npoBeAeHe AOCNIMKEHHST Mano Ha MeTi OLiHK-
TN ePEKTUBHICTb KpioeKcTpakTy cepus nopocat (EKCIT)
SIK NOTEHLUiNHOro 3acoby Tepanii, CnpsiMOBaHOI Ha KOpek-
Lilo nopyLlieHb aHTUOKCMAAHTHOro roMeocTasy B YMO-
Bax ekcrnepuMeHTansHoi mogeni AMI y nabopaTopHumx
wypiB. 3okpema, gocnigKeHHs (OoKycyBanocs Ha aHa-
nis3i AMHaMIKK KNKYOBMX GioMapKepiB OKMCHOro cTpecy
(TBK-PIM, MAA, OK) nig Bnnveom EKCITy nopiBHsHHI 3 Tpa-
OVLIHAM @HTUapUTMIYHUM NpenapaTom KOpAapOHOM.

Ha Ttni mogentoBaHHa AM/ cnocTepiranocs ictoTHe
3pocTaHHs piBHIB TBK-akTvBHUX NpogykTiB, ManoHOBO-
ro gianbgerigy Ta Ai€HOBUX KOH'loraTiB, WO OOCTOBIpPHO

18.0 umol/g of tissue (95% CI: [13.5; 19.5]), which was
252.9% higher compared to intact rats, whose DC level
was 5.1 pmol/g of tissue (95% CI: [5.0; 6.5]) (p = 0.001).
This indicates pronounced oxidative stress accompanying
AMD development, characterized by the formation of lipid
peroxidation products, particularly diene conjugates,
which serve as markers of membrane damage. In
the groups receiving CEXP and cordarone treatment,
the DC levels were reduced compared to the control
group and amounted to 15.0 ymol/g of tissue (95% CI:
[13.0; 25.0]) and 12.0 pmol/g of tissue (95% CI:
[10.0; 13.5]), respectively. However, these values were still
significantly higher than in intact rats, indicating incomplete
restoration of normal antioxidant activity levels.

On the 7th day, DC levels decreased in all groups
compared to the 2nd-day values.

In the control group rats, the DC level decreased to
12.0 ymol/g of tissue (95% CI: [11.0; 13.5]), which was
33.3% lower than on the 2nd day (p = 0.04), but still
significantly higher compared to intact rats (p=0.001). In
the CEXP-treated group, the DC level was 9.9 pmol/g
of tissue (95% CI: [7.5; 11.4]), 34.0% lower than on the
2nd day (p = 0.01) and 17.5% higher compared to intact
rats (p = 0.02). In rats receiving cordarone, the DC level
decreased to 8.0 uymol/g of tissue (95% CI: [5.0; 10.0]),
which was 33.3% lower than on the 2nd day (p = 0.01)
and 19.2% higher compared to intact rats. The reduction
of DC levels on the 7th day compared to the 2nd day in all
groups indicates a certain recovery of antioxidant system
functions; however, DC levels in the treated groups
remained higher than in the intact rats.

On the 14th day after AMD modeling, DC levels
continued to decrease in all groups. In the control group
rats, the DC level decreased to 8.0 umol/g of tissue
(95% CI: [6.0; 9.0]), which was 55.6% lower than on the
2nd day (p = 0.01) and 33.3% lower compared to the 7th
day (p=0.01). In the CEXP-treated rats, the DC level was
5.0 pmol/g of tissue (95% CI. [4.5; 7.0]), which was
66.7% lower compared to the 2nd day (p = 0.01) and
49.5% lower compared to the 7th day (p = 0.03). In the
cordarone group, the DC level was 6.0 pmol/g of tissue
(95% CI: [4.5; 7.5]), which was 50.0% lower compared
to the 2nd day (p = 0.02) and 25.0% lower compared to
the 7th day (p = 0.1). Thus, by the 14th day, a significant
decrease in DC levels was observed in all groups,
indicating partial recovery of antioxidant system functions,
although the DC levels still remained higher than in intact
rats, particularly in the CEXP group (Table 3).

Thus, the conducted study aimed to assess the efficacy
of heart cryoextract (CEXP) as a potential therapeutic
agent targeting the correction of antioxidant homeostasis
disturbances under experimental conditions of adrenaline-
induced myocardial dystrophy (AMD) in laboratory rats.
Specifically, the study focused on analyzing the dynamics
of key oxidative stress biomarkers (TBARS, MDA, DC)
under the influence of CEXP compared to the traditional
antiarrhythmic drug cordarone.

Against the background of AMD modeling, a significant
increase in the levels of TBARS, malondialdehyde, and
diene conjugates was observed, clearly indicating the
activation of lipid peroxidation processes characteristic of
oxidative damage to cardiomyocytes, which is consistent
with literature data regarding the role of oxidative stress in
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Tabnuusa 3. Bnnue ekcTpakTy KpioKOHCEpBOBaHMX (hparMeHTIB cepus NOPOCAT Ha piBeHb AieHoBux KoH'toraTis (OK)
y TKaHMHax cepus LWypiB Ha MoAeni agpeHaniHoBoi MiokapaiogucTpodii, Mkmonb/r TkaHnHK (Me [LQ; UQ], n = 84)
Table 3. Effect of Cryoextract of Cryopreserved Porcine Heart Fragments on the Level of Diene Conjugates (DC)
in the Heart Tissues of Rats in the Model of Adrenaline-Induced Myocardial Dystrophy, umol/g of Tissue (Me [LQ; UQ], n = 84)

| rpyna Il rpyna Ill rpyna IV rpyna PiBeHb cTaTucTU4HOI BiporiaHocTi [%]

o fg Group | Group Il Group Il Group IV Level of Statistical Significance [%]
o KoHTponb AM[+ kopaapoH

I g IHTakTHi wypn | (AM[I 6e3 nikyBaHHs) | AMI + EKCI (10 mr/kr) b b b b

= Intact Rats Control (AMD without | AMD + CEXP | AMD + Cordarone 24 £2 e 29
treatment) (10 mg/kg)
0 ) — — —_
AN 5,1 18,0 15,0 12,0 55 | oX | 25 | 88
= 3 [5,0; 6,5] [13,5; 19,5] [13,0; 25,0] [10,0; 13,5] dg’ e o© cx SES
& L = fac} N,
a 5,5 12,0 9,9 8,0 _F = o T =
o > [4,0; 6,0] [11,0; 13,5] [7,5; 11,4] [5,0; 10,0] 3 % s o S & ~ &
=0 p,=03 p,,= 0,04 p,,= 0,01 p,,= 0,01 S o~ pos] co
™~ [7,8%]2 [- 33 ,3%]2 [- 34 ,0%]72 [- 33 ,3%]72 — - - -
5,3 8,0 5,0 6,0
2. [4,5; 6,0] [6 0; 9,0] [4 5;7,0] [4 5;7,5] - - - =
&2 p,=03 =0,01 =0,01 =0,02 NS S&s -5 +3
’fr S [3,92%] [55 6%]2 [66 7%]? [50 0%] o 3 (<) E °© & © &
- pn7=0,4 P, =0,01 P,z =0,03 pﬂ7-01
[3,6%]7 [- 33 ,3%]A7 [ 49 ,5%]A7 [-25,0%]"

MpumiTkn:

1. p,_, — PiBEHb CTATUCTUYHOI BiPOTiAHOCTI PO3GIKHOCTI NOKA3HUKIB;

2. [%] — 3Ha4eHHs po3biKHOCTEN NOKa3HWKIB Y BiACOTKAX;

3. IHgekcamu 1, 2, 3 BKa3aHO HOMeEp rpynu, MK MOKasHUKaMM SKUX NPOBELEHO MOPIBHAHHS;
4. lHgekcamu 1, A, BKa3aHO CTPOKW AOCMIIKEHHS, 3 MOKa3HUKaMM AKUX NPOBEAEHO MOPIBHAHHA B AVHAMIL.

Notes:
1. p,, — level of statistical significance of differences between indicators;
2. [%] — percentage difference between indicators;

3. Indices 1, 2, 3 indicate the group numbers between which the comparison was made;
4. Indices d,, d, indicate the time points in the study compared for dynamic analysis.

CBigYMTE MpPO akTMBaUil0 MpoLeciB ninonepokcuaauii,
XapakTepHUX AN OKCMAATMBHOTO YLUKOKEHHSI Kapai-
OMIOLMTIB, WO Y3ro4XKyeTbCA 3 AaHUMK niTepatypu npo
ponb OC y natodisionorii kapgiomionartii [1, 6, 30]. Niky-
BaHHA EKCI1 Ta kopaapoHOM CnpusifNo 3HUXXEHHIO PIBHSA
[OK, xoua y oAHii 3 rpyn piBeHb He OOCAr 3Ha4yeHb, Xa-
pakTepHUX AN iHTaKTHMX WypiB. Lle cBigunTb Npo nesHy
edeKTUBHICTb 060X NpenapariB y KOpeKLii OKCuaaTUBHO-
ro CTpecy, ogHaK Ans OCArHEHHS NMOBHOTO BiAHOBIEHHS
PYHKUIA aHTUOKCUAAHTHOI CUCTEMU NOTPiIOHI AoaaTKOBI
pocnigkeHHst. MNpy LboMy, B AESKUX AOCHIKEHHSX NOKa-
3aHO, L0 amiofapoH MOXe 3axuLaTti KapgioMiounTn Big
yLIKOOXKeHb, cnpuinHeHnx OC, wnsxom 6e3nocepenHbo-
ro NOrMMHaHHS BiNbHUX pagukanie kucHiwo [30, 31].

Hanbinblwi 3mMiHn Big3Havanucsa Ha 2-ry goby nicns
MOZEMNOBaHHA MNaTomnorii, WO KOPene 3 rocTpot da-
3010 po3BUTKY OkucHoro ctpecy. JlikysanHa EKCI1 cnpu-
SN0 JOCTOBIPHOMY 3MEHLLEHHIO BKa3aHMUX MapKepiB BXe
Ha paHHbOMY eTani, AeMoHCTpyun 33,7% 3HWKEHHS
TBK-PT1, wo e BiporigHMM NiATBEPOKEHHAM aHTUOKCU-
[AHTHOrO NoTeHLiany JaHoro npenapary.

Ha nopanbwmx etanax cnocTepexeHHst (7-ma Ta
14-ta po6a) No3WTUBHA AUHAMika 3MEHLUEHHSI Mapke-
piB ninonepokcuaauii 36epiranacsa B ycix rpynax, ogHak
pisHi MOA Ta [OK 3anuwanucs BUWMUMKM 3@ 3HAYEHHS
IHTaKTHUX TBapWH, WO CBiOYWTb MPO HEMNOBHE BigHOB-
NEHHSA aHTUOKCMAAHTHOro GanaHcy HaBiTb Ha Tni Tepa-
nii. BapTo 3a3HaunTy, WO 3HMXEHHS PIBHA OKWCHIOBaIb-
Hux mapkepis y rpyni EKCI1 3aranom He noctynanocs,

the pathophysiology of cardiomyopathy [1, 6, 30]. Treatment
with CEXP and cordarone contributed to the reduction of DC
levels, although in neither group did the levels reach those
typical for intact rats. This suggests a certain efficacy of both
agents in correcting oxidative stress; however, additional
studies are required to achieve full restoration of antioxidant
system functions. At the same time, a number of studies
have shown that amiodarone may protect cardiomyocytes
from damage caused by oxidative stress by directly
scavenging reactive oxygen species [30, 31].

The most significant changes were observed on the
2nd day after pathology modeling, correlating with the
acute phase of oxidative stress development. CEXP
treatment resulted in a significant reduction of the studied
markers at an early stage, demonstrating a 33.7%
decrease in TBARS, providing reliable evidence of the
antioxidant potential of the extract.

At later observation stages (7th and 14th days), the
positive trend of decreasing lipid peroxidation markers
persisted in all groups; however, MDA and DC levels
remained higher than in intact animals, indicating incomplete
restoration of antioxidant balance even with therapy.

It is noteworthy that the reduction in oxidative
markers in the CEXP group was generally not inferior
to, and in some cases even exceeded, the effectiveness
of cordarone therapy, with intergroup differences not
reaching statistical significance, suggesting comparable
efficacy of both treatments.

Experiments on cultured human cardiomyocytes have
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a nodeKkyau HaBiTb NepeBuLLyBano eekTUBHICTb Tepanil
KOp4apOHOM, MpW LbOMY MDKIPYMoBi BiAMIHHOCTI He J0-
carany CTaTMCTUYHOI 3HaYyLOCTI, WO BKasye Ha criBMip-
Hy ecbeKkTMBHICTb 060X Npenaparis.

B ekcnepvmeHTax Ha KynbTypax NIOACBKUX KapAiomi-
OUMTIB amiofapoH y TepaneBTUYHNX KOHLIEHTPaLisX 3HU-
XyBaB MNoTeHLian MiTOXOHApianbHOI MeMBpaH/ Ta CUHTE3
AT®, Wwo cBiguUMTb NPO MOXIMBE MOPYLUEHHSI piBHOBAaru
Mk ADK i aHTMOKCHMOaHTHUMK cuctemamn. BogHodvac npu
3aCTOCYBaHHI HKYMX YM LINbOBMX [03 npenapar niarpu-
MyBaB CTabiNbHICTb AMXanbHOMo NaHutora 1a obMexyBan
HaanuLWKoBYy MITOXOHApIanbHy reHepauito AOK [31].

Ak 3a3Havae OCTaHHIN ornsa, OKCUAATUBHWUA CTpec
BMCTYNae KIOYOBUM MEXaHi3MOM amiogapoH-iHOyKOBaHOI
TOKCUYHOCTI: HakonnyeHHs APK 3a ogHovacHoro BuUCHa-
YKEHHSs1 €HOOreHHNX aHTMOKCUAAHTIB NopyLUlye dyHKLt0 an-
XanbHOrO NaHLkora, 3anyckae 3ananbHy peakLito Ta cnpusie
HaKOMUYEHHIO OKMCHEeHMX Oinkis i ninigis. Lle niakpecntoe
HeOobXigHICTb TOYHOro niabopy A03u 1 cnocoby BBEOEHHS
amiofapoHy Ans MOCWUIMEHHS MOro aHTUOKCUAAHTHOrO 3a-
XUCTY | MiHiMi3aLil TOKcu4HNX edpexTiB [32, 33].

Takum YMHOM, OTPMMaHI pesynbTaT 4atoTb MiACTaBu
BBaXaTW KPIOEKCTPaKT Cepus MOPOCAT MEepPCrneKTUBHUM
3acobom y cknagi natoreHeTnyHoi Tepanii AMM, cnps-
MOBaHOI Ha 3HWXeHHs piBHA OC, cTabinizauito membpaH,
BiJHOBNEHHS aKTUBHOCTI (PEPMEHTIB aHTMOKCUAAHTHOIO
3axucTy Ta 30epexeHHsi pegokc-romeocTtasy. BogHouvac
BiZJCYTHICTb MOBHOrO BiAHOBIIEHHSA MOKa3HMKIB 4O PiBHSA
iHTaKTHUX TBapVH HaBiTb Yepes 14 fib Tepanii Bkasye Ha
HeoOXiaHICTb noganblUMX AOCHiMKeHb ANS onTumisauil
[03yBaHHSA, TEPMIHIB MiKyBaHHS Ta MOXNNBOI KOMBiHOBa-
Hoi Tepanii 3 iHWKMK 3acobammn aHTUOKCUAAHTHOI Aii.

BUCHOBKHU

3acTocyBaHHA KpPIOEKCTPAKTY CepLsi MOPOCAT 3HUXKYE
piseHb OC, Tak Ha 2-ry noby nicns mogentoBaHHa AM[
€KCTpaKT KpiOKOHCEpPBOBaHUX bparMeHTiB cepusi nopo-
cat (EKCI) 3ameHwunB piBeHb TBK-PI1 y TkaHuHax cepus
wypis Ha 33,7% (p < 0,001) i piBeHb AieHOBMX KOH'tOraTiB
Ha 16,7% (p > 0,05), Wwo cBigYNTL NPO PaHHE NPUTHIYEHHS
ninonepokcuaadii.

KpioekcTpakT cepus € epekTMBHUM 3acOB0M KopeKLil
okcugaTtmeHoro avcbanaHcy npu AM/, i 3a piBHeM Bnnu-
BY Ha ocHOBHi 6iomapkepu OC He nocTynaeTbest kopaa-
poHy. lNMopiBHAHO 3 rpynoto, sika oTpMMyBana KopaapoH
(10 mr/kr), pisHuus B 3HWxeHHi MapkepiB OC (TBK-PIT,
MOA, OK) He gocdarana cTaTUCTUYHOT 3HAYYLLOCTi Ha BCIiX
etanax cnoctepexeHns (p = 0,15-0,35), wo niaTsepoxye
nopibHy kapaionpoTEKTOPHY akTUBHICTL 060X 3acobiB.

3HWKEHHS1 pIBHS MarnoHOBOro AianbAerigy B CUMpo-
BaTLi kpoBi Ha 29,5-37,2% (EKCI) ta Ha 31,5-38,4%
(kopmapoH) miaTBepaxye, wo obwaea npenapatv He
nve nokanbHO 3axuLiaTb Miokapa, a i NoM siKLYTb
3aranbHU CUCTEMHUI OKUCHUIA CTPEC.

shown that amiodarone at therapeutic concentrations
reduces mitochondrial membrane potential and ATP
synthesis, indicating a potential disruption of the balance
between ROS and antioxidant systems. Meanwhile, at
lower or targeted doses, the drug maintained respiratory
chain stability and limited excessive mitochondrial ROS
generation [31].

As noted in arecent review, oxidative stress acts
as akey mechanism of amiodarone-induced toxicity:
accumulation of ROS along with depletion of endogenous
antioxidants impairs respiratory chain function, triggers an
inflammatory response, and promotes the accumulation
of oxidized proteins and lipids. This highlights the
necessity for careful selection of amiodarone doses
and administration methods to enhance its antioxidant
protection while minimizing toxic effects [32, 33].

Thus, the obtained results suggest that heart
cryoextract holds promise as a component of pathogenetic
therapy for AMD, aimed at reducing oxidative stress levels,
stabilizing membranes, restoring antioxidant defense
enzyme activity, and maintaining redox homeostasis.
At the same time, the lack of complete restoration
of parameters to those of intact animals even after
14 days of therapy indicates the need for further research
to optimize dosage, treatment duration, and potential
combination with other antioxidant agents.

CONCLUSIONS

The use of heart cryoextract reduces oxidative stress
(OS); thus, on the 2nd day after AMD modeling, the
cryoextract of cryopreserved porcine heart fragments
(CEXP) decreased TBARS levels in rat heart tissues by
33.7% (p < 0.001) and diene conjugate levels by 16.7%
(p > 0.05), indicating early suppression of lipid peroxidation.

Heart cryoextract is an effective agent for correcting
oxidative imbalance in AMD, and in terms of its impact
on key OS biomarkers, it is not inferior to cordarone.
Compared to the group treated with cordarone
(10 mg/kg), the difference in the reduction of OS markers
(TBARS, MDA, DC) did not reach statistical significance
at any observation stage (p = 0.15-0.35), confirming the
similar cardioprotective activity of both agents.

The reduction of malondialdehyde levels in blood
serum by 29.5-37.2% (CEXP) and by 31.5-38.4%
(cordarone) confirms that both agents not only provide
local myocardial protection but also alleviate overall
systemic oxidative stress.

OpuriHanbHi gocnigpKeHHs

189 Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 178-193
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):178-193

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

CMUCOK BUKOPUCTAHOI AITEPATYPU

Peng M.L., Fu Y., Wu C.W., Zhang Y., Ren H., Zhou S.S. Signaling
pathways related to oxidative stress in diabetic cardiomyopathy.
Frontiers in Endocrinology (Lausanne). 2022. Vol. 13. 907757 p.
DOI: https://doi.org/10.3389/fendo.2022.907757

REFERENCES

Peng ML, Fu Y, Wu CW, Zhang Y, Ren H, Zhou SS. Signaling
pathways related to oxidative stress in diabetic cardiomyopathy.
Frontiers in  Endocrinology  (Lausanne). 2022;13:907757.
DOI: https://doi.org/10.3389/fendo.2022.907757

2. Li Y, Ge S. Peng Y. Chen X. Inflammation and cardiac 2. Li Y, Ge S, Peng Y, Chen X. Inflammation and cardiac
dysfunction during sepsis, muscular dystrophy, and myocarditis. dysfunction during sepsis, muscular  dystrophy, and
Burns & Trauma. 2013. Vol. 1, Ne 3. P. 2321-3868. myocarditis. Burns & Trauma. 2013;1(3):2321-3868. DOI:
DOI: https://doi.org/10.4103/2321-3868.123072 https://doi.org/10.4103/2321-3868.123072

3. Komorovsky R., Desideri A., Coscarelli S., Cortigiani L., Celegon L. 3. Komorovsky R, Desideri A, Coscarelli S, Cortigiani L, Celegon L. Impact
Impact of carotid arterial narrowing on outcomes of patients with acute of carotid arterial narrowing on outcomes of patients with acute coronary
coronary syndromes. American Journal of Cardiology. 2004. Vol. 93. syndromes. American Journal of Cardiology. 2004;93(12):1552-5. DOI:
Ne12. P. 1552-1555. DOI: https://doi.org/10.1016/j.amjcard.2004.03.012 https://doi.org/10.1016/j.amjcard.2004.03.012

4. Liu M., Lv J., Pan Z.,, Wang D., Zhao L., Guo X. Mitochondrial 4. Liu M, Lv J, Pan Z, Wang D, Zhao L, Guo X. Mitochondrial
dysfunction in heart failure and its therapeutic implications. dysfunction in heart failure and its therapeutic implications.
Frontiers in Cardiovascular Medicine. 2022. Vol. 9. 945142 p. Frontiers in Cardiovascular Medicine. 2022;9:945142.
DOI: https://doi.org/10.3389/fcvm.2022.945142 DOI: https://doi.org/10.3389/fcvm.2022.945142

5. Shah AK., Bhullar S.K., Elimban V., Dhalla N.S. Oxidative stress 5. Shah AK, Bhullar SK, Elimban V, Dhalla NS. Oxidative stress
as a mechanism for functional alterations in cardiac hypertrophy as a mechanism for functional alterations in cardiac hypertrophy
and heart failure. Antioxidants (Basel). 2021. Vol. 10, Ne 6. 931 p. and heart failure. Antioxidants (Basel). 2021;10(6):931.
DOI: https://doi.org/10.3390/antiox10060931 DOI: https://doi.org/10.3390/antiox10060931

6. Dhalla N.S., Elimban V., Bartekova M., Adameova A. Involvement 6. Dhalla NS, Elimban V, Bartekova M, Adameova A. Involvement
of oxidative stress in the development of subcellular defects of oxidative stress in the development of subcellular
and heart disease. Biomedicines. 2022. Vol. 10, Ne 2. 393 p. defects and heart disease. Biomedicines. 2022;10(2):393.
DOI: https://doi.org/10.3390/biomedicines10020393 DOI: https://doi.org/10.3390/biomedicines10020393

7. Fabiani I., Aimo A., Grigoratos C., Emdin M., Passino C. Oxidative 7. Fabianil, Aimo A, Grigoratos C, Emdin M, Passino C. Oxidative stress
stress and inflammation: determinants of anthracycline cardiotoxicity and inflammation: determinants of anthracycline cardiotoxicity and
and possible therapeutic targets. Heart Failure Reviews. 2021. Vol. possible therapeutic targets. Heart Failure Reviews. 2021;26:881-90.
26. P. 881-890. DOI: https://doi.org/10.1007/s10741-020-10063-9 DOI: https://doi.org/10.1007/s10741-020-10063-9

8. Liu 2.Y., Song K., Tu B., Lin L.C., Sun H., Lin H., Zhou L. Crosstalk 8. LiuZzY,SongK, TuB,LinLC, SunH, LinH, Zhou L. Crosstalk between
between oxidative stress and epigenetic marks: new roles and oxidative stress and epigenetic marks: new roles and therapeutic
therapeutic implications in cardiac fibrosis. Redox Biology. 2023. Vol. implications in cardiac fibrosis. Redox Biology. 2023;65:102820. DOI:
65. 102820 p. DOI: https://doi.org/10.1016/j.redox.2023.102820 https://doi.org/10.1016/j.redox.2023.102820

9. Nicol M., Deniau B., Rahli R., Essiz M., Brun G., Bichat F. et al. 9. Nicol M, Deniau B, Rahli R, Essiz M, Brun G, Bichat F, et al.
Streptozotocin induced hyperglycemia unmasks cardiotoxicity Streptozotocin induced hyperglycemia unmasks cardiotoxicity
induced by doxorubicin. Scientific Reports. 2025. Vol. 15. 8104 p. induced by doxorubicin. Scientific Reports. 2025;15:8104. DOI:
DOI: https://doi.org/10.1038/s41598-025-91824-0 https://doi.org/10.1038/s41598-025-91824-0

10. Tsutsui H., Kinugawa S., Matsushima S. Oxidative stress and 10. Tsutsui H, Kinugawa S, Matsushima S. Oxidative stress and
mitochondrial DNA damage in heart failure. Circulation Journal. 2008. Vol. mitochondrial DNA damage in heart failure. Circulation Journal.
72, Suppl. A. P. A31-A37. DOI: https://doi.org/10.1253/circj.cj-08-0014 2008;72(A):A31-7. DOI: https://doi.org/10.1253/circj.cj-08-0014

11. Zhao T., Wu W., Sui L., Yu W., Hu Y., Zhang C. et al. Reactive 11. Zhao T, Wu W, Sui L, Yu W, Hu Y, Zhang C, et al. Reactive oxygen
oxygen species based nanomaterials for the treatment of myocardial species based nanomaterials for the treatment of myocardial
ischemia—reperfusion injuries. Bioactive Materials. 2021. Vol. 7. P. ischemia—reperfusion injuries. Bioactive Materials. 2021;7:47-72.
47-72. DOI: https://doi.org/10.1016/j.bioactmat.2021.06.006 DOI: https://doi.org/10.1016/j.bioactmat.2021.06.006

12. San Millan I. The key role of mitochondrial function in health 12. San Millan I. The key role of mitochondrial function in health
and disease. Antioxidants (Basel). 2023. Vol. 12, Ne 4. 782 p. and disease. Antioxidants (Basel). 2023;12(4):782. DOI:
DOI: https://doi.org/10.3390/antiox12040782 https://doi.org/10.3390/antiox12040782

13. Zhang M., Liu Q., Meng H., Zhang Y., Li Y., Zhang W. et al. Ischemia 13. Zhang M, Liu Q, Meng H, Zhang Y, Li Y, Zhang W, et al. Ischemia
reperfusion injury: molecular mechanisms and therapeutic targets. reperfusion injury: molecular mechanisms and therapeutic targets.
Signal Transduction and Targeted Therapy. 2024. Vol. 9. 12 p. Signal Transduction and Targeted Therapy. 2024;9:12. DOI:
DOI: https://doi.org/10.1038/s41392-023-01688-x https://doi.org/10.1038/s41392-023-01688-x

14. Rosa C.M., Campos D.H.S., Reyes D.R.A., Fernandes A.A., 14. Rosa CM, Campos DHS, Reyes DRA, Fernandes AA, Martinez PF,
Martinez P.F., Okoshi K. et al. Effects of the SGLT2 inhibition on Okoshi K, et al. Effects of the SGLT2 inhibition on cardiac
cardiac remodeling in streptozotocin induced diabetic rats, a model remodeling in streptozotocin induced diabetic rats, a model of
of type 1 diabetes mellitus. Antioxidants. 2022. Vol. 11, Ne 5. 982 p. type 1 diabetes mellitus. Antioxidants. 2022;11(5):982. DOI:
DOI: https://doi.org/10.3390/antiox11050982 https://doi.org/10.3390/antiox11050982

15. MapkoBa O.0., Monoswuy 1.J1., LiepkosHiok A.B., Bapunsk J1.I'. Adpe- 15. Markova OO, Popovych IL, Tserkovniuk AV, Baryliak LG. Adrenal
HaniHosa Mmiokapdioducmpodgisi i peakmusHicmb opeaHiamy. Kuis: myocardial dystrophy and body reactivity. Kyiv: Komp'iuterpres;
Komn’'totepnpec, 1997. 126 c. 1997. 126 p. (In Ukrainian)

16. Tanwar S.S., Dwivedi S., Khan S., Thakur P., Narang R, 16. Tanwar SS, Dwivedi S, Khan S, Thakur P, Narang R, Wadhwa S,
Wadhwa S. et al. Cardiomyopathies and a brief insight into DOX et al. Cardiomyopathies and a brief insight into DOX induced
induced cardiomyopathy. The Egyptian Heart Journal. 2025. Vol. 77. cardiomyopathy. The Egyptian Heart Journal. 2025;77:29. DOI:
29 p. DOI: https://doi.org/10.1186/s43044-025-00628-0 https://doi.org/10.1186/s43044-025-00628-0

17. Liu B.Y., Li L, Liu G.L, Li YJ., Liu J., Yu H.Y. Zheng Q.S. 17. Liu BY, Li L, Liu GL, Li YJ, Liu J, Yu HY, Zheng QS. Baicalein
Baicalein attenuates cardiac hypertrophy in mice via suppressing attenuates cardiac hypertrophy in mice via suppressing
oxidative stress and activating autophagy in cardiomyocytes. oxidative stress and activating autophagy in cardiomyocytes.
Acta Pharmacologica Sinica. 2021. Vol. 42, Ne 5. P. 701-714. Acta Pharmacologica  Sinica. 2021;42(5):701-14. DOI:
DOI: https://doi.org/10.1038/s41401-020-0496-1 https://doi.org/10.1038/s41401-020-0496-1

18. Liu XJ., Lv Y.F,, Cui W.Z, Li Y.Q., Wu Y., Wang X.M. et al. 18. Liu XJ, Lv YF, Cui WZ, Li YQ, Wu Y, Wang XM, et al
Icariin  inhibits  hypoxia/reoxygenation  induced ferroptosis Icariin  inhibits  hypoxia/reoxygenation  induced ferroptosis
of cardiomyocytes via regulation of the Nrf2/HO-1 signaling of cardiomyocytes via regulation of the Nrf2/HO-1 signaling
pathway. FEBS Open Bio. 2021. Vol. 11, Ne 11. P. 2966-2976. pathway. FEBS Open Bio. 2021;11(11):2966-76. DOI:
DOI: https://doi.org/10.1002/2211-5463.13276 https://doi.org/10.1002/2211-5463.13276

19. Ren B.C., Zhang Y.F., Liu S.S., Zeng Y., Wang Y.Y., Hu Y.Y. et al. 19. Ren BC, Zhang YF, Liu SS, Zeng Y, Wang YY, Hu YY, et al.
Curcumin alleviates oxidative stress and inhibits apoptosis in diabetic Curcumin alleviates oxidative stress and inhibits apoptosis in diabetic
cardiomyopathy via Sirt1, Foxo1 and PI3K/Akt signalling pathways. cardiomyopathy via Sirt1, Foxo1 and PI3K/Akt signalling pathways.
Journal of Cellular and Molecular Medicine. 2020. Vol. 24, Ne 21. Journal of Cellular and Molecular Medicine. 2020;24(21):12355-67.
P. 12355-12367. DOI: https://doi.org/10.1111/jcmm.15725 DOI: https://doi.org/10.1111/jcmm. 15725

OpuriHanbHi gocnigpKeHHs 190 Original research


https://doi.org/10.3389/fendo.2022.907757
https://doi.org/10.4103/2321-3868.123072
https://doi.org/10.3389/fcvm.2022.945142
https://doi.org/10.3390/antiox10060931
https://doi.org/10.3390/biomedicines10020393
https://doi.org/10.1007/s10741-020-10063-9
https://doi.org/10.1016/j.redox.2023.102820
https://doi.org/10.1038/s41598-025-91824-0
https://doi.org/10.1253/circj.cj-08-0014
https://doi.org/10.1016/j.bioactmat.2021.06.006
https://doi.org/10.3390/antiox12040782
https://doi.org/10.1038/s41392-023-01688-x
https://doi.org/10.3390/antiox11050982
https://doi.org/10.1186/s43044-025-00628-0
https://doi.org/10.1038/s41401-020-0496-1
https://doi.org/10.1002/2211-5463.13276
https://doi.org/10.1111/jcmm.15725
https://doi.org/10.3389/fendo.2022.907757
https://doi.org/10.4103/2321-3868.123072
https://doi.org/10.3389/fcvm.2022.945142
https://doi.org/10.3390/antiox10060931
https://doi.org/10.3390/biomedicines10020393
https://doi.org/10.1007/s10741-020-10063-9
https://doi.org/10.1016/j.redox.2023.102820
https://doi.org/10.1038/s41598-025-91824-0
https://doi.org/10.1253/circj.cj-08-0014
https://doi.org/10.1016/j.bioactmat.2021.06.006
https://doi.org/10.3390/antiox12040782
https://doi.org/10.1038/s41392-023-01688-x
https://doi.org/10.3390/antiox11050982
https://doi.org/10.1186/s43044-025-00628-0
https://doi.org/10.1038/s41401-020-0496-1
https://doi.org/10.1002/2211-5463.13276
https://doi.org/10.1111/jcmm.15725

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 178-193
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):178-193

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Cai W., Chong K., Huang Y., Huang C., Yin L., Lin C., et al.
Empagliflozin improves mitochondrial dysfunction in diabetic
cardiomyopathy by modulating ketone body metabolism and
oxidative stress. Redox Biology. 2023. Vol. 69. 103010 p.
DOI: https://doi.org/10.1016/j.redox.2023.103010

Huang K., Luo X., Liao B., Zhao M., Tang Q., Wang Y. et al. Insights
into SGLT2 inhibitor treatment of diabetic cardiomyopathy: focus on
the mechanisms. Cardiovascular Diabetology. 2023. Vol. 22. 86 p.
DOI: https://doi.org/10.1186/s12933-023-01816-5

magkux ®.B., Jlagosa T.l., Komoposcbkuii P.P., Yk M.O. Ynb-
Tpa3ByKOBa XapakTtepucTvka (yHKUIOHanbHUX 3MiH Miokapga npwv
3acTOCyBaHHI  KOHAOMLIOHOBAHOro cepefoBullia Me3eHXiManbHUX
CcTOBOYPOBMX KMNITMH Ha MoAeni ayToiMyHHOro MiokapauTy. Ykpa-
iHebkul kapdionoeiqHull xypHan. 2024. T. 31, Ne 6. C. 35-46.
DOI: https://doi.org/10.31928/2664-4479-2024.6.3546

Mmagkux ®.B., Ymx M.O., Kowypba |.B., BenoukiHa |.B., Komo-
poBcbkuin P.P., MapyeHko M.M., Kowyp6a KO.B. AHTpaumkmniHOBI
YLUKOMKEHHSI CepLis Ta BNUB KPIOEKCTPaKTy MraueHT Ha cTaH Mi-
okapaa npv AokcopybilnHOBIN kapgiomionartii. YkpaiHcbkuli padiono-
2i4HUl ma oHkonoeiyHul xypHan. 2023. T. 31, Ne 2. C. 190-205.
DOI: https://doi.org/10.46879/ukroj.2.2023.190-205

Dxurantok O.B., Ctenaniok I.l., 3aiuko H.B., Koanenko C.I.,
LWabenbHuk K.IT.  Xapakrtepuctvka BnnuBy 4-[4-okco-4H-xiHa-
3oniH-3-in]6eH3onHoi kucnotn (MK 66) Ha nepebir agpeHaniHo-
BOI MiokapaiogucTpodpii B WypiB 3a AaHMMu GioximiuyHux pocni-
mkeHb. MeduyHa ma kniHiyHa ximis. 2016. T. 18, Ne 4. C. 16-22.
DOI: https://doi.org/10.11603/mcch.2410-681X.2016.v0.i4.7249
lanbyeHko C €. EKCTpakTn KpiOKOHCEPBOBaHMX (parMeHTIB Kce-
HoopraHiB: ogepxaHHa Ta GionoriyHa gis. [Mpobnemu kpiobionoaii.
2005. T. 15, Ne 3. C. 403-406.

Asakawa T., Matsushita S. Coloring condition of thiobarbituric acid test for
detecting lipid hydroperoxides. Lipids. 1980. Vol. 15, Ne 3. P. 137-140.
Yahyavi H., Kaykhaii M., Hashemi M. A rapid spectrofluorimetric
method for the determination of malondialdehyde in human plasma
after its derivatization with thiobarbituric acid and vortex-assisted
liquid-liquid microextraction. RSC Advances. 2016. Vol. 6, Ne 3.
P. 2361-2367. DOI: https://doi.org/10.1039/C5RA22079C

Pharaoh G., Brown J.L., Sataranatarajan K., Street K., Regnier
F., Kinter M., Van Remmen H. Simple and sensitive method for
the quantitative determination of lipid hydroperoxides by liquid
chromatography/mass spectrometry. Antioxidants. 2022. Vol. 11,
Ne 2. 229 p. DOI: https://doi.org/10.3390/antiox11020229

Zar J.H. Biostatistical Analysis. 5th ed. Englewood Cliffs: Prentice
Hall, 2014. 960 p.

Ide T., Tsutsui H., Kinugawa S., Utsumi H., Takeshita A. Amiodarone
protects cardiac myocytes against oxidative injury by its free radical
scavenging action. Circulation. 1999. Vol. 100, Ne 7. P. 690-692.
DOI: https://doi.org/10.1161/01.cir.100.7.690

Krajéova A., Némcova V., Halatova M., Waldauf P., Balik M., Duska F.
Amiodarone but not propafenone impairs bioenergetics and autophagy
of human myocardial cells. Toxicology and Applied Pharmacology. 2023.
Vol. 477. 116676 p. DOI: https://doi.org/10.1016/j.taap.2023.116676
Bulut S., Aksakal E., Suleyman H. Pathogenesis of amiodarone
related toxicity. Archives of Basic and Clinical Research. 2025. Vol.
7, Ne 1. P. 68-70. DOI: https://doi.org/10.5152/ABCR.2025.24264
IBaHoBa H0.B., NpamaTiok C.M., EcTpiH C.I., Kpmopyuko I.A., KpaByeH-
ko T.B., Mepemort A.0., KoBanbuyk A.O. TpaHcnnaHTauis ayTonoriqHmx
Me3eHxiManbHUX CTOBOYPOBMX KMITUH B MiKyBaHHI XPOHIYHOI cepLeBol
HegoCTaTHOCTI NPV AWNATaUiHIA Kapgiomionarii: kniHiYHe crocTepe-
KEHHS. YkpaiHcbKul XypHan cepueso-cyOuHHoi xipypeii. 2025. T. 33,
Ne1.C.112-118.DOl:https://doi.org/10.63181/ujcvs.2025.33(1).112-118

MepcnekTMBM NOAQABLUMX AOCAIAXKEHb

EKCIT moxe matu kpawmin npodinb 6iocymicHocTi Ta
MEHLLMIN pU3MK NOBIYHMX eddeKTiB Y 3B’A3Ky 3 1Moro bioreH-
HMM NMOXOKEHHSIM, LLIO BiAKPVBAE NEPCNEKTUBU AN KOro
no4anbLUOro KniHiYHOrO BMBYEHHSI Ta MOXIMBOIO BMPO-
BaJXXEHHS B MeANYHY NPaKTUKY SK Kap4ionpoOTEKTOPHOTO
3aco0y 3 BUPaKEHNM aHTVOKCMAAHTHUM MOTEHLianomM.

KoHdAIKT iHTEepecis

ABTOpM pyKOnuCy CBIAOMO 3acBigvytoTb BiACYTHICTb dak-
TUYHOro abo MOTEHLIMHOrO KOHMMIKTY iHTEepeciB LWoao
pesyneraTiB uiei poboTn 3 dapmaueBTUYHUMK Komna-
HigAMW, BUPOOHMKaMN BiOMEANYHUX NPUCTPOIB, iHLLIMMMU

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Cai W, Chong K, Huang Y, Huang C, Yin L, Lin C, et al
Empagliflozin improves mitochondrial dysfunction in diabetic
cardiomyopathy by modulating ketone body metabolism
and oxidative stress. Redox Biology. 2023;69:103010. DOI:
https://doi.org/10.1016/j.redox.2023.103010

Huang K, Luo X, Liao B, Zhao M, Tang Q, Wang Y, et al. Insights
into SGLT2 inhibitor treatment of diabetic cardiomyopathy: focus
on the mechanisms. Cardiovascular Diabetology. 2023;22:86. DOI:
https://doi.org/10.1186/s12933-023-01816-5

Hladkykh FV, Lyadova TI, Komorovskyi RR, Chyzh MO.
Ultrasonographic  characteristics of  myocardial  functional
changes with the use of mesenchymal stem cell-
conditioned medium in an autoimmune myocarditis model.
Ukrainian Journal of Cardiology. 2024;31(6):35-46. DOI:
https://doi.org/10.31928/2664-4479-2024.6.3546 (In Ukrainian)
Hladkykh FV, Chyzh MO, Koshurba IV, Bielochkina IV,
Komorovskyi RR, Marchenko MM, Koshurba YV. Anthracycline-
induced heart damage and the effect of placenta cryoextract on
myocardium in doxorubicin cardiomyopathy. Ukrainian Radiological
and Oncological Journal. 2023;31(2):190-205. (In Ukrainian).
DOI: https://doi.org/10.46879/ukroj.2.2023.190-205

Dzhihalyuk OV, Stepaniuk HI, Zaichko NV, Kovalenko SI, Shabelnyk
KP. Characterization of the effect of 4-[4-oxo-4H-quinazolin-3-
yllbenzoic acid (PC 66) on the course of adrenaline-induced
myocardial dystrophy in rats based on biochemical studies. Medical
and Clinical Chemistry. 2016;18(4):16-22. (In Ukrainian). DOI:
https://doi.org/10.11603/mcch.2410-681X.2016.v0.i4.7249
Halchenko SYe. Extracts of cryopreserved xenogenic organ
fragments: preparation and biological effects. Problems of
Cryobiology. 2005;15(3):403-6. (In Ukrainian)

Asakawa T, Matsushita S. Coloring condition of thiobarbituric acid
test for detecting lipid hydroperoxides. Lipids. 1980;15(3):137—40.
Yahyavi H, Kaykhaii M, Hashemi M. Arapid spectrofluorimetric
method for the determination of malondialdehyde in human plasma
after its derivatization with thiobarbituric acid and vortex-assisted
liquid-liquid microextraction. RSC Advances. 2016;6(3):2361-7.
DOI: https://doi.org/10.1039/C5RA22079C

Pharaoh G, Brown JL, Sataranatarajan K, Street K, Regnier F,
Kinter M, Van Remmen H. Simple and sensitive method for
the quantitative determination of lipid hydroperoxides by liquid
chromatography/mass spectrometry. Antioxidants. 2022;11(2):229.
DOI: https://doi.org/10.3390/antiox11020229

Zar JH. Biostatistical Analysis. 5th ed. Englewood Cliffs: Prentice
Hall; 2014. 960 p.

Ide T, Tsutsui H, Kinugawa S, Utsumi H, Takeshita A. Amiodarone
protects cardiac myocytes against oxidative injury by its free
radical scavenging action. Circulation.  1999;100(7):690-2.
DOI: https://doi.org/10.1161/01.cir.100.7.690

Krajéova A, Némcova V, Halatova M, Waldauf P, Balik M, Duska F.
Amiodarone but not propafenone impairs bioenergetics and autophagy
of human myocardial cells. Toxicology and Applied Pharmacology.
2023;477:116676. DOI: https://doi.org/10.1016/j.taap.2023.116676
Bulut S, Aksakal E, Suleyman H. Pathogenesis of amiodarone related
toxicity. Archives of Basic and Clinical Research. 2025;7(1):68-70.
DOI: https://doi.org/10.5152/ABCR.2025.24264

lvanova YV, Hramatyuk SM, Estrin Sl, Kryvoruchko IA,
Kravchenko TV, Peremot YA, Kovalchuk AO. Autologous
mesenchymal stem cell transplantation in the treatment of chronic
heart failure due to dilated cardiomyopathy: a clinical case. Ukrainian
Journal of Cardiovascular Surgery. 2025;33(1):112-8. (In Ukrainian)
DOI: https://doi.org/10.63181/ujcvs.2025.33(1).112-118

Prospects for further research
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HS.
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© HakoHe4Ha O.A., bayuHcbkuli P.O.,
M’sicoedoes B.B., BekwuH B.O.,
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Knoykoe B.K., 2025

PE3IOME

AkTyanbHicTb. BuKopucTtaHHsa MOAMMDIKOBAHNX BUMNPOMIHIOBAHHAM HaHOYACTUHOK
MOXe NpuBecT A0 BinbLl BUCOKOrO YTBOPEHHS akTUBHUX popM kucHio (APK), o 3ro-
OOM npusBee A0 OinbLUoi LMTOTOKCUYHOCTI Ta TeHOTOKCUYHOCTI MO BiAHOLLEHHIO 10 MyX-
NWH. TaknuMm YMHOM, NPK 3aCTOCYBaHHI HAHOMAaTepiarniB CyMiCHO 3 ONMPOMIHEHHSIM MOXHa
crocTepirat CUHepriaM BNNBY YMHHUKIB.

MeTta po60TH — NpoBeAEHHSI NMOPIBHANBHOI XapakTePUCTUKM BMNNBY HAHOYACTUHOK Op-
ToBaHagaTy ragoniHiv iTpito, akTMBOBaHOroO eBponieM, B kKoHUeHTpauisix 100 Ta 200 mkr/
kr, 6e3 onpoMiHeHHs Ta Npu nonepegHboMy Y®-onpoMmiHeHHi, Npu nepopanbHOMy BBe-
[AEHHI X PO34MHIB, Ha reHepaLito akTBHUX POPM KUCHIO Y NnerkounTax nepudgepuyHoi
KpOBI LLypiB.

MaTtepianu Ta meTtoaun. EkcnepumeHT nposogunu Ha 30 cTaTeBO3pinuX Wypax-cam-
usax nonynauii WAG, skvx BUNaakoBMM YMHOM po3noginunu Ha 5 rpyn (no 6 TBapuH
y KOXHiR). MNepLua rpyna — KOHTPOMbHa (LWypu OTpMMyBanu nNUTHy Boay), 2-ra 1a 3-1a
rpynu TBapwviH, sikum npotsaroM 14 gi6 BBoAMNM BOOHI pO34MHM opTOoBaHazaTy rago-
NiHIR-ITPit0 aKTMBOBAHOrO €BPOMiEM (GdYVO4:Eu3*), BianosigHo B A03i 100 MKr/kr
macwu Tina TBapuHu (2-ra rpyna, Gd-100) i 200 mkr/kr (3-15 rpyna, Gd-200); TBapuHu
4-i i 5-i rpyn TBapuH, oTpumyBanu npotaroMm 14 gi6 aHanoriyHy 03y BOAHUX pO3-
YMHIB HaHoO4YacTUHOK, To6T0 100 mKkr/kr (4-Ta rpyna, Gd(UV)-100) i 200 mkr/kr (5-Ta
rpyna, Gd(UV)-200), wo 6ynu nonepeaHbo onpoMiHeHi Y®-ceitnom. Boay Ta BogHi
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AAS UUTYBAHHS:

PO34YMHM HAHOYACTUHOK BBOAUNU LLypaM nepoparnbHO 3a JONOMOroK 4030BO1 NiNeTKn
3 HaKOHEYHUKOM.

Pe3ynbTrati Ta ix o06roBopeHHsi. lNokasaHo, L0 30aTHICTb HAHOYACTUHOK GdYVOA:Eu3*
reHepyBatn A®K y nenkounTtax 36inblUyeTbCs Nicns nonepegHboi ix akTmeauii YO cBiT-
oM Ta € A0303anexHot0. Mpu BBeAEHHI TBapUHaM po34nHY HaHo4acTUHok GdYVO,:Eu’*
nonepegHbLo YP-onpomiHeHoi 403n 200 MKI/Kr Macu Tina TBapuHKW, 3HAYEHHSI MOKa3HWKIB
yTBOpeHHa APK y nenkounTax LypiB 30inbLLYETLCS BIGHOCHO KOHTPOMbHOI rpynu npak-
TUYHO Ha 15%.

BucHoBku. Takum 4nHOM, HaHodacTuHkm GdYVO,:Eu®* matoTb nepcnekTysy BUKOpU-
CTaHHS B IKOCTi AOMNOMIDKHOIO 3acoby Ans niaBULLEHHS edpeKTUBHOCTI NPOMEHeBOI Tepa-
nii B NikyBaHHiI OHKONAaTOMOrii, OCKINbKX cenekTnBHa reHepauis APK y kniTuHax nyxnuH
aKTUBYE LUNSAXM KNITUHHOI CMepTi. BinbLll Toro, cnvparyncb Ha NpPoBeAeHi HamMu eKc-
nepuMeHTanbHi JOCHIMKEHHS, MOXHA CMOAiIBaTUCA, WO BUKOPUCTAHHA HaHOYaCTUMHOK
GdYVO,:Eu*, wo nonepedHLo nigaasanucb Aii YO onpoMiHeHHs, 3Ha4YHO MiaCcUnnThb
reHepauito AOK nig Aieto BUCOKOEHepreTMYHOro ONpoMiHEHHS (MPOMeHeBa Tepanisi).

HakoHeuHa O.A., BaunHcbkui P.O., M’'acoegos B.B., BekwuH B.O., BoHgapeHko M.A., BuwHuupbka LA, Knoukos B.K.
leHepaUis akTUBHMX POPM KUCHIO B NekouMTax LLypiB 3a YMOB BMNAMBY Pi3HWX KOHLEHTpaLii opToBaHadaTy rago-
NiHIN-iTpito NpM NepopanbHOMy BBEAEHHI. BicHUK XapKiecbK020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa.
Cepis Meduyura. 2025. T. 33. Ne 2 (53). C. 194-210. DOI: https://doi.org/10.26565/2313-6693-2025-53-03

Keywords:

europium-activated  gadolinium-yttrium
orthovanadate solutions, nanoparticles,
reactive oxygen species, leukocytes.

For correspondence:

Nakonechna Oksana Anatoliivna

Kharkiv National Medical University
Ministry of Health of Ukraine;

4 Nauky Ave., Kharkiv, 61022, Ukraine;
e-mail: oa.nakonechna@knmu.edu.ua

© Nakonechna O.A.,

Bachynskyi R.O., Miasoiedov V.V.,
Vekshyn V.O., Bondarenko M.A.,
Viyshnytska I.A., Klochkov V.K., 2025

For citation:

ABSTRACT

Background. The use of radiation-modified nanoparticles can lead to higher formation
of reactive oxygen species (ROS), which will subsequently lead to greater cytotoxicity
and genotoxicity towards tumors. Thus, when using nanomaterials in combination with
irradiation, synergism of the effects of factors can be observed.

Purpose —The aim of this research was to elucidate the effect of Europium-activated
hydrogenated gadolinium yttrium nanoparticles at concentrations of 100 and 200 pg/kg,
without irradiation and with preliminary UV irradiation, on the generation of reactive
oxygen species (ROS) in peripheral blood leukocytes of rats.

Materials and Methods. The experiment was performed on 30 sexually mature male rats
of the WAG population, which were randomly divided into 5 groups (6 animals in each).
The first group was the control group (rats received drinking water), groups 2 and 3 of
animals were administered aqueous solutions of europium-activated gadolinium yttrium
orthovanadate (GdYVO,:Eu®") for 14 days, respectively, at a dose of 100 ug/kg of animal
body weight (group 2, Gd-100) and 200 pg/kg (group 3, Gd-200); animals of groups
4 and 5 of animals received a similar dose of aqueous solutions of nanoparticles for
14 days, i.e. 100 pg/kg (group 4, Gd(UV)-100) and 200 pg/kg (group 5, Gd(UV)-200),
which were previously irradiated with UV light. Water and aqueous solutions of
nanoparticles were administered to rats orally using a dosing pipette with a tip.
Results. It has been shown that the ability of GdYVO,:Eu* nanoparticles to generate
ROS in leukocytes increases after their prior activation by UV light and is dose-
dependent. When animals are administered a solution of GdYVO,:Eu®* nanoparticles
previously UV-irradiated at a dose of 200 pg/kg of animal body weight, the value of
ROS formation indicators in rat leukocytes increases by almost 15% compared to the
control group.

Conclusions. Thus, GdYVO,:Eu® nanoparticles have a prospect for use as an auxiliary
agent for increasing the effectiveness of radiotherapy in the treatment of oncopathology,
since the selective generation of ROS in tumor cells activates cell death pathways.
Moreover, based on our experimental studies, we can hope that the use of GdYVO,:Eu®
nanoparticles, previously subjected to UV irradiation, will significantly enhance the
generation of ROS under the influence of high-energy irradiation (radiation therapy).

Nakonechna OA, Bachynskyi RO, Miasoiedov VV, Vekshyn VO, Bondarenko MA, Vyshnytska IA, Klochkov VK.
Reactive oxygen species generation in leucocytes of rats under the influence of different concentrations of yttrium
gadolinium orthovanadate during oral administration. The Journal of V.N. Karazin Kharkiv National University. Series
Medicine. 2025; 33(2(53)):194-210. DOI: https://doi.org/10.26565/2313-6693-2025-53-03

BCTYN

Cy4acHuIn pPO3BUTOK HAHOTEXHOMOri [aB MOXIU-
BICTb MaHinynoBaT CTPyKTypamum Ha aTOMHOMY piBHi,
O, B CBOK 4epry, [O3BONWUMO CTBOPIOBATU CTPYKTYpU

INTRODUCTION

Current development of nanotechnology has made
it possible to manipulate structures at the atomic level,
which, in turn, has made it possible to create the particles
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poamipom Big 1 go 100 wum [1, 2]. HaHouyacTuHkn (HY)
MatoTb YHiKanbHi ONTWUYHI, ENeKTPUYHI, MarHiTHi Ta biono-
riYHi BMAcTMBOCTI, ki 3abe3neyyoTbCs CMiBBIAHOLLEHHAM
nnoLui noBepxHi o 06’emy. OTxe, BnactueocTi HY GinbLu
NiaNopsiAKOBYOTHCS 3aKOHAaM KBaHTOBO| MexaHiku [3, 4].
HaHomeguumHa BigHOCUTBLCS OO0 Tiel ranysi Hayku, aka
NMOEAHYE HaHOTEXHOMOTIi i3 3aCTOCYBaHHAM MiKapCbKMX
npenaparie Ta giarHOCTUYHUX METOAIB AS1s1 NOKpaLleHHs
3[4aTHOCTI BNNMBATK Ha NEBHi KNiTMHM abo TKaHWHW. Ha-
HOMeaMuMHa nepenbavae Bidyanisauito, OiarHOCTUKY Ta
agpecHy OOCTaBKy MiKiB 4O OpraHiB-MilleHewn, WO Moxe
HagaTy JOMOMOrY Y MiKyBaHHI Pi3HNX 3aXBOPIOBaHb.
OcTaHHIMK pokamMu CrnocTepiraeTbCa NiABULLIEHNIA Hay-
KOBUI iHTEpEC A0 HeopraHiYHNMX HaHOMaTepianis Ha OCHO-
Bi piakicHo3emenbHMX MeTaniB [5]. 3aaTHICTb iX KonoigHNX
PO34YMHIB 4O NFOMIHECLIEHLIiT 4O3BONSE 3HAYHO PO3LLNPUTH
MOXXIMBOCTiI MOHITOPUHTY BiOXiMiYHMX NPOLECIB, Lo Biaby-
BalOTbCHA B OpraHiami. 3aBaskv HE3HaYHI TOKCUYHOCTI Ta
YHIKanbHUM ONTUYHUM BNACTMBOCTSAM BOHW BCe 4acTille
3Haxo4ATb 3aCTOCYBaHHs B (hapmakonorii Ta MeauLmHi [6].
HanbinbLu nowmpeHnM € JOCHIMKEHHS LWOA0 3acToCy-
BaHHS KOMOIAHUX PO34YMHIB, sIKi MICTATb IOHM NaHTaHOIAIB.
CucTeMM Ha OCHOBI NTAHTaHOIAIB, 4O AKUX HanexaTb erne-
MEHTM BiJ LIepito A0 MIOTELi0, BBXKAOTbCSl HEIHBA3UBHNM
iHCTPYMEHTOM, TOMY BOHV OCOBMMBO NONYNsApPHi 'y Gioximiy-
HUX JOCTiAXeHHsX [7]. MoxHa Big3HaunTh iX BUKOPUCTaHHS
B MeOMUMHI SIK NpW NiKyBaHHI OHKONOTYHMX 3aXBOPHOBaHb,
TakK i Ik KOHTPACTHI peareHT! B KOMITIOTEPHI ToMorpadii.
3acTocyBaHHSA UUX PO34YMHIB LO3BOMSE NPOBOAUTY MHOMI-
HECLEHTHUI aHani3 KNiTWH 3a paxyHOK aBTOMOMIHECLEHLiT
GionoriuHoro matepiany. OcobnMBo epeKTUBHUMU MOMi-
HOhopaMu BBaXakTbCsl OPTOBaHaZaT MeTarniB, siki Oynu
aKTMBOBaHI PiAKICHO3EMENbHUMWN efleMEHTaMW. IHTEHCUB-
He CBITIHHSA TaKMX PEYOBUH Yy MeXax BUAMMOrO AianasoHy
BUKITMKAETBCS MEPEHECEHHSM eHepril BiA ioHa BaHagaTty
0o aktmearopa [8]. Hanbinbluni iHTepec Ansi CTBOPEHHS
MNIOMIHECUEHTHMX MITOK NPEeACTaBNATb IOHN EBPONItO, SAKi
MatoTb 3anoBHEHWI piBEHb eHeprii 4f. JllomiHecLeHuis co-
nen TakMx NaHTaHoigiB € criabkolo Yepe3 HU3bKUA Koedi-
LEHT EKCTUHKLI; ane BOHa 3HA4YHO 3pOCTA€E MNPV CTYMeHi
OKWUCHEHHs1 MeTany Me*, ToMy B NpakTUYHMX OOCHigKEH-
H$IX 3a3BMYal BUKOPUCTOBYIOTLCS XENaTHi KOMMMEKCH NnaH-
TaHOIAIB 3 Pi3HNMM OpraHivYHUMK niraHgamu [9].
Bigomo, o naHTaHoign 34aTHI edpekTUBHO perynioBa-
T GioXiMiYHi MpouecK y KNiTUHaX, 3aBOAKM YOMY iX BUKO-
pucToBytoTb Y MegumumHi [10]. Yepes Te, Wo ioHHWI pagiyc
naHTaHy BNM3bKUiA 4O TaKoro y KarbLito, BiH MOXe 3aMilla-
T KanbLiv i 6esnocepenHbO BNMBATU HA KanbLii-3anex-
Hi npouecu B kniTMHax. Cam naHTaH MOXe KOHKypyBaTu
He TiNbKM 3 ioHaMU KanbLito, a 1 TaKoX MarHito Ta iHLIMX
MeTarniB 3MiHHOI BaneHTHOCTI, TakuX SK MapraHeupb, Midb,
LUMHK | KoBanbT 3a Micus 3B’A3yBaHHA B Mosiekynax Giono-
nimepiB. Lle cyTTeBO 3miHIOE KOHOpMaLio Giononimepis,
30Kkpema OinkiB-hepMeHTiB, Ta BMNIIMBAE Ha iXHIO aKTMB-
HicTb. OcobnuBuii iHTepec BMKNMKae npoec Baemogii HY
3 Ginkamu Ta conamu nnasmu kposi [10]. Mpu HagxomkeH-
Hi y kpoBoTik HY 3gaTHi agcopbysaTu Ginku nnasmmu kpo-
Bi. Taki B3aemogii BHOCSITb iCTOTHI 3MiHN Y (pi3MKO-XiMiYHi
BractueocTi HY, wo BnnmBae Ha ix yHKUioHanbHIiCTb [11].
Takum 4YMHOM, Ha OCHOBI HaBedeHWX BULUe NiTepa-
TYPHUX OaHUX, MOXHa 3pobWUTM BUCHOBOK, LUO MaHTa-
HOIAM MOXYTb BUKMMKATK SK MO3UTWBHI, TaK i HEraTuBHI
edekTn B opraHiami. lNpoTe, Tokcn4HicTb HY Ha ocHoBi

ranging in size from 1 to 100 nm [1, 2]. Nanoparticles
(NPs) have unique optical, electrical, magnetic, and
biological properties that are provided by the surface
area-to-volume ratio. Consequently, the properties of NPs
are more subject to the laws of quantum mechanics [3, 4].

Nanomedicine is the branch of science that combines
nanotechnology with the use of drugs and diagnostic
techniques to improve the ability to affect certain cells
or tissues. Nanomedicine involves imaging, diagnosing,
and targeted delivery of drugs to target organs, which can
assist in the treatment of various diseases.

Recently, there has been an increased scientific
interest in inorganic nanomaterials based on rare-earth
metals [5]. The ability of their colloidal solutions to
luminescence can significantly expand the possibilities of
monitoring biochemical processes occurring in the body.
Due to their low toxicity and unique optical properties,
they are increasingly being used in pharmacology
and medicine [6].

The most common research is on the use of colloidal
solutions containing lanthanide ions. Lanthanide-based
systems, which include elements from Cerium to Lutetium,
are considered a non-invasive tool, which is why they are
particularly popular in biochemical research [7]. Theirusein
medicine both in the treatment of oncological diseases and
as contrast reagents in computed tomography is notable.
The use of these solutions makes it possible to carry out
luminescent analysis of cells due to the autoluminescence
of biological material. Particularly effective phosphors are
orthodates of metals that have been activated by rare-
earth elements. The intense glow of such substances
within the visible range is caused by the transfer of energy
from the vanadate ion to the activator [8]. Europium ions,
which have afilled energy level of 4f are of greatest
interest for creating luminescent labels. The luminescence
of such lanthanides’ salts is weak due to the low extinction
coefficient; however, it increases significantly with the
metal’s oxidation number Me®*. Therefore the chelated
complexes of lanthanides with various organic ligands are
usually used in practical studies [9].

It is known that lanthanides are able to effectively
regulate biochemical processes in cells. That is why,
they are used in medicine [10]. Because the ionic radius
of Lanthanum is close to that of Calcium, it can replace
Calcium and directly affect calcium-dependent processes
in cells. Lanthanum itself can compete not only with
Calcium ions, but also with Magnesium and other metals
of variable valence, such as Manganese, Copper, Zinc
and Cobalt, for binding sites in biopolymer molecules. This
significantly changes the conformation of biopolymers,
including enzyme-proteins, and affects their activity. The
process of interaction of NPs with plasma proteins and
salts is of particular interest [10]. NPs are able to adsorb
plasma proteins when entering the bloodstream. Such
interactions change significantly the physicochemical
properties of NPs, that affects their functionality [11].

Thus, based on the aforementioned references, it can
be concluded that lanthanides can cause both positive
and negative effects in the body. However, the toxicity of
lanthanide-based NPs has not been sufficiently studied
[12]. The danger of pathological conditions caused by the
use of nanomaterials is not yet sufficiently understood,
but undoubtedly quite real. Therefore, the elucidation
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naHTaHoIAiB BMBYEHa He focTaTtHbo [12]. Hebesneka na-
TOMOTiYHMX CTaHIB, BUKIIMKAHMX 3aCTOCYBaHHSIM HaHOMa-
Tepianis, LLie He OCTaTHLO 3po3yMina, ane, 6e3cymMHIBHO,
LinkoMm pearnbHa, TOMY 3'siCyBaHHS MPUYMH TOKCUYHOI Al
HY cTtaHOBNSATb OQUH 3 eKCnepyMEeHTarnbHUX HanpsMKiB
Cy4acHOi MeanUmHu.

Mpn noTpannsHHi B opraHiam noguHn HY mMoxyTb
nepemMilLlyBaTuCb No KPOBOHOCHUX CyAMHax Ta Hakonuuy-
BaTMCS B Pi3HMX opraHax, 30Kpema B neviHui, cepui, HUp-
Kax, cenesiHui, KicCTKOBOMY MO3KY Ta iH., A€ BOHU MOXYTb
BMKIMKATK nNaTtonoriyni amiHm [13]. eski HaHoMmaTepianum,
AKi BAMXAKTbCA, MOXYTb NoTpannatu Ao 6poHxis, a no-
TiM BUBOAMTUCS 3 opraHismy, ane HY, posmipom Big 5 o
50 HM, 3 6inblO MMOBIPHICTIO HaKOMWYyBaTUMYTbCS
B anbBeonax nereHb. Konu ixHS KinbKiCTb NOYHe nepe-
BULLYBaTK dparounTapHy 34aTHICTb, MOXe BiabyTucs ne-
pemiweHHa HY kpisb anbBeonsipHo-kaninsgpHui 6ap’ep,
a ue MOXe CNpUYUHUTU HECMIPUATIIMBUIA BNIMB Ha cepue,
nedviHKy Ta MO30K. Bigomo, Lo Takmi BNMMB MOXE BUKMU-
KaTu cepueBO-CyAVHHI 3aXBOPIOBAHHSA, a TakoX naTtonorii
LleHTpanbHOoi HePBOBOI cnuctemm [14].

[MoTeHUiViHI pu3nKkn ons 340pOoB’s, siKi MOXYTb BUHUKATK
i3 3aCTOCYBaHHAM HaHoOMaTepianis, MOPsAA 3 iX HaKOMMYeH-
HSIM B OpraHi3aMi, TakoX MoB’A3aHi 3i 30aTHICTIO NPOXoANUTU
Yyepes rematoeHuedaniyHmn 6ap’ep. Came 3 Uil NpUYMHU
HY posrnaganucsa K HOCIT NikiB 4NS NikyBaHHS 3aXBOPHO-
BaHb LIeHTParnbHOi HEpPBOBOI cUCTEMM. IXHA edeKTUBHICTL
Oyna npoaeMOHCTPOBaHa Ha MoZensix, NoB’si3aHnX 3 HeW-
poLereHepaTMBHNMM 3aXBOPHOBAHHAMM, HerpopereHepa-
uieto Ta nyxnmHamy ronosHoro Mosky [15]. Tak, aeski HY
Oynun po3rnsHyTi K 34aTHI NPOHMKATW Yepes reMaToTecTu-
KynsipHWin 6ap’ep i BNnuBaTy Ha cnepmatoreHes [16]. Takox
HY 3patHi gonati remaTtonnaueHTapHuiA Gap’ep Ta Npu3Bo-
OUTY 0O KaniuTe nrogy cepeq notoMcTea Muwen [17].

Huabki koHueHTpauii GdYVO,:Eu® (Hmkue 40 mkr/
MIT MPOTArOM 24 roguvH) He BUSABASIOTb LIMTOTOKCUYHMX
BnactmBocTen wopno gibpobnactiB in vitro, Toai gk ix
BULLLi KOHLEHTpALii, ToYMHaKun 3 KoHUeHTpauii 80 mkr/mn
i BMLLE, BNNNBaOTb Ha MeTaborniyHy akTUBHICTb | OYHKLi-
OHarbHi BlacTMBOCTI KNiTUH [18].

Astopu [19, 20] npoBoavnu [OCHIMKEHHS, METO
Akux B6yno 3’AcyBaHHA NpoepunToTu4HMX edpekTis HY
GdVO,:Eu* Ta LavVO,:Eu*, i BUSIBNIEHHA OCHOBHUX Mexa-
Hi3MIB iHOYKUiT epunTo3y i3 BU3HAYeHHsIM iXHbOro dpapma-
KOMNoriyHoro noTeHuiany npu 3axBOPHBaHHSAX, NoB’s3a-
HUX 3 epunTo3oM. [Jocnian nokasanu, Wwo HasegeHi HY
B KOHUeHTpauii 80 mr/n cnpusioTb epuntosy nicns 24-ro-
OWHHOTO BNMBY.

Y HaykoBin nitepaTypi € AaHi Wwoao suBYeHHs Aii HY
Jiokeuay uepito Ha MOHOUMTU KpOoBi MoAnHKU. AHani3 no-
KasaB, L0 MOHOUMUTU NepudepnyHoi KpoBi NOgMHK NpuU
06po6ui HY CeO, 3 KoHUeHTpaLuieto 10 MKr/MIT NpoTArom
40 rog, npusBoannu o 36inbleHHs abo HabyxaHHs Mi-
TOXOHAPIN, iHAYKUiT anonTody i ayTodarii, LWo cynpoBoa-
XKYETbCA HaKonuueHHaM arperosaHoro CeO, y uutonnas-
Mi [21]. HabyxaHHs MITOXOHApIW, 3MOPLLYBaHHS si4ep,
KOHAEeHcaLjis XxpomMaTuHY | eBakyaLis naMenspHuX Tineub
TakoX Oynu BUSABMNEHI y MHEBMOUMTAX MULUEN Mpu mMo-
rMWHAHHI HAHOPO3MIPHOrO Aiokcuay TuTaHy (HaHo-TiO,)
3 NPOsABNEHHSIM MOPAONOriYHUX O3HAK anonTosy [22].

Bpaxosytoun, wo snnue geskux HY Ha KniTMHM moxe
NpU3BOANTY 4O BUHUKHEHHS! @rnONTO3Y, BYEHI HAMararTbCs
po3rnsigath uer edpekT 3 No3MTUBHOI CTOPOHU. OCcTaHHIMK

of the causes of the toxic effect of NPs is one of the
experimental areas of a medicine recently.

When ingested, NPs can move through blood vessels
and accumulate in various organs, including the liver,
heart, kidneys, spleen, bone marrow, etc., where they
can cause pathological changes [13]. Some inhaled
nanomaterials can enter the bronchi and then be excreted
from the body, but NPs ranging in size from 5 to 50 nm are
more likely to accumulate in the alveoli of the lungs. When
their number begins to exceed the phagocytic capacity, it
can cause the NPs to move across the alveolar-capillary
barrier, which can cause adverse effects on the heart,
liver, and brain. It is known that such exposure can cause
cardiovascular diseases, as well as pathologies of the
central nervous system [14].

The potential health risks that may arise from the
use of nanomaterials, along with their accumulation in
the body, are also related to the ability to pass through
the blood-brain barrier. It is for this reason that NPs
were considered as carriers of drugs for the treatment
of disorders of the central nervous system. Their
efficacy has been demonstrated in models related to
neurodegenerative diseases, neuroregeneration, and
brain tumors [15]. Similarly, a number of NPs have
been considered to be able to cross the blood-testicular
barrier and affect spermatogenesis [16]. Also, NPs are
able to cross the blood-placental barrier and lead to fetal
deformities among the offspring of mice [17].

Low concentrations of GdYVO4:Eu®* (below 40 pg/ml
for 24h) show no cytotoxic properties towards fibroblasts
in vitro, while their higher concentrations starting from the
concentration of 80 pg/ml and above affect the metabolic
activity and functional properties of cells. [18].

The authors [19, 20] conducted studies aimed
at elucidating pro-eryptosis effects of GdVO,:Eu**
and LaVO,:Eu** NPs, and identification of the main
mechanisms of eryptosis induction with determination of
their pharmacological potential in diseases associated
with eryptosis. Experiments have shown that the
eryptosis is promoted after 24 hours of exposure to NPs
at a concentration of 80 mg/I.

In the scientific literature, there is data of Cerium
dioxide NP effect on human blood monocytes. The
analysis showed that human peripheral blood monocytes,
when treated with the NP of CeO, at a concentration of
10 pg/ml for 40 hours, led to an increase or swelling of
mitochondria, induction of apoptosis and autophagy,
accompanied by the accumulation of aggregated CeO,
in the cytoplasm [21]. Swelling of mitochondria, wrinkling
of nuclei, condensation of chromatin and evacuation of
lamellar bodies were also detected in mouse pneumocytes,
with the absorption of nano-sized titanium dioxide (nano-
TiO,), with the manifestation of morphological signs
of apoptosis [22].

Given that the effects of some NPs on cells can
lead to apoptosis, scientists are trying to treat this effect
on the positive side. In recent years, the number of
cancer patients has increased significantly. Alimost every
chemotherapy treated for cancer patients has its side
effects, and the effects of the treatment are very low.
However, nanoparticles, modified or loaded with signal
molecules, can selectively affect cancer cells and induce
cellular apoptosis in them [23]. This is especially true
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poKamu y CBITi 3HAYHO 36inbLUYETHCS KiNbKICTb OHKOMOriY-
HMX xBopux. Maiixe koxHa ximioTepanisi, sika 6yna npose-
[eHa XBOPMM Ha pak, Mae cBOi NobiuHi edbekTu, a ecpekT
Bifl NMiKyBaHHS Oy>Xe H13bknin. OHak, HaHOYaCTUHKK, KoMK
BOHM MoaMcpikoBaHi abo HaBaHTaXeHi CUrHanbHUMK More-
Kyrnamu, MOXyTb BUOIPKOBO BNAMBATW Ha PaKOBIi KNIiTUHM Ta
iHOYKYBaTU B HUX KMiTMHHWMIA anonTo3 [23]. Ocobnueo ue
aKTyarnbHO AN TakMX OpraHiB, sik MO30K Ta sievka. Takum
YMHOM, pe3ymnbTaTh Cy4acHWX AOCNigKEeHb CBigYaTb Npo
NepCneKkTUBHICTb BUKOpUCTaHHA HY y koMnnekcHin Tepa-
nii OHKOMNOrYHNX 3aXBOPHOBaHb.

[aHi cyyacHux ekcnepuMmeHTanbHUX OOCHiMKEHb 3 BU-
BYEHHS BionoriYHOT akTMBHOCTI HaHOMaTepianis 36inbLuKn-
nn 06i3HaHicTb haxiBuiB WOAO TOKCMYHUX edbekTiB HY,
arne MexaHiaM X TOKCUYHOCTI AOCi He 30BCiM 3pO3YMInui.
Ockinbkn anonto3 6yno 3apeecTpoBaHO Y KNiTUHAX Pi3HUX
TKaHWH 3 HakonuyeHHaM HY pisHoi mpypoawn, BUBYEHHS
uiei npobnemun nepebyBae y novaTKoBiN CTagil, Wo BKkasye
Ha aKTyanbHICTb NPOBEeAEHHS AOCNiAXKeHb. Y Ll CTaTTi Ha-
BOOATbCS AaHi BnnvBy HY opTtoBaHagaTy ragoniHin-itpito,
aktmBoBaHoro esponiem (GdYVO,:Eu®*), Ha reHepadito
aKkTMBHMX dopm kncHio (ADK) y nerkounTtax nepudepuy-
HOT KPOBI €KCepUMeHTarnbHUX TBApUH i BUBYEHHS nodarnb-
LLIOro iX BNMAMBY Ha iHTEHCMiKaLilo anonTUYHUX npoLie-
ciB. Y Hawin nonepedHi poboTi [24] Gyno nokasaHo, Lo
onpomiHeHHs HY GdYVO,:Eu** ynsrpadionetom nepen
BBEAEHHSM Yy CYCMEH3il0 NENKOLUMWTIB LLypiB, MiACKIIOE re-
Hepauito AOK y uux knitnHax. Tob6to Y®-onpomiHeHHi HY
€ OiNbLL TOKCUYHUMW ANS KNITWH, WO MoXe OyTu no3nTume-
HVUM edheKTOM Y BUNagKy Tepanii 3noskiCHUX NyXnuH, Ae Ui
HY noTeHuiiHO MOXyYTb nigcunioBaT edbekTn pagiorepa-
nii. Tomy B AaHii poboTi 6yno NpofoBXeHO AOCNIAKEHHS
edekTy nonepegHboro Y®-onpomiHeHHst HY Ha reHepaLito
A®K y nerkoumTax LypiB B €KCNepUMeEHTax in vivo.

Meta pob6oTu — npoBedeHHs MOPIBHAMNBHOI Xapak-
TEPUCTUKN BMIMBY HAHOYACTUHOK OpTOBaHaaaTy ragoni-
HIN-ITpito, aKTMBOBAHOro €BpoMieM, B KOHLeHTpauiax 100
Ta 200 mkr/kr, 6e3 ONpPOMIHEHHSI Ta NpY MNONEPELHBOMY
Y®-onpomMiHeHHi, npu nepopansHOMY BBEAEHHI X po3yn-
HIiB Ha reHepauilo aKkTUBHUX (POPM KUCHIO Y NenkoumtTax
nepndepn4Hoi KPOBi LLypIB.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Boawni konoigHi posinHn GdYVO,:Eu® 6ynu cuHTeso-
BaHi 3a MeToauKow, onucaHow B [25]. CuHTesoBaHi HY
Oynn oxapakTepu3oBaHi MeTogamMn TPAHCMICIAHOI enek-
TpoHHOI  Mmikpockonii (TEM), peHTreHiBcbkoro aHanisy
(XRD), AHaMi4HOro CBITNIOPO3CitOBaHHSA Ta CNEKTPOCKO-
nii. TEM npoBogunu 3a OOMOMOrOK €NeKTPOHHOIo Mi-
kpockona TEM-125K (Selmi, Ykpaixa). [13eTta-noteHuianu
BUMIpOBanM METOAOM AUHAMIYHOrO pO3CitoBaHHSA CBiTna
(DLS) 3 BukopuctaHHam aHanizatopa ZetaPALS/BI-MAS
(Brookhaven Instruments Corp., CLUA), sk npautoBas
y pexunMi pa3oBoro aHanidy po3citoBaHHS CBIiTNa.

EkcnepvMeHTaneHa 4actuHa [OCNiOKEHHS] BMKOHY-
Banacb BiAMOBIAHO [0 3aranbHUX E€TUYHUX MPUHLUMMIB,
yxBaneHux lNepwmm HauioHanbHUM KOHrpecom YkpaiHu
3 6ioetnkmn (Kunis, 2001), nonoxeHb €BPONENCLKOI KOH-
BEHLUji Npo 3axucT xpebeTHnx tBapuH (Ctpacbypr, 1986)
Ta Oupektuem Pagn €sponu 86/609/EEC (1986), 3akoHy
Ykpainm Ne 3447-1V Big 21.02.2006 «[1po 3axucT TBapuH
BiL XKOPCTOKOro MOBOMXKEHHsI». KomnnekcHy nporpamy

for organs such as the brain and the testicles. Thus, the
results of modern research indicate the prospects for the
use of NPs in the complex therapy of oncological diseases.

The evidence from current experimental studies of
nanomaterials’ biological activity has raised awareness of
experts about the toxic effects of NPs, but the mechanism
of their toxicity is still not entirely clear. Since apoptosis
has been registered in cells of various tissues with
accumulation of NPs of different nature, the study of this
problem is in the initial stage, indicating the relevance of
the research. This work reports the data on the effect of
NPs on orthovanadate of yttrium gadolinium activated by
Europium (GdYVO,:Eu*), on the generation of reactive
oxygen species (ROS) in peripheral blood leukocytes
of experimental animals and the study of their further
impact on the intensification of apoptotic processes. In
our previous paper [24] it was shown that irradiation of
NPs GdYVO,:Eu* by ultraviolet before administration into
suspension of leukocytes of rats enhances the generation
of ROS in these cells. That is, UV exposure to NPs is
more toxic to cells, which can be a positive effect in the
case of cancer therapy, where these NPs can potentially
enhance the effects of radiotherapy. Therefore, in this
current paper, the study of the effect of preliminary UV
radiation of NPs on the generation of ROS in rat leukocytes
in in vivo experiments was continued.

Objective — comparative characterization of the effect
of Europium-activated hydrogenated gadolinium yttrium
nanoparticles at concentrations of 100 and 200 pg/kg,
without irradiation and with preliminary UV irradiation, on
the generation of reactive oxygen species in peripheral
blood leukocytes of rats during an oral administration of
their solutions.

MATERIALS AND METHODS OF RESEARCH

The aqueous colloidal solutions of GdYVO,:Eu*
were synthesized following the method reported in [25].
Synthesized NPs were characterized by Transmission
Electron Microscopy (TEM), X-ray Diffraction analysis
(XRD), and Dynamic Light Scattering and spectroscopic
methods. TEM was performed using a TEM-125K electron
microscope (Selmi, Ukraine). Zeta potentials were measured
by dynamic light scattering (DLS) using a ZetaPALS/BI-MAS
analyzer (Brookhaven Instruments Corp., USA) operated in
phase analysis light scattering mode.

The experimental part of the study was carried out in
accordance with the general ethical principles adopted by
the First National Congress of Bioethics of Ukraine (Kyiv,
2001), the provisions of the European Convention for
the Protection of Vertebrate Animals (Strasbourg, 1986)
and the Council of Europe Directive 86/609/EEC (1986),
the Law of Ukraine No. 3447-1V of 02/21/2006 «On the
Protection of Animals from Cruelty». The comprehensive
research program was reviewed and approved by the
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OOCTiAXXEHHA PO3rMAHYTO Ta MOrOMKEHO KOMICIE 3 nu-
TaHb GioeTnkn XapKiBCbKOro HauioHanbHOro Meau4yHoro
yHiBepcuTeTy MiHicTepcTBa OXOpPOHU 300pOB’A YKpaiHu
(BuTsr 3 Mpotokony Ne 3 Big 12 6epesHsa 2025 p.).

EkcnepumeHT npoBogunm Ha 30 cTateBo3pinux
wypax-camusx nonynauii WAG, skux BUNagkoBMM YMHOM
po3noginanv Ha 5 rpyn (Mo 6 TBapuH y KoxHin). MepLia
rpyna— KOHTpOribHa (LLypy OTpUMyBanu nuTHy Boay), 2-ra
Ta 3-TA rpynu TBapwiH, sikum npoTtarom 14 fni6 BBoannmM
BOAHI PO34MHKM OpTOBaHagaTy ragoniHin-iTpito, BignosigHo
B A03i 100 mkr/kr macu Tina TBapunu (2-ra rpyna, Gd-100)
i 200 wmkr/kr (3-ta rpyna, Gd-200); TtBapuHu 4-i i5-i
rpyn TBapwvH, otpumysanu npotarom 14 Ai6 aHanoriyHy
[03y BOOHWX PO34MHIB HAHOYACTMHOK, TO6TO 100 MKr/KT
(4-ta rpyna, Gd(UV)-100) i200 wmkr/kr (5-ta rpyna,
Gd(UV)-200), wo 6ynun nonepenHe0 onpoMiHeHi YO-cBiT-
NOM Y KBapLEeBMX KloBeTax, gkepeno YP-BnnpomiHoBaH-
Hs «KBapu-125» (A = 200+400 Hm) npoTsrom 20 xB. Ha
BigctaHi | = 20 cm. Bogy Ta BogHi po3umHun HY BBOAMK-
N1 Wwypam nepoparbHO 3a JOMOMOro [030BOi MiNeTku
3 HAKOHEYHUKOM.

[ekanitTauito NpoBOAMAM  LIMASXOM  LMpPBIKanNbHOI
aucriokauii. KpoB Bigbupanu B ctepunbHi Npobipku, Lo
mictuin K, EDTA Vacutainer (BD Vacutainer).

CycneHsii nenkouutis 6ynn oTpMMaHi 3 KpoBi TBa-
pyH WwnaxoMm 20-xBUMNMHHOI iHKybauii 3 1x BD FACS™
(100 MK KpoBi Ha 2 MIT PO34UHY).

Hani B koxxHy npobipky aogasanu no 2,0 mn 1% ni-
3YH04Oro po3ynHy, Lo mictme Ao 200 MKN CyMili LinbHOI
KPOBi Ta MOHOKIMOHAamNbHUX aHTUTIN, CTpyLlyBanu, iHKy-
OyBanu npu KiMHaTHI TemnepaTypi B 3axuLLeHOMY Bif
cBiTna Micui npotarom 15 XBUMWH, LeHTpudyrysanv npu
200 g npotarom 5 xBunuH. MoTim obepexHo acnipysa-
nn HapgocagdoBy piouHy, gogasanuv 2,0 mn 1% PBS, wo
MicTUTb 1% iHaKTMBOBaHOI HarpiBaHHAM deTanbHoi 6u-
Yyayoi cmposatku Ta 0,1% asugy Hatpito (PBS-FBS). IMic-
ns uboro ueHTpudpyrysanu npu 200 g npotarom 5 xBu-
nWH, acnipyBanu HagocagoBy piavHy. [MoTiM cycneHsito
BioMmnBanu PBS 2 pasn. [Jo cycneHsii BigMUTUX KNiTUHK
B KinbkocTi ~ 0,3 + 1 x 10° npogasanu 100 mkn Annexin-
binding buffer, 5 mkn AnnexinV-FITC i 5 mkn Pl. MNicns
iHkyGauii Bnpogosx 15 xB pogasanu 400 mkn Annexin-
binding buffer Ta BumiptoBanu 3a gonomorow NpoToY-
HoI umMTomeTpii Ha untomeTpi BD FACSCanto Il (Becton
Dickinson, CLA) npu FITC kaHan (488 Hm Ta emission
detection npu 525 Hm).

leHepauito AOK y nevikoumTax BU3Ha4anm 3a peakuieto
3 poboymmn posunHom 2’,7’-auxnopaurigpodnyopecueiny
piauetaty (H2DCFDA, Invitrogen TM, CLLUA) 3 kiHLeBO0
KoHueHTpauieto ADK (akTUBHI pOpMK  KUCHIO)-4yTNMBO-
ro 6apBHuka, wo gopisHoe 10 mkM. H2DCFDA wupoko
BMKOPVCTOBYETLCS  BU3HAYEHHS  BHYTPILLUHBLOKMITUHHOIO
BmicTy A®K. MNpu nonaganHi B knitnHy H2DCFDA peaue-
TUMNIETBCA ecTepasamu i npu B3aemogii 3 AOK nepetso-
proetbca Ha amxnopdnyopecueiH (DCF), iHTEHCUBHICTL
dryopecueHuii akoro nponopuivHa BmicTy AOK y KniTuHI.

3pasku aHanisyBanu Ha npoToyHoMmy umtomeTpi BD
FACSCanto Il npn 488 nm & emission detection at 525 nm
3 peecTpauieto cepeHbOl iIHTEHCUBHOCTI dhriyopecLeHLii
DCF. [Ins NnopiBHAHHSA YMCNOBUX 3HAY€Hb MOKa3HWKIB ce-
penHboi iHTeHcuBHOCTI donyopecueHuil (MFI) DCF Hesa-
NEeXHUX rpyn 3acTocoByBanu kputepi Kpyckana—Yonni-
ca 3 noganbLuMM po3paxyHKoM kpuTepito [aHHa.

Commission on KhNMU of the Ministry of Health of Ukraine
(excerpt from Protocol No. 3 dated March 12, 2025).

The experiment was conducted on 30 sexually mature
male rats of the WAG population, which were randomly
divided into 5 groups (6 animals each). The group #1 was
the control group (rats were getting a drinking water);
the groups #2 and #3, which were injected with aqueous
solutions of ortovanadate gadolinium yttrium for 14 days,
respectively, at a dose of 100 pg/kg animal body weight
(group #2, Gd-100) and 200 pg/kg (group #3, Gd-200);
animals of the groups #4 and #5 had been receiving
a similar dose of aqueous solutions of nanoparticles
for 14 days, i.e. 100 pg/kg (group #4, Gd(UV)-100) and
200 pg/kg (groups #5, Gd(UV)-200), that were previously
irradiated with UV lights in quartz cuvettes, the UV
source was «Quartz-125» (A=200+400 nm) for 20 min. at
a distance / = 20 cm. Water and aqueous solutions of the
NPs were administered to rats orally, using a dose pipette
with a tip.

Decapitation was carried out by circual dislocation.
Blood was collected in sterile tubes containing K, EDTA
Vacutainer (BD Vacutainer).

Leukocyte suspensions were obtained from animal
blood by 20-minute incubation with 1x BD FACS™ (100 pL
of blood per 2 mL of solution).

Next, 2.0 mL of a 1xlysing solution containing up
to 200 yL of a mixture of whole blood and monoclonal
antibodies was added to each tube, shaken, incubated
at room temperature in adark place for 15 minutes,
centrifuged at 200 g for 5 minutes. The supernatant fluid
was then gently aspirated, 2.0 mL of 1x PBS containing
1% heat-inactivated fetal bovine serum and 0.1% sodium
azide (PBS-FBS) was added. This was centrifuged at
200 gfor 5 minutes, and the supernatant fluid was
aspirated. The suspension was then laundered with
PBS 2 times. 100 yl of Annexin-binding buffer, 5 pl of
AnnexinV-FITC and 5 pl of Pl were added to the
suspension of washed cells in the amount of ~ 0,3+1x10°.
After incubation, 400 pL of Online-binding buffer was
added for 15 minutes and measured using flow cytometry
on the BD FACSCanto Il cytometer (Becton Dickinson,
USA) at the FITC channel (488 nm and emission
detection at 525 nm).

The generation of ROS in leukocytes was determined
by reaction with a working solution of 2’,7’-dichlorodih
ydrofluorescein diacetate (H2DCFDA, Invitrogen TM,
USA) with a final concentration of ROS (reactive oxygen
species)-sensitive dye of 10 yM. H2DCFDA is widely used
for the recognition of intracellular ROS content. When it
enters the cell, H2DCFDA is deacetylated by esterases
and, when interacting with ROS, is converted into DCF,
the fluorescence intensity of which is proportional to the
ROS content in the cell.

The samples were analyzed on the BD FACSCanto
Il flow cytometer under 488 nm & emission detection at
525 nm with the registration of the mean fluorescence
intensity of dichlorofluorescein (DCF). To compare the
numerical values of the Mean Fluorescence Intensity (MFI)
of the DCF of the independent groups, the Kruskal-Wallis
test was used, followed by the calculation of the Dunn test.

Statistical processing of cytometry data was carried
out using descriptive statistics. To check the normality of
the distribution, the Kolmogorov—Smirnov quantitative test

OpuriHanbHi gocnigpKeHHs

199 Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 194-210
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):194-210

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

CraTucTnyHy 06pobKy AaHWX LMTOMETPII MPOBOAMIU
3a JONOMOrOK ONUCOBOT CTAaTUCTUKK. [1ns nepeBipkn HOp-
MarnbHOCTI PO3MOAiNY BUKOPUCTOBYBAmM KiflbKiCHUA TeCT
KonmoropoBa—CmupHoBa. LlinicHicTb Ta ogHopigHiCTb
BMOIpKM BU3HaA4anu 3a CTaHAAPTHOK MOMUIIKOK cepen-
Hboro. CTaHAapTHE BiAXUNEHHS Ta CTaHAAPTHY NMOMUSIKY
CepefHbOro po3paxoByBany i3 3aCTOCYBaHHSIM €reKTpo-
HHMX Tabnuub Microsoft Exel. CTaTUCTUYHY 3HAYMMICTb
po3spaxoByBanu 3a W-kpuTtepieM NopiBHAHHSA MefiaH ABOX
BUOipok MaHHa—YimHi. Bu3HaueHHs1 BUKOHyBanu 3a Ao-
MOMOrOK CTaTUCTUYHOro naketa Statgraphics Centurion
XVI wnaxom noegHaHHA OBOX BMOGIPOK, COPTYBaHHSA Aa-
HWUX Big HAVMEHLLOro 40 HanbINbLIOro Ta NOPIBHAHHS ce-
penHix paHriB ABOX BUOIpOK y 06’egHaHUX AaHUX.

PE3YABTATU TA iX OBrOBOPEHHS

HaHouactnHkn GdYVO,:Eu** otpumysann y eurms-
Ai Npo30pMX BOAHUX KOMOIAHWX po34uHiB (pH = 7,4-7,8)
3 KOHUeHTpauieto TBepgoi dasm 1 r/n. PosumHn Gynu
cTabinbHi Ginble 6 MicAUiB y HOpManbHUX ymoBax 6e3
arnomepadii HY i amiHn ix BnactnocTen. [MoBepxHs CUH-
TesoBaHux HY mae HeratuBHWIA 3apsg 3a paxyHOK Kap-
BGokcmnaTHUX rpyn LMUTPaT-ioHIB, SIKi BUKOPWCTOBYIOTHCS
ans crabinisauii HY. ¢-noteHuian ana HY GdYVO,:Eu®*
ctaHoBuTb —20,94 + 1,27 MB, Wo nigTBEPAXYE X BUCOKY
cTabinbHicTb. TEM-306paxkeHHa HY GdYVO,:Eu*" noka-
3aHo Ha puc. 1ai nokasye, wo HY GdYVO4:Eu3* € YaCTUuH-
KaMun ccpepuyHOi hopmK i3 cepeaHiM giameTpom ~2 HM.

was used. The integrity and homogeneity of the sample
were determined by the standard error of the mean. The
standard deviation and standard error of the mean were
calculated using Microsoft Excel spreadsheets. Statistical
significance was calculated using the W-test comparing
the medians of two Mann-Whitney samples of data.
Determinations were performed using the Statgraphics
Centurion XVI statistical package by combining two
samples, sorting the data from smallest to largest, and
comparing the average ranks of the two samples in the
combined data.

RESULTS AND DISCUSSION

GdYVO,:Eu** NPs were obtained in the form of
transparent aqueous colloidal solutions (pH = 7.4-7.8) with
the concentration of the solid phase of 1 g/L. The solutions
were stable for more than 6 months in normal conditions
without NPs agglomeration and changing their properties.
The surface of synthesized NPs possesses a negative
charge due to carboxylate groups of citrate ions used for
NPs stabilization. The (-potential for GdYVO,.Eu* NPs
is —20.94 + 1.27 mV that confirms their high stability. The
TEM image of the GdYVO,:Eu** NPs is shown in Fig.1a
and reveals that GdYVO,:Eu®* NPs are spherically shaped
particles with an average diameter ~2 nm.
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Puc. 1. TEM-306paxeHHs (a) Ta peHTreHorpama cuHtesoBaHnx H4 GdYVO,:Eu3*
Fig. 1. TEM image (a) and XRD pattern of synthesized GdYVO,:Eu** NPs

KpuctaniyHa CTPYyKTYypa CUHTE30BaHUX HY
GdYVO,Eu* 6yna nigtBepmkeHa XRD-kapTuHOIO
(puc. 1b), aka nobpe 3biraeTbea 3i CTaH4APTHUMU AHUMU
Andpakuii gna macosoro GdVO4 (JCPDS, Ne 72-0277),
i )KOQHMX CRigiB iHWKMX AOMILLOK HE cnocTepiranocs.

HentpodpinbHi nenkounTn € HaWbiNbLIOK NonynsLi-
€10 LIMPKYMIOYNX Y KPOBI NENKOUMTIB, AKi € KNOYOBUMMN
yyacHVKaMu BPOMXEHOI iMyHHOI Bignosiai. Hentpodinb-
Hi nerKkouMTW XapakTepusylTbCA Hanbinbliol 3aar-
HicTio o npoaykuii AD®K, OCHOBHMM [Xepernom siKux
e HA®H-okcugasn. Takox BigoOMO, WO Yy HEUTPOdinb-
HUX nenKoumTax icHytoTb iHWi mxepena APK. Mpoaykuis

Crystal structure of synthesized GdYVO,:Eu** NPs
was confirmed by the XRD pattern (Figure 1b), which
matches well to the standard diffraction data for bulk
GdVO, (JCPDS, No. 72-0277), and no traces of other
impurities were observed.

Neutrophils are the largest population of circulating
leukocytes in the blood, which are the key participants
in the innate immune response. Neutrophils are
characterized by the greatest ability to produce ROS.
The main source of which is NADPH oxidases. It is
also known that there are other sources of ROS in
neutrophils. The production of ROS by neutrophils
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APK HenTpodinbHUMK NenkoumTaMmm Moxe matu isio-
noriyHe Ta naTorforiyHe 3Ha4YeHHs SK AN BCbOro opra-
Hi3My, TaK i 6e3nocepeHbO ANst cammnx NenkouuTis [26].

Pesynbratv BnnmBy poO34uMHIB OpTOBaHagaTy ragoni-
Hiin-iTpito Ha yTBopeHHa ADK y nevkoumTax KpoBi LLypiB
y po3dax 100 ta 200 mkr/kr macu Tina, 6e3 onpoMiHeHHsi
i Npn nonepeaHLoMy YP-0npoMiHEHHI, Ta IX NOPIBHAMbHA
XapakTepucTuka HaBegeHi B Tabn. 1.

can have physiological and pathological significance
both for the whole body and directly for the leukocytes
themselves [26].

The results of the effect of yttrium gadolinium
orthovanadate solutions on the formation of ROS in rat
leukocytes at doses of 100 and 200 pg/kg body weight,
without radiation and with pre-UV irradiation, and their
comparative characteristics are presented in Table 1.

Ta6nuusa 1. leHepauis akTBHUX (DOPM KUCHIO Y NENKOLMTaX KPOBI LLypiB KOHTPOMNbHOT
(1-wa rpyna) Ta ekcnepumeHTanbHuX rpyn (2-ra—5-ta rpynu) (MegiaHa [25; 75])
Table 1. Reactive Oxygen Species generation in leukocytes of rats’ blood of a control
group #1 and experimental groups’ #2-5 (Mediana, 25-75%)

FeHepauis A®K B nerkouuTax
Mpyna ROS Generation in the leukocytes
Groups MepgiaHa 25% npoueHTinb; 75% NpoLeHTINb
Mediana 25% percentile; 75% percentile

KoHTponsb (1-wa rpyna) / Control (group #1) 5325,76 [4889,29; 6254,45]
Gd-100 (2-ra rpyna) / Gd-100 (group #2) 5183,25%3 [4854,67; 5582,51]
Gd-200 (3-ta rpyna) / Gd-200 (group #3) 4217,26" [3678,33; 4690,46]
Gd(UV)-100 (4-ta rpyna) / Gd(UV)-100 (group #4) 3946,84" [3196,67; 4345,75]
Gd(UV)-200 (5-ta rpyna) / Gd(UV)-200 (group #5) 6102,344 [6180,76; 6547,48]

Mpumitkn: '— 3Hauuma (p < 0,05) BigMIHHICTE NOPIBHAHO 3 MOKA3HUKOM FPYNU KOHTPOMK; 2 — 3Ha4uma (p < 0,05) BigMiHHICTE MixX
nokasHvkamu 2-i i 4-i rpyn; 2— 3Hauuma (p < 0,05) BiAMIHHICTb MiX nokasHukamu 2-i i 3-i rpyn; *— 3Haunma (p<0,05) BiAMIHHICTb Mix
nokasHukamu 4-i i 5-i rpyn.

Note: '— statistically significant (p <0.05) difference compared to the control group data; 2 — statistically significant (p < 0,05) difference
compared between #2 and #4 groups’ data; - statistically significant (p < 0,05) difference compared between #2 and #3 groups’ data;

4— statistically significant (p < 0,05) difference compared between #4 and #5 groups’ data.

OTpvMaHi pesynsTat ekcrnepumeHTanbHOro AOocCri-
[PKEHHS BKa3yoTb Ha Te, wWwo B o3i 100 mkr/kr Mmacu Tina
6e3 YO-onpomiHeHHs1 (2-ra rpyna, Gd-100) gia posuun-
HiB HY opoTtoBaHapaTty rafoniHiin-itpito He Npu3BOAUTL
00 CTaTUCTUYHO 3HAYMMOro BNNUBY Ha reHepauito AGK
y nevkoumuTax LUypiB BiAHOCHO KOHTPOSbHOI rpynu, Togi
SIK Npy nonepeaHboMy Y®-onpoMiHeHHi ais po3ynHis HY
opoTOBaHagaTy rafdoniHin-iTpito B TiM camin fosi (4-ta
rpyna, Gd(UV)-100) npu3BoanTb OO0 3HAYMMOrO 3MEH-
WweHHsA reHepauii AOK y nenkouutax LypiB y NOPIBHAH-
Hi 3 rpynoto koHTponto, (p<0,05). Taka nmapagokcanbHa
[ist MOXe Bignosigatn curHanbHin poni A®K, wo 3gaTtHa
aKTUBI3yBaTW €HOOreHHi 3aXUCHi CUCTEMUM KNITKH, Ta 3a
MEXaHi3MOM 3BOPOTHOIO 3B’A3KYy MPUrHiYyBaTW NMPOOKCU-
[OaHTHI npouecu.

MopiBHAHHA JaHWX NOKa3HUKIB MK rpynamv TBapwH,
SKi OTpUMyBanu [03y OpToBaHagaTy ragoniHin-iTpito
100 mkr/kr macu Tina 6e3 nonepegHboro Y® onpomi-
HeHHs1 (2-ra rpyna), Ta npu nonepegHboMy Y® onpomi-
HeHHi (4-Ta rpyna), BiAMiYaeTbCA 3Ha4YMMe 3MEHLLEHHS
nokasHukiB yTBopeHHs A®PK y nevikoumTax LypiB y rpy-
ni 4, B NOpiBHAHHI 3 TBapuHamn 2-i rpynu (p < 0,05),
(Tabn. 1). PesynbraTtu reHepauii AOK wypis, Lo oTpuma-
N1 32 JOMOMOrOK NPOTOYHOI LIMTOMETPIl, NpeacTaBneHi
Ha puc. 2—4.

OTpumaHi Hamu pesyrnbTaTu  eKCnepUMeHTarbHUX
OOCTiIXKeHb Y3ro4XyTbCa 3 AaHMMMU HAYyKOBOI niTepa-
TYpu WOAO BUBYEHHA BMnvMBY HY Ha aHTMOKCUOAQHTHY
cuctemy knitnHu. byno susiBneHo, wo HY GdYVO (d =
2 HM) edeKTVBHO MOMMUHATL MAPOKCUIbHI paavkanu,

The obtained results of the experimental study
indicate that the action of solutions of orovanadadate
gadolinium yttrium NPs at a dose of 100 pg/kg of body
weight without UV irradiation (group #2, Gd-100) does not
lead to a statistically significant effect on the generation
of ROS in rat leukocytes relative to the control group.
While with previous UV lights, the action of solutions of
orovanadate gadolinium yttrium NPs in the same dose
(group #4, Gd(UV)-100) leads to a significant decrease
in ROS generation in rat leukocytes compared to the
control group (p < 0.05). Such a paradoxical action may
correspond to the signaling role of ROS, which is able to
activate the endogenous protective systems of cells, and
inhibit prooxidant processes by the feedback mechanism.

The comparison of these parameters between
groups of animals that received a dose of ortovanadate
gadolinium yttrium 100 pg/kg body weight without
previous UV lights (group #2) and with previous UV
lights (group #4), there was a significant decrease in
the indicators of ROS formation in the leukocytes of
rats in group #4, compared to animals of group #2
(p < 0.05), (Table 1).

The results of ROS generation of rats obtained by flow
cytometry are presented in the figure 2—4.

The results of our experimental studies are consistent
with the data of the scientific literature on the study of the
effect of NPs on the antioxidant system of the cell.

It was revealed that GdYVO NPs (d = 2nm) effectively
scavenge hydroxyl radicals, superoxide anions, hydrogen
peroxide, peroxyl radicals, and remarkably reduce
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Puc. 2. PenpesatueHa uutorpama (A) Ta rictorpama SSC/FL1 (2°,7’-guxnopaurinpodnyopecueiy giauertary)
(B) nevikouuTis wypa Ne 3 3 rpynu 1. CepefHe 3HavyeHHs 5471,23
Fig. 2. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 3 from group #1. The average value is 5471.23

Dot Plot (7) Histogram (8)
s . Specimen_001_WBC_FDA_Gd100fcs Specimen_001_WBC_FDA_Gd1004ts

i

102

SSC-A

FSC-A w20 FITC-A

Statistics (9]

[ % of Vis[Mean T GeoMean [Median [CV__|
(A events | 10000 | 100,00 |5 213,37 | 359,00 | 358,15 | 243,91

A) B)
Puc. 3. PenpesaTtuBHa uutorpama (A) i rictorpama SSC/FL1 (2',7’-guxnopaurigpodnyopecueiny Aiauerarty)
(B) nevikouuTie wypa Ne 1 3 rpynu 2. CepefHe 3HaveHHsa 5213,37
Fig. 3. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #2. The average value is 5213.37
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(B) nevikouumTis wypa Ne 1 3 rpynu 4. CepefHe 3HaveHHs 4035,44
Fig. 4. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #4. The average value is 4035.44
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CynepoKcua-aHioHW, NepeKkNCc BOOHIO, NEPOKCUIbHI paau-
Kanu Ta 3Ha4yHO 3MEHLLYIOTb iHAYKOBaHe ninononicaxapu-
nom ytBopeHHs ADK y nerkoumutax wypis [27].

CTOCOBHO rpyn TBapWH, Ski mignaranu gii posymHis HY
opoTOBaHaAaTy raponiHiv-itpito B Ao3i 200 MKr/kr mMacu
Tina, 6e3 nonepegHbOro Y®d-onpomiHeHHs (3-TA rpyna,
Gd-200) cnocTepiraeTbCa 3HauMMe 3MEHLLUEHHST reHepaLlii
A®K y nenkoumtax BigHOCHO rpynun KoHTponto, (p < 0,05).
Mpv BBedEeHHI TBapyHaM PO34KMHY HAHOYACTMHOK OpPOTOBa-
HapaTy rafgoniHin-itpito, nonepeaHLo YP-onpomiHeHoI [o3n
200 mkr/kr macy Tina (5-ta rpyna, Gd(UV)-200), 3Ha4eHHs no-
KasHuka yTBopeHHs APK y nevikoumTtax LypiB 36inbLIyeTbCA
NpaKkTU4HO Ha 15% BIAHOCHO KOHTPONBHOI rpynK (Tabn. 1).

MosicHeHHs cnocTepexeHux edekTis byae obrosope-
HO HUXYeE.

Mpw NopiBHSAHHI rpyn TBapWH, ki 3a3HaBanu aji po34n-
Hy HaHOYaCTMHOK OpOTOBaHajaTy rafomniHin-iTpito B A03i
100 wmkr/kr macu Tina (2-ra rpyna, Gd-100) i 200 mkr/kr
(3-ta rpyna, Gd-200), 6e3 nonepeaHbOro ONPOMIHEHHST Ha
nokasHuku reHepadii APK y nerikouutax LypiB, ykasyloTb
Ha 3Ha4YVMe 3MEHLLEHHSI LIbOro NMoKasHuKa y TBapuH 3-i rpy-
Mnu, B MOPIBHSAHHI 3 TBApuHamu 2-i rpynu (p < 0,05) (tabn. 1).
MopiBHANBbHa XapakTepucTvka nokasHukiB reHepauii AGK
y nenkoumTax LWypiB Mk 4-10 i5-10 rpynamm TBapwH, SKi
3a3HaBanun Aji pO34MHIB HaHOYacCTMHOK Yy A03i 100 MKr/kr
i 200 mKr/kr npu nonepegHLoMy Y® onpoMiHEHHI, yKkasyoTb
Ha 3HauMMe 30iNMbLUEHHS X NMOKa3HWKIB Y NenkoumuTax Liy-
piB 5-1 rpynu, BigHOCHO TBapwH 4-i rpynu (p < 0,05) (Tabn. 1).
Pesyneratn reHepadii A®K wypis, o otpymManu 3a gono-
MOTOI0 NPOTOMHOI LIMTOMETPIT, NPeAcTaBneHi Ha puc. 5 i 6.

OTpuMaHi AaHi NigTBEPAXYTb MOXNMBICTL ABOMas-
HOI BI4NOBIAI KNiTUH OpraHiamy, WO 3any4ae perynsuito
piBHsa APK. Yyactb A®K y Bignosigi Ha BNNnB pegokcak-
TMBHUX HAHOYACTMHOK MOXe OyTu SK CUrHanbHOW, Lo
Cnpuvsie po3BUTKY apanTauifiHMX MpoueciB, Tak i pynHiB-
Hoto (Npu 36inbLUeHHi koHueHTpauii HY Ta gogatkoBomy
nigcunenHi ix sagatHocTi reHepysBatn A®K).

MocnigoBHiCTb 3axucTy opraHiamy Big APK, siki reHe-
PYIOTBCA MITOXOHAPISAMW, MOXHA YSBUTU TakMM MeXaHis-
MoM: ADK, Lo yTBOPUIUCS Y MITOXOHAPISX, BiAKPUBAKOTb
PTP (permeability transition pore) giametpom 6nisko
3 HM, i 9K Hacnigok — CNpUYMHAKTL BUXIO Y LUTO30Mb

Dot Plot (13)

the lipopolysaccharide-induced ROS generation in rat
leukocytes [27].

With regard to the groups of animals exposed to
solutions of NPs of orovanadate gadolinium yttrium at
a dose of 200 pg/kg of body weight, without preceding
UV irradiation (group #3, Gd-200), there was a significant
decrease in the generation of ROS in leukocytes relative
to the control group (p < 0.05). When a solution of yttrium
gadoline orovanadate nanoparticles was administered to
animals, with a pre-UV irradiated dose of 200 ug/kg of
body weight (group #5, Gd(UV)-200), the value of ROS
formation in rat leukocytes increased by almost 15%
compared to the control group (Table 1). And for the
groups of animals exposed to solutions of orovanadate
yttrium gadolinium at a dose of 200 pg/kg of body weight,
without preceding UV irradiation (group #3, Gd-200),
there was a significant decrease in the generation of
ROS in leukocytes relative to the control group, (p<0.05).
When a solution of orovanadate yttrium gadolinium
nanoparticles was administered to animals, with a pre-UV
irradiated dose of 200 ug/kg of body weight (group #5,
Gd(UV)-200), the value of the ROS formation index in
rat leukocytes increased by almost 15% relative to the
control group (Table 1).

An explanation of the observed effects will be
discussed below.

When comparing groups of animals exposed to
a solution of orovanadate gadolinium yttrium nanoparticles
at a dose of 100 pg/kg (group #2, Gd-100) and 200 ug/kg
of body weight, without prior exposure (group #3,
Gd-200), the indicators of ROS generation inratleukocytes
indicate a significant decrease in this parameters in the
animals of group #3, compared to the animals of group #2
(p < 0.05), (Table 1). Comparative characteristics of the
indicators of ROS generation in rat leukocytes between
groups #4 and #5 of animals exposed to nanoparticle
solutions at adose of 100 pg/kg and 200 pg/kg
at previous UV irradiation, indicate a significant increase
in these indexes in leukocytes of group #5 rats, relative
to animals of group #4 (p < 0.05) (Table 1). The results
of ROS generation of rats obtained by flow cytometry are
presented in Figures 5 and 6.
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Puc. 5. PenpesatnsHa uutorpama (A) i rictorpama SSC/FL1 (2°,7’-auxnopaurigpodnyopecueidy giauetary)
(B) nevikouumTis wypa Ne 1 3 rpynu 3. CepefHe 3Ha4yeHHs 4178,16
Fig. 5. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #3. The average value is 4178.16
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Puc. 6. PenpesaTtuBHa uutorpama (A) i rictorpama SSC/FL1 (2',7’-auxnopaurigpodnyopecueiny Aiauerarty)
(B) nevikouuTis wypa Ne 1 3 rpynu 5. CepeaHe 3Ha4eHHs 8803,91
Fig. 6. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #5. The average value is 8803.91

LMTOXPOMY C, LLIO HEralHO BKIOYAE [OAATKOBI aHTUOKCK-
OaHTHI MexaHi3aMn, a noTiM MITONTOo3. HAKWO y MITONTO3
yBiiLLNa nule HeBenvKka YacTuHa Mnonynsuii MiTOXOH-
Opif, TO KOHUEHTpaLid LUMTOXPOMY C Ta iHLINX MITOXOH-
apianbHMX NpoanonTo3HuX BinkiB B LMTO30ni He gocsrae
3HayeHb, siki HeOOXiaHI, LWO6 akTMBYBaTV anonTo3. AKLLO
KINbKICTb MITOXOHAPIN, WO npoaykytTe ADK, 36inbLyeTs-
Cs1, PO3MOYMHAETLCA anonTo3 KNiTuHu [28].

3aBasKu iCHYBaHHIO MEBHOro piBHA reHepadii APK
i NEBHOI aKTMBHOCTI aHTMOKCMAAHTHUX CUCTEM B KIiTW-
Hi CTBOPIOETLCSA MEBHWUIN pepokc-b6anaHc, To6To KniTh-
Ha HabyBae neBHOro pegokc-ctatycy. Pepokc-ctatyc
KNiTUHN BM3HAYa€eTbCA 3@ BiOHOLIEHHAM BMICTY aKTUB-
HUX Ta IHAKTMBOBAHMX pagukanie, iXHiIX MNOXigHMX Ta
OKMCHEHMX i BiHOBNEHMX OpM iHWNX MOMeKyn, SKi
€ YyTNMBMMM OO0 Aii akTMBHUX popM KUCHK. Big uboro
BiHOLLEHHS, Y CBOK Yepry, 3anexuTb perynsauis pisHo-
MaHITHUX CUrHanbHUX LUASXIB, WO NOB’A3aHO i3 BNIIMBOM
penoKc-CTaTyCy KMiTUHWM Ha aKTUBHICTb HWU3KM hepmeH-
TiB, 30KpeMa kiHa3 i doocharas, i Ha yHKLUii chakTopiB
TPaHCKpUNLii.

FAKLLO X pefoKc-CcTaTyC KNiTMHU NOpYLLEHNI (nocune-
Ha reHepauig A®K), uMToxpom ¢ nepexoauTb B OKUCHUN
CTaH 3 noganbwuMm po3BuTKOM anontody. Lle e ogHum
i3 MOSICHEHb TOrO, SK PEOOKC-CTaTyC KMiTUHWU MOXe pe-
ryrnoBaT¥ akTMBaLilo Kacnas HaBiTb Nicns 3BiNlbHEHHS
LUTOXPOMY C.

MpoBigHa ponb npouecis anonTo3y B NatoreHesi Bif-
NOBIQHMX 3aXBOPKOBaHb A€ MOXIMBICTb 3aCTOCOBYBaTU
neBHi Oro eTanu Ta BIQNOBIgHI NPOANONTO3HI dakTopu
SK MOTEHUiHI MiLLeHi 4N AiarHOCTMKKN Ta TepaneBTUYHMX
BMMMBIB MPWU LUUX NATOMONYHNX CTaHaX.

B3aarani, OinbLicTb TepaneBTUYHMX areHTiB, WO BU-
KOPUCTOBYIOTLCA Y KMiHiLi K aHTUNYXNWHHI Npenaparu,
€ TOKCUYHUMUW ONS NYXIMHHUX KNiTUH abo 34aTHI NpurHi-
yyBaTu nponidepadito. binblWwicTb aHTUPaKOBUX areHTiB
LitloTb, IHOYKYOUYM anonTo3 y KNiTUHaxX NyXmAvHU 3a Pi3HK-
MU LWAsIXaMu, SiKi NOB’A3aHi 3 ywkomkeHHsam OHK, aktu-
BaLlieto BiAMNOBIAI HA KMITUHHUIA CTPeC Ta LUNAXIiB TpaHC-
OyKUiT anonTo3HOro curHany.

Y 3anexHocTi Big Tuny iHAykKuii (ywkomkeHHs OHK,
reHepauis A®K) anonTto3 y BignoBigb Ha aHTUPaKOBI

The obtained data confirm the possibility of a biphasic
response of the body’s cells, which involves the regulation
of the level of ROS. The participation of ROS in the
response to the effects of redoxactive nanoparticles can
be both signaling, which contributes to the development
of adaptive processes, and destructive (under an increase
in the concentration of NPs and additional enhancement
of their ability to generate ROS). The body’s defense
against ROS, which are generated by mitochondria, can
be represented by the following mechanism: ROS formed
in the mitochondria open a PTP (permeability transition
pore) with a diameter of about 3 nm., and as a result,
cause the release of cytochrome c into the cytosol, which
immediately turns on additional antioxidant mechanisms,
followed by mitoptosis. If only asmall part of the
mitochondrial population has entered mitoptosis, then the
concentration of cytochrome ¢ and other mitochondrial
proapoptotic proteins in the cytosol does not reach the
values that are necessary to activate apoptosis. If the
number of ROS-producing mitochondria increases, the
cell apoptosis begins [28].

Due to the existence of a certain level of ROS generation
and a certain activity of antioxidant systems, a certain redox
balance s created in the cell, that s, the cell acquires a certain
redox status. The redox status of a cell is determined by
the ratio of active and inactivated radicals, their derivatives
and oxidized/reduced forms of other molecules that are
sensitive to the action of reactive oxygen species. This
relationship, in turn, determines the regulation of various
signaling pathways, which is associated with the influence
of the redox status of the cell on the activity of a number of
enzymes, in particular kinases and phosphatases, and on
the functions of transcription factors.

If the redox status of the cell is disturbed (increased
generation of ROS), the cytochrome ¢ enters an oxidative
state with the subsequent development of apoptosis. This
is one explanation for how the redox status of the cell can
regulate the activation of caspases even after the release
of cytochrome c.

The leading role of apoptosis processes in the
pathogenesis of the relevant diseases makes it possible
to use certain of its stages and relevant pro-apoptotic
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3axo4un Moxe 3afiaTu peuenTopHun abo MiToxoHAapianb-
HWU CUrHanNbHI LUNAXMN.

3patHicte  GdYVO,:Eu** i GdVO,:Eu** nornuHatm
ADK BrByanacs Ta o6roeoptoBanacs B H1M3Lji AOCNiAKEHb
SK in vitro, Tak i in vivo [29].

Tak, y nitepatypi € gaHi Npo aHTUpagukanbHi i aHTu-
OKMCHIOBaIbHi BNAcTUBOCTI CNONyk BaHagito. byno gocni-
[PKEHO BMNMB HAHOYACTMHOK OpTOBaHajaTy rafoniHito,
aktusoBaHoro esporiem (HY GdVO,Eu* (8x25 Hm)),
Ha MPOOKCUAAHTHO-aHTUOKCUAAHTHUIA BanaHc y neviHui
Ta KpoBi wWypiB. MNoka3aHo, WO Yy LypiB, SKi OTpUMyBa-
N HaHOYaCTUHKW, PiBEHb TiAponepekucis ninigie y cu-
poBaTui KpoBi 3HWMXyBaBcA. O4eBMOHO, LIbOMY CNpUANo
30inNblUEHHsT Nig BMANUMBOM HAHOYACTMHOK aKTUBHOCTI
rnyTaTioHNepoKcUaasHo! aHTUOKCUMOAHTHOI CUCTeMM Ta
rnyTaTioHpeaAykTasHoi akTMBHOCTI [30].

TakoX, B €KCNepuUMEeHTanbHOMY [OOCIiIXKEHHI Ha
nabopaTtopHMX TBapuvHax — CTaTEBO3PINUX Kponsax Oo-
BeOEHO eMEKTUBHICTb BUKOPUCTAHHS HAHOYACTUHOK
opToBaHaaaTiB ragoniHito 3epHonoaibHoT dopmu, po3mi-
pom 8x25 HM, y BUrNSAI rigpo3onto Ans Kopekuii penpo-
OYKTUBHOI 34aTHOCTI Ha TNi OKCMAaTMBHOTO cTpecy. Pe-
3ynbTatn OOCMiAKEHHSA MoKasany 3HauyuMe 3MEHLUEHHSs!
OKCMAATVBHOIO HaBaHTaXEHHs!, 36iNbLUEeHHS aHTMOKCU-
[aHTHOro noTeHuiany y cupoBaTLi KpoBi kporis (0cobnu-
BO MNYTaTiOHOBOI NMaHKu — rnyTaTioHnepokcuaasHa i rmy-
TaTioHpeayKTa3Ha akTMBHOCTI 3pocnun Ha 56,8% i 32,6%
BignosigHo, p < 0,001, a BMICT BiAHOBEHOrO rMyTaTiOHy
OyB BULLIMM Ha 66,7%, p < 0,001) [31].

Ha wmikpockoniyHomy piBHi 3aaTHicTb GdYVO,:Eu’*
nornmHatn ADQK nosCHIOETLCS IXHBOK AeEKTHOIO CTPYK-
TYPOIO 3 BENUKOK KiNbKICTIO KUCHEBUX BakaHCin, cTabini-
30BaHMX iOHAMV BaHagito B HKYMX CTYNEHAX OKUCHEHHSI
(V4 abo V) [29]. EnekTpoH, Lo 36epiraeTbest Ha V4 abo
V¥, Moxe 6paTu yyacTb Yy peakuii nornvHaHHs APK 3a
Jonomorot pepmeHTonoaibHoro mexatiamy [29].

BogHovac nobpe Bigomo, wo BnnuB Y®-ceitna Ha
HanienposigHukosi HY, sokpema GdYVO,:Eu*, suknu-
Kae reHepauito 4ipok (h+) y BaneHTHIl 30Hi Ta eNnekTpoHiB
(e—) y npoBigHi 30Hi HY. ®oToiHAYyKOBaHI eneKkTpoHM Ta
JipKy pearyloTb 3 MOMeKyflaMn MOSIEKYISPHOTO KUCHIO Ta
BOAW, agcopboBaHMmMu Ha nosBepxHi HY, yTBOptotoumM cy-
nepokcua-anionn (O,”), rigpokcunbHi pagukanm ('OH) ta
iHWi Yyepe3 peakLii OKMCHEHHS Ta BigHoBneHHs [32, 33].
Kpim TOro, B H4, WO xapakTepusyoTbCs BEMUKOK Kifb-
KICTIO CTPYKTYPHUX AedeKTiB, Hanpvknaz, KMCHeBMX Ba-
KaHcin B okemaHunx HY, Taki gedpektn cnyrytoTe nactkamu
Ans poToiHAYKOBaHWNX HOCITB 3apsay (ENeKTPOoHIB i 4ipokK)
i BignoBsigaTb 3a BUpobneHHs APK HaBiTb 6e3 YP-onpo-
MiHEHHS (TaKk Ha3nBaETbCHA e(PekTOM TEMHOBOI reHepauil
ADK) [34, 35]. 3patHictb HY GdYVO,:Eu*" npoaykysatu
ADK sk nig npsMuMm YO/peHTreHiBCbKUM OMPOMIHEHHSIM,
TaK i B TEMHMX ymoBax, Oyna npoaeMOHCTpoBaHa paHi-
we [36, 37]. EdexT reHepauii TemHux AOK nodcHoeTbCA
3axOMneHHAM Aeaknx OOTOIHAYKOBAHUX ENEKTPOHIB i Ai-
POK, YTBOPEHMX Mi 4Yac nonepenHbObOro ONMpPOMIHEHHS
Y®-cBiTnom, Ha gedekTax, Lo 3aTPUMYE iX NepeHeceHHs
Ha noepxHto HY [36, 37]. 3 yacom Taki 3axonneHi Hocii
3apsgy MOXyTb pyxatncs Ao nosepxHi HY i B3aemogiatu
3 MOJIeKynamm K1CHIo Ta Boaw, yteoptotodmn O, 1a * OH
BignosiaHo. Kpim Toro, 6yno nokasaHo, Lo nonepeaHe on-
pomiHeHHa HY GdYVO,:Eu*" Y®-csiTnom npnssoamts 4o
BigHOBMeHHs Eu®* no Eu?*. EnekTpoHu, Wwo 36epiraoTbes

factors as potential targets for diagnosis and therapeutic
effects in these pathological conditions.

In general, most of the therapeutic agents used in
the clinic as anticancer drugs are toxic to tumor cells
or capable of inhibiting proliferation. Most anticancer
agents act by inducing apoptosis in tumor cells through
various pathways that are associated with DNA damage,
activation of the cellular stress response, and apoptosis
signal transduction pathways.

Depending on the type of induction (DNA damage,
ROS generation), an apoptosis may involve receptor
or mitochondrial signaling pathways in response to
anticancer measures.

ROS-scavenging ability of GdYVO,.Eu* and
GdVO,:Eu* was studied and discussed in anumber
of research works both in vitro and in vivo [29]. Thus,
the references contain data on the antiradical and anti-
oxidative properties of Vanadium compounds. The effect
of europium-activated orthovanadadate gadolinium
nanoparticles (NPs of GdVO,:Eu®*" (8 x 25 nm)) on the
prooxidant-antioxidant balance in the liver and blood of
rats was investigated. It was shown that in rats treated
with nanoparticles, the level of lipid peroxides in the
blood serum decreased. Obviously, this was facilitated by
an increase in the activity of the glutathione peroxidase
antioxidant system and glutathione reductase activity
under the influence of nanoparticles [30].

Also, in an experimental study on laboratory animals —
the sexually mature rabbits, the effectiveness of gadolinium
orthovanadates nanoparticles using for the correction of
reproductive ability against the background of oxidative
stress was proven. The NPs in this study were the grain-
like shape, 8 x 25 nm in size, in form of a hydrosol. The
results of the study revealed a significant decrease in the
oxidative load, an increase in the antioxidant potential
in the blood serum of rabbits (especially of the glutathione
system — glutathione peroxidase and glutathione reductase
activities increased by 56.8% and 32.6%, respectively,
p < 0.001, and the content of reduced glutathione was
higher by 66.7%, p < 0.001) [31].

On a microscopic level, ROS-scavenging ability of
GdYVO,:Eu* is explained by their defect structure with
high amount oxygen vacancies stabilized by vanadium
ions in lover oxidation states (V** or V*) [29]. Electron
stored on V* or V3** can participate in ROS scavenging
reaction via enzyme-like mechanism [29].

At the same time, it is well-known that the exposure of
semiconducting NPs including of GdYVO,:Eu*, to UV light
causes the generation of holes (h*) in the valence band
and electrons (e7) in the conducting band of NPs. Photo-
induced electrons and holes react with molecular oxygen
and water molecules adsorbed at the surface of NPs leading
the production of superoxide anions (O,~), hydroxyl radicals
(" OH) and others through oxidation and reduction reactions
[32, 33]. Moreover, in NPs characterized by a high amount
of structural defects, e.g., oxygen vacancies in oxide NPs,
such defects serve as traps for photo-induced charge
carriers (electrons and holes) and are responsible for ROS
production even without UV irradiation (so-called ROS dark
generation effect) [34, 35]. The ability of GdYVO,:Eu** NPs
to produce ROS both under direct UV-light/X-ray irradiation
and in dark conditions was demonstrated earlier [36, 37]. The
effect of dark ROS generation is explained by trapping some
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B Eu?*, Takox GepyTb y4acTb y peakLisix nepeHocy enek-
TPOHiIB 3 yTBOpeHHaAM O, Ta iHwmx APK [38].

Basytouncbk Ha HaBegeHUX BULLE apryMeHTax, nocu-
neHe yTBopeHHsA A®K nerkoumMtamm LwypiB, SKMX JikyBa-
nn HY GdYVO,:Eu* (200 mkr/kr) nonepeaHbo obpobne-
HUMK YP-CBITNOM, MOXHa BigHECTV A0 eEKTY TEMHOBOI
reHepauii ADPK yepes peakuii 3axonneHnx oToiHAyKO-
BaHWX ENEeKTPOHIB i AipOK 3 MOMeKynamMmn KUCHIO Ta Boau
BignoBiaHO.

BUCHOBKH

[MokasaHo, Wo npu BBEAEHHI TBApUHAM PO3YMHY Ha-
HOYACTUHOK OpTOBaHagaTy rafdoniHin-iTpilo, akTuBoBa-
HOro eBponiem nonepeaHbo Y®-onpomiHeHoi fo3n 200
MKI/KI Macu Tina, 3Ha4eHHs MoKasHMKiB yTBopeHHsT ADK
y nenkoumuTax LypiB 306inbLIyeTbCA BIAHOCHO KOHTPOMb-
HOI rpynu npaktuyHo Ha 15%. OuveBMAHO, B LbOMY BU-
nagky y nonepeaHbo Y®-onpomiHeHnx HY GdYVO,:Eu®
CNOCTEpPIraeTbCA BHECOK «TEMHOBOI reHepauiin APK 3a
paxyHOK 3axOmnneHux Ha nactkax poToiHAyKOBaHUX Mpu
nonepeaHboMy Y®P-onpoMiHEHHI €NeKTPOHIB i AipokK, sKi
y NoganbLIOMy BUMBINIbHAKTLCA Ta MOTPArIAlTb Ha Mo-
BepxHto HY, B3aemogitoTb 3 agcopboBaHMMU HA NOBEPXHI
HY monekynamu kucHio Ta Bogn 3 reHepauieto AGK (cy-
nepokcug aHioHa Ta rigpokcun pagukanis).

OTprMaHi HaMKn pe3ynbTaT eKCnepuMeHTanbHUX 4o-
CnigXkeHb BKa3yrTb Ha AOLINBHICTb NOAANbLLOTO BUBYEH-
Hs1 BNNUBY pi3HMX Jo3 HY opToBaHagaty ragoniHin-itpito,
30KpemMa Tux, Wo Oynu nonepeaHbO akTMBOBaHi YP on-
POMIHEHHSAM, Ta BCTAHOBINEHHSA eDEKTUBHNX JO3 3 METOIO
OLHUTWN MNOTeHUuian BUKopUcTaHHA HY gns nigBuLeHHs
edeKTUBHOCTI MiCLLeBOro fiKyBaHHS OHKO3aXBOPIOBaHb.
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photo-induced electrons and holes formed during UV-light
pre-treatment on defects that delay their transfer to the surface
of NPs [36, 37]. In time, such trapped charge carriers can
move to the NPs surface and interact with oxygen and water
molecules producing O,~ and * OH, respectively. In addition,
it was shown that pre-treatment of GdYVO,:Eu** NPs with
UV-light leads to Eu®** reduction to Eu?". The electrons stored
in Eu?* also participate further in electron transfer reactions
with the production of O, and other ROS [38].

Based on the arguments mentioned above, observed
enhanced ROS generation in the rats’ leukocytes, which
were treated with the UV-light pre-treated GdYVO,:Eu** NPs
(200 pg/kg) could be ascribed to the effect of the dark ROS
generation via reactions of trapped photo-induced electrons
and holes with oxygen and water molecules, respectively.

CONCLUSIONS

It is shown that when a solution of europium-activated
orthovanadadate yttrium gadolinium nanoparticles, pre-
treated with UV-light at a dose of 200 pg/kg of body
weight was administered to animals, the value of ROS
generation in rat leukocytes increased by almost 15%
relative to the control group. It's obvious, in this case,
the contribution of ROS «dark generation» is observed in
the pre-treated with UV-light NPs of GdYVO,:Eu®**due to
electrons and holes captured on the traps photo-induced
during previous UV irradiation, which are subsequently
released and fall on the surface of the NPs, interact
with oxygen and water molecules adsorbed on the NPs’
surface with the generation of ROS (such as superoxide
anions and hydroxyl radicals).

Our experimental results indicate the expediency
of further studying the effect of different doses of
ortovanadate yttrium gadolinium, in particular those that
were pre-activated by UV irradiation, and establishing
effective doses in order to evaluate the potential of
using NPs to improve the effectiveness of local cancer
treatment.
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Prospects for further scientific research include the
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KAlo40Bi cAoOBa: PE3IOME

3aXBOPIOBAHHSA CKPOHEBO-HWXHboOLenen-  AKTyanbHiCTb. CKPOHEBO-HWDKHbOLLENENnHU cyrnob 3a cBoeto 6yaoBoto i PyHKLieo
Horo cyrrnoba, ekcnepyMeHTanbHe Kapari-  CTaHOBUTb CKINafHWIA aHaTOMIYHUIA YTBIp, NpPeacTaBeHnid rofniBKOK HUXKHBOI Leneny,
HaHoBe 3ananeHHsl, C-peakTUBHUIN BiNoK,  HKHBbOLLENENHOK SAIMKOK, CyrnmoBHNM ropOUKOM CKPOHEBOT KiCTKM, BHYTPILLHBO-CYTno6-
iHTeprievikiH-6, Giomapkep 3ananeHHs, HUM AUCKOM i CyrnmoBHO Kancynoto. PisHi pyxu B CKPOHEBO-HXHbOLLENENHOMY Cyrnobi

iMyHHa BianoBiab. 3[iICHIOITLCS BUCOKOK KOOPAMHOBAHOK pOoBOTOH BCiX enieMeHTIB, Hacamnepen xy-
BalnbHUX M’A13iB, perynboBaHNX HEPBOBOK CUCTEMOIO.
AAfl KOPEeCNOHAEHLI: MeTa po60TH — BU3HAYNTM AUHAMIKy KOHUeHTpaLiii C-peakTmsHoro 6inka ta IJ1-6 y cu-
poBaTLi KpoBi Mpu eKCrepyMeHTanbHOMY KapariHaHOBOMY 3anareHHi CKPOHEBO-HX-
Kosankuyk AMuTpo Onerosuy HbOLLenenHux cyrnotis.

XapkiBCbknii  HauioHanbHuii  MeauyHuin  Matepianu Ta meToau. EkcnepumeHTansHe focnimkeHHs Gyno nposeaeHo Ha 36 crare-
yHiBepcuteT MiHiCTepcTBa OXOpOHM 300-  BO3PIMMX Lypax-camugsix, SKMM NOKanbHO BBOAMIM B 06MABA CKPOHEBO-HWKHBOLLENEmHi

poB'a YkpaiHu; cyrmo6u no 0,02 mn 1% kapariHany (Sigma-Aldrich, St. Louis, MO, CLLA) y dpigionoriyHomy
npocn. Hayku, 6ya. 4, M. Xapkis, YkpaiHa,  PO34uHi (rpyna kapariHaHy) Ta 0,02 mn 0,9% cisionoriYHoro pos4mHy (KOHTposibHa rpyna).
61022; KoHueHTpauito C-peakTusHoro 6inka (CPE) Ta I/1-6 y cupoBaTui kpoBi BU3Ha4anu imyHo-

e-mail: dokovalchuk.po22@knmu.edu.ua  PEPMEHTHUM METOAOM 3 BUKopucTaHHsaM Stat Fax 2100 Microplate Reader (Awareness
Technology, Ins.) Ta BignosigHux Habopis Rat ELISA Kit (MyBioSource, CLUA).

© Kosaneyyk [1.0., Casenbeea H.M., PesynbraTtu Ta ix o6roBopeHHs. KoHueHTpaluis C-peaktusHoro binka Ta IJ1-6 y cuposaTui

HikoHos A.FO., Bpecnaseup H.M., 2025 KpOBi 3MiHIOBanacb BNPOAOBXK YCbOro nepiogy eKcrnepuMeHTanbHOro KkapariHaHoBOro 3a-
naneHHsi CKPOHEBO-HYDKHBOLLIENEMHMX CYrrobiB, AEMOHCTPYO4M XBUINENOAIOHUI XapaKTep.
[uHawmika piBHiB C-peakTmBHoro 6Ginka Ta IJ1-6 cBigunTh Npo akTMBaLilo Ta nogarnblue 3ra-
CaHHs 3anasnbHoi BiANOBIAI i NiAKPECIOE BaXIMBICTb OAHOYACHOTO aHarnidy 060X Mapkepis
Ons TOYHILWOT OLiHKM ha3un Ta IHTEHCMBHOCTI 3anarnbHoro npouecy. MakcumarnbHi KOHLEH-
Tpauii IJ1-6 Ta CPB cnocTepiranuck y nepLui AHi nicnst iHAykuii 3ananexHs. MigsuLLeHHs pis-
HiB CPB Ha 1-wy o6y, a IJ1-6 — Ha 3-Tio 8oby AeMOHCTPYe xapaKkTepHy chasHicTb nepebiry
3ananbHoro npotecy. Taka AvHamika MapkepiB BKa3ye Ha AOLIMbHICTb iXHbOTO KOMMMek-
CHOrO BM3Ha4YeHHs Ans GinbLU TOYHOT OLHKK cTafii Ta iIHTEHCUBHOCTI 3ananeHHs.
Mopankblue noctynoBe 3HMXEHHS koHUeHTpauin CPB Ta IJ1-6 po 15-i nobu Binobpaxae
3racaHHsi 3anareHHsi Ta akTUBaL,ii0 MexXaHi3MiB NOro pe3osntoLii.
BucHoBkuW. EkcneprMeHTanbHe kapariHaHoBe 3anarneHHs CKPOHEBO-HIKHbOLLIENENHNX
cyrno6iB CynpoBOAXYETbLCS 3MiHOK piBHIB C-peaktuBHoro 6inka Tta I/1-6 y cuposatui
KpOBI, L0 CBiAYMTb NPO aKTUBALil0 CUCTEMHOI 3ananbHoi BignoBiai. [uHamika KOHLUeH-
Tpauin C-peakTmsHoro binka Ta I/1-6 moxe 6yTn BukopucTaHa Ans ouiHku nepebiry 3a-
nanbHUX CTaHiB CKPOHEBO-HUKHBLOLLENEMNHOrO cyrrnoba.
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ABSTRACT

Background. The temporomandibular joint is a complex anatomical and functional
structure, consisting of the mandibular condyle, mandibular fossa, articular tubercle
of the temporal bone, intra-articular disc, and joint capsule. Temporomandibular joint
movements are carried out through the highly coordinated activity of all its components,
primarily the masseter muscles, which are controlled by the nervous system.

Purpose —is to determine the dynamics of serum C-reactive protein and IL-6 concentrations
in case of experimental carrageenan-induced inflammation of temporomandibular joints.
Materials and Methods. The experimental study was conducted on 36 mature male rats
receiving injections of 0.02 mL of 1% carrageenan (Sigma-Aldrich, St. Louis, Missouri,
USA) in saline (carrageenan group) and 0.02 mL of 0.9% saline (control) into both
temporomandibular joints.

The serum C-reactive protein and IL-6 concentrations was determined by immunoenzyme
method using the Stat Fax 2100 Microplate Reader (Awareness Technology, Ins.) and
the corresponding Rat ELISA Kits (MyBioSource, USA).

Results and discussion. The serum C-reactive protein and IL-6 concentration was
intermittent throughout the entire period of experimental carrageenan-induced inflammation
of temporomandibular joints. The C-reactive protein and IL-6 dynamic pattern shows the
activation and subsequent attenuation of the inflammatory response and emphasizes the
importance of simultaneous analysis of both markers for a more accurate assessment
of the phase and severity of inflammation. The study results indicate that peak IL-6
and CRP concentrations were observed on the first days of induced inflammation. The
increase in CRP (Day 1) and IL-6 levels (Day 3) shows phasic inflammation. A subsequent
gradual decrease in CRP and IL-6 concentrations by Day 15 reflects the attenuation of
inflammation and the activation of regeneration mechanisms. This indicates the reduction
of acute inflammation and possible regeneration in the TMJ tissues.

Conclusion. Experimental carrageenan-induced inflammation of temporomandibular
joints changes serum C-reactive protein and IL-6 levels showing the activation of the
systemic inflammatory response. The C-reactive protein and IL-6 dynamic concentrations
can be used to assess the course of temporomandibular joint inflammation.

Kovalchuk DO, Savielieva NM, Nikonov AY, Breslavets NM. Features of the dynamics of serum C-reactive protein
and IL-6 concentrations in case of experimental carrageenan-induced inflammation of temporomandibular joints.
The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(2(53)):211-220. DOI:

https://doi.org/10.26565/2313-6693-2025-53-04

BCTYN

CKpOHEBO-HWXHbOLLIENEMNHW cyrno6 (CHLLC)
€ cknagHum 6araTOKOMMOHEHTHUM  M’S30BO-CYTNIOOHUM
KapkacHuUMm Ornokom, Lo 3abesnedye apTUKynALinHi pyxu
HWXKHBOI LLenenM Ta NpMBOAWUTbL [0 OKIO3IMHOIO CcTa-
Hy MK 3yOHVMMUW psagaMy BEPXHbOI Ta HWKHBOI Luenen.
O6uasa CHLLC dyHKUiOHYIOTb ofHOYacHO i, BianoBia-
HO, CTaHOBNATb, Y MEXaHiYHOMY CeHCi, ogHe KOMOiHO-
BaHe 34reHyBaHHA. 3a cBoeto Gynosoto CHLIC sBnsie
cobot0 cKknagHe aHaTOMiYHE YTBOPEHHS, MpeacTaBrneHe
rONiBKOK HWKHBOT LUENenu, HWKHbOLLIENEMNHOK SIMKOLO,
CyrnobHMmM ropbuKomM CKPOHEBOI KiCTKWU, BHYTPILUHBLOCYT-
no6osum anckom i cyrnobHoto kancynoto [1].

[onomixxHni anapaT cyrnoba cknagaetbcsi i3 BHY-
TPILLHIX | 30BHILLUHIX KancynbHUX 3B’A30K. BHyTpiLLHI 3B's13-
KM PIKCYIOTb CYrmoOHUI OUCK A0 CKPOHEBOI KiCTKM i OO
LMK HWKHBOT Wwenenu. o CHLWC Takox Hanexatb na-
TepanbHa, KNMHOMNOAIGHO-HWXKHbOLLENENHa i LUMMO-HNX-
HboLlenenHa 3B8’a3kn. OCHOBHEe 3aBAaHHS WX aHaTOMiu-
HUX YTBOPEHb — OOMEXEHHSI pyXiB Y cyrnobi.

INTRODUCTION

The temporomandibular joint (TMJ) is a complex
multicomponent musculoskeletal unit that provides
articulatory movements of the lower jaw and leads to
an occlusal state between the dentition of the upper
and lower jaws. The TMJs function simultaneously and,
accordingly, are one combined joint. It is acomplex
anatomical formation consisting of the head of the mandible,
the mandibular fossa, the articular tubercle of the temporal
bone, the intra-articular disc, and the joint capsule [1].

The auxiliary apparatus of the TMJ consists of internal
and external capsular ligaments. The internal ligaments
fix the articular disc to the temporal bone and the neck
of the mandible. The TMJ also consists of the lateral,
middle maxillary, and stylomandibular ligaments. These
structures mainly limit joint motions.

The active components of the TMJ are the following
muscles: masseter, temporal, medial pterygoid, lateral
pterygoid, mylohyoid, digastric, and geniohyoid [1].
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AkTuBHMI komnoHeHT CHLUC — ue m’'si3u: BnacHo
XKyBanbHWUA, CKPOHEBWI, MedianbHWUI KpuUnonoaibHuim,
nartepanbHUA  KpUonoAdibHui, LwenenHo-nia s3nkoBui,
OBovepeBLeBUi | nigbopigHo-nig’savkosuii [1].

PizHi pyxu B CHLLIC 34iiiCHIOI0TECHA BUCOKO KOOPAVHOBA-
HOK LiSNBHICTIO BCIX €MNeMeHTIB, Hacamnepen LisnbHICTHO
XyBarnbHMWX M’'S13iB, perynboBaHNX HEPBOBOIO CUCTEMOIO [2].

Jlikap-cTomaTonor Ha KniHiYHOMY NPUIAOMI CTUKaETbCA
3 BENUKOIO KiNbKICTIO XBOPUX Ha AUCKYHKLIOHAMNbHI CTaHW
CHLLC, BOHM siBNsitOTb COOOK MATONONYHUA KOMMIEKC
ypakeHHs OOHOro Yn 060X CyrnobiB Ta XyBanbHUX M'S3iB,
SIKUIN Nocigae apyre micue cepen XpOoHiYHUX 60NboBUX CTa-
HiB y cBITi, Bpaxatoun Big 10% po 75% popocnux nauieH-
TiB, Bikom Big 20 oo 40 pokis, Npy LbOMY 3 BIKOM KiNbKiCTb
nawieHTIB i3 Llieto naTonorieto cyTTeBo 3pocTae [3, 4].

OuncdyHkuioHanbHi po3naam CHLUC 3a3suyan nos’s-
3aHi 3 rocTpym abo XpOHIYHUM 3ananeHHsaMm [5, 6].

Lle rpyna roctpux abo XpOHiYHMX 3anarnbHUX CTaHIB,
AKi 3anyyaloTb y NaTonoriYHWM Npouec XyBsarnbHi M’A3u
CHLUC 3 nowwpeHicTio B 3aranbHivi nonynsauii 4o 12% [7].

AHatomiuHi ocobnmeocTi CHLLUC, Taki sk winbHa Bo-
NOKHMUCTa TKaHUMHHa OOGOMOHKa, MOXYTb BMMMBaTM Ha
MOro peakuito ik CMHoBianbHoro cyrnoba. Kpim Toro, KoH-
ueHTpauii geskmx 3ananbHux pevoBuH y CHLUC Bigpis-
HAKTBCS BiO TakMx B iHWKMX cyrnobax, MMOBIpHO, Yepe3
GinbLU WinbHY iHHepBauito [8—10].

MatonoriyHi ctaHn CHLLUC cynpoBomxyeTbcst Tpu-
Banum Gonem, kM y AeskuxX BUMagkax moxe OyTu iH-
TEHCMBHUM, i€ 4YacTuMm nposiBom aucdyHkuii CHLLUC,
AKa MOXe BUKNUKaTh edekTu, Wo imMiTyioTb CTUMYNSALi0
LeHTpanbHUX HepBiB, Taki SK NepioaWYHUA M’SA30BUN
cnaswm, rinepanresis Ta BigobpaxeHuit 6inb. JaHuin pos-
nap, Oxonme M'SKi TKAHUHMW, BKIIOYaoYM He TifbKu cu-
HoBianbHO-MeMOpaHHy Kancyny Ta peTPOAMCKOBY TKaHW-
Hy, @ TaKOX TBEPAi TKAHWHU, 30KpEMa HWKHbOLLENEMHUNA
BIPOCTOK Ta XpsiL, SKMIA NOro NMOKPUBAE, CMIPUYMHSOYN
3anarbHi 3MiHW1 B Mo3akniTMHHOMY MaTpukci [11, 12].

Mpu 3ananbHUX npouecax, LWo BiabysaroTbes 6e3no-
cepenHbo B cyrnobi, 6epe y4acTb HM3Ka MposananbHUx
MefiaTopiB, Takux SK OKcug, asoTy, UUTOKIHW, eNKo3aHo-
ion, okemp asoTy, GioreHHi amiHu, HemponenTuau, Xemo-
KiHW, iHTepdepoH-raMmMa, npoTeasn, LWMAX 3ropTaHHs,
KanikpeiH-kiHiHoBa cuctema. Cepefn HUMX OKcup asoTy
CUHTEe3yeTbCA 3 L-apriHiHy WNaxom iHAYKUIAHOT CMHTa3n
okengy asoty (iINOS) i € BaxnueuM hakTopoMm iMyHoro-
riYHMX Ta 3ananbHux npouecis [13].

3ananbHi ctain CHLC moxyTb npn3BoauTy Ao rine-
panresii CHLLC, sika 3ymoBneHa nepndepnyHoO CEeHCK-
Tu3auieto Houmuentopie CHLUC, a takox LeHTpanbHOo
CEHCUTM3aLiE HOUMLENTUBHUX HENPOHIB CEHCOPHOro
S0EePHOro KOMMIEKCY TpidacToro Hepea B CTOBOYpi MO3-
Ky. AK nepudepudHa, Tak i LeHTpanbHa CeHcuTusauis,
XapakTepuayTbCs NiABULLEHHSM 30yaAnMBoCTi MembpaH
HEVpOHIB Mig BMMBOM MeiaTOpiB 3ananeHHsd, Lo BuU-
BINIbHAIOTLCS B MIiCLLi YpaXKEHHS!, a TakoX HerponenTtuais
i 30yONMBUX aMiHOKUCIIOT, SiKi BUBINIbHSOTLCSA B CEHCOP-
HOMY Si1IEPHOMY KOMMJIEKCI TpiYacToro Hepsa B CTOBOYpI
MO3Ky. [lesiki mefiaTopu 3ananeHHs, Lo BUBINbHAOTLCS
B MiCL|i YpaXXeHHs1, BKMo4arouy npoctarmanand E2, npu-
CYTHi Y BUCOKMX KOHLEHTPAaLisX Yy CMHOBIanbHIiN pPigunHi
nauieHTiB i3 gucdyHkuiamm CHLUC [14].

C-peaktmHui 6inok (CPB) po3rnsgaeTbes sik MapKkep
3ananeHHs Ta Bigirpae BaXnuBy porib Y perynauii iMyHHoI

TMJ motions are performed by the coordination of all
elements, primarily the activity of the masseter muscles
controlled by the nervous system [2].

In clinical the dentist to exam patients with TMJ
disorders. These are a complex of damage to one or
both joints and masseter muscles and rank second
most common chronic pain conditions in the world,
affecting 10% to 75% of adults, aged 20 to 40 years, with
an increases significantly in the number of patients with
this pathology increasing age [3, 4].

TMJ disorders are usually associated with acute or
chronic inflammation [5, 6].

It's agroup of acute or chronic inflammatory
conditions affecting the masseter muscles and TMJ, with
a prevalence in the general population of up to 12% [7].

The anatomical features of the TMJ, such as the
dense fibrous tissue membrane, may affect its response
as a synovial joint. In addition, the concentrations of some
inflammatory substances in the TMJ differ from those in
other joints, probably due to the denser innervation of
inflammatory substances [8—10].

Pathological conditions of the TMJ are accompanied
by prolonged pain, which in some cases can be intense,
and are a common manifestation of TMJ dysfunction,
which may result in symptoms that mimic central nervous
system stimulation, such as intermittent muscle spasms,
hyperalgesia, and referred pain. This disorder affects soft
tissues, including the synovial membrane capsule and
retrodiscal tissue, as well as hard tissues, such as the
mandibular condyle and the overlying cartilage, leading to
inflammatory changes in the extracellular matrix [11, 12].

In inflammatory processes occurring directly in the
joint, several pro-inflammatory mediators are involved
in inflammatory joint disorders, such as nitric oxide,
cytokines, eicosanoids, nitric oxide, biogenic amines,
neuropeptides, chemokines, interferon-gamma,
proteases, coagulation pathway, and kinin-kallikrein
system. Moreover, nitric oxide is synthesized from
L-arginine by inducible nitric oxide synthase (iINOS) and
is an important factor in immunological and inflammatory
processes [13].

Inflammatory TMJ disorders can lead to TMJ
hyperalgesia due to peripheral sensitization of TMJ
nociceptors as well as central sensitization of nociceptive
neurons of the trigeminal sensory nuclear complex in the
brainstem. Both peripheral and central sensitization show
excessive excitability of neural membranes when affected
by inflammatory mediators released at the location of
lesion, as well as neuropeptides and excitatory amino
acids released in the trigeminal sensory nuclear complex
in the brainstem. Some inflammatory mediators released
at the location of the lesion, including prostaglandin E2,
are abundant in the synovial fluid of patients with TMJ
dysfunction [14].

C-reactive protein (CRP) is an inflammatory marker
and plays a critical role in immune response regulation.
It shows overexpression in inflammatory states such
as rheumatoid arthritis, cardiovascular diseases, dental
inflammatory disorders, and infection. The plasma CRP
concentration deviates by at least 25% in inflammatory
disorders. The highest CRP concentrations are found in
blood serum, and some bacterial infections increase its
level up to 1.000 times [15, 16].
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Bignosiai. BiH nposiBnsie niaBuLLieHy ekcnpecito nig 4ac
3ananbHUX CTaHIB, TakMX SIK PEBMATOIgHUIN apTpuT, ge-
SKi cepLeBO-CYyAMHHI 3aXBOPIOBaHHS, CTOMATOSMOrYHI 3a-
nanbHi 3axBoploBaHHA Ta iHdekuisi. KoHueHTpauis CPbB
y Nna3mi KpoBi BIOXUNSAETbCS LWOHaMMeHLWe Ha 25% nig
Yyac 3ananbHuX nopylleHb. Hameuwi koHueHTpauii CPb
BUSIBNATLCA B CMpOBAaTLi KpOBi, a Aeski GaktepianbHi
iHcbekuii 36inbLyoTh Moro pieHb go 1000 pasis [15, 16].

Tomy gocnigXeHHs AMHaMikn MapKepiB 3ananeHHs Ta
BM3HAYEHHS! X MPOrHOCTMYHOI 3HAYYLLOCTI Ta BNMBY Ha
nepebir 3axsoptoBaHHs y CHLLC, noB’da3aHux 3 roctpumu
Ta XPOHIYHUMM CTaHaMK, € akTyanbHO Npobnemotro cTo-
MaTornorii.

MeTa po60TH — BU3HAYNTL AMHAMIKY KOHLIEHTpaLlii
CPbB Ta I1-6 y cupoBaTtLi KpoBi Npu ekcrnepMMeHTansHo-
My kapariHaHoBoMy 3ananeHHi CHLLC.

MATEPIAAU TA METOAU AOCAIAXXEHHA

EkcnepumeHTaneHe pgocnigkeHHss Oyno nposege-
HO Ha 36 cTaTeBO3pinuX LWypax-camusx sarow 180—
200 r niHii WAG. TBapuH yTpumyBanu y 3BM4aiHUX yMO-
Bax BiBapil0 NPV NPUPOAHOMY OCBITMIEHHI Ta 3 BiflbHUM
JocTynom Ao Boawu Ta ixi. [poTtarom ekcnepumeHTty 6ynm
YiTKO JOTPMMaHi MIKpOKNIMaTUYHIi yMOBU HaBKOMMULLIHBOTO
cepefoBuLla BiBapito — Temnepatypa (19-23°C), Bono-
ricte (50-75%). EkcnepvMeHTansHe JOCNIOKEHHST BUKO-
HaHO BiAMOBIAHO A0 HaUiOHaNbHUX «3aranbHUX eTUYHUX
NpVHUMNIB  JOCNIMKeHHs TBapuH» (YkpaiHa, 2001p.),
«EBpONencoLKoi KOHBEHLiT Npo 3axuct xpebeTHux Tea-
PVIH, LLO BMKOPUCTOBYIOTLCA ANS eKCnepuMeHTarnbHMX Ta
iHWKX HaykoBmX Winen» (Ctpactypr, 18.03.1986p.).

TBapuHu Oynu BMNagKOBMM YMHOM PO3AiNeHi Ha 6
rpyn no 6 TBapuH B KOXHIN: 5 eKkcnepumeHTanbHUX Ta
1 KoHTponbHa rpyna. Takum YMHOM, BUKOPWUCTAHO MiHi-
MarnbHy KinbKiCTb, MPUAHATHY ONA CTAaTUCTUYHOrO onpa-
LIIOBaHHS Ta OTPUMAHHSA AOCTOBIPHUX pPe3ynbTaTiB.

LUlypam nokaneHo BBOgunu Bobugea CHLIC
0,02 mn 1% «kapariHaHy (Sigma-Aldrich, St. Louis, MO,
CLA) y disionoriyHOMY po34uHi (rpyna kapariHaHy) Ta
0,02 mn 0,9% dpisionoriyHoOro po3vmHy (KOHTpPOsSibHA rpy-
na). KoxxeH po3unH BBOAUNM KiHYMKOM ronkm 29 G Tpoxu
nosagy BWIMYHOTO BiAPOCTKA CKPOHEBOI KiCTKW. MoTim
KIHYMK TOMKW MepeMillyBanu MegianbHo-nepeaHbo Ao
BEPXHbOI CyrnoboBoi winuuHu [17, 18].

KapariHaH (nonicaxapva, OTpUMaHuii i3 4epBOHMX BO-
[0pOCTeN) 30aTHUIN BUKNMKATKU cTabinbHy Ta NnoBTOptoBa-
Hy 3ananbHy peakLilo Ha MICLEeBOMY piBHi MPY BBEAEHHI
B OpraHiaM. BiH LUMPOKO BMKOPUCTOBYETLCH ANS LUTYYHO-
ro iHOYKyBaHHS 3ananeHHsl B cyrnobax TBapWUHHUX MO-
Jenen 3 METOK BUKIMKY BMCOKOBIATBOPIOBAHOI MicLLEBOT
aHTUreHHOI 3ananbHOoi peakLii.

EkcnepumeHT nposoamecs npoTtarom 15-tu ai6. Micna
nepeno3yBaHHs TiONeHTany HaTpito (3 po3paxyHky 40 mr/kr)
BMBEOEHHSA TBapWH i3 eKCNepuMeHTy Ha 3-TI0 TFOAMHY,
1-wy, 3-Tio, 7-my, 15-Ty noBy gocnigy 3aiicHioBanM LWns-
XOM TOTarnbHOro KpOBOMYCKaHHS i3 cepusi.

3paskn nepudepnyHoi KpoBi KOXHOI nabopaTtopHoi
TBapuHu 36vpanu y ctepunbHi Nnpobipku. MNicns yTBopeH-
Hs1 3rycTky (~ 15-20 xBunuH) npobipky nomiwiany y ueH-
Tpudyry Ta ueHTpudyrysanm npu 3000 06/xB npoTarom
10 xB. Ons aHanisy BMKOPWUCTOBYBanu BiJOKpPeMIIeHWUI

Therefore, studying the dynamics of inflammatory
markers and assessing their prognostic significance
and impact on the progression of inflammation of TMJ
associated with acute and chronic conditions is a current
topic in dentistry.

Objective — is to determine the dynamics of serum
CRP and IL-6 concentrations in case of experimental
carrageenan-induced inflammation of TMJs.

MATERIALS AND METHODS OF RESEARCH

The experimental study was conducted on 36 mature
male WAG rats weighing 180—200 g. The animals were
kept in animal quarters with broad daylight and free
access to food and water. During the experiment, the
microclimatic conditions of the animal quarters were
strictly observed — temperature (19-23°C), humidity
(50-75%). The experimental study complied with the
General Ethical Guidelines for the Use of Animals in
Research (Ukraine, 2001), the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
March 18, 1986).

The animals were randomly assigned to six groups
of six rats each: five experimental and one control group.
Thus, the minimum number acceptable for statistical
processing and obtaining consistent results was used.

Rats received injections of 0.02 mL of 1% carrageenan
(Sigma-Aldrich, St. Louis, Missouri, USA) in saline
(carrageenan groups) and 0.02 mL of 0.9% saline (control
group) into both TMJs. Each solution was injected using the
tip of a 29 G needle behind the zygomatic process of the
temporal bone. The tip of the needle was moved from the
anterior median fissure to the superior joint space [17, 18].

Carrageenan (a polysaccharide obtained from
red algae) can induce astable and reproducible
local inflammatory response when administered. It is
widely used in animal models to artificially induce joint
inflammation and generate a highly consistent antigenic
inflammatory reaction.

The experiment duration was 15 days. The animals
were withdrawn from the experiment using an excessive
dose of sodium thiopental (40 mg/kg) at Hour 3, on Days
1, 3, 7 and 15 of the experiment inducing total heart
bleeding.

Peripheral blood samples from each laboratory
animal were placed into sterile tubes. After clot formation
(~15-20 min), the tube was centrifuged at 3.000 rpm for
10 min. The separated upper serum layer of each sample
was used for analysis. The plasma obtained was frozen.

The serum CRP and IL-6 concentrations was
determined by immunoenzyme method using the Stat Fax
2100 Microplate Reader (Awareness Technology, Ins.) and
the corresponding Rat ELISA Kits (MyBioSource, USA).
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BEPXHIM Liap cUMpoBaTKU KOXHOro 3i 3paskis. OTpumaHy
nnasmy BiaANpaBnsinu B MOPO3WIbHY Kamepy.

KoHueHTpauito CPB Ta IJ1-6 y cupoBartui KpoBi Bu-
3Hayanu iMyHOEPMEHTHUM METOOAOM 3 BUKOPMUCTAH-
Ham Stat Fax 2100 Microplate Reader (Awareness
Technology, Inc.) Ta BignosigHux HabopiB Rat ELISA Kit
(MyBioSource, CLLA).

DocnimxeHHs 6ynu cxBaneHi Kowmicieto 3 eTukun Ta Gioe-
TUKM XapKiBCbKOro HaLioHanbHOro MeanyHoro yHisepcure-
Ty (mpoTtokon Ne2 Big 12 xoBTHA 2022 p.) Ta Oynu npose-
neHi BignosigHo oo KoHBeHuii Pagn €Bponu npo 3axuct
npas NIOAMHM Ta MQHOCTI Y 3B’A3KY i3 3acToCyBaHHAM bio-
norii Ta meguumHn: KoHBeHLUii Npo npasa ntoavHu 1a bio-
meanumnHy (ETS Ne164) Big 04.04.1997 poky, [enbCiHCbKOT
neknapauii BcecBiTHbOI opraHisauii OXOpOHW 340pOoB’A
(2008), a TakoX YMHHMM 3aKOHOAABCTBOM YKpaiHu.

CraTucTnyHy 06pobKy ofepKaHnx pesynsraTis MpoBo-
Avnu 3a gonomMoroto nporpamHoro naketa «STATISTICA
13.0». BiporigHicTb BiAMIHHOCTEN MiXX NOKa3HMKaMu KOH-
TPONbHOI Ta AOCAIAHWMX rPyn BM3Ha4yanu i3 3acTocyBaH-
HAM t-TecTy.

PE3YABTATU TA iX OBrOBOPEHHS

KoHueHTpauis CPB y cupoBatLi KpoBi 3MiHoBanacs
BMPOAOBX YCbOro Nepioay eKCrepMMeHTanbHOro kapariHa-
HoBoro 3ananeHHs CHLLUC, neMoHCTpyto4n XBunenoaioHmin
xapaktep. JuHamika 3miH piBHs CPB cBiguMTb Npo akTuBa-
Ljito Ta noganbLue 3racaHHs 3anarnbHoi Bignosidi (puc. 1).

The studies were approved by the Ethics and
Bioethics Committee of Kharkiv National Medical
University (Protocol Ne 2 dated October 12, 2022) and
were conducted in accordance with the Council of Europe
Convention for the Protection of Human Rights and
Dignity of the Human Being with regard to the Application
of Biology and Medicine: Convention on Human Rights
and Biomedicine (ETS Ne164) of April 4, 1997, the
Declaration of Helsinki of the World Medical Association
(2008), as well as the current legislation of Ukraine.

The results obtained were statistically processed
using STATISTICA 13.0. The statistical significance in the
control and experimental groups was determined using
the t-test.

RESULTS AND DISCUSSION

The serum CRP concentration was intermittent
throughout the experimental carrageenan-induced
inflammation of the TMJ. The CRP dynamic pattern
shows the activation and subsequent attenuation of the
inflammatory response (fig. 1).
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Puc. 1. PiBHi CPB y cupoBaTui kpoBi LuypiB (Mr/mn) 3a ekcneprMeHTanbHoro kapariHaHoBoro 3ananeHHst CHLLC
Fig. 1. Serum CRP levels in rats (pg/mL) in experimental carrageenan-induced inflammation of TMJ

Ha 3-Tio roguHy ekcnepumeHTy KoHueHTpauia CPB
JeLo niaBuLLmnacst NopiBHAHO 3 KOHTPOSbHOK TPYMoto,
ofHaK UfA pisHMua He Oyna CTaTUCTMYHO 3HaYyLLo
(p>0,05). Lle moxe cBigunTV Npo paHHo ady 3ananbHoi
peakuji, sika e He gocarna niky.

Ha 1-wy o6y gocnigXeHHsa cnoctepiranocs Makcu-
MarbHe 3pocTaHHs piBHA CPB, akui JoCTOBIpHO nepe-
BMLLYBaB KOHTPOIbHI nokasHukn y 1,69 pasy (p < 0,01).
Lle Bkadye Ha iHTEHCUBHY CUCTEMHY 3anarnbHy peakuito,
XapaKkTepHy Ansi rocTpoi asu 3ananeHHs. MNigBuLEHHS
CPbB vy uen nepiog, nmoBipHO, Byno 3ymoBrneHe akTuea-
uieto iMyHHOI BIQMNOBIAI Ta BMBIMbHEHHAM Mpo3ananb-
HUX megdiaTopiB, Takux gk IJ1-6 i dhakTop HeKpo3sy nyxnu-
Hu-anbda, siki cTMMynoTb Npoaykuito CPB y neviHui.

At Hour 3, the CRP concentration increased
compared to the control group, but with no significant
difference (p>0.05). This may indicate an early stage of
the inflammatory response not reaching its peak.

On Day 1, a maximum increase in the CRP level was
observed, which significantly exceeded the control values
by 1.69 times (p < 0.01). This indicates an excessive
systemic inflammatory response suggestive of acute
inflammation. The increased CRP level was probably due
to the activation of the immune response and the release
of proinflammatory mediators, such as interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-a), that stimulate
the production of CRP in the liver.
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Ha 3-ti0 o6y koHueHTpauis CPB 3anvwanacs nigsu-
LLleHO Ta nepesuLlyBarna KOHTPOSbHI 3HayYeHHs y 1,62
pasy (p < 0,01), Wwo cBigYATL NPO TPMUBAKYUIA PO3BUTOK
3ananbHoro npouecy. Hespaxatoum Ha Te, Lo piBeHb CPb
MaB TEHAEHLLO O 3HWKEHHS NMOPIBHSHO 3 1-t0 406010, BiH
3anuwiaBcsa OOCTOBIPHO BULUMM 32 KOHTPOIb, LO MOXE
BKa3yBaTWU Ha aKT1BHE MiATPUMAHHS 3ananbHOI peakLii.

Ha 7-my pnoby ekcrnepvMeHTanbHOro AOCHigKEHHS
KoHueHTpauis CPB nepeBullyBana KOHTPOIbHI 3Ha4YeH-
HA Ha 13% i TakoX xapakTepuayBarnacb TEHAEHLUiE 0
3HWKEHHS. Taka guHamika BMicTy CPB moxe cBigumntu
Npo NOCTYMNOBEe 3MEHLLUEHHS 3ananbHOro NpoLecy Ta ak-
TMBAL0 MexaHi3MiB pereHepaLiji.

Ha 15-1y noby pocnimkeHHs piseHs CPB BusiBuBcs
HUXXYMM 33 KOHTPObHI 3HAYEHHS, L0 MOXEe CBig4MTLN MpPO
3aBepLUEHHS 3anarnbHOro NpoLecy Ta BiAHOBMEHHSA rome-
ocTady B opraHisMmi. Taka AnHamika Moxe OyTu Hacnia-
KOM aKTuBaLii NpoT13ananbHUX MexaHi3MiB, BKNoYa4n
3pOCTaHHSA NPOAYKLii aHTaroHIiCTiB Npo3anarnbHuX LIMTOKI-
HIB | BHMXKEHHS PiBHA (haKTopiB 3ananeHHs.

YNpoaoBX ycboro nepiogy AOCHIIKEHHS KOHLEHTpa-
uis IJ1-6 y cuposaTui KpoBi LypiB 32 eKcnepuMeHTanb-
Horo kapariHaHoBoro 3ananeHHs CHLIC sanuwanacs
BULLOKO 3@ KOHTPOSIbHI 3HAYEHHS, JEMOHCTPYHUM XBUME-
nogibHMN xapakTep 3MiH (puc. 2).

On Day 3, the CRP concentration remained high and
exceeded the control values by 1.62 times (p < 0.01),
indicating the ongoing progression of inflammation.
Although the CRP level decreased compared to Day 1,
it remained significantly higher compared to the control
group, which may indicate the active maintenance of the
inflammatory response.

On Day 7, of the experimental study, the CRP
concentration exceeded the control values by 13% and
also showed a decreasing trend. This CRP dynamic may
indicate a gradual inflammation reduction and activation
of regeneration mechanisms.

On Day 15, of studying, the CRP level decreased
below control values, which may indicate the termination
of inflammation and the restoration of homeostasis
in the body.

This pattern may be aresult of the activation of
anti-inflammatory mechanisms, including an increased
production of proinflammatory cytokine antagonists and
a decreased level of inflammatory factors.

Throughout the entire experimental period, the
serum IL-6 concentration in rats in case of experimental
carrageenan-induced inflammation of TMJs remained
higher than control values and was intermittent (fig. 2).
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Puc. 2. PiBHi IJ1-6 y cvpoBaTLi KpoBi LLypiB (Nr/Mn) 3a ekcnepyvMeHTanbHoro kapariHaHoBoro 3ananeHHs CHLLUC
Fig. 2. Serum IL-6 levels in rats (pg/mL) in experimental carrageenan-induced inflammation of TMJ

Yxe vepes 3 roavHu nicns iHaykuii 3ananeHHs piBeHb
IN-6 BMSABMBCS BULLMM 3@ KOHTPOIbHI 3Ha4YeHHA Ha 14%.
Ha 1-wy Ta 3-Tto 0oby ekcnepuMeHTy koHueHTpauia 1J1-6
CTaTUCTUYHO BiporigHO 3pocTana signosigHo y 1,41 pasy
(p<0,01) Ta 1,57 pasy (p<0,01), gocsaraioum MakcuMymy Ha
TpeTio foby. Ha 7-my poby BiasHavanacs TeHAeHUiss Jo
niaBuweHHs piBHA 1J1-6 (Ha 4% MOPIBHAHO 3 KOHTPOreM),
OfHaK MOKa3HWK y)Xe He A0cAraB JOCTOBIPHOMO BiAXWIEH-
He. o 15-i gobu koHueHTpauis I11-6 3HwxyBanacs, Habnu-
XKa4MCb A0 KOHTPOMbHUX 3HAYEHb, LLO MOXEe CBig4MTU
Npo 3aBepLLEHHSI FOCTPOI a3 3ananbHOro npoLecy.

OTpuMaHi pesynstatu cBig4aTb MNpo  akTuBauiio
CUCTEMHOI npo3anarnbHoi BignoBiAi Ha Tni KapariHaH-iH-
aykoBaHoro 3ananenHss CHLUC. MiguiieHHs piBHsa 11-6
Ha paHHiX eTanax BKasye Ha LUBMAKE pearyBaHHS iMyH-
HOI cuctemu, a noro nik Ha 3-To goby Bigobpaxae pos-
BUTOK FOCTpOi dpasn 3ananeHHs. Noganblue 3HWXKEHHS
KoHUeHTpauii I/1-6 cBig4MTb Npo MOCTyrnoBe 3racaHHs

At Hour 3, the IL-6 level increased by 14% of
control values. On Days 1 and 3, the IL-6 concentration
statistically significantly increased by 1.41 times (p <0.01)
and 1.57 times (p < 0.01), respectively, reaching its peak
on Day 3. On Day 7, the trend was toward to higher IL-6
concentration (by 4% vs. control), however, the indicator
did not show a significant difference. By Day 15, the IL-6
concentration decreased, approaching control values,
which may indicate the attenuation of acute inflammation.

The results obtained indicate the activation of the
systemic pro-inflammatory response due to carrageenan-
induced inflammation of TMJs. Early increase in the IL-6
level indicates the rapid immune response, and its peak on
Day 3 reflects acute inflammation. A subsequent decrease
in the IL-6 concentration indicates the gradual inflammation
reduction and activation of regeneration mechanisms.
Thus, IL-6 can be a sensitive biomarker of the inflammatory
response in TMJ disorders and dynamic control of its course.
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3ananbHOro npouecy Ta akTMBauilo MexaHi3MiB 1oro
pesontouii. Takum ymHom, IJ1-6 mMoxe posrnagaTuca sk
4YyTnMBMI BiomMapkep 3ananbHoi peakuii Mpy ypaKeHHsIX
CHLUC Ta guHamiyHoro koHTponto ii nepebiry.

BcTaHoBneHo, WO eKkcrnepyMeHTarnbHe KapariHaHoBe
3ananeHHa CHLLC cynpoBomKyeTbCSt CUCTEMHOL 3anarnb-
HOM BIAMOBIAA, L0 NPOSABMASETLCS 3MIHAMU KOHLUEHTpa-
uin CPB Ta IJ1-6 y cuposaTui kposi. [MiaBULLEHHS PiBHIB LMX
MapKepiB BKa3ye Ha akTMBaLilo npo3ananbHuX Kackagis,
LLIO € XapaKTePHMM 1151 TOCTPOi hasmn 3ananeHHs.

Mik koHueHTpauii CPB Ha 1-wy o6y nicns iHaoykKuii 3a-
NaneHHs y3ro4KyeTbCs 3 AaHUMU iHLINX OOCNIOXKEHb, K
nokasytoTb, Wwo CPB € 4yTnMB1MM MapKkepoMm rocTpoi asu
3ananeHHs. 3okpema, gocnimkeHHs Vazquez et al. (2015)
BMSABWIO MiaBuLLeHHSA piBHA CPB y cupoBaTLi KpoBi LypiB
nicnsa iH'ekuii kKapariHaHy, Lo CBiAYMTb MPO CUCTEMHY 3a-
nanbHy BigNoBiab Ha NokanbHe 3ananeHHa [19].

LLlogo auHamikm I1-6, y Hawomy gocnigeHHi cnocTepi-
ranuncs Noro MakCMmarnbHi KOHLEHTpaLii B CMpOBaTLii KPOBI
Ha 3-Tio goby, WO CBiAYMTL NPO MPOAOBXKEHHS akTMBALil
nposananbHUX MeXaHi3miB. Y gocnigpkeHHi Annamalai
et al. (2017) Takox 3adpikcoBaHO paHHE 3pocTaHHs 1J1-6,
OfHaK BMMIPIOBaHHS 34iMCHIOBANoCsa B TKaHWHAX, Ae Mik
[ocsraBca 3HaYHO paHie — Bxe 4vepe3 6 roguH. Cnig
nigkpecnutn, wo IN-6 y TkaHMHax 3pocTae WBMALLe, HiXkX
y cupoBaTLi KpPOBi, OCKiMbKM MOr0 NokarbHe BUBINbHEH-
Hsl nepenye HaaXOOXKEHHIO B CUCTEMHUI KpoBoTik. Came
ToMy niK IJ1-6 y cupoBaTui MoXe crnoctepiratucs nisHiwle,
HIXK Y TKaHUHaX, L0 Y3rofpKyeTbCa 3 HawmmMu ganumnm [20].

Bapto 3a3HaunTtu, wo xouya I/1-6 € ogHMM i3 Kntoyo-
BMX MefiaTopis, O CTUMYNIOTL cnHTe3 CPB y neviHui,
y Hawomy gocnigxeHHi nik CPb nepegysas niky 1J1-6. Lle
MoXe OyTu NMOB’A3aHO 3 Pi3HMLEID B Yaci MiXK NTOKanbHUM
nigBuLWeHHsM IJ1-6 y TkaHMHax Ta Moro NosIBOK B CUCTEM-
HOMY KpOBOTOL, a TakoX 3 iHWMMKM aKkTopamu, Lo
BNNMBatoTb Ha npoaykuito CPB.

TakvMm YnHoM, AMHamika 3MmiH piBHiB CPB Ta II1-6 y cu-
poBaTui KpoBi npu kapariHaHoBoMmy 3ananeHHi CHLLC
nigTBEpOXKYE IXHIO POfb SIK MapkepiB CUCTEMHOI 3ananb-
Hoi Bignosigi. Lli pesynbratn y3romkyTbCsl 3 JaHUMMU
iHLIMX OOCHiDKEeHb i NiAKPECNOTb BaXKNMBICTb OAHOYAC-
HOro aHanisy o60ox mapkepiB AN TOYHILWOI OUiHKK (hasun
Ta IHTEHCMBHOCTI 3ananbHOro npoLecy.

BUCHOBKHU

Pesynbrat npoBegeHoOro 4OCHigKEHHS CBigYaTh, L0
MakcumanbeHi koHueHTpadii IJ1-6 Ta CPB crnocTepiranucs
y nepLwi AHi nicnga iHAyKUil 3ananeHHs, Wo CBiaYnTb Npo
LIBMAKMIA PO3BMTOK CUCTEMHOI 3anasnbHOl BigNoBiagi Ta ak-
TMBaLi0 npo3ananbHUX MexaHiamiB. MigBULLEHHS PIBHIB
CPB Ha 1-wy ooy, a IJ1-6 — Ha 3-Tio Joby OeMOHCTpye
XapakTepHy asHicTb nepebiry 3ananbHOro npoLecy.
Taka gnHamika mapkepiB BKasye Ha AOLUIMbHICTb iXHbOro
KOMMMNEKCHOro BU3Ha4YeHHs ans OinbLU TOYHOT OLLiHKM CTa-
[ii Ta iIHTEHCUBHOCTI 3ananeHHs.

Mopanblue nocTynoBe 3HWKEHHSA KoHueHTpauin CPB
Ta IJ1-6 po 15-i pobwn Bigobpaxae 3racaHHSA 3ananeHHs
Ta aKkTMBaLjil0 MexaHi3miB 1oro pesonwouii. Lle cBigumTb
Npo 3aBepLUEHHHA rocTpoi hasn Ta MOXNUBUIA nepexis 40
BiAHOBHUX npoueciB y TkaHnHax CHLLC.

Takum 4mHom, sk CPB, Tak i IJ1-6 MmoxyTb posrnsaga-
TMCA SK YyTnuBi Giomapkepu 3ananbHOro mpoiecy npu

Experimental carrageenan-induced inflammation
of TMJs is accompanied by the systemic inflammatory
response with changes in serum CRP and IL-6
concentrations. An increase in the levels of these markers
indicates the activation of pro-inflammatory cascades
specifically attributed to acute inflammation.

The peak CRP concentration on Day 1 in case of
induced inflammation is consistent with the data of other
studies showing that CRP is a sensitive marker of acute
inflammation. In particular, Vazquez et al. (2015) found
an increase in the serum CRP level in rats after injection
of carrageenan showing the systemic inflammatory
response [19].

In our study, peak serum IL-6 concentrations were
observed on Day 3 showing ongoing activation of pro-
inflammatory mechanisms. Annamalai et al. (2017)
also found an early increase in the IL-6 level, but the
measurement was conducted on tissues reaching the
peak much earlier — after 6 hours. It bears emphasis that
the IL-6 level in tissues increases faster than in serum,
since its local release precedes its entry into the systemic
circulation. Therefore, the peak serum IL-6 level may be
observed later than in tissues, which is consistent with
our data [20].

It is worth noting that although IL-6 is one of the key
mediators stimulating the synthesis of CRP in the liver, the
peak CRP level preceded the peak IL-6 level in our study.
This may be due to the time difference between the local
increase in the IL-6 level in tissues and its appearance in
the systemic circulation, as well as other factors affecting
CRP production.

Thus, the serum CRP and IL-6 dynamic pattern
in case of carrageenan-induced inflammation of
TMJs confirms their role as markers of the systemic
inflammatory response. These results are consistent with
data from other studies and emphasize the importance of
simultaneous analysis of both markers for a more accurate
assessment of the phase and severity of inflammation.

CONCLUSIONS

The study results indicate that peak IL-6 and CRP
concentrations were observed on the first days of induced
inflammation showing the rapid development of the
systemic inflammatory response and activation of pro-
inflammatory mechanisms. The increase in CRP (Day
1) and IL-6 levels (Day 3) shows phasic inflammation.
Such patterns of markers indicate the feasibility of their
comprehensive determination for amore accurate
assessment of the stage and severity of inflammation.

A subsequent gradual decrease in CRP and IL-6
concentrations by Day 15 reflects the attenuation
of inflammation and the activation of regeneration
mechanisms. This indicates the reduction of acute
inflammation and possible regeneration in the TMJ tissues.

Thus, both CRP and IL-6 can be sensitive biomarkers
of inflammation in TMJ disorders. Their dynamics allow
for both detecting inflammation and assessing its severity
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ypaxeHHi CHLIC. Ix auHamika 103BONSE He NuLLE BUSBU-
TW HasIBHICTb 3ananeHHs, ane M ouiHUTU MOoro iHTeHCUB-
HiCTb i Nepebir, Wo € BaXXNMBUM O11s1 NofanbLlUnX ekcre-
PUMEHTAaNbHUX i KMNiHIYHUX SOCNIAXEeHb AN OiarHOCTUKN
Ta Tepanii natonorin CHLLC.
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and course, which is critical for subsequent experimental
and clinical studies for the diagnosis and treatment of
TMJ abnormalities.
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NepcnekTuBM NOAAAbLLUNX AOCAIAXEHDb

OTpumaHi gaHi MoXyTb ByTV KOPUCHMMM A58 NoganbLUnX
pocnigkeHb MexaHi3miB 3ananeHHa CHLUC ta po3pobku
HOBMX MNiAXO0AiB 40 NiKyBaHHA KOro ANCYHKLIN.

KoHAIKT iHTepecis

ABTOpPW pyKOMKMCY CBiAOMO 3acBifyyOTb BiACYTHICTb (hbak-
TUYHOTO YW MOTEHUINHOrO KOHMMIKTY iHTepeciB LOoAo
pe3ynesTaTiB AaHoi pobotu 3 dhapMaLeBTUHHUMK KOMMa-
HigAMW, BUPOBHMKaMK BiOMEANYHUX NPUCTPOIB, IHLLIMMMU
opraHisauisiMu, 4nsa npoaykuid, nocnyru, diHaHcosa nia-
TPUMKA MOXYTb MaTuW BiAHOLLEHHSA O TEMATUKM HagaHWX
mMaTepianis.

IHcbopMmauis Npo dhiHaAHCYBAHHS

CrtaTTe € oparMeHTOM MMaHOBOI HAaYKOBO-AOCNIAHOI po-
60Tn kadenpu ctomatonorii XapkiBCbkoro HauioHanbHO-
ro Megu4Horo yHisepcutety MiHicTepcTBa OXOpOHU 300~
poB’s YkpaiHn «Po3pobka Ta BNpOBaKeHHS Cy4acHWX
anropuTMiB AiarHOCTMKW, NiKyBaHHS Ta NpoinakTukM CTo-
MaTomMoriYHMX 3axBOPIOBaHbL Yy MALIEHTIB Pi3HMX BIKOBUX
nepiogis», Homep aepxasHoi peectpadii: 0121U110922,
wncpp: 14.01.22, npuknagHa, KepiBHUMK — npodecop Ka-
denpw cromartonorii, LOKTOP MeanyHMX Hayk, npodecop
H.M. CaBenbeBa, a Takox parMeHTOM MIIaHOBOI Ha-
YKOBO-A0CMIAHOI pobOoTK XapKiBCbKOro HaLioOHanbHOro
yHiBepcuTeTy imeHi B.H. KapasiHa MiHictepcTtBa ocsiTn
i Haykn YkpaiHn «OnTumisadis MmeToais npodinakTuku, gi-
arHOCTWKW Ta NiKyBaHHSA CTOMATOMOriYHUX 3aXBOPHOBaHb
3 ypaxyBaHHAM iHOMBIAyanbHoi peabinitauii», Homep oep-
XaBHoi peecTpauii: 0124U002252, wudp: 14.01.22, npu-
KnagHa, TepMiH BUKOHaHHS: 2024-2028 pp., KepiBHUK —
3aBigyBay kadpegpu cTOMaTonorii, AOKTOp MeaunyHUX
Hayk, npodecop A.FO. HikoHoB.

Moaska

Bupaxaemo nogsaky kepiBHMLTBY XapKiBCbKOro Hawio-
HanbHOro MeaM4HOro yHisepcuteTy MiHicTepcTBa oxopo-
HW 300pOB’s YKpaiHW 3a MOXIMBICTb NPOBOAUTM HAYKOBI
OOCHiAXEHHSA, a TaKOX KepiBHULUTBY XapkiBCbKOro Halli-
OoHanbHoro yHisepcuteTy iMmeHi B.H. KapasiHa MiHicTep-
CTBa OCBITM i Haykn YKpaiHuM 3@ MOXMMBICTb anpobadii
HayKOBWX OOCTIAXEHb.

BIAOMOCTI NMPO ABTOPIB

KoBanbuyk AMmutpo OneroBu4 — 30006yBay CTyrneHsi JOKTO-
pa inocodii XapKiBCbKOro HaLioHanbHOro MeAu4Horo yHisep-
cuteTy MiHicTepcTBa OXOpPOHM 300pOB’S YKpaiHu; npocn. Hayku,
6ya. 4, m. XapkiB, YkpaiHa, 61022;

e-mail: dokovalchuk.po22@knmu.edu.ua

Mo6.: +38 (063) 105-73-71

BHecok aemopa: rposedeHHsI eKcriepuMeHmy, 8usHa-
YeHHs1 BioxXiMiYHUX MapKepie, aHari3 0aHuX, HarucaHHs
cmammi.

CaBenbeBa Hataniss MukonaiBHa — JOKTOP MeANYHMX HayK,
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Prospects for further research

The data obtained may be valuable for future studies on
the mechanisms of TMJ inflammation and for developing
new approaches to the treatment of its dysfunctions.
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KAlo40Bi cAoBa: PE3IOME

CTYOEeHTUH, CTpecoBi nogii, ncuxoemouin-  AkTyanbHicTb. BilicbkoBi nogii, wo BiabysatoTbcs B YkpaiHi 3 2022 poky, MawTb He

HUI CTaH, Mirpauis. nywe eKOHOMIYHI, r'yMaHiTapHi Ta TEeXHOTeHHi HacnifgKkW, BOHW TaKoX BMnMBalOTb Ha di-
3MYHe Ta MNCUXivyHe 340pOB’A, Bnarononyyys KOXXHOI POAMHN, OCOBNUBO Ha TEPUTOPINX,

AAS KOPECMNOHAEHLLT: LLIO MEXYIOTb 3 KOHGMIKTOM.
MeTa po60Tu — BU3HAUMTK OCOBNMBOCTI coujianbHUX PU3MKIB Mig Yac BiiCbKOBOIO KOH-
MepecunkiHa TeTsHa BaneHTuHiBHA dnikTy B YKpaiHi Ta BNNUB JaHWX NOAiN Ha PyHKLIOHANbHUIA NCUXOEMOLIHUIA CTaH CTy-

XapkiBCbkWin HaLioHaMbHWI yHiBEpcUTET — AEHTCHKOI MOMOAi.

imeHi B.H. Kapasita Minictepctsa ocsiTn ~ Marepianu Ta metogu. byno nposeaeHo aHOHIMHE ONWUTYBaHHA CTYAEHTIB yHiBepCu-
i Haykn Ykpainu, kadeapa nponeanesTukm  TETY 3a goromMoroto Google-hopmu 3 po3paxyHKOM pesynsTaTie y 3aranbHoOMy BUMMAAi
BHYTPILLHBLOT MEAMLMHM | i3nyHOT peabi-  WOAO CaMOOLiHKM 3MiH CTaHy 340POB’A, YCMILLHOCTI, OpraHisauii HaB4anbHOro Npouecy,

nitauii; MeLLKaHHS Ta Mirpauii, 4oCBigy CninkyBaHHS 3 yCTaHOBaMM Ta opraHisauisgmMu, Lo Haja-
maiigaH CeoBoau, 6yd. 4, M. Xapkis, '0Tb AOMOMOrY HaceneHHI0 B KPU3OBUX CUTyaLisX. Takox aHOHIMHa aHKeTa BKModana
YkpaiHa, 61022; nuTaHHsa TecTy «C-A-H» — (camMonoyyTTsl, aKTUBHICTb, HACTPIi) ANst OUIHKM OCHOBHUX
e-mail: peresypkina@karazin.ua KOMMOHEHTIB (OyHKLIIOHaNbHOro NcuxXoeMoLLiiHOrO CTaHy.

Pe3ynbratn Ta ix 06roBopeHHsi. AHOHIMHE OOCHi[XEHHS, NpPOBeAeHe cepen CTy-
© lMepecunikiHa T.B., HecmepeHko B.T", OEHTCbKOI Mosnogi, nokasano, Wo cepen HeraTMBHUX HacrigkiB 3HavyHe Micue 3anmae
Momoeatibo K.I., Mepkyrnoea T.B., 2025 noripLeHHs 340pOoB’A, HabyTTs MOMoAAK 3BUYOK, L0 PYMHYIOTb 3[0POB’S, 3HWKEHHS

YCMILWHOCTi, OOMEXeHU AOCTyn A0 MEAMYHOI Ta MCUMXOMOriYHOI AOMOMOrM, a TakoX
3HaYHMN piBEHb Mirpauii, Sk HaBiTb Yepe3 MNiBTOpa POKY BUKMMKAE MEBHUN piBEHb
AesapanTadii Ta cTpecy.

BucHoBku. BusiBneHa HegoCKOHanNICTb OpraHisauiiHux acnekTiB 3 00Ky Aep)KaBHOI Ta
MicLieBOI BNaau WOA0 CBOEYACHOI MiATPMMKM HacENEeHHst B KpU30BUX CUTYyaLisix, 3abes-
neYeHHs1 HagaHHsA MeaWMYHOI Ta MCUXOMOTiYHOT AONOMOrU, NOLWMPEHHSs iHdopMauii, Lo
MOBWHHO OyTW BpaxoBaHUM B OpraHisaLiiHOMYy anropuTMi Ha BUMaAOK MOXIUBOIO BU-
HUKHEHHSI TyMaHITapHMX, EKOMOriYHMX ab0 TEXHOTEHHUX KpK3 y MaibyTHbOMY.

AAS UUTYBAHHS:

MepecunkiHa T.B., HectepeHko B.I., Momoran6o K.I, Mepkynosa T.B. Bnnue TpaBMaTu4HUX MOAiN, MOB’SI3aHUX
3 BiliHOW, Ha (PYHKLIIOHANbHWIA NCUXOEMOLIHWUIA CTaH CTYAEHTCbKOI MOMOAI MPUGPOHTOBOrO MicTa: AesiKi MoYaTKoBi
pe3ynbTaty BUBYEHHSA npobnemu. BicHUuK Xapkiscbko2o HayioHarbHo20 yHisepcumemy iMeHi B.H. KapasiHa, cepis
MeduyuHa. 2025. T. 33. Ne 2 (53). C. 221-234. DOI: https://doi.org/10.26565/2313-6693-2025-53-05
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ABSTRACT

Background. The military events taking place in Ukraine since 2022 have not only
economic, humanitarian, and man-made consequences, they also have an impact on
the physical and mental health and well-being of every family, especially in territories
bordering the conflict.

Purpose — determine the features of social risks during the military conflict in Ukraine
and the impact of these events on the functional psycho-emotional state of student youth.
Materials and Methods. An anonymous survey of university students was conducted
using a Google form with the calculation of the results in general terms regarding
self-assessment of changes in health status, academic performance, organization of
education, housing and migration, experience of communication with institutions and
organizations that provide assistance to the population in crisis situations. Also, the
anonymous questionnaire included questions from the «W-A-M» — (well-being, activity,
mood) test to assess the main components of the functional psycho-emotional state.
Results. An anonymous study conducted among young students showed that among
the consequences, a significant place is occupied by a decline in health, the acquisition
of health-destructive habits by young people, a decrease in academic performance,
limited access to medical and psychological care, and a significant level of migration,
which even after a year and a half causes a level of maladjustment and stress.
Conclusions. The revealed imperfection of organizational aspects on the part of the
state and local authorities regarding timely support for the population in crisis situations,
ensuring the provision of medical and psychological assistance, and the dissemination
of information should be taken into account in the organizational algorithm in the event

of a possible further occurrence of humanitarian, environmental, or man-made crises.
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BCTYN

Ha >xanb, i3 He3aBMAHO perynsapHicTIo NoACTBO CTU-
KaeTbCs i3 Aiet0 TpaBMy4YMX YMHHKKIB — Oyab TO rymaHi-
TapHi KpM3K, eKonorivyHi abo TEXHOreHHi katacTpodu.

CbOroiHi 40 LbOro »axfmMBoro BUpY 3anyyeHa i Ykpa-
iHa. Mopmii, HacnigkM SKnMx My We OOCi He MOXEeMO OCsr-
HYTW Ta BU3Ha4nTK, Bynu posnoyari y notomy 2022 poky.
Ocob6nvBoro BNnuBY Mo 3a3Hanu cxigHi perioHn kpai-
Hu. Cepep, obnacTen, siki 3a3Hanu 3Ha4yHOro BMNUBY MO-
[in, € XapkiBcbka 06nacTb, MiCTO XapKiB — MifTlbAOHHUK.

CBoeyvacHe BUSIBIIEHHSI Ta JomnoMora nogsaMm, ski 3a-
3Hanu Aii TPaBMylYMX YMHHWKIB (TyMaHiTapHi KatacTpo-
dwm, ekonoriyHi abo TexHOreHHi Kpu3w, TOLO) € BKpau
BaXNVBUM N1 [ep)kaBW, OpraHiB Bnagu 4Yepes3 HU3KY
npu4ynH. Hacnigkamu Takvmx nogin MoxyTb 6yTv po3naau
300pOB’s, NMOPYLUEHHSA (DYHKLiOHYBaHHA OCOBWUCTOCTI Ta
CiM’i, 3Ha4Hi Megmn4Hi, hiHaHCOBI Ta couianbHi Npobrnemu
[1, 2]. MNcuxivyHe 300poB’a Ta cTabinbHICTL KOXHOT MOANHN
€ YaCTKOW CyCNinbHOro/rpomMaacbKoro 34opos’s. Ha Tni
TpaBMyHUUX NOAIN MOXYTb BUHUKATU i coLianbHi pusmnku,
Hanpvknaza Taki 9K afMKTMBHa nosefiHka, abo nigsuile-
HUM piBEHb CTPecy Ta TPMBOXHOCTI. BusHavaeTbes, Wo
nig BASIMBOM TPaBMYOYMX YUHHUKIB aKTUBYHOTLCS CKIagHi
BeretaTvMBHi Ta HEMPOEHAOKPUHHI nNpouecwu, ski Npu3Bo-
OSiTb O BUHVKHEHHS Ta PO3BMTKY NOCTTPaBMaTUYHUX CT-
pecoBuX po3nagis, i MOXYTb MaTu Pi3HWUI CTYMiHb NPOSIBIB
[3, 4]. Takox, NepLui BUCHOBKM i3 NOAiN, WO BiabyBatTbCA
B YKpaiHi, BKa3yloTb Ha MOPYLUEHHS MOBEAiHKM, 30Kpema
i cepeq AVMTAYOrO HaCereHHsl, HeraTuBHI 3MiHM Cnocoby
XWUTTS Ta HEOOXIAHOCTI iX CBOEYACHOT kopekuii [5].

PaHHE BUSIBNEHHSI MOXIMBUX PO3najiB Ta afekBaTHe
nikyBaHHA CNpuUsAOTb NIATPUMUI i3UYHOr0 340pOB’A Ta

INTRODUCTION

Unfortunately, humanity is repeatedly confronted
with the consequences of traumatic factors, including
humanitarian crises, environmental disasters, and man-
made disasters.

Currently, Ukraine is experiencing such a crisis.
Events that began in February 2022 continue to unfold,
with consequences that are still not fully understood. The
eastern regions of the country have been particularly
affected. Among the most impacted areas is the Kharkiv
region, including the city of Kharkiv, a metropolis with
a population of over one million.

Timely identification of and assistance for individuals
exposed to traumatic events (such as humanitarian,
environmental, or technological disasters) are of critical
importance to the state and local authorities. This is due
to several reasons.

The consequences of such events can be health
disorders, disruption of personal and family functioning,
and significant medical, financial, and social problems
[1, 2]. The mental health and psychological stability of
each individual are integral to overall public health. In
the context of traumatic experiences, additional social
risks may emerge, including addictive behaviors or
elevated levels of stress and anxiety, which can further
compromise community safety. It is determined that under
the influence of traumatic factors, complex vegetative and
neuroendocrine processes are activated, which lead to
the emergence and development of post-traumatic stress
disorders, and can have varying degrees of manifestations
[3, 4]. Also, the first conclusions from the events taking
place in Ukraine indicate behavioral disorders, including
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ncuxiYHoro Jo6pobyTy rpomMaasH, Lo 3peLUTol BrnMBae
Ha rpoMajcbke 3[J0pOB’s 3ararioM Ta 3HWKYE Tsarap 3axBo-
ptoBaHocTi [6]. 3po3ymino, wWo HasBHi abo Hepo3B’s3aHi
npobnemu, siki MOB’si3aHi i3 BNMBOM TpaBMytUMX MNOiM,
MOXYTb MPU3BECTN OO0 3HWKEHHS NMPOAYKTMBHOCTI Mpadli,
[OOaTKOBMX BUTPAT Ha MeduyHe OOCnyroByBaHHS, LUO
3HOBY X Taku OGyae maTu i 4OAaTKOBI €KOHOMIYHI HaCniaKW
K ANs AepXxaBu 3aranom, Tak i Ans MicueBmx rpoMag,.

KoxHa fepxaBa Hece BignoBiganbHiCTb 3a 4oOpobyT
CBOIX rpomagsH, BKIOYakoun iXHe bisnyHe Ta ncuxivyHe
300poB’s. ToxX, HagaHHA ageKBaTHOI Ta CBOEYACHOT A0MNO-
MOru, NiATPUMKM NI0AEeN B YMOBaX Aii TPaBMyUMX YWH-
HWUKIB Uinkom Bigobpaxae couianbHy BignoBiganbHICTb
Oepasu nepep ceoiMu rpomagsHamu. CBITOBUI Ta yKpa-
THCbKWUIA JOCBIA BKa3ye Ha Te, WO y nepiof KPU3oBUX CTY-
auin Mae Mmicue 3HauyHe OBOMeEXeHHs1 J4OoCTyny A0 Meauy-
HOI gonomoru, 30KpeMa i 40 BUcoKocneLianizoBaHoi [7].
3HayHo nigBuWyeTbCa NoTpeba Ta BaXnuMBICTb colianb-
HOI NIATPMMKM Ta TepaneBTUYHUX i KyNbTYPHO YYTIMBKX
BTPyYaHb AN HACENeHHs, sike 3a3Hano BMMvBYy CTpe-
coBux nogin [8]. A HeobxigHicTb opraHisauii agekBaTHOT
MeaN4HOi JOMOMOrK, ocobnmBo y pasi i3nYHNX TpaBmy-
BaHb, BOrHenasnbHUX NopaHeHb, KPOBOTEY Ta NMCUXOSOriy-
HOI NIATPUMKM Yy TOCTPUX Nepiogax — 3pocTae y pasm [9].

BucBiTneHHsa aHanoriYHnX noAin Ta ix Hacnigkie Bxe
Mae Micue y niTepaTypHux QKepenax, ofHak, Ans KOX-
HOI KpaiHM MatoTb Miclie CBOI 0CoOnMBOCTI cuTyalulii, Lo
notpebye BuBYeHHS. OKpiM TOro, Hacnigku BHYTPIWHBLO
nepemilLeHrx ocib nig Yac KoHGMiKTy Oyny HeAOCTaTHLO
BMBYEHI, 3 OrNA4y Ha 3HAYHy TpuUBanicTb MOAINA, SKi Lwe
NPOOOBXYIOTbCH.

MeTta po6oTuM — BM3HAYUTM OCOGNMBOCTI couianb-
HUX PU3UKIB Nig Yac BiCbKOBOrO KOHANIKTY B YKpaiHi Ta
BB JAaHUX NOAIN Ha PYHKLIOHANbHUA NCUXOEMOLIMHUIA
CTaH CTYAEHTCbKOI Moroai.

MATEPIAAU TA METOAU AOCAIAXXEHHA

AHKkeTy ansa 36opy AaHuWx po3pobneHo daxiBuamu
kadbegpu rpomMagcbkoro 340poB’st Ta ynpaBniHHSA 0XOpOo-
HOK 300pOB’'st XapKiBCbKOro HaLiOHAaNbHOrO MEeANYHOro
yHiBepcuTeTy (YkpaiHa) 3 ypaxyBaHHSAM NUTaHb, SKi Liika-
Bunu. AHkeTa Byna npeacraeneHa y Burnagi ryrn-gopmu.
MuTaHHs aHKeTW, anropuTM OOCHIAXEHHS, AOTPUMaHHS
npaBun 36epexxeHHst NepcoHanbHUX AaHuX, a TakoX Bid-
NoBIAHICTb AocnimpkeHHst Ao BuMor KoHBeHLii Pagn €Bpo-
Ny NpPO 3aXUCT NpaB MIOAMHN Ta TAHOCTI Y 3B'A3KY i3 3a-
cTocyBaHHAM Gionorii Ta megmumHn: KoHBeHLUii npo npasa
nognHn Ta 6iomeamunHy (ETS Ne 164 Big 04.04.1997 p.),
[enbciHcbKOT Aeknapadii BcecBiTHLOT opraHisauii oxopo-
H¥ 300poB’a (2008) posrnsganvcs Ha 3acigaHHi Komicii
3 eTukK Ta BioeTnkM XapkiBCbKOro HauioHanbHOro Meamy-
Horo yHiBepcuTtety (Ne9 Big 20.09.2022 p.). MNicna otpw-
MaHHs1 3rogu Ha yyacTb Y AOCHIMKEHHI CTyAeHTU manu
[OCTYn A0 aHKeTU. AHKETyBaHHS Oyrno aHOHIMHUM, YCi
pe3ynsTaTty NigpaxoByBanvcs B 3arafibHOMy BUMSiAI.

AHKeTa MicTuna nUTaHHSA LWOAO CaMOOLLHKM 3MiH
y CTaHi 300pOB’st Ta akaAeMidHi yChilUHOCTI, MUTaHHS
LLIOA0 OpraHisauii HaB4aHHS, MeLLKaHHSA Ta Mirpauii, 4oc-
Bidy CninKyBaHHS i3 yCTaHOBaMu Ta oOpraHisauigmu, Lo
HaJalTb OOMOMOry HacCeneHHI0 Y KpU30BUX CUTyaLisiX.
Takox 00 aHOHIMHOI aHKEeTU 3 METO OLLiHKM OCHOBHUX
CKMagoBuX (YHKLOHaNbHOMO MCUXOEMOLINHOMo CTaHy

among the child population, negative changes in lifestyle
and the need for their timely correction [5].

Moreover, early detection of potential mental health
disorders and appropriate interventions contribute to the
maintenance of both physical and psychological well-
being, ultimately strengthening public health and reducing
the overall disease burden [6]. Unaddressed mental
health issues resulting from traumatic events can lead to
decreased labor productivity and increased healthcare
expenditures, generating further economic consequences
at both national and local levels.

Every state bears responsibility for the physical and
mental well-being of its citizens. Therefore, providing
adequate and timely support to individuals affected by
traumatic events is a fundamental expression of social
responsibility. Global and Ukrainian experience indicates
that during crisis situations, there is a significant restriction
of access to medical care, including highly specialized
care [7]. The need and importance of social support and
therapeutic and culturally sensitive interventions for the
population affected by stressful events is significantly
increasing. [8]. And the need to organize adequate
medical care, especially in the case of physical injuries,
gunshot wounds, bleeding and psychological support in
acute periods, is increasing manifold. [9].

While previous literature has documented the impact
of traumatic events, each country faces unique challenges
that warrant further investigation. In particular, the long-
term consequences for internally displaced persons (IDPs)
remain insufficiently explored, especially considering the
prolonged nature of the ongoing crisis in Ukraine.

Objective — to determine the features of social risks
during the military conflict in Ukraine and the impact of
these events on the functional psycho-emotional state of
student youth.

MATERIALS AND METHODS OF RESEARCH

A questionnaire for data collection was developed
by specialists from the Department of Public Health and
Healthcare Management at Kharkiv National Medical
University (Ukraine), based on the key areas of interest.
The survey was administered using a Google Forms
platform. The questionnaire content, research procedure,
and compliance with personal data protection, as well
as the compliance of the research with the requirements
of the Council of Europe Convention for the Protection
of Human Rights and Dignity of the Human Being with
regard to the Application of Biology and Medicine:
Convention on Human Rights and Biomedicine (ETS
No. 164 of 04.04.1997), the Declaration of Helsinki of
the World Health Organization (2008) regulations were
reviewed and approved during a meeting of the Ethics
and Bioethics Commission of Kharkiv National Medical
University (No. 9 dated 09/20/2022.). Participation in
the study was voluntary and preceded by informed
consent. Upon providing consent, students were granted
access to the questionnaire. The survey was conducted
anonymously, and all results were aggregated for analysis.
The questionnaire included items related to self-assessed
changes in health status and academic performance,
questions concerning educational arrangements, housing
and migration circumstances, as well as experiences
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Oyno BKINOYEHO NUTaHHS TecTy «C-A-H» — (camonovyTTs,
aKTUBHICTb, HacTpin) [10].

[aHni TecT rpyHTYETbCA Ha TOMY, LLO OCHOBHI CKNna-
[0Bi (PYHKLIOHANbHOro MNCUXOEMOLLIMHOIO CTaHy MOXYTb
OyTM  OxapakTepusoBaHi  MONAPHUMU/MPOTUNEXHUMMN
OouiHKaMK, MK SIKUMW € NOCMIQOBHICTb NMPOMDKHUX 3Ha-
yeHb (3-2-1-0-1-2-3). TecT MiCTUTb TpuAUSATb nap Xxa-
PaKTEPUCTUK MPOTUNEXHOrO 3HaYeHHs, sKi BiobuBaloTb
JocnigkyBaHi 0cobnMBOCTi NCUXOEMOLNHOTO CTaHy (ca-
MOMOYYTTSI, HaCTPIil, aKTUBHICTb) Ta 3@ SKMMW PECMOH-
[JEeHTa NpPOCATb OLHUTK CBiA CTaH. TOOTO, B KOXHIN napi
0obupaeTbCa Ta xapakTepucTuka, sika Hanbinbll TOYHO
onucye CTaH pecnoHaeHTa i 3as3HavaeTbcsa undpa, gka
BiQMNOBIAae CTyneH NposiBy OaHOI XapaKTepuUCTUKM Ha
MOMEHT OnuTyBaHHA. AHani3 Bignosigen NpoBOAUTLCSA
3a WKanamym «CamomnouvyTTa», «aKTUBHICTbY», «HACTPIA»
y BignoBigHocTi Ao kntoda Ttecty. OTpMMaHa 3a KOXHOH
LUKAroK cyma 3HaxoauTbes B Mexax Big 10 go 70 i nos-
BONsiE BUABUTU (DYHKLIOHANbHUIA CTaH iHAMBIAA B AaHUN
yac 3a npuHumnom: < 30 6aniB — HM3bkKa ouiHka; 30-50
Ganie — cepefHs ouiHka; > 50 6aniB — BMCOKa OLiHKa.
Takox, npy aHanisi PyHKUIOHaNbHOro CTaHy BaXKAMBUMU
€ SIK 3Ha4YeHHS OKPEMMX MOro MOKa3HMKIB (CaMOMNoYvyTTs —
aKTUBHICTb — HACTpin), Tak i iX CNiBBIAHOLIEHHS: Hanpwu-
Knag, i3 HapOCTaHHSIM BTOMW CMIBBIAHOLLIEHHS MiXK HUMMU
3MIHIOETbCS Yepes3 BiAHOCHE 3HMXKEHHS 3Ha4YeHb 3a LUKa-
namMmn «CamornoyyTTs» Ta «aKTUBHOCTI» MO BiJHOLLUEHHIO
[0 LUKanu «HacTpiny.

Ona awHanisy pgaHux BignoBigi  ekcrnopTyBanu
3 ryrn-cpopmu y Burnaai daviny MS Excel 3 nogansLuoro
niarotToBkot nMoro aHanidy B nporpami STATA (JliueHsis
XHMY). MNepBrHHY 06pOGKY OTpUMaHUX OaHWX MPOBO-
OUnM MeTogamMu OMMUCOBOI Ta aHasniTUYHOI CTaTUCTUKK
3 HaaHHAM pe3ynbTaTiB Yy BUMMSAi BIQHOCHMX MOKAa3HUKIB
(P,%) 3 noxmbkoto (m, p). Ons NOPIBHAHHA AaHUX Y BU-
AineHnx rpynax BUKOPWCTOBYBanu meToau koedilieHTa
CtblogeHTa, metoau @-tecTiB. [na 3abe3neveHHs cTa-
TUCTUYHOT 3HaYYLLOCTi TecT B6yno 3acToCOBaHO 3 NMOPOro-
BMM 3Ha4veHHsMm 0,05.

Byno po3paxoBaHO BiOHOLLEHHS LUAHCIB BUHUKHEHHSI
BTOMW Yy PECMOHAEHTIB 3aNEXHO Bif MirpaLiiHoro npote-
Cy, pe3ynbsTaTv HaBegeHO y BUMMSAAi cepefHboi apudme-
TUYHOI NOXMBKM Ta NOXMOKM cepeaHbOi AN KinbKiCHUX
BenuumH (M £ M) ons KinbKiCHUX BENUYMH 3a YMOB HOpP-
MarnbHOro po3noAiny oTpUMaHuUX AaHuX Ta BiAHOCHOI Be-
NMYMHK 1A CTaHOApTHOI Noxubkn (P £ m p) — AN iHworo
TUNY BENTUYMH.

PE3YABTATU

B pocnigxeHHi B3anu yyactb 87 3nobyBadiB Meguy-
HOI OCBITM BMLLOIO HaBYanbHOro 3aknagy y npudgpoHTo-
Bi1 30Hi y nepiog 2022—-2023 pp.

3a cratTio yonogikiB — 13 (14,9%), xiHok — 74 (85,1%),
Lo € xapaktepHum ans BH3 megnyHoro npodinto.

Mepion 2022—-2023 pokiB OyB Oyxe BaXKUM 41151 BCbO-
ro HaceneHHsi, 3okpema iAns MeguvHo! CTYOeHTCbKOT
MOS0, @ HacniAKW Mo NOKU MU HE MOXXEMO BiJCTEXU-
TW Ta OLiHUTM NOBHO Mipoto. MNepL 3a Bce nogii matoTb
BMMMB, Y TOMY YMCHi, 32 JaHUMW NiTepaTypHUX axepen,
Ha CTaH 340pOB’A Ta MOro CaMOOLLiHKY.

Tak, 3a BignoBigsaMu pecrnoHAEHTIB iX 300poB’a 3a ne-
piog 2022—-2023 pokis noripmnocs y 58 (66,7% + 5,1) Ta

interacting with institutions and organizations providing
assistance in crisis situations. Additionally, to assess the
primary components of participants’ psycho-emotional
functioning, the anonymous questionnaire incorporated
items from the «W-A-M» — test (Well-being, Activity,
Mood) [10].

This test is based on the fact that the main components
of a functional psycho-emotional state can be characterized
by polar/opposite assessments, between which there is
a sequence of intermediate values (3-2-1-0-1-2-3). The
test contains thirty pairs of characteristics of opposite value,
which reflect the studied features of the psycho-emotional
state (well-being — activity — mood) and according to which
the respondent is asked to assess his condition. That is, in
each pair, the characteristic is selected that most accurately
describes the state of the respondent and the number is
indicated that corresponds to the degree of manifestation
of this characteristic at the time of the survey. The analysis
of the answers is carried out on the scales of «well-being»,
«activity», «mood» in accordance with the test key. The
sum obtained on each scale is in the range from 10 to 70
and allows to identify the functional state of the individual
at the present time according to the principle:< 30 points —
low score; 30-50 points — average score; > 50 points —
high score. Also, when analyzing the functional state, both
the values of its individual indicators (well-being — activity —
mood) and their correlation are important: for example, with
increasing fatigue, the correlation between them changes
due to a relative decrease in the values on the «well-being»
and «activity» scales in relation to the «mood» scale.

For data analysis, the responses were exported from
the Google form as an MS Excel file with subsequent
preparation of its analysis in the STATA program (KhNMU
License). The primary processing of the obtained data
was carried out using descriptive and analytical statistics
methods with the results provided in the form of relative
indicators (P,%) with an error (m, p). To compare data
in the selected groups, Student’s coefficient methods
and o@-test methods were used. To ensure statistical
significance, the test was applied with a threshold value of
0.05. The odds ratio of fatigue occurrence in respondents
was calculated depending on the migration process, the
results are presented in the form of arithmetic mean error
and error of the mean for quantitative values (M £ m)
for quantitative values under the conditions of normal
distribution of the obtained data and relative value and
standard error (P £+ m p) — for other types of values.

RESULTS AND DISCUSSION

A total of 87 applicants for higher medical education at
a higher education institution located in the frontline zone
participated in the study during the 2022—2023 period.

By gender, the sample included 13 men (14.9%) and
74 women (85.1%), which reflects the typical gender
distribution observed in medical universities.

The period of 2022—-2023 was very difficult for the entire
population, including medical students, and we cannot yet
fully monitor and assess the consequences of the events.
First of all, the events have an impact, including, according
to literary sources, on the state of health and its self-esteem.

Thus, according to the respondents’ answers, their
health deteriorated in 58 (66.7% + 5.1) during the period
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3anuwmnocs 6e3 3amiH—24 (27,6%+ 4,8) 1a5 (5,74% + 2,5)
BM3HAUYUNK MOKpaLLaHHA X cTaHy 3aopos’d. [Npu ubomy
36 (41,4% + 5,3) 3poOyBayiB Bkasanu, WO 3a gaHui ne-
piog Habynu 3BUYKM, SKi MOXYTb HErATMBHO BMSIMHYTK Ha
X 300pOoB’S.

Mopii, wo manu micue, BAAMHYNM Ha OpraHisauit
HaBYarbHOro MpoLecy 1 Ha akageMiyHy ycniwHicTb. [n-
TaHHSA, sKki Oynn BKNOYEHI 4O aHOHIMHOI aHKeTU, [03BO-
NUNW BU3HAYUTK, LLO XKUTTEBI 0OCTaABUHW, LLIO CKIanucs
y 2022-2023 pokax, Noripmnnm akageMivyHy ycriwHicTb,
Ha ue Bkasanu 54 (62,1% * 5,2) onutaHwux, 3anuwwmna-
CA He 3MIHHOI0 akageMivHa ycrniwHicTb y 28 3p000yBadis
(32,2% £ 5,0) (puc. 1.).

62,1

66,7

rpyYnK cnocTepeskeHHs/
chservation groups

20% 4p % 60 %

=]

2022-2023 and remained unchanged — 24 (27.6% * 4.8)
and 5 (5.74% * 2.5) determined an improvement in their
health. At the same time, 36 (41.4% % 5.3) applicants
indicated that during this period they acquired habits that
could negatively affect their health.

The events that took place affected the organization
of the educational process and academic performance.
The questions included in the anonymous questionnaire
made it possible to determine that the life circumstances
that developed in 2022-2023 worsened academic
performance, as indicated by 54 (62.1% + 5.2)
respondents, while the academic performance of 28
applicants (32.2% = 5.0) remained unchanged. (fig. 1).

MaE MICUE 3HWMEHHA akagemiyHol ycniwHocT f
there is a decline in academic performance

npwabann 30opoE’A pyAHYHJI 3BMukK [ acquired

health-damaging habits

BI03HAYAKTE NOMPLUAHHA CTaHy 3gopoER / note

the deterioration of the state of health

Puc. 1. HeratueHi TpeHau AesIKUX aCneKTiB SIKOCTi XKUTTSl PECMOHAEHTIB
Fig. 1. Negative trends in some aspects of the life quality of the respondents

lMepeBaXHUMW YMHHUKaAMKW, SKi  Manu  HeraTus-
HWIA BMNUB Ha HaB4YaHHSA, Oynun: MCUMXOMOriYHWUIM CTaH —
44 (56,6% + 5,3), TexHiuHi TpyaHowi — 34 (39,1% + 5,3);
TpyAaHoLLi, AKi 6ynu HasBHI cepen Buknagadis — 6 (6,9%
*2,7); Tpu pecnoHaeHtm (3,4% * 1,9) Bu3Haumnm BigcyT-
HICTb HEraTMBHOrO BMNAMBY Ha X akageMiyHe HaBYaHHS.

Micto XapkiB € NpUgPOHTOBOID 30HOK, OOHUM i3
MicLb, sike BinbLLOK MiIpOH 3a3Harno BiiCbKOBOrO BMSIMBY.
Lle ctano npuunHoOK 3HAYHOI MirpaLii HaceneHHs, nepe-
MiLLEHHS FK y Mexax obnacTi, B1i3a 0o iHWnX obnacten
YkpaiHu Ta 3a KOPAOH.

3a gaHuMM BiANOBIAEN PECNOHOEHTIB BU3HAYEHO, LLIO
npoTarom KputuyHoro 2022 poky 3anuvwanucs sgoma 20
ctyneHTiB (17,2% + 3,5); nepemictunncs y mexax obnac-
Ti — 24 (20,7% = 3,7); BuiXOXKanu 40 iHWKWX obnacTen
Ykpainn 51 3gobysay ocsith (44,0% + 4,6); Ta Buixanu
3a mexi kpaihn — 21 (18,1% + 3,5) pecnoHaeHT (puc.2).

Y mexax YkpaiHu mirpauisi BigbyBanacsi nepeBaxHo
y mtotomy-6epesHi 2022 poky — 45 (51,7% * 5,3); y kBiT-
Hi-4epBHi Mirpysanu 12 onutanux (13,8% + 3,7); y nunHi —
BepecHi — 8 pecnoHaeHTiB (9,2% + 3,1), XXOBTHi — rpyaHi —
7 (8,0% = 2,9), y 15 onutaHux npouec mirpauii novyascs
y 2023 poui (17,2% + 4,1).

Bwi3g, mirpauis 3nobyBadiB OCBiTU 32 KOPAOH 3a Tep-
MiHamMy BigbyBanacsi Takum YMHOM: Y NOTOMY-OepesHi
2022 poky — 25 onutaHux (28,7%); y KBiTHi-4epBHi 16 CcTy-
peHTiB (18,4%); y nunHi — BepecHi — 5 (5,7%), OBTHI —
rpyoHi — 2 (2,3%), y 2023 poui Buixanu 3a kopgoH 39 onu-
TaHux (44,8%).

PecnoHgeHTn, siki 6panu yyacTtb y JOCNigKeHHI, BKka-
3yBanu Ha Te, wWo npotarom 2022/23 pokiB Manu OocBig

The predominant factors negatively affecting learning
were as follows: psychological state — 44 respondents
(56.6% +* 5.3), technical difficulties — 34 respondents
(39.1% 5.3), and challenges faced by teachers —
6 respondents (6.9% * 2.7). Notably, 3 respondents
(3.4% £ 1.9) reported no negative impact on their
academic learning.

The city of Kharkiv is a frontline zone, one of the
places that was most affected by the military. This caused
significant population migration, both within the region
and to other regions of Ukraine and abroad.

According to the respondents’ answers, during the
critical year of 2022, 20 students (17.2% + 3.5) remained
at home; 24 (20.7% =* 3.7) relocated within the same
region; 51 students (44.0% + 4.6) moved to other regions
of Ukraine; and 21 respondents (18.1% + 3.5) left the
country (fig. 2).

Within  Ukraine, migration occurred mainly in
February—March 2022 — 45 (51.7% + 5.3); 12 respondents
migrated in ApriL-June (13.8% + 3.7); in July-September —
8 respondents (9.2% % 3.1), in October—December —
7 (8.0% % 2.9), for 15 respondents the migration process
began in 2023 (17.2% * 4.1).

The departure and migration of students seeking
education abroad by dates occurred as follows: in
February-March 2022 — 25 respondents (28.7%); in
ApriL-June 16 students (18.4%); in July—September —
5 (5.7%), October-December — 2 (2.3%), in 2023,
39 respondents (44.8%) went abroad.

Respondents who participated in the study reported
the following experiences during the 2022/2023 academic

+
+
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B 3anULIANACA B OMa NPOTATOM
poky / stayed at home for a
year

Eany nepemilleHHA B Mexax
obnacti /had movement
within the region

Emirpyeanu Ao iHWKHx obnactei
Yrpaibu [ migrated to other
regions of Ukraine

Oeuixann 3a mexi kpaibu /left
the country

Puc. 2. Po3nogin 3006yBadyiB OCBiTV B 3aneXXHOCTI Big MirpauinHmux npouecis
Fig. 2. Distribution of education seekers depending on migration processes

KOMYHiKaLil i3 opraHizauismu, WO HagawTb MCUXOMOo-
rivHy nigTpumky (9 ctygenTis, 10,3% * 3,2); 3Hanu npo
Taky MOXIMBICTb, arne He 3BepTanucs 3a AOMOMOroK —
52 onutannx (59,8% = 5,3); HIYOro He 3HaKTb NPO Taki
yCTaHoBW, opraHisauii Ta moxnueocTti — 25 3n06yBavis
ocBiTH (28,7% * 4,8). OguH CcTyaeHT maB [ocBi4 npaui
y Takin yctaHosi (1,1% = 1,1).

Takox, Ha OyMKy pecrnoHAEHTIB, JOCTYN OO OpraHisa-
L Ta YCTaHOB, L0 HafaloTb MCMXONOriYHy / MaTepianbHy
[OMOMOry HacerneHHo, € 4obpe Ta LIBMOKO OpraHi3oBa-
HUM, ue nigTeepanmnun 46 pecnongeHTie (41,8% + 4,7).
BeaxatoTb, Lo 6yno 6 kpalue, Skbu Takux yctaHoB Byno
Ginbwe — 64 onutaHux (58,2% = 4,7). He BusiBunocs
)KOLHOTO pecrnoHAeHTa, XTO BBaXxaB Ov HagaHHA OaHoi
[OMOMOrM Ta iCHyBaHHA TaKuMX opraHizauin 6e3rny3avm
Ta HegoUinNbHMUM.

Curtyauis, gka mana Mmicue npotsarom 2022/2023 pokis
3MiHMNa 3abarato pevei, 3BMYAMHUX Ta MOBCSAKOEHHMX.
Cepepn HUX — i MOXIUBICTb OTPUMaHHSA Meau4yHoi Oono-
MOru. Y CUTyaLisix CTPecoBUX abo HeGe3nekn MOXIMBICTb
oTpUMaTK AOCTYN OO MEeAUYHOI AOMOMOrM Ta NiKapCbKUX
3acobiB ctae 6a3oBoto notpeboto. Tomy, 4O onUTyBanb-
Huka OGyno BHECEHO I faHe nuTaHHs. AHani3 Bignosigen
nokasas, Lo 40 poaunH pecnoHaeHTiB (46,0% + 5,4) Bynu
NMOBHO Mipoto 3abe3neyeHi MeauyHoO JOMOMOro Npo-
Tarom 2022 Ta nepwoi nonosuHu 2023 poKy; He MOBHO
MipOt0 Manu 3abe3neveHicTb MeguyHo gonomorow 36
(41,4% + 5,3) onutanux Ta 'y 11 (12,6% + 3,5) goctyn oo
MeaM4YHOT Jonomoru OyB Ayxke obMexeHUM.

Ha nutaHHs «4m Byna ocobucto Bam notpibHa ncu-
XornoriyHa nigTpumka xod y 6yab skun nepiog 2022—-2023
pPOKy» MO3MTUBHY Bignosiab Hagann 51 (58,5% + 5,3)
CTYOEHT; He Manu noTpebun y ncMxonorivHin niarpumui 36
(41,4% + 5,3) onuTaHux.

YMmoBM, SKki MaloTb Micue B YkpaiHi MpoTArom LbOro
KaxnMBOro nepiogy nokasanu, WO panToBO BusiBUIAcH
notpeba B opraHisauii pisH1x B1AiB Mean4YHoi JonomMoru,
NOLUMPEHHS 3HaHb Ta iHdopmalLlii.

Tak, 3a pesynbraTamMy OMUTYBAHHA BCTaHOBMEHO,
L0 BBaXalTb AOCTATHBOI MIpPOK MOLUMPEHOI Y AaHUN
nepiod, iHbopmauilo NPoO MOXIMBOCTI OTPUMAHHS MCU-
XororiyHoi abo iHLWOoi AonoMorn Ans HaceneHHs — 28
(32,2% = 5,0) pecnoHgeHTIB; nepeBaxHa > BinbLUiCTb
TUX, XTO CTUKHYBCS i3 nogiamu 2022/2023 pokiB y npudp-
POHTOBIN 30HI BBaXKalOTb, L0 Takoro poay iHgopmadito

year: 9 students (10.3% * 3.2) had communicated
with organizations providing psychological support;
52 respondents (59.8% * 5.3) were aware of such services
but did not seek help; and 25 students (28.7% * 4.8)
were unaware of the existence of such institutions or
support opportunities. One student (1.1% + 1.1) reported
having experience working in such an organization.

Also, according to the respondents, access to
organizations and institutions that provide psychological/
material assistance to the population is well and quickly
organized, confirmed by 46 respondents (41.8% * 4.7).
They believe that it would be better if there were more
such institutions — 64 respondents (58.2% + 4.7). There
was not a single respondent who would consider the
provision of this assistance and the existence of such
organizations pointless and inexpedient.

The circumstances of the 2022/2023 period brought
significant changes to many aspects of daily life, including
access to medical care. In stressful or dangerous
situations, the ability to access medical care and medicines
becomes a basic need. Therefore, this question was
included in the questionnaire. Analysis of the responses
showed that 40 respondent families (46.0% * 5.4) were
fully provided with medical care during 2022 and the first
half of 2023; 36 (41.4% * 5.3) respondents were not fully
provided with medical care, and 11 (12.6% +3.5) had very
limited access to medical care.

In response to the question, «Did you personally need
psychological support at any time during 2022-2023»,
51 students (58.5% = 5.3) answered affirmatively, while
36 respondents (41.4% + 5.3) reported not needing
psychological support.

The conditions prevailing in Ukraine during this
terrible period have shown that there is a sudden need
to organize various types of medical care, disseminate
knowledge and information.

Thus, the survey results indicated that 28 respondents
(32.2% = 5.0) believed that information about the availability
of psychological or other forms of assistance was sufficiently
disseminated during this period. However, the majority
of those who experienced the events of 2022/2023 in the
frontline zone (59 respondents, 67.8% + 5.0) believed that
such information should be distributed more actively.

The anonymous survey took place in April 2023,
against the backdrop of ongoing events. And one of the
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Tpeba Ta fouinbHo nowwmptoBatn 6inbLu akTneHO (59 pec-
noHaeHTiB, 67,8% + 5,0).

AHOHIMHe onuTyBaHHS Maro Micue Y KBiTHIi 2023 poky,
Ha TNni NoAin, AKi We NpoAoBXykTbCA. | 0gHUM i3 3aBAaHb
[ocrnigpkeHHs Byno BU3HaYeHHs (PYHKLIOHANbHOMO ncmxoe-
MOLLINHOTO CTaHy 3400yBadyiB OCBITH, SiKi CTUKHYNMCS i3 pan-
TOBVMW CTPECOBMMW NOAIAMW Y MIiCTi NPUPOHTOBOI 30HW,
3a gonomoroto onutyBanbHuka «C-A-H» (camonouyTtTs,
aKTUBHICTb, HAcTpin). ONUTyBanbHUK I'PYHTYETHLCS HA TOMY,
LLIO CaMOMOoYyTTS — Lie KOMMMEeKC CyD'eKTUBHUX BiOYyTTIB,
WO BiAOMBaKTb CTYMiHb (I3iONOriYHOI Ta NCUXOMOTIYHOT
KOMCPOPTHOCTI CTaHy MIOAUHW, HaNPAMOK AYMOK, MOYyTTiB
TOLLO; aKTUBHICTb — ofHa i3 cdhep NposiBy TeMMNepameHTy,
AKa BM3HAYAETbCA IHTEHCUBHICTIO Ta 0OCArom B3aemogil
nognHK 3 PisMYHMM Ta couianbHUM CepedoBMLLEM; Ha-
CTpil — eMoOLLiiHa peakLuisi He Tak Ha 6e3nocepeaHi Hacnia-
KM KOHKPETHMX NOpjN, ane ix 3Ha4YeHHs Ans cyb’ekTa y KOoH-
TEKCTi CNiNbHUX XUTTEBUX NIaHIB, iIHTEPeCiB Ta OYiKyBaHb.

Ak pesynbTar ONUTYBaHHA 3a [OaHOK METOAUKOK
€ MOXIMBICTb OLIHUTM KOXHY CKIafloBy — CaMOMO4yTTs,
aKTMBHICTb Ta HacTpin y BiANOBIAHOCTI A0 rpafauii: HU3b-
Ka ouiHka, cepedHs OuiHka abo BMCOKa, WO € pesyrbra-
TOM NCUXOEMOLNHOI peakLii Ha 0b6CTaBUHN.

3aranowm, y rpyni peCrnoHAEeHTIB HU3bKa OLiHKA (HUX-
ye 3a 30 GaniB) 3a LKanow camMonoYyTTs Big3HaveHa
y 20 (23,0% + 4,5) onuTaHux; 3a LUKaNow akTUBHICTb —
18 pecnoHaeHTiB (20,7% * 4,3), a 3a wKanow HacTpii —
11 (12,6% + 3,6) onuTtaHux. TobTO, 6nM3bko 20% onuTta-
HMX HaBiTb Yepes pik (Ha MOMEHT ONMUTYBaHHSA) Mana He-
3a[0BiNbHY aganTtauio 40 06CTaBUH.

MepeBaxHa X BinbLiCTb Mana MOKasHWKN Y Mexax
30-50 6aniB — 58 (66,7% * 5,0, 3a wkanot «camorno-
yyTTAY); 62 (71,3% * 4,8, 3a LIKaNoOK «aKTUBHICTbY)
Ta 61 (70,1% + 4,9, 3a WKanow « HacTpiny).

Mpw npoBedeHHi aHani3y 3a [aHOK METOAUKOK BaX-
NMBO BPaxoByBaTU He NnuLUe oTpMMmaHi 6anu 3a okpemnmmn
LKanamu, a 1 ix cniBBigHOLLEHHS. Y NMIOAMHK, sika HE Mae
03HaK NCUX0eMOLINHOT BTOMM / MOpYLLEHb MCUXOEMOLLIIHO-
ro CTaHy CniBBigHOLUEHHS OLIHKM CaMOMNOYyTTS, aKTUBHOCTI
Ta HacCTPOK € Malike OfHAKOBMMM, PIBHUMM 3a Ganamu.

Mpw 3pocTaHHi HAassBHOCTI O3HaK BTOMM CNiBBiAHOLUEH-
HA MK nokasHukamu «C-A-H» 3MIiHIOETbCA 3a paxyHOK
BIJHOCHOIO 3HWXEHHSI CaMOmnoyyTTa Ta aKTUBHOCTI y NO-
PiBHSAHHI i3 HAcTpoeM. Tak, aHani3 nokasas, LLO PECnoH-
[OEHTIB i3 03HaKamu BTOMW/ MOpPYLUEHb MCUXOEMOLINHOIO
CTaHy, cepepn onutaHux 6yno 54 (62,1% + 5,2).

Mu Hamaranucsa BM3Ha4MTW, cepep AKoi rpynu pec-
NMOHAEHTIB, B 3aneXHOCTi Bil MOXNUBOCTI 3anuLnUTU
MicLe HeraTMBHUX MOAiN, HaMBMLLA NMTOMA Bara TUX, XTO
MaB O3HaKM BTOMM / MOPYLUEHb MCUXOEMOLINHOTO CTaHy
3a piarHocTuyHol metoauko «C-A-Hx». [ns uboro 3a-
ranbHa Bubipka onuTaHux Oyna posnogineHa Ha rpynu
B 3anexHocTi Big mirpauii. MNepwa (1) rpyna, Ti pecnox-
AeHTn, xTo npotarom 2022 poky Ta nepLioi NOroBUHK
2023 poky BeCb 4ac 3anuwanuca Baoma. Takux Oyrno
15 pecnoHgeHTiB (17,2% + 4,0). Cepea HuX i3 03HaKaMu
BTOMM / MOpYLUEHb MCMXOEMOLIINHOIO CTaHy BUSIBMEHO 8
3n06yBauiB ocBiTh (53,3% + 13,2).

Opyry (Il) rpyny cknanu pecnoHgeHTH, ski oapasy Bui-
xanu 3a kopgoH. Takux 6yrno 10 (11,5% + 3,4) cTtyneHTis,
cepep, HUX BusieneHo cim oci6 (70,0% * 15,3) i3 o3Hakamu
BTOMW / MOPYLUEHb NMCUXOEMOLINHOro CTaHy 3a AiarHoc-
TUYHOK METOAMKOL.

objectives of the study was to determine the functional
psycho-emotional state of students who encountered
sudden stressful events in a city in the frontline zone.
Using the «W-A-M» questionnaire (well-being — activity —
mood).The questionnaire is based on the fact that well-
being is a complex of subjective sensations that reflect
the degree of physiological and psychological comfort
of aperson’s condition, the direction of thoughts,
feelings, etc.; activity is one of the areas of temperament
manifestation that is determined by the intensity and
volume of a person’s interaction with the physical and
social environment; Mood — an emotional reaction not so
much to the immediate consequences of specific events,
but to their significance for the subject in the context of
shared life plans, interests, and expectations.

As aresult of the survey using this method, it is
possible to evaluate each component — well-being,
activity, and mood in accordance with the gradation: low
score, average score, or high, which is the result of the
psycho-emotional reaction to the circumstances.

In general, in the group of respondents, a low score
(below 30 points) on the well-being scale was noted in
20 (23.0% * 4.5) respondents; on the activity scale, there
were 18 respondents (20.7% * 4.3), and on the mood
scale — 11 (12.6% * 3.6) respondents. That is, about 20%
of respondents even after a year (at the time of the survey)
had unsatisfactory adaptation to the circumstances.

The vast majority had scores within 30-50 points — 58
(66.7% + 5.0, on the «well-being» scale); 62 (71.3% + 4.8,
on the «activity» scale) and 61 (70.1% = 4.9, on the
«mood» scale).

When conducting an analysis using this method, it
is important to consider not only the scores obtained on
individual scales, but also their ratio. In aperson who
does not have signs of psycho-emotional fatigue / psycho-
emotional state disorders, the ratio of assessments of well-
being, activity, and mood is almost the same, equal in points.

With increasing signs of fatigue, the ratio between
«W-A-M» indicators changes due to a relative decrease
in well-being and activity compared to mood. Thus, the
analysis showed that there were 54 respondents with
signs of fatigue/psycho-emotional disorders among the
respondents (62.1% + 5.2).

We aimed to determine which group of respondents,
based on their ability to leave the location of negative
events, exhibited the highest proportion of individuals
showing signs of fatigue or psycho-emotional disorders, as
assessed by the «W-A-M» diagnostic method. To do this,
the total sample of respondents was divided into groups
based on migration status. The first group (I) consisted of
respondents who remained at home throughout 2022 and
the first half of 2023, with 15 participants (17.2% + 4.0).
Among them, 8 students (53.3% + 13.2) showed signs of
fatigue or psycho-emotional disorders.

The second (ll) group consisted of respondents who
immediately left abroad. There were 10 (11.5% % 3.4)
such students, among whom seven people (70.0% + 15.3)
were identified with signs of fatigue / psycho-emotional
disorders according to the diagnostic method.

The third (1) group included students who during this
period had to move only within Ukraine — 51 respondents
(568.6% = 5.3), among whom 34 students (66.7% * 6.6)
had signs of fatigue / psycho-emotional disorders.
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Tpeta (lll) rpyna Bkntoynna 3gobyBadiB OCBITH, SKi
NpoTAroM [aHOro nepiogy Manu nepemilleHHst nule
y Mmexax Ykpaihm — 51 onutanun (58,6% + 5,3), cepen
sakux 34 crtygeHtm (66,7% * 6,6) manm o3Hakm BTOMM /
nopyLleHb NCUXOEMOLLIIHOTO CTaHy.

YeTBepTy rpyny CTaHOBUIN PECMOHAEHTH, SIKi Manu 4oc-
Bifj MELLKaHHS SK Y pisHMX perioHax YKpaiHa, Tak i 3a kopgo-
Hom. CTyneHTiB i3 Takum gocsigom 6yrno 9 oci6 (10,3% + 3,3
3ararnbHoi BUGIpKW), i3 SKMX TiNbKW ABOE Marnu 03Haku BTOMU /
MOpPYLLEHb MCUXOEMOLLINHOTO CTaHy (2,2% + 14,7).

TakMM YMHOM, SIKLLO paHXyBaTW pesynbrath aHanidy
LLOOoO NMUTOMOI Baru PecrnoHAEHTIB i3 03HaKkamu BTOMU /[
nopyLUEeHb NCUXOEMOLLINHOIO CTaHy Ta Yy BiAMOBIAHOCTI i3 iX
mirpauieto y 2022 Ta Ha noyatky 2023 poky, To HanbinbLua
nMTOMa Bara CTYAEHTIB i3 03HaKamMy NopyLUEeHb NCUXOEMO-
LinHoro ctaHy Gyrna cepef TMX, XTO MaB MepPeMILLEHHS 3a
KOpAoH (70,0%), 3Ha4Ha KinbKiCTb peCNOHAEHTIB i3 O3HaKa-
MW BTOMW 32 AiarHOCTUYHOK METOAMKOK TaKOX BU3HAYeHa
cepep TUX, XTO MaB Mirpauito perioHamm Ykpainum (66,7%).
Cepeqn TuX, XTo BeCb AaHun nepiog (2022 ta nepLua nono-
BuHa 2023 poky) nepebysas BaomMa (53,3%) manu o3Haku
BTOMM 3a TECTOM Ta He3HayHa NUToMa Bara i3 03HaKamu
Oyna BM3Ha4yeHa cepep TUX, XTO MIrpyBaB i B Pi3HWX perio-
Hax YkpaiHi i 3a il mexamu (2,2%) (puc. 3).

Beworo /Total

The fourth group consisted of respondents who
had experience living both in different regions of
Ukraine and abroad. There were 9 students with such
experience (10.3% £ 3.3 of the total sample), of whom
only two had signs of fatigue/psycho-emotional disorders
(2.2% £ 14.7).

Thus, when ranking the results of the analysis
based on the proportion of respondents with signs of
fatigue or psycho-emotional disorders, and in relation to
their migration during 2022 and early 2023, the highest
proportion of students with signs of psycho-emotional
disorders was found among those who had migrated
abroad (70.0%). A significant proportion of respondents
showing signs of fatigue, according to the diagnostic
method, was also identified among those who had
relocated within different regions of Ukraine (66.7%).
Among those who remained at home throughout the
period (2022 and the first half of 2023), 53.3% showed
signs of fatigue according to the test. A small proportion
with signs of fatigue was found among those who had
migrated both within Ukraine and abroad (2.2%) (fig. 3).

u OsHaku Tomu | Sign of fatigue (%)
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Ukraine Movement within
Ukraine and
abroad

Tpynu cnocTepexenHs / Observation groups

Puc. 3. KinbkicTb pecnoHAEHTIB y pi3HMX rpynax croctepexeHHs 6e3 o3Hak
BTOMW/NOPYLLUEHb NMCUXOEMOLINHOIO CTaHy 3a pesynsratamu aHaniay
Fig. 3. Number of respondents in different observation groups without signs
of fatigue/psycho-emotional disorders according to the results of the analysis

Mu Takox pospaxyBanu BigHOLWeEHHSA LwaHcie (BLU)
BVMHWKHEHHSI O3HaK BTOMM / NMOpPYLUEHb MCUXOEMOLIAHOIO
CTaHy Yy BCIX YOTUPbLOX rpynax crocrtepexeHHs. Tak, BLU
BMHWKHEHHS1 BTOMM B rpyni Il (ogpasy Buixanu 3a KopaoH)
ctaHoBuTb 8,17 + 0,51, Al = 1,67 — 14,66; BLU y rpyni
| (6ynu goma) 4,0 + 0,49, 11 0,73 — 7,27.

Y rpyni lll, Wwo BKasyBanu Ha nepeMilleHHs TepeHaMm
Ykpainu, Bl ctaHosuno 7,0 £ 0,36, 1 3,49 — 10,51.

To6T0, 03HaKM BTOMU BHULLE cepel TUX, XTO Mirpysas
3a KOPAOH Ta MepeMillyBaBcsl Y Mexax YKpaiHnu, 3anu-
LUMBLUM JOMIBKY (puc. 4.)

Lle Takox NiagTBEPAKYETLCS | pO3paxyHKaMu cepeaHix
OaniB 3a AiarHOCTUYHUMK Wikanamu metoamkmn «C-A-H»
Yy BU3HAYEHUX OKPEeMUX TIpynax CrnoCTEPEXeHHs. BoHu
nokasyrTb, Lo BinbLui po3bixHOCTI y cepefHix 6anax, siki

We also calculated the odds ratio (OR) of the
occurrence of signs of fatigue/psycho-emotional disorders
in all four observation groups. Thus, the OR of fatigue
in group Il (immediately went abroad) is 8,17 + 0,51,
Cl=1,67 — 14,66; the OR in group | (stayed at home) is
4,0 £ 0,49, CI=0,73 — 7,27respectively.

In group llI, which indicated movement within Ukraine,
the mean was 7.0 + 0,36, Cl 3,49 — 10,51.

That is, signs of fatigue are higher among those who
migrated abroad and moved within Ukraine, leaving their
homes, (fig. 4).

This is also confirmed by the calculations of the
average scores on the diagnostic scales of the « W-A-M»
method in certain separate observation groups. They
show that there are greater differences in the average
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Oppasy Buixanu
% 3a KopAoH
8 i ° /Immediately went
% 3 abroad
g o MepeMiweHHs B
o 5 | ° Merax ykpailu /
8 T Movement within
[~ Ukraine
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1]
§ < — ey 3anuwanucs
a BOOMA BeCb yac
/ Stayed at home
—- T T T T T T | all the time
-1 1 3 5 7 9 11 13 15
BLU, AI /OR, Cl

Puc. 4. lNoka3HWNKN BiAHOLLEHHS LLaHCIB BUHMKHEHHSI O3HaKN BTOMUW CEpef, rpyn CNOCTEPEXEHHS
Fig. 4. Odds ratio indicators of fatigue symptoms among observation groups

MapKytTb O3HaKW BTOMW / MOPYLUEHb MCUXOEMOLINHOIO
CTaHy («camomnoyyTTs» / «aKTUBHICTb» HMKYE 3a «Ha-
CTpii») y rpyni TUX, XTO MirpyBaB 3a KOpPAOH, Ta cepen
TUX, XTO 3anvLUMBLUM AOMIBKY, NEPEMILLyBaBCS MO Pi3HMX
perioHax Ykpainu (p > 0,05).

scores that mark signs of fatigue / disorders of the psycho-
emotional state («well-being» / «activity» lower than
«moody) in the group of those who migrated abroad and
among those who, having left home, moved to different
regions of Ukraine (p > 0.05) (tab.1).

Ta6nuus 1. CepegHi 6anu 3a giarHoCTUYHMMU Wkanamu Metoay «C-A-H» B okpeMux rpynax crnoctepexeHHs
Table 1. Average scores on the diagnostic scales of the «W-A-M» method in certain separate observation groups

. . CaM9n°quTﬂ / .. | AkTuBHicTb / Activity (cepeaHin | Hactpin / Mood (cepenHin
I'pyna aHanisy / Analysis group Well-being (cepeaHii 6an / average score) 6an / average score)
6an / average score)
| — Booma Becb yac
at home all the time 339 357 369
- erpa!.l,lﬂ 3a KOpPAOH 39,0 405 445
migration abroad
- |T|epe.MILIJ,e.HH.F| no ylfpaIHI 36,1 38,6 422
migration within Ukraine
IV — lMepemiweHHs i no YkpaiHi i 3a kopaoH
migration within Ukraine and abroad 38,9 38,9 42,3
O6GroBopeHHs Discussion

[MpoBegeHe Hamu OOCHIMKEHHS BKMNOYANO OLHKY
BMMMBY TPaBMYKOUMX MOAIM Ha 300pOB’S CTYOEHTCbKOI
MOMOAi, Mirpauito HaceneHHsi, MOXIMBICTb OTPUMaHHS
MEeLMYHOI Ta NCMXOMOriYHOI 4ONOMOrM Nif Yac NpoBeaeH-
HS BIMCbKOBUX A y KpaiHi, Takox Oynu npoaHanioBaHi
0COBMNMBOCTI MCMXOEMOLLIMHOTO CTaHy CTYAEHTIB 3anexHO
BiZ, MOXXINMBOCTI 3MiHM MiCLS MELLKaHHS.

Tak, HaMU BCTaAHOBMNEHO, WO Ha Tri BULLEBKA3aHUX
noain, i3 MicTa-MinbMOHHMKA OCHOBHA Maca MOIoAi Bce
X MirpyBana no YkpaiHi i Tineku 15,0% — ogpasy mirpysa-
na 3a KopAoH. [pyra xBunsa Mmirpadii 3a KOpaoH BXe Bia-
Oynacs 3a TpmuBanoro nepebiry nogin, y 2023 poui, yepe3
piK, i BiporigHille 3a Bce, 3a HassBHOCTI GinbLUOI KiNbKOCTI
iHbopMaLii Npo Te, K HanaroAXeHe XUTTS NepeMILLEHNX
3a KopAoHoM. BumyweHa mirpauis Tta TpaBmytodi nogii
MatoTb HaCniAKW AK Ans agantauii y HOBUX YMOBax MeLl-
KaHHS, TaK i Ha PO3BUTOK CTPECY, NMOLUMPEHHS PYNHYHOYOT
300POB’si NOBEIHKM.

3a gaHMMM NpoBedeHOoro Hamm OOCHiAXEeHHSA BCTa-
HOBMEHO, WO OAHMMW i3 HacnigkiB noain, Wo ctanucs
B YkpaiHi y nepiog 2022 Ta y nepwwivi nonosuHi 2023 pp.,
cTano noripLueHHs 340poB’sa (66,7%) cepen CTyAeHTCbKOT
Mosogi 3a iX caMOOLiHKOW, NpuabaHHA 3BUYOK, SIKi BBa-
XalTbCs PYVHYHOUYUMN 300POB’s (ManiHHSA, BXWBaHHS an-
koronto (41,4%)), 3HWKEHHS iX akageMmidHol YCNiLIHOCTI

Our research included an assessment of the impact
of traumatic events on the health of student youth,
population migration, the possibility of receiving medical
and psychological assistance during military operations in
the country, and also analyzed the features of the psycho-
emotional state of students depending on the possibility
of changing their place of residence.

Thus, we have determined that, against the backdrop
of the aforementioned events, the majority of young
people from the million-strong city migrated within
Ukraine, with only 15.0% migrating abroad immediately.
The second wave of migration abroad occurred later, in
2023, likely with more information available regarding
the living conditions of those displaced abroad. Forced
migration and traumatic events have consequences not
only for adaptation to new living conditions but also for
the development of stress and the spread of health-
destructive behaviors. According to the research we
conducted, one of the consequences of the events
in Ukraine during 2022 and the first half of 2023 was
a deterioration in health, as self-assessed by 66.7% of
students. Additionally, health-destructive habits, such
as smoking and alcohol consumption, were acquired
by 41.4% of respondents. There was also a decrease
in academic performance (62.1%), primarily due to
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(62,1%), nepeBaxHO Yepes3 ncuxonoriyHni ctaH (56,6%)
Ta HasiBHi TeXHiYHi OOMEXeHHs1 LWoAo opraHiszauii Ha-
BYanbHoro npouecy (39,1%).

Hacnigkn gaHux nogiv woao 3gopoB’s, aganTadii Ta
MOLUVMPEHHS 3[40POB’A PYMHYIOYOI MOBEAIHKN BUCBITNEHO
y NiTepaTypHUX [Xepenax, Lo Y3rofxXyeTbCcs i3 oTpuma-
HUMW HaMK JaHUMK. Tak, BKa3yeTbCs, Lo cepen bixeHuis
no Pecny6niku Monblia o3Haku cTpecy Oyrno BUSIBNEHO
y 73% pecnoHaeHTiB, Togi Sk y 66% pecnoHAeHTIB cro-
cTepiraBcsa NCUXiYHUI aucTpec. Hanbinblwmii ctpec cno-
cTepiraBcs cepen KiHOK-ObkeHUiB, siki HE pO3MOBMSNM
NoNbCbKOK MOBOK. HaronowyeTtbes, Wo NCUXiYHUn guc-
banaHc cTae nepelukoaoo Ao aganTauii [11].

MpoBeneHe Hamn OOCHIOKEHHS TaKOX Mokasaro, Lo
Oyob-sika Mirpauis He BigbyBaeTbcs 6e3 Hacnigkis ans
MCUXIYHOTO CTaHy, Le NiaTBEepOAXYyETbCA pesynbraTtamm
NCUXOMOriYHUX TECTIB. 3HAYHUI BiACOTOK PECMOHOEHTIB i3
O3HaKaMy NepeBTOMU 3pOCTae cepen TUX, XTO MirpyBas,
Y NOPIBHSIHHI i3 TMW, XTO HE MOKMHYB AOMIBKY. BiporigHo,
Lie NoB’A3aHo i3 TUM, L0 A0 NOoAin gogaBanucs e nepe-
XXMBaHHS, AKi NOB’A3aHi i3 3MiHOK MicLsl MELUKaHHS, He-
BM3HAYEHICTIO, HOBMMMW YMOBaMMU XUTTS, MOBHUM Ta KyJb-
TYPHUM cepefoBuLLeM, TypOyBaHHAM LLOAO AOMIBKU, LLIO
3anuwieHa. A 3HauuTb OaHiln KaTeropii Takox HeobXigHa
nporpama ncuxonoriYHoi NiATPUMKM, 3aX04MK, Lo CNpsiMO-
BaHi Ha NigBMLWeEHHA aganTauii 4O HOBUX YMOB XUTTS i3
OoKy OepxaBu, 30Kpema i Anst TUX, XTO NnepemillyBaBcs
i y Mexax YkpaiHu.

AHanoriyHi 4o OoTpuMaHuX Hamu pesyneratiB Oynu
BWCBITNEHi AaHi y HaykoBiv nybnikauii [12], wono Bm3Ha-
YeHHs1 NocTTpaBmaTUyHOro ctpecosoro posnagy (MTCP)
cepep pi3HMX rpyn HaceneHHs Ykpainu. Tak, pesynsratu
nokasanw, Wo nepemilieHHs Byno noe’sisaHe 3 CUMNTO-
MaMu NOCTTPaBMaTU4YHOrO CTPECOBOrO po3nagy. 3pobne-
HO BMCHOBOK, SIKUI MiAKPECHoe, Wo ocobu, nepemilleHi
BCepeauHi abo 3a mexamu YKpaiHu npoTsirom nepiogy
OOCTiXXeHHHA, NoBiAOMUNN NP0 BULLMIA PiBEHb CUMMTO-
miB MTCP nopiBHAHO 3 TUMW, XTO He ByB NepeMilLeHn.
Takox, 6yno [oBefeHOo, Lo MOLMPEHICTb Ta CTyNiHb
TSDKKOCTi  MCUXONOTYHMX MOPYLUEHb Cepel MeLUKaHLIB
B YKpaiHi 6yrnv noe’a3aHi i3 ctaHom 3gopos’s [13,14].

MiaTBEpOXKYOTbCS Halli BUCHOBKM Ta AaHi WoAo He-
0BXiAHOCTI MOLUIMPEHHS nporpam NiATPUMKA B ymoBax Aii
TpaBMaTUYHUX YMHHUKIB SIK Anst nepeMileHnx, Tak i ans
He nepemilLeHnx ocib B YkpaiHi. OnuTyBaHHS Takox noka-
3ano, LWo iHdopmaLis NMpo MOXIIMBY OpraHizoBaHy mMarepi-
arnbHy Y1 NCKXOSOriyHy gonomory, 6yrna He MOBHOK MipOHo
HanarofpkeHa npoTarom poky. Tak, 3a BignoBigsaMu pec-
noHaeHTiB 58,5% onutaHuMx NpOTAroM O3HaYeHWX Mogin
noTpebyBanu NcuxonoridHoi nigTpumku, a 41,4% Habynu
3BMYOK, LLO PYWHYIOTb 300poB’sa. [aHi ocobnmBocTi Heob-
XiQHO BpaxoByBaTW Npu po3pobLi anropuTmiB A Woao
HaZaHHs MegU4HOI JOMOMOIM y pasi MOXITUBMX iHLUNX TeX-
HOTeHHUX, eKONOoriYHNX abo rymaHiTapHux katactpod.

OTpumaHi HaMn daHi y3ropKyroTbCs i3 nybnikauisgmm,
SKi NiOKpecnoTb Tedy MNpo Te, WO YKpaiHCbKi ObkeHL
MatoTb MpobrnemMun 3 NCUXiYHMM 300POB’'SIM | CHOM 4Yepe3
POCIICbKO-YKpPaiHCbKy BilHY, SIKi MOB’A3aHi 3 YACIEHHUMMU
couianbHMK dakTopamu. YKpaiHCbki BixkeHLi noTpedyoTb
nporpam coujanbHoi NigTPUMKM Ta 0cobnmeoi yBarn Oo
CBOrO MCMXiYHOTO 300POB’A AN NOKPaLLEHHSA NOCTMIrpaLin-
HOI aganTauii Ta iHTerpauii B cycninbcTBo KpaiHu nepeby-
BaHHs1 [15, 16]. Takox BU3HAYaEThCS, O Ha TNi Byab-AKnx

psychological factors (56.6%) and existing technical
limitations related to the organization of the educational
process (39.1%).

The consequences of these events on health,
adaptation and the spread of health-destructive behavior
are highlighted in literary sources, which is consistent
with the data we obtained. Thus, it is indicated that
among refugees to the Republic of Poland, signs of
stress were detected in 73% of respondents, while 66%
of respondents had mental distress. The greatest stress
was observed among female refugees who did not speak
Polish. It is emphasized that mental imbalance becomes
an obstacle to adaptation [11].

Our study also showed that migration is not without
consequences for mental health, as confirmed by the
results of psychological tests. A significant increase in the
percentage of respondents showing signs of overwork
was observed among those who migrated, compared to
those who remained at home. This is likely due to the
additional stressors associated with relocation, such
as uncertainty, new living conditions, changes in the
linguistic and cultural environment, and concerns about
the home left behind. These findings suggest that this
group also requires a psychological support program, as
well as measures aimed at improving adaptation to new
living conditions, provided by the state, including for those
who migrated within Ukraine.

Similar findings to ours were reported in a scientific
publication [12] on the prevalence of post-traumatic
stress disorder (PTSD) among different population
groups in Ukraine. The results showed that displacement
was associated with symptoms of post-traumatic stress
disorder. The conclusion was that individuals displaced
within or outside Ukraine during the study period reported
higher levels of PTSD symptoms compared to those
who were not displaced. It has also been proven that the
prevalence and severity of psychological disorders among
residents of Ukraine were related to health status [13, 14].

Our findings and data support the need to expand
support programs in the face of traumatic factors for
both displaced and non-displaced people in Ukraine.
The survey also showed that information about possible
organized material or psychological assistance was
not fully established during the year. Thus, according
to the respondents, 58.5% of those surveyed needed
psychological support during the above-mentioned
events, and 41.4% acquired habits that destroy health.
These features must be taken into account when
developing algorithms for providing medical care in the
event of possible other man-made, environmental or
humanitarian disasters.

Our data align with publications that highlight the fact
that Ukrainian refugees experience mental health and
sleep issues due to the Russian-Ukrainian war, which are
influenced by various social factors. Ukrainian refugees
require social support programs and special attention
to their mental health in order to improve post-migration
adaptation and integration into the society of the host
country [15, 16]. It has also been determined that, in the
context of stressful situations, young people are more
likely to engage in health-destructive habits [17].

The results of our research also revealed that the
dissemination of information about the possibility of
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CTPEeCcoBMX CUTyaLin, MONOAb CXUMbHA A0 PYWHIBHUX 3BU-
YOK, SIKi Aye HeraTMBHO BMNMMBaloTb Ha 300poB’sa [17].

3a pesynsratamy NpoBEAEHOr0 HaMu [AOCHiIKEHHS
TaKOXX BCTAHOBIEHO, LLO HE HAaNeXHNM YMHOM Byno opra-
Hi30BaHO MOLUMPEHHS iHopMaLii NPO MOXNMBICTb OTPU-
MaHHS1 NCUXOJIOriYHOT Ta MeanyHOI AOMOMOrN.

Ony6nikoBaHUMKN € HayKOBi pe3ynbTati AOCHiAKEHb
Woao HeobxigHOCTi HanaromkeHHA MeaudHoi Ta MCUxo-
NOriYHOT JOMOMOrM nNepemilleHnM i3 YkpaiHu rpomagsHam
B KpaiHax €BPONENCbLKOro coady. Tak, HaronoLyeTbCs, Wo
Kpu3sa B YkpaiHi 3aTAryeTbCcs, 4OCTYN A0 MEAUYHOI AoMo-
Moru ykpaiHusam B kpaiHax €C Moxe onuHUTUCS nig 3arpo-
3010, OCKifIbKN KpaiHW MatoTb Pi3Hi PiBHI FOTOBHOCTI Ta Npu-
OMY, @ TaKOX Pi3Hi CUCTEMU OXOPOHM 300POB’SA, 0COBNMBO
B CyCigHix KpaiHax, Takux sk MNonblia, CnosavymHa, born-
rapis Ta Yecbka Pecnybnika, siki OyayTb Hanpy>xeHi Yepes
BEMUKY KiNnbKiCTb Ntogen, siki npubysatotb 3 Ykpainu [18].

BUCHOBKHU

Y nepiog TpaBMmylo4MX MOAIN BINCbKOBOrO KOHMMIK-
Ty B YKpaiHi BU3HA4YaeTbCs MOripLUaHHA 340POB’s cepen,
66,7% ctyneHTiB, a 41,4% pecnoHOeHTIB BKasanu, Lo
3a AaHun nepiod Habynu 3BUYKK, SKi MOXYTb HEraTMBHO
BMNIMHYTU Ha X 300POB’A (NaniHHA, BXUBAHHS ankororo,
Towo). Takox, 3a nepiog 2022—2023 pp. Biabynocs 3HU-
XKEHHS1 akageMivHoIl yCnilHOCTI CTyAeHTiB — 62,1%.

Ha noyatky BINCbLKOBOrO KOHQIMIKTY i3 NPUAPOH-
TOBOrO MiCTa-MifbAOHHMKA Marno wmicue reorpadiyHe
nepeMileHHss ctygeHTcbkoi monodi — 20,7% pecnoH-
OeHTiB nepemillyBanmca y Mexax XapkiBcbkoi obnac-
Ti; 44,0% Buixanu go iHWux obnacten Ykpainu; 18,1%
3anuwnnu - kpaiHy i 17,2% onuTaHux  3anuimnucst
Baoma. [Mpy uUbOMy, 3a3HanNM 3MiH MOXMMBOCTI OO0
OTPUMaHHSA MEeOMYHOI Ta MCUXOMOriYHOI AOMOMOrH, iH-
dopmauinHa nigTpumka. Tak, He MOBHOK MIpPOK Mamnu
3abesneyeHictb MeguyHow gonomorow 36 (41,4%)
onutaHux T1a y 11 (12,6% ) goctyn Ao MeguyHoi gono-
morn 6yB Ayxe obmexeHum. Takox 51 (58,5% ) cry-
OEHT Haganu no3vMTUBHY BiAMOBiAb LIOA0 noTpebu
NMCUXONOriYHOI 0MNOMOIN.

Mpwn BU3HAYEHHI BNNVBY TPaBMYHOYMX NOAIN BiICbKO-
BOrO KOHMNIKTY Ha (PyHKUiOHANbHWUN NCUXOEMOLINHUN
CTaH BUSIBNEHO, WO 3a Wkanot «C-A-Hy» pecnoHaeHTiB i3
03HaKkamv BTOMU / MOpYLUEHb NCUXOEMOLLIHOMO CTaHy ce-
pen onutaHmx 6yno 54 (62,1% + 5,2). brinabko 20% onu-
TaHUX HaBiTb Yepe3 pik Manu He3afoBiNbHY aganTauilo
no obcraBuH. Hanbinblwa nutoma Bara CTyAeHTIB i3 03-
HakamMu MopyLleHb MCMX0eMOLHOro cTaHy fyna cepen
TUX, XTO MaB nepemilieHHsa 3a kopaoH — 70,0%, cepen
TUX, XTO MaB Mirpauito perioHamun YKpaiHu nutoma Bara
cTaHoBuna — 66,7%, icepen Tux, xTo y nepiog (2022—
2023 p.) nepebyBaB Booma Bu3HaveHa Ha piBHi 53,3%.

HepockoHanicTb  opraHi3auinHMX MOMEHTIB 3 BOKy
JepkaBu Ta MicLeBoi BNaau LWoA0 CBOEYACHOI NiATPUMKN
HaceneHHs y KpM30oBUX CUTYyaLisix, 3abe3neveHHs1 HaaaH-
HA MELMKO-MCUXONOTiYHOT 4ONOMOrK, NOWMPEHHS iHOpP-
Mauii Tpeba BpaxoByBaTX B OpraHisauiiHOMy anropuTMi
Npv MOXITMBOMY NOAANbLLIOMY BUHUKHEHHI TyMaHITapHUX,
€KOnoriYHnx abo TEXHOTEHHUX KpU3.

receiving psychological and medical assistance was not
properly organized.

Scientific results of research on the need to establish
medical and psychological assistance for citizens
displaced from Ukraine in the countries of the European
Union have been published. Thus, it is emphasized that
the crisis in Ukraine is dragging on, access to medical care
for Ukrainians in EU countries may be at risk, as countries
have different levels of preparedness and reception,
as well as different healthcare systems, especially in
neighboring countries such as Poland, Slovakia, Bulgaria
and the Czech Republic, which will be strained by the
large number of people arriving from Ukraine [18].

CONCLUSIONS

During the traumatic events of the military conflict in
Ukraine, health deterioration was determined among
66.7% of students, and 41.4% of respondents indicated that
during this period they acquired habits that could negatively
affect their health (smoking, drinking alcohol, etc.). Also,
during the period 2022/2023, there was a decrease in the
academic performance of students (62.1%).

At the beginning of the military conflict, there was
a geographical movement of student youth from the front-
line city of a million people — 20.7% of respondents moved
within the Kharkiv region; 44.0% left for other regions of
Ukraine; 18.1% left the country and 17.2% of respondents
stayed at home. At the same time, the opportunities
for receiving medical and psychological assistance,
information support, underwent changes. Thus, 36 (41.4%)
of the respondents did not have full access to medical
care and 11 (12.6%) had very limited access to medical
care. Also, 51 (58.5%) students gave a positive answer
regarding the need for psychological care.

When determining the impact of the traumatic events
of the military conflict on the functional psycho-emotional
state, it was found that according to the «W-A-M» test,
there were 54 (62.1%) respondents with signs of fatigue/
psycho-emotional disorders among the respondents.
About 20% of the respondents had unsatisfactory
adaptation to the circumstances even after a year. The
largest proportion of students with signs of psycho-
emotional disorders was among those who had moved
abroad (70.0%), among those who had migrated across
the regions of Ukraine, the proportion was (66.7%), and
among those who were at home in the period (2022/2023)
it was determined at 53.3%.

The imperfection of organizational aspects on the
part of the state and local authorities regarding timely
support for the population in crisis situations, ensuring
the provision of medical and psychological assistance,
and the dissemination of information should be taken
into account in the organizational algorithm in the
event of a possible further occurrence of humanitarian,
environmental or man-made crises.
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MepcnekTMBM NOAQABLUMX AOCAIAXKEHb

JocnigpxeHHo nignaralTe akTopy, WO CNPUYMHSIOTH
HEeraTMBHWA BMAMB Ha MCUXOEMOLINHUIA CTaH IOOMHM,
Morogi nig BMAMBOM TyMaHITApHUX KpW3, BU3HAYEHHS
TUX, SIKi 3 HUX MaloTb HaWBINbLWWIA BNMB cepea LUMBINb-
Horo HaceneHHs. [ouinsbHo 6yno 6 BU3Ha4YMTK MexaHiamu
BMHUKHEHHS NcuxonoriyHux 3miH, MTCP cepen UMBIinbHO-
ro HaceneHHs Ha TNi TpaBMaTUYHUX (PaKTOPIB.
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Prospects for further research

The study is subject to factors that cause a negative impact
on the psycho-emotional state of a person, young people
under the influence of humanitarian crises, determining
which of them have the greatest impact among the civilian
population.

It would be advisable to determine the mechanisms of
occurrence of psychological changes, PTSD among the
civilian population against the background of traumatic
factors.
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AxTtyanbHicTb. Koarynonarisi, ska acouiioBaHa 3 pigMHHO0 pecycuuTalieto, Ta agmcemi-
HOBaHe BHYTPILUHbOCYAMHHE 3ropTaHHs KPOBi € PYWHIBHUMMW YCKINaAHEHHAMM noniTpas-
MW, LLIO MPM3BOAATL A0 PO3BUTKY CUHAPOMY MOMIOPraHHOT ANCAYHKLT.

MeTta po60oTu — NpoBecTV NOPIBHAMNbHE AOCHIMKEHHS edekTiB iHysiiHoi Tepanii Ta
npodinakTU4Hoi Tepanii HN3bKOMOMEKYNAPHUMW renaprHaMu y nauieHTiB 3 nonitpas-
MO}O 3 Pi3HMM iHOEKCOM Macu Tina 3anexHoi Big cnocoby pospaxyHky obcsry iHdysii Ta
0031 aHTUKOarynsiHTIB.

Matepianu Ta metoau. [Jo gocnigpkeHHs BktodeHo 201 nauieHTa i3 nonitpaBMoto Ta 3a-
KpWUTOK abaoMiHaNbHOK TPaBMOIO, SKUX PO3MOAINEHO Ha WicTb rpyn. MNauieHTn BCix rpyn
OTpVMMYyBanM eHokcanapuHy HaTpito Ta iHdY3inHY Tepanito BiAMOBIAHO A0 Pi3HWMX cxeMm. Mpu-
3HaYEHHs! Pi3HUX CXeM MiKyBaHHS 6a3yBanoch Ha BU3HaYeHHi ckopuroBaHoi Macu Tina abo
akTyanbHoi Macu Tina. MokasHykn koarynorpamu BU3Hayanu npy HaoxomKeHHi XBOpUX A0
onepawiiHoi, Yepes 24 roguHu nicns onepadji, Ha 3-Tto, 5-Ty, 7-my Ta 10-Ty 806y nicns Hei.
Pe3ynbrat Ta iXx 06roBopeHHs. Y HaloMy [OCHIMKEHHI MOKasaHo, Lo dikcoBaHWiA
pexum iHdy3ii 30 MA/Kr akTyanbHOI Macu Tina y NoeaHaHHI 3 «yHiBepcanbHO» [030t0
eHokcanapuHy HaTtpito 40 Mr x 2 B 0cib i3 MoniTpaBMOtO i OXUPIHHSM | CTymneHs NpusBo-
OWTb 1O MOMIPHOrO, arne CTaTUCTUYHO 3HaYYLLOro NOAOBXKEHHSI MPOTPOMBIHOBOrO Yacy Ta
aKTV1BOBAHOrO 4YaCcTKOBOro TpoMbonnacTMHOBOro Yacy ynpogosx 3—10 gi6 nicns TpaBmu.
Mepexig Ha ckopuroBaHy Macy Tina Ansi BU3Ha4YeHHs 403W HU3bKOMOIEKYSPHUX renapu-
HiB Ta iHdy3ito 40 MN/Kr ideanbHOT Macy Tina yCyHyB BiAXUNEHHs KoarynsuinH1x napave-
TpiB. 3MEHLIEeHHs1 po3paxyHKoBOi 4031 A0 40 MI/Kr ifeanbHOT Macy Tina y Hawwin 6-1 rpyni,
iMOBIPHO, 3HM3UNO CTYMiHb FEeMOAMNIIOLIT Ta HOPMani3yBano NOKa3HUKN Koaryrnorpamu.
BucHoBKW. BukopuctaHHsi eHOKcanapuHy HaTpilo, po3paxoBaHOro 3a CKOPUIOBaHO
Macolo Tina, y NOEAHaHHI 3 PeCTPUKTUBHUM obcarom iHdy3ii 40 mn/kr ineanbHoOi Macu
Tina edekTMBHO 3anobirae AUMOUIAHIN koarynonartii Ta niagTpuMye koarynsuiiHuin 6a-
naHc y nauieHTis 3 nonitpaemoto Ta IMT = 25 kr/m2.

[oriss M.O., Kypcos C.B. Mapkos O.B. Kyapesuy O.M. 3MiHu NoKasHWUKIB koarynorpamu y nauieHTiB 3 NonitpaBmoto 1a
pi3HNM iHAEKCOM MacK Tina B 3aneXHOoCTi Bif cnocoby A03yBaHHSI eHOKcanapuHy HaTpilo Ha TNi 3BUYanHOro Ta pec-
TPUKTUBHOIO PEXUMIB iHY3iViHOI Tepanii. BicHUK Xapkiscbko2o HaujioHarbHO20 yHisepcumemy imeHi B.H. KapasiHa.
Cepis MeduyuHa. 2025. T. 33. Ne 2(53). C. 235-245. DOI: https://doi.org/10.26565/2313-6693-2025-53-06
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ABSTRACT

Background. Coagulopathy associated with fluid resuscitation and disseminated
intravascular coagulation constitutes a devastating complication of polytrauma, leading
to the development of multiple organ dysfunction syndrome.

Purpose — to conduct a comparative study of the effects of intravenous fluid therapy
and prophylactic low-molecular-weight heparin therapy in polytrauma patients with
varying body mass indices, depending on the method of calculating infusion volume and
anticoagulant dosage.

Materials and Methods. A total of 201 patients with polytrauma and closed abdominal
injury were enrolled and allocated to six groups. All groups received enoxaparin-
sodium and infusion therapy according to different protocols. Treatment regimens were
selected on the basis of actual body weight, adjusted body weight, or ideal body weight.
Coagulation parameters were measured on admission to the operating room, 24 hours
after surgery, and on postoperative days 3, 5, 7, and 10.

Results. Our study showed that a fixed fluid infusion of 30 mL/kg based on actual body
weight, combined with a «universal» enoxaparin-sodium dose of 40 mg twice daily,
produced a moderate yet statistically significant prolongation of prothrombin time (PT) and
activated partial thromboplastin time (aPTT) from day 3 to day 10 after injury in polytrauma
patients with class | obesity. Switching to adjusted body weight for low-molecular-weight
heparin dosing and administering fluids at 40 mL/kg of ideal body weight corrected these
coagulation deviations. Reducing the infusion volume to 40 mL/kg of ideal body weight
in our sixth group likely lessened hemodilution and normalised PT and aPTT.
Conclusions. The administration of enoxaparin sodium, dosed based on adjusted body
weight, in conjunction with a restrictive infusion volume of 40 mL/kg IBW, effectively
prevents dilutional coagulopathy and maintains coagulation balance in polytrauma

patients with a BMI = 25 kg/m?2.

For citation:

Gogiya MO, Kursov SV, Markov OV, Kudrevych OM. Changes in coagulation parameters in polytrauma patients with
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fluid therapy regimens. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(2(53)):235—
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BCTYN

Koarynonaris, sika acouinoBaHa 3 piguHHOK pecycum-
Taujieto, Ta AuCeMiHoBaHe BHYTPILUHbOCYANHHE 3ropTaHHs
(OB3) KpoBi € pyNHIBHUMY YCKIagHEHHAMWU NONiTpaBMMu,
WO Npu3BOAATb OO PO3BUTKY CUMHOPOMY MOMiOpraHHol
auncopyHkuii (Cra) [1-3]. Koarynonartisi, sika acouinosa-
Ha 3 pecycuuTauielo, po3BMBAETLCA BHACNIAOK LUBUAKOT
MacuBHOI iH(PY3iT NnasMo3amiHHUX PO3YMHIB, LLIO Ha TAi
IHTEHCVBHOIO CrMOXWBAHHS (DAKTOPIB 3ropTaHHSA KPOBI
B AiNAHUI YLWKOMKEHHA BeAe A0 KPUTUYHOIO 3MEeHLUEH-
Hs X BMICTYy B KPOBI. |HaKWwe 3a3HayeHun cTaH BW3Ha-
YalTb SK «gunouiiHa koarynonatia» [4]. BiporigHicTb
PO3BUTKY Koarynonarii y nocTpaxganux 3 TpaBMOK BXe
npv HagXoOXKeHHi OO KniHikn csrae 24,5% [5]. Akwo Ha-
SIBHICTb KpOBOTEYi B NepLui roAMHU Micna TpaBMU OUKTYE
HeoOXiOHICTb BBEAEHHS 4O OpraHiaMy XBOpux akTopis
3ropTaHHs KpOBi y BUMMAAI Nria3Mu Ta KOHLUEHTpaTy npo-
TPOMOIHOBOrO KOMMIIEKCY, TO Mi3Hille akTyanbHOCTi Haby-
Bae npodinaktuka [OB3-cuHgpomy Ta Tpom6oemboniy-
HUX YCKNafHeHb, AN 4oro, 3asBuyain, BUKOPUCTOBYIOTb
HedpakuioHoBaHWI renapuH abo HU3bKOMOMNEKYNSPHI
renapuHn (HMI). B3 € pyiHiBHUM yCknagHeHHAM no-
niTpaBMU, SKMN XapaKTepu3yeTbCA akTUBaLi€lo CMcTeMU
3ropTaHHs in Vvivo, WO Npu3BoAnNTb 40 BHYTPILUHbOCYOUH-
HOro BigKnageHHst PibpVHY Ta KpOBOTEYi CMOXMBAHHS,
i BpeLUTi-peLuT Moxe npu3secTu go po3sutky Cra [6, 7].
CknagHoto ByBae KopekLuis cTaHy koarynsuii y nauieHTiB
3 MONITPaBMOLO MPU CYMYTHLOMY OXWUPIHHI. AfXe YiTKi pe-
KoMeHaauii Ans uux Bunagkie we v Aoci He po3pobneHi
[8-10]. Po3paxyHok obcsry iHdysii Ha akTyanbHy macy

INTRODUCTION

Coagulopathy associated with fluid resuscitation
and disseminated intravascular coagulation (DIC) are
devastating complications of polytrauma that lead to the
development of multiple organ dysfunction syndrome
(MODS) [1-3]. Resuscitation-associated coagulopathy
develops as a result of rapid massive infusion of plasma-
substituting solutions, which, against the background of
intense consumption of coagulation factors at the site of
injury, leads to a critical decrease in their concentration
in the blood. This condition is also referred to as «dilutional
coagulopathy» [4]. The likelihood of coagulopathy
development in trauma patients upon admission to the
hospital reaches 24.5% [5].

While the presence of bleeding in the early hours after
trauma necessitates the administration of coagulation
factors in the form of plasma and prothrombin complex
concentrate, at later stages, the prevention of DIC and
thromboembolic complications becomes a priority. For this
purpose, unfractionated heparin or low-molecular-weight
heparins (LMWHSs) are typically used. DIC is a destructive
complication of polytrauma. DIC is characterized by activation
of the coagulation system in vivo, leading to intravascular
fibrin deposition and consumptive bleeding, which ultimately
may result in the development of MODS [6, 7].

Correction of coagulation disorders in polytrauma
patients with concomitant obesity is particularly
challenging, as specific guidelines for such cases have
not yet been established [8—10]. Calculating the volume
of infusion based on actual body weight may lead to
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Tina mMoxe Npu3BOAMTU OO0 AWMOUINHOI Koarynonarii ye-
pes3 Te, LU0 X1poBa TKAHWHA MICTUTb 3HAYHO MEHLLUY Kiflb-
KiCTb BOAMW, HiX iHLWI TKAHWHK, | KPOBOTIK TaM Ma€ 3Ha4YHO
MEHLLY iHTEHCUBHICTb. A OTXe iCHYE pU3MK 3aMBOro ne-
pepo3noAiny piavHU A0 iHWWX TKaHWH, 3 guniouieto dak-
TOpIB 3ropTaHHs Ta 30iNbLEHHAM BipOriAHOCTI KPOBOTEY.
BiporigHum € 1 nepeposyBaHHs renapuny [10, 11].

MeTa po60oTH — NPOBECTM NOPIBHAMNBHE AOCHIIKEHHS
edekTiB iHy3inHOI Tepanii Ta npodinakTuyHoi Tepanii
HMI" y nauieHTiB 3 noniTpaBMoto 3 Pi3HMM iIHOEKCOM Macu
Tina 3anexHo Big cnocoby po3paxyHKy obcary iHdya3ii Ta
0031 aHTUKOarynsHTiB.

MATEPIAAU TA METOAU AOCAIAXXEHHA

0o pocnimkeHHs BkntoveHo 201 nauieHTa 3 noni-
TPaBMOIO BiAMOBIAHO 40 CyYaCHUX KPUTEPIiB BUSHAYEHHS
nonitpaemu [12]. JocnigkeHHs BUKOHaHO Ha 6asi Bia-
AineHHa nonitpasMn  KOMyHarnbHOro HEKOMepLinHOro
nignpuemctea «Micbka KniHiYHa nikapHsa WBMAKOI Ta He-
BigknagHoi meguyHoi gonomoru im. O.l. MewaHiHoBa»
XapkiBcbkoi Micbkoi pagu. OB0B’A3KOBUM KOMMOHEHTOM
nonitpaemy Byrna 3akputa TpaBMma XuBoTa. Apke came
roctpa xipypriyHa natosnorisi OpraHis YepeBHOI MOPOXKHU-
HW Ta 3a04epPEBMHHOrO MPOCTOPY acoLiioBaHa i3 noTpe-
6ot0 B TpUBarioMy napeHTepanbHOMY BBELEHHI PiguHM,
CYTTEBMMM MNATOMOrYHUMW BTpaTaMy piavHK 4epes Ti
CEeKBECTpaLito B HAOPSAKMIN 04epeBUHI, KALLEYHUKY, KIiT-
KOBVHI 3a04epeBVHHOrO MpoCTopy, BTpaty ii N0 AeKOM-
NpecinHMX 3oHA4ax Ta ApeHaxax, i Tomy noTtpebye yno-
CKOHaneHHs1 po3pobok Ansa TpyaHwux nauieHTtiB. Cepen
HUX 75 nauieHT 3 HopMarnbHUM iHgekcom macu Tina (IMT
y mexax 18,5-24,9 kr/m?), 90 xBopux 3 HaAMMULLKOBO
macoto (IMT y mexax 25-29,9 kr/m2) Ta 36 nauieHT 3 oxu-
piHHaM 1-ro ctyneHst (IMT y mexax 30-34,9 kr/m?) [8].
MauienTiB po3nogineHo Ha 6 rpyn AOCNigKeHHs BIiANOBIA-
Ho po IMT, cnocoby po3paxyHKy obcsry iHdy3ii Ta 4o3u
aHTUKoarynsHta Ans npodinaktnkn Tpomboemboniy-
HMX yCKNagHeHb. 3acTOCyBaHHSI eHoKcanapuHy HaTpito
€ peKkomMeHaoBaHMM BMOOpPOM ANns GinbLIOCTI nauieHTiB
i3 TpaBMamu, a BULLi 4O3W 3apa3 BBaXXalTbCs CTaHAap-
TOM nikyBaHHA. EHOkcamapwHy HaTpii BBaXalTb OC-
HOBHMM 3acoboM Ans dapmMakonoriyHoi NpodinakTnku
Yepes 1oro niasuweHy 6iogoCcTynHiCTb, AOBLWNIA nepios
HaniBBMBEAEHHs 3 nna3mm Ta OGinbw nepenbavysa-
Hy pbapmakokiHeTUKY Ta bapMakoguMHaMiKy MOpPiBHAHO
3 HedhpakuUioHOBaHVMM renapuHom. EHokcanapuHy HaTpin
MEHLLIe B3aemMogi€e 3 TpoMOoLMTaMu, L0 MOXKE 3MEHLLNTU
YCKMagHEHHS KPOBOTEYi MOPIBHAHO 3 HedpaKLioOHOBaHUM
renapuHoM; Mae Hx4y 4acToTy iHAYKOBaHOI renapuHoMm
TpombGouuToneHii, i He Hagae acouioBaHOro OCTEOMNo-
po3y, SKWN CROCTEepIraeTbCa NpWU MnikKyBaHHI renapuHomMm.
Bnbip novaTkoBoi 03K eHokcanapuHy HaTpito 40 Mr ABidi
Ha [eHb crig BBaXaTu cTaHA4apToM Ansa GinbliocTi naui-
€HTIB i3 TpaBMamMu, ockinbku 30 Mr ABidi Ha AeHb 4acTo
npu3BoOaUTbL A0 HeadekBaTHOI dhapmakonoridyHol npodi-
naktukn [7]. 3rigHo 3 pekomeHaauisMM €BpPONEencbKoro
ToBapucTBa kapgionoris (2019), po3pobneHux y cniBnpa-
Ui 3 €BponercbkMM pecnipaTopHM TOBapuUCTBOM, LLOAO
AiarHoCTVKM Ta nNikyBaHHSA roctpoi embonii nereHeBoi
apTepii: AKWO aHTMKoarynsHTHa Tepanis po3novYnMHaceTb-
Csl NapeHTepanbHUM LWNAXOM, Ans GinbLlIoCTi nauieHTiB
i3 cepegHiM pU3MKOM nereHeBoro TpomboembGoniamy

dilutional coagulopathy, because adipose tissue contains
significantly less water than other tissues and has a much
lower blood flow. Consequently, there is a risk of excessive
fluid redistribution into other tissues, dilution of coagulation
factors, and an increased likelihood of bleeding. Overdosing
of heparins is also a potential risk [10, 11].

Objective — to conduct a comparative study of the
effects of infusion therapy and prophylactic LMWH
therapy in polytrauma patients with varying body mass
index values, depending on the method of calculating the
infusion volume and anticoagulant dosage.

MATERIALS AND METHODS OF RESEARCH

A total of 201 patients with polytrauma, as defined
by modern diagnostic criteria for polytrauma [12], were
included in the study. The research was conducted at the
Polytrauma Department of the Municipal Non-Commercial
Enterprise «O.l. Meshchaninov City Clinical Emergency
and Urgent Medical Care Hospital» of the Kharkiv City
Council. A mandatory component of the polytrauma was
closed abdominal trauma, since acute surgical pathology
of the abdominal and retroperitoneal organs is associated
with the need for prolonged parenteral fluid administration,
significant pathological fluid losses due to sequestration
in the edematous peritoneum, intestines, retroperitoneal
tissue, losses via decompression tubes and drains, and
thus requires improved protocols for complex patients.

Among the patients, 75 had anormal body mass
index (BMI 18.5-24.9 kg/m?), 90 were overweight
(BMI 25-29.9 kg/m?), and 36 had class | obesity (BMI
30-34.9 kg/m?) [8]. Patients were divided into six study
groups according to their BMI, the method used to
calculate infusion volume, and the dose of anticoagulants
for thromboprophylaxis.

Enoxaparin sodium is the recommended choice
for most trauma patients, with higher doses now
considered the standard of care. Enoxaparin sodium
is preferred for pharmacological prophylaxis due to its
higher bioavailability, longer plasma half-life, and more
predictable pharmacokinetics and pharmacodynamics
compared to unfractionated heparin. It interacts less
with platelets, potentially reducing the risk of bleeding
complications relative to unfractionated heparin; it is also
associated with alower incidence of heparin-induced
thrombocytopenia and does not cause the osteoporosis
often seen with heparin treatment. When choosing
an initial dose, 40 mg of enoxaparin sodium twice
daily should be considered standard for most trauma
patients, as 30 mg twice daily often results in inadequate
pharmacological prophylaxis [7].

According to the 2019 guidelines of the European
Society of Cardiology, developed in collaboration with
the European Respiratory Society for the diagnosis
and management of acute pulmonary embolism, if
anticoagulant therapy is initiated via the parenteral route,
low molecular weight heparins or fondaparinux are
recommended for most patients at intermediate risk of
pulmonary thromboembolism (evidence level I1A) [13].

Patients in groups 1, 2, and 3 received enoxaparin
sodium at a dose of 40 mg twice daily and fluid infusion at
a volume of 30 ml/kg of actual body weight (ABW) per day,
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PEeKOMeHOYETLCA 3aCTOCYBaTW HNU3LKOMOMEKYNAPHI rena-
pvHu abo cdoHaanapuHyke (piseHb gokasis 1A) [13].
MauienTn 1-i, 2-i Ta 3-i rpyn gocnigXeHHsa oTpumMyBa-
N eHoKcanapuHy Hatpito B 4o3i 40 Mr gBidi Ha o6y Ta
iHdpysito B 06¢csasi 30 mn/kr akTyanbHoi macu Tina (ABW)
Ha o0y + KoMneHcaLis NaTonoriYHMx BTpaT PiauvHM.
MauienTn 4-i Ta 5-i rpyn QocnimjKeHHs oTpuMyBanu
eHoKcarnapyvHy HaTpilo B pO3paxyHKy Ha CKOpUroBaHy
macy Tina Apivi Ha 8oby Ta iHdya3ito B 06ca3i 30 mn/Kr ak-
TyanbHoi Macu Tina (ABW) Ha o6y + komneHcauis narto-
NOriYHMX BTPaT PiANHW.
MauieHTn 6-i rpyny oTpumyBany eHokcanapuHy HaTpito
B PO3paxyHKy Ha CKopurosaHy Macy Tina Agivi Ha oby Ta
iHysito B 06casi 40 mn/kr ineansHoi macu Tina (IBW) Ha
[oby + KoMneHcaLis naTonoriyHMx BTpaT PignHu.
lneanbHy macy Tina (IBW, ideal body weight) pos-
paxoByBanu, OpPIEHTYHUMCb Ha pekomeHaalii €Bponen-
CbKOro TOBapuCTBa iHTEHCUBHOI Tepanii Ta bpuTaHcbkoro
TopakanbHoro Tosapuctaa [14].
IBW (kr) = 50 + 2,3*(3picT (cm) /2,54 — 60) ons vonosikis (1)
IBW (kr) =45,5 + 2,3*(3picT (c™m) /2,54 — 60) ons xiHOK (2)
CkopuroBaHy macy Tina (AjBW, adjusted body weight)
po3paxoByBanu 3a opmynoto:
AjBW (kr) = IBW (kr) + 0,3*(ABW — IBW) (kr) (3) [10].
Xapaktepuctukv neplumx 3-x rpyn nauieHTiB 3 noni-
TpaBMOLO NnogaHo B Tabnumui 1.

plus compensation for pathological fluid losses. Patients
in groups 4 and 5 received enoxaparin sodium calculated
based on adjusted body weight (AjBW) twice daily and
fluid infusion at a volume of 30 ml/kg of ABW per day, plus
compensation for pathological fluid losses. Patients in
group 6 received enoxaparin sodium calculated based on
AjBW twice daily and fluid infusion at a volume of
40 ml/kg of ideal body weight (IBW) per day, plus
compensation for pathological fluid losses.

The ideal body weight (IBW) was calculated based on
the recommendations of the European Society of Intensive
Care Medicine and the British Thoracic Society [14]:

IBW (kg) = 50 + 2.3 x (height (cm) / 2.54 — 60) for men
IBW (kg) =45.5 + 2.3 x (height (cm) / 2.54 — 60) for women

The adjusted body weight (AjBW) was calculated
using the formula:

ABW (kg) = IBW (kg) + 0.3 x (ABW — IBW) (kg) [10].

The characteristics of the first three groups of
polytrauma patients are presented in Table 1.

Tabnuusa 1. XapakTepucTuku nepLUoi, Apyroi Ta TpeTboi rpyn nauieHTis (M+SD)
Table 1. Characteristics of the first, second, and third patient groups (M+SD)

1-warpyna | 2-rarpyna | 3-tarpyna
fokasHmk Group 1 Group 2 Group3 | P(1-2) | P(1-3) | P(2-3)
Parameter _ _ _
n=41 n=54 n=21
IMT kr/m?
23,15+1,09 | 27,29+1,28 | 32,13+1,54 | <0,001 | <0,001 | <0,001
BMI, kg/m?
H 2
fnowa nos. Tina, m 1,810,111 | 1,99:0,14 | 2,12¢0,14 | <0,001 | <0,001 | <0,001
Body surface area, m?
Hon /xix 26/15 45/9 15/6 >0,05 | >005 | >0,05
Male / Female
Bik, pokv 33,12+11,99 | 35,83+13,89 | 34,62¢12,89 | >0,05 | >0,05 | >0,05
Age, years
AIS, Ganm points 3,12+0,33 | 3,13+0,34 | 3,10:0,44 | >0,05 > 0,05 > 0,05
ISS, 6anu points 25,6146,51 | 23,41+4,74 | 23,52+275 | >0,05 > 0,05 > 0,05
Hb, r/n npu Hanxomkerki 123,4+19.4 | 129,2419,7 | 127,1¢188 | >005 | >005 | >0,05
Hb, g/L at admission
Hb, rin nicnsa 1 ron. pecycy. 97,6¢11,2 | 100,6+14,3 | 102,8¢12,3 | >005 | >005 | >0,05
Hb, g/L after 1 h resuscitation
Cucton. AT, mm Hg / Systolic BP, mm Hg 109,9+16,2 | 109,3+12,6 | 109,8+11,1 > 0,05 > 0,05 > 0,05
Cepeny. AT, Mu Hg 83,2+10,7 | 82,6484 | 836:79 | >005 | >005 | >005
Mean BP, mm Hg
LLok. inoekc Anbrosepa / Alghower shock index 0,91+0,25 0,91+0,17 0,89+0,16 > 0,05 > 0,05 > 0,05
Mogaundik. Wok. IHaekc
Modified shock index 1,20£0,31 | 1,20£0,22 | 1,17+0,21 > 0,05 > 0,05 > 0,05

XapakTtepuctuku 4-i, 5-i Ta 6-i rpyn naujieHTiB 3 noni-
TpaBMOO NpeacTaBneHo B Tabnumui 2.

[ns Toro, wob pe3ynbsraTv JocnigKeHHs 6ynu gocTo-
BipHi, Y NauieHTiB He JonycKann 3MeHLIEeHHS KOHLeHTpa-
uii remorno6iHy B KpoBi MeHwe 70 r/n, HasBHOCTI Aedi-
unty BydepHnx OCHOB, 3HauHiwe, Hix 6,0 Mmmonb/n Ta
BMIiCTY B nna3mi KpoBi ibpuHoreHy meHwe 2 r/n. B go-
CnigXeHHi He Byno nauieHTiB, B SIKUX PiBEHb CUCTOMIYHO-
ro aptepiansHoro Tucky (AT) 6yB mMeHwum 3a 70 mm Hg.

The characteristics of the 4th, 5th, and 6th groups of
polytrauma patients are presented in Table 2.

To ensure the reliability of the study results, patients
with hemoglobin concentrations below 70 g/L, buffer
base deficits greater than 6.0 mmol/L, or plasma
fibrinogen levels below 2 g/L were excluded. There were
no patients with systolic arterial blood pressure (BP)
below 70 mm Hg in the study. All patients had a trauma
severity score (ISS, Injury Severity Score) of 17 points
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Bci nauieHT Manu ouiHKy TSXKKOCTI TpaBMM 3a LLKAnNow
ISS (Injury Severity Score) 17 6anis i 6inbLue, a 3a cko-
podeHol LWKkanow TpaBmatuamy (AlS) = 3 6anis [15].
MokasHWKu Koarynorpamu BU3Ha4anM nNpv HagXomKeHHI
XBOPMX A0 onepauinHoi, Yyepes 24 roguHu nicns onepadii,
Ha 3-Tto, 5-Ty, 7-my Ta 10-Ty goby nicns Hei.

or higher, and an abbreviated injury scale (AlS) score
= 3 points [15].

Coagulogram parameters were measured on
admission to the operating room, 24 hours after surgery,
and on the 3rd, 5th, 7th, and 10th days post-operation.

Tabnuus 2. XapakTepucTUkn YeTBepPTOi, M'ATOI Ta WocToi rpyn nauieHTis (M+SD)

Table 2. Characteristics of the fourth, fifth, and sixth patient groups (M+SD)

MoKasHuK 4-tarpyna | 5-tarpyna | 6-Tarpyna
Group 4 Group 5 Group6 | P(4-5) | P(4-6) | P(5-6)
Parameter _ _ _
n=34 n=36 n=15
IMT kr/m? / BMI, kg/m? 23,14+1,10 | 26,49+1,18 | 32,18+1,53 | <0,001 | <0,001 | <0,001
1 2
fnowa nos. Tina, m 1,85£0,10 | 1,96+0,10 | 2,05:0,12 | <0,001 | <0,001 | <0,001
Body surface area, m?
Hon /xdn 29/5 32/4 10/5 >005 | >005 | >0,05
Male /Female
Bik, pokv / Age, years 37,97+14,92 | 38,69+12,90 | 42,53+8,92 | >0,05 | >005 | >0,05
AIS, 6anu points 3,15+0,36 | 3,11#0,32 | 3,20¢041 | >005 | >005 | >0,05
ISS, 6anu points 27,85+8,10 | 27,58+8,44 | 27,07+9,59 | >0,05 | >005 | >0,05
HD, r/n npu HapXOMKEHHI 128,8487 | 127,8480 | 1301476 | >005 | >005 | >0,05
Hb, g/L at admission
Hb, r/n nicns 1 roa. pecycu. 994491 | 10054103 | 985+98 | >005 | >005 | >0,05
Hb, g/L after 1 h resuscitation
Cucton. AT, mm Hg / Systolic BP, mm Hg 106,9+15,6 | 106,1+16,7 | 108,0+18.1 | >0,05 | >0,05 | >0,05
Cepenw. AT, mm Hg 8144109 | 79,9117 | 811#125 | >005 | >005 | >0,05
Mean BP, mm Hg
LLok. inaekc Anbrosepa / Alghower shock index 0,99+0,26 0,99+0,27 0,98+0,30 > 0,05 > 0,05 > 0,05
Mogudik. wok. IHaekc
Moo Shosk o 1,20¢0,32 | 1,31:0,33 | 1,29¢0,38 | >005 | >005 | >0,05

Pesynsrat gocnimkeHHs 06pobneHo 3a [0MoMOro Bu-
3HaHUX METOAIB Cy4acHOI MateMaTUYHOI CTaTUCTUKW Ta Npea-
cTaeneHo y Bumsai M £ SD (3Ha4eHHst cepeHbOi CTaTUCTUy-
HOI BENUYMHM + CTaHOApTHE BiOXwneHHs). [ns Brv3Ha4YeHHs
[OCTOBIPHOCTI BiAMIHHOCTI pesyrsraTiB nepesipsanu BUbIpku
Ha HopManbHICTb posnoginy. MNpy HopmansHoMy po3noini
BMKOPWCTOBYBanM AUCMEPCinHUA aHania 3 napameTpuyHUM
KpUTEPIEM MHOXVHHWX MopiBHsHL LLledbdpe. Mpu BigcyTHOCTI
HOpMasibHOCTI PO3Moziny BUKOPUCTOBYBamn HenapameTpuydHi
KpuTepii MHOXMHHMX NopiBHsHBb [aHHa Ta Kpyckana-Yonnica.

Mporpamy pocnigxeHb Gyno po3rnsiHyTO W 3aTBep-
oxeHo Kowmicieto 3 eTukn Ta 6ioeTukm XapkiBCbKOro Ha-
uioHanbHoro yHiBepcutety imeHi B.H. KapasiHa MiHic-
TepcTBa OXOpPOHW 340poB’a YkpaiHu ([Mpotokon Ne 2,
Big 03.10.2021 p.). JOKyMeHT NiAroTOBMNEHO Ha 3acajax
lenbciHcbKOI geknapauii BececBiTHLOI MeguyHoi acouia-
uii (1964 p., i3 nonpaskamu 2013 p.) Ta «MixHapogHmx
€TUYHMX HacTaHOB Anst 6iomeanyHUX AOCnimKeHb 3 yvac-
Tio ntoamHuy (CIOMS, 2016) i npmBeaeHo y BignoBiaHICTb
00: «KoHBeHLUiT Npo 3axucT npas Ta FgHOCTI NIOOAUHK
oo 3acTtocyBaHHs Gionorii Ta meamuunHmy (KoHBeHuis
Or’eno, 1997); HactaHoeu ICH-GCP E6(R2) «HanexHa
KniHiYHa npaktuka»; Permamenty (€C) 2016/679 €Bpo-
nencekoro MapnamveHty Ta Pagn (GDPR) wopo 3axucty
nepcoHanbHux AaHux; 3akoHy YkpaiHm  «OcHo-
B/M 3aKOHOOABCTBA YKpaiHWM MpPO OXOPOHY 340pOB’s»
Ne 2801-XII Big 19.11.1992 p.; 3akoHy YkpaiHu «[1po 3a-
XUCT nepcoHanbHux gaHnx» Ne 2297-VI sig 01.06.2010 p.;
Hakasy MiHicTepcTBa OXOpOHM 3A40pOB’A  YKpaiHu
Ne 690 Big 23.09.2009 p. «[po 3atBepaxeHHs MNopagky
NPoBeAEHHST KMiHIYHMX BUNPOOYyBaHb NiKapCbKMX 3aco-
6iB Ta ekcnepTMan mMatepianis KniHiYHUX BUNpobyBaHbY;

The study results were processed using recognized
methods of modern mathematical statistics and are
presented as M+SD (mean value + standard deviation).
To determine the significance of differences, samples
were tested for normality of distribution. For normally
distributed data, analysis of variance (ANOVA) with
Sheffe’s parametric multiple comparison test was
used. For non-normal distributions, nonparametric
multiple comparison tests of Dunn and Kruskal-Wallis
were applied.

The research protocol was reviewed and approved
by the Ethics and Bioethics Committee of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine (Protocol No. 2, 03.10.2021). The
document was prepared based on the principles of the
World Medical Association’s «Declaration of Helsinki»
(1964, amended 2013) and the «International Ethical
Guidelines for Biomedical Research Involving Human
Subjects» (CIOMS, 2016), and aligned with the following:
the «Convention for the Protection of Human Rights and
Dignity of the Human Being with regard to the Application
of Biology and Medicine» (Oviedo Convention, 1997);
ICH-GCP E6(R2) «Good Clinical Practice» guidelines;
Regulation (EU) 2016/679 of the European Parliament
and Council (GDPR) on data protection; Ukrainian
Law «Fundamentals of Ukrainian Legislation on Health
Care» No. 2801-XIl dated 19.11.1992; Ukrainian Law
«On Personal Data Protection» No. 2297-VI| dated
01.06.2010; Order of the Ministry of Health of Ukraine
No. 690 dated 23.09.2009 «On Approval of the Procedure
for Conducting Clinical Trials of Medicinal Products
and Expertise of Clinical Trial Materials»; Order of the
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Hakasy MiHicTepcTBa OXOpOHW 3[40pPOB’A  YKpaiHu
Ne 199 Big 22.09.2005 p. «[Npo 3atBepaxeHHsa [Mpasun
HanexHol KNiHIYHOT NPaKTUKNY.

YCi y4acHVKM Haganun nucbMoBY iHOPMOBaHY 3rogy
Ha y4acTb y JOCNiOKEeHHi Ta 06POOKY iXHiX MepCOoHanbHNX
OaHunX; NiKyBaHHA 1 06CTEXEHHS NPOBOAUNMCH BifMnoBigHO
00 3a3HavYeHVX HOPMaTUBHUX OOKYMEHTIB Ta MpUHLMNIB
[06poBiNbHOCTI, KOHMIAEHUINHOCTI 1 6e3nekn naLieHTIB.

PE3YABTATU TA iX OBrOBOPEHHS

Cepeq nauieHTiB, XTO OTPUMYBaB €HOKcanapuHy Ha-
Tpito y Ao3i 40 mr ABidi Ha 406y Ha P OHI 3BUYANHOTO PO3-
paxyHky obcsry iHdysiriHoi Tepanii (nauieHtn 1-i. 2-i Ta
3-1 rpynu) BU3HAYEHO, LLO MNOKa3HWKK Koarynorpamm (npo-
TpombGiHoBMI Yac (MMY) i akTMBOBaHMI YacTKOBUIA TPOM-
6onnactnHoBun Yac (AYTY)) npoTarom JOCHigXeHHs He
OOCTOBIPHO He PO3PI3HANUCHA Yy XBOPUX 3 HOPMarnbHUM
IMT Ta xBOpMX 3 HAAMMULLKOBOK Macoto Tina. PesynsraTtu
HaBegeHo B Tabnuui 3.

Ministry of Health of Ukraine No. 199 dated 22.09.2005
«On Approval of Good Clinical Practice Rules».

All participants provided written informed consent
to participate in the study and for processing of their
personal data. Treatment and examinations were
conducted in accordance with the above regulatory
documents and principles of voluntariness, confidentiality,
and patient safety.

RESULTS END DISCUSSION

Among the patients who received enoxaparin sodium
at a dose of 40 mg twice daily alongside the conventional
calculation of infusion therapy volume (patients in groups
1, 2, and 3), it was determined that coagulation parameters
(prothrombin time (PT) and activated partial thromboplastin
time (aPTT)) did not differ significantly during the study
between patients with normal BMI and those with
overweight. The results are presented in Table 3.

Tabnuusa 3. 3MiHN NoKa3HWKIB koarynorpamu (B cekyHaax)
y 1-3-i rpyn naujieHTiB 3 nonitTpaBmoto B Npoueci nikyBaHHsi Ta o6cTexxeHHs (M+SD)
Table 3. Changes in coagulation parameters (in seconds)
in patient groups 1-3 with polytrauma during treatment and examination (M+SD)

Yac Bn3HadyeHHsa npoTtpomb. vyac, ¢ 1-wa rpyna 2ra rpyna 3™ rpyna
. POTPOMD. Hac, Group 1 Group 2 Group3 | P(1-2) | P(1-3) | P(2-3)
Time of measurement / Prothrombin time, s _ _ _
n=41 n=54 n=21
Mlpu HAAXOMKEHHI A0 onepaviiHoi 13,07+1,32 | 12,82+1,11 | 13,03+0,72 | >0,05 | >005 | >0,05
Upon admission to OR
Yepes 24 rog. / After 24 hours 14,60+£1,16 | 14,38+1,01 | 14,70+0,91 > 0,05 > 0,05 > 0,05
3'g'a§l°363 13,85£0,81 | 13,60£1,00 | 14,63£0,73 | >0,05 | <0,001 | <0,001
5'TDaa§°56a 14,17+0,70 | 14,01+0,68 | 16,80¢1,02 | >0,05 | <0,001 | <0,001
7"‘61 5‘;63 14,49+0,65 | 14,26+0,52 | 18,13:0,87 | >0,05 | <0,001 | <0,001
105;""}/;:%63 14,18+0,69 | 14,06+0,57 | 17,49+0,90 | >0,05 | <0,001 | <0,001
AYTY, c; npyn HagxomKeHHI JO onepauinHol
APTT. & Upon admission o OR 30,68+3,98 | 30,46+2,79 | 29,76+¢2,00 | >005 | >005 | >0,05
Yepes 24 rop. / After Day 24 40,61+4,32 | 39,06+3,58 | 40,95+2,77 | >0,05 | >005 | >0,05
S'TD"ac%ﬁa 39,27+5,02 | 38,39+4,61 | 40,57+427 | >005 | >005 | >0,05
5'?35“?"" 37,22+4,61 | 37,26+3,66 | 40,00£3,61 | >005 | <005 | <0,05
7"\633 5‘;63 36,22+3,55 | 36,56+3,43 | 40,14+4,13 | >0,05 | <005 | <005
1052;;%63 32,5142,43 | 32,89+2,38 | 35.86:243 | >005 | <005 | <005

[MauieHTn 3 OKUPIHHAM  1-f0  CTyneHa npoTArom
3-10 gobu nicnga TpaBMu mManu nokasuHuk MY, wo gocro-
BipHO nepeBsuLlyBaB cepegHin MY y xBopux 1-i Ta 2-i
rpyn gocnimkeHHsa. A4TY y xBopux 3-i rpynv AocToBip-
Ho nepesuwyBaB AYTY nauieHTiB 3 HopmanbHUM IMT Ta
XBOPUX 3 HAA MLLIKOBOK Macoto Tina npotsrom 5-10 gi6
pocnigpkeHHsa. 30inbleHHa nokasHukis MY ta AYTY He
MOXHa HasuMBaTU KPUTUYHUM. ApKe nule B OeKiNbKox
BMMNagKax BOHW MNEPEBULLNIN BEPXHIO MEXY HOPMM Binb-
we, Hix B 1,5 pasy.

[Mpu NopiBHSIHHI NOKa3HMKIB Koarynorpamu cepeg na-
LiEHTIB, XTO OTPMMYBaB eHOKCcanapuHy HaTpito B 4031 ABii

Patients with grade 1 obesity had prothrombin time
(PT) values from days 3to 10 after trauma that were
significantly higher than the average PT in patients from
groups 1 and 2. The activated partial thromboplastin time
(aPTT) in patients of group 3 was significantly higher than
that of patients with normal BMI and those who were
overweight during days 5-10 of the study. The increase
in PT and aPTT values cannot be considered critical, as
only in afew cases did they exceed the upper limit of
normal by more than 1.5 times.

When comparing coagulation parameters among
patients who received enoxaparin sodium twice daily
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Ha [o6y B po3paxyHKy Ha ckopuroBaHy macy Tina (AjBW)
Ha OoHi 3BUYaHOrO po3paxyHKy obcsry iHgys3iHoi Te-
panii (nauieHTn 4-i Ta 5-i rpynu) Ta TMX, KOMy iHdy3iHa
Tepanis NpoBoAunachk i3 po3paxyHky 40 mn/kr ineanbHoi
macw Tina (IBW) (6-ta rpyna) 4oCTOBipHUX po3bixHOCTEN
He Oyno 3HangeHo NPOTAroM BCbOrO Yacy AOCHIAXKEHHS.
He BUSIBNEHO KPUTUYHOIO 3pOCTaHHS abo CKOPOYEHHS
TpueanocTi MY Ta AYTY. JaHi HaBeaeHo B Tabnuui 4.

dosed according to adjusted body weight (AjBW)
alongside conventional calculation of infusion volume
(patients of groups 4 and 5) and those who received
infusion therapy calculated at 40 mi/kg of ideal body
weight (IBW) (group 6), no significant differences were
found throughout the study period. No critical increase or
decrease in PT and aPTT duration was observed. The
data are presented in Table 4.

Ta6nuus 4. 3MiHM NoKa3HUKIB koaryrorpamu (B cekyHaax)
y 4—6-i rpyn naujieHTiB 3 NoniTpaBmoto B NpoLeci fikyBaHHsi Ta obcTexeHHs (M+SD)
Table 4. Changes in coagulation parameters (in seconds)
in patient groups 4—6 with polytrauma during treatment and examination (M+SD)

Yac BuaHaueHHs / Mpotpom6. yac, ¢ STEINANE || STEIMENE || B [T
. POTPOMO. Hac, Group 4 Group 5 Group6 | P(4-5) | P(4-6) | P(5-6)
Time of measurement / Prothrombin time, s _ _ _
n=34 n=36 n=15
Mlpy HAAXOMKEHHI A0 onepaviiHoi 13,88+1,81 | 13,32+1,65 | 13,33¢1,95 | >0,05 | >0,05 | >0,05
Upon admission to OR

Hepes 24 roa, 14,74£1,99 | 14,31£1,98 | 14,21¥232 | >005 | >005 | >0,05

After 24 hours
3'B"a§%68 13,77+1,06 | 13,53+1,52 | 13,29¢1,75 | >0,05 | >0,05 | >0,05
5‘5230563 13,50+1,10 | 13,43+1,31 | 13,21+1,51 | >0,05 >0,05 > 0,05
7"‘&2 5‘;63 13,42£0,94 | 13,38+1,09 | 13,19+1,22 | >0,05 | >0,05 | >0,05
105:/‘2%63 13,4040,66 | 13,34+0,91 | 13,19+1,08 | >005 | >005 | >0,05
AHTH, ¢, npu HanXomkekHi A0 OnepauiHo 33,03+5,31 | 32,89+4,92 | 32,47¢563 | >005 | >005 | >0,05

APTT, s/Time of measurement
Hepes 24 rop, 30,0746,66 | 41,2246,10 | 41,13t6.82 | >005 | >005 | >005
Upon admission to OR
3-;3%@ 40,0316,21 | 39,39+5,49 | 39,40+6,25 | >0,05 | >005 | >0,05
5'3‘35‘%6"" 38,18+4,27 | 38,25+4,61 | 3820533 | >005 | >005 | >0,05
7"‘62 5‘;63 36,65+3,49 | 36,64+3,94 | 36,47+447 | >005 | >005 | >005
10[');ayﬂ%6a 32,0443 52 | 32,86+4,05 | 33,33+4,67 | >005 | >005 | >0,05
OBrOBOPEHHA DISCUSSION

Y Hawomy pocnifKeHHi nokasaHo, Lo ikcoBaHUN
pexum iHdysii 30 mn/kr ABW y noegHaHHi 3 «yHiBep-
canbHOK» 0030 eHokcanapuHy HaTpito 40 Mr x 2 B ocib
i3 MoMiTpaBMOK W OXWPIHHAM | CTyneHs npu3BoanTb OO0
NMOMIpPHOro, ane CTaTUCTUYHO 3HaYYLLIOro NoAoBXeHHs MY
Ta AYTY ynpopoex 3-10 ai6 nicna Tpasmu (tabn. 3). MNe-
pexig Ha AjBW aons Bu3HayeHHs 4031 HU3bKOMOMEeKynsap-
Hux renapuHis (HMI) Ta iHdysito 40 mn/kr IBW ycyHyB
BiOXWMNEHHS KoarynsauinHmx napamMetpis (tabn. 4). Takun
pesynbTaT y3roaXKyeTbCsa 3 Cy4aCHMMU YSABIIEHHAMMU MPO
[OBa KITHOYOBIi MEXaHi3MW: reMOAMIIOLIAHOI Koarynonarii
Ta HedoCTaTHbOI MPOTUTPOMOBOTUYHOI Aii CTaHAapTHOI
no3v HMI y nauieHTiB 3 BUCOKMM iHOEKCOM Macw Tina.

HagnuwkoBa KkpuctanoigHa pecycuuTauis nigsu-
Lye pW3MK Koaryrnonartii BHacrnifok po3BefdeHHst dak-
TOPIiB 3ropTaHHsi, WO OCOGNMMBO MOMITHO B MALiEHTIB
3 OXKMPIHHAM, Y SKUX XUPOBUIN KOMMOHEHT MICTUTb Mano
nosakniTuHHOI Boan [16]. CucteMHun orngag Wo[o cen-
cucy niaTBepamB, WO obuncneHHs ob’emy iHQy3ii 3a
ABW y xBopux i3 IMT = 30 kr/m? acouitoeTbcsa SK i3

Our study demonstrated that a fixed infusion regimen
of 30 ml/kg actual body weight (ABW) combined with
a «universal» enoxaparin sodium dose of 40 mg twice
daily in patients with polytrauma and grade 1 obesity leads
to a moderate but statistically significant prolongation of
prothrombin time (PT) and activated partial thromboplastin
time (aPTT) during days 3-10 after trauma (Table 3).
Switching to adjusted body weight (AjBW) for determining
the dose of low-molecular-weight heparins (LMWH)
and an infusion volume of 40 ml/kg ideal body weight
(IBW) eliminated deviations in coagulation parameters
(Table 4). This result aligns with current understanding of
two key mechanisms: hemodilutional coagulopathy and
insufficient antithrombotic effect of the standard LMWH
dose in patients with high body mass index.

Excessive crystalloid resuscitation increases the risk
of coagulopathy due to dilution of clotting factors, which is
particularly pronounced in obese patients whose adipose
tissue contains little extracellular water [16]. A systematic
review on sepsis confirmed that infusion volume calculation
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rineprigpaTauieto, Tak i 3 nopyleHHsaM remoctasy [17].
3MeHLWweHHs po3paxyHkoBoi Ao3u o 40 mn/kr IBW y Ha-
Wi 6-1 rpyni, iIMOBIPHO, 3HU3UIIO CTYNiHb remoauntoLil Ta
HopmaniszyBano MY/A4TY.

MpakTnyni HactaHoBn VUMC (2024) pekoMeHOyTh
eckanauito eHokcanapuHy Hatpito 0o 40-80 Mr KOXHi
12 roanH npu maci > 90 kr a6o IMT > 30 kr/m? 3 060B’s13-
KOBUM KOHTpOreM MiKOBOro piBHA aHTU-Xa-aKTUBHOCTI
0,2—-0,4 MO/mn [18]. KniHiuHi cepii Ta peectpu (CLOTT-1)
nokasanwu, WO [03yBaHHSA 3arexHo Big Macu Tina [o
0,5 mr/kr gBivi Ha OOy OOCTOBIPHO 3MEHLUYE 4acToTy
TpomOB03y rmMmMbokmnx BeH 6e3 3pocTaHHs kposoTeu [19, 21].
Y Hawin poboTi BukopuctaHHa AjBW-opieHToBaHOiI cxe-
MK 3a6e3neunno Kpawmin «banaHc» Mk NpodinakTUkow
TPOMOO3y TMMBOKMX BEH M YHUKHEHHAM HaZMIpHOrO aH-
TUKoarynsuinHoro edekTy (BiACYTHICTb KPUTUHHNX KPOBO-
Tey Ta crabinbHi MY/AYTY).

€Bponencbki pekomeHpadii 2024 p. ona nauieHTiB i3
OXMPIHHAM MNiOKPECMIOTL Nepesary iHAMBIQYani3oBaHuX,
a He pikcoBaHmx o3 HMT, i3 moxnueoto notpeboto y Bu-
WmMx [os3ax Ta/abo aHTU-Xa-opieHTOBaHOMY TWUTPYBaHHI
[20]. CnoctepexHi gocnimkeHHs 2025 p. y BigaineHHsax
IHTEHCVBHOI Tepanii Nokasanu 3MEeHLLEHHS YacTOTW TPOM-
6oemboniyHnx ycknagHeHs 3 4% po 1,3% nicns nepexogy
Bif, dhikcoBaHOro pantenapvHy [0 aHTU-Xa-KepoBaHOro
eHokcanapuHy Hatpito [19], WO Y3rogXyeTbCs 3 HalUMm
BMCHOBKOM NPO AOLiNbHICTb iHAMBIAyansHoro nindopy 4o3u.

CTOCOBHO iHQpy3iHOI  Tepanii, HedaBHIN ornsg
J. Trauma Acute Care Surg (2025) pekomeHaye obme-
XXEHHS KPUCTanoifiB i paHHE 3aCTOCYBaHHSA KOMMOHEHTIB
KpOBI, MiAKpecrnionun, Wwo «oauH ob’eM Ons BCiX» He-
NPUMAHATHUI, a cTpaTerii MalTb BpaxoByBaTu BMICT BOAU
B pi3HMX TKkaHWHax [16]. Haw npotokon 40 mn/kr IBW wmi-
HiMi3y€e p13uK rinepBoneMii Ta NiATBEPOXKYE Te, O HaBITb
«igeanbHa maca Tina» moxe 6yt 6esnevHiwoto Big ABW
Y KOHTEKCTi koarynsauiHux Hacnigkis.

BUCHOBKHU

IMpw po3paxyHKy [03v EHOKCanapyHy HaTpiko 41151 XBOPUX
3 MONITPaBMOIO Ta CYNyTHIM OXMPIHHAM, AOLINTBHO NPOBOAM-
T MOTO PO3PaxyHOK BUXOAAYM 3i CKOPUIOBaHOI Macu Tina.

BukopuctanHsa IBW ansi nepBMHHOIO pospaxyHKy pi-
OunHn (40 mn/kr igeaneHOT Macy Tina 3 ypaxyBaHHSAM KOM-
neHcadii naTonoriyHnx BTpaT pianHn) 3anobirae guniowin-
Hiln Koarynonarii, He MOoTipLUYYN reMoanHaMIKYy.
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based on ABW in patients with BMI =2 30 kg/m?is associated
with both hyperhydration and hemostatic disturbances
[17]. The reduction of the calculated infusion volume to
40 ml/kg IBW in our 6th group likely decreased the degree
of hemodilution and normalized PT/aPTT values.

The practical guidelines from VUMC (2024)
recommend escalating enoxaparin sodium dosing to
40-80 mg every 12 hours for patients weighing > 90 kg or
with BMI > 30 kg/m?, with mandatory monitoring of peak
anti-Xa activity levels between 0.2—0.4 [U/ml [18]. Clinical
series and registries (CLOTT-1) have shown that weight-
based dosing up to 0.5 mg/kg twice daily significantly
reduces the incidence of deep vein thrombosis without
increasing bleeding risk [19, 21]. In our study, the use
of an AjBW-based dosing scheme provided a better
«balance» between DVT prophylaxis and avoidance of
excessive anticoagulant effect (no critical bleeding and
stable PT/aPTT).

The 2024 European guidelines for patients with
obesity emphasize the advantage of individualized rather
than fixed LMWH dosing, possibly requiring higher doses
and/or anti-Xa guided titration [20]. Observational studies
in intensive care units in 2025 reported a reduction in
thromboembolic complications from 4% to 1.3% after
switching from fixed-dose dalteparin to anti-Xa-guided
enoxaparin sodium [19], consistent with our conclusion
on the appropriateness of individualized dose adjustment.

Regarding infusion therapy, arecent review in
J. Trauma Acute Care Surg (2025) recommends
restricting crystalloids and early use of blood components,
emphasizing that a «one volume fits all» approach
is unacceptable, and strategies must consider water
content in different tissues [16]. Our protocol of 40 mi/kg
IBW minimizes the risk of hypervolemia and confirms that
even the «ideal body weight» may be safer than ABW in
the context of coagulation outcomes.

CONCLUSIONS

When calculating the enoxaparin sodium dose for
patients with polytrauma and concomitant obesity, it is
advisable to base the calculation on the adjusted body
weight. Using IBW for the initial calculation of fluid
volume (40 ml/kg ideal body weight + compensation for
pathological fluid losses) prevents dilutional coagulopathy
without worsening hemodynamics.
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NepcnekTuBM NOAAAbLLUNX AOCAIAXEHDb

HeobxigHi GaraToueHTpoBi paHAOMI30BaHi [OCHiAKEH-
Hs, Wo nopiBHooTb AjBW- Ta IBW-opieHTOBaHi cxemu
€HoKcanapyviHy HaTpitlo 3 aHTU-Xa-KepoBaHOK KOPEKLIE
i YITKUMU KNIHIYHUMW KIHLEBMMUW TodKkamu (Tpomb0o3 rmu-
OOKMX BEH, KpOBOTeYi, opraHHa AvcdyHKuUisa). Takox go-
LiNbHO OUIHUTX pofb AMHAMIYHOro reMocTasy 3a [omMo-
MOrot TpomboenacTtorpadii Anst paHHbOI igeHTudikauii
OUNIOLINHOIT Koarynonarii.

KOoHMAIKT iHTEepecis

ABTOpM pyKOMUCy CBIAOMO 3acBigvytoTb BiACYTHICTb dak-
TUYHOro abo NOTEHLINHOIO KOHMIKTY iHTEpPECIB LL0A0 pe-
3yneTartiB Liei poboTu 3 hapMaLeBTUHHUMM KOMMaHIAMMU,
BMPOOHUKamMn GioMeanyHMX NPUCTPOIB, IHLIMMU OpraHi-
3auisgMu, Yni NpoaykTwn, nocnyru, diHaHcoBa NiaTpUMKa
MOXyTb OyTV noB’si3aHi 3 NpegMeToM HajaHux matepia-
niB abo sk cnoHcopyBanu NPoBeAEHi AOCTIKEHHS.

IHdbopmalis npo cbiHaHCYBAHHSA

PoboTa € dhparmeHTOM HaykoBO-OOCHIAHOI poboTH, Lo
BMKOHYETLCS Ha kadpegpi XipypriyHux xBopob, onepa-
TUBHOI Xipypril Ta TonorpadiyHoi aHaToMil XapkiBCbKO-
ro HauioHanbHoro yHiBepcuteTy imeHi B.H. KapasiHa
MiHicTepcTBa oCBiTM i Haykn YkpaiHm «[iarHocTvka Ta
NpPorHo3yBaHHA nepebiry TpaBmMaTUyHOI XBOpobW Yy XBO-
puX 3 MOniTPaBMOlO», HOMEp [AepXaBHOI peecTpauil
0117U004824, TepmiH BnukoHaHHsa 2016—-2021 pp.
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Prospects for further research

Multicenter randomized controlled trials are needed to
compare AjBW- and IBW-guided enoxaparin-sodium
regimens with anti-Xa-guided adjustment and clear
clinical endpoints (deep vein thrombosis, bleeding, organ
dysfunction). It is also advisable to evaluate the role of
dynamic hemostasis using thromboelastography for early
identification of dilution coagulopathy.
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KAIO4OBI CAOBA: PE3IOME
BEB-iHdekuis, rymopanbHui iMyHiTeT, AkTyanbHicTb. BipycHa iHdekuis EnwTtenHa—Bbappa € ogHieto 3 HannowmpeHiwnx
aHTWTINa Jo AndTepii Ta npaBus. y CBITi. HeyxurnbHe 3pOoCTaHHs KiNbKOCTi 3aXBOPIOBaHb, CMPUYMHEHUX LM BipyCOM, 5K

cepen A0pOoCnuX, Tak i AiTeln, 3yMOBIOE HEOOXIQHICTE BCEOIYHOrO BUBYEHHS MOTO Aii Ha

AAS KOPECMNOHAEHLLT: opraHi3m NMAnHK i, Hacamnepes, Ha iIMyHHY CUCTEMY Ta PO3pO6KM edPeKTUBHUX METOAIB

NPOdINaKTUKN i NiKyBaHHSA.
[Monosa Anica MukonaiBHa MeTta po60TH — BU3HA4YMTW CTaH CUCTEMHOrO ryMOparibHOrO iMYHITETY B OCI0, XBOPUX

XapKiBCbKWI HaLlioHanbHU yHiBEpeuTeT — Ha XPOHiYHY BipycHy iHdekuito EnwTeriHa—bappa y B3aEMO3B’A3KY 3 piBHEM aHTUTIN 4O
imeHi B.H. KapasiHa MiHicTepcTsa ocBitv  AvdTepii Ta npasLs.
i Hayku Ykpaiuu; kadegpa iHdekuinHnx ~MaTtepianu i meTogm. BuBY4EHO CTaH CUCTEMHOIO ryMOpanbHOro iMyHIiTeTy y 16 xBopux

XBOPOG Ta KIiHIiYHOI iMyHOmOriT; Ha XPOHiYHy BipycHy iHdekuito EnwTeriHa—bappa y cTagii pemicii, ski He MatoTb 3axuc-
manpgas Ceoboau, 6ya. 4, M. Xapkis, HOro piBHa AT fo audtepii Ta npasus (1-wa rpyna, AT-) Ta y 16 oci6 3 gaHoto narorno-
Ykpaina, 61022; rieto, WO MatTb 3axucHui piseHb AT Ao umx iHdekuin (2-ra rpyna, AT*). KoHTponbHy
e-mail: alisa.popova96@ukr.net rpyny cknanu 20 3gopoBux oci6. Bik obcTexeHnx aopisHioas 20,3 + 2,3 p.

Cepen NOKasHWKIB CUCTEMHOrO ryMOpasibHOro iMyHITETY Oyrno BUBYEHO aKTUBHICTb fi-
© [Mornosa A.M., Bonobyesa O.B., 3ouMMy Ta piBeHb AedeHaumiB, sIgA, migA, IgG B pOTOrNOTKOBOMY CEKPETi, aKTUBHICTb
Benossopos I.B. 2025 KoMnnemeHTy i piBeHb mIgA, IgG, IgM Ta LK y cnpoBaTLi KpoBi, MOKa3HUKN B-kniTuH.

Pe3ynbsraTy Ta 06roBopeHHsi. BctaHoBneHo, Lo piBeHb SIgA B pOTOrMOTKOBOMY CEKpETi
B oci6 1-i rpynu (AT-) Huxde B 1,32 pasy, Hix y 2-i rpymm (AT*) i B 1,44 pasy HuxKYe, HixX
B KOHTpOMbHii. PiBHi nizounmy, aedeHanmis, migA, 1gG, B 1-i i 2-i4 rpynax oci6 BiporigHo
He Bifpi3HsANMCh Big 30opoBux ocib. PiBHi mIgA, IgM Ta KoMnneMeHTy B cMpoBaTLi KPOBI
B AOCNIAHUX rpynax BiAnoBsiganu Hopwi. Y ocib 1-i rpynu piBeHb IgG nepesuLLyBaB HOpMy
Ha 12,3%, y 2- rpyni —Ha 21,6%. B oci6 1-ii 2-i rpyn cnocTtepiranock nigBULLEHHS B KPOBI
BMicTy B-nimcpouutie (CD22*), a Takox B-nimcpouuTis, Lo ekcnpecytots CD95 ta CD25,
B MOPIBHSAHHI 3 KOHTporeM. KinbkicTe B-kniTH B 0ci6 1-i rpynu B BiporigHili 6inbLUOCTi ekc-
npecysanu CD95 i B MeHLwi kinbkocTi CD80, Hixk B-kniTuHM oci6 2-i rpynu.

BucHoBKkK. PiBeHb CUCTEMHOIO rymMmopasnbHOro iMyHITETY Y XBOPUX Ha XPOHIYHY BipyCHY
iHdpekuito EnwTenHa—bappa, Wwo He MaTb 3axmcHoro piBHA AT fo andrepii Ta npasus,
3HAYHO HWXYUIA HiX B OCI0, LLIO MatoTb 3aX1CHUIA piBeHb AT [0 UMX iHdeKUii. Y poTornoT-
KOBOMY cekpeTi B ocib 1-i rpynu (AT-) y nopiBHSAHHI 3 ocobamu 2-i rpynu (AT*) Bia3HavaB-
€S BIPOriAHO HWXYMI piBeHb SIgA, 3HMKEHWUI BMICT NiMpoumnTiB Y nepudepryHin Kposi,
nigBuLLieHa BigHOCHa KinbkicTb B-kniTuH, ekcnpecytounx CD95, Ta 3HMXKeEHa KinbKiCcTb
B-knituH 3 CD80, a Takox 3HwKeHa npoaykuis 111-2 i nigeuiiena npoagykuis 171-10.

[o aii BEB-iHdekuii 6inbLlu BpasnnerimMmn BUSBUINCS 3aXUCHI hakTopyn aganTUBHOTO iMy-
HITETY, HX (baKTOpWU BPOMKEHOrO IMYHITETY.

AAS UMTYBAHHS:
Monosa A.M., Bonobyesa O.B., BenosbopoB |.B. CTaH cucTeMHOro rymoparnbHOro iMyHiTETY Yy XBOPMX Ha Bipyc

EnwTenna—bappa (BEB) iHdekuito. BicHuk Xapkigcbko20 HayjioHarbHO20 yHisepcumemy imeHi B.H. Kapasina. Cepis
MeduyuHa. 2025. T. 33. Ne 2(53). C. 246-255. DOI: https://doi.org/10.26565/2313-6693-2025-53-07
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ABSTRACT

Background. EBV infection is one of the most common in the world. The steady
increase in the number of diseases caused by this virus, both among adults and children,
necessitates a comprehensive study of its effects on the human body and, above all,
on the immune system, and the development of effective methods of prevention and
treatment.

Purpose — to determine the state of systemic humoral immunity in patients with chronic
Epstein—Barr virus infection in relation to the level of antibodies to diphtheria and tetanus.
Materials and methods. The state of systemic humoral immunity was studied in 16
patients with chronic Epstein—Barr virus infection in remission without a protective level of
antibodies to diphtheria and tetanus (group 1, AT-) and in 16 patients with this pathology
and with a protective level of antibodies to these infections (group 2, AT*). The control
group consisted of 20 healthy individuals. The age of the subjects was 20.3 + 2.3 years.
Among the indicators of systemic humoral immunity, the activity of lysozyme and the
level of defensins, sIgA, migA, 1gG in the oropharyngeal secretion, complement activity
and the level of miIgA, 1gG, IgM and CIC in the blood serum, B-cell parameters studied.
Results. It was found that the level of sIgA in the oropharyngeal secretion in individuals of
group 1 (AT") was 1.32 times lower than in group 2 (AT*) and 1.44 times lower than in the
control. The levels of lysozyme, defensins, migA, I1gG in groups 1 and 2 of individuals did
not significantly differ from healthy individuals. The levels of migA, IgM and complement
in the blood serum in the experimental groups were within the normal range. In group
1, the level of IgG exceeded the normal range by 12.3%, in group 2 — by 21.6%. In
individuals of groups 1 and 2, an increase in the content of B-lymphocytes (CD22*) and
B-lymphocytes expressing CD95 and CD25 was observed in the blood compared to the
control. The number of B-cells in individuals of group 1 most likely expressed CD95 and
in a smaller amount of CD80 than the B-cells of individuals of group 2.

Conclusions. The level of systemic humoral immunity in patients with chronic Epstein—
Barr virus infection and who do not have a protective level of AT to diphtheria and
tetanus is significantly lower than in individuals who have a protective level of AT to these
infections. In individuals of group 1 (AT-) compared to individuals of group 2 (AT*), the
oropharyngeal secretion has a significantly lower level of sIgA, the peripheral blood has
a reduced content of lymphocytes, an increased relative number of B cells expressing
CD95 and a reduced number of B cells with CD80, as well as reduced IL-2 production
and increased IL-10 production.

Protective factors of adaptive immunity were more vulnerable to the action of EBV
infection than factors of innate immunity.

Popova AM, Volobuieva OV, Belozorov |V. Systemic humoral immune status in individuals recovered from Epstein—
Barr virus (EBV) infection. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(2(53)):
246-255. DOI: https://doi.org/10.26565/2313-6693-2025-53-07

BCTYN

INTRODUCTION

3a nporHosamu ekcneptis BOOS3 ponb repnecsipy-
CiB y CTPYKTYpi 3aranbHoi 3axBoptoBaHOCTi Oyae aenani
3pocTatu. lepnecsipycHa iHdekLUisd, cnpu4MHeHa Bipycom
EnwtenHa—bappa (BEB-iHdekuis), € ogHieto i3 Hanno-
LWMpeHiwmnx Yy cBiTi. Lum Bipycom iHdikoBaHO 6rmn3b-
ko 90% Q[OopocCnoro HaceneHHs 3eMHOI Kyni i 6rm3bko
50-80% pamTayoro. KniHiyHi NposiBM 3axXBOPIOBAHHA CMO-
cTepiraeTbCsa §K y AiTen, Tak iy fopocnux, a MaHidec-
Tauis npouecy mMoxe OyTu K Y roCTpil, Tak i y XPOHidHin
dopwmi. 3a cyyacHuMM niTepaTypHUMU AaHUMU, HaWBINbLU
YacTo KMiHiYHI 03HaKM iHGEKLIMHOrO MOHOHYKNeosy (IM)
peecTpytoTbes y Bili 15-24 pokn [1, 2].

Bipyc EnwrenHa—bappa (BEB) — ue gsonaHutoroBuii
[OHK-Bipyc, WO HanexuTb 00 pOAMHW Yy-reprecBipyciB Ta
€ OCHOBHOK MPUYMHOIO iHGEKLIIMHOrO MOoHOHYkNeody (IM)
Ta xpoHiuHoi BEB-iHdekuii (XBEB) [1-4]. TocTpuin nepebir
IM xapakTepu3yeTbCa KNacu4yHOI Tpiado: JIMXOMaHKa,
TOH3MNIT Ta NiMdageHonartid, ogHaK, MOXyTb OyT NPUCYTHI
M iHLWi TUMOBI NPOSBM, Cepes AKNX HanyacTilMMM € renaTo-
cnreHomeranisi, Wo cnocrepiraeTbcs NpubnunasHo y 10-50%
xBopux [2]. Cnig 3a3HaunTy, WO Yy TPETUHM nauieHTis npu IM

According to WHO experts, the role of herpesviruses
in the structure of overall morbidity will continue to grow.
Herpesvirus infection caused by the Epstein—Barr virus
(EBV-infection) is one of the most common in the world.
About 90% of the adult population of the globe and about
50-80% of the children are infected with this virus. Clinical
manifestations of the disease are observed in both children
and adults, and the manifestation of the process can be
both acute and chronic. According to current literature, the
most common clinical signs of infectious mononucleosis
(IM) are recorded at the age of 15-24 years [1, 2].

Epstein—Barr virus (EBV) is a double-stranded DNA
virus belonging to the y-herpesvirus family and is the
main cause of infectious mononucleosis (IM) and chronic
EBV infection (CHEV) [1-4].

The acute course of IM is characterized by the classic
triad — fever, tonsillitis, and lymphadenopathy, however,
other typical manifestations may be present, the most
common of which is hepatosplenomegaly, which is observed
in approximately 10-50% of patients [2]. It should be noted
that one third of patients with IM may experience, usually
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MOXe 3ycTpidaTucs, 3a3smyan, ABoOIYHMI nepiopbiTansHUn
Ta/abo Habpsik O4HKX SA6NyK. TakoxX MOXYTb ByTU NPUCYTHI
03HaKu acTeHii, sika Moxe OyTW JOCUTb BUPAXKEHO, OfHaK,
il CMMNTOMUM HIBEMIOKOTLCS MPOTArOM TPbOX MicsauiB [2, 3].
Y yacTuhu xBopux Ha IM (10—45%) moxyTb cnoctepiratucs
03HaKv NONIMOPAHOI LLIKIPHOT BUCUMKN (epuTemaTosHa, Ma-
KyronanynbosHa), sika, 3a3Bu4an, € PO3MNOBCIOMKEHOIO i He
Mae TUMoBOI fokanisadii [2, 3].

OnwucaHi  HeBPOMOriYHi  3aXBOPHOBAHHS, 3YMOBIEHI
BEDB sk ycknagHeHHs IM, Ta sk isonboBaHi doopmu. KniHiy-
Hi MPOsiBM Taknx OOpM MOXYTb CriocTepiratucs y BUrmsagi
MEHIHTITIB, eHuedaniTis, MeHiHroeHueddaniTie, napaniyis
yepenHux HepBiB (3okpema napaniy bena), noniHeBpuTiB,
nonepeyHux MieniTie, cuHapomy JlaHapi, cuHapomy line-
Ha-Bappe, ncuxosy [4-6].

Y KNiHIYHIN NpakTuLi 3ycTpivaoTbes NposiBy iHekLUii,
MoB’s3aHi 3 ypaXKeHHAM Cepus, HUPOK, 3arno3vcTux op-
raHis. BEB BBaxaeTbcq ofHNM 3 HANbINbLL MOLUMPEHNX
30yAHUKIB OMOPTYHICTUYHMX iHdeKUin [4—6].

Takox npu IM 3aBXan ypaxyeTbCs cenesiHka, xo4a
BOHa He 3aBXAW nanbnyetbesi, ii 30iNMblUeHHA BUABNS-
I0Tb 32 JOMOMOTO YNBTPa3ByKOBOIrO AOCHIAKEHHS B YCiX
ypakeHux ocib [6]. ApXiTEKTOHIka CenesiHKkM 3MIHIOETbCS,
OCKifNbKN NapeHxima iHinsTpoBaHa atmnoBMmm niMmdoLum-
Tamu, ki NopyLyoTb hibpPO3HY ONOPHY CUCTEMY Ta CTOH-
LUYHOTb Karcyny, Lo Moxe OyTu NpUYnHOK po3purBy cene-
3iHKW, KU 4acTo He MOB’A3aHUIN 3 TPABMOLO, a, MOXITMBO,
BMKIMIOYHO CMPUYUHEHUI TakuMm Tpurepamu, sk Kallenb,
UXaHHS1, HanpyXeHHs nig Yac gedekadii abo disnyHe Ha-
BaHTaxeHHs [6—8]. Takox BBaXaeTbCs, O PO3pMB MOXE
BVMHWUKHYTW BHaAcNigok rmubokoi nanbnadii [7]. Kpim Toro,
y AaHOI KaTeropii XBOpMX MOXe crnocTtepiratucs niasuLle-
Ha CXUIbHICTb A0 iHpapKTy cenesiHkn [6—8].

BEB € npu3HaHUM KaHLEeporeHoMm, Sk BKIOYEHO 40
rpynu 1 3a knacudikauielo KaHueporeHHUX areHTiB Mix-
HapOQHOro areHTCTBa MO JOoCriaXKeHHI paky. Lo crocy-
€TbCA NULLIE 3MOSAKICHUX 3aXBOPKOBaHb, TO, 3a OLiHKaMu
daxisuis, wopiyHo BEB nos’asytotb 3 make 200 000
BMNagKiB 3MosiKiCHUX HOBOYTBOPEHb Y BCbOMY CBITI, LLO
Nnpu3Beno A0 3pOCTaHHSA iHTepecy LWoao po3pobku Bak-
unHn npotu BEB [4, 12, 13]. Ha cborogHi foBeaeHa npu-
yeTHicTb BEB 0o BMHWMKHEHHS nimdonponicdepaTnBHMX
3aXBOPIOBaHb, 3rosKicHOI nimgomu bepkiTTta, Hasoda-
pUHreansHoI KapumHomn, B-knitnHHOI nimdomun. Y ges-
knx Bunagkax BEB acouitoloTb 3 HegmdepeHuinoBaHnmMm
KapuumHomamu TuMyca, FpygHOI 3amnosu, LUMIKKM MaTKu,
CINVHHUX 3ano3, NereHb, ropTaHi, WwyHka [9—14].

AHania nitepatypHux OaHUX BUSBMB HW3KY [OCHI-
OXeHb wopo poni BEB gk Tpurepa npu cuctemHoMy
YepBOHOMY BOBYaky, AediunTti BiTamiHy D, cuHOpomi
XPOHIYHOI BTOMM, 3aXBOPHBaHb LMTOMNOAIOHOT 3anosu,
peBMaToifHOMY apTpWTi, PO3CIHOMY CKMeposi, a Takox
iHLLUMX ayTOIMYHHMX 3aXBOPIOBaHHSAX [4].

BEB 3garteH BpaxaTtu iMyHOKOMMNETEHTHI KNiTUHW, BX-
Knukatu nimdoageHonaTito, AOBIYHO 3b6epiratncs B Nim-
dounTax opraHiamy, BUKAMKaTU iMyHOAEMILMTHI CTaHu
[9]. € nigcTaBu BBaXaTu, LIO B MPOLECI XPOHIYHOI nep-
cucTeHuii BEB B eniTenii i kniTuHax iMyHHOI cucTemu,
BEB camocTiiHO MOXe peani3oByBaTU MexaHi3mu imy-
HOCynpecii, siki He [0O03BONANTb IMYHHIA CUCTEMI B3SITU
nig KOHTPOMb IHMEKLINHWIA Npouec, iHOyKoBaHWI 6e3no-
cepefHbo BipycoM abo MPUCYTHbOK CTOPOHHLOK Mi-
Kpochropoto [15].

bilateral periorbital and/or ocular edema. Signs of asthenia
may also be present, which can be quite pronounced,
however, its symptoms resolve within three months [2, 3].
In some patients with IM (10-45%), signs of polymorphic
skin rash (erythematous, maculopapular), which is usually
widespread and has no typical localization [2, 3].

Neurological diseases caused by EBV have been
described as complications of IM and as isolated forms.
Clinical manifestations of such forms can be observed in
the form of meningitis, encephalitis, meningoencephalitis,
cranial nerve palsies (in particular, Bell’'s palsy),
polyneuritis, transverse myelitis, Landry syndrome,
Guillain-Barré syndrome, psychosis [4—6].

In clinical practice, manifestations of infection
associated with damage to the heart, kidneys, and
glandular organs are encountered. EBV is considered
one of the most common pathogens of opportunistic
infections [4-6].

The spleen is also always affected in IM, although
it is not always palpable; its enlargement is detected by
ultrasound in all affected individuals [6]. The architectonics
of the spleen changes, as the parenchyma is infiltrated
by atypical lymphocytes that disrupt the fibrous support
system and thin the capsule, which can cause splenic
rupture, which is often not associated with trauma, but
may be exclusively caused by triggers such as coughing,
sneezing, straining during defecation, or physical exertion
[6-8]. Itis also believed that rupture can occur as a result of
deep palpation [7]. In addition, this category of patients may
have an increased susceptibility to splenic infarction [6—8].

EBV is arecognized carcinogen, which is included
in group 1 of the International Agency for Research on
Cancer classification of carcinogenic agents. As for
malignant diseases alone, according to expert estimates,
EBV is associated with almost 200.000 cases of
malignant neoplasms worldwide each year, which has
led to increased interest in the development of a vaccine
against EBV [4, 12, 13]. To date, EBV has been implicated
in the occurrence of lymphoproliferative diseases,
malignant Burkitt lymphoma, nasopharyngeal carcinoma,
B-cell lymphoma. In some cases, EBV is associated with
undifferentiated carcinomas of the thymus, breast, cervix,
salivary glands, lungs, larynx, and stomach [9-14].

Analysis of the literature revealed anumber of
studies on the role of EBV as a trigger in systemic lupus
erythematosus, vitamin D deficiency, chronic fatigue
syndrome, thyroid diseases, rheumatoid arthritis, multiple
sclerosis, and other autoimmune diseases [4].

EBV is able to infect immunocompetent cells, cause
lymphadenopathy, persist in the body’s lymphocytes for
life, and cause immunodeficiency states [9]. There is
reason to believe that during the chronic persistence of
EBV in the epithelium and cells of the immune system,
EBV can independently implement immunosuppression
mechanisms that do not allow the immune system to take
control of the infectious process induced directly by the
virus or the present foreign microflora [15].

The steady increase in the number of diseases
caused by this virus, both among adults and children,
necessitates a comprehensive study of its effects on
the human body and, above all, on the immune system,
and the development of effective methods of prevention
and treatment.
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HeyxunbHe 3pocTaHHS KinbKOCTi 3aXBOPIOBaHb, CNpu-
YMHEHMX UMM BipycoM, K cepef OOPOCnuX, Tak i giTew,
3YMOBIOE HEOOXiAHICTb BCEBIYHOro BUBHEHHS NOTO Aii Ha
OpraHi3m nanHN i Hacamnepes Ha iIMyHHY cUCTeMy, po3-
pobKM eheKTMBHUX METOAIB NMPOMINaKTUKM i NiKyBaHHS.

MeTta po60TU — BM3HAYUTU CTaH CUCTEMHOIO FymMO-
panbHOro iMyHITETY B OCIO, LLO NepexBopinmM Ha XpPOHiY-
Hy BipycHy EnwTteriHa—Bapp iHdekuilo y B3aemMo3B’'sa3Ky
3 piBHEM aHTUTIN 0O AudTepil Ta NpaBLs.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigXeHHs BMKOHAHO Ha KniHivHin 6a3i kadenpu
iHcpekuiiHux xBOpoO Ta KMiHIYHOT iMyHOMorii MeguyHoro
hakynbTeTY XapKiBCbKOro HauioHanbHOro yHiBepcutety
imeHi B.H. KapasiHa MiHicTepcTBa OCBIiTU i HaykKn YKpaiHu
B paMKax HayKoBO-O0CNiOHOI TeMu: «BuB4eHHs poni iMyH-
HUX, ayTOIMYHHMX Ta MeTaboniyHMX po3nagiB y natoreHe-
3i Ta Hacnigkax iHeKUinHoro npouecy, Wo BUKIMKaHUN
GakTepismu, Bipycamu, BipycHO-6akTepianbHUMKM aco-
uiauigsMy npu roctpomy, 3aTsXKHOMY Ta XPOHIYHOMY ne-
pebiry XxBopobu Ta yaOCKOHaNEeHHsA TaKTUKU MiKyBaHHS»,
nepxaBHa peectpadia Ne 0123U105022. OusanH pobo-
T norogakeHo 3 Komicieto 3 nuTaHb BioeTUKM MeagnyHOoro
hakynsteTy XapKiBCbKOrO HauiOHaNbHOro yHiBepCUTETY
imeHi B.H. KapasiHa MiHicTepcTBa OCBIiTU i Haykn YKpaiHu
(npotokon Ne3/3 Big 13.12.2023 poKy) i3 BUCHOBKOM Mpo
BiAMOBIAHICTb 40 BMMOI MOparnbHO-€TUYHUX HOpM Oioe-
TukM 3rigHo 3 npasunamu ICH/GCP, MenbciHcbkOT Aekna-
pauii npas noanHu (1964), KoHseHuii Pagn €sponu no
npasax NMOANHY | BiomeamumnHm (1997), a TakoX YMHHUM
3aKOHO4ABCTBOM YKpaiHu.

Byno BMBYEHO CTaH CUCTEMHOIO ryMOpanbHOro iMyHi-
TeTy y 16 XBOpPMX Ha XPOHiYHY BipycHy EnwTenHa—bappa
iHcpekuito (XBEBI) (pemicis, kniHiyHi nposiBv, atnunosi Mo-
HoHykneapw B kposi, MNJ1P cnuHu i kposi-, IgEA-, IgVCA®,
IgNA*/") i He matoTb 3axmcHoro pisHa AT go andTepii Ta
npasug (1-wa rpyna, AT-) iy 16 xBopux Ha XBEBI (pe-
Micis1), Lo MatoTb 3axUcHUI piBeHb AT [0 umx iHdEKUin
(2-ra rpyna, AT*). KouTponeHy rpyny cknanu 20 3gopoBux
ocib. Bik obcTexxeHnx gopisHioBas 20,3 + 2,3 p.

Cepeq NOKa3HWKIB CUCTEMHOIO rymMOpanbHOro iMyHi-
TeTy 6yno BMBYEHO aKTUBHICTb Ni3OUMMY Ta piBEHb Ae-
deH3mmiB, slgA, migA, 1gG B pOTOrnOTKOBOMY CEKpeTi,
aKTMBHICTb KOMMMEMeHTY i piBeHb mIgA, 1gG, IgM Ta LJIK
y CMpOoBaTLi KPOBi, MOKa3HUKM B-KNiTWH.

PiBeHb ni3ouumy B pOTOrNMOTKOBOMY CEKpeTi BU3Ha4a-
nn TypbomMeTpuyHMM MeToaom [23].

KationHi 6inkn (HNP, a-gedeHsnmn) BusHavanu
meTogom IPA 3a gonomororo peakTusiB cipmm Bender
Medsystems (ABcTpis).

PiBeHb sIgA, migA, IgG B poTOrnoTkoOBOMY CEKpETi Ta
migA, 1gG, IgM y cupoBaTui KpoBi BUMiptoBan1 MeTogom
I®A 3 BUKOpUCTaHHSAM HabopiB peareHTiB chipmn DRG
Instruments Gmbh (CLUA) 3rigHo 3 iHCTpyKuieto. OTpu-
MaHHi AaHi BUMiptoBanu y r/n.

Mpo akTMBHICTbL KOMNNemeHTy cyaunu 3a CH50 [24].

LK BumiptoBanu B cupoBaTLi KpOBi METOLOM Cenek-
TMBHOI npeumnitauii MEM-6000.

PiBeHb aHTUTOKCMYHMX AT 0O AMdTepiiHOro Ta npas-
LeBOro TOKCVHY BuMiptoBanu metogom IDA 3rigHO 3 iH-
cTpyKuieto. 3axucHnm piBHem AT [0 uuMx iHekuin, Bia-
noBiaHO Ao pekoMeHaauin BOOS, seaxanu > 0,1 MO/mn.

Objective — the state of systemic humoral immunity
in individuals who have had EBV in relation to the level of
antibodies to diphtheria and tetanus.

MATERIALS AND METHODS OF RESEARCH

The study was performed at the clinical base of the
DepartmentofInfectious Diseases and Clinical Immunology,
School of Medicine, V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine within
the framework of the research topic: «Study of the role
of immune, autoimmune and metabolic disorders in the
pathogenesis and consequences of the infectious process
caused by bacteria, viruses, viral-bacterial associations
in acute, prolonged and chronic course of the disease
and improvement of treatment tactics», state registration
Ne0123U105022. The design of the work was agreed
with the Bioethics Commission of the School of Medicine,
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine (Protocol Ne 3/3 dated
December 13, 2023) with a conclusion on compliance with
the requirements of moral and ethical norms of bioethics
according to the rules of ICH/GCP, the Helsinki Declaration
of Human Rights (1964), the Council of Europe Convention
on Human Rights and Biomedicine (1997), as well as the
current legislation of Ukraine.

The state of systemic humoral immunity was
studied in 16 patients with CHEBVI (remission, clinical
manifestations—, atypical mononuclear cells in the blood,
PCR of saliva and blood, IgEA—, IgVCA+, IgNA+/-) and
without a protective level of antibodies to diphtheria and
tetanus (group 1, AB-) and in 16 patients with CVEBI
(remission) who have a protective level of antibodies
to these infections (group 2, AB+). The control group
consisted of 20 healthy individuals. The age of the
subjects was 20.3+2.3 years.

Among the indicators of systemic humoral immunity,
the following were studied: lysozyme activity and the level
of defensins, sIgA, migA, 1gG in oropharyngeal secretion,
complement activity and the level of migA, IgG, IgM and
CIC in blood serum, and B-cell indicators.

The level of lysozyme in oropharyngeal secretion was
determined by turbometric method [23].

Cationic proteins (HNP, o-defenzymes) were
determined by ELISA using reagents from Bender
Medsystems (Austria).

Thelevel of sigA, mIgA, IgG in oropharyngeal secretion
and mlgA, 1gG, IgM in blood serum was measured by
ELISA using reagent kits from DRG Instruments Gmbh
(USA) according to the instructions. The obtained data
were measured in g/l.

Complement activity was judged by CH50 [24].

CIC was measured in blood serum by the method of
selective precipitation of PEG-6000.

The level of antitoxic antibodies to diphtheria and
tetanus toxin was measured by ELISA according to the
instructions. The protective level of antibodies to these
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®eHoTMNYBaHHA NiMAOLMTIB NPOBOAUNM Ha anapa-
Ti FACS-Calibur (CLWA) 3 BukopuctaHHsaMm aHTi-CD22,
CD95, CD25, CD80 anTtuTin (eBioscience, Beckman
Caulter, R&D System). Yci cTagii nigrotoBku npob ans
nas3epHoi LMTOMIOPMMETPIT NMPOBOAMIN Y BiAMOBIAHO-
CTi 4O NPOTOKOIiB BUPOOHMKA.

Pesynbrat gocnigjkeHb onpaubOBaHO METOAOM Ba-
piauifHOi Ta KOpPEensauinHOI CTaTUCTUKM 3 BUKOPUCTAHHAM
nporpamu «Statistica 10.0 for Windows». [Insi Ko>xHOro Ba-
piauifHoro psgy po3paxoByBanu cepefHio apudMeTUyHy
(M), cepenHe kBagpaTudHe BiaXuneHHs (0), cepegHto no-
MWUIKY cepefHboi apudpmeTnyHoi (m). OuiHka BiporigHOCTI
Pi3HMLb CepeHixX BENWYMH y rpynax (p) nposoaunacs 3a
ponomoroto kputepito CTbtogeHTa (t). BigmiHHOCTI BBaxa-
nncsa CTaTUCTUYHO 3HadyLwmmu npu p < 0,05.

PE3YAbTATU TA iX OBrOBOPEHHS

B3aemogis BEB 3 iMyHHOIO CMCTEMOK MOAUHWU MNpuU
XPOHIYHNX hopmax iHEKLiT TakoX YacTo NpM3BOAUTL A0
nopyLeHb PyHKLiIOHYBaHHSA ocTaHHbOT! [16-18]. LLnpokun
Jiana3oH MOXMMBUX KMiHIYHUX doopM Ta Hacnigkis BEB-iH-
doekLUii Bif CMOHTAaHHOrO OAY>KaHHSA 40 AEKOMMNEHCOBAHNX
yCKnagHeHb, MaHidecTauii OHKOMOriYHMX Ta ayTOIMYHHMX
npoueciB npunyckae cknagHy 6aratodakTopHy cuctemy
BIQHOCWH BipycCy Ta MakpoopraHiamy [18].

3atskHui Ta Tsbkkui nepebir BEB-iHdekuii moxe
OyTW 3yMOBIEHU HEOQOCTATHICTIO SK KMiTUHHOI, TakK i ry-
MOparbHOI NTaHKW IMYHITETY, L0 CYyNpOBOAXYETbCA HU3b-
KMMKN KOHUeHTpauigvm o-IPH, pesepcieto npoaykuii IOH
3 O Ha y-Tun i NopyLUEeHHAM BuBeaeHHs 3aranbHux LIIK ta
iHLWKMX iIMYHHUX chbakTopiB [19-22].

[Mpu BMBYEHHI ryMoparnbHUX 3aXUCHUX hakTopiB y po-
TOrMOTKOBOMY CeKpeTi Oyrno BCTAHOBMEHO, LU0 y XBOPUX
Ha XBEBI (pewmicis), siki Mmanu, i He Manu 3aX1MCHOro PiBHS
AT po gndTepii Ta npaBus, piBeHb nisoummy, AedeHsun-
MIB BIipOriHO He BiApPI3HSABCS Bif, HOPMarbHUX 3HaYeHb
ocib koHTponbHoi rpynu (p > 0,05). Mpu ubomy, piBeHb
cekpeTtopHoro slgAy 1-i rpynu 6yB y 1,44 pa3y Hux4e no-
PIBHAHO 3 KOHTPOMbHOW rpynoto i B 1,32 pasy Hix B 2-1
rpyni oci6. PiHi mIgA i IgG y umx rpynax oci6 Bignosiga-
N1 3HaveHHam Hopmu (p > 0,05) (tabn. 1).

infections, according to WHO recommendations, was
considered to be > 0.1 IU/ml.

Lymphocyte phenotyping was performed on a FACS-
Calibur (USA) using anti-CD22, CD95, CD25, CD80
antibodies (eBioscience, Beckman Caulter, R&D System). Al
stages of sample preparation for laser cytofluorimetry were
performed in accordance with the manufacturer’s protocols.

The results of the studies were processed by the method
of variation and correlation statistics using the program
«Statistica 10.0 for Windows». For each variation series,
the arithmetic mean (M), the standard deviation (o), and the
average error of the arithmetic mean (m) were calculated.
The probability of differences in mean values in groups (p)
was assessed using the Student’s test (t). Differences were
considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

The interaction of EBV with the human immune
system in chronic forms of infection also often leads to
dysfunction of the latter [16—18]. A wide range of possible
clinical forms and consequences of EBV infection from
spontaneous recovery to decompensated complications,
manifestations of oncological and autoimmune processes
suggests a complex multifactorial system of relations
between the virus and the macroorganism [18].

Prolonged and severe course of EBV infection may
be due to the insufficiency of both cellular and humoral
immunity, which is accompanied by low concentrations of
a-IFN, reversion of IFN production from a to y-type and
impaired excretion of general CICs and other immune
factors [19-22].

When studying humoral protective factors in
oropharyngeal secretions, it was found that in patients with
CVEBI (remission) who had and did not have a protective
level of antibodies to diphtheria and tetanus, the level of
lysozyme and defensins did not significantly differ from
the normal values of the control group (p > 0.05). At the
same time, the level of secretory sIgAin the 1st group was
1.44 times lower compared to the control group and 1.32
times lower than in the 2nd group of people. The levels of
mIgA and IgG in these groups of people corresponded to
the normal values (p > 0.05) (Table 1).

Ta6nuus 1. [oka3HUKM rymoparnbHOro iMyHiTETY B pOTOrNOTKOBOMY CeKpeTi ocib 1-i Ta 2-i rpyn, xBopux Ha XBEBI (M+m)
Table 1. Indicators of humoral immunity in the oropharyngeal secretions of patients with CHEBVI of the 1st and 2nd groups (Mtm)

Ipynu obcTexxeHnx
Survey groups

[MokasHukn "
Indicators 1-wa rpyna (AT-) 2-ra rpyna (AT*) ch):lit)rc())Tb
1 group (AB), (n=16) 1 group (AB*), (n=16) ony
(n=20)
Jlizounm, mr/n / Lysozyme, mg/I 43,2127 43,3+2,7 45,8+2,6
Redersumm, nr/mn 71,248,8 74,4488 76,4484
Defensin, pg/ml
slgA, r/in/ g/l 0,67+0,07*** 0,89+0,08 0,97+0,07
mlgA, r/n/ g/l 0,21+0,02 0,22+0,02 0,22+0,02
IgG, r/n/ g/l 0,036+0,004 0,040+0,004 0,034+0,002
Mpumitkn: *p < 0,05 mixx nokasHkamu 1-i, 2-i rpynu i KOHTponewm;
**p < 0,05 mixk nokasHukamu 1-i Ta 2-i rpyn.
Note: *p < 0.05 between the indicators of the 1st, 2nd groups and the control;
**p < 0.05 between the indicators of the 1st and 2nd groups.
Ornsp nitepatypu 250 Literature review
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Mpun BUBYEHHI KOHUEHTpaLii iMyHOrmoByniHiB y cupo-
BaTLi KpoBi O6yno BcTaHoBneHo, wWo B ocid 1-i rpynu pi-
BeHb IgG 6yB BuLle Ha 12,3%, Togi sk y 2-i rpynu ocib —
Ha 21,6% nopiBHsHO 3 piBHEM IgG B KOHTPOMbHIN rpyni
(Tabn. 2). MNMpu uboMy BipPOrigHUX BIOMIHHOCTEN B KOHLEH-
Tpauii IgG mix ocobamu 1-i Ta 2-i rpynu He cnocTepira-
nocs (p > 0,05). PisHi IgA, IgM Ta KOMNNeMeHTy y rpynax
[OChigKEeHHS Big3HaA4Yanncs Ha piBHI 3HA4Y€Hb KOHTPOSb-
Hoi rpynu (p > 0,05).

When studying the concentration of immunoglobulins
in the blood serum, it was found that in individuals of the
1st group the level of IgG was higher by 12.3%, while
in the 2nd group of individuals — by 21.6% compared
to the level of IgG in the control group (Table 2). At the
same time, no significant differences in the concentration
of 1gG between individuals of the 1st and 2nd groups
were observed (p>0.05). The levels of IgA, IgM and
complement in the study groups were at the level of the
values of the control group (p > 0.05).

Tabnuus 2. KoHueHTpaList KOMMeMeHTY Ta iMyHOrnobyniHiB B cupoBaTLi Kposi ocib 1-i Ta 2-i rpyn, xBopux Ha XBEBI (M+m)
Table 2. Concentration of complement and immunoglobulins in the blood serum of individuals
of the 1st and 2nd groups, patients with CHEBVI (M+m)

Ipynu obcTexxeHnx
TokasHNKM Survey groups -

Indicators 1-wa rpyna (AT-) 2-ra rpyna (AT*) 82;?;?b

1 group (AB), (n=16) 2 group (AB*), (n=16) oy

(n=20)
Ig/;‘,lr/” 1,1920,08 1,2240,08 1,2120,08
Ig'\g’,,r/n 1,17+0,08 1,11£0,07 1,13%0,06
Ig(;’nr/n 12,91%1,1 13,83+1,2* 11,370,7
o 50,1¢2,4 51,612,4 53,8+2,4

U/ml

Mpumitkn: *p < 0,05 Mixk nokazHmkamm 1-i, 2-i rpynu i KOHTponewm;
**p < 0,05 mixk nokasHukamn 1-i Ta 2-i rpyn.

Note: *p < 0.05 between the indicators of the 1st, 2nd groups and the control;

**p < 0.05 between the indicators of the 1st and 2nd groups.

OCHOBHVMM | EAMHUMY NPOJYLEHTaMU aHTUTIN B Op-
raHiami NOAMHW € NNasMaTuyHi KNiTUHK, SKi YyTBOPIOKOTLCS
3 B-nimcdoumTiB nig BNNMBOM aHTUreHHoro Brnmey. [pu
BMBYEHHI BMICTY B nepudepuyHin kposi B-knituH (CD22*)
Oyno BCTaHOBMNEHO, WO X BIiACOTOK y xBOopux Ha XBEBI
(B 1-1 i 2- rpynax) BiporigHO BULLE, HiX Y 300pOBUX OCIO
(p < 0,05) (tabn. 3).

The main and only producers of antibodies in the
human body are plasma cells, which are formed from
B-lymphocytes under the influence of antigenic exposure.
When studying the content of B-cells (CD22+) in the
peripheral blood, it was found that their percentage in
patients with CHEBVI (in groups 1 and 2) is significantly
higher than in healthy individuals (p < 0.05) (Table 3).

Tabnuus 3. BmicT pisHnx dpeHoTumnie B-nimdountis y nepndepunyHin kposi ocib 1-i Ta 2-i rpynu, xsopux Ha XBEBI (M+m)
Table 3. The content of different phenotypes of B-lymphocytes in the peripheral blood of patients with CHEBVI in groups 1 and 2 (Mtm)

Ipynun obcTexeHnx
Survey groups

[MokasHukn
Indicators 1-wa rpyna (AT) 2-ra rpyna (AT") Sl
1 group (AB"), (n=16) 2 group (AB*), (n=16) Ay
(n=20)
Timcbountn x 10%/n . wx
Lymg;]o%ytes 0L 1,6£0,2* 2,0¢0,2 2,320,1
CD22*- kn,% 22,7+1,6* 23,1+1,6* 19,5+1,3
CD22* CD95%,% 3,5+0,3%** 2,6+0,2* 1,6+0,1
CD22* CD25%,% 27,31+2,6* 25,742,3* 21,3%1,9
CD22* CD80*,% 13,14£1,2%* 16,5£1,5 17,41£1,6

Mpumitkn: *p < 0,05 mixk nokasHukamu 1-i, 2-i rpynu i KOHTponewm;
**p < 0,05 mixk nokasHukamn 1-i Ta 2-i rpyn.

Note: *p < 0.05 between the indicators of the 1st, 2nd groups and the control;

**p < 0.05 between the indicators of the 1st and 2nd groups.

Y xBopux Ha XBEDB y cTagii pewmicii 3Ha4HO 6inb-
LN BiACOTOK B-kMiTMH ekcnpecyBanv akTuBauiiHy Mo-
nekyny (CD25). CD25 e anbga naHutorom peuentopa
po 1J1-2. Yepes ueit peuentop BiabyBaeTbCcs akTuBaLis

In patients with CHEBV in remission, a significantly
higher percentage of B-cells expressed the activation
molecule (CD25). CD25 is the alpha chain of the IL-2
receptor. This receptor activates lymphocytes to proliferate
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nimcpounTiB go nponidepadii i AndepeHuitoBaHHA. MNo-
psig 3 UMM, Ha GinbLin kinbkocTi B-knituH BinbyBanach
ekcnipecia CD95 monekynu — mapkepa roToBHOCTI KMiTWH
[0 anonToay, HiX y rpyni KoHTpont. Lia monekyna y Bi-
porigHoi KinbkocTi B-kniTnH ekcnpecyBanack y ocib 1-i
rpynu, Hixx y nauieHTiB 2-i rpynu (tabn. 3). Ha BigmiHy
Big XBOpWX 2-i rpynu, y xBopwux 1-i rpynu cnocTepiranocs
3HWKEHHS KiNbKOCTi B-kniTuH, siki ekcnpecyBanu mone-
kyny CD80. Y xBopux 2-i rpynu BipOrigHOMO 3HWXEHHS
KiNbKOCTI KNiTUH 3 monekynoto CD80 no BigHOLWEHHK 00
KOHTponto He dikcyBanocd. CD80 (B7) — € koctumynioto-
YOI MOFEKYMOH0, eKCrpecia AKoi 060B’A3k0Ba B PO3BUTKY
Oyab-9Koro TMny iMyHHOT peakuii. 3a BigCYTHOCTI LbOro
Knactepa Ha aHTUIEHMPE3EHTYUUX KNITUHAX, SKMMU
Takox € i B-nimcountn, T-KNiTMHKM Xennepu npu B3ae-
MoZji 3 aHTUreHoM nepexoaaTb B cTaH aHeprii. Lli gaHi
BKa3ylTb Ha OAMH i3 MOXIMBUX MEXaHi3MiB, ki nmopy-
weHi y B-knitnHax nig snnveom BEB i BignosiganbHi 3a
3HWXKEHHS IMYHHOI peakTUBHOCTI OCib, Lo nepexsopinu
Ha BEB-iHdekuito. B nonepeaHix Hawwmnx AOCHIAXKEHHSAX
Oyno NpoAEeMOHCTPOBaHO, WO niMcgounTn, XBOpUX Ha
XBEBI, npogykytoTb Y BiporigHO MeHLWin KinbkocTi 1J1-2
i B 6inbLwin kinekocTi I11-10, Hix 3goposi ocobw [15]. Cnig
poaaru, wo B npogykuii 1/1-2 i 1J1-10 mixx ocobamum, ki He
MatoTb 3axucHoro piBHa AT o audTepii i npasus, i ma-
I0Tb 3axucHui piBeHb AT g0 umx iHdekuin, cnoctepira-
I0TbCs BiporigHi po3bixHocTi (p<0,05). IMyHOKOMNETEHTHI
KNiTUHM 0Ci® 1-i rpynu npoaykytoTh [J1-2 3HaYHO B MEHLLIN
KinekocTi, a I11-10 y 3Ha4Ho GinbLwuin, HiXk ocobu 2-i rpynu.
Bigomo, wpo I/1-2 aktuBye nepexig knitnH 3 G1 B S chasy
KNITUHHOrO UMKIY, 3anyckae B-knituHu B nponicepadito.
1J1-10 BigHOCKTbCA 40 GaraToyHKLiOHaNbHUX LIMTOKIHIB,
3[aTeH NPUrHivyBaTN akTUBHICTb T- i B-KNiTUH i NpurHivy-
BaTU cuHTEe3 3axucHux AT. MNopyleHHss 6GanaHcy cepen
PerynaTopHux iHTEPNENKiHIB y LIMTOKIHOBIN Mepexi MoXe
BUCTYNaT! BaXnvMBvM (DAKTOPOM 3HMKEHHSA 3ararnbHoil
iIMyHOPEaKTUBHOCTI OpraHiamy.

BUCHOBKHU

PiBeHb CUCTEMHOrO ryMmoparnbHOrO iMyHITETY Y XBOPUX
Ha XBEBI i siki He matoTb 3axucHoro pieHa AT go gudte-
pil Ta NpaBUs 3HAYHO HWXYUI, HIX Y OCI6, WO MaloTh 3a-
XUCHUI piBeHb AT 00 umx iHdekuin. Y ocib 1-i rpynu (AT")
y NOPIBHSAHHI 3 ocobamu 2-i rpynu (AT*) y poTOrnoTKOBOMY
CEKpETi BiporigHO HWXYMA piBeHb SIgA, B nepudepuyHin
KpOBI NiaBuLLIEHa BIOHOCHA KiNbKiCTb B-kniTWH, ekcnpecyto-
ymx CD95, Ta 3HmKeHa KinbkicTb B-knituH 3 CD80, a Takox
3HWKeHa npoaykuisa 1/1-2 i nigeuieHa npogykuisi 1J1-10.

[o gii BEB-iHdekuii Ginbl BpasnuBMMM ONMUHUIUCH
3axuCHi (hakTopu aganTUBHOMO IMYHITETY, HiX dhakTopu
BPOMAXXEHOIO IMYHITETY.
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1. Tony6oscbka O.A., AHgpeinunH M.A., Wkyp6a A.0. IHdeKuUiiHi xBo-
pobu. K: BCB «MeauumHay, 2022. 464 p.

2. Leung AK.C.,, Lam J.M., Barankin B. Infectious mononucleosis:
an updated review. Current Pediatric Reviews. 2024. Vol. 20, Ne 3.
P. 305-322. DOI: https://doi.org/10.2174/1573396320666230801091558

3. Sylvester J.E., Buchanan B.K., Silva T.W. Infectious mononucleosis: rapid
evidence review. American Family Physician. 2023. Vol. 107, Ne 1. P. 71-78.

and differentiate. Along with this, a greater number of
B cells expressed the CD95 molecule, a marker of cell
readiness for apoptosis, than in the control group. This
molecule was expressed in a significant number of B-cells
in group 1 than in group 2 patients (Table 3). Unlike group
2 patients, group 1 patients had a decrease in the number
of Bcells expressing the CD80 molecule. In group
2 patients, a significant decrease in the number of cells
with the CD80 molecule was not recorded compared to
the control. CD80 (B7) is a costimulatory molecule, the
expression of which is mandatory for the development
of any type of immune response. In the absence of
this cluster on antigen-presenting cells, which are also
B-lymphocytes, helper T-cells, when interacting with
antigen, go into a state of anergy. These data indicate
one of the possible mechanisms that are disrupted in
B-cells under the influence of EBV and are responsible
for the decrease in immune reactivity in individuals who
have had EBV infection. In our previous studies, it was
demonstrated that lymphocytes of individuals with EBV
produce significantly less IL-2 and more IL-10 than
healthy individuals [10]. It should be added that there are
significant differences in the production of IL-2 and IL-10
between individuals who do not have a protective level
of antibodies to diphtheria and tetanus and those who
have a protective level of antibodies to these infections
(p < 0.05). Immunocompetent cells of individuals of group
1 produce IL-2 in significantly smaller quantities, and
IL-10 in significantly larger quantities, than individuals of
group 2. It is known that IL-2 activates the transition of
cells from the G1 to the S phase of the cell cycle, triggers
B-cells to proliferate. IL-10 belongs to multifunctional
cytokines, is able to suppress the activity of T- and B-cells
and suppress the synthesis of protective antibodies.
Disruption of the balance among regulatory interleukins
in the cytokine network may be an important factor in
reducing the overall immunoreactivity of the body.

CONCLUSIONS

The level of systemic humoral immunity in individuals
with EBV and without a protective level of antibodies
to diphtheria and tetanus is significantly lower than in
individuals with a protective level of antibodies to these
infections. In individuals of group 1 (AB-) compared
to individuals of group 2 (AB+) in the oropharyngeal
secretion, the level of slgA is significantly lower, in the
peripheral blood the relative number of B-cells expressing
CD95 is increased and the number of B-cells with CD80
is reduced, as well as the production of IL-2 and the
production of IL-10 are reduced.

Protective factors of adaptive immunity were more
vulnerable to the action of EBV infection than factors of
innate immunity.
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NepcnekTuBu NOAAAbLLUNX AOCAIAXEHDb

BaxnuBe BuBYEHHS BrnvBy BEB-iHMeKUil Ha KniTuHK
BPOMXXEHOTO IMYHITETY.

KoHAIKT iHTepecis

ABTOpPW pyKOMKMCY CBiAOMO 3acBifyyOTb BiACYTHICTb (hbak-
TMYHOro abo NOTEHUINHOro KOHNIKTY iHTEPECIB LL0A0 pe-
3ynerartiB Liei poboTu 3 hapMaLeBTUHHUMW KOMMaHIAMMU,
BMPOOHUKamMn GioMeanyHMX NPUCTPOIB, IHLLIMMKU OpraHi-
3auisMu, Yni NPOAyKTK, nocnyru, diHaHcoBa MiATpMMKa
MOXyTb OyTW NOB’si3aHi 3 NpegMeTOM HadaHux marepia-
niB abo ki cnoHcopyBany NpoBeaAeHi AOCNIMKEHHS.

IHcbopmauis npo chiHAHCYBAHHS

®iHaHcyBaHHS BuaaTkamu [epxaBHoro OropxeTy Ykpa-
iHn. CtaTTsa € oparMeHTOM NnaHOBOI HayKoBO-AoCHiA-
HOi poboTu kadpegpw iHpeKUiiHMX xBOpob Ta KniHiYHOT
iMyHoORorii  XapKiBCbKOro HauioOHanbHOro yHiBepcutety
imeHi B.H. KapasiHa MiHicTepcTBa ocBiTu i Haykn Ykpai-
HY «BrBYEHHS1 poni iIMyHHUX, aBTOIMYHHMX Ta MeTaboniy-
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Ho-BakTepianbHMMKM acoujauisMy nNpu rocTpoMy, 3aTsx-
HOMY Ta XpOHiYHOMY nepebiry XBopoOu Ta yaAOCKOHaneH-
HS TakTUKW NiKyBaHHS», HOMEp AepXaBHOI peecTpauil
0123U105022, TepmiH BMKOHaHHSA: 2023-2028 pp., Ke-
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Prospects for further research

It is important to study the effect of EBV infection on cells
of innate immunity.

Conflict of interest

The authors of the manuscript declare that they have no
actual or potential conflict of interest.

Funding information

Financing by expenditures of the State Budget of Ukraine.
This article is a part of the planned research work of
the Department of Infectious Diseases and Clinical
Immunology of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine, titled
«Study of the role of immune, autoimmune, and metabolic
disorders in the patho-genesis and consequences of
infectious processes caused by bacteria, viruses, and
virus-bacterial associations in acute, prolonged, and
chronic disease courses, and improving treatment
tactics», state registration number 0123U105022,
execution period: 2023-2028, Research supervisor —
Head of the Department of Infectious Diseases and
Clinical Immunology, Candidate of Medical Sciences,
Associate Professor O.V. Volobuieva.

INFORMATION ABOUT AUTHOR

Popova Alisa Mykolaivha — Postgraduate student of the
Department of Infectious Diseases and Clinical Immunology of the
V.N. Karazin Kharkiv National University of the Ministry of Education
and Science of Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: alisa.popova96@ukr.net

tel.: +38 (099) 045-54-25

Author’s contribution: data collection, data analysis
and interpretation, article writing, article editing.

Volobuieva Olga Viktorivna — Candidate of Medical
Sciences, Associate Professor, Head of Department of Infectious
Diseases and Clinical Immunology School of Medicine of the
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine; 4 Svobody Sq., Kharkiv,
Ukraine, 61022;

e-mail: o.volobyeva@karazin.ua

tel.: +38 (099) 048-31-18

Author’s contribution: analysis and interpretation of
data, editing of the article, final approval of the article.

Ornsg nitepatypu

254

Literature review


mailto:alisa.popova96@ukr.net
mailto:o.volobyeva@karazin.ua
mailto:alisa.popova96@ukr.net
mailto:o.volobyeva@karazin.ua

BicHuK XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H
Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 246-255

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):246-255

. Kapasina. ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

Beno3bopoB Irop BikTopoBuY — JOKTOP MEQUYHUX Hayk,
npodecop, npodecop kadenpu oHKororii, pagionorii Ta pagi-
auiiHol MeguuMHU MeaudHoro dakynsteTy XapkiBCbKOro Ha-
uioHanbHOro yHiBepcutety imeHi B.H. KapasiHa MinictepctBa
OCBITW i Haykn YkpaiHu, mangaH Csoboagw, 6ya. 4, m. Xapkis,
Ykpaina, 61022;

e-mail: i.v.belozerov@karazin.ua

mMo6.: +38 (067)918-12-63

BHecok aemopa: nidbip nimepamypHux dxeper, peda-
2yeaHHs1 cmammi.

Belozorov Igor Viktorovich — Doctor of Medical Sciences,
Full Professor, Professor of the Department of Oncology,
Radiology and Radiation Medicine, School of Medicine of the
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine; 4 Svobody Sq., Kharkiv,
Ukraine, 61022;

e-mail: i.v.belozerov@karazin.ua

tel.: +38 (067) 918-12-63

Author’s contribution: selection of literary sources,
editing of the article.

Pykonuc Haginiwos OTpumaHo nicnsi peLeH3yBaHHA [MpunHATO OO ApYyKY Ony6nikoBaHo
Manuscript was received Received after review Accepted for printing Published
03.03.2025 10.04.2025 16.04.2025 30.04.2025

Ornsp nitepatypu 255

Literature review


mailto:i.v.belozerov@karazin.ua

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.
Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 256-268

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):256-268

DOI: https://doi.org/10.26565/2313-6693-2025-53-08
YIK: 616.98:578.834]-07-085.577.161.2

3B’'30K MiX AedbiunuTom BiTtamiHy D Ta COVID-19

CwmisiH O.1.,
MNonwok K.O.,
BacunbeBa O.I",,
MaHbko 10.A.,

https://orcid.org/0000-0001-8225-0975, e-mail: o.smiyan@med.sumdu.edu.ua
https://orcid.org/0000-0002-5298-9389, e-mail: k.holiuk@med.sumdu.edu.ua
https://orcid.org/0000-0003-4470-8740, e-mail: ol.vasilyeva@med.sumdu.edu.ua
https://orcid.org/0000-0003-3348-2862, e-mail: y.mozgova@med.sumdu.edu.ua

HasuarnbHo-Haykosul meduyHul iHcmumym CyMcbKo20 OepxxagHoe0 yHigepcumemy
Minicmepcmea oceimu i Hayku YkpaiHu, Cymu, YkpaiHa

The relation of vitamin D deficiency and COVID-19

Smiyan O.1.,
Holiuk K.O.,
Vasylyeva O.H.,
Manko Yu.A.,

https://orcid.org/0000-0001-8225-0975, e-mail: o.smiyan@med.sumdu.edu.ua
https://orcid.org/0000-0002-5298-9389, e-mail: k.holiuk@med.sumdu.edu.ua
https://orcid.org/0000-0003-4470-8740, e-mail: ol.vasilyeva@med.sumdu.edu.ua
https://orcid.org/0000-0003-3348-2862, e-mail: y.mozgova@med.sumdu.edu.ua

Educational and Scientific of the Medical Institute of Sumy State University of the

KAlo40Bi cAoBa:

BiTamiH D, «kanbuudepon, asiTamiHO3,
COVID-19, Tepanisi, npodinakTuka.

AAS KOPECNOHAEHLi:

[ontok KatepuHa OnerisHa
HaB4anbHO-HayKOBUA MEAUYHWIA IHCTUTYT
CyMCbKOro fiepxxaBHoro yHiBepcuteTy Mi-
HiCTepCTBa OCBITU i Hayku YkpaiHu, kade-
apa negiatpii;

Byn. Tpoiubka, 6ya. 28, m. Cymu, YkpaiHa,
40021;

e-mail: ped@med.sumdu.edu.ua

© CwisiH O.1., lonrok K. O.,
Bacunsesa O.I., MaHbko KO.A., 2025

AAS UMTYBAHHS:

Ministry of Education and Science of Ukraine, Sumy, Ukraine

PE3IOME

AkTyanbHicTb. BpaxoBytouun ponb BiTamiHy D y Garatbox acnektax iMyHHOI Bianosiaj;
o6epHeHy 3anexHiCTb MiX MOro piBHEM y Nonynsuii Ta 3aXBOPHOBAHICTIO Ha rocTpi pec-
nipaTopHi iHgekuii, 3okpema COVID-19; Takoxk AaHi MeTaaHanisiB Woao edekTUBHOCTI
pobaBok BiTamiHy D ans npodinakTvkv rocTpux pecnipaTopHUX 3aXBOPHOBaHb; BPaxo-
BYIOYM BUCOKi MOKasHWKN AediunTy BiTamiHy D — pekomeHgoBaHO 3aCTOCyBaHHS LibOro
BiTaMiHy Ans npodinakTukm iHpikyBaHHa SARS-CoV-2 Ta Taxkoro nepebiry COVID-19,
Xo4a HeobXiaHI 4oaaTKoBI paHAOMI30BaHi KMiHiYHI AOCHIAKEHHS.

MeTta po60oTH — cuctemaTvdyBaTit B HapaTUBHOMY Orfisifi Cy4acHy HayKoBy iHdopmalLlito
oo pori BiTamiHy D Ta 1ioro AediumnTy y po3BUTKY Ta NiKyBaHHi KOPOHaBIPYCHOI XBOPO-
6u (COVID-19, SARS-CoV-2).

MaTtepianu Ta metopm. Migbip nybnikauin BYKOHaHO 3a KMYOBMMM crioBamu B Ga-
3ax paHux PubMed, Cochrane Library, Scopus, Web of Science ony6nikoBaHnx
y 2016-2022 pp.

Pe3synbrat Ta ix obroBopeHHs. 3rigHO 3 MeTaaHanizaamy BUKOPUCTaHHS BiTaMiHy
D ans npodinakTvkv iHWNX pecnipaTopHuX iHdeKuin, foboBa Ao3a Anst AOPOCnMX cTa-
HoBUTb 400—-1000 MO. [itam Ta nignitkam, siki CoXuBatoTb MeHLUe Hix 1 niTp monoka,
36arayeHoro BiTamiHoM D, pekomeHgoBaHo godaTtkoBo npuinmatn 400 MO uboro BiTa-
MiHy woaHs. [iTAM Ha rpyAHOMY BUrOA0BYBaHHI abo siKi CNOXMBaKOTb MeHLUE Hix 1 niTp
opMynun Ha [AeHb, crif Takox HadaBaTu Uk [o3y. [ns HEMOBMST Le HeobxiaHO Ans
npodinakTvkv aniMeHTapHoro paxity. Y nauieHTis, rocnitanisoBaHux 3 COVID-19, cnig
BM3Ha4aTy BUxigHui piseHb 25(OH)D y cmpoBarTui KpoBi i 3a HeOOXIAHOCTI MiABWLLYBaTH
Mnoro o piBHs WoHanmeHwe >30 Hr/mn (onTumarnbHo 40-60 Hr/mn), 0cobnmBO SKLLO
BUXiOHWI piBeHb <10 Hr/mn.

Y nauienTiB i3 COVID-19 i koHueHTpauieto 25(0OH)D <20 Hr/mn pekomeHOoBaHa Ko-
puryBanbHa go3a BiTamiHy D ctaHoBuTb 6000-7000 MO/geHb nepopanbHO NpOTSAroM
6-8 TwxkHiB. MNigTpumyBanbHa Ao3a ANs AOCATHEHHS ONTUMAarbHUX KOHLEHTpaLin BiTamiHy
D Bapitoe Big 2000 go 3000 MO/geHb 3anexHo Bif BiKy Ta CTaHy naujieHTa. AKWwo Hemae
MOXIMBOCTI BU3Ha4MTV BuxigHuin piseHb 25(OH)D y nauieHtie 3 COVID-19, pouinbHO
npu3HaYMTK NoYaTKoBy nepoparnbHy o3y BiTamiHy D y mexax 2000-3000 MO/geHb.
BucHoBku. [NepcnekTMBm noganbLumx OCHiAKEHb NOB’'A3aHi 3 NOrMMONeHUM BUBYEHHSAM
nUTaHHA 3B’s3Ky Aediunty BiTamiHy D ta COVID-19 y cuctematnyHmx ornsigax i3 meta-
aHaniaoM NPOCMNEeKTUBHUX NOMyNAUINHUX paHO0Mi30BaHMX KOHTPONbOBaHMX AOCHiMKEHb.
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ABSTRACT

Background. Given the role of vitamin D in many parts of the immune response; inverse
relationship between its level in the population and morbidity for acute respiratory
diseases and, in particular, for COVID-19; meta-analysis data on the effectiveness of
vitamin D supplements in the prevention of acute respiratory diseases; high rates of
vitamin D deficiency in some areas, it may be recommended to use supplements of
this vitamin for prevention of SARS-CoV-2 infection and severe COVID-19, although
additional randomized clinical trials and meta-analyses are needed.

Purpose — to systematize in the narrative review the current scientific information on
the role of vitamin D and its deficiency in the development and treatment of coronavirus
disease (COVID-19, SARS-COV-2).

Materials and Methods. Publications were selected using keywords in PubMed, Cochrane
Library, Scopus, Web of Science databases published over the period from 2016 to 2022.
Results. Based on meta-analyses of the use of vitamin D supplementation for the
prevention of other respiratory infections, the optimal dose for adults is 400-1000 U per day.
Children and adolescents who consume less than 1 liter of vitamin D-fortified milk per day
are recommended to take an additional 400 IU of vitamin D daily. Breastfed babies or those
consuming less than 1 liter of formula per day should receive the same dose. For infants,
it is also necessary to prevent alimentary rickets. In patients hospitalized with COVID19,
baseline serum 25(0OH)D should be determined and, if necessary, increased to a level of at
least >30 ng/mL (optimally 40-60 ng/mL ), especially when baseline is <10 ng/ml. In patients
with COVID19 and serum 25(0OH)D concentrations <20 ng/mL, the recommended dose of
vitamin D correction should be 6000-7000 |U/day orally for 68 weeks. The maintenance
dose to achieve optimal concentrations of vitamin D varies from 2000 to 3000 IU/day
depending on the age and clinical condition of the patient; if it is not possible to determine the
initial concentration of 25(OH)D in patients with COVID19, a starting appointment of vitamin
D orally at a dose of 20003000 1U/day would be appropriate.

Conclusions. Prospects of further research are related to in-depth investigate of the
matter of the relation of vitamin D deficiency and COVID-19 in systematic reviews with
meta-analysis of populational prospective randomized controlled trials.

Smiyan Ol, Holiuk KO, Vasylyeva OH, Manko YuA. The relation of vitamin D deficiency and COVID-19.
The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025; 33(2(53)):246-255. DOI:
https://doi.org/10.26565/2313-6693-2025-53-08

BCTYN

IcTopnyHo BiTaMiH D (Takox BigomMui gk 25-rigpokcu-

BACKGROUND

Historically, vitamin D (also referred as

BiTamiH D, 25(OH)D, kanbundepon) — XMpOpPO3HMHHUN
BiTamiH — OyB BiJOMMI Nepeaycim 3aBAsKkv CBOIV poni
B niaTpumLi obmiHy Kanbuito i pocdopy, oTxe, nepeny-
CiM — HOpMarnbHOro CTaHy OMOPHO-PYXOBOro anaparty Ta
HepBOBOi cucTemu. 3rogoM Byrno BigkpuTo BaraTo iHWKX
dYHKUiA LbOro BiTamiHy, 30KpemMa WOro 3gaTHIiCTb MO-
AynioBaTy iMyHHY BiANOBIAb NPY iIHPEKUINHNX, ayTOIMYH-
HMX 3aXBOPKBaHHSAX TOLLO.

Binbwe Toro, nikyBaHHa AediunTy BiTamiHy D go-
cnigXyBanocs npu LWMPOKOMY CMEKTPi NaTomnorin, Taknux SK
MykoBicumao3 [1, 2], XxpoHiyHa xBopoba Hupok [3], TpaH-
cnnaHTauis opraHiB [4], LykpoBuiA adiabeT, 3aXBOPHOBaHHS
HEepBOBOI Ta CepLeBO-CyAUHHOI cucTem [5] Ta iHwi, a Ta-
KOX y 300pOBWX MtoAeNn i3 MeTo NiATPMMKM Ta npodpinak-
TUKK [6, 7]. Byno pospobneHo andepeHuinoBaHn niaxia,
[0 BUKOPUCTaHHS pi3HMX npenapartis BiTamiHy D [8].

3B’a30k MeTaboniamy BiTamiHy D i3 pecnipatopHumu
NaTornorigsMy TakoX HeOQHOPa30BO OMUCYBABCS Y HayKo-
BMX ny6nikauisx [8, 9], sk okpemo, Tak i y B3aemogii 3 iH-
LUMMK BiTaMiHAMU YK MOXMBHUMU pedvoBuHamu [10, 11].

Takum 4mnHOM, nepenbavyBaHuii 3B'A30K MiX BiTa-
MiHOM D i 3axBOpHOBaHHAMW OuXanbHUX OpraHie npu-
BiB MPaKTUKYyUMX MikapiB OO FiNOTe3n Mpo MOXNUBICTb
3aCToCyBaHHSA BIigNoBiOHMX dapMakosnoriyHux 3acobiB
Ons nNpoinakTukM Ta nikyBaHHS 3axBOPKOBaHb fereHb,

25-Hydroxyvitamin D, 25(0OH)D, calciferol) — fat-soluble
vitamin, has been primarily known for its role in maintaining
the metabolism of calcium and phosphorus, and therefore
primarily the proper state of the support and movement
and nervous systems, but later many of its other functions
were discovered, namely the modulation of the immune
response to infectious, autoimmune diseases, etc. Even
more, the treatment of its deficiency has been investigated
in a wide range of pathologies like cystic fibrosis [1, 2],
chronic kidney disease [3], organs transplantation [4],
diabetes mellitus, neural and cardiovascular diseases [5]
and others, as well as, of course in healthy people for
support and preventive reasons [6, 7]. The differential
approach to use different preparations was developed [8].
The relation of vitamin D metabolism and respiratory
pathology has been reported by researchers [8, 9], solely
or in complex with other vitamins, nutrients [10, 11].
Therefore, the supposed link between vitamin D and
conditions of respiratory organs has made practitioners
to come to a hypothesis that there is a chance to use
appropriate pharmaceuticals in the prophylaxis and
treatment of people regarding pulmonological problems,
including coronavirus (SARS-CoV-2) disease and
pandemy which has started in 2019 (COVID-19) [12-20],
both prevention of the infection at all, and prophylaxis of
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BKITFOYHO 3 KOPOHaBipycHot iHdekuieto (SARS-CoV-2) Ta
naHgemieto, ska posnoyanacsa y 2019 poui (COVID-19)
[12—-20], sk ansa npodinakTukn iHiKyBaHHS B3arani, Tak
i 3MEHLLEHHA CMepPTHOCTI nauieHTis [21-24].

VmoBipHO, Lel edeKkT MoB’asaHWii Hacamnepes i3
iMyHOMOZynoBanbHUM noTeHuianom BitTamiHy D [25],
3 MOro 34aTHICTI0 3MeHLyBaTK 3ananeHHs. [MpupogHo,
Lo 3acTocyBaHHs BiTamiHy D BogHoyac 3anobirae pos-
BUTKY paxiTy y aiten [26].

OctaHHiM yacom 6yno nNpoBedeHO HU3KY HOBMX O0-
CnigpKeHb i cucTemMaTuyHMX ornsaaiB (Oesiki 3 HUX — i3 me-
TaaHaniaoM) Woao 3B’A3Ky Mk gediuntom BiTamiHy D Ta
COVID-19 [27-58]. Y 3B’A3Ky 3 MM HacTae€ 4ac ysararb-
HUTWU HasIBHI pe3ynbTaTy.

MeTta po60Tu — crctemartunayBaTtu B HapaTVBHOMY Or-
nagi cyydacHy HaykoBy iHpopmauito wonao poni BitamiHy D
Ta noro AediunTy y po3BUTKY Ta MiKyBaHHi KOPOHaBIpyc-
Hoi xBopobu (COVID-19, SARS-CoV-2).

MATEPIAAU TA METOAU AOCAIAXXEHHA

CemaHT14He s4po NoLuyKy nyonikauin BKoYano Taki
KINHOYOBI crioBa Ta ix KombiHauii: «BiTamiH D», «25-rig-
pokcuBiTamiH D», «25(OH)D», «kanbumdepon», «ae-
diunT», «COVID-19», «naTtoreHesy», «nartodisionorisay,
«MeXaHi3Mu», «iMyHITET», «3ananeHHs» Towo. [lowyk
npoBoaMBCs y Takmx 6asax pgaHux: PubMed, Cochrane
Library, Scopus, Web of Science.

B ornsig ©6ynu BKIKOYEHi Taki TUMW AOCNIMKEHb: CUCTe-
MaTU4Hi ormaaW, paHAOMI30BaHI KNiHiYHI BUNpoOyBaHHS,
KOrOpTHi OOCMiAXEHHS, OOCAIMKEHHS TUNy «BUNAgOK—
KOHTPOIbY», NONEPEYHi OCHISKEHHS, KNiHIYHI BUNagku ta
cepii BunaaKis.

PE3YABTATM TA iX OBrOBOPEHHS

Mema6onism ma degpiyum simaminy D

BitamiH D HagxoouTb B opraHiam i3 ket (OCHOBHi
Oxepena — mopcbka puba, BepLUKOBe Macro, Awus; Ao
50 %) i MOXe TakoXX CUHTE3yBaTMCA B LUKIPi Mg A€o yrb-
TpadioneTtoBux npomeHis (8o 90 %) [59]. dani BiH meTa-
6oni3yeTbCA B NeYiHLi 3 yTBOPEHHAM HeaKTUBHOI hopmu —
25(0OH)-rigpokcukansumdepony (25(0OH)D), wo € Han-
Ginbll OOCTOBIPHUM Mapkepom cTaTycy BiTamiHy D B
opraniami [60]. AkTBHa dopma BiTamiHy — 1,25(0H),D,,
abo KanbuWTpion, yTBOPIETLCA B HMPKaXxX Mg BrNVBOM
depmeHTy 1a-rigpokcunasm [61-63].

HediumT BiTamiHy D 3a3Bmyain knacndikyeTbca Ha oc-
HoBi piBHs 25(0OH)D y cupoBarLi KpoBi: AOCTaTHiN piBEHb —
noHag 50 Hmonb/n, HegocTaTHIn — 30-50 HMonb/N, aedi-
unT — MeHwe 30 Hmonb/N. 3rigHo 3 pekoMeHaauissMy eH-
JokpuHonorivyHoi acoujauii (Endocrine Practice Guidelines
Committee), goctatHim BBaxaeTbcs piBeHb 25(0OH)D He
MeHLwe, Hix 30 Hr/mn (75 Hmonb/n), HegocTaTHICTb — Big 21
00 29 vr/mn (50,1-74,9 Hmonb/n), a AediunT — Konm piBeHb
ctaHoBuTb 20 Hr/mMn abo meHwe (<50 HMonb/n). IHToKCK-
Kauis BitamiHoOM D moxe BuHuMkatu npu piBHi 25(0OH)D
noHag 150 Hr/mn (375 Hmonb/m) [64].

HediuuT BiTamiHy D BnnvBae Ha pi3Hi opraHu Ta cuc-
Temn. Hanpwuknag, 3MeHLeHHA po3mipy TpombouuTis
Moxe ByTv NoB’A3aHe 3 HU3bKMM piBHEM BiTamiHy D (imo-
BipHO, Yepes ranbMyBaHHS akTUBaLii TpoMOouuTiB) y Ai-
Ten i3 BipyCHUMU iHdeKUIgMY AnxarnbHUX Wnaxis [64].

death of patients with it [21-24]. This effect is likely to be
primarily connected with immunomodulatory potential of
vitamin D [25], with its ability to decrease inflammation.
Naturally, the use of vitamin D simultaneously prevents
rickets in children as well [26].

Recently, a set of new researches, systematic reviews
(some of them with meta-analysis) have been performed in
the relation of vitamin D deficiency and COVID-19 [27-58].
Therefore, it is time to sum up the current results.

Objective — to systematize in the narrative review
the current scientific information on the role of vitamin
D and its deficiency in the development and treatment of
coronavirus disease (COVID-19, SARS-COV-2).

MATERIALS AND METHODS OF RESEARCH

The semantic core of the publication search included
the following keywords and their combinations: «vitamin
D, 25Hydroxyvitamin D, 25(OH)D, calciferol, deficiency,
COVID-19, pathogenesis, pathophysiology, mechanisms,
immunity, inflammation,» etc. The search was conducted
in the following databases: PubMed, Cochrane Library,
Scopus, Web of Science.

The review includes the following types of studies:
systematic reviews, randomized clinical trials, cohort
studies, case-control studies, sectional studies, case
studies, case series.

RESULTS AND DISCUSSION

Vitamin D metabolism and deficiency

Vitamin D enters the organism with food (the main
sources are sea fish, butter, eggs; up to 50 %), it may
be is also synthesized in the skin under the influence of
ultraviolet rays (up to 90 %) [59]. It is then metabolized
in the liver to form inactive 25(OH)-hydroxycalciferol
(25(0OH)D), which is the most reliable marker of vitamin
D status [60]. The active form of the vitamin, 1,25(0H),D,,
or calcitriol, is produced in kidneys under the influence of
1a-hydroxylase [61-63].

Vitamin D deficiency is usually classified based on
the level of (25(OH)D) in blood serum: sufficient over
50 nmol/l, insufficient 30—50 nmol/l, deficiency less than
30 nmol/l or, according to Endocrine Practice Guidelines
Committee, sufficient levels of vitamin D are ata 25(0OH)D
level of equal or more than 30 ng/ml (75 nmol/l),
insufficiency — from 21 to 29 ng/ml (50.1-4.9 nmol/l),
deficiency is when it counts less or equal than 20 ng/ml,
or 50 nmol/l. Vitamin D intoxication occurs when the level
of 25(OH)D is higher than 150 ng/ml (375 nmol/l) [64].

Vitamin D deficiency has aplenty of effects from
different systems of organs.

Reduce in platelet size may be associated with low
vitamin D levels (probably, because of inhibiting platelet
activation) in children with aviral respiratory tract
infection [64].
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Ponb eimamiHy D e iMyHimemi ma 3ananeHHi

Ponb BiTamiHy D y yHKLiOHYBaHHI iMyHHOI cuctemu
pocnigxysanacsi B 6aratbox HaykoBux poboTax [65, 66].
3B’A3yBaHHs akTMBHOI hopmu BiTamiHy D — 1,25(0OH)2D —
3 peuenTtopamu BiTamiHy D npusBoanTbe A0 TpaHcnokauii
LbOro KOMMMeKcy B S4pO KMiTUHKW, Ae BiabyBaeTbCst MO-
audpikauis ekcnpecii Aesknx reHis, 3okpema Tux, LWo Bia-
noBigaloTb 3a MpoAyKLUilo LMTOKIHIB Ta perynsuito Bpoa-
XKEHOro 1 HabyToro iMyHiTeTy.

[oBeneHo BnnuB BiTamiHy D Ha BPOMKEHUI IMYHITET
(3aBasku aktmBadii Toll-nogibHux peuenTopis [67], nigBu-
LLEHHI0 PiBHIB KaTeniuMauHie Ta B-gedeH3uHiB [68, 69]
TOLLO), @ TAaKOX Ha afanTUBHUI IMYHITET — Yepes 3HMKEH-
Hs1 cekpeLii iIMyHOrnobyniHiB Nna3mMaTnyHUMK KniTMHamu
Ta npoaykuii npo3ananbHUX UUTOKIHIB, iHTepnerikiHie 1a,
1B, dpakTopa Hekpo3y nyxnuH-a ToLo [70, 71].

Bigomo, WO iMyHHi KMiTUHM eKCnpecylTb peuenTo-
pv BiTamiHy D, i GinbLwicTe 3 HUX (MOHOUMTW, AEHOPUTHI
KNiTUHW, Makpodparun, B- Ta T-nimcounTtn) 3aaTtHi camo-
cTiHo nepetBoptoBatn 25(OH)D B akTMBHY bopmy —
1,25(0H)2D [72-74].

AKTUBHMI MeTaboniT BiTamiHy D — kanbuuTpion
(1,25(0OH)2D3) — 3a CBOEK CTPYKTYPOK € CTEPOIgHUM
rOpMOHOM (ropMoH D), i nogibHO [0 rnIOKOKOPTUKOIAIB,
30aTEeH YMHUTU IMyHOMOAYMIOYY Ta NpoTu3anarnbHy Aito
LLUNAXOM B3aeMOAIT 3i CTepPOIgHMMN peLienTopamm KIiTuH.

Takvm 4ynHowm, BiTaMiH D 3gateH npurHivysaTu 3anarnb-
Hi NpouecK B NereHsix, OQHOYaCHO aKTUBYHOUM MEXaHi3mMmu
NPUPOAHOIo 3aXMCTy NPOTU PEeCnipaTOPHUX MATOrEHiIB.

Bimamin D ma iHghekyilina namoJsioeisi, 30kpema
SARS-CoV-2 (COVID-19)

IcTopyyHO BUKOpUCTaHHA BiTaMiHy D ans npodpinaktukm
3acTyaQy Mae MoHag CTOMITHIO iCTOpIit0 — 30Kpema, 3acToco-
BYyBasv pud’sumi Xxmp 3 NeYiHKy Tpicku. B ocTaHHi poku Hako-
MUYEHO 3HAYHWUIA OOCAT AaHMX LLOAO LibOro NuTaHHs [75, 76].

HedbiumnT BiTamiHy D noB’sazaHuii i3 nigBULLEHOO CNIpUA-
HATMMBICTIO 40 BIPYCHMX iH(EKLi AnxanbHWX Wnsxie [77].

Huska pocnigxeHb, cucTteMaTUYHUX OrnsAdiB i MeTa-
aHanisiB nokasanu, Lo, Monpu 3Ha4yHy reTepPOreHHiCTb
OaHuX, BxMBaHHA BiTaMiHy Dy posi 400-1000 MO Ha
[oby npotsarom 12 micsuiB € 6e3nevyHuM i epeKkTMBHUM
Y 3HVXKEHHI PU3NKy PO3BUTKY rOCTPUX pecnipatopHux 3a-
XBOploBaHb [78], npyyoMy Hamkpalmin edekT cnocrepi-
raeTbecsi B ocCib i3 BupaxeHuM gediumtom BitamiHy D [9].

[osegeHa yyacTb BiTamiHy D y npotuaii iHwWunm Bipyc-
HUM pecnipaTopHUM iHheKLIgM Aana nigctasu NpUNycTu-
TH, LLIO MOro MOXKHa 3aCTOCOBYBaTU ANst NPOdinakTuku Ta
nikyBaHHa SARS-CoV-2 (COVID-19).

HasBHi gokasu BkasdyloTb Ha Te, Wo BiTamiH D no-
3UTUBHO MOAYME IMyHHY BIQNOBiAb OpraHiamy Ha
SARS-CoV-2 sik Ha paHHiIin BipeMiyHin casi COVID-19,
TaK i Ha Mi3Hin rinep3ananbHiv dasi (Tak 3BaHUA «LUTOKi-
HOBWIA LWITOpPMY) [26, 39, 51, 53, 66].

lMicns noTpannsHHs iHpeKUiiHoro areHTa B opraHiam,
meTaboniti BiTamiHy D nigTpumytoTb MexaHiamu npoTu-
BipYCHOro BPOAXXEHOrO iMYHITETY, BKIHOYAOYM iHOYKLiO
aHTUMMIKPOGHMX NenTuais Ta aytodarito [79].

OcobnuBoi yBaru 3acnyroBye posb AediunTy BiTaMiHy
D y po3BuUTKYy «LUTOKIHOBOTO LUTOPMY» — OCHOBHOT NpU4u-
H¥ Tskkoro nepebiry COVID-19 ta cmeprTi nauienTis. Haa-
MipHa NPOAYKLiA Npo3ananbHUX LUMTOKIHIB NPU3BOANTL A0
PO3BUTKY TOCTPOro pecnipaTopHOro AUCTPECc-CUHOPOMY
(ARDS) Ta mynbsTHopraHHoi HegocTtaTtHocTi [80].

Vitamin D role in immunity, inflammation

A number of studies have been conducted on the
role of vitamin Din the functioning of the immune
system [65, 66]. The binding of 1,25(OH) 2 D to vitamin
D receptors results in the translocation of this complex
to the cell nucleus, where it modifies the expression of
various genes, including genes responsible for cytokine
production, regulation of the innate and adaptive immune
response.

The influence of vitamin D on innate immunity (due
to the activation of Toll-like receptors [67], increasing the
levels of cathelicidins and B-defensins [68, 69], etc.), on
acquired immunity (due to a decrease in the secretion of
immunoglobulin by plasma cells and the production of
pro-inflammatory cytokines, interleukins 1a, 1B, tumor
necrosis factor-a, etc.) [70, 71] has been proven.

It is known that immune cells express vitamin
D receptors, most of them (monocytes, dendritic cells,
macrophages, B and T cells) are able to convert 25(OH)D
to the active form 1,25(0OH) 2 D.

The final active metabolite of vitamin D, calcitriol
(1,25(0OH) 2 D3), according to its structure is
a steroid hormone (D-hormone), therefore, similarly to
glucocorticoids, it is able to exert an immunomodulatory,
anti-inflammatory effect due to the effect on functional
steroid cell receptors [72-74].

Thus, vitamin D is capable of suppressing pulmonary
inflammatory responses while enhancing innate defense
mechanisms against respiratory pathogens.

Vitamin D and infectious pathology, including
SARS-CoV-2 (COVID-19)

Historically, the use of vitamin D for the prevention of
colds has a century (or more) history. For this purpose, fish
oil from cod liver, etc. was used. Of course, a lot of data on
this issue has accumulated in recent years [75, 76].

Vitamin D deficiency is associated with susceptibility
to respiratory viral infections [77].

A number of studies, systematic reviews and meta-
analyses have revealed that, despite the significant
heterogeneity of studies, it is possible conclude that
vitamin D supplementation at a daily dose of 400-1000
international units for 12 months is safe and effective in
reducing the risk of acute respiratory disease [78], this
has best results in very deficient in vitamin D persons [9].

The fact that the role of vitamin D has been proven
in various respiratory viral infections suggests that it can
be used in the treatment and prevention of SARS-CoV-2
(COVID-19).

There is good evidence to suggest that vitamin
D favorably modulates the body’s response to
SARS-CoV-2 both during the early viremic phase of
COVID-19 and the late hyperinflammatory (cytokine
storm) phase [26, 39, 51, 53, 66].

When an infectious agent enters the body,
vitamin D metabolites support innate antiviral effector
mechanisms, including the induction of antimicrobial
peptides and autophagy [79].

The role of vitamin D deficiency in the development of
the «cytokine storm» —the main cause of the severe course
and mortality in COVID-19 — deserves special attention. It
is the excessive production of pro-inflammatory cytokines
that leads to acute respiratory distress syndrome and
multiple organ failure [80].
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EniTenii anxanbHux wnsaxis ekcnpecye 1a-rigpokcu-
naay, 1,25(0H),D ta peuenTop sitaminy D [79]. Kpim Toro,
anbBeonsipHi Makpodaru nig BNAYBOM BipyCiB Ta LIMTOKI-
HiB, LLLO BMBINbHAOTLCS 3 IHPIKOBAHMX KNITWUH, MOYNHAOTb
eKcrpecyBaTtu Ui X KOMMOHeHTH [81]. Xodya ue noku o
He JoBedeHO Ansi KopoHaBipycis, 3okpema SARS-CoV-2,
ONs iHWKX pecnipaTopHKX BipyCiB NokKasaHo, Lo akTuBa-
Uil BPOAXXEHOrO iIMYHITETY Ta nigBuLLeHe nokaneHe BUpO-
6nexHs 1,25(0H),D cnpusie BipycHin HenTpanisauii Yepes
MoaudikaLito noganbLlUnx npo3ananbHux peakuin [51].

BiTamin D Takox peryntoe iMyHONaTonoriyHi 3anarnbHi
NpoLecy Npu iHLWKNX iHPeKLiaX AuXanbHUX LWNSXiB, BNAW-
Bal4YM Ha PEHiH-aHrioTEH3MH-anbgOCTEPOHOBY CUCTEMY
(PAAC), wo € 0cobnmBO BaXIMBUM Y KOHTEKCTi TSXKKOro
nepebiry COVID-19, npu skomy rinepaktunsauis PAAC
acoUiETBCS 3 HECMPUATNNBMM NporHosom [82, 83].

Kpim BnnvBy Ha iMyHHy BignoBigb, QAis BiTamiHy
D moxe onocepefKkoByBaTUCh TAKOX Yepe3 CTUMYMsLio
cekpelii cypdaktaHTy knituHamu |l Tuny (nHeBMouuTa-
MW), O iCTOTHO MOPYLUYETLCS NPU YpaXKeHHi NereHb Ko-
poHasipycom [84, 85].

Xo4va enigemionoriyHi JOCNiIKeHHs Woao B3aeMo-
3B’A3Ky piBHA 25(0OH)D i 3axBOpHOBaHOCTI/THXKKOCTI Nnepebi-
ry COVID-19 nokn obmexeHi, BiZOMO, L0 HU3bKUIA PiBEHb
BiTamiHy D € He3anexHum akTopom PpuU3NKy PO3BUTKY
COVID-19 Ta rocnitanisauii 3 noro npvsogy [22, 86].

Bimawmin D y npogpinakmuyi ma nikyeaHHi SARS-
CoV-2 (COVID-19)

OcTaHHIM YyacoM 3Ha4yHO 3piC iHTepec HayKoBLiB A0
BMKOPUCTaHHS BiTamiHy D anga npodinaktuku Ta nikyBaH-
HeA GaraTboX 3axBoptoBaHb [9, 21, 25, 26, 63, 78]. Bcta-
HOBMeEHoO, WO BiTamiH D He nuwe 6epe yyacTb y perynsuii
KanbLieBo-docopHOro 0O6MiHy, a i Mae BUpaXeHi imy-
HOMOAYMOBarbHi BNacTUBOCTI.

3okpema, [oBeAEHO, LLIO HU3bKWI piBeHb BiTamiHy D y
nna3mi KpoBi acouitoeTbCs 3i 30inNbLUEHHSM 4acToTu Ta
TSXKKOCTI FOCTPUX pecnipaTopHUX BipyCHUX iHdeKLin [16].

Huska pocnigxeHb NpoOAeMOHCTPYBaB HasiBHICTb
3HAYHOrO 3axWUCHOro edekTy npenapaTiB  BiTamiHy
D 1oao 3MeHLLEHHS YacToT abo TAXKKOCTi roCTpUX pec-
nipaTopHMX 3axXBOPIOBaHb Yy NauieHTIB i3 AediumTom BiTa-
miHy D [17, 19, 20, 23].

OuikyBaHo, LLIO BUBYEHHSA BNNMBY BiTaMiHy D Ha pn3unk
pO3BUTKY Ta TskkicTb nepebiry COVID-19, po3noyanocs
NpakTU4YHO 3 caMoro novaTky naHgemii [12, 14, 15]. Tomy
LiNIKOM FOTMiYHUM € MPUMYLLEHHS, WO HanexHe 3abesne-
YEeHHS opraHi3amy BiTamiHOM D mMoxe BnnnBaTtu Ha 3axBo-
ptoBaHicTb Ta nepebir COVID-19.

OCHOBHOK MPUYMHOK KPUTUYHUX YCKNagHEHb npwu
COVID-19 € gucbanaHc iMyHHOI Bignosigi 1a cucteMHe
3ananeHHs — «UMTOKIHOBWUI wTopM». BitamiH D rapmo-
Hidye pobOTYy IMYHHOI CMCTEMW Ha BCiX ii piBHSAX, TOMY
MOro [OCTaTHI piBeHb MiABULLYE NMOBIPHICTb NeErkoro
nepebiry 3axBoprloBaHHs Ta ofyxaHHs [80].

PiBeHb C-peakTuBHOro 6inka, mapkepa sananeHHs,
€ 3HaYyHO BULLMM Y NauieHTIB i3 gediynTom BiTamiHy D i
noB’si3aHunii i3 Tshkkum nepebdirom COVID-19 [87].

HarHoBiLWi KniHiYHI JocnimkeHHA NigTBEPOKYIOTh, O
[o[aTkoBe 3aCToCyBaHHS BiTamiHy D moxe OGyTu kopuc-
HUM y nikyBaHHi naujieHTiB i3 COVID-19, ockinbku cnpu-
SI€ 3MEHLUEHHIO BIpYCHOrO HaBaHTaxeHHd SARS-CoV-2
Y BEPXHIX OMXanbHUX LUMSXaX, TUM CaMUM 3HUXKYHOUM 3a-
pasHicTb i 3anobiratoum po3BUTKY TSHKKMX CUMMNTOMIB [27].

Airway epithelium  expresses 1a-hydroxylase,
1,25(0OH)2D, and the vitamin D receptor [79]. In addition,
pulmonary alveolar macrophages begin to express
1a-hydroxylase and the vitamin D receptor under the
influence of viruses and cytokines released from infected
cells [81]. Although this has not been demonstrated for
coronaviruses such as SARS-CoV-2, for other viral
respiratory pathogens it has been shown that activation of
innate immunity, leading to increased local production of
1,25(0H)2D, enhances viral neutralization by modulating
subsequent pro-inflammatory reactions [51].

Vitamin D also regulates immunopathological
inflammatory responses in other respiratory infections
by influencing the renin-angiotensin-aldosterone system
(RAAS), which is of particular importance in the context
of severe COVID-19, where overactivation of the RAAS is
associated with a poor prognosis [82, 83].

In addition to the influence on the immune response,
the effect of vitamin D may be mediated by its action on
the secretion of surfactant by type Il pneumocytes, which
suffers in case of coronavirus lung damage [84, 85].

Epidemiological studies investigating the relationship
between 25(OH)D levels and the incidence and severity
of COVID-19 are currently limited. It is known that low
vitamin D is an independent risk factor for developing and
being hospitalized with COVID-19 [22, 86].

Vitamin D in prophylaxis and treatment of SARS-
CoV-2 (COVID-19)

Recently, the interest of scientists in the use of vitamin
D for the prevention and treatment of many diseases
has increased significantly [9, 21, 25, 26, 63, 78].
It was stated that Vitamin D not only participates in the
regulation of calcium-phosphorus metabolism, but also
has pronounced immunomodulatory properties.

In particular, it has been proven that a low level of
vitamin D in blood plasma is associated with an increase
in the frequency and severity of acute respiratory viral
infections [16].

A number of studies demonstrated the presence of
a significant protective effect of vitamin D preparations
on reducing the frequency or severity of acute respiratory
viral diseases in patients with vitamin D deficiency
[17, 19, 20, 23].

Predictably, the impact of vitamin D on the risk of
developing and severity of coronavirus disease has
begun to be studied practically from the beginning of
the pandemic [12, 14, 15]. Therefore, it is reasonable to
investigate whether adequate provision of vitamin D can
influence the incidence and course of COVID-19.

The main cause of critical complications in COVID19
is an imbalanced immune response and a systemic
inflammatory response known as a cytokine storm.
Vitamin D harmonizes the work of the immune system at
all its levels; that is why its sufficient level in the body
increases the likelihood of a mild course of the coronavirus
infection and recovery [80].

The level of an inflammatory marker such as
C-reactive protein is significantly higher in patients with
vitamin D deficiency and is associated with a severe
course of COVID19 [87].

The latest results of clinical studies confirm that
supplemental vitamin D may be appropriate in the
treatment of patients with COVID19, as it helps to reduce
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Pesynbratv pgocnigxeHb cBigyaTb Npo NpsMun 3B's-
30K MiX AgediumTom BiTamiHy D i noTeHuinHO HepocTaT-
HbOI edEKTUBHICTIO NiKyBaHHA Y NauUieHTiB, SKi MaloTb
nosnTnBHUn Tect Ha COVID-19 [13, 19, 40, 45].

BaraTo gocnigxeHb nokasyoTb, Wwo nepebir COVID-19
€ 6inbWw TaXkUM y nmogen i3 pgediumtom BiTamiHy D
[16, 23, 28, 37].

PiBeHb BiTamiHy D MOXxe po3rnsgaTucs sk BaKnuBUN
NPOrHOCTUYHUIA Mapkep. PesynbTatu iHWKUX JoCHigXeHb
BKa3yloTb, WO AediunT abo HegoCTaTHA KOHLUEHTpauis
BiTamiHy D noe’a3aHi 3 migBULLEHMM PU3NKOM rocniTani-
3auii nauieHTiB i3 COVID-19 [27, 63].

Takox 3a3Ha4aETbCS, LLO YNHHUKM, MOB’A3aHi 3 ripumm
nporHo3oM npu COVID-19 (noxunui BiK, €THIYHa NpuHa-
JNIEXHICTb, YOonoBi4Ya cTaTb, COLjianbHO-EKOHOMIYHUI CTa-
TYC, CyNyTHi 3aXBOPIOBAHHS — OXUPIHHSA, AiabeT, rinepTex-
3i1), TakoX acouinoBaHi 3 gediunTtom BiTamiHy D [39, 57].

OcTtaHHiM 4yacom 6yno npoeegeHo 6Garato aocni-
OKeHb, WO CBigyaTb NpoO MOTEHUiMHI nepeBaru paHHbO-
ro 3acrtocyBaHHs1 BiTaMmiHy Dy nauieHTiB, iHiKOBaHNX
SARS-CoV-2 [27, 56].

MauieHtn 3 COVID-19, aki oTpuMmyBanu BUCOKI 4031
BiTamiHy D Ta pocarnu HopmanbHWX KOHLEHTpaLin
25(0OH)D y cupoBarui KpoBi, Manu GinbLL KOPOTKY TpuBa-
nicTb rocnitanisauii Ta weMALwe BigHOBMOBaNMCs nicns
roctpoi pasun xsopobu [63].

3rigHo 3 faHMMK HauioHanbHOro iHCTUTYTY 340pOB'S,
Hapasi Tp1BalTb CNOCTEPEXHI Ta eKCnepuMeHTanbHi Jo-
CMigXXeHHS, a TakoX paHOO0Mi30BaHi KNiHi4YHi BUNpoOyBaH-
Hs. Ha ocHOBi OTpumaHuXx pesynbsTaTiB po3pobnsaTbes
NpaKkTUYHi pekoMeHAaLii LWoAo 3acTOCyBaHHA BiTaMiHy
D y nauieHtis 3 COVID-19.

MpusHayeHHs kanbumgiony (25(0OH)D) moxe matu
neBHi MepeBarn Hag nNpupogHMM BiTamiHOM D (xone-
kanbumdeponom). Kanbumgion pobpe BCMOKTYETbCSA
B KMLLEYHUKY, | hOro 6iogoCTyMHICTb Npy nepopansHOMY
npuitomi HabnmkaeTbea ao 100 %. Moro 3actocysaHHs
[03BoMsiE WBKMAKO BigHOBUTK piBeHb 25(OH)D vy kposi,
OCKiNbKu1 He noTpebye NeyviHKoBOro 25-rigpoKCUnoBaHHs
(dbepmeHT CYP27A1), W0 € 0cOBNUBO aKkTyarbHUM Y Krli-
HIYHMX BMNagkax, Ae NoTpibHe WBuake NigBULLEHHS piB-
Hs1 BiTaMiHy D, 30kpema npw nopyLueHHi (yHKUIT NeviHku,
niabeTi, oxupiHHi, XO3J1, actmi Towwo [88-90].

Xoua CTyniHb 3axucTy 3a3Bu4yaln 3poctae 3i 306inb-
weHHaAM piBHs 25(OH)D y cupoBatui KpoBi, onNTW-
ManbHMM BBaXaeTbCA piBeHb Yy Mexax 40-60 Hr/mn
(100-150 Hmonb/n). Lo6 gocartv Takmx NOKasHUKIB, pe-
KOMeHAoBaHa fo3a BiTaMiHy D noBMHHA CTaHOBUTU LLO-
HanmeHwe 2000-5000 MO/aeHb.

300poBUM  MIOASIM  PEKOMEHAOYETbCS  MPUIAOM
10 000 MO/peHb BiTamiHy D npoTarom ogHoOro Micsi-
us 3 noganblnM nepexogoM Ha MeHwy fosy — 2000—
3000 MO/geHb. Takuii pexum [O03BONSAE LWBWAOKO MNid-
BUWMTN piBeHb 25(0OH)D [0 onTuManbHUX 3HaYeHb
40-60 Hr/mn i nigTpumyBaTK X Hagani.

3 meToto gocsrHeHHst piBHA 25(0OH)D y kposi 30 Hr/mn,
peKkoMeHO0BaHe 3aCTOCYBaHHS HaBaHTaXyBarbHUX 103 —
100 000 MO wotwxHa abo 200 000 MO oguH pa3 Ha
2 TVXHI NpOTAroM 8 TUXKHIB.

KniniyHi paHi ceig4aTtb, WO woaeHHe abo LWoTuX-
HeBe BBeAeHHs BiTamiHy D € edekTuBHiwmMM, HiX pa-
30Be OontocHe BBedeHHs Ans npodoinaktuku MPBI abo
Kopekuii gediunty BiTamiHy D. OgHopasoBe BBeLEHHS

the presence of SARS-CoV-2 at the levels of the upper
respiratory tract, thereby reducing infectivity and also
preventing the development of severe symptoms [27].

Results of researches indicate a direct link between
vitamin D deficiency and potentially insufficient treatment
efficacy in individuals who test positive for COVID19 [13,
19, 40, 45].

There have been many studies that show a more
severe course of COVID19 in people with vitamin
D deficiency [16, 23, 28, 37].

Vitamin D levels can be considered an important
prognostic marker. The results of other studies indicate
that deficiency or insufficient concentration of vitamin D is
associated with an increased risk of hospitalization in
patients with COVID19 [27, 63].

It is also noted that factors associated with a worse
prognosis for COVID19, including older age, ethnicity,
male gender, socioeconomic status, and comorbidities
(obesity, diabetes, hypertension), are also associated
with vitamin D deficiency [39, 57].

Recently, many studies have been conducted
that suggest the potential benefits of early vitamin
D administration in SARS-CoV-2-infected patients [27, 56].

Patients with COVID-19 who received high-dose
vitamin D and achieved normal serum 25(OH)D
concentrations required shorter hospitalizations and
recovered better from the acute phase of the disease [63].

Observational and experimental studies, as well
as randomized clinical ftrials, are currently ongoing,
according to the National Institute of Health. On the
basis of the obtained results, practical recommendations
for the use of vitamin D in patients with COVID19 are
being developed.

Prescribing calcidiol (25(OH)D) may have some
advantages over natural vitamin D (cholecalciferol).
Calcidiol is well absorbed in the intestine, and its
bioavailability when taken orally is close to 100%. The use
of calcidiol allows rapid recovery of serum 25(OH)D, as
it does not require hepatic 25-hydroxylation (CYP27A1),
which is relevant in clinical cases where rapid recovery
of serum 25(OH)D is required, especially in conditions of
impaired hepatic hydroxylation of vitamin D (for example,
in diabetes, obesity, chronic obstructive pulmonary
disease, asthma, etc.) [88—90].

Although the degree of protection usually increases
with increasing serum 25(OH)D concentration, a level in
the range of 40—60 ng/mL (100—150 nmol/L) is considered
optimal. To achieve these values, the recommended dose
of vitamin D should be at least 2000-5000 IU/day. It is
recommended for healthy people to take 10,000 IU/day
of vitamin D for 1 month (with a subsequent transition to
a lower dose of 2.000-3.000 IU/day). Such a regimen
allows for a rapid increase in the concentration of 25(OH)D
in blood serum to the optimal range of 40-60 ng/ml
and to maintain this level in the future. With the goal
of achieving the content of 25(OH)D in blood serum
at the level of 30 ng/ml, loading doses of vitamin D of
100,000 IU weekly or 200,000 IU once every 2 weeks are
recommended for 8 weeks. Clinical evidence suggests
that once-daily or weekly administration of vitamin D is
superior to a single bolus administration for prevention of
acute respiratory viral infections or correction of vitamin
D deficiency. Single administration of ultrahigh doses
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HagBucokux 0o3 (600 000 MO) moxe 6yTn HebGe3neyHnm
i TOKCUYHMM, ocobnmBo Ans NiTHiX ntogen [30, 36, 43, 58].

PekomeHayeTbca yHKaT 60oMtoCHOTO BBEOAEHHS HAaBW-
cokmx o3 BitamiHy D y naujeHTiB i3 COVID-19, ockinbku Le
MOXe NiABULLIMTI PUSKK IHTOKCUKALLT 6e3 JOBEOEHOI KOPUCTI.

[na nauieHTiB, rocnitanisoBaHux i3 KOPOHaBIpPyCHO
iHbekuieto, pekoMeHaoBaHO BM3Ha4vaTn 6a3oBuii piBeHb
25(0OH)D vy cupoBaTtui kpoBi i3a noTpebu kopurysatu
noro fo =30 Hr/mn (onTumansHo — 40—-60 Hr/mm).

Ocob6nmBo BaxknvBo MiaABWUTK piBeHb 25(OH)D
y NauieHTiB, y KX no4yaTkoBWr nokasHuk <10 Hr/mm.
Mauientam i3 COVID-19 ta piBHem 25(0OH)D <20 Hr/mn
PEeKOMeHOYETLCA MPU3HAYeHHs npenaparis BiTamiHy D
y 8o3i 6000-7000 MO/geHb nepoparnbHO NPOTSrom nep-
LWNX 6—8 TWXKHIB.

Migtpumytoda pgosa  Mmae  crtaHoButn  2000-
3000 MO/peHb, 3anexHo BiA BiKy Ta KNiHIYHOro cTaHy na-
LieHTa, 4O AOCArHeHHs LinboBux piBHiB 25(0OH)D y cupo-
BaTui [30, 36, 43, 58].

OTxe, MOXXHa CTBEpAXXyBaTu Npo TpuBanuii Ta 4oCTo-
BipHUIA 3B’A30K Mix AediumTtom BiTamiHy D i COVID-19 —
K Y KOHTEKCTI CXMIbHOCTI 4O 3apaXeHHs, TaK i Aouinb-
HOCTi BKITIOYEHHS BiTamiHy D 4O cxem niKkyBaHHS XBOPWX
Ha SARS-CoV-2.

BUCHOBKHU

3 ornsgy Ha ponb BiTamiHy Dy Garatbox acnekrtax
iIMyHHOI BignoBii; 3BOPOTHY 3aneXHICTb MK MOro piBHEM
y nonynsuii Ta 3axBOPHOBAHICTIO Ha rOCTpi pecnipaTopHi
3axBOpOBaHHs, 3okpema COVID-19; paHi MeTaaHanisiB
Woao edeKkTUBHOCTI BXMBaHHSA fobaBok BiTamiHy D ans
NPOMINaKTUKN TaKUX 3aXBOPIOBaHb; a TaKOX BUCOKi MOKa3-
HUKN gediunTy BiTaMiHy D y fedkux perioHax, MoXHa peko-
MEHAYBaTV BUKOPUCTaHHSA 406aBOK LibOro BiTaMiHy s 3a-
nobiraHHst iHpikyBaHHIO SARS-CoV-2 Ta Tshkkomy nepebiry
COVID-19. BogHouac HeobXxigHO NpoBeAeHHs1 4OAATKOBUX
paHAOMI30BaHMX KNiHIYHUX OOCTIMKEHD | METaaHanisiB.

Ha nigcTtaBi meTaaHanisis, WO BMBYanu 3acToCyBaH-
HA BiTaMiHy D gna npodpinakTuky iHWKX pecnipaTopHmUX
iHcpekUin, onTMManbHa Oo3a AN AOPOCIUX CTaHOBUTb
400-1000 MO Ha poby. [litam i nigniTkam, aki CnoXxmnearTb
MeHLe 1 niTpa 36arayeHoro BiTamiHOM D Monoka Ha aeHb,
pekomeHgoBaHo aogatkoso npurimatn 400 MO sitamiHy D
woaHsi. HemoBnsitam, siki nepebyBatoTb Ha rpyaHOMYy Bu-
rogoByBaHHI abo cnoxuBalTb MeHwe 1 niTpa cymiwi Ha
[OeHb, TaKOX CMif OTPUMYBATK L0 XK A03Y. 1S HEMOBNST Ue
TaKOX BaXKINMBO AN MPOiNakTMKL aniMeHTapHoro paxity.

Y nauieHTiB, rocnitanidosaHmx 3 COVID-19, Heo6-
XigHO BM3HavaTtu BuxigHui piBeHb 25(OH)D y cuposaTui
KpoBi Ta, 3a NoTpebu, NigBULLMTN NOro A0 PiBHS HE MEH-
we Hix >30 Hr/mn (onTumansHo — 40—60 Hr/mn), ocobnu-
BO SKLLIO NOYATKOBUI piBeHb CTaHOBUTb <10 Hr/mn. Y na-
uieHTiB i3 piBHem 25(OH)D <20 Hr/mn pekomeHOoBaHa
KopurysanbHa fosa BiTamiHy D ctaHosutbs 6000—-7000
MO/geHb nepopanbHO NpoTaroMm 6—8 TuxHiB. [igTpumy-
o4a [o3a Ans OCArHEHHS ONTUMAarbHOrO PiBHSA BiTaMiHy
D konuBaeTtbes Big 2000 go 3000 MO/geHb 3anexHo Bif
BiKYy Ta KNiHIYHOro CTaHy naujieHTa. KO HEMOXIMBO BU-
3HaYMTU No4vaTkoBy KoHLUeHTpauito 25(0OH)D y nauieHTiB
i3 COVID-19, pouinbHO posnoyatn npumnom BitamiHy D
nepopansHo B 403i 2000-3000 MO/geHb.

of vitamin D (600,000 IU) can be harmful and toxic,
especially for the elderly [30, 36, 43, 58].

It is advised to avoid bolus administration of ultrahigh
doses of vitamin D in patients with COVID19, as this
may increase the risk of intoxication without evidence of
benefit. Baseline 25(0OH)D measurement is recommended
for patients hospitalized with coronavirus infection in
blood serum and adjust it to at least 230 ng/ml (optimally
to 40—60 ng/ml). Especially important is the increase in
the concentration of 25(OH)D in patients with its initial
level <10 ng/ml. Patients with COVID-19 and with serum
25(0OH)D <20 ng/ml are recommended to be prescribed
vitamin D preparations at a dose of 6000—7000 IU/day
orally during the first 68 weeks. The maintenance dose
should be 2000 to 3000 IU/day depending on the patient’s
age and clinical condition until the target serum 25(0OH)D
concentrations are reached [30, 36, 43, 58].

Thus, astrong relation of vitamin D deficiency
and COVID-19 may be stated. |concerns both the
predisposition to the infection, and advantages of
vitamin D inclusion in treatment of SARS-CoV-2.

CONCLUSION

Given the role of vitamin Din many parts of the
immune response; inverse relationship between its level
in the population and morbidity for acute respiratory
diseases and, in particular, for COVID-19; meta-analysis
data on the effectiveness of vitamin D supplements
in the prevention of acute respiratory diseases; high
rates of vitamin D deficiency in some areas, it may
be recommended to use supplements of this vitamin
for prevention of SARS-CoV-2 infection and severe
COVID-19, although additional randomized clinical trials
and meta-analyses are needed.

Based on meta-analyses of the use of vitamin D
supplementation for the prevention of other respiratory
infections, the optimal dose for adults is 400—1000 IU per
day. Children and adolescents who consume less than
1 liter of vitamin D-fortified milk per day are recommended
to take an additional 400 IU of vitamin D daily. Breastfed
babies or those consuming less than 1 liter of formula per
day should receive the same dose. For infants, it is also
necessary to prevent alimentary rickets.

In patients hospitalized with COVID19, baseline
serum 25(OH)D should be determined and, if necessary,
increased to alevel of at least >30 ng/mL (optimally
40-60 ng/mL), especially when baseline is <10 ng/ml.
In patients with COVID19 and serum 25(OH)D
concentrations <20 ng/mL, the recommended dose
of vitamin D correction should be 6000-7000 IU/day
orally for 68 weeks. The maintenance dose to achieve
optimal concentrations of vitamin D varies from 2000 to
3000 IU/day depending on the age and clinical condition
of the patient; if it is not possible to determine the initial
concentration of 25(OH)D in patients with COVID19,
a starting appointment of vitamin D orally at a dose of
2000-3000 IU/day would be appropriate.
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KAlo4oBi cAoBa: PE3IOME

COVID-19, cuctemHuii YepBoHui BoBYak,  AkTyanbHicTb. COVID-19, BUKNnkaHuii KOPOHaBIpyCOM TSHXKKOrO rocTporo pecnipaTop-
ayTOIMyHHi  3ananbHi  3axBOpIOBaHHsi, Horo cuHapomy 2 (SARS-CoV-2), BNnHYB Ha rnobanbHy OXOPOHY 3[40POB’St 3 MOMEHTY

iMyHHa ausperynsuis. cBoei nosieu. Kpim roctpux pecnipatopHux cumntomis, COVID-19 € Tpurepom 3anycky
CUCTEMHUX BNNMBIB, SIKi 30aTHI BpaXkaTu Kinlbka OpraHis i NpM3BOAUTb 4O LLUMPOKOro Crek-
AAf KOpEeCNOHAEHLI: Tpa 3anarnbHuX Ta ayToiMyHHUX peakuiin. OgHieto i3 npobnem, Lo BUKNMNKAOTb 3pOCTaH-
Hsi 3aHenokoeHHsl, € 3paaTHicTe COVID-19 npoBokyBaTu po3BUTOK abo nocunoBaTut
LLlon IpuHa BsiuecnagiBHa CUCTEMHI iMyHOONOCepeaKoBaHi 3aXBOPIOBaHHS.

Xapkiscbkuii HalioHanbHui yHiBepcuter  MeTa po60oTm — aHanis kniHiYHOro BUNaAKy NaLiEHTKM 3 Bieplue BCTaHOBIEHNM AiarHo-
imeHi B.H. KapasiHa MinicTepcTsa ocBiTM ~ 30M CMCTEMHOrO YepBOHOro Bos4aka (CHB) nicna nepeHeceHoi KopoHaBipyCHOI iHek-
i Haykn Ykpainu, kadeapa BHYTPilHbOi Wil ANA BUBYEHHs O0BroctpokoBux edektis COVID-19 Ha iMyHHy cucTemy Ta pos6ip

MeauLIMHU; MOXIUBUX TPYAHOLLIB y AiarHOCTULi, BUGIp TaKTWMKM BEAEHHS TakuxX NauieHTiB Ans 3arno-

manpgaH Csoboau, 6ya. 4, m. Xapkis, 6iraHHs abo NOM'AKLIEHHS ayTOIMYHHUX YCKNaaHeHb.

Ykpaina, 61022; Martepianu Ta meTogu. [NpeacraBneHa icTopist 3aXBOPHOBAHHS XiHKM 27 POKIB 3i ckapra-

e-mail: i.shop@karazin.ua MW Ha cnabkicTb, niaBuLLEeHHS TemnepaTypu go 39°C, 6inb y cyrnobax, Habpsik 0bnny-
ys1, ry6, neTexianbHo-Nanynbo3Hi BUCMNaHHsA Ha obnunydi (kpuna Hoca, Nnob, ninbopiaas),

© llon I.B., TuxoHosa T.M., BMpa3KK Yy POTOBIV MOPOXHUHI. [poBegeHo AndepeHLiiHy AiarHOCTUKY Ta BCTAHOBMEHO

Anb-TpasHex O.B., ImaHosa H.1., aiarHo3 CYB i3 noganbLummM aHanizom nepebiry 3axBoptoBaHHS i yCcknagHeHb.

OnitiHuk B.C., 2025 Pe3ynbTaTtu Ta ix 06roBopeHHs. OnyucaHo TPyAHOLL BCTaHOBMEHHS AiarHo3y Ta oco-

6nusocTi po3sutky CYB nicna nepeHeceHoi COVID-19 iHdekuii.

BucHoBku. COVID-19 npogemoHCTpyBaB CBOK 34aTHICTb BNAMBATM Ha OpraHiam 3a
MeXamy auxanbHoi cuctemu. Moro noTeHuiiiHa ponb y 3anycky ayToiMyHHUX CTaHis,
Takux sk CYB, Haronowye Ha BaXnMBOCTi PO3yMiHHSI B3aEMO3B’A3KY MiX iHPEKLiNHUMMN
3aXBOPIOBAHHAMY Ta ayToiMyHHMMU po3nagamu. 3B’a30k Mk COVID-19 Ta po3BuTkom
abo 3aroctpeHHsam CYB Bkasye Ha HeoOXigHICTb NiABULLEHOT MeanYHOI NUMbHOCTI Ta
afanToBaHMX CTpaTerin NikyBaHHSA AN BPa3NMBUX rPyN HACEeNeHHs.
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ABSTRACT

Background. COVID-19, caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has profoundly impacted global health since its emergence. Beyond
its acute respiratory symptoms, COVID-19 is recognized for its systemic effects, capable
of impacting multiple organs and triggering a range of inflammatory and autoimmune
responses. One area of growing concern is the potential of COVID-19 to induce or
exacerbate systemic autoimmune-mediated diseases.

Purpose - to analyze the clinical case of a patient diagnosed for the first time with
systemic lupus erythematosus (SLE) following a COVID-19 infection. The study aims
to investigate the long-term effects of COVID-19 on the immune system and explore
possible challenges in diagnosis and management strategies to prevent or mitigate
autoimmune complications in such patients.

Materials and Methods. The case history of a 27-year-old woman is presented,
including complaints of weakness, fever up to 39°C, joint pain, facial and lip swelling,
petechial-papular rashes on the face (nasal wings, forehead, chin), and oral ulcers.
Differential diagnosis was conducted, leading to the diagnosis of SLE. The course of the
disease and associated complications were subsequently analyzed.

Results and discussion. Challenges in diagnosing SLE and its development following
COVID-19 infection are described.

Conclusions. COVID-19 has demonstrated its ability to affect the body beyond the
respiratory system. Its potential role in triggering autoimmune conditions such as
SLE underscores the importance of understanding the connection between infectious
diseases and autoimmune disorders. The link between COVID-19 and the development
or exacerbation of SLE highlights the need for heightened medical vigilance and tailored
treatment strategies for vulnerable population groups.

Shop IV, Tykhonova TM, Al-Trawneh OV, Imanova NI, Oliinyk VS. COVID-19 as a trigger for systemic diseases:
a focus on systemic lupus erythematosus. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2025; 33(2(53)):269-279. DOI: https://doi.org/10.26565/2313-6693-2025-53-01

BCTYN

INTRODUCTION

Cnanax COVID-19 BusiBMB cknagHi B3aeMO3B’SI3KU
MK BipyCHMMM iHdEKLiAMM Ta ayTOIMyHHUMU 3axBOpIO-
BaHHAMU. KopoHasipyc SARS-CoV-2 Hece nigBuLleHHS
pY3uKy MnoripLieHHs nepebiry y XBopux i3 BXxe HasiBHUMMU
ayToiMyHHUMUK cTaHamu. 3 iHworo 6oky, COVID-19 moxe
OOHOYaCHO CMPUATW BWHUKHEHHIO Y paHille 300pOBUX
0cCib iMyHOOMNoOCepenKkoBaHNX 3anasnibHUX XBOPOO, Takux
SIK CMCTEMHUI YepBOHMIA BoBYak (CYB) [1, 2].

CrtaHoM Ha rpygeHb 2023 poky y cBiTi 3adikcoBaHO
noHag 772 mnH Bunagkie COVID-19 i 7 mnH cmepTen,
wo nigkpecntoe macwTtabu nangemii [3]. 3asHaueHe
0OrpyHTYBano HeoOXiAHICTb NPOBEAEHHS AOCHioKEHb
3 BUBYEHHSI OCHOBHWUX MAaTOreHETWYHUX INaHOK Ljei iH-
dekuii Ta po3pobkn edeKTUBHMX METOAIB MiKyBaHHS.
Ha TenepiwHin yac oTpumaHi AaHi Woao BNNUBY iMyHHOT
aunsperynsuii y BUHUKHEHHI Ta nporpecyBaHHi COVID-19.
BignosigHO A0 oTpvMmaHux pesynesraTiB, AOBEAEHO POfib
npo3ananbHuX LUTOKIHIB, 30KpeMa iHTepnenkiHy-6 (111-6),
piBEHb SIKOTO Kopente 3i ctyneHem TskkocTi COVID-19.
Lle cBigunTb Npo pornb umTokiHy IJ1-6 y po3BunTKy cuctem-
HOro 3anarneHHs 3 NOpyLUEHHAM MiKpOoLMpKynauii Ta Bu-
HUKHEHHAM nHeBMOHiIi npu COVID-19 [4, 5].

COVID-19 xapaKTepusyeTbCsi aKTUBALjied Mmpokoary-
NAUINHMX NPOLECIB, L0 HaBiTb MOXYTb NPU3BECTU 0 PO3-
BUTKY netanbHUx Hacriakis [5]. HanyacTiwe nosifomMnsoTb

The outbreak of COVID-19 has revealed intricate
connections between viral infections and autoimmune
diseases. The SARS-CoV-2 coronavirus increases
the risk of exacerbating conditions in patients already
suffering from autoimmune diseases. On the other
hand, COVID-19 can also induce immune-mediated
inflammatory diseases in previously healthy individuals,
such as systemic lupus erythematosus (SLE) [1, 2].

As of December 2023, over 772 million cases of
COVID-19 and 7 million deaths have been recorded
worldwide, underscoring the pandemic’s scale [3].
This has justified the need for studies investigating
the primary pathogenetic mechanisms of this disease
and developing effective treatments. Current data
highlight the role of immune dysregulation in the onset
and progression of COVID-19. Research has shown
the role of pro-inflammatory cytokines, particularly
interleukin-6  (IL-6), whose level correlates with
COVID-19 severity. This indicates its role in systemic
inflammation, disrupted microcirculation, and pneumonia
in COVID-19 [4, 5].

COVID-19 is characterized by activation of
procoagulatory processes, which can even lead to fatal
events [5]. The most commonly reported are coagulation
and fibrinolytic disorders associated with increased
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npo KoarynsAuiiHi Ta qibprHONITUYHI NOPYLLUEHHS, Lo aco-
uirioaHi 3i 36inbLueHHsAM piBHA [-aumepy (L), i ix 38’830k
i3 NPOrHO30M 3axBoptoBaHHS. [aTogisionoris gucemiHosa-
HOroO BHYTPILLUHbOCYAMHHOIO 3ropTaHHsa (OB3), acouioBa-
Horo 3 COVID-19, 3Ha4HO BiApi3HAETBCA Bif Takoi B pasi
centuyHoro [B3-cvHgpomy. HeobxigHo 3a3Hauntu, Lo
npy KOPOHABIPYCHIN XBOPOBI MalTb Micue YCKNagHEeHHSs
SIK TPOMBOTUYHOTO, TaK i reMopari4Horo xapakrepy, a pusmuk
TPoMBO3y OXOMIHE MaKpO- Ta MikpoLmpKynsuito [5].

[uHawmika 3aroctpeHb COVID-19 npu peBMaTU4HKX 3a-
XBOPHOBAHHSX Oyna LUMPOKO BMBYEHA MPOTATOM OCTaHHIX
3-x pokiB. Jesiki gocnigkeHHs NoBiaoMMsnM Npo niaBuLle-
HUIA pusmnk Tspkkoro nepebiry COVID-19 y xsopux 3 pes-
MaTUYHOIO NATOMOrIEID, TOAI SIK IHLWiI He AOTPUMYIOTbCH Liel
TouKM 30py. BigHocHo o naujeHTis i3 CHUB, aaHi npo 3axso-
ptoBaHicTb Ha COVID-19 i nporHo3 HagxoasTb nepeBa)kHO
3 cepivi BUNagKiB, 3BiTiB, 06CepBaLiHNX | PETPOCMEKTUBHIMX
JocnimkeHb, ane gokasu e cynepeunusumun. OKpiM Toro,
marno iHopmauii otpumaHo wopo ennvey COVID-19 Ha
CUB nopiBHSAHO 3 iHWMMK peBMaTU4H1MK XxBopobamu [1].

OcCHOBHe ayToiMyHHe 3anarnbHe peBMaTU4HE 3axBO-
ptoBaHHs (AIIRD) 6yno onucaHo 3 novatky naHgemii sik
dakTop, KU MOXe 30INbLUNTU SK PU3KMK BUHUKHEHHSI
COVID-19, TaKk i IMOBIPHICTb HECNPUATAMBMX HacMiaKiB
LbOro CTaHy 4epes gobpe Bi4OMY CXWUMbHICTb A0 iHGEK-
Ui y uMx nauieHTiB 3aBOsiKM ayTOIMYHHIN Ausperynsuii,
HasIBHOCTI MOLUKOAXKEHb OpraHiB Ta CynyTHbLOrO 3acTocy-
BaHHS iIMyHOCYNpeCcuBHMX npenapartis [2].

Kpim TOro, itanincbke [OCMiOKEHHS 3 peecTpy
CONTROL-19, y xogi sikoro 6yno npoBegeHo crnocrepe-
XKEHHS 32 XBOPUMM 3 ayTOIMyHHMMM 3anaribHUMK 3axBo-
ptoBaHHsaMu (AlIRDs), BusiBuno, wo y nauieHtis 3 CHUB
yacTilwe po3BmBanucs Tskki ycknagHeHHs COVID-19 no-
PiBHSIHO 3 0coBamu, siKi Manu iHWi peBmMaTuYHi XBOpoou
[1]. OTpumaHi AaHi NOACHIOKTECA 3MiHAMK IMYHHOI Bif-
noBifi Ta 3acToCyBaHHAM iMyHOCYnpecuBHOI Tepanii. 3a-
ranom, nauieHTn 3 ayTOIMYHHUMWU MOPYLUEHHSIMU MaloTb
NigBULLEHWIA PU3UK CEPWO3HUX HACMiAKIB BipyCHOT iHdeK-
Lji, WO yCKNagHIoe MikyBaHHS OCHOBHOIO 3aXBOPHOBaHHSI.

Pesynsratu napwkcbkoro gocnigxeHHs (APHP Clinical
Data Warehouse) 3acBigunnu, wo cepen 4533 naujieHTiB i3
C4B, BigomocTi Npo skux Bynu oTpumaHi i3 6a3n KniHiYHUX
naHux Assistance Publique-Hopitaux de Paris, rocnitani-
3auist yepes COVID-19 6GinbLuocTi 3 HUX Byna nos’sizaHa
i3 MigBULWEHUM PU3NKOM 3arocTpeHHss CUB [6]. BuB4eHHs
[aHuX aHaniTMyHoi nnatgopmu HauioHanbHOi crny6u
oxopoHu 300poB’s AHrmii OpenSAFELY Takox npogemoH-
cTpyBano, wo xesopi Ha CYB matoTb 3Ha4YHO MiABULLEHMI
pu3uK rocnitanisauii Ta cmeptHocTi Big COVID-19 no-
PIiBHAHO i3 3aranbHOK nonynsuieto. 3okpema, nauieHTn
3 BOB4YakoM, siki 3apasunuca COVID-19, yacto notpeby-
Banu iHTEHCMBHOI Teparnii Ta CTUKanucs 3 ycknagHeHHs-
MW, LLO BMNMBAlOTb Ha pisHi opranu Ta cuctemu [7]. Of-
Hak B KniHiYHOMY BuNpoOyBaHHi «Solidarity» oujiHeTbCA
npotunexHa rinotesa. CTBEpIXYETbCS, LO NigBuvLIEHa
GiogocTynHicTb IHTepdpepoHy Tuny 1 (IFN) npu CYB
cnpusie NigBULLEHHIO PE3UCTEHTHOCTI OpraHiamMy Ao iHek-
uii SARS-CoV2 i 3abe3nevye neBHWI CTyNiHb 3aXUCTY B
TshkKoi popmm COVID-19 y uivt rpyni nauieHTis [8].

CUB — ue XpOHiYHe ayToiMyHHe 3axBOPIOBaHHS, sike
XapaKkTepu3yeTbCsi  MOLUMPEHNM  3anarneHHsM i NOLUKO-
[PKEHHSIM TKaHWH i3 MofanbLUMM YPaXKEHHSIM Pi3HUX op-
raHiB, BKMHOYAKUM LUKIPY, Cyrnobu, HUPKM Ta LEeHTparnbHy

D-dimer (DD) levels and their relationship with disease
prognosis. The pathophysiology of disseminated
intravascular  coagulation (DIC) associated with
COVID-19 significantly differs from septic DIC syndrome.
It should be noted that complications of both thrombotic
and hemorrhagic nature occur in coronavirus disease,
with the risk of thrombosis encompassing both macro-
and microcirculation [5].

The dynamics of COVID-19 exacerbations
in rheumatic diseases have been extensively studied over
the past three years. Some studies reported an increased
risk of severe COVID-19 in patients with rheumatic
pathology, while others do not adhere to this perspective.
Regarding SLE patients, data on COVID-19 incidence
and prognosis primarily derive from case series, reports,
observational, and retrospective studies, but the evidence
is conflicting. Furthermore, limited information is available
on the impact of COVID-19 on SLE compared to other
rheumatic diseases [1].

Autoimmune inflammatory rheumatic diseases
(AIIRD) have been described since the pandemic’s
onset as afactor potentially increasing the risk of
COVID-19 and unfavorable disease outcomes due
to patients’ known susceptibility to infections arising
from autoimmune dysregulation, organ damage, and
concurrent immunosuppressive therapy [2].

Additionally, the Italian CONTROL-19 registry study
monitoring autoimmune inflammatory diseases (AlIIRDs)
found that patients with SLE were more likely to develop
severe COVID-19 complications compared to those with
other rheumatic diseases [1]. These findings are explained
by immune response changes and immunosuppressive
therapy. Overall, patients with autoimmune diseases
are at increased risk of severe viral infection outcomes,
complicating primary disease treatment.

Results from the Paris study (APHP Clinical Data
Warehouse) showed that among 4,533 patients
with SLE obtained from the Assistance Publique-
Hopitaux de Paris clinical database, hospitalization for
COVID-19 was associated with an increased risk of SLE
exacerbation in most of them. [6]. Data from England’s
NHS OpenSAFELY platform demonstrated that SLE
patients face a significantly higher risk of hospitalization
and mortality from COVID-19 compared to the general
population. Specifically, lupus patients infected with
COVID-19 often required intensive care and experienced
complications affecting various organs and systems [7].
However, the Solidarity clinical trial evaluates the opposite
hypothesis, asserting that increased Type 1 Interferon
(IFN) bioavailability in SLE protects against SARS-CoV-2
infection, providing a degree of protection from severe
COVID-19 in this group of patients [8].

SLE is a chronic autoimmune disease characterized
by widespread inflammation and tissue damage, leading
to the impairment of various organs, including the skin,
joints, kidneys, and central nervous system. SLE arises
from autoimmune aggression, which results in chronic
inflammation. The exact causes of SLE remain unclear,
but genetic, hormonal, and environmental factors are
believed to play a role. Components such as complement
activation, induction of IFN, apoptosis, and infections,
particularly Epstein—Barr Virus (EBV), are key elements
of the disease’s pathogenesis [9, 10]. Understanding

Bunagok i3 npakTukum 271

A case from practice



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 269-279
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):269-279

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

HepBoBy cuctemy. CUB BuHUKaE 32 yMOBW BUHWKHEHHS
ayToarpecii, Lo Npu3BOAUTb OO0 XPOHIYHOTO 3anarieHHs.
TouHi NpuunHM BUHMKHEHHS CYB poci He 3posymini, ane
nepen6avaeTbCs, WO reHETUYHI, FOPMOHArbHI Ta eKONOriyHi
YMHHUKW BIigirpaoTb NEBHy porb. Taki O3Haku, siK akTvBa-
Lis koMnnemeHTy, iHaykuis IFN, anonTto3 Ta iHdiKyBaHHS,
ocobnmeo Bipycom EnwTtenHa—bappa (BEB), € Baxxnmsumun
KOMMOHEHTaMW NaToreHeTUYHNX MeXaHi3MiB Liboro cTaHy [9,
10]. Po3yMiHHS TOro, §iK Lj pi3Hi KOMMNOHEHTU NOEOHYOTLCA
3 PO3BUTKOM XBOPOOM y NaLieHTiB, cxunbHmx 4o CYB, 3anu-
LLIAETbCA CKIMagHo npobnemoto. OgHMM i3 TpUrepiB BUHMK-
HEHHs1 ab0 3aroCTPEHHS ONOCcepeaKoBaHMX IMYHHUX peak-
L MOXyTb BYTW BipycHi iHdekuii, 3okpema COVID-19 [11].

[oGpe 3a00KyMeHTOBaHa 34aTHICTb BipyCy BUKIMKATU
rinepsananbHU CTaH, SKWA Ha3MBAETbLCA «LIMTOKIHOBUM
LTOpMOMY. Llen «uTopM» XapakTepuayeTbCs HagMipHOH
NpoAyKUi€lo nposananbHUX LUTOKIHIB, SKi MOXYTb Npu-
3BECTU OO0 CEePMO3HONO MOLLUKOMXKEHHSI TKAHWH Ta BiAMOBU
opraHiB. IMyHHa gusperynsuisa npy COVID-19 mae nesHi
nogibHocTi 3 ayToiMyHHUM (heHOMEHOM, L0 pobuTb MOro
MOTEHLNHAM TPUrepom Ansi ayTOIMyHHUX 3axBOPHOBaHb,
Takmx gk CHB. Tomy gesiki KniHiYHi 3BiTM Ta OOCNIOKEHHS
npunyckatoTtb, wo COVID-19 moxe OyTu katanisatopom
no4aTky ayTOiMyHHMX 3aXBOPHOBaHb abo MOCUNOBATU BXE
iCHyto4i ayToiMyHHI cTanu [12, 13].

MexaHiamn, 3aBgskm skum SARS-CoV-2 moxe npo-
BokyBaTM CUB, GaratodaktopHi. OTpumaHi pesynbratu
HM3KN OOCHiMKEHb MOKa3yHTh, LU0 BipyC MOXe 3MiHIOBa-
TV OYHKLT iIMyHHOI CUCTEMU Yepe3 Pi3Hi MOPYLLEHHS, Taki
SK MOreKkynsapHa MiMikpis Ta HagMmipHa ctumynsuia IFN-I.
MonekynspHa MiMikpist — Lie CTaH, KOnu BipyCHi aHTUreHn
HaragytoTb BacHi aHTUreH opraHiamy, 3MyLLYyHYY IMYHHY
CUCTeMy aTaKyBaTV TKaHUHW OpraHi3my. Takox BipyC Moxe
NiaABMLLYBaTU BUBINIbHEHHSA ayTOAHTUIEHIB Yepes3 MOLLKO-
DPKEHHS KNiTWH, WO NpU3BOAUTbL OO BTPATU iMYHOMOMYHOT
TonepaHTHOCTI. HapewTi, npo3anansHe cepefoBuLLe, ke
ctBoptoe COVID-19, moxe nocunoBat ayToiMyHHI pe-
akuii y cnpunHatnuemux nogen. Aytoantutina go IFN-I ta
HenTpanisytodi aytoaHTuTina go IFN-I — obuasa 3any4eHi
0o MexaHismiB aktmBauii CUB Ta Bignosigi Ha iHdekuito
SARS-CoV-2. Bucokun TuTp HewTtpanidytoumx aHtu-IFN-|
3axuLLA€E Bif cnarnaxiB BOBYaka, arne CTBOPKE CXUIMbHICTb
no Taxkoi popmm COVID-19 [12-14]. 3a Takmx ymMoB ri-
nepnpogykuis IFN-I, wo cnpuumHeHa SARS-CoV-2, moxe
nepesepLUnNTH 3axmcHy pornb aHTu-l IFN-I npu CYB i cnpu-
TN 3aroCTpeHHIo BoBYaka [15].

Kpim Toro, Tsxkmin nepebir COVID-19 acoujtoeTbes 3 no-
raHMM NpPOrHo3oMm Yy nadieHTis i3 CYB [16, 17]. CkopoyeHHs
NpYNOMY iIMyHOCYNPECUBHIWX NpenapariB Yepes TsKy dop-
My COVID-19 moxe 36inbwmty pusuk 3aroctpeHHs CYB.
Y HeBenuKmx 3BiTax noBigomnsnocs npo cnanaxu CHB nic-
nsi nepeHeceHoro COVID-19 [15, 18-20], ane Takui 3B’A30K
He OLHIOBaBCS LUMSIXOM MPOBEAEHHSI CUCTEMATU30BaHUX
pocnigkeHb. Lli nopyLlweHHs iMyHHOT CUCTEMU € KPUTUYHO
BaXMBMMU ANst pO3yMiHHS Toro, sk COVID-19 moxe cnpo-
BOKyBaTV abo noripumnti nepebir CYB.

Otxe COVID-19 npencrtaBnse yHikanbHy npobnemy
ans nauieHTie i3 CYB. 3 ogHoro 60Ky, Ui nauieHTn MOXYyTb
MaTu NigBULLEHNI pU3KK Tskkoro nepebiry COVID-19 ve-
pes imyHocynpecuBHe nikyBaHHA CHB. 3 iHworo 6oky, iH-
deKList MoXe cTaTu TPUrepom Po3BUTKY ayTOIMYHHOTO 3a-
nanbHOro 3axXBOPIOBaHHSI 200 NPU3BECTN 40 3aroCTPEHHS
nepebiry. Jlikapi nNOBWHHI peTenbHO 36anaHcyBaTu

how these components interplay in the development of
the disease in SLE-prone individuals remains a complex
challenge. Viral infections, such as COVID-19, can act
as triggers for the initiation or exacerbation of immune-
mediated reactions [11].

The virus’s ability to provoke a hyperinflammatory
state, termed a «cytokine stormy», is well documented.
This storm is characterized by excessive production
of pro-inflammatory cytokines that can cause severe
tissue damage and organ failure. Immune dysregulation
in COVID-19 shares some similarities with autoimmune
phenomena, making it a potential trigger for autoimmune
diseases such as SLE. Consequently, clinical reports and
studies suggest that COVID-19 may act as a catalyst for
the onset of autoimmune diseases or exacerbate existing
autoimmune conditions [12, 13].

The mechanisms by which SARS-CoV-2 can provoke
SLE are multifaceted. Numerous studies suggest that the
virus can alter immune system function through various
disruptions, such as molecular mimicry and excessive
IFN-I stimulation. Molecular mimicry occurs when viral
antigens resemble the body’s own antigens, causing the
immune system to attack the body’s tissues. Additionally,
the virus can increase the release of autoantigens due
to cell damage, leading to aloss of immune tolerance.
Lastly, the pro-inflammatory environment created
by COVID-19 can amplify autoimmune reactions in
susceptible individuals. Autoantibodies to IFN-I and
neutralizing autoantibodies to IFN-I are both implicated
in SLE activation mechanisms and response to
SARS-CoV-2 infection. A high titer of neutralizing anti-IFN-I
antibodies protects against lupus flares but predisposes
individuals to severe forms of COVID-19 [12-14].
In such cases, the hyperproduction of IFN-I induced by
SARS-CoV-2 may override the protective role of anti-IFN-I
in SLE and contribute to lupus exacerbation [15].

Moreover, severe COVID-19 is associated with poor
prognosis in SLE patients [16, 17]. Reducing the use of
immunosuppressive drugs due to severe COVID-19 can
increase the risk of lupus flares. Small-scale reports have
noted lupus flare-ups following COVID-19 [15, 18-20],
but this association has not been systematically studied.
These immune system disruptions are critically important
to understanding how COVID-19 can provoke or worsen
SLE progression.

Thus, COVID-19 represents a unique challenge for
patients with SLE. On the one hand, these patients may
have an increased risk of severe COVID-19 due to the
immunosuppressive treatment for SLE. On the other hand,
the infection may trigger the development of the disease or
lead to its exacerbation. Physicians must carefully balance
SLE treatment and the risks associated with COVID-19,
considering preventive measures to avoid infection as well
as the need to control autoimmune inflammation. In clinical
practice, the verification of SLE against the backdrop of
COVID-19 can pose significant challenges.
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nikyBaHHs CYB Ta pusukmn, aki nos’szani 3 COVID-19,
BpaxoBytouM NpodinakTuyHi 3axoan Ans 3anobiraHHs
iHcbekuii, Tak i HeOBXiQHICTE KOHTPOMD ayTOIMYyHHOrO 3a-
naneHHs. Y KniHiyvHin npaktuui Bepudikauis CBY Ha Tni
COVID-19 Moxe BUKNUKaTK 3HaYHi TPYOHOLL.

MeTa po60TK — aHani3 KniHiYHOro BUNaaKy nauieHTKn
3 BriepLle BCTaHOBreHuM AiarHosom CYB nicns nepeHe-
CEHOi KOPOHaBIPYCHOI iHPEKLiT AN1S1 BUBYEHHSI JOBrOCTPO-
koBux edekTtiB COVID-19 Ha iMyHHY cuctemy Ta po3bip
MOXITMBMX TPYOHOLLIB Y AiarHOCTuUi, BUOIp TakTUKM Be-
[EeHHS Takux nauieHTiB ana 3anobiraHHsa abo NoM’sKLLEeH-
HS @ayTOIMYHHUX YCKNagHEHb.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[unsanH gocnigxeHHsa Ta BCi 4iarHOCTUYHO-NIKYBarbHi
METOAUKM BUKOPUCTAHI B JOCTIIXKEHHI NpoBeAeHi 3rigHo
3 MUCbMOBOIO 3rof0H YYaCHWKIB i BiANOBIOHO A0 MPUH-
uunis GioeTnkun, BuknageHux y FenbcCiHCbKiI geknapadii
«ETWYHi npyHUMnn megnyHmx gocnigXkeHb 3a y4acTto fto-
nel» Ta «3aranbHin geknapauii npo GioeTuky Ta npasa
nognHn (KOHECKO)».

OnUc KAIHIHHOTrO BUNAAKY

[o micbkoi kniHiyHOI nikapHi Ne25 m. XapkoBa
18.01.2021 p. 6yna rocniTanisoBaHa xBopa 27 pokKiB 3i
ckapramy Ha cnabkicTb, MiABWULLEHHS TemnepaTtypu [0
39°C, 6inb y cyrnobax, Habpsik obnuuus, ryb, netexianb-
HO-Nanynbo3Hi BUCMNAHHA Ha obnuyyi (kpuna Hoca, nob,
ninbopiaas), BUpaskm y poToBii MOPOXKHMHI.

3 aHamHesy Bigomo, WO Yy BepecHi 2020 poky Ha 2
TWXHI BUI3guna 4o €rvnTy, crneuianbHo He 3acmarana (6i-
NOLLKIpa), ane Big3Havana BUpaXKeHe NMOYEPBOHIHHS LLKIpU
B OiNSHUi CMMHKM Ta KpWU HOCa 3 OKPEMUMU ereMeHTamm
nerexianbHO-NanynbLo3Horo Bucuny. CamMocCTiMHO 3aaBarna
LLIOMICALA aHani3u KpoBi (Y BCiX aHani3ax [0 XOBTHSA MicALA —
BCi MNOKA3HUKM BU3HAYanucsi B Mexxax HopMu, MakcumarsbHa
LWBMAKICTb ocinaHHst epuTpouuTie (LLUOE — 8 mm/ron).

Y xoBTHi 2020 poky nepexsopina Ha COVID-19 (odi-
uinHo niaTBepgxeHo MJIP, GyB nikapHAHWIA fUCT), Tem-
nepatypa nigHimanaca go 39°C, npuimana BiTamiHu
C, O3, napauetamon npu Bucokin Temnepatypi. licns
ooyxaHHsI npofoBxkysana 30epiratucs TemnepaTypa:
BpaHui 37,2°C, yBeyepi nigsuwiysanacsa go 37,5-37,8°C,
3'ABMNUCA TONOBHI 6oni (TUCK Y CKPOHSIX), MOraHUiA COH,
iHoZi 3amamMopoyeHHs. 3BepHynacsa A0 HeBponaTonora
26.10.2020 p. MpusHaveHo MPT, npu obcTexeHHi narto-
norii BusBneHo He 6yrno. 3a npusaHaveHHsaM nikapsi oTpu-
MyBana iH’ekuinHo BiTamiHn rpynu B: B1, B6, B12, nipaue-
TaMm, cegatuBHi npenapatu. [onosHi 6oni 3ameHwWMUnncs,
ane nigsuieHa TemnepaTtypa Tpumanacb MOCTINHO Big,
37,5°C BpaHui ao 38°C BBeuepi.

3 uboro npueoay B KiHUi nuctonaga 2020 poky Ha-
npaeneHa [o iHgekuioHicTa, ge 6ynu npoBedeHi aHa-
ni3an Ha pi3Hi BipycHi iHdekuii (CHIO, renatutu, repnec,
EnwTerina—bapp, kopoHaBipycHy iHdekuito, manspito —
pe3ynbTaTy BCi HeratueHi). MNposeaeHo Y3[ nimdaTtuyHmnx
BY3MiB Ta LWMTONOAIOHOI 3ano3u. MprubnunsHo B cepeanHi
rpyaHs 2020 poky npuiimana neBodnokcaunH NpoTAarom
14 pHiB. 3acTocyBaHHs npenapaTty BUSBUMIOCHA Heedek-
TMBHUM, TEMNepaTypHa peakuis 36epiranacs. lNicns ybo-
ro obcTexkeHa Ha piBeHb FOPMOHIB LLMTOMNOAIGHOT 3an03u.

Objective — to analyze the clinical case of a patient
diagnosed for the first time with systemic lupus
erythematosus (SLE) following a COVID-19 infection. The
study aims to investigate the long-term effects of COVID-19
on the immune system and explore possible challenges
in diagnosis and management strategies to prevent or
mitigate autoimmune complications in such patients.

MATERIALS AND METHODS OF RESEARCH

The study design and all diagnostic and treatment
methodologies used were conducted in accordance
with the written consent of participants and the ethical
principles outlined in the Helsinki Declaration («Ethical
Principles for Medical Research Involving Human
Subjects») and the «Universal Declaration on Bioethics
and Human Rights (UNESCO)».

Description of a clinical case

On January 18, 2021, a 27-year-old female patient
was hospitalized at City Clinical Hospital Ne 25 in Kharkiv
with complaints of weakness, a fever of up to 39°C, joint
pain, facial swelling, petechial-papular rashes on the face
(nasal wings, forehead, chin), and ulcers in the oral cavity.

From anamnesis morbi, it is known that in September
2020, the patient traveled to Egypt for two weeks.
Although she did not sunbathe intentionally (fair-skinned),
she noted significant redness of the skin on the bridge and
wings of the nose, accompanied by isolated petechial-
papular rash elements. She independently underwent
monthly blood tests, which showed all parameters within
normal limits until October, with a maximum ESR of
8 mm/hour.

In October 2020, she contracted COVID-19 (officially
confirmed by PCR, accompanied by a sick leave).
Her temperature rose to 39°C, and she took vitamins
C, D3, and paracetamol for high fever. After recovery,
a persistent low-grade fever was observed: 37.2°C
in the morning and 37.5-37.8°C in the evening. She
experienced headaches (pressure in the temples), poor
sleep, and occasional dizziness. On October 26, 2020,
she consulted a neurologist and underwent an MRI,
which revealed no pathology. The neurologist prescribed
injections of B vitamins (B1, B6, B12), piracetam, and
sedative medications. Headaches subsided, but the fever
persisted, ranging from 37.5°C in the morning to 38°C in
the evening.

At the end of November 2020, she was referred to
an infectious disease specialist. She underwent tests for
various viral infections (HIV, hepatitis, herpes, Epstein-
Barr virus, coronavirus infection, malaria), all of which
yielded negative results. Ultrasound examinations of the
lymph nodes and thyroid gland were performed. Around
mid-December 2020, she was prescribed levofloxacin for
14 days, which proved ineffective as the fever remained.
Subsequently, thyroid hormone levels, including TPO
antibodies, were evaluated and found to be within normal
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Bci nokasHuku, Bknodatoum aHtutina go TrO, Bu3Hava-
nmcsa B mMexax Hopmu. 3pobneHo aHanisa Ha BitamiH [.
Y 3B’A3Ky 3i 3HWXEHHAM piBHA BiTamiHy [0 oo 26 Hr/mn
npusHayeHo Bitamin [ no 600 ME*3 pa3un/noby. Ane ctaH
XBOPOI MOripLIyBaBcs, 3'ABunucs adptv Ha crnvsosii 060-
noHui pota. 3 11.01.2021 p. npusHayeHnn rirokoHa3on.
Ha Tni nikyBaHHs pritokOHa30MoM CTaH XBOPOI NOTipLUNB-
CA: BMpasky MOLUMPUIIUCS Ha BCKO MOBEPXHIO CrN30BOI
poTa, Habpsikni rybu, ocTaHHi Tpu AHi He morna icTu, Tem-
nepatypa Tpumanaca Ha piBHi 39°C, 3’'aBunucsa Habpsiku
Ta Binb y KOMiHHMX Ta rOMINKOBOCTOMNHMX cyrnobax, crana
3aranbMoBaHa. byna BuknukaHa Gpuraga HesigknagHoi
MeAMYHOI AO0NOMOrn, XBOpY rocnitanisyeanu. Yeprosun
nikap NpuMManbHOro BiaAinNeHHs (remartonor), OuiHMBLLN
[aHi aHanisiB KpoBi (riNOXpoOMHa aHeMisi, NenKoneHis —
2,27%x10°n, TpomGouuToneHia — 134x10%n, nigBuLLieHa
LLIOE o 60 mm/rog), rocnitTanidyBaB nauieHTKy 4O rema-
TONOriYHOrO BiAAINEHHS 3 MiA03PO0 HA MIENONENKO3.

Byna npu3HadeHa ropmoHanbHa Tepania (metunpes
250 mr/poby B/B kpar.), Ha TNi IKOi CTaH NaLieHTKM CTaB Mno-
KpaLLlyBaTUCb. SMEHLUMBCS HAbpsik 06NmnYYsi, 3HUKMM BUpa3-
KW'y pOTi, 3MEHLLMIUCS 3anarbHi NposiBu 3 6oky cyrnobis.

Y nigcymKy Ha niactaBi 3MiH Y KpoBi (rinoxpomHa aHe-
Misi, rievikoneHis, TpomboumToneHis, nigeuweHa LLIOE),
y Cevi 3HayHa MpOTEiHYpIA, XapaKTEPHWUX KNiHIYHMX Npo-
sBiB (NiaBYLLEHa TeMnepaTypa, Habpsik 06nmyys, BUpaskm
Y POTOBIV MOPOXHUHI, Binb y cyrnobax, nimdaaeHonaris),
cTaTi, BiKY, BUKIOYEHHS 32 AOMNOMOTOH iMYHOFCTOXIMIYHOIO
OocCniopKeHHs Mienonernkoay, edpekTy Big Tepanii ropMoHa-
Mn ByB npunyLueHun giarHo3 CUB (cnpaexHin 4n meamka-
MEHTO3HUI). NpoBeaeHo aHani3 OUiHKM aHTUHYKINeapHNUX
aytoaHTuTin (BusBneHi ANA Ig G), Ta gogatkoBui aHani3
Ha aHTuTina go asonaxutorosoi AHK. OTpumaHi pesynesra-
T1: aHTn-dsDNA 123 U/ml npu Hopmi 0—25.

[lns BCTaHOBNEHHS AiarHosy Oynu BUMKOPUCTaHi Kpu-
Tepii C4B (EULAR/ACR, 2019) 3a HasBHOCTi No3nTuB-
HUX aHTuagepHux aHtutin (ANA) B Tutpi 21:80 Ha HEp
2 kniTMHax. AKLWO TeCT BiACYTHIN, 3aXBOPIOBaHHSA He cnif,
knacudikyBatu sk CUB; akwo HasiBHUIA, Tpeba 3acTocy-
BaTU gopatkosi kputepii [21]. Micna goobcTexeHHs Ta
BpaxyBaHHS KNiHIYHNX MPOSABIB MaLi€HTLi BCTaHOBMEHO
3aknoyHn  giarHo3: CYB, akTMBHaA (pasa, akTUBHICTb
2 cT. Migroctpuii nepebir. YpakeHHs LWKipn (eputema 06-
nuM4yys y BUMsAi «Mmetenuvkar), cyrnobis (noniaptpanrii).
YpaKeHHs1 crnn3oBoi 060MOoHKM (AT POTOBOI NMOPOXKHU-
Hn). CuctemHa nimdageHonaris. YpaxeHHs HUPOK (npo-
TeiHypis). IMyHonoriyHni peHoMeH (MO3UTUBHI aHTWTINa
no asonautorosoi OHK, ANA).

PE3YABTATU TA iX OBTOBOPEHHS

YTpyoHeHa pgiarHoctmka CUB y gaHomy Bunagky
Oyna 3yMOBreHa HasiBHICTHO HecneundiyHnx CcMMnToMmiB
3anarneHHs pisHUX OpraHiB, NaTeHTHUM nepebirom Ta He-
CBOEYACHMM MPOBEAEHHAM IMYHOMOMNYHOIO OBCTEXEHHS,
HeoOXigHOro LWe Ha eTani TPaH3UTOPHOro MNiABULLEHHS
TemnepaTypw Tina BNpogoBX Tpusanoro 4yacy. 3asHavyeHe
npu3Beno A0 HeOOI'PYHTOBAHOIO NpU3HaAYeHHSA NauieHTLi
BENVKOI KiNbKOCTi npenapariB pisHnx ¢hapMaKonorivyHmnx
rpyn. Sk Hacnigok, cnoctepiraBcs PO3BUTOK YCKNagHEHb
3 MPOrpecyoYnM MOripLIEHHSAM CTaHy NauieHTKn. Takox
BMHMKNA HeOOXiaHICTb NpoBedeHHs andpepeHrLiauii reHe-
3y ayTOIMYHHOIO CTaHy.

ranges. A Vitamin D test revealed a deficiency (26 ng/ml),
and she was prescribed Vitamin D at 600 U three times
a day. Despite treatment, her condition deteriorated, and
oral mucosal ulcers appeared. On January 11, 2021,
fluconazole was prescribed. However, her condition
worsened on fluconazole: ulcers spread across the
oral mucosa, her lips became swollen, and for three
days, she was unable to eat. Her fever reached 39°C,
accompanied by swelling and pain in the knee and ankle
joints and a slowed response. An emergency medical
team hospitalized her.

The on-call doctor in the hematology department,
upon evaluating her blood test results (hypochromic
anemia, leukopenia at 2.27 x 109L, thrombocytopenia
at 134 x 10%L, and elevated ESR at 60 mm/hour),
admitted her to the hematology department on suspicion
of myeloid leukemia.

Hormonal therapy (methylprednisolone 250 mg/day
IV infusion) was initiated, leading to an improvement in
her condition. Facial swelling decreased, oral ulcers
resolved, and inflammatory joint symptoms diminished.

Based on blood abnormalities (hypochromic anemia,
leukopenia, thrombocytopenia, elevated ESR), urine
analysis (significant proteinuria), characteristic clinical
manifestations (fever, facial swelling, oral ulcers, joint
pain, lymphadenopathy), gender, age, the exclusion of
myeloid leukemia via immunohistochemical study, and the
response to hormonal therapy, a diagnosis of SLE (true
or drug-induced) was suspected. Tests for antinuclear
autoantibodies (ANA 1gG) and double-stranded DNA
antibodies (anti-dsDNA) were conducted. Results revealed
elevated anti-dsDNA at 123 U/ml (normal range: 0-25).

For diagnosis, the 2019 EULAR/ACR SLE criteria
were applied, which require the presence of positive ANA
antibodies at a titer of 21:80 on Hep-2 cells. If the test is
absent, the disease cannot be classified as SLE; if present,
additional criteria must be applied [21]. Following further
examination and clinical assessment, the final diagnosis
was established: SLE, active phase, activity grade
2, subacute course. Skin involvement (butterfly rash), joint
involvement (polyarthralgia), mucosal involvement (oral
aphthous ulcers), systemic lymphadenopathy, kidney
involvement (proteinuria), and immunological findings
(positive anti-dsDNA and ANA antibodies).

RESULTS AND DISCUSSION

The diagnostic challenges in this case were due to
the presence of non-specific symptoms involving various
organs, a latent course, and delays in conducting the
necessary immunological tests during the prolonged
febrile period. These factors led to the unjustified
prescription of a wide range of drugs from different
pharmacological groups. Consequently, complications
developed, resulting in a progressive worsening of the
patient's condition. Additionally, differentiation of the
autoimmune condition’s genesis was required.

A notable characteristic of SLE is its clinical
heterogeneity [22]. It is essential to perform a thorough
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XapaktepHa o3Haka nepebiry CYB — kniHiuHa rete-
poreHHicTb [22]. Cnig yBaXKHO NpoBOANTY AnepeHLinHy
piarHocTuky CYB i «MiMikepiB», SK-OT MeOUKaMeHTO3HUIA
BOBYaK, iHLi ayToiMyHHi 3axBoptoBaHHSA (cuHApom Lle-
rpeHa (SSA+), 4epMaToMio3unT), iIHDEKLIHI 3aXBOPIOBaH-
HS (IHPEKUiNHWI eHpoKapauT, renatuT, napeosipyc B19,
BIJ1, EBV, CMV), rematonoriyHi 3nosikicHi HOBOyTBOpPEH-
Hs1, niMpoma XomkkiHa, xBopoba KacrnmaHa, aHrioiMmyHo-
6nactHa T-kniTMHHa nimcgoma, po3cisHMIN CKnepos, XBo-
pob6a Crinna, WKipHi imiTatopu (po3auea, AepMaToMiosnT
TOoLLO), iHTepdepoHonaTii | Tuny, aBToiMyHHWIA Nimdonpo-
nicpepaTVBHUIN CMHOPOM, remodparoumTapHuin NiMdoricTi-
ouunTos (ocobnueo y aitewn) [22].

MegukameHTo3HMI BoBYak (MB) — ue ayToiMyHHa nato-
noris, ka 3ymMoBrieHa BnavBoM NikiB Ha OpraHiaM 3 po3BuT-
KOM KniHiYHMX 03HaK, nogibHnx go CYB [23]. MB e sckpa-
BVM MPVIKNAZAoOM ATPOreHHOro Tpurepa, Lo Npu3BoanTb OO
PO3BUTKY BOBYaKa Yy reHeTUYHO CMPUNHATABOI MHOANHM.
MoHaa 100 nikiB Bynu ineHTUdIKoBaHI Sk NpoBokyouni MB
YMHHUK, MPUYOMY CMIMCOK PO3LLUMPIOBABCS 3 PO3POOKOD HO-
BMX BiONOrivYHMX peyvoBuMH LLOPOKY [23]. MB Mae TeHaeHuito
OyTV MeHLU TspKKMM, Hixk CYB. Mpu UbOMy CTaHi cUMNTOMM
3a3BMYali 3HUKaKTb MICNA NPUMUHEHHS NPUAOMY npena-
paTy, WO BUKMMKaB MOPYLUEHHA. Y AaHOMy Bunagky Oyno
npu3HaYeHo BEMUKY KinbKiCTb npenaparis, WO came i Mor-
N0 CTaHW TPUrepoM PO3BUTKY 3axBOPHOBaHHs. Hawin na-
uieHTui OyB NMpoBedeHWIn aHarni3 OUiHKM aHTUMHYKIeapHUX
aytoaHTuTin (ANAIg G), Skuii NigTBEPAMB HAABHICTL BOBYa-
Ky, @ [4OAAaTKOBUIA aHani3 Ha aHTWTIfa 4O ABONAHLIOroBOi
OHK (aHTr-dsDNA 123 U/ml npu Hopmi 0-25) MOro iCTUHHICTb.
3aTpumka y BCcTaHOBMEeHHi AdiarHody CYB vy uiei nauieHTkm
cTana HacnigkoM HMU3KU MOMUITOK Y BEeAEHHI Ta AiarHOCTuL.
HepooLiHka CUCTEMHMX CUMMTOMIB, HEBYACHE 3ary4eHHs
NPoQinNbHUX cnewianicTiB Ta HeJOCTaTHE BUKOPUCTaHHSA Cy-
YacCHWX OiarHOCTUYHWNX KPUTEPIiB NPU3BENM A0 NOTiPLUEHHS
CTaHy nauieHTKM, HECBOEYACHOMY BCTAHOBIIEHHIO AiarHO3y
Ta, BAMOBIOHO, 3aTPMMKMN NPU3HAYEHHS aAeKBaTHOrO MiKy-
BaHHs1. CBOeYacHa fjarHocTvKa Ta naToreHeTuYHe fikyBaH-
HSl TaKMX MauieHTiB MOXe 3Ha4HO MOKpaLUTU pesyrnbsratu
Tepanii, 3MEHLUNTN PU3MK BUHWKHEHHST YCKNadHEeHb Ta nig-
BULLNTYN SIKICTb iX XKUTTS.

He cnig Takox Bunyckatu 3 nons 30py Tow dakT, wo
nepLi NposiBu 3axBoptoBaHHA (cybdpebpunbHa Temne-
patypa) nodanucs nicns nepeHeceHoi KopoHaBipyCHOT
iHpekuii. COVID-19 Mir ctatm Tpurepom akTtmBizauii
ayTOIMYHHUX peakLUi, siki Np13Benu 4o po3BUTKY abo 3a-
roctpeHHss CYB y nauieHTkn. BpaxyBaHHSA LbOro dakty
€ BaXNMUBUM Ans NOoAanbLUOl TakTUKW FiKyBaHHS Ta npo-
rHO3Yy 3axXBOPIOBAHHS. BaxnmBrM € TakoX MynbTUAMUCLN-
nniHapHUM Nigxig npy Be4EHHI Ta HAassBHOCTi CUCTEMHOIO
XapakTepy CvMMTOMIB, a came cniBnpaus Mk Tepane-
BTOM, PEBMaTOoI0rom, iMyHOMNorom, Hecpponorom Ta rema-
TOSMOrOM 151 KOMIMITEKCHOIO OLLiHIOBAHHS CTaHy naudieHTa.

Mangemis COVID-19 cnpuuyunHuna 3aroctpeHHs 6a-
raTbOX XPOHIYHUX 3aXBOPHOBaHb, BKIHOYAKOUM LYKPOBUN
niabet, apTepianbHy rinepTeHsito, cyaunHHi, Lepebposa-
CKYMSPHi 3aXBOPIOBaHHSA Ta iHWi [24, 25]. BogHovac npu-
3Bena [0 NOosiBU paHille HeBiZOMUX CUMMNTOMIB i CUHOPO-
miB. Jlikapi Ta BOCMiAHWKM MO BCbOMY CBITY 3rypTyBanucs,
Wwob 3HanTK Hanbinbl Aiesi nigxoan A0 cTaHAapTusadii
[iarHOCTUYHMX  KPUTEPIiB | TepaneBTUYHMX  CcTparerin
SIK ANnsi camoi KOPOHaBIPYCHOI iHdbeKuii, Tak i ang naro-
MNOriYHUX CTaHIB, SKi BMHUKAKOTb Yy pesynbrarti il BNnuBY.

differential diagnosis of SLE and its «mimickers», such
as drug-induced lupus, other autoimmune diseases
(e.g., Sjogren’s syndrome [SSA+], dermatomyositis),
infectious diseases (e.g., infective endocarditis,
hepatitis, parvovirus B19, HIV, EBV, CMV), hematologic
malignancies (e.g., Hodgkin’s lymphoma, Castleman
disease, angioimmunoblastic T-cell lymphoma), type
| interferonopathies, and others [22].

Drug-induced lupus (DIL) is an autoimmune condition
triggered by medications that cause clinical signs
resembling SLE [23]. DIL serves as a prominent example
of an iatrogenic trigger that can lead to lupus in genetically
predisposed individuals. Over 100 medications have been
identified as potential DIL triggers, with this list expanding
annually due to the development of new biologics [23].
DIL tends to be less severe than SLE, and its symptoms
typically resolve after discontinuing the offending
medication. In this case, the patient had been prescribed
a wide range of medications, some of which may have
acted as triggers for the disease.

The patient's ANA IgG analysis confirmed lupus,
and additional testing for anti-dsDNA antibodies
(123 U/ml, normal range: 0-25) established the
diagnosis’s authenticity. The delay in diagnosing SLE
in this patient resulted from several management and
diagnostic errors. These included underestimating
systemic symptoms, delayed involvement of specialized
physicians, and insufficient use of modern diagnostic
criteria, leading to a deterioration in the patient’s condition
and delayed initiation of adequate treatment. Timely
diagnosis and pathogenetic treatment can significantly
improve therapeutic outcomes, reduce complications,
and enhance the quality of life for such patients.

It is crucial to consider that the initial manifestations
of the disease (low-grade fever) occurred following
a COVID-19 infection. This infection could have acted
as a trigger for the activation of autoimmune responses,
leading to either the onset or exacerbation of SLE in
the patient. Acknowledging this factor is essential for
determining the subsequent treatment strategies and the
disease prognosis. Equally importantis the implementation
of a multidisciplinary approach in managing the systemic
nature of symptoms. Collaboration among a therapist,
rheumatologist, immunologist, nephrologist, and
hematologist is vital for a comprehensive assessment of
the patient’s condition and ensuring effective care.

The COVID-19 pandemic has triggered the
exacerbation of numerous chronic diseases, including
diabetes mellitus, arterial hypertension, vascular, and
cerebrovascular conditions, among others [24, 25]. At
the same time, it has led to the emergence of previously
unknown symptoms and syndromes. Physicians and
researchers worldwide have united to establish the
most effective approaches for standardizing diagnostic
criteria and therapeutic strategies, not only for COVID-19
but also for pathological conditions associated with
its impact. One such condition is the multisystem
inflammatory syndrome in children associated with
COVID-19 (MIS-C) [26]. This syndrome, which is
arare complication, typically occurs 2-6 weeks after
SARS-CoV-2 infection and represents a novel phenotype
of hyperinflammatory disease with features resembling
Kawasaki disease and toxic shock syndrome. In patients

Bunagok i3 npakTukum

275

A case from practice



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 2(53). C. 269-279
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):269-279

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

Hanpuknag, ogHUM 3 Takmx CTaHiB € MyNbTUCUCTEMHUN
3ananbHUin CUHAPOM Y AiTen, acouinosaHui i3 COVID-19
(MIS-C) [26]. Lie cnHOpOM € HEYacTUM YCKNaOHEHHSIM,
gKe 3a3BuYall BUHWKAE Yepe3 2—6 TWXKHIB nicna 3apa-
*eHHa SARS-CoV-2 Ta € HOBUMM (DeHOTUMNOM rinep3a-
nanbHOro 3axBOPIOBAHHSA 3 0O3Hakamu xBopobu Kasacaki
Ta CMHAPOMY TOKCUYHOTO LLUOKY. Y MauieHTIB i3 HassBHUMM
abo npuxoBaHMMW CTaHaMW iH(peKUis CTUMYME po3-
BUTOK rinep3ananbHuUX peakui, Takux SK «LUUTOKIHOBUI
LUTOPMY», O, B CBOK Yepry, MOXe 3arocTptoBaTy iMyHO-
onocepeakoBaHi 3axBOptOBaHHA. Kpim Toro, 4OBrocTpo-
KOBi Hacnigku, Taki KK MOCTKOBIAHWIA CUHAOPOM, yCKnag-
HIOIOTb peabiniTauito nauieHTiB Yepes BTOMY, KOTHITUBHI
NOpYyLUEHHS | CUCTEMHI ypaxkeHHs. Lli BUknuku Bumaraiotb
MixgucumnniHapHoro nigxo4y Ao NikyBaHHSA i peabinitauii
XBOpMX, L0 3yMOBIOE HEOOXIAHICTE 00’eAHaHHSA 3ycunb
nikapiB pi3HUX cneuianisauin Ans po3pobkn edekTUBHUX
TepaneBTUYHUX Ta peabiniTauiviiux ctparerin [27].

BUCHOBKHU

COVID-19 npogeMoHCTpyBaB CBO 3AaTHICTb BMK-
BaTW Ha OpraHi3amM Janeko 3a Mexamu QuxarnbHoi cucte-
mu. Vloro noTeHujiiHa pork y 3anycky ayToiMyHHUX CTa-
HiB, Taknx sk CHB, HaronoLlye Ha BaXnMBOCTi PO3yMiHHS
B32EMO3B’A3KY MK IHEKUINHMMY 3axBOpOBaHHAMMU Ta
ayToiMyHHUMW po3nagamu. HeobxigHi noganblii gocni-
[PKEHHS 3 BUBYEHHS AOBrocTpokoBux edektie COVID-19
Ha iIMyHHy cucTeMy Ta po3pobku anroputMmy BeAeHHS
XBOpUX A4S 3anobiraHHa abo NoOM SKLWEHHSA ayTOIMYyHHMX
ycknagHeHb. Mangemis COVID-19 Bigkpuna HOBI MOXNN-
BOCTi A4S aHani3dy 3B’A3Ky MiX BipyCHMMM iH(bekuiamun Ta
ayTOIMyHHUMW 3aXBOPIOBAHHSAMMW. HOBi 3HaHHA MOXYTb
BNIMHYTU Ha nepebir umx nopylieHb Ta MoKpawmTh ix
CBOEYaCHe BUWSBMEHHS 3 METOK MOMINWEHHA MPOrHo3y
LMX nauieHTiB.

3anuwarTbCs akTyanbHUMU MUTaHHS MOHITOPUHIY Ta
BMMMBY Ha ayTOIMYHHi CTaHW B yMoOBax iHEKUinHMX 3a-
XBOpOBaHb, Takmnx sik COVID-19. 3’30k mixx COVID-19
Ta 3arocTpeHHsaM abo po3suTkom CYB Bkasye Ha Heob-
XiOHICTb NiABMLLEHOT MeaMYHOI NUITbHOCTI Ta aganToBa-
HUX CTpaTerin NikyBaHHA ANs BPa3nMBKX rpyn HAaCeneHHs.
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with existing or latent conditions, the infection stimulates
the development of hyperinflammatory responses, such
as a «cytokine storm», which in turn may exacerbate
immune-mediated diseases. Furthermore, long-term
consequences like post-COVID syndrome complicate
the rehabilitation of patients, manifesting through fatigue,
cognitive impairments, and systemic organ damage.
These challenges require an interdisciplinary approach
to the treatment and rehabilitation of patients, which
necessitates the combination of efforts of doctors of
different specializations to develop effective therapeutic
and rehabilitation strategies [27].

CONCLUSIONS

COVID-19 demonstrated its ability to affect the
body far beyond the respiratory system. lIts potential
role in triggering autoimmune conditions such as SLE
underscores the importance of understanding the
relationship between infectious diseases and autoimmune
disorders. Further research is needed to examine the
long-term effects of COVID-19 on the immune system and
to develop management strategies to prevent or mitigate
autoimmune complications. The pandemic has provided
new opportunities to study the interplay between viral
infections and autoimmune diseases. New insights may
influence the course of these disorders and improve their
timely detection, ultimately enhancing patient outcomes.

Ongoing monitoring and investigation into the impact
of infectious diseases like COVID-19 on autoimmune
conditions remain critical. The link between COVID-19
and the exacerbation or development of SLE highlights
the need for increased medical vigilance and tailored
treatment strategies for vulnerable populations.
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NepcnekTuBM NOAAAbLLUNX AOCAIAXEHDb

HeobxigHUM € noganblue BMBYEHHSI OCOONMMBOCTEN PO3-
BUTKY Ta NPOrpecyBaHHsA ayTOIMYHHUX 3aXBOPOBaHb, 30-
kpema CYB, Ha Tni COVID-19 3 meTO yAOCKOHANEHHS ix
CBOEYACHOrO BUSIBNEHHS Ta afeKBaTHOrO fiKyBaHHSA npu
NnoeaHaHHI 3 KOPOHaBIPYCHOIO iIHEKLEHD.

KoHAIKT iHTepecis

ABTOpM pyKOMuUCy CBIAOMO 3acBigvyoTb BiACYTHICTb dak-
TUYHOro abo NOTeHLiMHOro KOHMMIKTY iHTEpEeCiB LWoao pe-
3yneTartiB Liei poboTu 3 hapMaLeBTUHHUMM KOMMAHISMMU,
BUPOOHUKaMM BiOMeANYHMX MPUCTPOIB, iHWIMMK OpraHi-
3auigMu, Yni NpoaykTw, nocnyru, dpiHaHcoBa MiaTpuMKa
MOXYTb ByTW NOB’sA3aHi 3 NpegMeTOM HadaHux marepia-
niB abo ki cnoHcopyBanu NPoBeaeHi AOCTIKEHHS.

IHdbopmaLis Nnpo cbiHAOHCYBAHHSA

Lle mocnimkeHHs He dhiHaHcyBanocs. CTaTTs € caMOoCTil-
HUM OOCRNIMKEHHsIM, sike He noe’asaHe 3 HOP kaden-
PV BHYTPILLUHBOT MEOULIMHMN.
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Llon IpuHa BsdyecnaBiBHa — kaHOuAaT MeOWYHUX Hayk,
OOLEeHT Kadeapun BHYTPILLHBOT MeauumMHn XapKiBCbKOro Haio-
HanbHOro yHisepcutety imeHi B.H. KapasiHa MiHicTepcTBa ocsi-
T i Hayku Ykpainu; mangaH Ceoboaw, 6ya. 4, m. Xapkis, Ykpa-
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Mo6.: +38 (050) 955-99-74

BHecok aemopa: ridbip nimepamypHux Oxepen 3a me-
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npodecop, 3aBigyBayka kadenpv BHyTPILWHLOI MeanuumnHn Xap-
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cmammi.

Anb-TpaBHex OneHa BonogumupiBHa — kaHoupat me-
ONYHUX HayK, OOLUEHT Kadeapu BHYTPILLUHLOI MeauumHu Xap-
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Prospects for further research

Further investigation is needed into the features of the
development and progression of autoimmune diseases,
particularly systemic lupus erythematosus (SLE), in
the context of COVID-19, in order to improve timely
detection and appropriate treatment when combined with
coronavirus infection.
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PE3IOME

AxTyanbHicTb. BpompkeHun imyHogediumnT — Le rpyna, ska Hanivye noHag 550 pigkic-
HMX FrEHETUYHMX 3aXBOPIOBaHb, LLIO XapaKTepU3yrTbCs 3HMKEHO abo BiACYTHBO pe-
3UCTEHTHICTIO A0 iH(PeKUinHMX hakTopiB i3 3amyyYaHHAM YCiX NAHOK iIMYHHOI cuctemu.
3a gaHnmm €sponericbkoi acouiauii imyHonoris 70—90% XBOpUX Ha BPOAXKEHi iMyHoae-
PiLUTM 3annLLIaKOTLCSA HEAiarHOCTOBaHUMMU.

Meta po60oTu — HagaTh xapakTepucTuKy ocobnmsocTer nepebiry BpoaXeHoro imyHoae-
DILUTY Y AUTUHN TPYSHOTO BiKY.

Marepianu Ta meToau. BukopuctaHo cucTeMHuii aHania gaHux ictopii xsopobu. Mpo-
BEOEHO aHarni3 HayKoBux nmybnikaui 3 noganbLIO CMCTEMaTU3aUielo Ta y3ararnbHeH-
HSIM OTPUMaHOT iHbopMaLlii LLIOAO KIiHIYHOrO BUNaAKYy.

Pesyniratu Ta ix o6roBopeHHs. HaBefeHo intocTpoBaHi AaHi icTopii XBopoou AUTUHU TPOX
MicsiLiB, LLO Hadinwna A0 KoMyHanbHOro HeKOMepLiHOrO MignpueMcTBa XapKiBCbkoi obrac-
Hoi pagu «ObrnacHa auTaya KniHivHa MikapHs» B YPreHTHOMY NOpPsiZKY 3 03HaKaMu XipypridHoi
narororii — roctpa o6TypaLiiHa KuLIKOBa HenpoxiaHicTb. MNepdhopaLis kuwevHuka. KniHivyHa
KapTHa 3axBOPIOBAHHS, Pe3yrnbraTi MaToriCTONOr4YHOro JOCHMKEHHS, 3MiHWU B iMyHOrpami,
BiACYTHICTb edpekTy Bif npoBeaeHHs KOMBIHOBaHMX MOBTOPHUX KYpCiB aHTUOaKTepianbHoi Te-
panii Ta iMyHo3aMicHOI Tepanii O3BONWIIO KOHCTaTyBaTV Y ANTUHW BPOMKEHUI iMyHOAEILIUT.
3a yac nepebyBaHHsi AUTUHA NepeHecna M'ATb ONepaTUBHNX BTPYYaHb, LLIO Manu YCKIagHEHW
nepe6ir. IleTanbHWi pesynsTaT 3yMOBIEHWI MPOrpecyBaHHsIM MOiopraHHoi HeOCTaTHOCTi.
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ABSTRACT

Background. Primary immunodeficiency is a group of more than 550 rare genetic
diseases characterized by reduced or absent resistance to infectious agents involving all
parts of the immune system. According to the European Association of Immunologists,
70-90% of patients with PID remain undiagnosed.

Purpose — to describe the features of the course of primary immunodeficiency in infants.
Materials and Methods. The study employed a systematic analysis of medical history
data. A review of relevant scientific literature was conducted, followed by systematization
and synthesis of information related to the clinical case.

Results. lllustrated data of the medical history of a 3-month-old child who was urgently
admitted to the pediatric hospital with signs of surgical pathology (Acute obturative
intestinal obstruction. Intestinal perforation.) primary were diagnosed. The clinical signs
of the disease, the results of histopathological examination, changes in the immunogram,
as well as the presence of a multidrug-resistant flora in the abdominal cavity contents,
pure effect from combined antibacterial therapy courses and immunoreplacement
therapy allowed us to confirm primary immunodeficiency. While being in the hospital, the
child underwent five surgical interventions, which had a complicated course. The fatal
outcome caused by the progression of multiple organ failure.

Conclusions. A clinical case of primary immunodeficiency in an infant demonstrates the
peculiarities of the course of the disease and the difficulties of its differential diagnosis. The
manifestation of immunodeficiency is associated with surgical pathology. The absence
of antibacterial therapy response allowed us to suspect primary immunodeficiency
and implement appropriate treatment measures. However, the burdened premorbid
background, age, and severity of surgical pathology contributed to the development of
multiple organ failure, which was the cause of the child’s death.

Muratov GR, Popov MM, Volobuieva OV, Frolova TV, Savvo OM, Karpushenko YuV, Pashchenko KYu, Soloviova AG.
Clinical case of the infant with primary immunodeficiency. The journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(2(53)):280-290. DOI: https://doi.org/10.26565/2313-6693-2025-53-10

BCTYN

BpomxeHun imyHopediumT (BIA) — ue rpyna, wwo Ha-

INTRODUCTION

Primary immunodeficiency (PID) is agroup of

nivye Ginblwe 550 pigKiCHUX FEHETUYHMX 3axBOpPHOBaHb
(555 moHoreHHux Ta 17 dpeHokoni, 3 BapiaHTaMu MyTa-
uin y 504 reHax), siKi iHofji Ha3MBalOTb «BPOOXKEHI MOMUITKU
IMYHITETY», Ta XapaKTepuayloTbCA 3HKEHOO abo BiacyT-
HbOIO CNPUNHATAMBICTIO A0 iH(PEKLiNHUX hakTopis i3 3a-
nyYaHHAM BCiX NaHOK iMyHHOI cuctemu. 3a faHumm €Bpo-
nencekoi acouiauii imyHonorie GinbLue 6 MinbIAOHIB Noaen
B CBITi (B cepeaHbomy, 1:10 000) cTpaxgatotb Ha BI, ce-
pen Hux 70-90% 3anuiiatoTbes HegiarHoctoBaHumm [1, 2].

OcHoBHoW npuynHoto BI € reHeTnyHi myTauii, ki
He 3anexartb Bif BiKy, CTaTi, €THI4HOI rpynu. IcHye aBa
OCHOBHWX TUNK ycnagkyBaHHa Bl — aytocomHo — pe-
LecuMBHUN Ta X — 34enneHnn peuecusHuin [3, 4]. B nep-
Wi micaui xmntta auntuHa 3 BI[ € BigHOCHO 3axulieHoto
LMPKYITIOYUMN  MATEPUHCBKUMN  @HTUTINAMK i KMiHIYHI
nposiBM YacTo BiACYTHi. [oynHatoum 3 TpeTboro Mmicsaus

more than 550 rare genetic disorders (including 555
monogenic forms and 17 phenocopies, with mutations
identified in 504 genes), sometimes referred to as
«inborn errors of immunity». These conditions are
characterized by reduced or absent resistance to
infectious agents due to involvement of all components of
the immune system. According to the European Society
for Immunodeficiencies, more than 6 million people
worldwide (on average, 1 in 10.000) are affected by PID,
with 70—90% of them remaining undiagnosed [1, 2].

The primary cause of PID is genetic mutations that are
not dependent on age, sex, or ethnic origin. There are two
main inheritance patterns of PID: autosomal recessive
and X-linked recessive [3, 4]. During the first months of
life, a child with PID is relatively protected by circulating
maternal antibodies, and clinical manifestations are
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XWUTTS KINbKICTb MaTEPUHCLKUX aHTUTIN CYTTEBO 3HMXKY-
€TbCS, AUTMHA NOYMHAE KOHTaKTYBaTU 3 OTOYYHYUM CBi-
TOM Ta iHdpeKuiiHuMy 30yaHukamu [5]. B uen yac 3'sens-
HOTbCSA KMiHiYHI NposiBu BIO — peungmnsytodi, nepcUcTytoui,
3 MnABUM nepebirom iHEKLiNHI ypaKeHHS, BUKITUKaHi
YMOBHO-NATOreHHUMN abo OMOPTYHICTUYHUMU MIKPOOP-
raHiamamu, 3 pi3HOMaHITHOK NoKani3auielo — ronoBHUN
Ta CNUHHUIA MO30K, LUKipa, BEPXHI AMXanbHi WIaxu, ne-
reHi, LWYyHKOBO-KMLLKOBUWI TPAKT, CEYOBUAINbHA cuctema.
Baxnusumu mapkepamu Bl BBaxkatoTbCsi 3MiHWN 3 BOKY
cernesiHku, NeviHky, nimgatnyHmx By3nis, abo Backyrity,
ayTOiMyHHI i ayTo3ananbHi cuHapomu [6, 7]. Baxnmemumu
Kputepiamu giarHody ansa Bcix dopm BI[ € rinonnasis
NiMOIAHOT TKaHWMHK, 3HWXKEHHS BMICTY B nepudepuy-
Hi KpoBi pi3Hux TUNiB nimdoumTie (T-, B — knituH, MK)
Ta ix cybnonynsuin, piBHA CMPOBATKOBMX iMYHOrNooby-
NiHIB, pPaHHI NMOYaToK Ta TsKKMIM nepebir iHdeKuinHoro
npouecy [8, 9].

MocTinHO 3pocTatoymmn cnekTp KniHiYHnx nposisis BIM,
niKyBaHHsS1 NEBHOT cUCTEMM abO CUMMNTOMATUYHE FiKyBaH-
Hs1 ©6e3 3’sicyBaHHsi OCHOBHOI NPUYMHU, MOXYTb MPU3BECTU
[0 NOripLUeHHs CTaHy nauieHTa, po3BUTKY yCKNagHeHb Ta
matu cpataneHi Hacnigku [10].

MeTta po60TK — HagaTV XapakTepPUCTUKy ocobrnmeoc-
Tew nepebiry BPOAXKEeHOro iMyHoaediunTy y AUTUHY rpya-
HOrO BIKY.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y po6oTi BUKOPUCTAHO CUCTEMHUI aHani3 AaHux ic-
Topii xBopobu. NpoBeaeHO aHani3 HaykoBux nyo6nikauin
3 noganbLlIo CUCTEMAaTU3aLierd Ta y3aranbHEeHHSM OT-
pyMaHoi iHdopMaLii Woao KiHiYHOro BUMNaAKy.

MeToamkn 06CTeXeHHs Ta NiKyBanbHO-AiarHOCTUYHI 3a-
XO[M, BUKOPUCTaHI B NpeACTaBneHoMy KniHiYHOMY BUNaaKYy,
Oynu cxBaneHi KoMicieto 3 NuTaHb BiomeanyHoi eTukm Xap-
KIBCbKOro HaLioHanbLHoro yHisepcutety imeHi B.H. KapasiHa
MinictepcTtBa ocBiTy i Haykn YkpaiHu (Mpotokon Ne 3/3 Big
13.12.2023 p.) Ta NpoBeaeHi 3 MMCbMOBOI 3rofoK0 OaThkiB
OVUTUHW | BIONOBIAHO 4O NPMHLMNIB GIOETUKM 3 JOTPUMaHHSAM
npaB noanhn (MenbciHcbka aeknapadis «ETuyni npyHumnm
MEOMYHUX OOCHiMKeHb 3a y4yacTio ntofen» Ta «3aranbHa
Aeknapauis npo 6ioeTuky Ta npasa nogmHn (KOHECKO) ta
BiANOBIOHO 4O YMHHOTO 3aKoHO4ABCTBA YKpaiHu.

PE3YABTATMU TA iX OBrOBOPEHHS

[OunTuHa (xnonuyuk) TPbOX MicAUiB, AOCTaBleHUi
3 gomy Gpuragoto mawmHu weuakoi gonomoru (MLUMO)
00 BiggineHHs aHecTesionorii Ta iHTeHCMBHOI Tepanii Ko-
MYHarbHOro HEKOMepLMHOro NignpueMcTBa XapkiBCbKOT
obnacHoi pagn «ObGnacHa AuTaAYa KhiHiYHA nikapHa»
05.10.2024 0 20.15. 3i ckapramu Ha BiOCYTHICTb BMMO-
POXHeHb, 30inbLUeHH:A 06’eMy XMBOTa, HECMOKIN, Lo Tpu-
Banu 6GnmM3bKO YOTUPHAALSATU FOOUH.

3 aHamHe3y BigoMmo: AnTMHA Big CbOMOI BariTHOCTI,
LWIOCTMX Pi3ioNoriYyHNX MOMoriB y TepMiHi TpUAUSATb CiM
TWXHIiB. [onepeaHi BariTHOCTI — TP CMOHTAHHUX abopTu
Ha paHHIX TepMiHax, OBOE YXMBOHAPOMXKEHUX OiTEN, LLO
nomMepnun y rpyaAHoMY Billi, OAHa AUTUHA (QiBYMHKA) MATU
pokis, 3goposa. [pu HapoaxeHHi maca Tina 2150 r., foB-
XWHa Tina 48 cMm., ouiHka 3a wkanoto Anrap 7-8 Ganis.
[OnTuHa He wenneHa.

often absent. Beginning around the third month of life,
the concentration of maternal antibodies decreases
significantly, and the infant begins to interact with the
environment and infectious agents [5]. At this stage,
clinical signs of PID may appear—recurrent, persistent,
sluggish infections caused by conditionally pathogenic or
opportunistic microorganisms, affecting various systems
including the brain and spinal cord, skin, upper respiratory
tract, lungs, gastrointestinal tract, and urinary system.
Key markers of PID include alterations in the spleen, liver,
and lymph nodes, as well as the presence of vasculitis,
autoimmune, or autoinflammatory syndromes [6, 7].
Critical diagnostic criteria for all forms of PID are lymphoid
tissue hypoplasia, decreased levels of T, B, and NK cells
and their subpopulations in peripheral blood, low serum
immunoglobulin levels, early disease onset, and a severe
course of infectious processes [8, 9].

The constantly expanding spectrum of PID
manifestations, along with system-targeted or symptomatic
treatment without identification of the underlying cause,
may lead to deterioration in the patient’s condition, the
development of complications, and potentially fatal
outcomes [10].

Objective — to characterize the clinical features of the
course of primary immunodeficiency in an infant.

MATERIALS AND METHODS OF RESEARCH

The study employed a systematic analysis of medical
history data. A review of relevant scientific literature was
conducted, followed by systematization and synthesis of
information related to the clinical case.

The study methods and all diagnostic and treatment
measures used in the presented clinical case were
approved by the Biomedical Ethics Commission of the
V.N. Karazin Kharkiv National University of the Ministry
of Education and Science of Ukraine (Protocol Ne 3/3
dated December 13, 2023) and conducted in accordance
with the written consent of the child’s parents and the
ethical principles with respect for human rights (following
the «Ethical Principles for Medical Research Involving
Human Subjects» and the «Universal Declaration on
Bioethics and Human Rights (UNESCO)»)

RESULTS AND DISCUSSION

A 3-month-old male infant was transported from home
by ambulance to the Department of Anesthesiology and
Intensive Care of the Kharkiv Regional Children’s Clinical
Hospital on October 5, 2024, at 20:15, with complaints of
absence of stool, abdominal distension, and restlessness,
which had lasted for approximately 14 hours.

Medical history. The child was born from the 7th
pregnancy at 37 weeks’ gestation via the 6th physiological
delivery. Previous pregnancies included 3 spontaneous
abortions at early gestational stages, 2 live-born infants
who died during infancy, and one healthy girl aged
5 years. Birth weight was 2150 g, body length 48 cm, with
an Apgar score of 7-8 points. The child was not vaccinated.

From the first day of life until the age of 1.5 months, the
child was hospitalized in the neonatal intensive care and
pathology departments of the same facility, diagnosed
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3 nepworo AHa xutta go Biky 1,5 mic. 3Haxogmsca
Ha nikyBaHHi Yy KOMyHanbHOMYy HekoMepuinHOMY nid-
npuemcTBi XapkiBcbkoi obnacHoi pagn «ObnacHa au-
TAYa KiHiYHa nikapHa» Y BigAineHHaX aHecTesionorii
Ta iHTEHCMBHOI Tepanii HOBOHApPOOXKEHWX Ta naTonorii
HOBOHAPOMKEHUX 3 AiarHO30M: FMNOKCUYHO-ILLEMIYHA eH-
uedanonaria 2 ctynens (P 91.62), cMHOPOM NpUrHiveH-
Hsl Y HOBOHAPOMKEHMX, BereToBicLeparbHi NMOpYyLUEHHS,
MarnoBaroBumn Ans rectauiiHoro Biky nnof, HeoHaTanbHa
YKOBTSHULSA, rinodisapHUN HaHI3M.

Mpu HagXoMKEHHI CTaH XBOPOTO TSHKKWN, 3yMOBIIEHUIA
BMpPaXeHNM 60MbOBMM CUHAPOMOM Ta Nape30M KULLEYHU-
ka (puc.1). Ha ornagosin peHTreHorpamMi — 03Hakn mexa-
HibHoro ineycy (4awi Knowbepa) (puc. 2). Micnsa odncHoi
KnisaMu Ta MeanKaMeHTO3HOI CTUMYNSALIT nepucTansTUKu
KMLLIEYHMKA BUNOPOXXHEHb HE OTpUMaHo. Ha nigcrasi Kni-
HIKO-PEHTIreHOMNOriYHOT KapTUHM rOCTPOI KULLKOBOT HENPO-
XiQHOCTI Yepes Tpy roavHu nepegonepauinHoi NiAgroToBKM
OUTVHY NPOONepoBaHo B YPreHTHOMY NOpPSAAKY.

Puc. 1.

with: hypoxic-ischemic encephalopathy grade Il, neonatal
suppression syndrome, vegetative-visceral dysfunction,
small for gestational age infant, neonatal jaundice, and
pituitary dwarfism.

Upon admission, the child’s condition was critical due
to severe pain syndrome and intestinal paresis (Figure
1). Abdominal X-ray imaging showed signs of mechanical
ileus (Kloiber's cups) (Figure 2). Following cleansing
enemas and pharmacological stimulation of intestinal
peristalsis, no bowel movements were recorded. Based
on the clinical and radiological picture of acute intestinal
obstruction, the child underwent emergency surgery after
3 hours of preoperative preparation.

Pwuc. 1. qutuHa npy nepBnHHOMY ornsgi
Fig. 1. Child upon initial examination
Puc. 2. Yawi Knonbepa
Fig. 2. Kloiber’s cups (signs of mechanical ileus)

Onepauia (1) — nanapoTomis, niksigauis HenpoxigHo-
CcTi, NpaBobiyHa reMikoneKkToMiss, OMeHTeKTOMis, Gioncis
TOBCTOI KMWLLUKW, caHauis, ApeHYBaHHS YepeBHOI MOpPOX-
HVHWK, ineocTomig (puc. 3).

[iarHo3 nicnsonepauinHun — nepdopadis cninoi,
BUCXiAHOT 06040BOI KULLKK. [OCTpa obTypauiiHa KULLKO-
Ba HEMPOXigHICTb.

Pesynbraty Gioncii TOBCTOI KULLKW: XPOHIYHWUIA KOTIT,
LUMPKYNSTOPHWUIA CTEHO3 CTiHKM MEMOPAaHO3HOTO Tuy.

MpoBeneHa Tepania: aHTUbakTepianbHi Npenaparwy,
NpoTUrpmMbKoBi 3acobun, 3HeGonBanbHi, NpoTM3anarbHi
3acobu, reMoCTaTuKK, PO34MHM KpUCTanoiAis, npenapatu
KpoBi (cybonepaLiiiHo).

Y nicnsonepauinHomy nepioai y AUTUHK BiAMiYanucb
CTilKi SiBMLLI@ Napesy KULLEYHWKa, a 3 4eTBepToi Aobwu nic-
ns onepavuii 3'9BUNMUCb BUAINEHHS MHIMHOIO ekcyaaTy no
abgomiHanbHOMY ApeHaxy, BigMivanvch kniHiko-nabopa-
TOPHi O3HaKN NPOrPeCcyrHOro NEPUTOHITY (puc. 4).

[Insa 3anobiraHHs AekomneHcawii BitansHUX dyHKLIN an-
TUHY NepeBeeHO Ha LUTYYHY BeHTUNALito nereHb (LLUBJT).

BpaxoBytoun HeraTvBHy AuHamiky, O6yno npoBeaeHo
onepadito (2) — penanapoTomisi, caHauisi, OpPeHyBaHHsI
YepeBHOI MOPOXKHUHN.

[iarHo3 nicnsonepauinHun — nepdopadis cninoi,
BUCXiaHOT 06040BOT kuLKK. [OcTpa obTypaLiiHa KULLKO-
Ba HENPOXiaHiCTb. PiOPUHO3HO-THINHWIA NEPUTOHIT.

Surgery (1): laparotomy, relief of obstruction, right
hemicolectomy, omentectomy, colon biopsy, abdominal
sanitation and drainage, ileostomy (Figure 3).

Postoperative diagnosis: perforation of the cecum and
ascending colon. Acute obstructive intestinal obstruction.

Biopsy results: chronic colitis, membranous type
circulatory stenosis of the wall.

Therapy: antibiotics, antifungal agents, analgesics,
anti-inflammatory drugs, hemostatic agents, crystalloid
solutions, blood products (suboperatively).

In the postoperative period, the child exhibited
persistent intestinal paresis, and by the 4th postoperative
day, purulent exudate was observed from the abdominal
drain, with clinical and laboratory signs of progressing
peritonitis (Figure 4).

To prevent vital function decompensation, the child
was transferred to mechanical ventilation (MV).

Considering the negative dynamics, Surgery (2)
was performed — relaparotomy, sanitation, abdominal
drainage.

Postoperative diagnosis: Perforation of the cecum and
ascending colon. Acute obstructive intestinal obstruction.
Fibrinopurulent peritonitis.

Throughoutthe treatment process, the child’s condition
remained severe with negative dynamics. A medical
consultation confirmed the development of bowel loop
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Puc. 3.

Puc. 4.

Puc. 3. Micnsonepadiiiini (1) ctaH

Fig. 3. Postoperative (1) condition
Puc. 4. 36inblueHHs AedekTy YepeBHOI CTiHKK
Fig. 4. Increasing defect of the abdominal wall

Y npoueci nikyBaHHA CTaH AUTUHWU 3anuLLaBCs TSX-
KM 3 HEraTMBHOK AMHamikow. Ha koHcuniymi nikapis
KOHCTaTOBaHO PO3BMTOK Y XBOPOIro €BEHTPaLlii KULLKOBKX
neTenb Yepes HWXKHIO TPETUHY CepeanHHOI paHu, nokasa-
HO onepaTtuBHE IiKyBaHHS.

Onepauis (3) — penanapoToMisi, nikBigauis eBeHTpa-
uii, caHauis, ApeHyBaHHs YepEeBHOI MOPOXHUHMU.

[iarHo3 nicnsionepauiiiuin — nepdopauis cninoi,
BMCXiOHOI 06000BOI KMLWKK. [ocTpa 06TypauiiHa KLWKO-
Ba HenpoxigHicTb. ®iOPUHO3HO-THINHUIA NEPUTOHIT. EBEH-
Tpauis neTernb TOHKOI KULLKW.

HesBaxatoun Ha npoBefieHy Tepanito, B AnHaMiLi byno
BiMi4EHO MOTipLUEHHS CTaHy nicnsonepawinHoi paHu, BHac-
NiAoK YOro ApeHaxi 3 YepeBHOI MOPOXHWHM BUAArEHI, BCTa-
HOBIIEHa HECMIPOMOXHICTb LUBIB CEPEAUHHOI paHN B BEPXHIN
TPETVHI (NPOpi3aHHs), rinepemis i HabpsK kpaiB, 30inbLIeH-
HA AedekTy YepeBHOI CTiHKM (puc. 4). Y OUTUHU KOHCTaTo-
BaHWIN PO3BUTOK CUHAPOMY MOMiOPraHHOI HEAOCTaTHOCTI.

BHacnigok MOBTOPHOrO PO3BUTKY Y XBOPOTO €BEH-
Tpauii KMWEeYHNKa BCTAHOBMEHO MOKa3aHHA [0 onepauii
nnacTukn nepeaHbOi YepeBHoI CTiHkK. Onepauis (4) — pe-
nanapoTomisi, caHauis YepeBHOI MOPOXHUHN, 3aMiLLeHHSs!
nedbexkTy nepeaHboi YepeBHOI CTiHKM CUHTETUYHOK CiT-
Koto, nanapocToMis (puc. 5, 6).

Pwuc. 5.

eventration through the lower third of the midline wound,
indicating the need for surgical treatment.

Surgery (3): Relaparotomy, eventration correction,
sanitation, abdominal drainage.

Postoperative diagnosis: Perforation of the cecum and
ascending colon. Acute obstructive intestinal obstruction.
Fibrinopurulent peritonitis. Eventration of small bowel loops.

Despite ongoing therapy, the postoperative wound
condition worsened, leading to the removal of drains from
the abdominal cavity. The suture failure in the upper third
of the midline wound (breakage), hyperemia and edema
of the edges, and an increasing defect in the abdominal
wall were noted (Figure 4). The child developed multiple
organ failure syndrome.

Due to repeated bowel eventration, surgical indications
were established for abdominal wall plastic surgery.

Surgery (4): Relaparotomy, sanitation of the abdominal
cavity, replacement of the anterior abdominal wall defect
with a synthetic mesh, laparostomy (Figures 5, 6).

Puc. 5. 3amileHHs AedekTy nepeaHbOi YepeBHOT CTiHKM CUHTETUYHO CiTkO. Kpok 1
Fig. 5. Replacement of the antetior abdominal wall defect with a sinthetic melf. Step1
Puc. 6. 3amileHHst AedeKTy nepeaHbOoi YEPEBHOI CTIHKU CUHTETUYHOLO CiTko. Kpok 2
Fig. 6. Replacement of the antetior abdominal wall defect with a sinthetic melf. Step2

[iarHo3 nicnsaonepauinHnuin — eBeHTpaLia KALWEeYHMKa,
CVYHAPOM MOMiopraHHOT HEAOCTATHOCTI.

3a Becb nepioa cnocTepexeHHs nauieHTy GaraTopa-
30B0 pobunun GakTepionoriyHe 0BGCTEXEHHSI 3 YepeBHOI

Postoperative diagnosis: eventration of the intestines,
multiple organ failure syndrome.

Throughout the observation period, the patient
underwent multiple bacteriological examinations of
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MOPOXHWHW, O BU3Ha4Yanucb PIBHOMAHITHI, 30Kpema
PE3NCTEHTHI WTaMu BakTepii: NonipesncTEHTHUIA LWTam
Acinetobacter baumanii Ta Enterococcus faecium,
Enterococcus faecalis 106 KYO/mn, nonipesncTteHTHUNI
Klebsiella aerogenes 1078 KYO/mn, nonipe3ucteHTHa
Pseudomonas spp 1018 KYO/mn.

Y npoueci nikyBaHHA MpPOBOAMMAChL KOPEKLis aHTu-
GakTepianbHOI Tepanii BiANOBIAHO OO0 OTpMMaHMX Gak-
TepionoriyHnx peayneratiB. Mpu uboMy GakTepionorivHi
[OCnioKEeHHs1 KpOBi BKadyBanu Ha ii CTEPUINBHICTb.

IMyHOMnoriyHe [OCHIAXEHHS KPOBi BUSIBANO 3MiHU
B iIMyHHOMY CTaTyCi AuTWHK (Tabn.1).

the abdominal cavity, revealing various strains of
bacteria, including resistant strains: polyresistant strain
Acinetobacter baumannii and Enterococcus faecium,
Enterococcus faecalis 1076 CFU/ml, polyresistant
Klebsiella aerogenes 1078 CFU/ml, and polyresistant
Pseudomonas spp 108 CFU/ml.

During treatment, antibiotic therapy was adjusted
based on the bacteriological results. Blood cultures
remained sterile.

Immunological examination of the blood revealed
changes in the child’s immune status (Table 1).

Tabnuus 1. Pe3ynsrati iMyHOMNOrYHOrO 06CTEXEHHS
Table 1. Immunological examination results

MokasHuk Pesynsrar PedepeHcHui iHTepsan
Indicator Result Reference interval
Tevikoumntn / Leukocytes, x'%9*n 3,3 6,4—11
Hentpodpinu / Neutrophils, % 38,00 31-48
HewTtpodinu / Neutrophils, x'%%*n 1,25 1,98-5,28
JlimcbouwnTn / Lymphocytes, % 62,00 52-69
JlimpounTtn / Lymphocytes, x'%*n 2,05 3,32-7,6
T-nimdoumTin (CD3*) / T — Lymphocytes (CD3*), % 62,00 B 1"0?;2;’5? gz/_fg%m 1to3
T-nimcpoumntn (CD3*) / T — Lymphocytes (CD3*), x'%%*n 1,27 1,93-5,09
T-nimcpoumTn (CD4*) / T — Lymphocytes (CD4"), % 41 38-50
T-nimcpoumntn (CD4*) / T — Lymphocytes (CD4%), x'%%*n 0,84 1,26-3,8
T-nimcpoumTn (CD8*) / T — Lymphocytes (CD8), % 22,00 18-25
T-nimcpoumntn (CD8*) / T — Lymphocytes (CD8*), x'°%*n 0,45 0,6-1,9
HK-natypanbHi kinepu (CD16*) / NK-natural killers (CD16%), % 12,00 8-17
(CD16*)—kniTuHu / (CD16*)—cells, x'%%*n 0,24 0,27-1,29
B-nimdounTtnn (CD22*%) / B — Lymphocytes (CD22%), % 19,00 12-23
(CD22*)—knituHu / (CD22*)—cells, x'%%*n 0,38 0,4-1,75
T-nimcoumntn aktneri (CD25*) / T-lymphocytes active (CD25%), % 13,00 10-18
(CD25%)—knitnHn / (CD25*)—cells, x'%%*n 0,26 0,33-1,34
darouutos 3 natekcoM / Phagocytosis with latex, % 55,00 45-65
daroumnTos 3 natekcom / Phagocytosis with latex, x'%°*n 0,69 1,7-3,6
darouutapHe ymcrno / Phagocytic number 1,27 >=1
3aranbHun komnnemeHT CH 50 / General complement CH 50 52,00 40-80
HCT cnoHtaHHumn / NST spontaneous, % 23,00 8,94-9,74
IHaekc akTuBHOCTI HenTpodinis / Neutrophil activity index, og. cnoHTaHHWUIA 0,470 0,124-0,136
HCT ctumynboBanwi / NST stimulated, % 49,00 40-80
IHAEKC akTMBHOCTI HenTpodiniB cTumynsoBaHuii / Neutrophil activity index, og. 1,05 0,5-1,5
JlisocomanbHo-kaTioHHi 6inku / Lysosomal cationic proteins, og. 1,340 1,215-1,245
IgA (cvpoBaTtkoBwui) / serum, r/n 1,3 0,08-0,34
IgM (cupoBatkoBwuin) / serum, r/n 0,82 0,19-0,41
IgG (cvpoBaTtkoBuit) / serum, r/n 10,47 3,11-5,49
Linpkyntotoui imyHHi komnnekcm / Circulating immune complexes, of. 13,50 8-12

OTpumaHi gaHi, a came: nenkoneHisi, He4OCTaTHICTb
T — Ta B- KNITUHHOI NaHKN 3 03HaKaMmn 3HWXKEHOI adiHHO-
CTi @aHTWUTIN, JO3BONWUMAM MPUMYCTUTW HAABHICTb Y ANTUHU
iMyHOZEedILUNTY HeyTOuHeHoro reHesy. B Tepanito 6yno
[04aHo iMyHOo3amicHUIA GionoriyHui npenapat «BHyTpiLu-
HbOBEHHUIA iIMyHOrNoOyniH noguHny (BBIJT).

HesBaxxatoum Ha NonikOMNOHEHTHY MEAVKAMEHTO3HY Te-
panito AMHaMika 3anviianacb HeraTuBHOK, CTaH PaHOBOIO
AedekTy YepeBHOI CTiHKM MOripLUyBaBCs, L0 CTano noka-
3aHHAM AN NPOBEAEHHS LLiE OAHOIO XipypriYHOro NiKyBaHHS.

Onepauia (5) — penanapoTomisi, pesekuis OinsiH-
kM knyboBOI KULIKM 3 nepdopadisMmu, peineocTomis,

The obtained data, specifically leukopenia, T- and B-cell
deficiencies with signs of reduced antibody affinity, suggested
the presence of an unspecified immune deficiency in the
child. Immunoglobulin replacement therapy with intravenous
human immunoglobulin (IVIg) was added to the treatment.

Despite polycomponent pharmacological therapy, the
dynamics remained negative, and the condition of the
abdominal wall wound defect worsened, indicating the
need for another surgical intervention.

Surgery (5): relaparotomy, resection of the ileum
with perforations, re-ileostomy, sanitation, abdominal
drainage, laparostomy.
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caHauis, ApeHyBaHHS YepeBHOI MOPOXHWMHK, NanapocTo-
mis. OiarHo3 nicnsionepadiinuii — nepdopadii kny6osoi
KULLIKK. [TepUTOHIT.

Y noganbLUoMy CTaH AUTUHU 3anuLLaBCcst BKpam TSHKKUM,
3YMOBMEHMM NPOrpecyBaHHAM NOMiOpraHHOI HEAOCTATHOCTI.

[rHamika nabopaTopHuX AaHWX 3a BeCb nepiog cro-
CTepexeHHsi (Tabn. 2, 3): TpomboumToneHis (106 x 10%/m),
TeHaeHUis fo nenkoumToneHii (2,0 x 10%n), 3Ha4He nigBu-
weHHs piHst CPB (no 96 mr/n), rinonpoteiHemis (33 r/n).

36epiranocb BUAINEHHsI NO ApeHa)kax rHiknHOro BMic-
TY 3 4YEpPEeBHOI MOPOXHUHU, MOTIM — CEPO3HO-KarioBOro
XapakTepy.

Postoperative diagnosis: perforations of the ileum.
Peritonitis.

Subsequently, the child’s condition remained
extremely severe due to the progression of multiple organ
failure.

The dynamics of laboratory data over the
entire observation period (Tables 2-3) showed:
thrombocytopenia (106 x 1079/l), atrend towards

leukopenia (2.0 x 1079/l), significant elevation of CRP

levels (up to 96 mg/l), and hypoproteinemia (33 g/l).
Purulent exudate continued to drain from the

abdominal cavity, followed by serosanguineous material.

Tabnuua 2. Pe3ynsrati 6ioxiMiYHOro 06CTEXEHHS KPOBI
Table 2. Results of the Biochemical Blood Examination

3ar.6inok CeyvoBuHa | Kpeatunin | AIIT/ALT | ACT/AST | mioko3sa | MpoTrpomGiH | ®ibpn HoreH
Hata ] CPB L ; L
Date Total protein CRP Urea Creatinine | Mkmonb/ MKMornb / Glucose | Prothrombin | Fibrinigen
rin Mmonb/n | mmonb/n | (Mn*ron) (Mmn*roa) MMonb/n % rin
05.10.24 55 22 6,8 0,086 100,9 93,8 57 88 4,44
10.10.24 52 24 10,6 0,135 0,39 0,20 4,6 79 2,22
14.10.24 44 36 8,4 0,125 0,41 0,28 4,5 77 2,13
18.10.24 42 48 7,5 0,102 0,36 0,24 8,1 73 2,24
20.10.24 40 67 6,9 0,058 0,38 0,35 8,1 71 2,22
22.10.24 41 96 7,1 0,144 0,36 0,42 3,3 60 2,66
25.10.24 42 92 8,1 0,130 0,34 0,41 2,2 68 2,22
28.10.24 33 94 10,5 0,190 0,36 0,39 3,2 65 1,77
29.10.24 42 96 12,8 0,238 0,35 0,36 2,4 58 1,77
Tabnuus 3. Pesynsrati KNiHIYHOrO 0GCTEXEHHS KPOBI
Table 3. Results of the Clinical Blood Examination
- B - (7} (7] (7] n
ol o2 EE |2 [$2 035 |2 1% | wee
PBara | Hb, | Ht | EgS| F4 | TTE| 0o | B8l 2. | S| S | EsR
Date rin % F£2| 23 |Ss+| 3 o= 2 g ) MM/r(;.CI,
e 5 & |2 |22 | u 2 £
w o = [ ) = =
09.09.24 155 46 5,0 433 13,9 11 43 0 37 9 12
15.09.24 151 45 4,9 476 19,8 10 48 5 26 11 15
18.09.24 152 45 4,8 457 25,2 2 82 2 13 1 13
22.09.24 134 34 4,2 482 22,3 9 65 0 23 3 11
29.09.24 109 31 4,0 376 29,0 11 77 0 9 3 18
06.10.24 73 20 2,7 288 12,6 8 59 0 27 6 7
10.10.24 109 29 3,4 208 13,4 8 77 0 11 2 7
14.10.24 104 30 3,4 206 13,6 12 42 1 37 8 14
18.10.24 78 21 3,2 220 14,1 12 45 0 35 8 12
22.10.24 86 31 2,6 158 13,5 11 43 0 37 9 15
25.10.24 77 28 2,4 125 14,5 15 42 1 33 9 12
29.10.24 78 32 2,0 106 13,2 11 42 0 41 6 12

30.10.2024 o 08.40 Ha Tni 6e3nepepBHOi iHDY3iT Npe-
COPHUX aMiHiB Bi3HA4YeHO acUCTOMi0, O3HAKM KMiHIYHOT
cmeprTi. [poBegeHa cepueBo-rnereHeBa peaHimaldisa, 6e3
edekTy. bionoriuyHa cmepTb KoHcTaToBaHa o 09.17.

OcHoBHUM KNiHiYHWM giarHo3: BpogxeHa Baga pos-
BUTKY LUSTYHKOBO-KMLLKOBOIO TPaKTy: MeMOpPaHO3HWI cTe-
HO3 TOBCTOI KMLLIKW.

YcknagHeHHsA: TotanbHui koniT. O6TypauinHa KuLw-
KoBa HenpoxigHicTb. MNepdopauia BMCxigHOT 06040BOI,
cninoi kuwku. Mepdopauis knybosoi kuwku. MNMepuTo-
HIT. Po3xomxeHHsa wBiB n/o paHu. EBeHTpauia netenb
knmwevHmka. Cencuc, centukoniemiyHa dopma, Tsx-
kni  nepebir. CuHOpOM noniopraHHOI HeaoCTaTHOCTI

30.10.2024 at 08:40, following continuous infusion of
pressor amines, asystole was noted, indicating clinical
death. Cardiopulmonary resuscitation was performed
with no effect. Biological death was confirmed at 09:17.

Primary clinical diagnosis: gastrointestinal congenital
malformation (GIT): membranous stenosis of the colon.

Complications: total colitis. Obstructive intestinal
obstruction. Perforation of the ascending colon and
cecum. Perforation of the ileum. Peritonitis. Wound
dehiscence. Eventration of intestinal loops. Sepsis,
septicopyemic form, severe course. Multiple organ failure
syndrome (cardiopulmonary, renal, cerebral, intestinal).
Disseminated intravascular coagulation (DIC).
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(kapaiopecnipaTopHoi, peHanbHoI, LepebparnbHoi, iHTec-
TuUHanbHoT). B3-cuHgpom.

CynyTHin: IMyHoaediunT HeyTo4YHEHUI. AHeMIst 2-ro
ctynens (O 50.8).

PesynbraTty naTtorictonoriyHoro 4oCnigKeHHs:

Tumyc: 3MeHLIeHnn y po3Mipax, TKaHWHa npeacTas-
neHa 3a4ebinbLIoro peTUKYNAPHUMU KIiTUHaMK, KinbkicTb
NiMPOIAHMX KNITUH Pi3KO 3HUXKEHA.

CenesiHka: [insHkun 6inoi Nnynbnu 3 ocepeakamu cny-
CTOLLEHHS, NMiMcoigHi dponikynm MaroTb HEYITKI Mexi, rep-
MiHaTUBHI LEHTPU He CHOPMOBaHI.

Me3seHmepuarbHi nimghogysru: TkKaHWHa nimdoBy3nis
3 BMPaXEHOI0 rinonnasieto, 3 Pi3kMM 3MEHLLEHHSIM KiflbKO-
CTi nimdpouuTis.

[aHi natoMmopdornoriyHOro AoCHiMKEHHS NiATBEPAXY-
I0Tb KMiHIYHWUIA [iarHO3 MO OCHOBHOMY 3aXBOPHBAHHIO,
YCKMagHEHHSIM Ta CynyTHil naTonorii.

BuaBneHi nig yac nepBYHHOIO OrMsAAY 03HAKWN KULLKOBOT
HenpoxigHocTi noTpebyBanu npoBedeHHs AvdepeHLin-
HOI AiarHOCTMKM, NepLU 3a BCE, 3BaXKalO4YM Ha BiK OUTUHM,
3 BpomKeHnMn Bagamu po3suTky LLKT (3okpema, kuLieuy-
Huka) Ta xBopobot [ipwnpyHra. NpoBeneHe ypreHTHe
onepaTvBHe NiKyBaHHA Ta pesynbrati NoAanbLIoro rcTo-
NOriYyHoro gocnimkeHHs bionTaTiB KULLEYHMKA, [O03BONUNK
piarHoctyBatn BBP LUKT: memBpaHo3HWIN CTEHO3 TOBCTOI
KWLLKM 3 YCKIMaAHEHHSIMU, Ta BUKIHOYUTU BapiaHTU aBToi-
MYHHOIO 3anarnbHOro npouecy Ta xsopoby lipLinpyHra.

BesnepeyHo, iMmyHoaediunT € iHAYyKOBaHUM rOCTPOHO
XipypriYHOI NaTonoriel Ha TNi BPOMXKEHOT Baan pO3BUT-
Ky KULIEYHUKA, AKUIA, SIK BiJOMO, € OCHOBHMM OpraHoMm
iIMyHHOI cucTemMu, ocobrnmBo B paHHbOMY Biuli. KniHiyHa
KapTUHa 3axBOPIOBaHHA, 3MiHW B iMyHOrpami, BigCyT-
HiCTb edpekTy Big npoBegeHHs KOMOGIHOBaHWX MOBTOP-
HUX KypciB aHTMbakTepianbHOI Tepanii Ta iMyHo3aMiCHOT
Tepanii (BBIJ1), pesynbratm nartorictonoriyHoro gocni-
DPKEHHS1, 03BONUIN KOHCTATyBaTU Y AUTUHN BPOMKEHUIA
iMyHOOEedILNT.

3Baxatoun Ha pesynsraTi iMyHOMNOrYHOrO OBCTEXEH-
Hs1, iIMyHOZediLWT, cKkopill 3a Bce, Mae KOMGIHOBaHWI xa-
pakTep. [1ns yTouyHeHHs eTionorii imyHogediuuTy Ta BcTa-
HOBMEHHSI OCTaTOYHOrO AiarHo3y HeobxiAHO MPOBEeAeHHS
reHEeTUYHOro AOCNIMKEHHS METOAOM CEKBEHYBAHHS.

OTxXe, 3 METOI NOKPALLEHHS AiarHOCTUKM Ta CBOeYac-
HOI KopekKUii iMyHoaediUUTHNX CTaHIB HEOOXIQHO:

1. MokpawuTn nepuHaTanbHy TakTUKy NpodinakTu-
KM Ta OiarHOCTUKM BPOOKEHOMO iMyHOOEdILMTY LWNSAXOM
NPEeKOHLeNTyanbHOI NiArOTOBKM OaTbKiB A0 BariTHOCTI;

2. luvpoko BnpoBagxyBaTU B MPaKTUKY FeHETUYHE
npeHaTtanbHe KOHCYNbTYBaHHS;

3. Wvpoko BnpoBagxXyBaTV HeOHaTanbHUN CKPUHIHT
BIL;

4. HanaromkyBaTu MikxHapogHe CniBpoOGIiTHULTBO
3 MegUYHMMM 3aknagamMu Ta HayKOBO-AOCHIAHMMU LiEH-
Tpamu KpaiH CBIiTy 3 NUTaHb iMyHOAEMILUTHNX CTaHIB;

5. CTBoptoBaTy OCBITHI nnatgopmu Ta 06’eaAHaHHA
nikapis Ta NauieHTiIB;

6. IHiLitoBaTK 3aran 4ns CTBOPEHHS AepXaBHUX NpPo-
rpam gns 3abesnevyeHHst JOCSHKHOCTI Ta hiHAHCOBOI Nig-
TPUMKU SIK OiarHOCTUYHMX 3axodiB (reHeTU4Hi 0bCTexeH-
Hs1), TaK i MEAMKaMEHTO3HOI Tepanii Ans xsopux Ha BIA.

Comorbid: unspecified immunodeficiency. Anemia,
stage Il

Pathohistological findings:

—thymus: reduced in size, predominantly reticular cells,
with a sharp decrease in the number of lymphoid cells.

— spleen: areas of white pulp depletion, lymphoid follicles
with indistinct borders, germinal centers not formed.

— mesenteric lymph nodes: lymph node tissue with
pronounced hypoplasia and a sharp decrease in the
number of lymphocytes.

The results of the pathomorphological examination
confirm the clinical diagnosis of the underlying condition,
complications, and comorbid pathology.

Signs of intestinal obstruction detected during
the initial examination required differential diagnosis,
primarily considering the child’s age and congenital GIT
defects (particularly the intestines) and Hirschsprung’s
disease. Emergency surgical treatment and further
histological examination of the intestinal biopsy samples
allowed for diagnosing GIT congenital malformation:
membranous stenosis of the colon with complications,
while excluding autoimmune inflammatory processes
and Hirschsprung'’s disease.

Undoubtedly, the immunodeficiency is induced
by acute surgical pathology against the backdrop of
a congenital intestinal developmental defect, which,
as known, is a major immune system organ, especially
in early childhood. The clinical picture of the disease,
changes in the immunogram, the absence of response
to combined repeated courses of antibacterial therapy,
and immunoglobulin replacement therapy (IVIg), as well
as pathohistological findings, led to the diagnosis of
congenital immunodeficiency.

Given the results of the immunological examination,
the immunodeficiency is most likely combined in nature. To
clarify the etiology of the immunodeficiency and establish
a definitive diagnosis, genetic testing via sequencing
is required.

Furthermore for improved diagnosis and timely
correction of immunodeficiency states, the following
measures are necessary:

1. Improve perinatal strategies for the prevention
and diagnosis of congenital immunodeficiency through
preconception counseling for parents.

2. Widely implement genetic prenatal counseling in
practice.

3. Implement neonatal screening for PID.

4. Establish international collaboration  with
medical institutions and research centers worldwide on
immunodeficiency issues.

5. Create educational platforms and patient-doctor
associations.

6. Advocate for the creation of national programs
to ensure the accessibility and financial support for
diagnostic measures (genetic testing) and medication
therapy for patients with PID.
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BUCHOBKHU

KniniyHnn Bunagok Bl y AuTuHM rpygHoro Biky Ae-
MOHCTPY€e 0COBNMBOCTI Nepebiry 3aXBOPIOBaHHS Ta TPYyA-
Hoi noro audepeHuianbHOI AiarHocTukM. Ha neplumn
nnaH BUCTYNWna XipyprivHa naTonorid, ska 3ymoBuna
TSKKICTb CTaHy i noTpebyBana ypreHTHoi Tepanii. AutuHa
Oyna KoHCynbTOBaHa 30Kpema ¥ reHeTMKOM (peKoMeH0-
BaHO nojarnblue reHeTudyHe obCTexeHHs). BigcyTHicTb
Ha TOM 4Yac KMiHiYHMX NposBiB iMyHoadediunTy Byna 3y-
MOBMEeHa MMOBIPHIiLLE BIKOM AWMTWHWU, KOMW HasiBHI mMaTte-
PVHCBKI @aHTWTING, @ NPOBEAEHUA HEOHATaNbHUIN CKPUHIHT
He [103BONMB BUSIBUTU TSXKKUIA KOMBIHOBaHWIA iMyHoaedi-
UMTHUM cTaH. MaHidecTauia imyHogediumMTy nos’dA3aHa
3 MOTYXXHUM iIMYHOCYNPECUBHUM (PakTOPOM — XipypriYHOO
naTororieto i 3a xapakTepoM BUSIBIIEHOrO 6akTepianbHOro
nensaxy npu BiACYTHOCTI BiANoBigi Ha aHTubakTepianbHy
Tepanito, AO3BONMMM 3anigo3puTi | NPOBECTY BiAMNOBIAHI
nikyBanbHi 3axoan. Ha anb, o6TskeHuid npemopbigHui
OH, BiK, TSXKKICTb XipypriYHOT naTonorii CNpusinm po3BuT-
Ky moniopraHHOi He[OoCTaTHOCTI, sika ¥ cTana MpuYnHO
neTanbHOro BUNagKy.
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MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

MepcnekTBM noganblumMx AOCHIMPKEHb MONsSralTb Y Npo-
[OOBXEeHHi BUBYEHHSI Ta aHani3i KMiHiYHUX BUNaaKiB iMyHoae-
ILUMTHMX CTaHIB y AiTen Ta iHPOopMyBaHHI MEQUYHOI Crifb-
HOTM NpO 0cobnMBOCTI ix Nepebiry, cneumdiyHi AiarHOCTUYHI
MapKepy 3 METOK CBOEYACHOI aaeKBaTHOI Tepanii Ta npodi-
NaKTUKN YCKIaHEHb i, HaBiTb, daTanbHUX HaCMiaKiB.

CONCLUSIONS

This clinical case of PID in an infant demonstrates
the peculiarities of the disease course and the difficulties
of its differential diagnosis. Surgical pathology played
the primary role, causing the severity of the condition
and requiring urgent therapy. The child was also
consulted by a geneticist, with further genetic testing
recommended. The absence of clinical manifestations
of immunodeficiency at that time was most likely due
to the child’s age, when maternal antibodies are still
present, and the neonatal screening did not detect
severe combined immunodeficiency. The manifestation
of immunodeficiency was associated with the powerful
immunosuppressive factor — surgical pathology. The
bacterial landscape and the absence of aresponse
to antibacterial therapy allowed for suspicion and
appropriate therapeutic actions. Unfortunately, the child’'s
premorbid background, age, and the severity of the
surgical pathology contributed to the development of
multiple organ failure, which led to the fatal outcome.
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PE3IOME

AkTyanbHicTb. Hectaya MeanyHux npauiBHYKIB € NPEAMETOM 3aHEMNOKOEHHS ypsay B'-
€THamy. MeToto € CTUMYMoBaHHs npadi LWnsxoMm 3abe3neyeHHst 3a0BOSIEHOCTI YMOBa-
MW npaui Meau4HOro nepcoHarny B NpuBaTHYX NikapHsax B’eTHamy.

MeTa po6oTu — 3’'AcyBaTi B3a€MO3B’'sI30K MK MOTMBaLli€lo 4O poboTu Ta 3a40BOMEHi-
CTIO MeAMYHUX NPaLiBHUKIB Y MPUBATHUX NikapHAX B’eTHaMy. 3anponoHyBaTtu pilleHHs,
SIKi JOMOMOXYTb KepiBHUKaM nikapeHb MiABULMTY 3a40BOMEHICTb NpaLiBHUKIB IXHbOIO
poboToto, 3any4nTu ix 4O TpuBanoi poboTu, CPUSTY MiABULLEHHIO NPOAYKTUBHOCTI Npa-
Ui, eheKTUBHOCTI Ta NOKpaLLEeHHIO SIKOCTi poGoTH.

Marepianu Ta meToau. basa aaHux, Wwo mictuTb 558 cnoctepexeHb nikapis, hapmavesTis,
MeOMYHNX CecTep, aKyLlepoK, TEXHIKIB Ta nikapiB 3 HanpsMry rpomMagcbKoro 340poB’s, SKi
Hapasi npautotoTb y 92 npuBaTHUX MeauYHKX 3aknagax B’eTHamy, 3anpoLueHnx ans yvacTi
B OMUTYBaHHI Yepe3 enekTpoHHy nowTy 3 08/2024 no 11/2024. B1KOpUCTOBYOYMN TEOPItO
dyHOaMeHTY Ta Yepe3 AOCHIMKEHHS KiMbKICHMX €KOHOMIYHUX MOAEenen, Ha NporpaMmHOMy
3ab6e3neyeHHi SPSS ta AMOS 20 peanisoBaHo MiHiliHy CTPyKTypHy Moaernb PLS-SEM.
Pe3ynbraTi Ta ix o6roBopeHHsi. OTprMmaHo Jokasu Toro, Lo MOTMBALS A0 npali Ta 3a40-
BOITEHICTb POBOTOK MeANYHUX NMPALBHUKIB MatoTb MO3UTVBHUI B3aEMO3B’'A30K Yepes (hak-
TOp NpodeciHOro pobo4oro cepeaoBuLLa, MOXIIMBOCTI ANt HABYaHHS! Ta PO3BUTKY, @ TaKOX
hakTop 3apobiTHOI NNaTn MegUYHOro NepcoHany B MPUBATHUX MeaVYHUX 3aknaaax.
BucHoBku. CtaTTa AONOBHIOE AaHi WOAO0 couianbHO-AeMorpadivyHnx i TpyaoBux gak-
TOpQiB, AKi BNAMBAKOTb Ha MOKPALLMEHHS 3a40BOSIEHOCTI MEQUYHUX MpauiBHUKIB, TUM
camuM NiABULLYIOYM MPOAYKTUBHICTL NpaLi Ta 36epiraoumn NoACkKi pecypey.

YaH Ban Xan, HryeH Ban KyaHr, Yan ®uoHr Txao, HryeH Txyi JliHb, XoaHr BaH KyiH, HryeH TxaHb BiHb. MoTuBauis
Ta 3a[0BONEHICTb YMOBaMM NpaLi Mean4HUX NpawiBHUKIB Y NPUBATHUX MEAUYHMX 3aknafax B’eTtHamy. BicHuk Xap-
KiBCbKO20 HauioHarnbHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepia MeduyuHa. 2025. T. 33. Ne 2(53). C. 291-308.
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ABSTRACT

Background. The shortage of health workers is a concern for the Government of
Vietnam. The goal is to motivate work through job satisfaction of medical staff in private
hospitals in Vietham.

Purpose — the paper examined socio-demographic and work-related factors as the
basis for improving work productivity.

Materials and Methods. With the database collected 558 observations from doctors,
pharmacists, nurses, midwives, technicians, and community health doctors currently
working at 92 private hospitals in Vietnam, invited to survey via email, from 08/2024 to
11/2024. By using the foundation theory and through the study of quantitative economic
models, the PLS-SEM linear structure model, is implemented on SPSS and AMOS 20
software.

Results. As a result, there is evidence that work motivation and satisfaction of healthcare
workers have a positive relationship through the factor of professional working
environment, job opportunities for learning and development, and finally the salary factor
of medical staff in private hospitals.

Conclusions. The paper supplements existing arguments to help improve the satisfaction

of nurses, thereby improving labor productivity and maintaining human resources.
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BCTYN

Y nikapHAX MeauyHi cecTpu BigirpatoTb LeHTpanbHy
ponb. CepeaHii MeguyHWiA NepcoHan Hagae MeanyHi no-
cnyrn Ta gornag 3a nauieHtamun. OgHak pisHi dhakTopw,
Taki 9k poboye cepenoBULLE, MOXITMBOCTI AN1S1 PO3BUTKY
Ta HaBYaHHSA, 3apobiTHa nnata Ta KynbTypa npodecin-
Horo oOMiHy, 3aBakaloTb iXHill 3a,0BONIEHOCTI, L0 Npu-
3BOOUTb [0 3HWXKEHHS NPOAYKTUBHOCTI Ta eheKTUBHOCTI
pobotn. HenpuBabnuee poboye cepenoBulle Anis Me-
OWYHUX CecTep, Y MOEAHAHHI 3 NiABULLEHNM PU3MKOM 3a-
XBOPIOBaHb, € hakTopamu, SKi BUKNMKaTb He3a40Bore-
HICTb MeAMYHMX NPaLiBHYKIB IXHEOK POBOTOM | BaxaHHS
3MiHUTK CBOI MOTOYHI poboyi Micus.

Y B’eTHami, 3rigHO 3 gaHuMun MiHicTepcTBa OXOPOHMU
300pOB’sA, 3aranbHa KinbKiCTb MpauiBHUKIB Y ranysi npo-
inakTUYHOI MeauLUMHN Bif, LEHTPanbHOro 40 PanoHHOro
piBHs1 nokpmBae 42% Bif, HEOOXIOHUX NIOACHKUX PecypCiB.
Hectaua megnyHux kagpie ckrnagae 6nusbko 23800 ocib,
3 sikmx 6pakye 8075 nikapiB NpodinakTMYHOI MeanuUmHN Ta
3993 GakanaBpiB rpOMaaCbKOro 300poB’s. Y HaBYanbHUX
3aknagax iCHytTb HEBIANOBIAHOCTI MiXX HOpMaTBaMu nia-
rOTOBKW Ta onvcamm NpodecinHNX 3BaHb, a TakoX HeBIg-
MOBIOHOCTI MK HOpMaTMBaMK MiArOTOBKA Ta MOTOYHUMMU
opraHisauismu. Kpim Toro, 3apas icHye HecTa4a MeauyHnX
npauiBHuKiB ons 3abesnevyeHHss MeaunyHoro obcryrosy-
BaHHS NpauiBHYKIB (NepioanyHi MeguyHi ornsgm, obcTe-
XKEHHSA Ha NPOECiNHI 3axXBOPIOBaHHS), KON Ha CbOrOAHI
B KpaiHi npautoe 6nmnabko 55 MMH NpauiBHUKIB, i KiINbKICTb
ocib, sk migaarTbea WKiANMBMM | Hebe3neyHnm hakTo-
pam, 3pocTae. Hectavya mMegnyHUX MpauiBHUKIB Y LLKONaXx
He 3abe3neyvye BUKOHAHHS BUMOT LLIOJO OXOPOHM 300POB’S
marke 24 MINH CTYLAEHTIB MO BCill KpaiHi. Y ManbyTHboMy
yps4 nnaHye po3pobuTy i BNpoBaauTK MOMITUKY, sika CTU-
MyrtoBaTMMe Ta nNpuBabnoBaTUMe MOACHKI pecypcu B ra-
ny3i NpoinakTUYHOT MEAULIMHM, BKIHOYaKYM NiTPUMKY
HaBYyanbHUX POHAIB, 3abe3neyeHHa nuTaHb 3apobiTHOI
nnatu, HagbaBok Ta NiNbr Anst NpauiBHUKIB NPodinakTuy-
Hol MeguumHu. OgHovacHo Byae npiopuTETHUM PO3Mogin

INTRODUCTION

In hospitals, nurses play a central role. The staff of
nurses provides medical services and care to patients.
However, various factors such as the working environment,
development learning opportunities, salary, and
professional sharing culture hindered their satisfaction,
making their productivity and work efficiency diminished.
An unattractive working environment for nurses, combined
with increased risk of disease exposure, are factors that
make healthcare workers dissatisfied with their jobs and
want to relocate to their current job positions.

In Vietnam, according to the Ministry of Health, the
total number of preventive medicine officials from the
central to the district level meets 42% of the required
human resource needs. The shortage of medical
personnel is about 23.800 people, of which preventive
medicine doctors lack 8.075 people, and public health
bachelors lack 3.993 people. At training institutions, there
are inconsistencies between training regulations and
professional title descriptions, as well as inconsistencies
between training regulations and current organizations.
In addition, there is currently a shortage of medical
personnel to take care of health care for employees
(periodic  health checkups, occupational disease
examinations) when there are currently about 55 million
workers nationwide, the number of workers exposed to
harmful and dangerous factors is «increasing». The lack
of full-time health workers in schools does not ensure to
meet the health care requirements of nearly 24 million
students nationwide. In the coming time, the Government
will develop and implement policies to encourage and
attract from training to the use of preventive medicine
human resources such as supporting training funds,
ensuring issues of salaries, allowances and benefits for
preventive medicine staff. At the same time, prioritize
budget allocation, ensuring that the rate of increase in
spending on health is higher than the rate of increase in
state budget spending [1].
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OromkeTy, 3abesnevytoun, WO6 TeMnu 3poCTaHHA BUTPAT
Ha OXOPOHY 300POB’S Bynn BULLMMU 3@ TEMMU 3pOCTaHHS
BUTpAT AepxaBHoro oromxeTy [1].

Kpim TOro, ocrtaHHiMu pokamu GaraTo npaLiBHUKIB
NPUBaTHUX MEOWUYHMX YCTaHOB 3MiHUMM Npodecio Ye-
pe3 He3a4O0BOJEHICTb CBOEKD MOTOYHOK poboToto. 3ago-
BOIEHICTb MpauiBHKKIB € emoLlieto, Wo BuMiptoe barato
aCnekTiB i 3anexunTb Big YncneHHux daktopis. OcTaH-
Hi eMnipyYHi JoCnigKeHHS MoKasanu, WO Pi3Hi acnektn
BMMBAlOTb HA 3a40BOMEHICTb | MOTMBALO MpaLiBHUKIB,
Taki gk pakTopm poboyoro cepenoBuLla, siki BMIMBaOTb
Ha 3a[0BOMEHICTb MEAMYHMX MpauiBHUKIB, sk Byno ago-
cnigxeHo [2—9]. MoxnuBOCTI ANs pO3BUTKY Ta HaBYaHHS
BNNNBaOTb HA 3a40BONEHICTb MEANYHUX NPaALIBHUKIB, sIK
nokasaHo B po6otax [10, 11]. 3apobiTHa nnaTa Ta goxig
BNNMBaOTb Ha 3aJ0BONEHICTb MEOUYHWUX MpaLiBHYKIB
[12—17]. KynbTypa 0OMiHY BRnvBaEe Ha 3a40OBONEHICTb
MeOUYHUX NpaLiBHUKIB, SIK NOKa3aHo B poboTi [15].

3rigHo 3 Macrnoy (1943), megnyHi cecTpy npaLoTb
y NiKapHsiX ANs 3aJ0BOMIEHHS NEBHUX iHAMBIQYyanbHUX MO-
Tpeb, Ui noTpebun BnopsaKoBaHi 3a Joxonom abo 3a NeBHU-
MW yMOBaMW, i KON Hxk4a noTpeba 3agoBoneHa, BUHMKaE
notpeba BMLLIOMO PiBHA y KOXXHOI MegunyHoi cectpu [18]. Ha
Ll OCHOBI aBTOPM PO3'ICHIOIOTb Taki B3AaEMO3B’A3KM:

Po6oye cepedoeuue ma 3adoeosieHicmb Meou4-
HO20 nepcoHasty. Poboye cepefioBuLLEe — Lie MaTepiarnbHi
Ta HemaTepiarnbHi YMOBW, LLO OTOMYHOTb AifNbHICTb i one-
pauii nignpyuemctea. [Jo mMaTepianbHMX YMOB Hanexarb:
npegmeTn Ta obragHaHHs, Wo JonoMaraioTb BUKOHYBATU
poboTy, pobounii NPOCTip, NNaHyBaHHSA Ta OpraHi3aLis po-
6ouoro micug. LWoao ncuxoemouinHmMx ymoB, TO Le: COLi-
anbHa B3aemopis B pobovomy cepefoBuLLi, KopriopaTBHa
KynbTypa, sika CTBOPHOE YMOBW 5151 MOKPALLEHHST IKOCTi po-
00TK, KOMaHAHWIA OyX B opraHisadii [2, 3, 6, 7, 9].

3rigHo 3 Goetz et al. (2015), gocnigkeHHs KomaHau
YTOYHMITO B3AEMO3B’A30K MK 3a[0BOMEHICTIO pobOoTOoto,
XapakTepucTvkamy npauiBHuKiB | poboyoto atmocde-
poto B nikapHsix Kerii [18]. Ha ocHoBi gaHux, 3ibpaHnx
i3 CUCTEMMU IHTEerpoBaHOro YnpasriHHA SAKICTIO B OXOpO-
Hi 3gopoB’s KeHii, 6yrno BnaaHo 832 aHkeTw, 3 sikux 435
Oy 3anoBHeHiI, Lo aae koediuieHT Biaryky 52,3%. Y pe-
3ynbTaTi 3a40BOJEHICTb poboTOo Ta poboda aTmocdepa
MeauYHUX NpauiBHUKIB Hagany XopoLly MOXMIMBICTb ANs
3anyyvyeHHs Ta YTpPYMaHHS nepcoHarny, a Takox Ansi no-
KpalleHHs SKOCTi Megu4HuX nocnyr nauieHtam [2].

3rigHo 3 Jaiswal et al. (2015), H13Ka oLiHKka 3agoBorne-
HOCTi pOoDOTOK MeanYHUX CecTep, SKi MpaLUtooTb Y NiKapHi
B IHAii [3]. Byno onuTtaHo 200 npauiBHWKIB 32 JOMOMOrOH0
3MiHEHOI LIKanu 3aaoBoneHocTi poboToto, Wo 6a3yeTbes
Ha BignoBigsx 3a Jlikeptom. Ak pesynerar, 6yno Bu3Hade-
HO 9 dhakTopiB, LLO BMNMBaOTL HA 3a40BOSEHICTb POOOTOHD
MeaMYHUX MpPaUiBHUKIB: KOMYHiKauis, 3apobiTHa nnara,
YMOBWU MpaLli, CUCTeMa MOHITOPUHIY B FliKapHi, koreru, po-
6oye HaBaHTaXeHHs, Minbry, xapakTepucTukn poboTn Ta
BMHaropoan. OgHak And nikapcbkux cneujianbHOCTeN Ta
B3aEMUH MiX Kofieramu pesynsrati 6ynu gewo iHwmmm [3].

3rigHo 3 Meng et al. (2018), meToto gocnigpkeHHs Byno
BMBYEHHS 32J0BOSIEHOCTI pO6GOTOK MEANYHUX NpaLiBHU-
KiB Ta 3a00BONeHOCTi nauieHTiB y Kutai. Bubipka 3 696
Meau4yHuX npadiBHukiB Ta 668 nauieHtiB O6yna 3ibpaHa
B 14 MeguyHux 3aknagis. Y pesynbraTi BUSBEHO, LUO
dhakTopamu, siki BNNUBakTb Ha 3aJ0BONEHICTb MeanY-
HMX npaLiBHWKIB, € cama poboTa, poboye cepenosuLle

In addition, in recent years, many private health
workers have switched jobs to other professions due
to dissatisfaction with their current jobs. Employee job
satisfaction is an emotion that measures many aspects
and depends on many factors. Recent empirical studies
have shown that different aspects have an effect on their
job satisfaction and motivation such as Work environment
factors thatinfluence the satisfaction of healthcare workers
as studied [2-9]. Developmental learning work influences
the satisfaction of healthcare workers such as [10, 11]
Wages, income affect health worker satisfaction [12—-17].
Sharing culture influences healthcare worker satisfaction
such as [15].

According to Maslow (1943), nurses work in hospitals
to meet certain individual needs, these needs are arranged
by income or under certain conditions, when a lower need
is met, a higher demand arises in each nurse [18]. On this
basis, the authors clarify the following relationships:

Working environment and satisfaction of medical
staff

The working environment is the tangible and invisible
conditions surrounding the activities and operations of
a business. Including material conditions such as: items
and equipment auxiliary for work, working space, layout
and arrangement of the workplace. Regarding mental
conditions such as: social interaction in the working
environment, company culture creates conditions
to improve working quality, teamwork spirit in the
organization [2, 3, 6, 7, 9].

According to Goetz et al. (2015), the team’s study
clarified the relationship between job satisfaction, employee
characteristics, and working atmosphere in hospitals in
Kenya [18]. On the basis of data collected from the integrated
quality management system in the health industry in Kenya,
including 832 questionnaires were issued, 435 questions
were completed with a response rate of 52.3%. As a result,
job satisfaction and working atmosphere of healthcare
workers have provided a good opportunity to recruit and
retain staff, and at the same time improve the quality of good
medical service delivery to patients [2].

According to Jaiswal et al. (2015), assessing the job
satisfaction of formal nurses working at a hospital in India
[3]. Asample of 200 employees were interviewed using
a revised job satisfaction scale, based on Likert responses.
As aresult, 9 factors that affect the job satisfaction of
healthcare workers are communication, salary, working
conditions, hospital monitoring system, colleagues,
workload, benefits, job characteristics and rewards.
However, for physician specialties and relationships
between colleagues, the results are slightly different [3].

According to Meng et al. (2018), with the goal of
examining job satisfaction among healthcare workers and
patient satisfaction in China. The sample of 696 medical
staff and 668 patients was collected at 14 medical
facilities. As aresult, there is evidence that factors
affecting the satisfaction of healthcare workers include
the work itself, the working environment and atmosphere,
hospital management, the practice environment, and job
rewards [6]. It is recommended that health and hospital
managers should pay attention to employee satisfaction
through improving the working environment [6].

According to Dimova et al. (2019), a survey of 370
medical staff at a medical university hospital in Bulgaria.
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Ta atMocdepa, ynpasniHHA NikapHeto, NpakTuyHe cepe-
[JOBULLE Ta BMHaropoau 3a poboty [6]. PekomeHayeTbes,
LWoOG KepiBHUKM OXOPOHWU 340POB’'s Ta fikapeHb Npuains-
N1 yBary 3afj0BOSIEHOCTi NPaLiBHUKIB LUMSIXOM MOKpaLLeH-
HS poboyoro cepenosuLa [6].

3rigHo 3 Dimova et al. (2019), npoBegeHo onuTy-
BaHHA 370 MeanyHMX NpauiBHUKIB Yy MEOUYHOMY YHiBEp-
cuTeTcbkOoMy rocnitani B bonrapii. AHkeTa cknaganacs
3 17 nyHKTIB (BKNtoyaroum npodecivivi Hebeaneku, ctuni
ynpasniHHS, BUPILLEHHSA KOHMNIKTIB Ta gemorpadiyHi xa-
PaKTEPUCTUKM), SKi OLiHIOBanMcs 3a 5-6anbHo LWKarnow
JlikepTa. Pesynbrati nokasanu, Wo GinbLlwicte MeguaHux
npauiBHUKIB Mpautoe B TOKCUYHWX yMOBaXx, NigAaeTbes
Hebeanekam, NCUXOEMOLINHOMY CTpecy, XiMiYHUM areH-
TaMm, a HavBuLa 3a00BOSEHICTb MeOUYHMX MNpaLiBHUKIB
nonarae B NMOKpaLLEeHHi iXHIX NOTOYHUX po6oumx ymoB [7].

AHarnoriyHo, ocTaHHi JOCnimpKeHHs, Taki gk [4, 5, 8,
9, 19], Takox cBigyaTb Mpo Te, Wo poboye cepenoBuLLe
Ma€ Kopersiyito 3 3a40BOMEHHSIM MeANYHMX NPaLiBHUKIB.

Ha ocHoBi uiei Teopii cTaTTsi NPOMNOHYE Taky rinoTesy:

H1: Poboue cepedosulue mae no3umusHuUl ernsue Ha
3adoeoseHicmb pobomoro MeOUYHUX rpaluieHUKIs.

Po3eumok akademiyHoi pobomu ma 3adoeosie-
Hicmb Medu4yHO20 nepcoHasny. PasoM 3 iHWKUMKU hakTo-
pamu, LLO BMNAMBalOTb Ha 3a40BOMEHICTb MEANYHUX NpaLiB-
HWKIB, OCHOBHVMM (paKTOpOM, siKMiA NpuBabmioe i yTpumye
TanaHTW, € MOXIMBICTb 151 HABYAHHS Ta po3BUTKY. Lie npo-
SABNSETbCA B MiABULLIEHHI PIBHA 3any4eHoCTi npauiBHUKIB
[0 nikapHi, NOKpaLLleHHi MOTMBALii Ta NPOAYKTUBHOCTI, EKO-
HOMIi Ha BUTpaTax Ha HalM i HAaBYaHHS, a TaKOX CMPUSAHHI
po3BUTKY nikapHi. OCHOBHOK METOK Kap’€PHOro 3pOCTaHHS
€ NigBULLIEHHS NepcoHany A0 BULLOrO PiBHS B OopraHisadii.
3apobiTHa nnata, 6oHycu, 06OB’sI3kM, MiNbrM Ta nocagu
NpauiBHUKIB TaKoX NigBULLYIOTECS 4O HOBOMO pPiBHA. MoX-
NMBOCTI ANsi Kap'€PHOrO 3POCTaHHS BBAXKarOTbCsl HANGINbLL
rigHOIO BMHAropogoto 3a 3ycunnsi Ta BigaaHiCTb nepcoHany
nikapHi. ToMmy MeHemKepy NOBUHHI NPUAINATK yBary noTpe-
6aM y HaB4YaHHI Ta pPo3BMTKY NPaLBHMKIB Ha Pi3HWMX noca-
nax i 3 pisHuMu nocagoBMMmM 3BaHHAMK. OCTaHHI eMnipyyHi
OOCTiKeHHs ue niaTeepokytoTs [10, 11].

3rigHo 3 Chung et al. (2010), npoBegeHo AoCnimXeEH-
Hs1 3agoBoneHocTi 1898 MeanyHMX NpauiBHUKIB dhakynb-
TeTy MegunyHoi wkonu yHiBepcutety Midyvrany. AHOHIMHe
onuTyBaHHA. UTaHHA CTOCYHOTbCA OpraHidadii, cepe-
[oBuLa, AochnigpKeHb, BUKNagaHHs, 3apobiTHOI nnaTu.
3a pornomoroto MeToay perpecii, y pesynsraTi BUSBNEHO
OCHOBHI Bif/MiHHOCTi B 32JOBOITEHOCTi TakMx NpodecioHa-
niB, AK KNiHiuncTK Ta kepisHukK [10]. OgHak onsa kniHiLmMc-
TiB (pakTopamu, WO BNAMBAKOTL Ha iXHIO 3a40BOMEHICTb
poGoToto, € 3apnnata Ta MOXIUBOCTI ANs Kap'epHOro
3pOCTaHHS, SKi € CMiNbHUMKU Ta HeobXiAHUMK NnoTpebamu.
PekomeHpauii cBigyatb, WO Ui cTpaTerii MOXyTb MaTtu
3HaYHMI BNNMB Ha 3a40BOMEHICTb POOOTOK Ta YTPUMaH-
HS1 KNiHIYHKX cniBpobiTHuKiB [10].

3rigHo 3 Hesampour et al. (2016), Ha ocHOBI pe3ynbTa-
TiB ouiHkM 206 cnocTtepexeHb Yy MeAU4YHOMY YHiBEpCUTET-
CbKOMY rocnitani B IpaHi, BUKOPUCTOBYBanoCh KifnbkicHe
[ocrnigaXeHHs, nporpaMHe 3abe3nevyeHHs SPSS16, a Ta-
KOXX YMCINOBI Ta HemapaMeTpUyHi meToau 3any4veHHs [11].
EkcnepvMeHTanbHi pesynstati nokasyloTb, WO 3a40BO-
MNEHICTb NpauiBHUKIB pOBOTOK € PaKkTOPOM NPOCYBaHHS,
3apobiTHOI NnaTy Ta onNTuMi3aii ynpaBniHCbKOT CUCTEMMU.
PekomeHpaLii Bka3yloTb Ha HeOOXiOHICTb MOKpalLeHHS

The questionnaire consists of 17 items (including
occupational hazards, management styles, conflict
resolution, and demographic characteristics) that are
assessed on a 5-point Likert scale. The results show that
the majority of health workers work in toxic environments,
dangers, mental stress, chemical agents, and at the
same time, the greatest satisfaction of health workers is
to improve their current working conditions [7].

Similarly, recent studies such as [4, 5, 8, 9, 19] also
suggest that the work environment has a correlation with
the satisfaction of healthcare workers.

Based on the theory, the paper proposes the following
hypothesis:

H1: The working environment has a positive impact
on the job satisfaction of healthcare workers.

Developmental academic work and satisfaction of
medical staff

Along with other factors that affect the satisfaction of
medical staff, the main factor that attracts and retains talent
is the opportunity to learn and develop. This is manifested
as increasing the level of employee engagement with
the hospital, improving motivation and productivity,
saving recruitment and training costs, and promoting the
development of the hospital. Basically, promotion is the
promotion of personnel in the company to a higher level.
Employees’ salaries, bonuses, responsibilities, benefits,
and positions in the business are also raised to a new
level. Promotion opportunities are considered the most
worthy reward for the efforts and dedication of personnel
to the hospital. Therefore, managers need to pay attention
to the learning and development needs of employees in
different positions and job titles. Recent empirical studies
have proven this [10, 11].

According to Chung et al. (2010), the satisfaction
study of 1898 medical faculty at the University of
Michigan School of Medicine. Anonymous survey. The
questions revolve around organization, environment,
research, teaching, salary. Through the regression
method. As aresult, there is afundamental difference
in the satisfaction of professionals such as clinicians
and supervisors. However, for clinicians, the factors of
salary and promotion in work emerge as common and
necessary needs. The recommendations suggest that
these strategies can have a significant impact on job
satisfaction and retention of clinical follow-up faculty [10].

According to Hesampour et al. (2016), based on the
results of an evaluation study from 206 observations at
a medical university hospital in Iran. Using quantitative
model research, SPSS16 software is used, as well as
numerical and non-parametric engagement methods.
Experimental results show that the job satisfaction of
employees is a factorin promotion, salary and optimization
of the management system. Recommendations, it is
necessary to improve the quality of governance and
the system of policies on promotion in the work of
employees [11].

Based on the theory, the paper proposes the following
hypothesis:

H2: Development and learning opportunities have
a positive impact on employee satisfaction.
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SAKOCTi yNpaBniHHA Ta CUCTEMU NONITUK LLOAO NPOCYBaHHS
B poboTi npauisHukis [11].

Ha ocHoBi uiei Teopii cTaTTsi NPOMNOHYE Taky rinoTesy:

H2: Moxrnueocmi po3sumky ma Hag4aHHsI Maroms r1o-
3umueHuU 8rue Ha 3a0080/1eHICMb MPayi8HUKIE.

3apnnama mae ensnue Ha 3adoeosieHicmb MeduY-
Hux npayieHukie. 3apnnara MeguyYHNX NpawiBHMKIB BKIHO-
yae: cepegHiv goxia, Aoxia 3a nocagoto (MopiBHAHO 3 ONUTY-
BaHHAM 3apnnar), koedilieHT aednsuii 3apnnaTu, cepenHe
30iNblUEHHS 3apniaTh, CEPEaHiN piBeHb MiABWLLEHHS 3apn-
natu npauiBHWKIB, CEpeaHili piYHUIA po3mip HagbaBok npa-
UiBHMKaM, iHWI Ninbrn (Typuam, BIiANYCTKW, BiABiAYBaHHS,
CMOPTVBHI 3ax0AM ToLo)/NpauiBHUK/PiK. HacTynHi emnipuny-
Hi JOCNiIKEeHHS1 NMOKa3ytoTh, LLO 3apobiTHa nnarta Koperntoe
i3 32,0BOSNIEHHAM MeQNYHUX NpauiBHUKIB [13].

3rigHo 3 oe Onisenpa BackoHcenocom Pinbo Ta iH.
(2016), 6yno npoBegeHO oNMTYBaHHA PObOTHM NikapiB Anst
BMMIpIOBaHHS IXHbOrO 3a0BOSEHHS Y BENVKIN 3aranbHin
nikapHi B bpasunii. Jlikapi Takox noBuHHI B6ynn Hagatu
couianbHo-AemMorpadiyHy iHopmauilo, MeauydHi cnewi-
anbHOCTI Ta Hamipy NPoAOBXUTKM pobOTYy B MikapHi. Y 3a-
knagi 6yno sibpaHo 141 BignoBigp, i ix 6yno BkMA4YEHO
B aHani3 [13]. Ton chakT, Wwo nikapi Xo4yTb 3anULIMTUCSA
B MiKapHi, MNOB’'sAAI3aHWI 3 akageMiyHUM CepenoBULLEM,
B3aEMVHaMM 3 KONeramu Ta BUCOKUM MPECTMDKEM, SKUN
CycninbCTBO Hagae opraHisadii. MyHKTN He3aJ0BONEHHS —
He3aZ0BiNlbHE BWHAropoaXeHHs Ta Te, Wo poboTa 3a-
nmae ocobucTuii Yac. PekomeHnayeTbes, WoO opraHisadis
BpaxoByBasia BMfMB CBOiX CTPYKTYyp, MOMITUK Ta npoLe-
Oyp Ha CTpec Ta SKiCTb XuUTTH nikapis [13].

3rigHo 3 Lu et al. (2016), nicns pedopMyBaHHs cucte-
MU oxopoHu 3gopoB’s B Kutai y 2009-x pokax, KonuBaHHs
B MEOMYHOMY CEKTOpi KpaiHu BigobOpaxarTbCs B 3BiTax
npo ntoackki pecypcun. MeToro gocnigykeHHst 6yrno po3yMiH-
Hs1 3a40BOEHOCTI POBOTOK MeaNYHMX NPaLiBHUKIB Y NPO-
BiHUii NyaHayH. OnuTyBaHHSA BUBYano B3aEMUHW, NOB’s3a-
Hi 3i cTpecom Ha poboTi, CiM'el0 Ta MikapCbKo-NaLieHTChKi
BIOHOCMHM [5]. YyacHuMKamu OnMuTyBaHHA cTanu nikapi,
MELCEeCTPU Ta NpauiBHMKM OXOPOHM 300POB’S 3 NikapeHb,
MELUYHMX LIEHTPIB Ta KniHik. 3aranom Oyno posnosctogxe-
HO 6583 aHkeTu, 3 skmMx Byno 3idbpaHo 5845 aHkeT nicrns
BMKMIOYEHHSI HEMOBHMX. Y pe3ynbraTi BUSIBMIEHO, WO Taki
dakTopu, Ak npodecis, ocsitTa, NpodecCiiHniA cTaTyc,
KINbKIiCTb POKiB Ha cry6i, piYHUIA JOXiA Ta YacToTa HiYHKUX
3MiH, CYTTEBO BNMBalOTb Ha 3a40BONEHICTL poboToto [5],

BinblwicTe gocnigkeHb nigTBEPAUNHK, WO 3apobiTHa
nnara gornomarae npauiBHvukam 6yTu Ginblu 3a40BONEHN-
MK poboToto, 3okpeMa, gocnigxkeHHs [12, 14-17]. Ha oc-
HOBI eMMiPUYHNX AOCHIOKEHb, Lie AOCNILKEHHSI MPOMNOHYE
Taky rinortesy:

H3: 3apnnama mae no3umusHuti ensue Ha 3a0oeorie-
Hicmb pobomoto.

Kynbmypa o6miHy mae ennue Ha 3adoeosieHicmb
MeduyHux npayieHukie. Kynbtypa oO6MiHy 3HaHHAMU —
Lie BHYTPILLHI NpoLec ynpaBniHHS 3HAHHAMW, SKUA Hadae
MOXIMBICTb MpauiBHUKaM OOMiHIoBaTUCS iHpopMmalLlieto
abo HaBumykamu 3 koneramu. Lle [o3Bonsie BUKOPUCTOBY-
BaTU BXXe HasiBHY B OpraHisaLii ekcneptusy Ans nigTpuMku
Ta po3BMTKY MpaLiBHUKIB BiAMOBIiAHO Ao notpeb [15, 20].

3rigHo 3 pocnimkeHHam Al-Surimi et al. (2022), kynb-
Typa 6e3neku nos’A3aHa 3 3a40BOMEHICTIO MeacecTep
B nikapHsix. Ak pesynerart, b6inbwe 70% onuTaHux 3a-
3Ha4MnK, Wwo iM nogobaeTbes iXHs poboTa, NikapHs € sk

Salary has an
satisfaction.

The salary of health workers includes: average
income, income by title (compared to salary survey),
salary defamation rate, average salary increase, average
rate of employee salary increase, average employee
allowancelyear, other benefits (tourism, vacations, visits,
sports activities...)/employee/year. The following empirical
studies show that wages are correlated with healthcare
worker satisfaction [13].

According to de Oliveira Vasconcelos Filho et al.
(2016), conducted a survey of doctors’ work to measure
their satisfaction at alarge, general hospital in Brazil.
Doctors are also required to provide social demographic
information, medical specialties, and intentions to
continue working at the hospital. The facility collected 141
responses and included them in the analysis [13]. The fact
that doctors want to stay in the hospital is related to the
academic environment, relationships with colleagues and
the high prestige that society has for the organization. The
dissatisfaction points are the unsatisfactory remuneration
and the fact that the work encroaches on personal time.
It is recommended that the organization consider the
impact of their structures, policies, and procedures on the
stress and quality of life of physicians [13].

According to Lu et al. (2016), after the reform of the
health system in China in the 2009s, the fluctuations in
the country’s medical sector are reflected in reports on
human resources. With the goal of understanding the job
satisfaction of health workers in Guangdong Province, the
survey examined work-stressful relationships, families,
and doctor-patient [5]. The survey subjects included
doctors, nurses, and public health workers from hospitals,
medical service centers and health clinics. Atotal of
6583 questionnaires were distributed and collected.
After excluding incomplete questionnaires, 5845
questionnaires were included in the analysis. As a result,
factors including: occupation, education, professional
status, years of service, annual income, and frequency of
night shifts significantly affect job satisfaction [5].

Most studies have suggested that salary helps
employees be more satisfied at work, namely studies [12,
14-17]. Based on empirical studies, this study proposes
the following hypothesis:

H3: Salary has a positive impact on job satisfaction

Sharing culture has an impact on healthcare
worker satisfaction.

Knowledge sharing culture is an internal knowledge
management process, empowering employees to
exchange information or skills with their colleagues. This
allows you to use the expertise you already have internally
to support and develop employees as required [15, 20].

According to Al-Surimi et al. (2022), safety culture is
related to the satisfaction of nursing staff at hospitals. As
a result, more than 70% of the surveyed people said that
they liked their work, the hospital was like a big family, but
up to 30% thought that the hospital was not a good place
to work, their morale was not good. However, employees
all believe that the sharing culture has a positive impact
on them [15].

According to Sharkas et al. (2024), the study of
physician team satisfaction in the integrated medicine
curriculum, thereby identifying socially dissatisfied

impact on healthcare worker
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Benuka poauHa, ane oo 30% BBaxanu, WO nikapHa — He
HalKpalle micue aAns poboTu, ixHili MopanbHuii cTaH OyB
noraHum. OfHak BCi MpaLUiBHUKN BBaXatoTb, L0 KyrnbTypa
00OMiHYy 3HaHHSIMM Ma€ NO3UTMBHMWIA BMAMB Ha HKUX [15].

3rigHo 3 Sharkas et al. (2024), gocnigpkeHHs 3a40BO-
NEHOCTI MEANYHMX NPaLBHMKIB Y paMKax iHTerpoBaHoi Me-
OMYHOI NporpamMu, Lo A03BONSAE BUABUTU CoLianbHO Hesa-
[noBorneHi dhaktopu, AemorpaddiyHi gaHi Ta pobodi dhakTopu
[20]. Basa gaHux oxonntoe GaraTo kpaiH 3 rpyaHsa 2023 poky
no keiTeHb 2024 poky B oHnanH-cpopmari. KinbkicTb 3i0pa-
HUX aHKeT cTaHoBwuna 525. 3a JOMOMOro CTaTUCTUYHUX
METOLiB OMNMCY, BMCHOBKIB Ta JOMCTUYHOrO aHanidy 6yrno
BCTaHOBIEHO, LLIO 3a0BOMEHICTb MEACECTEP 3aNeXuTb Bi
po3pobkn Ta peanisauii iHTerpoBaHoi nporpamun, ocobnu-
BO B YpsiAOBMX OpraHisauisix i cepeq CTapLuMxX BUKIagadis.
OpraHisauii NoBUHHI BUpiLLyBaTK NpobnemMn po3pobku nNpo-
rpamu, po3noAiny pecypciB Ta NiATPUMKK BuKNagadis, LWob
niaBWmUTL piBeHb 3ago0BorneHHsA. OprarizauisM noTpibHo
nepernsHy T 3BUYariHi KOMNOHEHTY Nporpamu abo 3acTocy-
BaTV ribpuaHWA Niaxig, sSK1in Moxe AonoMorTy 36anaHcysa-
TW iHHOBAUii Ta iHTEpeCH BUKNagadviB, CrpUsitodm CTBOPEHHIO
OinbLU CNPUSATIIMBOTO OCBITHLOTO cepenoBuLla [20].

Ha ocHOBI Ui€i Teopii cTaTTs NPONOHyeE Taki rinoTesu:

H4: Kynbmypa 0bmiHy mae no3umusHul ernnue Ha 3a-
dosoneHicmb pobomoro.

H5: 3adoeoneHicmb npauyieHUKI8 Mae no3umueHUl
8rue Ha momueauito Ao pobomu.

MeTa po6oTu — 3'sicyBaT B3aEMO3B’'I30K MiXK MOTU-
BaLieto 40 poboTn Ta 3a40BONEHICTIO MEAMYHMX NpaLiB-
HVKIB Yy MpMBaTHMX nikapHsax B’eTHamy. 3anponoHysatu
pPilLeHHS, AKi AONOMOXYTb KepiBHMKaM fikapeHb nigsu-
LIMTK 3a[0BONEHICTb NpauiBHUKIB IXHbOK poboTolo, 3a-
ny4nTn ix 4o Tpusanoi poboTu, CNpuATK NiABULLEHHIO
NPOAYKTUBHOCTI npawi, e(eKTUBHOCTI Ta MNOKpaLleHHI0
SKOCTi poboTw.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Y cTaTTi BUKOPWUCTAHO nporpaMHe 3abesneyeHHsi
SPSS 20 ta AMOS 20 [21] Ans TeCcTyBaHHS TNiHiAHOI
CTpykTypHOi Mogeni PLS-SEM, 3 meTolo BUSIBNEHHS O0-
Kas3iB B3aEMO3B’A3KY MiXK MOTMBALE Ta 3a40BOSIEHICTIO
MeAMYHUX NPaUiBHUKIB y MPUBATHKX fikapHax B’eTHamy.

OcHoBHi AaHi 6ynu 3ibpaHi aBTOpamMu LUMASIXOM PO3-
CUIMKM @HKEeTM 3a JOMOMOro MeTody NpocToro BUMNagKo-
BOro BMGopy. YyacHukamm onutyBaHHsi 6ynu nikapi, dap-
MaLeBTU, MeACeCTPU, aKyLLIEepKU Ta TEXHIKN.

[Ina JOCArHEHHS HanKpaLumx pesyrnsraTiB aBTopu 34iic-
HUNW NpoLIeC TeCTyBaHHS, WO BKIoYas: 3rigHo 3 Anderson
et al. (1988) [22], npouec aHanisy MiHINHOI CTPYKTYPHOI MO-
neni Bkntovae: (i) TecTyBaHHS LUKanu: 3aranbHuiA koedilieHT
anbda > 0,6 Ta BUnNpaBrieHa Kopensuis enemMeHT — 3aranb-
Ha > 0,3; (ii) OuiHka dakTopis (EFA): BignoBigHicTb BUMIpY
0,5 <=KMO < =1, TecT niHinHoi kopensuii bapnerTa 3i 3Ha-
vyuicTio (Sig) < = 0,05, TecT Ha BapiaHTV BUTArHEeHHS > 50%
Ta BMacHi 3Ha4yeHHs >1, hakTop HaBaHTaXEHHS 3 PO3MIPOM
BUOIipkm BinbLue 255 Bumarae > 0,3 [23]; (iii) MinTBepoKyBans-
HUA dbakTopHuiA aHania (CFA): BiNMbHO HanmalITOBaHWI KBa-
apatHun ingekc (Cmin/Df) < = 5 (Bentler, et al. 1980), iHgexc
Tekepa-Jlbtoica > 0,9 [24], iHOEKC NOPIBHANBHOI BigNOBIQHO-
cTi (CFl) > 0,9 [24], NFI (HopmanbHui iHaeKe BiAnoBigHOCTi) >
0,9 [24, 25], RMSEA (noxmbka KBaipaTHOro cepeaHboro Ha-
6rnvkenHs) < 0,05 [26]; (iv) CTpykTypHe piBHAHHA SEM.

factors, demographics, and work-related factors [20]. The
database surveyed many countries from December 2023
to April 2024 in an online form. The number of samples
collected was 525 surveys. By statistical methods of
description, inference, and logistics analysis, it has been
determined that the satisfaction of nurses is the design
and implementation of integrated curriculum, especially
in government organizations and among senior lecturers.
Organizations must address the challenges of curriculum
design, resource allocation, and faculty support to
improve satisfaction. Organizations need to revisit
conventional curriculum components or adopt a hybrid
approach that can help balance innovation with faculty
interests, promoting a more conducive educational
environment [20].

Based on the theory, the paper proposes the following
hypothesis:

H4: A culture of sharing has a positive impact on job
satisfactio.

H5: Employee satisfaction has a positive impact on
work motivation

Objective — To clarify the relationship between work
motivation and satisfaction of medical staff in private
hospitals in Vietnam. Thereby, to propose solutions to help
hospital managers improve their job satisfaction, engage
them in their work for along time, promote increased
labor productivity, efficiency, and improved work quality.

MATERIALS AND METHODS

The paper uses SPSS 20 and AMOS 20 [21] to test
the PLS-SEM linear structure model, thereby looking
for evidence of the relationship between motivation and
satisfaction of medical staff in private hospitals in Vietnam.

Primary data were collected by the authors from
sending survey questionnaires using simple random
probability sampling method. Survey subjects included:
doctors, pharmacists, nurses, midwives, and technicians.

For best results, the authors performed the testing
process including: according to Anderson et al. (1988)
[22] the linear structure model analysis process includes:
(i) Scale Test, overall alpha coefficient >0.6 and corrected
item — total correlation > 0.3; (ii) Exploratory Factor
Analysis (EFA): the appropriateness of the measure
0.5<=KMO<=1, the Bartlett linear correlation test with the
significance level (Sig) <=0.05, the extraction variance
test >50% and the Eigenvalues >1, the load factor with
a sample size greater than 255 requires >0.3 [23] (iii)
Confirmatory Factor Analysis (CFA): Freely Adjusted
Squared Index (Cmin/Df) <=5 (Bentler, et al. 1980),
Tucker—Lewis index >0.9 [24] Comparative Fit Index
(CFI) > 0.9 [24] NFI (Normal Fit Index)>0.9 [24, 25],
RMSEA (Root Mean Square Error Approximation) <
0.05 [26] (iv) Structural Equation Modeling SEM.
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PiBHsHHA gocnigpxeHHa mae Burnaa: WMS = f(ESS),
Ta ESS = f(WES, DLW, SAS, SCS), mogenb AocnigKeHHs
306paxkeHa Ha pUCYHKy 1.

The research equation is in the form of: WMS = f(ESS)
and ESS = f(WES, DLW, SAS, SCS), the research model
is as shown in Figure 1.

Puc. 1. [JocnigHuubka mogens cTaTTi
Fig. 1. Research model of the paper

MpumiTkK:

WES: lWkana poboyoro cepenoBuLLa
DLW: Lkana po3BuTKy HaB4arnbHOi poboTu
SAS: Lkana 3apo6iTHoi nnatu

SCS: Wkana cninbHoi KynsTypu

ESS: Lkana 3apoBoneHocTi NpauiBHUKIB
WMS: Lkana TpygoBoi MoTuBaLii

3MiHHI B MoZeni BUMIpOIOTLCA 3a 5-6anbHo LiKa-
noto likepTa [27], ska € dhopmoto cepii Bignosigewn, no-
B’A3aHUX 3 OLIHKOK CTaBMEHHS, Ae pecnoHaeHT obupae
nvwe ogHy 3 HUX. BignoBigHO: «NOBHICTIO He3agoBone-
HUMY» No3Ha4YaeTbCcs Unporo 1, «He3agoBONEHUI» — 2,
«HenTpanbHU» — 3, «3a40BONMEHUN» — 4, a «MOBHICTIO
3a0BONEeHnn» — 5.

36ipka gaHux Gyna 3giicHeHa 3 AOTPMMAHHSAM KOH-
digeHUiHoCTI: aBTopn 3000B’A3YI0TECA HE PO3rofoLly-
BaTW npuBaTHy iHdopMaLilo pecrnoHAeHTiB (3apnnarta,
3a0BOMEHICTb, YMOBW Mpaui Towo), a nybnikysatu ii
nvwe y cTaTUCTUYHIN doopMmi 3 monepegHbo OTPUMAHOK
3rodoK ONUTaHux. Pe3ynbraTtoM OOCNIMKEHHS CcTano
oTpumaHHsa 558 aHkeT Big nikapie, dapmauesTis, Mea-
cecTep, aKkyLUepoK, TEXHIKIB i MpauiBHWUKIB rpOMafCbKoOl
OXOPOHW 300pOB’si. AHKETY Bynu HaZicnaHi enekTpoHHOK
nowToto B nepiod 3 cepnHs 2024 poky no nucronag 2024
poky. 3rigHo 3 BonneHom (1989), nig yac aHanidy mogeni
3 NIHINHOK CTPYKTYpPOK po3mip BUBIPKM OBYMCMIOETLCS
3a cpopmynoto n =5 * 2j (ge i — ue KinbKiCTb cnocTtepe-
XyBaHWX 3MiHHWUX Y mogeni). 3a TabavHukom i Pigennom
(2007), poamip BWOIpKM NpPU MHOXWUHHOMY MiHIAHOMY
perpecinHoMy aHanisi po3paxoByeTbCsl 3a (POPMYIIOH
n =50 + 89 (ge g — KinNbKiCTb He3aneXHuX 3MiHHKX Yy MO-
aeni). OTxe, KinbkicTb 558 cnocTepexeHb € MPUNHSATHOLO.

[aHi 3 onutyBaHHs1 Bynn 3aHeceHi aBTOpoM B Tabnu-
uto Excel i nipaaHi couionoriyHin obpobui 3i ctatuctuy-
HUM aHani3oM 3a Takumm kateropisamu: CtaTb: HOMOBIKIB —
223 ocib (39,96%), xiHok — 335 oci6 (60,04%); Bik:
18-27 pokiB — 82 ocobu (14,70%), 28-37 pokiB — 112
oci6 (20,07%), 38—47 pokiB — 126 ocib (22,58%), 48-57
pokiB — 115 oci6 (20,61%), noHag 58 pokiB — 123 oco-
6un (22,04%); daxosa keanidikauia: nikapi — 185 ocib
(33,15%), dapmaueBtn — 112 oci6 (20,07%), mence-
cTpu/akywepkn — 196 oci6 (35,13%), TexHikn — 65 ocib

Notes:

WES: Working environment scale

DLW: Developmental learning work scale
SAS: Salary scale

SCS: Shared culture scale

ESS: Employee satisfaction scale

WMS: Work motivation scale

The variables in the model are measured using
a 5-degree Linkert scale [27] which is a form of a series
of answers related to the attitude in the question of
the respondent will choose only one of those answers.
Accordingly, the answer is that completely dissatisfied will
write the number 1, dissatisfied will write the number 2,
neutral write the number 3, be satisfied write the number
4 and be completely satisfied write the number 5.

The collected form is committed by the authors not
to disclose the private information of the people (salary,
satisfaction, working environment, etc.) surveyed but
only published in statistical form and received valuable
feedback consent from the survey subjects. The results
of the study collected were 558 survey responses from
doctors, pharmacists, nurses, midwives, technicians, and
public health, sent via email, from 08/2024 to 11/2024.
According to Bollen (1989), when analyzing a model with
a linear structure, the sample size is calculated according
to the formula n = 5 * 2i (i is the observed variable in
the model). According to Tabachnick and Fidell (2007),
the sample size in multiples linear regression analysis is
calculated using the formula n = 50 + 8q (q is the number
of independent variables in the model). Therefore, the
observation number of 558 is a requirement.

The author enters the survey data into an Excel
spreadsheet and sociological statistics as follows: if
classified by age, there are 223 males (accounting for
39.96%), 335 females (60.04%); classified by age, aged
18-27 years old, there are 82 people (accounting for
14.70%), aged 28-37 years old, there are 112 people
(accounting for 20.07%), there are 126 people aged
38-47 years old (accounting for 22.58%), 115 people aged
48-57 years old (accounting for 20.61%), and 123 people
over 58 years old (accounting for 22.04%). According
to professional qualifications, 185 people are doctors
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(11,65%); Crax pobotu: Big 1 oo 5 pokiB — 85 ocib
(15,23%), Bin 6 no 10 pokiB — 232 ocobu (41,58%), Big 11
no 15 pokis — 120 oci6 (21,51%), noHag 16 pokis — 121
ocoba (21,68%). [erani HaBegeHo B Tabn. 1.

(accounting for 33.15%), 112 people are pharmacists
(accounting for 20.07%), 196 people are midwife nurses
(accounting for 35.13%), the rest are technicians 15
people accounting for 11.65%. If classified by experience,
the number of people with experience from 1 to 5 years is
85 people (accounting for 35.13%), from 6 to 10 years is
232 people (accounting for 41.58%), from 11-15 years is
120 people (accounting for 21.51%), and from more than
16 years is 121 people (accounting for 21.68%). Details
are shown in Table 1 below:

Ta6nuus 1. Onucosa CTaTUCTUKA COLIOMOMNYHNX XapakTePUCTUK YHACHUKIB OMUTYBaHHS
Table 1. Descriptive Statistics of Sociological Characteristics of Survey Participants

Ne Couionori4yHi XxapakTepuCTUKM Y4aCHUKIB ONUTYBaHHSA Kinbkictb BiacoTtok
- Sociological Characteristics of Survey Participants Number Percentage (%)
Cratb / Gender

1 |Yonosiku / Male 223 39,96

XKiHkn / Female 335 60,04
Bik / Age

18-27 pokis / years old 82 14,70

9 28-37 pokiB / years old 112 20,07
38-47 pokiB / years old 126 22,58
48-57 pokis / years old 115 20,61
MoHapg 58 pokis / Over 58 years old 123 22,04

MpodeciriHa cneuianizauyis / Professional Background

likapi / Doctors 185 33,15
3 | ®apmauesTtu / Pharmacists 112 20,07
Megcectpu, akywepku / Nurses, Midwives 196 35,13
TexHikun / Technicians 65 11,65
Crax pobotu / Work Experience
1-5 pokiB / years 85 15,23
4 |6-10 pokiB / years 232 41,58
11-15 pokiB / years 120 21,51
Monapg 15 pokis / Over 15 years 121 21,68

Dxepeno: CkrnadeHo 3a pe3yrnbmamamu OnumyeaHHs1
Source: Compiled from survey results

Tabnuus 1 AeMOHCTpYE, Lo 3ibpaHi AaHi To4HO Bifobpa-
)KatoTb CTPYKTYPY KaApOBOro CKragy B AepXKaBHUX JTiKapHsIX
B’eTHamy Ha gaHuii MOMEHT — BUCOKOKBanichikoBaHy pobo-
4y cuny, NnepeBaxHO MOMNOAMX NpauiBHUKIB 3i cTaxkem 6—10
POKiB, a TaKOX BENWKY KiMbKICTb MikapiB 3 4OCBIAOM, SiKi ne-
PEXOANATD i3 AepXKaBHOMO ceKTopa A0 NPUBATHUX fikapeHb.

Ha ocHOBi TeopeTUYHUX MONOXEeHb aBTOpPWU CTaTTi
cchopmyBanu LwKany OuiHBaHHSA (Tabn. 2).

Table 1 shows that the data collected accurately
reflects the structure of the health sector in the current
public hospitals in Vietnam, a highly qualified workforce,
mainly young workers with 6-10 years of experience,
a large number of doctors with expertise and experience
moving from public hospitals to work.

On the basis of theory, the author of the paper builds
the scale as follows (Table 2):

Tabnuus 2. LLkanu Ta 3MiHHI y AOCNiOKEHHI
Table 2. Scales and variables in the study

Ne Koo MuTaHHA aHKeTU Ixepeno
- Code Survey Question Source
| I. Lkana po6oyoro cepenosuia (WES)
’ Working Environment Scale (WES)
1 WES1 MipnTprmka 3 6oky MiHicTepcTBa OXOPOHM 340POB’SA
' Support from the Ministry of Health
Py WES?2 d)iawai yMOBI/.I npaui N
Physical working conditions 2-9,19]
3 WES3 Po6oui rogmHm [2-9,
' Working hours
4. WES4 CI/ICT(':,‘M’a K'OHTpOI'I}.O ppGOTM B MiKapHi
Hospital’s job monitoring system
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Ne Kog MuTaHHA aHKeTH [xepeno
- Code Survey Question Source
I LLikana po3BuTKy Ta HaB4aHHsi (DLW)
) Developmental learning work scale-DLW
5 DLW1 MoxxnmBocTi kap’epHOro 3pOCTaHHsA
Career advancement opportunities
MOXNMBOCTI NPOXOAKEHHS HABYaHHS
6. bLwW2 Training opportunities [10, 11]
7. DLW3 | O6csr BmukoHyBaHoi po6ot Workload handled
[NoBHOBaXeHHS B poboTi
8. DLw4 Job authority
I LLikana 3apo6iTHoi nnaTtu
) (SAS)Salary scale-SAS
9 SAS1 MoniTuka 3ap06|TH0|. nnaTtu npauiBHMKIB
Employee salary policy
MonitTuka coujianbHOro cTpaxyBaHHs
10. SAS2 Social insurance policy [7,12-17]
11. SAS3 | PerynspHi npemii npauisHukam / Regular employee bonuses
12, SAS4 I'Iosatlep_roel 3a0X0YEHHS NpauiBHYKIB
Extraordinary employee rewards
. LLikana kynsTypn 06miHy 3HaHHaMK (SCS)
' Shared culture scale-SCS
[ocTtaTHe Ta perynsipHe cninkyBaHHA 3 6e3nocepeaHiMm KepiBHUKOM
13. SCS1 L o . -
Communication with direct management is sufficient and frequent
14, SCs2 BaaeWHM MK KONeramy y komani [15, 20]
Relationships among team colleagues
15. scs3 HaﬂBHICTb'H'KICHOI CUCTEMW HaBYaHHS
A good training system
Y LLikana 3apgoBoneHocTi npauisHukis (ESS)
’ Employee satisfaction scale — ESS
#1 3310BONEHMI CBOEID MOTOYHOK pobOTOo0
16. ESS1 o ) .
| am satisfied with my current job
£ 3a00BONEHNI NONITUKOK 3apobiTHOT NNaTy IHTepB’lo 3 ekcnepTamu
17. ESS2 e . . ; .
| am satisfied with the salary policy Expert interviews
£ 3a00BONEHUIA NOMITUKOD Kap'€pHOro 3pOCTaHHs
18. ESS3 o . .
| am satisfied with the career advancement policy
Vi LLikana motmeauii go po6otn (WMS)
’ Work motivation scale — WMS
19 WMS1 A 3anuwycs BiogaHum cdepi OXOPOoHW 340POB’S
’ | will remain committed to the healthcare industry
20 WMS2 A nuwatocs Tum, Lo NpaLoro B cdhepi OXOPOHM 340POB’S
’ | am proud to be part of the healthcare industry IHTepB'lo 3 ekcnepTamu
£ 3aoxo4yBaTMMy HaCTyMHe MOKOMNIHHA NPUEQHYBATUCA A0 MEAUYHOI rany3i Expert interviews
21. WMS3 . . Y .
| will encourage the next generation to join the healthcare industry
£ no3nTuBHO NonynspusyBaTUMy MeanyvHy npodecito cepea ApY3iB i pigHNX
22. WMS4 . L ; ) ) .
| will positively promote the medical profession to friends and family

Mxepeno: y3azanibHEeHHs1 Ha OCHO8i MEOPEMUYHUX MOMOXEHb
Source: synthesis from theoretical basis

Mopenb MicTuTb 6 wWwKan i 22 cnocTepexyBaHi 3MiHHi.
PE3YABTATU TA iX OBTOBOPEHHS

Pesynsratn aHanidy Ha HapgiviHicTb 3a  KpoHGaxoBoto
anboto Ta TECTY CKOPUIOBaHOI KOpensLii enemeHTiB i3 3aranb-
HOIO LLIKaroto € 3aZ0BINbHUMU, AeTanbHO HaBeaeHi y Tabnuui 3.

EkcnnopauinHui chakropHuin aHanis (EFA): 3 06-
carom BuGipkn 558, o nepesuye 350 cnocTepexeHs,
y OOCHNIMXEHHI 3aCTOCOBAHO MOPOroBe 3HadeHHs abco-
ntoTHoT Bennunum 0,5 anga 3aBaHTaXeHb (aKkTopiB.

Moka3Huk KMO: lNMokasHuk B1BIpKoBOI aaeKkBaTHOCTI
Kansepa-Menepa-OnkiHa ctaHoButb 0,723, WO BXOAUTb
y NPUIAHATHWIA gianasoH 0,5 < KMO < 1.

The model has 6 scales and 22 observation variables.
RESULTS AND DISCUSSION

The results of the Cronbach alpha and (corrected
item-total correlation test are satisfactory, shown in detail
below (Table 3):

Exploratory Factor Analysis (EFA):

With a sample size of 558, which is greater than
350 observations, the study adopts an absolute value
threshold of 0.5 for factor loadings.

KMO Measure: The Kaiser-Meyer-Olkin Measure
of Sampling Adequacy is 0.723, which falls within the
acceptable range of 0.5<KMO<1.
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Tabnuusa 3. Pesynsratv aHanisy wkan 3aMiHHUX y mogeni SEM
Table 3. Scale analysis results for variables in SEM model

CraTncTuka KOXXHOro ernemeHTa LoAo 3aranbHoi Wwkanu ltem-Total Statistics
Item-Total Statistics: Statistics for each item in relation to the overall scale
CepepgHe no wkani | Oucnepcis no wkani | CkopuroBaHa kopensiuis ene- | KBagpart kopensuii | Anbcha KpoHbaxa npu
3MiHHa 6e3 enemeHTa 6e3 enemeHTa MEHTa i3 3arasibHOI0 LLKarno MHOXVHU BuAAmNeHHi eneMeHTa
Variance Scale Mean if Scale Variance if Corrected Item-Total Squared Multiple Cronbach’s Alpha if
Iltem Deleted Iltem Deleted Correlation Correlation Iltem Deleted
WES1 10,58 4,181 0,718 0,572 0,852
WES2 10,20 5,168 0,692 0,495 0,856
WES3 10,37 4,511 0,829 0,692 0,801
WES4 10,45 4,704 0,714 0,532 0,845
Anbda KpoHbaxa (ctaHaaptusosana): 0,879
Cronbach’s Alpha Based on Standardized ltems = 0,879
DLW1 11,87 4,562 0,648 0,460 0,791
DLW2 11,83 4,792 0,614 0,417 0,806
DLW3 11,96 4,024 0,718 0,552 0,757
DLW4 12,02 3,952 0,669 0,509 0,784
Anbda KpoHbaxa (cTaHgaptusosaHa): 0,832
Cronbach’s Alpha Based on Standardized ltems = 0,832
SAS1 8,35 6,349 0,642 0,415 0,771
SAS2 8,48 6,269 0,707 0,536 0,738
SAS3 8,60 7,260 0,561 0,339 0,805
SAS4 8,32 6,972 0,655 0,494 0,765
Anbda KpoHbaxa (cTaHgaptusosaHa): 0,790
Cronbach’s Alpha Based on Standardized ltems = 0,790
SCS1 6,82 2,182 0,863 0,769 0,806
SCS2 6,82 2,456 0,734 0,548 0,918
SCS3 6,72 2,424 0,821 0,729 0,846
Anbda KpoHbaxa (ctaHgaptusosaHa): 0,901
Cronbach’s Alpha Based on Standardized Items = 0,901
ESS1 7,12 2,707 0,660 0,452 0,756
ESS2 7,25 3,015 0,724 0,525 0,677
ESS3 6,89 3,542 0,621 0,401 0,785
Anbda KpoHbaxa (ctaHaaptusosaHa): 0,816
Cronbach’s Alpha Based on Standardized ltems = 0,816
WMSH1 11,07 2,862 0,503 0,307 0,655
WMS2 11,34 2,568 0,470 0,249 0,681
WMS3 11,28 2,473 0,508 0,357 0,656
WMS4 10,95 3,004 0,585 0,411 0,629
Anbda KpoHbaxa (ctaHaaptusosaHna): 0,777
Cronbach’s Alpha Based on Standardized ltems = 0,777

Dxepeno: AHanis i3 sukopucmaHHsam SPSS 20
Source: Analysis using SPSS 20

Kputepin Baptnerra: Tect cchepuyHocTi Baptnerra
nokasaB CTaTUCTUYHO 3HadyLummn pesynbraT 3 p = 0,000.

®PakTopHi HaBaHTaxeHHs: KoediuieHTn akTop-
HUX HaBaHTaXeHb CMOCTEPEXYBAHNX 3MiHHUX
nepesuLytotsb 0,3.

MosicHeHa aucnepcia: KymynatuBHuiA BiACOTOK MNO-
sicCHeHol aucnepcii ctaHoBUTb 71,265%, WO nepesuLlye
noporose 3Ha4yeHHs y 50%.

OTtxe, pesynstatn EFA 3agoBonbHAOTL yciM Heobxia-
HUM KpuTepisam (Tabnuus 4).

IHaekc Kansepa—Mariepa—OnkiHa (KMO) — ue iHaekc,
SIKUA BUKOPUCTOBYETBLCS AN OLiHKM OOLINbHOCTI (hakTop-
Horo aHanisy. EkcnepvMeHTanbHi pesynsraTy nokasanu,
Lo 3Ha4eHHs KMO ctaHoBuTtb 0,723 (y mexaxBig 0,500 1),
L0 BiANOBIiAae AOCTaTHIN YMOBI AN 3aCTOCyBaHHS (hak-
TOpHOro aHanisy. Kpim Toro, 3Ha4eHHs iHaekcy Sig y TecTi

Bartlett’s Test: Bartlett's Test of Sphericity shows
a significant result with p=0.000p = 0.000p=0.000.

Factor Loadings: The factor loading coefficients of
observed variables are all greater than 0.3.

Variance Explained: The Cumulative Percentage of
variance extracted is 71.265%, which exceeds the 50%
threshold.

Thus, the EFA results meet all the required conditions
(Table 4).

The Kaiser-Meyer-Olkin (KMO) index is an index
used to examine the appropriateness of factor analysis.
Experimental results show that KMO is 0.723, ranging
from 0.5 to 1, meeting the sufficient condition for factor
analysis to be appropriate. In addition, the Sig index of
Bartlett’s test is 0.000 < 0.05, proving that the variables
are correlated with each other in the whole. Meeting
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Baptnetra craHoButb 0,000 < 0,05, wo niaTrsepoxye
HasiBHICTb Kopensuii Mk 3MiHHUMK B cykynHocTi. OTxe,
BMKOHYHOTbCSI BUMOTY AN NPOBEAEHHSI (haKTOPHOro aHa-
nizy. feTanbHiwe — y Tabnuui 4.

table 4 below:

Ta6nuus 4. KopoTkuii BUKNaz AOCHiAHULBLKOrO (hakTopHOro aHanisy mogeni
Table 4. Summary of exploratory factor analysis of the model

the requirements for factor analysis. Details in the

KMO Ta kputepin Baptnerra
KMO and Bartlett’s Test
|-|0K83HI/.1K BMGipKOBOI a.,D,eKBaTHOCTi Kaﬂaepg—Meﬁepa—OﬂKiHa 0723
Kaiser-Meyer-Olkin Measure of Sampling Adequacy ’
. Approx, Chi-Square 3863,866
TecT cdhepuyHoCTi BapTl"Ie'TTa of 231
Bartlett's Test of Sphericity -
Sig 0,000
MaTpuus wabnoHy?2
Pattern Matrix®
KomnoHeHT
Component
1 2 3 4 ) 6
WES3 0,910
WES4 0,872
WES2 0,850
WESH1 0,754
DLW3 0,850
DLW2 0,809
DLWA1 0,803
DLW4 0,797
SAS2 0,877
SAS4 0,796
SAS1 0,753
SAS3 0,594 0,310
SCS1 0,972
SCS2 0,831
SCS3 0,775
ESS2 0,888
ESS1 0,858
ESS3 0,752
WMS1 0,768
WMS2 0,747
WMS4 0,741
WMS3 0,704
MeToz BUAiINeHHs1 hakTopiB: aHari3 roNoBHUX KOMMOHEHT
Extraction Method: Principal Component Analysis
MeTopn obepTaHHs: Promax 3 Hopmarnisauieto 3a Kansepom
Rotation Method: Promax with Kaiser Normalization
Ob6epTaHHs 36irnocs 3a 6 itepauin a.
Rotation converged in 6 iterations/a.

Ixepeno: cmamucmuka 3a 0MOMO20t0 MpoepamMHoe20 3abesrneyeHHs SPSS 20

Source: Statistics on SPSS 20 software

AHani3 modesi JiHiliIH020 cMPYKMYPHO20 Pi8HSIHHS
(SEM). BignosigHo 0 TEOPETUYHUX 3acaf, MOAENb NOBMHHA
BiANOBIgAT! BMMOram TeCTOBMX LUKan. BumiptoBanbHa mo-
Jenb, sika 6a3yeTbcs Ha PaKTUYHUX JaHWX, MaE BiAnoBigaTu
Takum m'atn kputepism: Cmin/df, TLI, CFI, NFI, RMSEA. Pe-
3ynbTati BUNpoOyBaHb NOKa3aHo Ha PUCYHKY 2 HUXKYE:

EkcnepvMeHTanbHi pesynstati HaBefeHi Ha PUCYHKY
2. Pe3ynbraTtvi nokasytoTb: iHAeKc X2 Amos Text cTaHOBUTb
4,11, wo mMeHLwe 3a 5; ingekc TLI — 0,989, wo GinbLue 3a
0,9; ingekc CFl — 0,933, wo Takox binbLie 3a 0,9 i Habnu-
xaeTtbcs go 1; ingekc NFI — 0,918, wo nepesuwye 0,9;
i HapewTi, iHaekc RMSEA — 0,043, wo meHwe 3a 0,05.

SEM linear structure model analysis. According to
the theoretical basis, the model needs to meet the test
scales. The measurement model in accordance with the
actual data must be consistent with the five measures: (i)
Cmin/df; (ii) TLI; (i) CFI; (iv) NFI; and (v) RMSEA. The
test results are shown in Figure 2 below:

The experimental results are shown in Figure 2. The
results show that: Amos Text Chi-square index is 4.11,
less than 5; TLI index is 0.989, greater than 0.9; CFl index
is 0.933, greater than 0.9 and close to 1; NFI index is
0.918, greater than 0.9; and finally RMSEA index is 0.043,
less than 0.05. All measurement indexes meet the testing
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Puc. 2. Pe3dynbraTyt OUiHIOBaHHS perpecinHoi Mmogeni
Figure 2. Model regression estimation results

I>xepeno: cmamucmuYHi po3paxyHKu asmopie y rnpoepamHomy 3abesneyeHHi AMOS 20

Source: Statistical authors on AMOS 20 software

YCi NoKasHMKN BMMIpOBaHHSA BigNOBIgaOTbL KpUTEPISIM ne-
peBipkn. OTxXe, MoAenb, OTpMMaHa B pe3ynbraTi ekcre-
pPUMEHTarbHOro AOCNIAXEHHS, € BiONOBIOHOM.

Y Tabnuui 5 nokasaHo, WO iHTerpoBaHa MoAenb y3-
FOMKYETbCSA 3 (PakTUYHUMM AaHMMU, OCKINbKM Bignosigae
KpuUTepiam BignoBigHOCTI.

Y T1abnuui 6 nokasaHo, wo rinotean H1, H2, H3, H5
NiATBEPOKYIOTbCS, OCKINbKM KOediUiEHTM OLiHIOBaHHS

criteria. The model obtained from the experimental study
is appropriate.

Table 5 shows that the integration model is consistent
with actual data because it meets the accreditation
criteria, specifically as follows:

Table 6 shows that the assumptions H1, H2, H3,
H5 are accepted with the significance of the estimation
coefficients: p-value<=0.05; the confidence level

Tabnuua 5. OuiHka BignoBigHOCTI Moaeni
Table 5. Model Fit Assessment

Ne BumiploBaHHA Ta TecTu CumBon PecpepeHTHe 3Ha4YeHHA 3HavyeHHA moaeni
- Measurements and Tests Symbol Reference Value Model Value
1 CkopuroBaHe 3Ha4eHHsi X2 Ha cTyniHb cBoboan (Cmin/df) ()élzri?i:/ x2df<=5 411
Adjusted Chi-square per degree of freedom (Cmin/df) df) Cmin/df<=5 ’
IHaekc Takepa—Jlbtoica (Tucker—Lewis Index)
2 Tucker—Lewis Index (TLI) s TL>0,90 0,989
. - ) ) ) ) ) CFI > 0,90; yum Gnukye go 1,
3 MopiBHANBHWI iHOEKC BI,D,I'!OBI,D,I;!OCTI (Comparative Fit Index) CFI Tum kpaue / CFI > 0.90 and 0,933
Comparative Fit Index (CFI) .
closer to 1 is better
4 HopmatueHui iHgekce BignosigHocTi (Normed Fit Index) NFI NFI 6nusbknii oo 1 € ineanb- 0918
Normal Fit Index (NFI) Hum / NFI close to 1 is ideal ’
CepegHbokBagpaTnyHa noxmbka anpokcmmadii (Root Mean N
5 Square Error of Approximation) RMSEA Rl\l/'\l’f/IESAI\EZ 2‘%502 ?spzmggre”m 0,043
Root Mean Square Error of Approximation (RMSEA) ’

Dxepeno: cmamucmuka 3a doriomozoro namya AMOS 20
Source: statistics on the AMOS 20 patch
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Tabnuus 6. Peaynsratv nepesipku rinotes
Table 6. Hypothesis test results

FinoTesa Bnnus OuiHka C.E. (CtanpaptHa C.R. (KputnuHe | P-3HayeHHs BucHoBok
Hypothesis Impact Estimate nomwunka) / S.E. 3Ha4eHHs1) / C.R. P Label
H1 ESS | <--- | WES 0,156 0,042 3,692 el MpuinHaTo / Accepted
H2 ESS | < | DLW 0,059 0,045 1,33 0,0084 Mpuiisito / Accepted
H3 ESS | <--| SAS 0,321 0,052 6,181 ok Mpuitksito / Accepted
H4 ESS | <--| SCS 0,017 0,042 0,402 0,688 BioxuneHo / Rejected
H5 WMS | <--- | ESS 0,262 0,119 2,197 0,028 Mpuitksito / Accepted

M>xepeno: cmamucmuka 3a dornomozoro namya AMOS 20
Source: Statistics on AMOS 20 software

€ CTaTUCTNYHO 3Havywwmmu (p-value < 0,05); piBeHb go-
Bipy cTaHOBUTL = 95%, OTXXe, BKIIOYEHi 40 Moaeni dhak-
TOPU € CTaTUCTUYHO 3HaYyLLUMMK, a BiAnoBIAHI rinoTesn
npunmatotbes. inotesa H4 BioXnNsaeTbCs, OCKiNbKX 3Ha-
YeHHs p-value > 0,05.

EkcnepuMeHTanbHi pesynbtaT nokasyoTb, Wo dak-
TOp po6o4oro cepeaoBuULLA NO3UTMBHO BNINBAE Ha 3a-
[OBOJEHICTb NMpaUiBHMKIB OXOPOHWU 3[0POB’A 3 BUCOKMM
piBHEM CTaTUCTMYHOI 3HAYYLLOCTi, NP P-3HAYEHHI MeH-
we 0,05. Lien pesynsrat y3roaxyeTbes 3 AOCHIAKEHHAMN
astopiB [2-9, 19]. Wopgo rinote3an H2, dhaktop HaB4YaHHSA
Ta NpodecinHOro Po3BUTKY Mae MO3UTUBHUIN BNNUB Ha
3a40BOMEHICTb MpaLiBHUKIB, NPY CTAaTUCTUYHO 3HAYYLLO-
My p-3HayeHHi 0,0084, wo meHwe 0,05. Takum YmHOM,
aBTopu npwurMatoTb rinotedy H2, 3okpema, HaB4aHHS
i PO3BMTOK MO3WTUBHO BMMMBalOTb Ha 3a40BOMEHICTb
npauiBHUKIB. Pesynbrat y3romKyloTbCsl 3 OOCHIAXKEH-
HaMu aBTopiB [10, 11]. ®akTop 3apobiTHOI NnaTh Takox
Mae CyTTEBO MO3UTUBHWUIA BMIMB Ha 3a[0BOMEHICTb po-
0oTOl0, WO NigTBEPAKEHO B HALLOMY AOCHIMKEHHI. 30-
Kpema, eKcrnepuMeHTanbHi pes3yrnbTaTti MoKasykTb, Lo
3a rinoteso0 H4, daktop KynbTypu OOMIiHY 3HAHHAMU
mMae p-3HadveHHsi 0,688, wo nepesuye 0,05, Tomy rino-
Tesa H4 BigxunseTbes. IHaKwe Kkaxy4u, Kynbstypa oOMiHy
3HaHHAMW He Mae MO3WTUBHOIO BMNUBY Ha 3aJoBoOre-
HiCTb poboTo. Hemae gokasiB TOro, WO BOHA BMfvBae
Ha 3a40BONEHICTb NPaLiBHUKIB, LLO CynepeynTb pesynb-
Tatam pgocnigxeHb astopis [15, 20]. Lie € gopeyHnm ans
B’eTHamy, ockinbku, Wob craty nikapem, MeacecTporo Un
iHLMM MeanYHUM NpaLiBHUKOM, HEOOXigHO MaTh FMBOKI
N LWMPOKiI NPOdECIiVHI 3HaHHS. YCi BOHW € KOMNETEHTHUMM
NOAbMU, SKi FOTOBI AINUTUCS CBOEKD ekcnepTusoto. MNMpote
Yepes BUCOKY IHTEHCUBHICTb NpaLi Ta HagMipHe HaBaHTa-
XKEHHS Nif Yac MeauyHMX ornsaaiB i nikyBaHHA, 0cobnmeo
B noctnaHaemiyHun nepiogq COVID-19 i HewonasHi cna-
naxu 3axBoOptoBaHb, 0OMIH 3HAHHSAMMW ycKknagHeHun. Ok-
piM TSXKKMX BUMNAAKIB, TAkUX SK HEBigKnagHa gornomora,
HanpaBneHHs ToLO, NiKapi MPUAMatoTb YCixX MauiEHTIB, SKi
3BepTaTbca 40 NikapHi. Kpim Toro, icHyto4a cuctema ca-
MOCTIHOTO HaBYaHHS B MPUBATHUX NiKapHSAX € obmexe-
HOMO, LLO TaKOX He Crnpusie NiABULLEHHIO 3a40BOSIEHOCTI
npauiBHUKIB Yepes NpodecCilHi 0OMiHN.

Ha ocHOBi OTpMMaHWX pesynbraTiB aBTOpY NMPOMOHY-
I0Tb HM3KY pilleHb ANs KepiBHWKIB NpMBaTHUX MikapeHb
y B’eTHami wono moTtuBauii MeauyHux npaudiBHUKIB 40
po60TU LWNSXOM MiABMULLEHHS IXHBOI 3a40BONEHOCTI Npa-
ueto. 3anpornoHoBaHa MOTMBALiiHA MnoniTuka mae 6yTu
cnpsiMOBaHa Ha nifBULLEHHST 3a40BOSNEHOCTi NpaLiBHUKIB

is >=95%, the factors included in the model are statistically
significant and there are accepted hypotheses. Refute the
H4 hypothesis due to p-value>0.05.

The experimental results show that the Workplace
Environment factor has a positive impact on the
satisfaction of healthcare workers with a high significance
level, with a p-value of less than 0.05. This result is
consistent with the studies of [2-9, 19]. With hypothesis
H2, the factor Learning and development work has
a positive impact on employee satisfaction with statistical
significance with p-value of 0.0084 less than 0.05.
Therefore, the authors accept hypothesis H2, specifically
learning and development work has a positive impact on
employee satisfaction. The results are consistent with
the research of [10, 11]. The wage factor has a highly
meaningful positive impact on job satisfaction, consistent
with our research. In particular, the experimental results
show that, with hypothesis H4, the sharing culture factor
has atest result of-value of 0.688 greater than 0.05,
rejecting hypothesis H4, specifically, sharing culture does
not have a positive impact on job satisfaction. There is no
evidence that sharing culture has an impact on employee
satisfaction, on the contrary, the research results of [15,
20]. This is appropriate in Vietnam. Because, to become
a doctor, nurse, or medical staff, they need to acquire
a wide and deep amount of professional knowledge. They
are all good people and willing to share their expertise.
However, due to the high intensity of work, there is
an overload in medical examination and treatment.
Especially in the post-COVID-19 pandemic period and
recent outbreaks. In addition to severe cases such as
emergencies, referrals, etc., all cases of patients coming
to the hospital for examination are accepted. In addition,
the current self-training system of private hospitals is
still limited, so it has not yet promoted the satisfaction of
medical staff through professional sharing activities.

Based on the experimental results, the author
proposes solutions to help private hospital managers in
Vietnam in motivating employees to work, on the basis
of improving their job satisfaction. Proposing motivational
policies will aim to satisfy the satisfaction of health
workers, thereby connecting them to their work, so that
they are motivated to work enthusiastically, dedicatedly
and creatively. Specifically as follows:

First, improve the working environment. Managers
of hospitals need to increase the efficiency of employees,
businesses need to create a comfortable, clean and quiet
working environment. The 5S method is an effective way
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OXOPOHW 340POB’A, W06 3MILHUTK iXHi 3B’30K 3 pobo-
TOK Ta CTMMYyNOBaTK A0 BigAdaHoi, iHiLiaTMBHOI Ta TBOp-
Yol npaui. KoHKpeTHi Npono3uuii nogaHo Huxk4e:

Mo-neplie, nokpawmTu poboye cepepoBuule. Ke-
PIBHULTBO NiKapeHb Mae CTBOPUTM KOMCOPTHE, YMCTe Ta
Tuxe poboye cepenosuLle Ans NiABULLEHHSA eheKTUBHOCTI
npauiHvkiB. Meton 5S € ehekTMBHUM IHCTPYMEHTOM Ans
ynpaBniHHA Ta opraHisauii po6ovoro npoctopy. JlikapHi no-
BWHHI 3a0X04yBaTh CriBpOGITHWKIB poOUTK Nepepsu y crno-
KIMHWMX 30Hax ONs BIOHOBMEHHS CUI i MiABULLIEHHS MpoadyK-
TUBHOCTI. [pOCTe OCHALLIEHHS, TaKe siK CTiNbLii cepes 3eneHi,
CTONMUKK 3 akBapiymamu abo KiMHaTK A4S BigNOYMHKY, 4OMO-
MOXe MpaLiBHUKam po3cnabuTtncst Ta 30cepeauTmch.

Xopolue poboye cepenoBuLLEe 3anexuTb He NULLE Bif,
npoLeciB i xapaktepy poboTw, a i Bif MaTepianbHO-TEXHIY-
Horo 3abe3neyeHHs. EcteTuka poboyoro npocTopy Bigirpae
Ba)KNMBY POIb Y CTBOPEHHI KOMGOPTHOIO CepenoBuLLa.

MobynoBa «po3yMHOro ogiCy» — Le PilleHHs, sKe
CbOroAHi BNpOBaXyTb 6arato NignpuveMCTB Ansi CTBO-
PEHHSI 3pYy4YHOro, Cy4acHOro W kpeaTuBHOrO poGoyoro
npocTopy. AKICHi Ta 3py4Hi CTONK 1 Kpicna Takox cnpusi-
I0Tb KOMCPOPTHI POBOTI.

IHBECTYBaHHS y MaTepianbHO-TeXHIYHy 6asy € iHHOBa-
LifHOO ide€to Ans CTBOPEHHS MO3UTUBHOIO 1 NpuBabnu-
Boro poboyoro cepeposuiia. LLlo6 yHUKHYTU KOHMIKTIB
MiX KepiBHULITBOM i nepcoHanom, BapTo 3acTOCOBYyBaTU
pi3Hi nigxogu. 3amicTb OKyCyBaHHsi Ha KOHdrikTax, Bap-
TO LWyKaTK Cnocobu CTBOPEHHSI MO3UTUBHOI Ta APYKHbOI
aTmocdepun Ha poboTi.

lMpocTMM pilleHHAM € NpoBedeHHSA 3yCTpiden i He-
dhopmanbHMX 06roBopeHb MK MpauiBHUKaMW Ta Kepis-
HuuTBOM. Lle cnpusiTume Kpaliomy B3aeMOPO3YMiHHIO
M HanarodXeHHIo 3B’A3KiB, 3MeHLUY4N Hanpyry i oopmy-
04N MO3UTUBHI BIOHOCUHMW.

OkpiM UbOro, AOUINBHO BNPOBamXyBaTW MNiOTPUMY-
toui cepBicn — GEe3KOLLITOBHE xapyyBaHHA abo nporpamu
3a0xo4eHb Ana nigsuweHHa motumBadii. Lle cnpuatume
YTPUMaHHIO NepcoHany 1a hopMyBaHHIO APY>KHbLOIO, Mo-
3MTUBHOTO 1 MPOAYKTUBHOIO CepenoBuLLa.

3i 3amiHamu B nigxogax 4o opraHisauii npaui npauie-
HUKM BCe 4acTille BumaraiTb OanaHcy Mk poboToro
i cimenHum xuTTaMm. Tomy xopolue poboye cepeposuLle
NoBUHHO 3abe3nedyBaTy UinicHMn 6anaHc.

Mo-gpyre, po3po6uUTK Kap’epHYy AOPOXHI KapTy
ANa MeguyHUX npaudiBHukiB. MetogmyHa Ta npodecinHa
Kap’epHa cTparTeris € BKpaii HeoOXigHOW ANnst Meau4Horo
nepcoHany. Baxxnusi kpokv ans ii nobyaoBu BKIOYaOTh:
OL}iHKY MOTOYHUX KOMMETEHLiN; BUSHAYEHHST Kap €pHUX Lii-
nen; NnaHyBaHHS PO3BUTKY HABWMYOK; BU3HAYEHHS eTaniB
NiaABULLEHHS; POPMYBaHHSI MOXIIMBOCTEN AN HaBYaHHS
Ta PO3BUTKY; MPOBEAEHHS NEPIOANYHMX OLHIOBaHb; 320X0-
YEeHHs iHILiaTMBHOCTI npauiBHKMKIB; cniBnpaus 3 KepiBHUL-
TBOoM i HR; iHTerpauia 3 po3BuTKOM cTparTerii opraHisadii;
CTBOPEHHHA MOXIMBOCTEW A5 BHYTPILLHBOrO 3pOCTaHHS.

[oTpumytouncb UMX METOAIB, MOXHa cchopmyBaTu
ePeKTMBHY Kap’'epHy cTpaTerito Ans po3BUTKY BUCOKOKBA-
nicikoBaHWX KaapiB Ta 3ab6e3ne4YeHHs CTiKOro NPpoCyBaHHS.

Mo-TpeTe, CTPyKTypa onnaTtu npaui mae 6yTu Bigno-
BigHow. Mogenb 3P € gopeyHoo a5t MpaLiBHUKIB OXOPO-
HW 300POB’A Y Cy4acHWX ymoBax. BoHa nepenbavae onnaty
npaji Ha OCHOBI TPbOX KOMMOHeHTIB: Pay for Position (On-
nata 3a nocagoto); Pay for Person (Onnata 3a ocobuctumm
sikocTamm); Pay for Performance (Onnara 3a pesynsratamu).

to manage and organize workspaces. Hospitals should
encourage employees to take breaks in quiet spaces
to recharge and increase work performance. Simple
facilities such as chairs with greenery, tea tables with fish
tanks, or quiet nap rooms can be used to help employees
relax and focus.

A good work environment depends not only on factors
such as the work process, the nature of the work, but
also the facilities. The aesthetics of the facilities play
animportantrolein creating a livable working environment.

Building asmart office to create a comfortable,
modern and creative workspace is a solution applied by
many businesses today. Quality and comfortable desks
and chairs also help employees work more comfortably.

Therefore, investing in facilities is an innovative
idea in positive and livable work for employees. To
avoid confrontation between managers and employees,
businesses can adopt a variety of approaches. Instead of
focusing on conflicts and contradictions, look for ways to
create a more positive, intimate work environment.

A simple way is to create exchange activities and
conversations between employees and managers. This
helps to enhance understanding and connection between
parties, thereby reducing tension and encouraging
positive relationships.

Additionally, provide support services to employees
such as free meals or bonus programs to encourage and
motivate them. This will also help increase employee
retention and improve a friendly, positive and effective
working environment. With the change of working
methods and hours today, employees increasingly require
a balance between family life and work. Agood work
environment must ensure that employees can balance
work and family life comprehensively.

Second, build aroadmap for health workers.
A methodical and professional reputation roadmap
is really necessary for medical staff. Important steps
to build areputation roadmap: Current competency
assessment; Determine career goals; Skill development
planning; Identify promotion milestones; Building learning
and development opportunities; Conduct periodic
assessments; Encourage initiative from employees;
Coordinate with managers and human resources;
Integrate with the organization’s development strategy;
Create opportunities for internal advancement. By
following the above methods, businesses can build
a reasonable and effective reputation roadmap, helping
to develop high-quality human resources and create
conditions for sustainable promotion.

Third, the structure of the salary regime is
appropriate. The 3P salary payment solution is suitable
for health sector employees in the current period.

The 3P Compensation Model is a method of paying
salaries based on 3 factors: Pay for Position, Pay for
Person and Pay for Performance.

Employee salary is the result of acompetency
assessment based on all 3 factors above. So, the better
an employee’s performance, the higher their salary.

Four is, standardize the standards of the nursing
staff in recruitment.

Implement the development of standards and
regulations for nursing teams. These must be people who
are good at professional expertise and foreign languages.
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3apnnara npauiBHVKa BU3HAYaETLCS LUMSAXOM OLLiHIOBAHHS
KOMMETEHLIN 32 LUMMK TpbOMa Kputepismn. Yum BuLli pe-
3ynbTaTy NpaliBHKKa, TMM BULLA Oro 3apobiTHa nnara.
Mo-yeTBepTe, cTaHAApTU3yBaTM BMMOIM OO0 Men-
cectep nig yac Habopy. HeobxigHo BnpoBaguTu uiTki
CTaHAapTu Ta npasuna ang opMyBaHHA MeOCceCTpUH-
CbKMX KOMaHa. BoHu matoTb BKMOYaTU BUMOrM A0 Npo-
decinHoi kBanidgikauii Ta 3HaHHSA iHO3eMHOI MoBW. [1nsa
LbOro noTpibHo cTaHgapTudyBaTtu BiAbip yxe Ha etani
PEKPYTUHry, 3abe3neynBLUN CTPOruiA, CnpaBeannBuiA Ta
06’eKTUBHMI NiOXia, KU rapaHTye SKiCTb NepcoHany.

BUCHOBKHU

Y cratTi fgetanbHo Ta BcebiYHO NpeacTaBneHo pesyrb-
TaTn AOCNioKEHHS 3aJ40BOMIEHOCTI Ta MOTMBALii MeanyHo-
ro nepcoHany y npuBatHux nikapHsax B’eTHamy. Ha ocHoBi
LibOro 3pobreHo BUCHOBKM, LLIO MakOTb rMobanbHy LiHHICTb.
Y poboTi BU3HAYEHO YMHHUKK, SIKi BNMBAKOTbL Ha 3a00BO-
NeHICTb MpauiBHUKIB OXOPOHW 300pOB’sl, a came: poboye
cepefoBuLLe, Kap'epHa JOPOXHS KapTa Afsi KOKHOI noca-
On Ta Bumorn oo onnatu npaui. Lle Bignosigae peanism
B’eTHamy, Ae 3HayHa KiNnbKiCTb NpauiBHYKIB Mae Hamip 3a-
AMLLINTK CBOI POBOoMI MicLs came Yepes Li YNHHUKU.

HoBi pesynbratv gocnigkeHHs NokasyloTb, LWo ¢op-
MyBaHHsi edeKTMBHOIO KagpOBOro cKnagy, 34aTHoro
BMKOHYBaTV NpodeciiHi 0608’3k, 3anexuTb Big 3ago-
BOJIEHHSI IXHiX peanbHux notpeb. OTpumaHi ypoku 3 go-
CNiIKEHHS € BXXITMBMMU A1 KPAiH i3 TaKUMU XK BUKITUKA-
MW B CUCTEMi OXOPOHM 340POB’SA, 5K i y B’eTHami.

Pa3om i3 Tum, 0OMeXXeHHSIM AOCNIAXEHHS € Te, LWO He
Oyno npoBeaeHo CyTTEBOI knacudikauii npuBaTHuUX nika-
pPEeHb 3a perioHaMu YM He KOHKPETM30BAHO IXHi po3Mip,
Lo Morno 6 BNAMHYTW Ha pesynsTaTi ONUTYBaHHS.
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To do so, it is necessary to standardize right from the
selection stage towards ensuring strict, fair and objective
recruitment to ensure the quality of staff.

CONCLUSIONS

The paper has elaborately and comprehensively
presented the results of research on the satisfaction
and motivation of medical staff in private hospitals in
Vietnam. Thereby, deriving values of global significance.
The paper identified the factors that affect the satisfaction
of healthcare workers as the working environment,
the reputation roadmap for each position, and salary
requirements. This is in line with the practice in Vietnam
when alarge number of employees are intending to
leave their jobs because of the above factors. The new
findings show that the role of building a workforce to
meet the relevant jobs depends on meeting their practical
needs. Lessons learned from the model are important
for countries with developing health sectors similar to
Vietnam. However, the limitation is that the study has not
significantly classified the areas and geography of private
hospitals or clarified the hospital size for each survey.
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MepcnekTMBU NOAQABLUMX AOCAIAXKEHb
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yiTkOI knacudikauii perioHiB Ta reorpadiyHoOro posraiuy-
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Prospects for further research

The limitation is that the study has not significantly
classified the region and geography of private hospitals
or clarified the size of hospitals for each survey. Further
studies by the team will clarify these factors.
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