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PE3IOME

AkKTyanbHicTb. [10CTKOBIOHWIN CUHAPOM Y AiTel XapakTepu3yeTbCs MynbTUCUCTEMHUMM
MOPYLLUEHHSIMM Ta MOXE CyNpOBOXKYBaTUCS TPUBANO eHA0TEMIANbHOK ANCHYHKLIE,
aKTuBaLi€eto KoarynsauinHoro kackagy 1 cyokniHiYH1M kapgiansHum ctpecom. NT-proBNP
i D-gumep po3rnagalTbesa SK YYTNUBI MapKepyu cepLeBO-CYAVMHHOMO 3anyyvyeHHs nicns
SARS-CoV-2, npoTte ix B3aEMO3B'sI30K 3 rymoparbHOK iMyHHO BignoBigawo y Aiten
3anunWaeTbCcsl HEAOCTAaTHLO BUBYEHNM.

MeTta po60Tu — OLiHNTK B3aEMO3B’A30K Mix piBHem IgG no SARS-CoV-2 Ta nokasHu-
kamy D-gumepy n NT-proBNP sik nabopaTtopHMMu Mapkepamu cepLeBO-CyaANHHUX 3MiH
y AiTen 3 NOCTKOBIAHNM CUHOPOMOM.

Marepianu Ta metoau. MpoBeaeHO OQHOLIEHTPOBE BigKPUTE MPOCMNEKTUBHE KOrOPTHE
pocnigxeHHs 3a yvacTio 110 giten Bikom 5-12 pokiB: 80 nauieHTiB 3 KMiHIYHO Bepu-
hikoBaHUM MOCTKOBIAHUM cuHapomoM Ta 30 AiTelt KOHTPONbHOI rpynu 6e3 aHamHesy
SARS-CoV-2. PisHi IgG no SARS-CoV-2, NT-proBNP i D-aumepy Bu3Ha4ann MeTofom
iMmyHOobepMeHTHOro aHanidy. CTaTUCTUYHWUIA aHarni3 BKIOYaB OLHKY po3Mnoginy AaHuX,
MiXTPyroBi NOPIBHAHHSA Ta kopensuiiHui aHani3 (SPSS v.26, Statistica v.13).
Pesynbratu. Y gitent i3 NOCTKOBIOHMM CMHAPOMOM BUSIBMIEHO AOCTOBIPHO BWLL PiBHI
D-gumepy Ta NT-proBNP nopiBHsAHO 3 KOHTpOnbHOW rpynot (MegiaHa = 91 npotu
1,24 wr/mn Ta 4,95 npotn 0,45 Hr/mn BignosigHo). BcTtaHoBNEHO NOMipHWIA MO3u-
TUBHUI KOpPensuiiH1iA 3B’A30K M piBHAMKM IgG Tta D-gumepy (r = 0,55; p < 0,001),
Todi fK CTaTUCTUYHO 3HadyLloi acouiauii mix IgG Ta NT-proBNP He BusiBneHo. Mix
NT-proBNP Ta D-gnmepom ifgeHTUdIKOBaHO AyXe CUMbHUI NO3UTUBHUIN KOPENSaLUiiHNA
3B’A30K (r = 0,88; p < 0,001). CtateBux BigMIHHOCTEN 3a >XOOHUM i3 OOCNIAKYBaHUX
MapKepiB He BCTaHOBIEHO.

BucHoBku. lNoeaHaHe nigsuweHHsa D-gumepy ta NT-proBNP i ix cunbHa B3aemosanex-
HIiCTb BigoOpaxatoTb €anHUIN NaTogI3IoNOoriYyHWIN Kackag eHaoTenianbHoOi AncdyHKuii
Ta KapAianbHOro CTpecy y AiTei 3 NOCTKOBIAHMM CMHOPOMOM, ToAi sik IgG acouitoeTbes
nepeBaXHO 3 KoarynsauinHUMn 3aMiHamMu.

JlamueBa O.B., Hepenbcbka C.M. Kopensuis Mix iMyHHOW BigMOBigA0 Ta KapgioBacKynsipHUMK - 3MiHamu

y naiten nicna SARS-CoV-2:

3HaveHHs IgG, NT-proBNP Tta D-gumepy. BicHuk Xapkigcbko2o Hauyio-

HanbHo2o yHisepcumemy imeHi B.H. Kapasina. Cepis Meduyurna. 2026. T. 34. Ne 1(58). C. 7-22. DOI:
https://doi.org/10.26565/2313-6693-2026-58-01
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ABSTRACT

Background. Post-COVID syndrome in children is characterized by a multisystem
course and may be accompanied by persistent cardiovascular involvement. Alterations
in markers of endothelial activation, coagulation, and cardiac stress, particularly
NT-proBNP and D-dimer, may reflect subclinical cardiovascular damage following
SARS-CoV-2 infection. However, the relationship between these markers and humoral
immune response in pediatric patients remains insufficiently studied.

Purpose - to assess the association between IgG levels to SARS-CoV-2 and D-dimer
and NT-proBNP concentrations as laboratory markers of cardiovascular involvement
in children with post-COVID syndrome.

Materials and Methods. A single-center open prospective cohort study included
110 children aged 5-12 years. The main group consisted of 80 patients with clinically
verified post-COVID syndrome, while 30 children without a history of SARS-CoV-2 infection
formed the control group. Serum levels of IgG to SARS-CoV-2, NT-proBNP, and D-dimer
were measured using enzyme-linked immunosorbent assay. Statistical analysis included
intergroup comparisons and correlation analysis (SPSS v.26, Statistica v.13).

Results. Children with post-COVID syndrome demonstrated significantly higher levels
of D-dimer and NT-proBNP compared with controls (median = 91 vs 1.24 ng/mL and
4.95 vs 0.45 ng/mL, respectively). A moderate positive correlation was found between
IgG and D-dimer (r = 0.55; p < 0.001), while no significant association was observed
between IgG and NT-proBNP. A very strong positive correlation was identified between
NT-proBNP and D-dimer (r = 0.88; p < 0.001). No sex-related differences were detected
for any of the studied markers.

Conclusions. The combined elevation of D-dimer and NT-proBNP and their strong
association reflect a unified pathophysiological cascade of endothelial dysfunction and
subclinical cardiac stress in children with post-COVID syndrome, whereas IgG levels are
primarily associated with coagulation abnormalities.

Liamtseva OV, Nedelska SM. Correlation between immune response and cardiovascular alterations in children
after SARS-CoV-2 Infection: the role of IgG, NT-proBNP, and D-Dimer. The Journal of V.N. Karazin Kharkiv National
University. Series Medicine. 2026;34(1(58)):7-22. DOI: https://doi.org/10.26565/2313-6693-2026-58-01

BCTYN

SARS-CoV-2 iHdekuUiss, nonpy nepeBaxHO merkui
nepebir y AiTen, acouiloeTbCA 3 PU3MKOM PO3BUTKY
TpUBanux MOCTIHEKLiINHNX 3MiH, BiAOMMX K nocTko-  of
BigHi [1, 2, 3]. 3a gaHMMK MeTaaHani3iB Ta NoNyNALIMHNX
ornsgie, 15-40% Aaiten nicns roctpoi dasn iHdekuii
NPOOOBXYOThb Big4yBaTU CUMMTOMM, IO 30epiraloTbes
noHag 4—12 TVXHIB i XapakTepusyrTbCa MyNbTUCUCTEM-
HICTIO MPOSIBIB: acTeHi€l0, roNoBHMM Oonem, Taxikapaieto,
3HWKEHHSIM TONEePaHTHOCTI A0 (hi3NYHOro HaBaHTAXXEHHS,
po3nagamun CHy N KOTHITUBHUMUW nopyLueHHamu [3, 4, 5].
YactuHa AdiTerd AEeMOHCTpye NposiBW, WO HaragylTb
NOCTBIPYCHUI CUHAPOM, TOAj 5K iHLWi MaloTb O3HaKW Kapai-
anbHUX, CyOVHHMX abo MIKpPOLMPKYNATOPHUX po3nagis,
HexapaKTePHUX ANS KNacUYHOI peKOHBanecLeHLii.

[MaToreHe3 NOCTKOBIAHOIO CUHAPOMY Yy AiTEN PO3rns-
JaeTbCsl AK GaraToakTopHWI Mpouec, Lo BKIYaE
eHpoTenianbHy AUCKYHKLtO,
NOpYLUEHHST MIKPOLMPKYNALUIT Ta TpuBany HU3bKOpIiBHEBY
akTuBauito 3ananeHHs [6, 7, 8, 9]. ImyHonorivyHi mexa-
Hi3Mn SARS-CoV-2 cnpuyunHsioTb OUCPErynsuio LuTo-
KIHOBOrO Mpodinto, akTMBaLilo KoarynsuinHux Kackagis
Ta 3MiHW Y OYHKLIOHYBaHHI €HAOTENIt0, O NiATBEPAXEHO
Yy YUCMEHHUX eKCnepuMEeHTanbHUX | KMiHIYHUX [ocni-
mkeHHax [10, 13, 14, 15]. MaTtomopdonoriyHi cnocrte-
PEXEHHS BKa3yloTb Ha YpaXeHHs CyaMHHOro pycna,
MiKpoTpomMb03u Ta eHpoTenianbHy AMCHYHKLiI0 HaBiTb
npn nerkomy nepebiry COVID-19 [15, 16], wo moxe
NOSICHIOBaTV TpUBAny rinepkoarynsuito Ta 3aMiHM CyAUHHOT
PeakTUBHOCTI Y YaCTUHU NaUEHTIB AUTAYOrO BIKY.

iIMyHHY MepcucTeHLito,

INTRODUCTION

SARS-CoV-2 infection, despite its predominantly
mild course in children, is associated with the risk
developing persistent post-infectious changes
collectively referred to as post-COVID syndrome [1, 2, 3].
According to meta-analyses and population-based
reviews, 15-40% of children continue to experience
symptoms beyond 4-12 weeks after the acute phase
of infection. These manifestations are characterized
by multisystem involvement and include fatigue,
headache, tachycardia, reduced exercise tolerance,
sleep disturbances, and cognitive impairment [3, 4, 5].
Some children present with features resembling a post-
viral syndrome, whereas others exhibit signs of cardiac,
vascular, or microcirculatory dysfunction that are not
typical of classical convalescence.

The pathogenesis of post-COVID syndrome in children
is considered multifactorial, involving immune persistence,
endothelial dysfunction, microcirculatory disturbances,
and sustained low-grade inflammatory activation [6, 7, 8, 9].
The immunological effects of SARS-CoV-2 contribute
to cytokine profile dysregulation, activation of coagulation
cascades, and alterations in endothelial function,
as demonstrated in numerous experimental and clinical
studies [10, 13, 14, 15]. Pathomorphological observations
indicate  vascular  involvement, microthrombosis,
and endothelial dysfunction even in cases of mild
COVID-19 [15, 16], which may explain the persistence
of hypercoagulability and altered vascular reactivity
in a subset of pediatric patients.
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CyavHHI Ta KoarynsuinHi NOpyLUEHHS CTaHOBMATb
BaXNMBY CKnagoBy MOCTKOBiAHOro kackagy. [liosu-
WweHun piBeHb D-gvmepy onuMcaHO $§IK 4acTy O3HaKy
COVID-19 — acoujoBaHoi koarynonarii y giTel, a B Okpe-
MUX JOCTIIKEHHAX BUSIBITEHO OT0 NEPCUCTEHLLiKO MPOTArOM
Kinbkox MmicauiB nicns iHdpekuii. Lle Bignosigae koHuenuii
SARS-CoV-2 — iHgykoBaHoOi eHpoTenionartii, ska cynpo-
BOOXKYETBCS MOPYLUEHHAM MIKpOLMPKYnsAUil Ta TpuBanum
GibpuHoniTMyHMM gucbanaHcom [7, 11, 12, 13].

Okpemy yBary npuvBepTarTb CEpLEBO-CYAUHHI 3MiHU
y giten nicna SARS-CoV-2. [JoBegeHo, WO HaBiTb
3a BiACYTHOCTi MaHiheCTHOro MynbTUCUCTEMHOTO 3anarib-
Horo cuHgpomy (M3C) abo multisystem inflammatory
syndrome (MIS-C) moxyTb peecTpyBaTuCs NiABULLEHI
piBHi NT-proBNP, amiHn npoBigHOCTi iMnynbCiB Big CUHY-
COBOIO BYy351a, 3HWKEHHS NOKa3HMKIB AiacToniYHOI yHKLIT
abo TPaH3UTOPHI MOPYLIEHHS CUCTOSMIYHOI  (PyHKLUT
miokapga [17, 18, 19, 20, 31]. MigBuweHHA HaTpiny-
pPEeETUYHMX NEenTUAIB y LbOMY KOHTEKCTi pO3rnsgaeTbes
SIK Mapkep cyOkniHiYHOro KapgiansHoro cTpecy, noe’s3a-
HOro 3 eHAoTeNianbHOW ANCAYHKLIE, MikpOTpOMbO3amu
abo 3ananbHMMK 3mMiHamK B cepueBomMy M'a3i [18, 20].

Baxnueo, WO HasiBHi AaHi, BKIOYHO 3 YKPaiHCbKMMU
OOCTiIKEHHAMN, NiATBEPAXYIOTb: Yy AiTe 3 MNOCTKO-
BiOHUM CMHOPOMOM riabopaTtopHi 3MiHM MOXyTb 36epi-
ratmcst Npyu MiHiManbHUXx abo HecneumndivyHNX KIiHIYHNX
ckaprax [27, 28, 29]. Lle nigkpecntoe HeobXigHiCTb gocni-
PKeHHs nabopaTopHux OioMapkepiB Sk iHCTPyMEHTIB
PaHHbOro BUSBMEHHS CYOKMNiHIYHMX MOPYLUEHb.

Monpwn 3pocTatoydy KinbKiCTb poBIT, NUTaAHHA CniBBIA-
HOLLEHHS MK iIMYHHOK BigNOBIAA4, KoarynauinHUMu
3MiHaMu Ta kapgianbHuMK Giomapkepamu B AiTel 3anu-
LWATbCA HEeAOCTaTHbO BMBYEHUMW. 30Kpema, mnpak-
TUYHO BIACYTHI KOMMNMEKCHI negiaTpuydHi AOCRIAXEHHS,
sKi 6 ogHoyacHo ouiHoBanu piBHi IgG no SARS-CoV-2,
D-gnmepy Ta NT-proBNP gns Bu3HaveHHs iX B3aemo-
3B’A3KYy Ta MOTEHLiMHOI NaTogisionoriYyHoi ocCi «iMyHHa
nepcucTeHuis — eHgoTenianbHa OUCKHYHKUIA — Kapgi-
anbHUN CTpec».

MeTa po60TM — OLHUTN B3AEMO3B’A30K MiX piBHEM
IgG no SARS-Cov-2 Ta piBHem D-gimepy Ta NT-proBNP
AK  cneumdivHMMKM  Mapkepamu  ypaXKeHHsi cepLeBo-
CYAVHHOI cUCTEMU Yy AiTer 3 NOCTKOBIAHUM CUHOPOMOM.

MATEPIAAU TA METOAU AOCAIAXEHHSA

3rigHo 3 An3aHoOM, JOCHiMKEHHSI BUKOHAHO SIK OQHO-
LEHTPOBE MNPOCMNEKTUBHE KOFOPTHE  CrOCTEPEXEHHS
Ha 6a3i KomyHanbHOro HekoMepLiHOro nignpuemcraa
«Micbka gutada nikapHs Ne 5» 3anopisbkoi Micbkoi pagu.

o Bubipkn yBiMwno 110 nauieHTiB, skux Oyno
po3nogineHo Ha [ABi rpynu 3anexHo Big piBHA 1gG
0o SARS-CoV-2: rpyna 1 — nauieHTu 3 MOCTKOBIAHWM
cvHapomowm; rpyna 2 (koHTpornbHa) — 30 nauieHTis, siKi
He Manu NoCTKOBIZAHOTO CUHAPOMY.

KpuTtepismu gnsa BkntodeHHs Oynu: Bik Big 5 Oo
12 pokiB; nigTBepmkeHni cuHapom nicnss COVID-19 nig
yac rocnitanisauii 4o KoMyHanbHOro HekomepuilnHOro
nignpuemctea «Micbka gutava nikapHs Ne 5» 3ano-
Pi3bKOI MICbKOi pagm, L0 BUHUKAE MK 4 i 12 TMXKHAMU
nicna  3agokymeHtoBaHoi  iHdekuii  SARS-CoV-2,
NiATBEPAKEHOT MOMiMepasHO NaHLroBo peakuieto

Vascular and coagulation abnormalities constitute
a key component of the post-COVID cascade. Elevated
D-dimer levels have been described as a common feature
of COVID-19 — associated coagulopathy in children, and
several studies have reported their persistence for months
following the acute infection. These findings are consistent
with the concept of SARS-CoV-2 —induced endotheliopathy,
characterized by microcirculatory impairment and sustained
fibrinolytic imbalance [7, 11, 12, 13].

Particular attention has been drawn to cardiovascular
alterations in children after SARS-CoV-2 infection.
Evidence indicates that even in the absence of clinically
manifest multisystem inflammatory syndrome (MIS-C),
elevated NT-proBNP levels, abnormalities in sinoatrial
impulse  conduction, reduced diastolic function
parameters, or transient impairment of myocardial systolic
function may be detected [17, 18, 19, 20, 31]. In this
context, increased natriuretic peptide levels are regarded
as markers of subclinical cardiac stress associated with
endothelial dysfunction, microthrombosis, or inflammatory
changes within the myocardium [18, 20].

Importantly, available evidence, including data
from Ukrainian studies, indicates that laboratory
abnormalities may persist in children with post-COVID
syndrome despite minimal or nonspecific clinical
complaints [27, 28, 29]. This underscores the importance
of investigating laboratory biomarkers as tools for the
early detection of subclinical dysfunction.

Despite the growing body of literature, the relationship
between immune response, coagulation abnormalities,
and cardiac biomarkers in children remains insufficiently
explored. In particular, there is a marked lack
of comprehensive pediatric studies that simultaneously
assess IgG antibodies to SARS-CoV-2, D-dimer, and
NT-proBNP in order to determine their interrelationships
and to evaluate the potential pathophysiological axis of
«immune persistence — endothelial dysfunction — cardiac
stress».

Objective — was to assess the relationship between
IgG levels to SARS-CoV-2 and the concentrations
of D-dimer and NT-proBNP as specific biomarkers
of cardiovascular system involvement in children with
post-COVID syndrome.

MATERIALS AND METHODS OF RESEARCH

According to the study design, the investigation was
conducted as a single-center prospective cohort study
at the Municipal Non-Profit Enterprise «City Children’s
Hospital No. 5» of the Zaporizhzhia City Council.

A total of 110 patients were included in the study and
were divided into two groups based on their IgG levels
to SARS-CoV-2: Group 1 consisted of patients with post-
COVID syndrome; Group 2 (control group) comprised
30 patients without post-COVID syndrome.

The inclusion criteria were as follows: age between
5 and 12 years; confirmed post-COVID syndrome during
hospitalization at the Municipal Non-Profit Enterprise
«City Children’s Hospital No 5» of the Zaporizhzhia
City Council, developing between 4 and 12 weeks
after documented SARS-CoV-2 infection confirmed
by polymerase chainreaction (PCR)during the acute phase
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(MNP) y nepioa roctporo 3axsoptoBaHHss Ha COVID-19
3a ocTaHHi 4-12 TwxHiB abo HasBHicTio aHTuUTIn IgG
po S-6inka SARS-CoV-2 BignoBigHO [0 cTaHgapTty
World Health Organization (WHO), a came pesynbratiB
KiNbKiCHOro TecTy B nmepepaxyHky Ha BAU/mn (Binding
Antibody Unit); Ta HapaHHA iHopmoBaHOi 3rogu
Ha yvacTb y gocnigkeHHi. [itn, ski yBiilWNM OO0 OCHO-
BHOI rpynu, Gynu rocnitaniaoBaHi 3 IMXOMaHKO, CUMI-
TOMaMM iHTOKCUKALIT Ta YpaKeHHsIM OpraHiB Ta cuctem
3 pi3HMM CTyneHeM TsbkkocTi. MNepebyBaHHA giten Oyrno
Ha 0asi BiaaineHHs aHecTesionorii, iHTeHCUBHOI Tepanii
Ta xpoHiyHoro gianidy (BAIT ta X[1), negiatpnyHoro Biaai-
neHHsa Ne 1 Ta negiatpuyHoro BigaineHHsa Ne 2.

[o KpuTepiiB BUKMOYEHHSA Hanexanu: BiK OUTUHKU
< 5 abo > 12 pokiB; AEKOMMEHCOBaHI XPOHIiYHi 3aXBOpHo-
BaHHS, BigMoBa 0aTbKiB Bif y4acTi y 4OCMIOKEHH.

YciMm yyacHukam npoBOAUNM KMiHIYHE OMNUTYBaHHS,
306ip aHamHe3y, BUMIPIOBaHHS 4acTOTU CepLeBuX CKOpO-
YeHb Ta apTepianbHOrO TUCKY, a TaKOX peecTpyBanu
enekTpokapgiorpamy Ans BUSIBNEHHS MOPYLUEHb PUTMY
Ta nposigHocTi. JlabopaTopHi OOCNimXEHHS BKMYanm
BM3Ha4eHHs piBHIB IgG o S- 6inka SARS-CoV-2 metogom
iMyHocbepmeHTHOro aHanidy (BAU/mr), OUiHKY KOHUEH-
Tpauii D-gumepy (Hr/mn) (VioVendor. Human D-dimer
ELISA, Czech Republic. Elabscience) metogom ELISA,
a Takox BusHadeHHs NT-proBNP (Human NT-proBNP
(N-Terminal Pro Brain Natriuretic Peptide), ELISA Kit,
USA) metogom ELISA (Hr/mn). [ocnigxeHHs BUKOHaHO
3 BUKOPWCTaHHAM anapara NOBHOMMALLKOBOrO iMyHodep-
MEHTHOro aHanisatopa Sirio-S (Seac, Italy).

CraTtucTnyHy o6pobKy BUKOHYBanm 3 BUKOPUCTAHHAM
SPSS v.26, Statistica v.13 Ta MOBHOro cepegosuLia
Python. HopmaneHicTb po3noginy nepesipsanu 3a kpute-
piem Lanipo—Yinka, npyu ubOMy BCi OCHOBHi MOKa3HMKK
Manu HeHopmarnbHWIA PO3MOAIM, WO 3yMOBMWIIO 3aCTOCY-
BaHHA HenapameTpuyHWX MeTogiB aHanidy. [ns nopis-
HSHHS rpyn BMKOpPUCTOBYBanu Kputepin MaHHa—BiTHI
Ta t- kpuTepin Benkbya B pasi HepiBHOCTI gncnepcin. Kope-
NAUiHI 3B’3KM OLiHIOBanu 3a koediuieHToMm MipcoHa abo
CnipMeHa, 3anexHo Bif XapakTepy posnoginy; gopat-
KOBO OyayBanu NiHilHy perpecito Ta BignoBigHi rpadiyHi
Bidyanisauii. Yci pesynsratu npeacTtaBneHo y BuUrmsAgi
MefiaH, MKKBapTUIbHUX iHTepBaniB, CepeaHix 3Ha4YeHb
Ta CTaH4apTHUX BiAXWUMNEHb BiANOBIAHO 4O BUMOr cTaTuc-
TUYHOrO oopMreHHs. PiBeHb CTaTUCTUYHOI 3Hauy-
wocTi BcTaHoBmnoBanu sk p < 0,05. MpadivHi maTepianu
(rictorpamu, box-plot, KopensauinHi giarpamu Ta Tennosi
kapTu) ctBopeHo y Python i3 BukopucTaHHsam Gibniotek
matplotlib i seaborn.

PE3YABTATU

Y pocnigpkeHHs Oyno BkroveHo 110 giter Bikowm
5-12 pokiB, 3 Aknx 80 nauieHTiB CTAHOBUNN OCHOBHY rpyny
3 KMiHIYHO BCTAQHOBMEHUM MOCTKOBIAHUM CUHOPOMOM,
a 30 piten 6e3 aHamHesa wopo SARS-CoV-2 iHdekuil
Ha MOMEHT JOCHIAKEHHS YBIALWNN A0 KOHTPOSLHOI Fpynu.
Cepeq aiten ocHoBHOI rpynun 6yno 37 xnonyukis (46,3%)
Ta 43 piBunHkM (53,7%). OuiHoBanu Tpu kno4voBi nabo-
paTopHi Mapkepu nMocTkoBigHoro ctaHy: IgG go S-6inka
SARS-CoV-2, NT- proBNP ta D-gumep. [Insa Bcix nokas-
HWKIB SIK B OCHOBHIIN rpyni, Tak i B ctaTeBux nigrpynax
OCHOBHOI Tpynu, po3nogin 3HayeHb BiOPI3HABCA Bif

of COVID-19 within the preceding 4-12 weeks, or the
presence of IgG antibodies to the SARS-CoV-2 S-protein
in accordance with World Health Organization (WHO)
standards, specifically quantitative test results expressed
in BAU/mL (Binding Antibody Units); and provision
of informed consent for participation in the study.

Children included in the main group were hospitalized
with fever, symptoms of intoxication, and multisystem
involvement of varying severity. Hospitalization occurred
in the Department of Anesthesiology, Intensive Care and
Chronic Dialysis, as well as in Pediatric Department No. 1
and Pediatric Department No 2.

The exclusion criteria were age < 5 or > 12 years;
decompensated chronic diseases; and refusal of parental
consent for participation in the study.

All participants underwent a clinical interview, medical
history assessment, measurement of heart rate and blood
pressure, and electrocardiographic recording to detect
rhythm and conduction abnormalities.

Laboratory investigations included determination
of IgG antibodies to the SARS-CoV-2 S-protein using
an enzyme-linked immunosorbent assay (ELISA),
with results expressed in BAU/mL; measurement
of D-dimer levels (ng/mL) using ELISA (VioVendor
Human D-dimer ELISA, Czech Republic; Elabscience);
and assessment of NT-proBNP concentrations (Human
NT-proBNP [N-Terminal Pro Brain Natriuretic Peptide]
ELISA Kit, USA) by ELISA (ng/mL).

All assays were performed using the Sirio-S full-plate
immunoassay analyzer (Seac, ltaly).

Statistical analysis was performed using SPSS
version 26, Statistica version 13, and the Python
programming environment. Normality of distribution
was assessed using the Shapiro-Wilk test; as the
main variables demonstrated non-normal distributions,
nonparametric methods were applied. Group comparisons
were conducted using the Mann-Whitney U test and
Welch’s t-test in cases of unequal variances. Correlation
analyses were performed using Pearson’s or Spearman’s
correlation coefficients, depending on data distribution.
Linear regression models and corresponding graphical
visualizations were additionally constructed. Results are
presented as medians with interquartile ranges, as well
as means with standard deviations, in accordance with
statistical reporting standards. Statistical significance
was defined as p < 0.05. Graphical representations
(histograms, box plots, correlation scatter plots, and
heatmaps) were generated in Python using the matplotlib
and seaborn libraries.

RESULTS

A total of 110 children aged 5-12 years were included
inthe study. Ofthese, 80 patients comprised the main group
with clinically established post-COVID syndrome, while
30 children without a history of SARS-CoV-2 infection
at the time of assessment were assigned to the control
group. Among the children in the main group, there
were 37 boys (46.3%) and 43 girls (53.7%). Three key
laboratory markers of the post-COVID condition were
evaluated: 1gG antibodies to the SARS-CoV-2 S-protein,
NT-proBNP, and D-dimer. For all parameters, both in the
main group and in the sex-based subgroups of the main
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HopManbHoro (p < 0,001 3a Tectom Lanipo-Yinka), Tomy
NP1 NOPIBHSHHSIX BUKOPUCTOBYBANM NEPEBAXHO KPUTEPIN
MaHHa-BiTHi, JonoBHeHuN t-TecTom Bernbua.

KniHiyHa KapTMHa NOCTKOBIgHOMO CUHAPOMY Yy AiTen
5-12 poki., siKi yBIMILLNM 4O OCHOBHOI rpynu, Mana Myrib-
TUCUCTEMHUI XapakTep | XapakTepudyBanacsi nepea-
XaHHAM aCTeHiYHUX, HelpoBereTaTMBHMX Ta 3anarbHuX
cumnTomiB. HanuacTiwummn ckapramy 6ynu 3aranbHa
cnabkicTb, ska Bia3Hadvanacs y 91,3% naujieHTis, Ta nuxo-
MaHka — y 96,3% paiten, Wo cBiguMTb Npo 36epexeHHs
CMCTEMHOI 3ananbHOi peakuii y BiAHOBHOMY nepiogi nicns
SARS-CoV-2-iHdekuii.

3 6oky HepBOoBOI cuctemy y OGinbLIOCTI NauieHTiB
OCHOBHOI rpynu peecTpyBanuncs nopyLueHHs cHy (72,5%)
Ta 3HWXKEHHS KOHUeHTpauii yBaru (63,8%), a ronosHui
6inb cnocTepirasca y 57,5% giten. Lli cumntomn Hepigko
noegHyBanucst Mk coboto Ta Manu TpuBanuin nepeoir,
O BKa3ye Ha 3anyyeHHs LEHTpanbHUX PerynsaTopHux
mexaHiamie. Cepef pecnipaTopHMX MPOSBIB Y 3HAYHOI
YacTuHuM diTen Bia3HadvaBcs kawernb Yy 55,0%, a BiguyTTs
yTpyaHeHoro amxaHHs —y 61,3% nauieHTiB. MacTpoiHTec-
TUHanbHI cuMATOMK ByNKn NpeacTaBneHi abaomiHanbHUM
bonem (68,8%) Ta HygoTot (46,3%), WO NiATBEPOKYE
MYNBLTUCUCTEMHICTb NMOCTKOBIQHOMO CUHOPOMY.

Y GinbLUOCTi AiTen cnocTepiranocs NOEAHaHHSA TPbOX
i BinbLue KNiHIYHMX CUMNTOMIB, L0 dbOpMyBarno nonicumn-
TOMHMI nepebir nocTkoBigHOro cuHapomy. BusBneHa
KniHiYHa KapTMHa CTBOPOE NiAr'pYHTA ANng iHTepnpertadii
BMSIBNIEHUX 3MiH nabopaTtopHux MapkepiB Ta nopanb-
LLIOrO aHarisy ixHix B3aEMO3B’'A3KiB 3 iIMyHHUMU 11 KapAio-
BaCKyMSAPHUMY NOKa3HUKaMU.

B ocHoBHil rpyni piBHi IgG go SARS-CoV-2 xapakTe-
pu3yBanucs 3Ha4Hol BapiabenbHicTio Ta Bigobpaxanu
nepeHeceHy iHdekuilo 1 opMyBaHHA rymMoparbHOl
Bignos.igi. Mpwu ananisi 3a ctarTio piBHi IgG BGynu nopid-
HUMW Y XnonyukiB i giB4atok. CepegHe 3Ha4YEHHA CTaHO-
Buno 6,95 BAU/Mn y xnonuukis i 6,72 BAU/mn y giB4aTtok,
megiaHn — 8,64 ta 8,95 BAU/mn BignosigHo, MixkBap-
TUNbHI AianasoHn — 5,70-9,27 Tta 3,14-9,29 BAU/mn.
3a kputepieM MaHHa—BiTHIi CTaTUCTUYHO 3HAYYLUMX
BiAMiHHOCTeW He BusABMneHo (p = 0,87); pesynbratu t-tecty
Benbua 6ynu yarogxeHnmu (p = 0,79), Wwo cBig4mTb Npo
BiACYTHICTb CTaTeBOro AMMopai3amy rymoparnbsHoi Bigno-
Biai y OiTen nepegnybepraTHOro BiKY.

Y koHTponbHin rpyni (n = 30), wWo Bknoyana fiten
6e3 nigTBepaxkeHoi SARS-CoV-2 iHdekuii, piBeHb
IgG po SARS-CoV-2 3anuvuaBcs HU3bKMM Ta OAHO-
pioHum. CepeaHe 3HayeHHs ctaHoBuno 0,426 BAU/mn,
megiaHa — 0,394 BAU/mn, gianasoH — 0,071-0,854 BAU/mn,
wo Bignoeigae MiHiMansHUM (OOHOBUM TUTpaM, Xapak-
TEPHUM [Ana cepoHeraTMBHOi nonynsuii. CtaHgapTHe
BioxuneHHss cknagano 0,227 BAU/mMn. 3a kputepiem
Wanipo—Yinka p = 0,051, wo BKasye Ha po3nogin,
6nn3bKn O HOPMarbHOTO.

PiseHb D-gnmepy y Aiten OCHOBHOI rpynu, ski nepe-
Hecnu SARS-CoV-2 Ta mManu KniHiYHi O3HaKW MOCTKO-
BIJHOTO CUHAPOMY, XapakTepuayBaBCH 3HAYHOK MiXiH-
OuBigyanbHo BapiabenbHicTio. 3HayYeHHs KonmBanucs
B Mexax 1,24—-160,0 Hr/mn 3 BUpaxxeHow npaBobiYHO
acMMeTpIielo  po3nodiny Ta HasIBHICTIO  MOOAMHOKMUX
BUCOKMNX 3Ha4yeHb noHag 100 Hr/mn.

Mepiana ctaHoBuna 6nmsbko 91 Hr/mMn, WO CBIiAYUTL
npo nigBuLWeEHUN piBeHb D-gumepy y 3Ha4yHOI 4acTuHU

cohort, the distribution of values deviated from normality
(p <0.001 according to the Shapiro—Wilk test). Accordingly,
group comparisons were primarily performed using the
Mann—Whitney U test, supplemented by Welch'’s t-test.

The clinical presentation of post-COVID syndrome
in children aged 5-12 years in the main group was
multisystemic in nature and characterized predominantly
by asthenic, neurovegetative, and inflammatory
symptoms. The most common complaints were general
weakness, reported in 91.3% of patients, and fever,
observed in 96.3% of children, indicating persistence
of a systemic inflammatory response during the
convalescent period following SARS-CoV-2 infection.

Neurological manifestations were common among
patients in the main group. Sleep disturbances were
reported in 72.5% of children, impaired concentration
in 63.8%, and headache in 57.5%. These symptoms
frequently co-occurred and tended to persist over time,
suggesting involvement of central regulatory mechanisms.

Respiratory symptoms were also prevalent: cough was
observed in 55.0% of children, and shortness of breath
in 61.3% of patients. Gastrointestinal manifestations
included abdominal pain in 68.8% and nausea in 46.3%,
further supporting the multisystem nature of post-COVID
syndrome.

In the majority of cases, three or more clinical
symptoms were present simultaneously, resulting
in a polysymptomatic course of the condition. This
clinical profile provides a framework for interpreting the
observed laboratory alterations and for further analysis
of their associations with immune and cardiovascular
parameters.

In the main group, IgG levels
to SARS-CoV-2 demonstrated considerable variability,
reflecting prior infection and the development of a humoral
immune response. Sex-based analysis showed
comparable IgG levels in boys and girls. The mean values
were 6.95 BAU/mL in boys and 6.72 BAU/mL in girls; the
median values were 8.64 and 8.95 BAU/mL, respectively,
with interquartile ranges of 5.70-9.27 BAU/mL in boys
and 3.14-9.29 BAU/mL in girls. No statistically significant
differences were identified using the Mann—Whitney U test
(p = 0.87), and the results were consistent with Welch’s
t-test (p = 0.79), indicating the absence of sex-related
differences in the humoral immune response among
prepubertal children.

In the control group (n = 30), which included children
without confirmed SARS-CoV-2 infection, 1gG levels
remained low and relatively homogeneous. The mean
value was 0.426 BAU/mL, the median was 0.394 BAU/mL,
and the range was 0.071-0.854 BAU/mL, corresponding
to minimal background titers typical of a seronegative
population. The standard deviation was 0.227 BAU/mL.
According to the Shapiro-Wilk test (p = 0.051), the
distribution in the control group was close to normal.

D-dimer levels in children of the main group who had
recovered from SARS-CoV-2 infection and presented with
clinical manifestations of post-COVID-19 syndrome were
characterized by marked interindividual variability. The
values ranged from 1.24 to 160.0 ng/mL, with pronounced
right-skewness and the presence of isolated elevated
measurements exceeding 100 ng/mL.
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nauieHTiB, BOAHOYAC y YacTWHW LiTel peecTpyBanucs
HM3bKi 3Ha4eHHs (1-10 Hr/Mn), siki MOXyTb Bigobpaxartu
Pi3HMI CTYNiHb akTMBaUii KoarynsuiHoro kackagy abo
reTepOoreHHICTb NOCTKOBIAHOIO CTaHy.

licTorpama posnoginy D-aumepy (puc. 1) AemMoHcTpye
aCUMETPUYHNIA OAHOBEPLUMHHWIA PO3MOAiN 3 OCHOBHOM
KOHLIEHTpaLiel0 3HayYeHb Y HWXHbO-CepeaHboMYy Aiana-
30Hi Ta AOBrMM NpaBoBIiYHUM «XBOCTOM», chopMoBaHUM
NMOOAVMHOKUMW BUCOKMMMW MOKa3HMKamu, Wo Bigobpaxae
reTeporeHHIiCTb KoarynsauiiHoi Bignosigi y giten i3 noct-
KOBiZAHUM CYHLPOMOM.
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The median D-dimer level was approximately
91 ng/mL, indicating elevated concentrations
in a substantial proportion of patients. At the same
time, a subset of children demonstrated low values
(1-10 ng/mL), which may reflect varying degrees
of coagulation cascade activation or heterogeneity of the
post-COVID condition.

The histogram of D-dimer distribution (Fig. 1)
demonstrates an asymmetric unimodal pattern, with the
majority of values concentrated in the lower-to-middle
range and a long right-sided tail formed by isolated
high measurements. This distribution reflects the
heterogeneity of the coagulation response in children with
post-COVID-19 syndrome.

o
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Puc. 1. lictorpama posnoginy D-gumepy y nauieHTiB OCHOBHOI rpynu
Fig. 1. Histogram of D-dimer distribution of patients in the main group

Box-plot (puc. 2) Bipobpaxae LIMPOKMIA MiKKBap-
TUMbHUIA PO3MaXx i HAsIBHICTb AEKiNbKOX BUCOKUX BUKUAIB,
BKITIOYHO 3 MakcumanbHUM 3HadeHHsM 160,0 Hr/mn,
LLO CBiAYUTbL MPO CYTTEBY rETEPOrEHHICTb CTYNEHS aKTu-
BaLil KoarynsauiiHoi cuctemMu y fiTen i3 NOoCTKOBIOHUM
CYHLPOMOM.
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The box-plot (Fig. 2) demonstrates a wide
interquartile range and the presence of several high
outliers, including a maximum value of 160.0 ng/mL,
indicating substantial heterogeneity in the degree
of coagulation system activation among children with
post-COVID-19 syndrome.

OcHoeHa rpyna / Main group

Pwuc.2. Box-plot po3noginy [-anumepy 0CHOBHOI rpymnu
Fig.2. Box-plot of the D-dimer distribution of the main group

Y KOHTPOMbHIA rpyni cepegHe 3HaveHHa D-gu-
mMepy ctaHoBuno 1,99 Hr/mn, megiaHa — 1,24 Hr/mn,
mexi — 1,14-3,76 Hr/mn, wo Bignosigae disionorivHomy

In the control group, the mean D-dimer level was
1.99 ng/mL, the median was 1.24 ng/mL, and the range
was 1.14-3.76 ng/mL, corresponding to the physiological
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JianasoHy ansa autadvoro Biky. CTaHAapTHE BiOXWMMNEHHA
popisHioBano 0,94 Hr/mn. 3a kputepiem LUanipo—Yinka
p = 0,0016, Tomy po3nogin BBaxanu HeHopMarbHUM,
Lo 6yno NoB’sA3aHO 3 HasIBHICTIO HEBENUKOI rpynu Oiten
i3 gewo niaBuweHnMn 3HavyeHHsaMu. OCHOBHa 4acTuHa
nokasHukiB nepebyesana B pgianasoHi 1,1-1,5 Hr/mn,
Wo BignoBigae HopManbHUM abo GNM3bKMM OO HOPMMU
piBHaM D-gmmepy, ToAi Sk OKpema rpyna 3HayeHb
2,5-3,8 Hr/mn BigoGpaxana disionoriyHi - Bapiauii.
Takox cnif, 3a3Ha4YnTM BY3bKUIN MDKKBAPTUITbHUIA pO3MaXx
HaBKOJ0 HOpMaribHKX 3HaveHb (~1,2—1,5 Hr/mn) Ta kinbka
BULLIMX 3HAYEHb 0e3 ABHMX NaTONOriYHNX BUKMAIB.
MopiBHAHHA  piBHIB  D-gnMepy MK  OCHOBHOMO
Ta KOHTPONBbHOK rpynamu rfokasano BKpan 3HadyLly
pisHuuto. 3a t-kputepiem Benb4a cepegHii  piBeHb
D-gvmepy B OCHOBHIM rpyni (npubnusHo 62,1 Hr/mm)
OyB OOCTOBIPHO BULLMM, HiX Yy KoHTponi (1,99 Hr/mm;
p = 5,65 x 107'8). Pesynbrat HenapaMeTpuyHOro Tecty
MaHHa—BiTHi ©6ynu ysrogpxeHumu (p = 6,51 x 1078),
Wo nigTBEpPOXYE HaSABHICTb ICTOTHOI rinepkoaryns-
LiiHOT aKTUBHOCTI caMe Yy KOropTi AiTen 3 NOCTKOBIOHUM
cuHapomom. Box-plot nopiBHSAHHS (pyc. 3) AeMOHCTpYE,
LLIO B OCHOBHIl rpyni MiXXKBapTUnbHUI Aianas3oH D-aumepy
nepebysae npubnusHo B iHTepsani 10-100 Hr/mn, Togi
SIK Y KOHTPOMbHi — B Mexax 1,2—2,5 Hr/mn, 6e3 Bukuais
Ta 3 MiHiManbHo BapiabenbHicTio. HagiTb MiHiManbHO
nigsuLeHi pisHi D-aumepy B 340poBuUX AiTeN He nepe-
KpuBanu 3Ha4YeHHs, XapakTepHi 4 MOCTKOBIQHOIO CTaHy.

range for children. The standard deviation was 0.94 ng/mL.
According to the Shapiro—Wilk test (p = 0.0016), the
distribution was non-normal, which was attributable
to a small subgroup of children with slightly elevated
values. The majority of measurements were concentrated
within the 1.1-1.5 ng/mL interval, corresponding to normal
or near-normal D-dimer levels, whereas a smaller
subset of values (2.5-3.8 ng/mL) reflected physiological
variability. A narrow interquartile range around normal
values (~1.2-1.5 ng/mL) and the absence of distinct
pathological outliers should also be noted.

Comparison of D-dimer levels between the main and
control groups demonstrated an extremely significant
difference. According to Welch’s t-test, the mean D-dimer
level in the main group (approximately 62.1 ng/mL) was
significantly higher than in the control group (1.99 ng/mL;
p = 5.65 x 107'®). The results of the nonparametric
Mann—Whitney U test were consistent (p = 6.51 x 10°8),
confirming the presence of marked hypercoagulable
activity specifically in the cohort of children with post-
COVID-19 syndrome. The comparative box-plot (Fig. 3)
demonstrates that the interquartile range of D-dimer in the
main group was approximately 10-100 ng/mL, whereas
in the control group it ranged from 1.2 to 2.5 ng/mL,
without outliers and with minimal variability. Even
minimally elevated D-dimer levels in healthy children
did not overlap with the values characteristic of the post-
COVID condition.
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Puc. 3. Box-plot nopiBHHSI NokasHukiB [1-4umepy OCHOBHOI rpynu Ta rpynu KOHTPOIo
Fig. 3. Box-plot comparison of D-dimer indicators of the main group and the control group

PiBHi NT-proBNP y nauieHTiB OCHOBHOI rpynu Takox
Manu LWWPOKUA [iana3oH | Big3Ha4Yanucs 3Ha4yHoK
MiXiHOUBIAyanbHOW BapiabenbHicTio, WO Bigobpaxae
Pi3HUA CTYNiHb CepueBO-CYAMHHOI PeakTUBHOCTI Micns
nepeHeceHoi SARS-CoV-2 iHdekuii. [llicns Bukmo-
YEHHs1 MPOMycKiB y aHani3 BkM4eHO 86 AiTelt BikOM
5-12 pokiB. 3Ha4yeHHss NT-proBNP BapitoBanu B mexax
0,012-9,18 Hr/mMn 3 BUpaxeHow npaBobGiYHOW acume-
Tpieto posnoginy. binbwicTe AiTer mManu NoKasHUKK
B iHTepBani 4,5-5,5 Hr/mn, To4i SK y HEBEMNWKOI YacTUHU
(<5%) peecTpyBanmca $§K [OyXe HWU3bKi 3HAYEHHS
(<0,1 Hr/mn), Tak i nigBuWeHi piBHI nNoHag 8 Hr/mn.
CepenHe 3Ha4YeHHs CTaHOBWIIO 412 Hr/Mn,
mMegiaHa — 4,95 Hr/mn, cTaHgapTHe BIOXWMNEHHA —
npubnuaHo 2,12 Hr/mMn, MiKKBapTUNbHUA Aiana3oH —
3,15-5,31 Hr/mn.

NT-proBNP levels in patients of the main group also
demonstrated a wide range and marked interindividual
variability, reflecting differing degrees of cardiovascular
reactivity following SARS-CoV-2 infection. After exclusion
of missing values, 86 children aged 5-12 years were
included in the analysis. NT-proBNP concentrations
ranged from 0.012 to 9.18 ng/mL, with pronounced right-
skewness of the distribution. The majority of children
had values within the 4.5-5.5 ng/mL interval, whereas
a small proportion (<5%) exhibited either very low levels
(<0.1 ng/mL) or elevated concentrations exceeding
8 ng/mL. The mean NT-proBNP level was 4.12 ng/mL,
the median was 4.95 ng/mL, the standard deviation was
approximately 2.12 ng/mL, and the interquartile range
was 3.15-5.31 ng/mL.
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lictorpama posnoginy NT-proBNP (puc. 4) nokasye
YiTKO BMPaXeHy OCHOBHY MOMyMsLit0 3HAYEHb Y Mexax
4-6 Hr/Mn i3 «XBOCTOMY», WO TArHETbCA 00 BULLIUX
KOHLUEHTpaUin, Ta OKPEMUMWU BUCOKMMU 3HAYEHHSMU
0o 9,18 Hr/mn. Box- plot (puc. 5) AEMOHCTPYE LUMPOKUIA
MDKKBaApTUNbHUI po3max (mpubnusHo 0,5-5,3 Hr/mn),
BEPXHi ByC A0 9,18 Hr/mMn Ta NOOAMHOKI BMKMAW, SKi
MOXYTb MaTV KniHiYHE 3HAYeHHs 9K MNOTEHLiNHI Mapkepu
GinbLL BMpaxeHoro MiokapziansHoro cTpecy. [MigBuLLeHi
piBHi NT-proBNP y yactuHu gitern MOXyTb CBIg4MTM Npo
CyOKniHIYHE HaBaHTaXXEeHHS Ha Miokapa, Lo NiATBEPOXKY-
€TbCA Cy4YaCHVMMW AaHUMU LLIOAO KapAioBaCKYMNsIiPHUX
Hacnigkis COVID-19 Ta MynbTUCMCTEMHOIO 3ananbHOro
CYHOPOMY Y AiTen.
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Pwuc. 4. Tictorpama posnoginy NT-proBNP
Fig. 4. Distribution histogram NT-proBNP

Y koHTponbHin rpyni piseHb NT-proBNP GyB HM3bKkuM
Ta BiOHOCHO opHopigHWM. MepiaHHe 3Ha4YeHHs CTaHo-
Buno 0,45 Hr/mn, gianasoH — 0,09-0,81 Hr/mn, ctah-
paptHe BigxuneHHs — 0,28 Hr/mn, wo Bigobpaxae
WiNbHMI KnacTep isionoriyHnx 3HaveHb 6e3 iCTOTHMX
BioxuneHb. Tect Lanipo—Yinka BusIBUB CTaTUCTUYHO
3HauyLy HeHopMarbHicTb po3noginy (p = 0,015), ogHak
Ui BiOXUNEHHS 3yMOBMEHi Kinbkoma OGinbll BUCOKUMMU
3HayeHHsMK (0,7-0,8 Hr/mn) i He MatoTb KNIHIYHOT 3HaYY-
wocTi. Y uinomy npodine NT-proBNP y KOHTpOmnbHIn
rpyni BignoBigas TUMOBUM HU3bKUM (i3ioNOorivYHUM PiIBHAM
i MiHiManbHi BapiabenbHOCTI.

[Insi ouiHKM B3aEMO3B’A3Ky MiXK N'yMOpPanbHO iMyHHOO
BIANOBIAAK Ta CTAHOM KOoarynsuiiHoi CUCTEMU B OCHOBHIl
rpyni NPoOBEAEHO KOPEnAUIMHWM aHania MK KOHUEeHTpa-
uieto 1IgG po SARS-CoV-2 Ta piBHem D-gumepy. llicns
BUITYYEHHSI KOHTPOSIbHUX 3HaYeHb [0 aHanisy BKITHYEHO
78 naujeHTiB. BCTaHOBMEHO CTaATUCTMYHO 3HaYyLLMIN
NPAMUIA KOPENSLiNHWIA 3B’A30K MiX piBHAMYK IgG Ta D-gu-
mepy (r = 0,55; p = 7,3 x 107). OTpumannin koedilieHT
CBiA4YNTb MPO NOMIPHY MO3UTUBHY KOPEnsiLito, Lo Bigobpa-
)KEHO Ha pPO3CitoBaribHil giarpami 3 NiHiINHOK perpeciiHow
mozenmo (puc. 6): i3 3poctaHHsaM TuTpy IgG cnocTepira-
nocs nponopuivHe nigBuLLEHHS piBHA D-anmepy.

Taknii TN B32EMO3B’A3KY MOXeE BKaldyBaTW Ha MOen-
HaHHS NePCKCTYOYOI aKTVBaLlii rymoparnbHOi iMyHHOI Bigno-
Bifli 3 TPMBANoO CyOKMiHIYHOI aKTMBHICTIO KOArymnsLinHOro
Kackagy y YaCTUHM [iTe i3 NOCTKOBIgHUM CUHOPOMOM.

N5 oUiHK1 NOTEHLINHOTO 3B’A3KY MiXK Mapkepamu KapAi-
anbHOro CTpecy Ta iIHTEHCMBHICTIO rymMoparbHOi BianoBigj
NpoBEAEHO KOPenALiNHWM aHani3 Mk piBHaMn NT-proBNP
Ta 1IgG o SARS-CoV-2 y giteri ocHoBHOI rpynu. llicns
BMKIMIOYEHHSI KOHTPOMBHUX MPOMYCKIB 4O aHarnidy yBinLLn
84 nauieHTn. CTaTUCTUYHO 3HAJyLLOro KopensuiitHoro
3B’s13ky He BusiBrieHo (r = 0; p > 0,05), pesynsratn 6e3

The histogram of NT-proBNP distribution (Fig. 4)
demonstrates a clearly defined main cluster of values
within 4—6 ng/mL, with a right-sided tail extending toward
higher concentrations and isolated elevated values
up to 9.18 ng/mL. The box-plot (Fig. 5) shows a wide
interquartile range (approximately 0.5-5.3 ng/mL),
an upper whisker reaching 9.18 ng/mL, and several
outliers that may have clinical relevance as potential
markers of more pronounced myocardial stress.
Elevated NT-proBNP levels in a subset of children
may indicate subclinical myocardial strain, consistent
with contemporary evidence regarding cardiovascular
sequelae of COVID-19 and multisystem inflammatory
syndrome in pediatric populations.

NT-proBNP (xr/vn /ng/ML)
N ON B O ®
T T

1

Puc. 5. Box-plot NT-proBNP
Fig. 5. Box-plot NT-proBNP

In the control group, NT-proBNP levels were low
and relatively homogeneous. The median value was
0.45 ng/mL, with a range of 0.09-0.81 ng/mL and
a standard deviation of 0.28 ng/mL, reflecting a compact
cluster of physiological values without significant
deviations. The Shapiro-Wilk test demonstrated
statistically significant non-normality of the distribution
(p = 0.015); however, this deviation was attributable
to several relatively higher values (0.7-0.8 ng/mL) and
had no clinical relevance. Overall, the NT-proBNP
profile in the control group corresponded to typical low
physiological levels with minimal variability.

To assess the relationship between humoral immune
response and the state of the coagulation system in the
main group, a correlation analysis was performed
between IgG concentrations to SARS-CoV-2 and D-dimer
levels. After exclusion of control values, 78 patients were
included in the analysis. A statistically significant direct
correlation was identified between IgG and D-dimer
levels (r = 0.55; p = 7.3 x 1077). This coefficient indicates
a moderate positive correlation, as illustrated in the scatter
plot with linear regression model (Fig. 6): increasing
IgG titers were associated with a proportional rise
in D-dimer levels.

This type of association may indicate the coexistence
of persistent humoral immune activation and prolonged
subclinical activation of the coagulation cascade
in a subset of children with post-COVID-19 syndrome.

To evaluate a potential relationship between markers
of cardiac stress and the intensity of the humoral
response, a correlation analysis was performed between
NT-proBNP and IgG levels to SARS-CoV-2 in children
ofthe main group. After exclusion of missing control values,
84 patients were included in the analysis. No statistically
significant correlation was identified (r = 0; p > 0.05), and

OpuwuriHanbHi gocnigpKeHHs

Original research



BicHuk XapkKiBCbKOro HaLioHanbHOro yHiBepcuteTy imeHi B.H.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 7-22
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):7-22

KapasiHa. ISSN 2313-2396 (Online)

ISSN 2313-6693 (Print)

160 —— Trend line
120} R%=0,55; p=7,3x10~7
E
100 =
= ~
g 80 ¥ 5 Bes EW X P X
i= X % ol 7
B >
A 60f X
> X
= Y
% 40 F // X X
x s o
~ P
§ 207 e o ¥
= - X A
< 20t %
[a) X X % g
0 ’S@o}x X X
0.0 25 5.0 7.5 10.0 12/58 1510 17/5
IgG, BAU/ml

Puc. 6. Po3scitoBanbHa giarpama D-gumepy 3 MiHiiHOK perpecinHoo MoAen o nauieHTiB OCHOBHOI rpynu
Fig. 6. D-dimer scattering diagram with linear regression model of core group patients

TeHAeHUii 0 3pocTaHHA abo 3HwkeHHs NT-proBNP npu
3MmiHi TMTpy IgG. Lle cBigunTb, WO CTyNiHb rymoparnsHoi
BiANOBIAl Y AiTen i3 NOCTKOBIAHUM CUHOPOMOM He MOB’S-
3aHWI i3 BUPaXEHICTI0 MapKepiB MiokapaianbHOro cTpecy,
a NT-proBNP, 1iMoBipHO, Bigobpakae iHLi naHKM nocTKo-
BigHOI naTonori.

3Ha4yHO HWMN XapakTep MaB B3aEMO3B'A30K MK
NT-proBNP ta D-gnmepom. [Ins Moro ouiHku npoBeaeHo
KopensuinHui aHania Mk koHueHTpauismu NT- proBNP
Ta piBHeM D-gumepy B AiTen OCHOBHOI rpynu, siki nepe-
Hecnn SARS-CoV-2 iHgekuito Ta Manu KiiHivHi NposiBu
MOCTKOBIOHOrO CcMHAPOMY. [10 po3paxyHKy BKITHOYEHO
66 nauieHTiB NiCrsa BUKMIOYEHHS MPOMYCKiB Ta HEKOPEKTHUX
3Ha4eHb. BCTaHOBNEHO BUPaXXEHU NO3UTUBHUIA NiHIMHUN
KOpensiuinHni 38’30k BMCOKOI cunm Mk NT-proBNP
Ta D-gumepom: r = 0,88; p = 3,29x10 22 Lle cBiguutb,
wo 3poctaHHa NT-proBNP cynpoBogXyeTbcs  Bigno-
BioHMM nigBuweHHam D-gumepy. PoscitoBanbHuii rpadik
3 niHieto perpecii (puc. 7) AEMOHCTPYE YiTKUIA BUCXIAHWUN
TpeHa: OGinblIiCTb CNoCTEpPEeXeHb rpynyTbCs B3OOBX
npsimoi perpecii, npuyomy gianasoH NT-proBNP 3—6 Hr/mn
nepesaxHo Bignosigae piBHSM D-gumepy 80—110 Hr/mn,
a Hu3bki 3HaveHHa NT- proBNP (0,01-0,2 Hr/mn) acouito-
I0TbCSA 3 MiHIManbHUMK piBHaAMK D-gumepy (1— 5 Hr/mn).
OTpumaHi gaHi ceigyaTh NPo TICHWI 3B’A30K MiXK MapKkepom
cybKniHIYHOro CTpecy Miokapga Ta NOKa3HMKOM akTuBauii
Koarynsiuii Ta eHgoTenianbHOro YLLIKOMKEHHS.

[na  KOMNAEKCHOI XapaKTepUCTUKM B3aEMO3B’A3KIB
MDK  OOCRigKYBaHUMW  MapKepamm B OCHOBHIN  rpyni
nobyaoBaHO KOpensuiiHy MaTpuuto, WO BKYana piBHi
IgG po SARS-CoV-2, NT-proBNP Ta D-gnmepy. Bubip-
KOBMM METOAOM MpW BU3HAYEHHI MOKa3HWKIB 4O aHanidy
Oyno BkmoyeHo 62 nauieHTn. KoediuieHTn kopensuii
MipcoHa craHoBunu: ansa napu IgG-NT-proBNP r = 0,47,
onsa 1gG— D-gumep r = 0,58, ans NT-proBNP-D-gumep
r = 0,88. Tennoea kapTa (puc. 8) 4EMOHCTPYE AOMIHYHOYMIA
kopensuinHmin knactep NT-proBNP, D-gumepy Ta noMipHi
no3nTMBHI 38’3kK IgG 3 oboma nokasHvkamu, opmyroun
€AVHY naTtoqisionoriyHy BiCb «iMyHHE HaBaHTaKEHHA —
eHpoTenianbHa peakTUBHICTb — KapAianbHUN CTPECy.

CrateBunn aHania NT-proBNP B ocHOBHiA rpyni
He BUWSBUB CYTTEBUX BIiAMIHHOCTEM MK XMONYMKamu

no trend toward increasing or decreasing NT-proBNP
levels with changes in IgG titers was observed. These
findings suggest that the magnitude of the humoralimmune
response in children with post-COVID-19 syndrome is not
directly associated with the degree of myocardial stress,
and that NT-proBNP likely reflects other components
of post-COVID pathophysiology.

In contrast, the relationship between NT-proBNP
and D-dimer demonstrated a markedly different pattern.
A correlation analysis between NT-proBNP concentrations
and D-dimer levels was conducted in children of the main
group who had recovered from SARS-CoV-2 infection
and exhibited clinical manifestations of post-COVID-19
syndrome. After exclusion of missing and invalid values,
66 patients were included in the analysis. A strong positive
linear correlation of high magnitude was identified between
NT-proBNP and D-dimer (r = 0.88; p = 3.29 x 10%),
indicating that increases in NT-proBNP were accompanied
by proportional elevations in D-dimer levels. The scatter
plot with regression line (Fig. 7) demonstrates a clear
upward trend, with most observations clustered along the
regression line. NT-proBNP values within the range of
3—6 ng/mL predominantly corresponded to D-dimer levels
of 80—-110 ng/mL, whereas low NT-proBNP concentrations
(0.01-0.2 ng/mL) were associated with minimal D-dimer
levels (1-5 ng/mL). These findings indicate a close
relationship between a marker of subclinical myocardial
stress and a marker of coagulation activation and
endothelial injury.

For a comprehensive characterization of the
relationships among the studied biomarkers in the main
group, a correlation matrix was constructed including
IgG to SARS-CoV-2, NT-proBNP, and D-dimer levels.
Using a case-wise inclusion approach, 62 patients were
included in the analysis. Pearson correlation coefficients
were as follows: for the IgG—NT-proBNP pair, r = 0.47;
for IgG-D-dimer, r = 0.58; and for NT-proBNP-D-dimer,
r=0.88.

The heatmap (Fig. 8) demonstrates a dominant
correlation cluster between NT-proBNP and D-dimer,
along with moderate positive associations between IgG
and both markers, forming a unified pathophysiological
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Puc. 7. PoscitoBanbHa giarpama NT-proBNP 3 niHinHoto perpecinHoto Moaenmio (nauieHTiB OCHOBHOI rpynu)
Fig. 7. NT-proBNP scattering diagram with linear regression model (major group patients)

Ta giB4atkamu. CepeaHe 3Ha4YeHHS CTaHOBUMO 3,74 Hr/mn
y xnonuukie (n = 32) ta 3,11 Hr/mn y aiB4aTtok (n = 42),
mMegiaHn — 5,04 ta 4,19 Hr/mn, MiXKKBapTUNbHI giana3oHn —
1,96-5,31T1a0,27-5,22 Hr/mn BignosigHo. PisH1USA He gocsa-
rana ctaTMcTu4yHoi 3HavyLocTi (p = 0,26 3a MaHHa—BiTHi;
p = 0,26 3a t-tectom Benbua), Wo niaTBEPOAXKYE BiACYT-
HICTb CcTaTeBOro ANMOpi3My MapKepiB CepLIEBOro CTpecy
y Aiten nepennybepraTHOro BiKy.

PiBHi D-gnmepy B 060X cTaTeBuX Nigrpynax Takox
Manu  3Ha4Hy  MiXiHOuBigyanbHy — BapiabenbHicTb
i3 NOOAMHOKMMU BUCOKMMU 3HAYEHHAMU noHaz 100 Hr/mn.
Y xnonuukiB (n = 36) cepedHin piBeHb D-gumepy
cTaHoBuB 62,70 Hr/mn, y giByatok (n = 36) — 61,47 Hr/mm;
megiaHn — 87,51 Ta 91,87 Hr/mn, IQR — 15,01- 97,82 Ta
7,82-97,82 Hr/mn BignoBigHo. [lopiBHANbHMI aHani3
HEe BWSABMB [LOCTOBIPHUX TEHAEPHUX BiAMIHHOCTEN
(p = 0,84 3a MaHHa-BiTHi; p = 0,91 3a t-Tectom Benbua).
Y3aranbHio4u, aHania crtateBux BiAMIHHOCTEN MoKasaBs
BiACYTHICTb reHgepHoro aumopdismy y piBHax 1gG,
NT-proBNP Ta D-gumepy B Aitenn Bikom 5-12 pokis
i3 NOCTKOBIOHUM CUHOPOMOM, LU0 Y3romKyeTbcs 3 isio-
noriyHMMKn ocobnueocTaMK NnepeanybepTaTHoro nepioay,
KONnu cTaTeBi TOPMOHU L& HE YMHATb CYyTTEBOIO BMIMBY
Ha IMYHHi, KapgianbHi 4K KoarynsuinHi  MexaHiamu
perynsuii.

Y KOHTPOMbHIV rpyni AiTen, fki He Manu KriHiYHWUX
NposiBiB MOCTKOBIQHOTO CUHAPOMY Ta nabopaTopHuMx
03HaK CUCTEMHOrO 3anarneHHs!, NpoBeAeHO KopensuinHum
aHania mix piBHamu IgG go SARS-CoV-2, D-gumepy
Ta NT- proBNP. bByno BctaHOBMeHO, WO YCi KoedilieHTn
kopensuii NipcoHa nepebysanu B gianasoHi Big 0,02 go
0,08, wWwo cBig4YMTL NPO MPaKTU4HO MOBHY BIACYTHICTb
NiHINHXX B32EMO3B’A3KIB MK AOCHiIAXYBaHUMU Mapke-
pamu. lNMepeBaxHa BiNblWiCTb AiTEN KOHTPOSMbHOI rpynu
mana Huabki 3HaveHHs NT- proBNP (0,09-0,81 Hr/mm)
i D-gumepy (1,14-3,76 Hr/mn), xapaktepHi ansa disio-
NOriYHOro cTaHy 6e3 akTmBauii koarynauiiHoro Kackagy
abo osHak MiokapaiansHoro ctpecy. PiBHi 1gG Takox
nepebyBann B MexXax HU3bKOMO3UTUBHOrO abo rpaHuy-
Horo pianasoHy (0,07-0,85 BAU/mn), wo Bigobpaxae
BiJCYTHICTb aKTMBHOI NOCTIHEKLiNHOT iIMyHHOT Bignosiai,
LLIO XapaKTepHe AN naLieHTiB, AKi He Marnu NoCTKOBIgHOM

axis described as «immune burden - endothelial
reactivity — cardiac stress».

Sex-based analysis of NT-proBNP levels in the main
group did not reveal significant differences between
boys and girls. The mean value was 3.74 ng/mL in boys
(n = 32) and 3.11 ng/mL in girls (n = 42); the median
values were 5.04 and 4.19 ng/mL, respectively, with
interquartile ranges of 1.96-5.31 ng/mL in boys and
0.27-5.22 ng/mL in girls. The difference did not reach
statistical significance (p = 0.26 by the Mann-Whitney
U test; p = 0.26 by Welch'’s t-test), confirming the absence
of sex-related differences in cardiac stress markers
among prepubertal children.

D-dimerlevelsinbothsexsubgroupsalsodemonstrated
marked interindividual variability, with isolated high
values exceeding 100 ng/mL. In boys (n = 36), the mean
D-dimer level was 62.70 ng/mL, whereas in girls (n = 36)
it was 61.47 ng/mL; the median values were 87.51 and
91.87 ng/mL, respectively, with interquartile ranges
of 15.01-97.82 ng/mL in boys and 7.82-97.82 ng/mL
in girls. Comparative analysis did not reveal statistically
significant sex-related differences (p = 0.84 by the
Mann-Whitney U test; p = 0.91 by Welch’s t-test).

Overall, the analysis of sex-based differences
demonstrated the absence of gender dimorphism in IgG,
NT-proBNP, and D-dimer levels among children aged
5—-12 years with post-COVID-19 syndrome. These findings
are consistent with the physiological characteristics of the
prepubertal period, during which sex hormones do not
yet exert a substantial influence on immune, cardiac,
or coagulation regulatory mechanisms.

In the control group of children without clinical
manifestations of post-COVID-19 syndrome or laboratory
signs of systemic inflammation, correlation analysis was
performed between IgG to SARS-CoV-2, D-dimer, and
NT-proBNP levels. All Pearson correlation coefficients
ranged from 0.02 to 0.08, indicating an almost complete
absence of linear relationships among the studied
biomarkers. The vast majority of children in the control
group had low NT-proBNP values (0.09-0.81 ng/mL)
and D-dimer levels (1.14-3.76 ng/mL), consistent with
a physiological state without activation of the coagulation
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cuHApomy. 3 ornsaay Ha obmexeHy BapiabenbHiCTb Nokas-
HUKIB i HAsIBHICTb MPOMYCKIB Y YaCTUHI AaHuX, Ui pe3ynb-
TaTu cnig po3rnsaaaTtu K ONMCOBY XapaKTepuUcTuky disi-
OIOriYHOro CTaHy KOHTPOSbHOI BMBIPKM, L0 NiATBEPOXKYE
cTabinbHUIA remocTas, iHTaKTHICTb eHAOTENito Ta BioCyT-
HiCTb nabopaTopHMX O3HaK KapAianbHOr0 HaBaHTaXEHHS
y 300pOBUX LiTEN.

0.47

NT-proBNP

D-dimer

[s]€] NT-proBNP

cascade or evidence of myocardial stress. IgG levels
were also within the low-positive or borderline range
(0.07-0.85 BAU/mL), reflecting the absence of an active
post-infectious immune response, as expected in children
without post-COVID-19 syndrome.

Given the limited variability of the parameters and
the presence of missing values in a subset of cases,
these findings should be interpreted as a descriptive
characterization of the physiological status of the control
sample, confirming stable hemostasis, intact endothelial
function, and the absence of laboratory indicators
of cardiac burden in healthy children.
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Puc. 8. Kopensuiina matpuusa mix IgG, NT-proBNP T1a D-gumepom nauieHTiB OCHOBHOI rpynu
Fig. 8. Correlation matrix between IgG, NT-proBNP and D-dimer of core group patients

OBrOBOPEHHS

Pesynbtatm  npoBegeHOro  Hamu  AOCHIOKEHHS
OEMOHCTPYIOTb HasBHICTb CYTTEBUX 3MiH KoarynsiuinHmux
Ta kapdianbHux GiomapkepiB y AiTen i3 NOCTKOBIOHWUM
CUHOPOMOM, LLIO Y3rOKYETLCS 3 CYHaCHUMU YSBIIEHHSIMU
Nnpo XxapakTep i naTtoreHe3 MNOCTKOBIAHOIO CUHOPOMY
y nediaTpudHii nonynauii. Y Hawwii KoropTi Big3HavyeHo
3HayHe nigBuweHHs piBHiB D-gumepy Ta NT-proBNP,
pa3oM i3 HasBHICTIO NOMIPHOIT Kopensuii Mk TuTpamu IgG
0o SARS-CoV-2 Ta nokasHukamu KoarynsiliiHoi akTuB-
HOCTi, a TakoX [Oyxe TiCHOro 3B’a3ky Mix NT-proBNP
Ta D-gumepom. OTpumaHi paHi nigkpecniowTb B3ae-
MOMOB’sI3aHiCTb  F'yMOpanbHOi  BigMOBi4i, eHpoTeni-
anbHOi AMCMYHKUIT Ta KapAianbHOro HaBaHTaXKEHHS, K
hopmyloTb XapakTepHuin GionoriyHmin nNpodinb NocTKo-
BiHOro CTaHy B fiTeNn.

3a gaHumu yncneHHux ornsaais, Long COVID y giten
peani3yeTbCs  MEpPEBaXHO  4Yepe3  MYJIbTUCUCTEMHI
MOPYLUEHHS, WO BKIOYAKTb acTeHilo, ronoBHWUA Oinb,
3HWKEHHSI TONEPAHTHOCTI A0 HaBaHTAXEHHS!, KOTHITUBHI
TPYAHOLLi, KapaianbHi Ta MiKpOLMPKYNATOPHI 3MiHn [1, 2,
3, 4, 5]. Hawi pesynsrat y3roaxyTbCs 3 LMW BUCHOB-
KaMu, eMOHCTPYo4Un nabopaTopHi MapKepu, xapakTepHi
Ons NOCTIHEKUINHOro eHgoTenianbHOrO Ta Kapgianb-
Horo gucbanaHcy. 3okpema, cuctematunyHi ornsagn Radtke
et al. Ta Lopez-Leon et al. nokasanu, wo 15-40% giten
MatoTb TpuBani cumntommn nicrna SARS-CoV-2, HaBiTb
nicna nerknx opm iHdeKUii, WO BKa3ye Ha ypaxeHHs,
SKe He 3aBXOWM KOPEemntoe 3 TSKKICTHO rocTpol dasu [2, 4].
Hawi gaHi wopo nigsuweHoro NT-proBNP ta D-gumepy

DISCUSSION

The results of our study demonstrate significant
alterations in coagulation and cardiac biomarkers
in children with post-COVID-19 syndrome, consistent with
current concepts regarding the nature and pathogenesis
of this condition in the pediatric population. In our cohort,
markedly elevated levels of D-dimer and NT-proBNP were
observed, along with a moderate correlation between IgG
titers to SARS-CoV-2 and markers of coagulation activity,
as well as a very strong association between NT-proBNP
and D-dimer.

These findings underscore the interrelationship
between humoral immune response, endothelial
dysfunction, and cardiac burden, which together constitute
a characteristic biological profile of the post-COVID state
in children.

According to numerous reviews, Long COVID
in children is predominantly characterized by multisystem
disturbances, including asthenia, headache, reduced
exercise tolerance, cognitive impairment, and cardiac
and microcirculatory alterations [1, 2, 3, 4, 5]. Our findings
are consistent with these observations, demonstrating
laboratory markers indicative of post-infectious endothelial
and cardiac imbalance. In particular, systematic reviews
by Radtke et al. and Lopez-Leon et al. reported that
15-40% of children experience persistent symptoms
following SARS-CoV-2 infection, even after mild disease,
suggesting that long-term sequelae do not necessarily
correlate with the severity of the acute phase [2, 4]. Our
data showing elevated NT-proBNP and D-dimer levels
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B OKPEMOi YacTuUHW AiTen NiaTBepAXylTb HasBHICTb
CyOKNiHIYHMX 3MiH HaBiTb 3@ BiACYTHOCTI KMiHIYHOT MaHi-
decTauii MIS-C abo roctpux kapgianbHux ycknagHeHb.

MigpBuweHi piBHi D-gumepy y A4iTe  OCHOBHOI
rpynu (MegiaHa = 91 Hr/mn) cyTTeBO Bigpi3HANMCS Big
KOHTponbHOI nonynsuii (MegiaHa 1,24 Hr/mn). Le ysroa-
XKYETbCA 3 OaHUMWU BEMVKUX MYMbTULEHTPOBUX POGIT,
sKi npogemoHcTpyBanu, wo SARS-CoV-2 acouitoeTbes
3 eHAoTenianbHOK akTUBaLi€e, NigBULLIEHHAM MapKepiB
TPOMOOYTBOPEHHS Ta (POPMYBaHHAM MiKPOCYAMHHMX
nopyLueHb y giten [18, 19, 29].

3rinpHo 3 Kaushik S. et al., COVID-19-acouino-
BaHa Koaryronartisi y AiTel, Xoda i MeHLU TsbKKa, HiK
y 0OpOCInUX, BCE X CYMNPOBOOXKYETbCA 3HAYHUM MiaBU-
LweHHAM D-gumepy 1 nopyLueHHsM Mikpouupkynsuii [18].
Hawi pesynbstatn nigTBepaXytoThb Li BUCHOBKM: Y 3HAYHOT
yactuHu giten D-gumep 6yB y aianasoHi 80—-110 Hr/mm,
a B okpemux Bunagkax nepesuyysas 100-160 Hr/mm.
Lle cBigunTb nNpo TpuBarne 3bepexeHHs akTuBaLii gibpu-
HOnMi3y, Wo MoXxe OyTun HacnigKoM HU3bKOPIBHEBOIO 3ana-
NeHHA N eHpoTenianbHOI AUCKYHKLUIT, onncaHol y naro-
MOPdONOoriYHUX gocnigaxkeHHsx [20, 21].

MomipHa nosuTMBHa kopensuis Mk Tutpom IgG
Ta D-gumepom (r = 0,55) nigTBEpOXyE B3aeMO3B’SA30K
MiX IMYHHOK MepcucTeHuielo Ta KoarynsuiitHumu
3pylweHHaMN. Takui 3B’A30K OMNMCaHO i B AOPOCNUX
koroptax PASC, ge HasiBHICTb BUCOKUX TUTPIB aHTUTIN
acoLjleTbCA 3 MapKkepamu eHpoTenianbHoi  akTu-
Bauii [15, 25]. VImoBipHO, iMyHHa nepcucTeHuia Moxe
OyTV OOHWUM i3 KNIOYOBMX MEXaHi3MiB TPMBaNUX Koaryns-
LiHWX 3MiH Yy AiTen.

OpHo4acHo 3 uum, NT-proBNP € Bu3HaHnm mapkepom
MeXxaHiYHOro Ta MeTaboniYHOro HaBaHTaXXeHHS Ha Miokapa,.
Y Hawin KOropTi MOro 3Ha4YeHHS Manu LUMPOKUA PO3KMA
(0,012-9,18 Hr/mn), MpuyYoMy y 3HAYHOI YacTUHWU AiTen
piBHI NepeswLLyBany gi3ionoriyHniA gianasoH KOHTPOMbLHOT
rpynu. lMogibHi TenaeHuii onucaHi B pobotax Patel et al.
Ta Kaushik et al., siki Bka3ytoTb, WO HaBiTb 3a BiACYTHOCTI
SIBHOro MiokapauTy, gitm nicns COVID-19 moxyTe matu
nigsuLLeHi pisHi NT-proBNP [17, 18].

Ocobn1MBO BaXMMBO, L0 HM3Ka YKpPAiHCbKMX AOCHi-
[PKEeHb TakoX MOBiJOMIISIE NPO KapAianbHi 3MiHW y AiTen
3 MOCTKOBIAHVM CUHAPOMOM, BKIHOYHO i3 MOPYLUEHHSAMMU
npoBsigHOCTi Ta nigBueHnMy 6Giomapkepamu cTpecy
Miokapga [27, 28, 26, 31]. BoHM y3rogxytoTbCs 3 HaLIMMU
pesynsTaTaMy Ta MiOAKPECMOTb akTyanbHICTb HaLio-
HanbHUX OaHWX.

BUCHOBKHU

Y piten i3 NOCTKOBIOHUM CUMHAPOMOM BCTaHOBSIEHO
[oCTOoBipHe niaBuweHHs piBHiB D-gumepy Ta NT-proBNP
MOPIBHAHO 3 KOHTPOMbHOK rPyMot, O CBiAYUTL MPO
HasBHICTb labopaTopHUX O3HaK KoarynsuiHoI aKkTu-
BaLil Ta KapAianbHOro HaBaHTaXXEHHsI NiCisA NepeHeceHol
SARS-CoV-2 iHgekKuii.

Posnogin pisHiB D-gumepy 1a NT-proBNP y nauieHTis
OCHOBHOI Tpyny XapakTepu3yBaBCs 3HAYHOK MiKIHOUBI-
OyanbHOI BapiabenbHICTIO Ta aCMMETPIEID, 3 HasBHICTIO
NigBULLEHNX 3Ha4YeHb Y 3HA4YHOI YacTUHW AiTer, ToAi
SIK Y KOHTPOMbHIW rpyni Ui NOKa3HWKN 3anuLianmcst H13b-
KMMU Ta O4HOPIOHUMM.

in a subset of children support the presence of subclinical
alterations, even in the absence of clinically manifest
MIS-C or acute cardiac complications.

Elevated D-dimer levels in the main group
(median = 91 ng/mL) differed substantially from those
in the control population (median = 1.24 ng/mL). These
findings are consistent with large multicenter studies
demonstrating that SARS-CoV-2 infection is associated
with  endothelial activation, increased markers
of thrombogenesis, and the development of microvascular
disturbances in children [18, 19, 29].

According to Kaushik S. et al., COVID-19-associated
coagulopathy in children, although generally less severe
than in adults, is nevertheless accompanied by a significant
increase in D-dimer levels and microcirculatory
disturbances [18]. Our findings corroborate these
observations: in a substantial proportion of children,
D-dimer levels were within the 80-110 ng/mL range, and
in some cases exceeded 100-160 ng/mL. This indicates
persistent activation of fibrinolysis, which may result
from low-grade inflammation and endothelial dysfunction
described in pathomorphological studies [20, 21].

The moderate positive correlation between I1gG
titers and D-dimer levels (r = 0.55) further supports
the relationship between immune persistence and
coagulation abnormalities. A similar association has been
reported in adult PASC cohorts, where high antibody
titers correlate with markers of endothelial activation [15,
25]. These findings suggest that immune persistence
may represent one of the key mechanisms underlying
prolonged coagulation disturbances in children.

At the same time, NT-proBNP is a well-recognized
marker of mechanical and metabolic myocardial stress.
In our cohort, its values demonstrated a wide range
(0.012-9.18 ng/mL), and in a substantial proportion
of children, concentrations exceeded the physiological
range observed in the control group. Similar trends have
been reported by Patel et al. and Kaushik et al., who noted
that even in the absence of overt myocarditis, children
following COVID-19 may exhibit elevated NT-proBNP
levels [17, 18].

Importantly, several Ukrainian studies have also
reported cardiac alterations in children with post-
COVID-19 syndrome, including conduction abnormalities
and elevated biomarkers of myocardial stress [27, 28,
26, 31]. These findings are consistent with our results
and underscore the relevance and clinical significance
of national data in this field.

CONCLUSIONS

Children with post-COVID-19 syndrome demonstrated
significantly elevated levels of D-dimer and NT-proBNP
compared with the control group, indicating the presence
of laboratory signs of coagulation activation and cardiac
stress following SARS-CoV-2 infection.

The distribution of D-dimer and NT-proBNP levels
in patients of the main group was characterized by marked
interindividual variability and skewness, with elevated
values observed in a substantial proportion of children,
whereas in the control group these parameters remained
low and relatively homogeneous.
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BusiBneHo CTaTUCTUYHO 3HauyLLni noau-
TUBHWUM  KOPENAUiNHWUIA  3B’A30K MK  piBHaMU 1gG
0o SARS-CoV-2 ta D-aumepy, WO BKasye Ha acouialito
MK r'ymMOparnbHOK iMyHHOIO BiAMOBIAA Ta MNOKa3HUKaMmn
KoarynsiyinHoi aktuBHoCTi. KopensauinHoro 3B’si3Ky Mixk
IgG Ta NT-proBNP He BCTaHOBMEHO.

Mix pisHamn NT-proBNP Ta D-gumepy 3adikco-
BaHO AyXe TICHUA MO3UTUBHWUMA KOPEnsLiNHUA 3B’A30K,
O MigKpecnoe B3aEMO3B’AI30K MK MOKa3HUKaMKN Kapgi-
anbHOrO0 HaBaHTaXEHHs Ta KoarynsauinHoi akTueauil
y 4iTew i3 NOCTKOBIAHUM CUHOPOMOM.

leHpepHux BigmiHHOCTEN Yy piBHAX 1gG, D-gmmepy
Ta NT-proBNP y giten Bikom 5—12 pokis He BUSIBNEHO.

OTpumaHi  pesynstatm  NIATBEPAXYKOTb  AOUiMb-
HicTb BuKopucTaHHst NT-proBNP ta D-gumepy sk nabo-
paToOpHMX MapKepiB 415 MOHITOPUHIY CTaHy AiTen i3 nocT-
KOBiZAHUM CMHLPOMOM.
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A statistically significant positive correlation was
identified between IgG levels to SARS-CoV-2 and D-dimer,
indicating an association between humoral immune
response and coagulation activity. No significant correlation
was found between IgG and NT-proBNP levels.

A very strong positive correlation was identified
between NT-proBNP and D-dimer levels, highlighting
the close relationship between markers of cardiac
stress and coagulation activation in children with
post-COVID-19 syndrome.

No sex-related differences were detected in IgG,
D-dimer, or NT-proBNP levels among children aged
5-12 years.

The obtained results support the clinical utility
of NT-proBNP and D-dimer as laboratory biomarkers
for monitoring the condition of children with post-
COVID-19 syndrome.
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32 CXWMBHICTIO Ta iHLWKXX NIOXOAIB A0 KOHTPOMO 3MilllyBasnbHUX
yYnHHUKIB. Po3mip i cknap BubGipku 80 aiTel OCHOBHOI rpynu Ta
30 piTer rpynu KOHTPOSO penpe3eHTaTUBHUX 3a CTaTTIO Ta BiKOM,
3rigHO 3 KPUTEPISIMU BKIMIOYEHHS Ta BUWKIOYEHHA A0 AOoCHi-
[PKEeHHs1, 0OMeXyloTb TOYHICTb OLHOK i NepeHOCUMICTb pesyrib-
TaTiB 3 ornsgy Ha 0cobnMBOCTI MapLUPYTU3aLlii NaUieHTIB i NpakTuK
HafjaHHA Jgonomorn B YKpaiHi. Y3aranbHIOBaHICTb BWCHOBKIB
obmMexeHa KOHTEKCTOM; NiATBEPMKEHHS noTpebye npocnek-
TUBHWUX MYFbTULEHTPOBUX OOCHIMKEHD, 3 AeTalNlbHUM BUBYEHHSAM
BlLLE3a3HAYeHNX MapKepiB Y NaLiEHTIB AUTSAYOrO BiKY, 3 30BHILU-
HbOK Banigauiero Ta 4OTPMMaHHAM HanexHOoT KMniHIYHOT NpakTuKn
(Good Clinical Practice — GCP).

nepCI'IeKTMBM MOACABLUUX AOCAIAXKEHD

Mopanblue BUBYEHHS ocobnvBocTel nepebiry NocTKOBiAHOIO
CMHOPOMY Y [fiTel 3 AeTanbHUM BU3HAYEHHSIM MapKepiB, SKi
MOXYTb OYyTW OOHMMMW 3 OCHOBHWMM KpWUTEPIiB OLUiHKM nepebiry,
Ta nofanbluMX HacnigkiB KOpOHaBipyCHOI iHdpeKuii, BUKIu-
kaHoi SARS-CoV-2. BusHayeHHsa Takux mapkepis, 9k D-gumep
Ta NT-proBNP, moxe Bknactucs B nobynoBaHuii anroputm
[iarHOCTUKM MOXIMBKX MOPYLUEeHb Y AiTel nicns nepeHeceHol
iHdbekuii. BuBueHHs ocobnuBocTen nepebiry NOCTKOBIZHOMO
CUHOPOMY Ta 3iCTaBMEHHS OTPUMaHWX pe3ynbraTiB Npu BU3Ha-
YeHHi MapkepiB MOPYLUEHHA cucTemu koarynsuii Ta poboTu
KapaioMiouuTiB € OogHMMKM 3 MNpPUYMH  NoJanblUoi  KOpeKwii
MEHeIKMEHTY NaLieHTiB AUTAYOrO BiKY.

KoHAIKT iHTepecis

ABTOpM noganu [0 pepdakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHMNIKTY iHTepeciB MikHapogHoOro KomiTeTy peaak-
TopiB MeanyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopx pykonucy CBiOMO 3acBia-
YyloTb BIACYTHICTb (PaKTUYHOrO abo MOTEHLIAHOrO KOHMIKTY
iHTepeciB LWoao pe3ynesraTiB Liei poboTn 3 hapmaueBTUYHUMU
KOMMaHissM1, BUPOBHMKaMKU BioMeaMYHUX MPUCTPOIB, iHLWMMUK
opraHisauisiMu, 4ui NpogykTu, nocnyru, dgiHaHcoBa NiATPUMKa
MOXyTb ByTV noB’3aHi 3 NpeaMeToM HafaHux maTepianis abo
SIKi CIOHCOpYBanv NpoBeAeHi AOCHiAXEHHS.

AOTPUMOHHS €TUMHUX HOPM

ABTOpPY pyKOMNUCY CBIAOMO 3aCBIAYYHOTb, LLIO AOCTIMKEHHS MPOBOAN-
10Cb 3 BUKOPUCTaHHAM OaHWX MEePBUHHOI MeaNYHOI AOKyMeHTauii
Ta BKIIHOYASO KNiHIYHI CMOCTEPEXEHHS 3a NauieHTaMu, SKi YBILLNU
00 pocnigpkeHHs. JocnigkeHHsi NPOBEAEHO BiAMNOBIOHO A0 €TUYHUX
cTaHgapTiB [enbciHCbKOi Aeknapadii BcecBiTHROI MeanyHoi acouj-
auii Npo eTUYHI MPUHLMNK NPOBEAEHHST HAYKOBUX MEAUYHMX JOCHi-
[PKEHb 3a y4acTIO MIOAVIHU, OVPEKTUBM €BPOMENiCbKOro ToBapucTBa
86/609 npo yyacTb nogent y Meauko-6ionoriYHUX OOCHIgKEHHSIX,
a Takox Hakady MiHictepcTBa oxopoHu 30opoB’s Ykpainu Ne 690 Big
23.09.2009 p. IHdopmoBaHa 3roga Ha y4acTb y AOCHiMKeHHi 6yna
oTpuMaHa Bif GaTbkiB y4acHukiB abo ix odiLiiHMX onikyHIB nicnsi
HadaHHs! IM 3po3yMirnoi, MOBHOI Ta AOCTYMNHOI iHbopMaLlii Mpo MeTy,
[Av3aliH | METOAONNOTi0 AOCHIMKEHHS, OO NMOTEHLVHI PU3VKU, O4iKY-
BaHi nepesary Ta MOXIMBI anstepHaTuBW. Yci 6aTbky abo oiLinHi
OMiKyHW nNiaTBepaMnM OOOPOBIMbHY Y4YacTb LUMSXOM MignNMCaHHs
[OKyMeHTa npo iHhOpMOBaHy 3rofy.

DocnimpxkeHHs cxBaneHe Kowmicieto 3 nuTaHb eTukK Ta BioeTukn
3anopi3bkoro AepXaBHOro MeAMKo-hapMaLleBTUYHOMO YHiBep-
cuteTy MiHicTepcTBa 0XxOpOHM 300pOB’A YKpaiHu (BUTAr 3 NpoTo-
kony Ne 3 Big 22 BepecHsi 2025 p.).

BUKOPUCTAHHS LUTYHHOFO iIHTEAEKTY

ABTOpU pykonucy CBIQOMO Ta BIOKPUTO 3acBiAYylOTb BUMKO-
PUCTaHHA IHCTPYMEHTIB reHepaTVBHOIO LUTYYHOrO iHTENeKTy

aimed at controlling potential confounders. The sample size and
composition — 80 children in the main group and 30 in the control
group, comparable by age and sex according to predefined
inclusion and exclusion criteria—may limit the precision of effect
estimates and the generalizability of the findings. This is particularly
relevant given the specific patterns of patient referral and healthcare
delivery practices in Ukraine. Accordingly, the external validity
of the conclusions remains context dependent. Confirmation
of these findings requires prospective, multicenter studies with
comprehensive assessment of the biomarkers in pediatric
populations, incorporation of external validation cohorts, and strict
adherence to Good Clinical Practice (GCP) standards.

Prospects for further research

Further investigation of the clinical course of post-COVID syndrome
in children with detailed characterization of laboratory markers that
may serve as key criteria for assessing disease trajectory and long-
term outcomes of SARS-CoV-2 infection is warranted. Identification
and validation of biomarkers such as D-dimer and NT-proBNP
may contribute to the development of diagnostic algorithms aimed
at detecting potential cardiovascular and coagulation disturbances
in pediatric patients following COVID-19. Comprehensive evaluation
ofthe dynamics of these markers, together with analysis of coagulation
system abnormalities and cardiomyocyte functional impairment, may
provide a rationale for optimization and individualized adjustment
of management strategies in children with post-COVID syndrome.
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y npoueci nigroToBkM LpbOro pykonucy. BignosigHo o Takco-
HOMII JdeneryBaHHs 3aBOaHb reHepaTMBHOMY LUTYYHOMY iHTe-
nekty «GAIDeT» (Generative Atrtificial Intelligence Delegation
Taxonomy), 2025 p.), 3a MOBHOrO MOACLKOrO Harnsgy 6yno
[eneroBaHo 3aBfAaHHs 3 BUYUTYBAHHSA, peaaryBaHHsi, Ta nepe-
knapy. Ona uboro BukopucTtoByBaBca ChatGPT-5.2 (OpenAl,
Bepcis Big rpyaHs 2025 p.). Yci pesynsrati, oTpuMaHi 3a gono-
MOrOI LbOro iHCTPYMeHTY, Bynu peTenbHO nepeBipeHi, Bigpe-
[aroBaHi Ta 3aTBepOKeHi aBTopamu, siki HeCyTb MOBHY BiAMOBi-
OanbHICTb 3a 3MICT | BUCHOBKM nybnikauii. IHCTpyMeHTu reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY He 3a3HayaloTbCst K aBTOPU Ta He
HecyTb BiANOBIAanbHOCTI 3a KiHUeBi pesynbratu. Lig geknapauis
He NOLUMPIOETHCS Ha BUKOPUCTaHHSA 6a30BUX IHCTPYMEHTIB nepe-
BipKM rpamaTukm, opcporpadii Un opopmMreHHsa nocunaHb.

MepBUHHI AGHi Ta maTepiaAu

ABTOpU pykonucy CBiZOMO 3acBigyytoTb, WO Yy poboTi BUKOPK-
CTaHO pesynbraTi BMAacHUX KMiHIYHWX AOCHigXeHb, Lo Oynu
cucTemaTn3oBaHi Ta npoaHanizoBaHi asTopamu. [1epBUHHI
OaHi BKNioYaloTh y3aranbHEHi MOKasHWKM nauieHTiB, nabopa-
TOPHi pesynsTaTu, NPOTOKOMW Ta OTPUMaHI KiNbKICHI XapakTepu-
ctukn. Bci maTepianu 36epexeHi B apxiBi 4OCNIAHWLBKOT rpynu
Ta MOXyTb OyTW HafaHi 3a OOrpyHTOBaHUM 3anvMToM A0 aBTO-
pa-KopecrnoHAeHTa, 3 ypaxyBaHHAM BUMOr KOHMIAEHUINHOCTI
Ta ETUYHUX HOPM.
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PE3IOME

AkKTyanbHicTb. JlokanbHW anepriyHuiA pyHIT € 0cobnmMBoto HO30rOriEtD, iIMyHONaTore-
HETWYHI MexaHi3Mn Ta (PeHOTUMOBA reTePOreHHICTb SIKOrO aKTUBHO Ha CbOTrOAHI BUBYa-
toTbCs. BbayaeTbes, WO NopyLUeHHsT MiKpoGioTu, acouiioBaHi i3 3MiHaMu iMyHHOI Bigno-
Bifli cnM30BOI 06OMOHKM HOCA, 30KpemMa NOB’A3aHUMU 3 HDKYMMU PIBHSIMU CEKPETOPHOTO
iMyHOrnoGyniHy A npu nokanbHOMY anepriYyHOMy PUHITI, MOXYTb AOMOMOITU MOSICHATH
CXUINbHICTb NOAVHN A0 POpMyBaHHS ceHcubinisauii anepreHaMu Ta po3BUTKY anepriy-
HOro 3ananeHHs.

MeTta po6oTu — gocnigntn ocobnmBoCTi MiKpOBiOMY HOCOrNOTKM Ta PIBHIB CEKpeTop-
HOro iMyHornobyniHy A y AiTell MONOALLOro LUKINIbHOMO BiKy 3 Mig03pOH Ha NoKarbHUiA
aneprivyHUi puHIT.

Matepianu Ta metoan. O6CTEXEHO 72 ANTUHU 3 MIJO3POI0 Ha NMOKanNbHWUI anepriyHnii
PVIHIT, cepedHin Bik 8,6 £ 1,7 p.; xnonuyukis 54,2%, pis4atok — 45,8%. KomnnekcHe
0BCTeXeHHs BKMIOYaNo: aHania aHaMHeCTUYHWUX AaHvX, KMiHIYHUA ornsg, 3aranbHo-
KNiHiYHi nabopaTopHi JOCMIMKEHHs, anepronoriyHe o6CTexeHHs. [iarHoCTUKy pUHITY
nposoaunu 3a kputepismm ARIA 2024-2025, TsXKICTb OLIHIOBanu 3a BidyarbHO aHarno-
roBOK LUKanow. laeHTudikauito MikpoopraHiamis i3 MOCIBIB HOCOIMOTKM 34iACHIOBaNu
3a MOpOrOorieto KOMOHIN, MIKpoCKomieto i BGioximiyHMMKM TecTamu. PiBHI cekpeTopHoro
iMyHornoGyniHy A y HasanbHoMy 3MuBi BU3Havanu metogom ELISA.

PesynbraTtu. BctaHoBneHo iHTepMiTytoumidi nepebir puHiTy y 43,1% ngitend, nepcucty-
toumnin —y 56,9% (41 ocobw). MNMposieu anepriyHoro puHiTy: y 59,7% Aiten nerkoro CTyneHs
(BisyanbHa aHanorosa Lkana: 17,7 £ 6,65 mm), y 38,4% — cepeHboro cTyneHs (BisyanbHa
aHanoroBa Lwkana: 46,1 + 10,1 Mm), y 2,6% — TsKKOro CTyneHs (BidyanbHa aHanorosa
wkana: 72,0 £ 1,00 mm). MikpobHa KonoHisauis HocornoTtku BusieneHa y 90,3% Bunagakis
obcTexeHnx aiten: npeactaBHuku pody Staphylococcus (40,3%), Streptococcus spp.
(25,0%) Moraxella catarrhalis (30,5%), Haemophilus influenzae (15,3%). CepenHe
3HauveHHs slgA ctaHoBuno 38,6 + 14,9 mkr/mn, 3HWxeHi piBHi Oynn y 61,1% aiten, acoui-
toBanMcs 3 NEPCUCTYIOHMM CePeHbOTSIKKMM Nepebirom puHITy Ta Bynn HKIMMK Ha Thi
MIKpOBHMX acoujaLin NopiBHAHO 3 AiTbMY 3 MoHodnopoto (p = 0,018).

BucHoBKW. BusiBneHi 3H1XeHi piBHi cekpeTopHOro imyHornobyniHy A Ha Tni MiKpOBHMX
acoujauin S. aureus, koarynasoHeraTuBHux ctadinokokis i Moraxella catarrhalis MoXyTb
BidirpaBaTy BaxnvBy pornb B iHiLiauii anepriyHnx 3ananbHUX NpOLECiB NoKanbHO npwu
KOHTaKTi 3 anepreHamu 3 noganbimMm OpMyBaHHSAM JTOKarNbHOMO anepriyHoro puHiTy.
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ABSTRACT

Background. Local allergic rhinitis is a distinct nosological entity whose
immunopathogenetic mechanisms and phenotypic heterogeneity are currently being
actively studied. Itis believed that disturbances of the microbiota associated with changes
in the immune response of the nasal mucosa, including those related to lower levels
of secretory immunoglobulin A in local allergic rhinitis, may help explain an individual’s
predisposition to allergen sensitization and the development of allergic inflammation.
Purpose — to investigate the characteristics of the nasopharyngeal microbiome and the
levels of secretory immunoglobulin A in primary school-aged children with suspected
local allergic rhinitis.

Materials and Methods. A total of 72 children with suspected local allergic rhinitis
were examined; the mean age was 8.6 + 1.7 years; 54.2% were boys and 45.8% were
girls. The comprehensive examination included analysis of anamnestic data, clinical
examination, general clinical laboratory tests, and allergological assessment. Rhinitis
was diagnosed according to the ARIA 2024-2025 criteria, and severity was assessed
using a visual analog scale. Identification of microorganisms from nasopharyngeal
cultures was performed based on colony morphology, microscopy, and biochemical
tests. Levels of secretory immunoglobulin A in nasal lavage were determined using the
ELISA method.

Results. An intermittent course of rhinitis was observed in 43.1% of children, while
a persistent course was noted in 41 (56.9%). Manifestations of allergic rhinitis were mild
in 59.7% of children (visual analog scale: 17.7 + 6.65 mm), moderate in 38.4% (visual
analog scale: 46.1 £ 10.1 mm), and severe in 2.6% (visual analog scale: 72.0 + 1.00 mm).
Microbial colonization of the nasopharynx was detected in 90.3% of examined children:
representatives of the genus Staphylococcus (40.3%), Streptococcus spp. (25.0%),
Moraxella catarrhalis (30.5%), and Haemophilus influenzae (15.3%). The mean sIgA
level was 38.6 + 14.9 ug/mL; decreased levels were found in 61.1% of children and were
associated with a persistent moderate course of rhinitis. They were also lower in the
presence of microbial associations compared with children with monoflora (p = 0.018).
Conclusions. Reduced levels of secretory immunoglobulin A in the presence
of microbial associations of S. aureus, coagulase-negative staphylococci, and Moraxella
catarrhalis may play an important role in initiating local allergic inflammatory processes
upon contact with allergens, with the subsequent development of local allergic rhinitis.

Lakomska NP, Sharikadze OV, Zubchenko SO. Association of the nasopharyngeal microbiota with the level
of secretory IgA in children with suspected local allergic rhinitis: a pilot study. The Journal of V. N. Karazin Kharkiv
National University. Series Medicine. 2026;34(1(58)):23-36. DOI: https://doi.org/10.26565/2313-6693-2026-58-02

BCTYN

INTRODUCTION

PuHiT € opgHielo 3 HannowumpeHiwnx naTonorin
y OuTa4oMy Ta nigniTkoBOMY BiLi W CYTTEBO BMNNvMBae
Ha AKICTb XUTTS AiTen Ta iX poauH. 3anexHo Big eTio-
norii po3pi3HATb aneprivHni puHiT (AP), iHDeKUinH1IA
PVIHIT | HeanepriyHWNn, HeiHdeKUiiHuA puHIT. Y 6araTbox
BUMNaZKax pUHIT Mae NOEAHAHY ETIONOri0, TOMY HWHI BUAj-
NATb TAKOX Tak 3BaHUI «MOABIMHUIA» abo «3MilLaHUN»
PWHIT, SKUA NOEAHYE, HAMPUKNad, anepriyHui Ta iHdek-
UirHun abo aneprivHnin i HeanepriyHMn puHiTK  [1].
Ocob6n1BOKO HO3O0IMOTIED € NOKaNbHUA anepriyHUn pyHIT
(NAP), akmn 3a KNiHIYHMM aHamMHe30M BKa3ye Ha anep-
riYHy NpMpoAy Ta Mae No3nTUBHY BIANOBIAb HA Ha3anbHy
anepreHHy nNpoBoKaLlilo, NPOTe XapaKTepU3yeTbCsA Hera-
TUBHUMW pe3ynbTataMmu  LWKipHUX npuk-Tectis  (LUMT)
i cneumndpivHux IgE B kpoBi [2]. CyyacHi ysBneHHsA npo
JIAP aKTMBHO pO3LUMPIOKTLCH, 30KpemMa LWoao Moro

Rhinitis is one of the most common pathologies
in childhood and adolescence and significantly affects
the quality of life of children and their families. Depending
on the etiology, rhinitis is classified as allergic rhinitis
(AR), infectious rhinitis, and non-allergic, non-infectious
rhinitis. In many cases, rhinitis has a combined etiology;
therefore, the so-called «dual» or «mixed» rhinitis is also
distinguished, which combines, for example, allergic and
infectious rhinitis or allergic and non-allergic rhinitis [1].

A distinct nosological entity is local allergic rhinitis
(LAR), which according to the clinical history suggests
an allergic origin and demonstrates a positive response
to nasal allergen provocation, but is characterized
by negative skin prick tests (SPT) and negative specific IgE
in the blood [2]. Current understanding of LAR is actively
expanding, particularly regarding its immunopathogenetic
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iIMyHONaTOreHETUYHNX MEXaHi3miB i heHoTUnoBoI rete-
poreHHocTi. 3a gaHumu nitepatypu, gebiot JIAP Bigoy-
BaETHLCA y AUTAYOMY BiLi NpnbnusHo y 36% Bunagkis [3].

B OCHOBI pUHITY HE3aneXHO Bif NPUYNHHOIO hakTopa
NeXuTb 3ananeHHs CrnvM3oBoi OOONOHKM HOca, OAHaK
iIMYHHI MexaHi3My hopMyBaHHS LIbOro Npouecy € PisHi.
Cnun3oBi 0BOMOHKM € OCHOBHUMW BOpOTaMW AN aHTW-
reHi. JlokanbHe BMPOONEHHSI CEKPETOPHOTO iMyHOro0y-
niHy A (slgA) cTaHOBUTb OCHOBHMI KOMMOHEHT CITM30BOrO
iMyHiTETY [4] | Mae BupakeHy aHTUMIKPOOHY naito. sligA
3givicHoe GakTepianbHy arnTUHAaLi, HedTpanisauito
€HOOTOKCUHIB | BIpYCiB, @ TaKOX MOXe nepeLukogKartu
eniTenianbHiv agresii Ta iHBasii naToreHis, 3okpema anep-
reHiB [5]. MNopyLleHHs uinicHOCTi Cnn3oBoi Mg BAAMBOM
iHbeKLiiHMX naToreHiB abo NOTEHUINHMX anepreHis MoXxe
npu3BecTM OO0 aKTUBaLii 3ananeHHs 3 nepeBaXaHHAM
Th1- abo Th2-imyHHOI Bignosig,i.

OcTaHHiM Yacom 3pocTae iHTepec 40 poni MikpobioTu
SK NMOTEHLINHOT TepaneBTUYHOI MiLLEHi NpK Pi3HWUX anep-
rYHMX 3axBOPlOBaHHSX, BKrtovaroum AP. Bbadaetbcs,
WO MOopyLUEHHA MikpobioTu, acouioBaHi i3 3MiHamu
iIMyHHOI BignoBigi cnun3oBoi 06onoHku Hoca npu J1AP,
MOXYTb AOMOMOITA MOSACHUTM  CXWMbHICTb  JIIOAMHU
[0 popmyBaHHsS ceHcubinisauii anepreHammn Ta po3BUTKY
anepriyHoro 3ananeHhs [6, 7].

Meta po6otu — gocniantn ocobnmeocTi Mikpobiomy
HOCOINOTKM Ta PIiBHIB CEKPETOPHOro  iMyHOrnobyniHy
knacy A y AiTe MONOALIOro LUKIfbHOMO BiKY 3 Migo3poto
Ha NTOKanbHWI anepriyHUn puHIT.

MATEPIAAU TA METOAU AOCAIAXXEHHA

AN3aiH AOCAIAXKEHHS

[ocnigxeHHs nposogunocb y 2020-2023 pokax
Ha KniHiYHIN 6a3i kadenpu negiatpii, AUTAYNX HPEK-
LinHMXx xBopob, imyHonorii Ta anepronorii HauioHanb-
HOrO YHIBEPCUTETY OXOPOHW 3A0POB’A YKpaiHW iMeHi
M.J1. Wynuka MiHicTepcTBa OXOpOHU 340pOB’st YKpaiHu,
Yy KOHCYNbTaTMBHO-AiarHOCTUYHIN nonikniHiui — Hauio-
HanbHIA OUTAYIA cneuianisoBaHin nikapHi «OxmaTauT»
(M. KniB), a Takox y KomyHanbHOMy HekOMepLinHOMY
nignpuemcTsi «lpniHCbka ULeHTpanbHa Micbka mnikapHs»
IpniHcbKoi Micbkoi paaun Kniecbkoi obnacti. JocnigxeHHs
BMKOHAHO BiZNOBIAHO 4O NPUHLUMNIB CbOMOrO Nepernsay
lenbciHcbkoi Aeknapauii npas noguHm (2013), KonseHuii
Pagn €ponn npo npaBa ntoavHu i GiomeguumHy
Ta YMHHOrO 3aKkoHoAaBcTBa YkpaiHu. OTprMaHo nuchb-
MOBI iH(pOpMOBaHi 3rogu Big 6aTbkiB/ONiKyHIB yCix giTen,
AKi 6panu yyacTb y AOCHIAXEHHI.

KpuTepii BKMOYEHHS: OiT MONOALUOrO LUKIFIbHOMO BiKY
(6 — 11 pokiB) 3 NPOSABaMU PUHITY — HEXWTb, 3aKNafeHiCTb
Hoca, YxaHHsi Ta/abo cBepbixk y HOCI 3@ YMOB HeraTMBHUX
pesynerartie LUMNT go nowmpeHux iHransuiiHix anepreHis.

KpuTepii BMKNoYeHHs: BigMoBa OaTbKiB Y/ OUTWHK
O6patn yyacTb Yy [OCNIMKEHHi, AiTM MeHwe 6 pokiB
i cTapwe 11 pokiB; HAasiBHICTb Y AiTel XPOHIYHUX 3aXBOpPIO-
BaHb y CTafil AeKoMneHcauii; BpOMKeHUX Bag PO3BUTKY
BHYTPILLUHIX OpraHiB, WO MatTb KMiHIYHY CUMNTOMATUKY
(okpiM Manux aHomanin); TSHXKKUX iHPEeKLiiHMX XBOpOO;
iIMyHOOEMIUNTHNX CTaHiB; CcneumdivyHnX iHeKUinHuX,
OHKOreMaTonorivyHMX i NCUXiYHNX 3aXBOPIOBAHb.

YciM nauieHTaM npoBOAMNM  KOMMIeKCHe obcTe-
XKEHHS, sIKe BKIMYano adania aHaMHeCTUYHUX OaHuX,

mechanisms and phenotypic heterogeneity. According
to the literature, the onset of LAR occurs in childhood
in approximately 36% of cases [3].

Regardless of the causal factor, inflammation of the
nasal mucosa underlies rhinitis; however, the immune
mechanisms responsible for the development of this
process differ. Mucous membranes serve as the main
gateways for antigens. Local production of secretory
immunoglobulin A (slgA) is a major component of mucosal
immunity [4] and has pronounced antimicrobial activity.
slgA mediates bacterial agglutination, neutralization
of endotoxins and viruses, and may also prevent
epithelial adhesion and invasion of pathogens, including
allergens [5]. Disruption of mucosal integrity under the
influence of infectious pathogens or potential allergens
may lead to activation of inflammation with predominance
of Th1- or Th2-type immune responses.

Recently, interest has been increasing in the role
of the microbiota as a potential therapeutic target
in various allergic diseases, including AR. It is believed
that disturbances of the microbiota associated with
changes in the immune response of the nasal mucosa
in LAR may help explain an individual's predisposition
to allergen sensitization and the development of allergic
inflammation [6, 7].

Objective — was to investigate the characteristics
of the nasopharyngeal microbiome and the levels
of secretory immunoglobulin A in primary school-aged
children with suspected local allergic rhinitis.

MATERIALS AND METHODS OF RESEARCH

Study Design

The study was conducted in 2020-2023 at the clinical
base of the Department of Pediatrics, Pediatric Infectious
Diseases, Immunology and Allergology of Shupyk National
Healthcare University of Ukraine, at the consultative and
diagnostic outpatient clinic of the National Children’s
Specialized Hospital «Okhmatdyt» (Kyiv), and at the
Municipal Non-Commercial Enterprise «Irpin Central
City Hospital» of the Irpin City Council, Kyiv region. The
study was carried out in accordance with the principles
of the Seventh Revision of the Declaration of Helsinki
(2013), the Council of Europe Convention on Human
Rights and Biomedicine, and current Ukrainian legislation.
Written informed consent was obtained from the parents
or guardians of all children participating in the study.

Inclusion criteria: primary school-aged children
(6—11 years) with symptoms of rhinitis — rhinorrhea, nasal
congestion, sneezing, and/or nasal itching — with negative
skin prick tests (SPT) to common inhalant allergens.

Exclusion criteria: refusal of parents or the child
to participate in the study; children younger than 6 years
or older than 11 years; presence of chronic diseases
in the stage of decompensation; congenital malformations
of internal organs with clinical manifestations (except
for minor anomalies); severe infectious diseases;
immunodeficiency states; specific infectious,
oncohematological, or psychiatric diseases.

All  patients underwent a  comprehensive
examination, which included analysis of anamnestic
data, clinical examination, general clinical laboratory
tests, allergological examination (SPT), microbiological
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KNiHIYHWA Ornsf, 3aranbHOKMiHIYHI nabopaTopHi gocni-
[DKeHHs1, anepronoriyHe obcTexxeHHs (LUMT), mikpobio-
noriyHe OOCRIAXXEHHS HOCOMMOTKN Ta BU3HAYEHHS PiBHIB
slgA y HazanbHOMy 3MuMBI. 36ip aHAMHECTUYHMX OAaHUX
i KMiHIYHWMIA ornsa  3divcHoBanu 6GesnocepenHbO Mg
Yac KOHCYMNbTaTMBHOMO Mpuiiomy. YacTtuHy iHopmauii
OTpUMYBanun PETPOCMNEKTUBHO LUMSAXOM aHarmisy ictopin
XBOpOO Ta amBbynaTopHUX KapT NaLieHTiB.

KAiHi4HG ouiHka puHiTY

KniHiyHy knacudikauilo puHITY Ha nepcucTyrouunia
abo iHTepMITyrOUNIA, a TaKoX MOro TSXKKICTb (nerka abo
cepeaHbOoTshKKa) NPOBOAWMM BiAMOBIAHO A0 OHOBMEHUX
pekomeHgauin ARIA 2024-2025. [na oOuiHKM TSXKOCTI
HOCOBMX CMMNTOMIB BMKOPUCTOBYBanM BidyarnbHy aHano-
ropy wkany (BALW) 10 mm. BignosigHo, pwHIiT knacu-
dikyBanu sk «nerkmny (BALL: 0-30 mm), «cepepgHin»
(BALL: 3070 mm) abo «Tspkkmia» (BALL > 70 mm).

BakTtepionoriuHe  gocnigXeHHA Ta  BU3HAYEHHSI
cekpeTopHoro IgA npoBoaunu B MeauuyHin nabopatopil
«[ina» (akpegutoBaHa HauioHanbHUM areHTCTBOM
3 akpeguTauii YKpaiHn Ha AOChigKeHHs1 BignoBiaHO A0
ISO 15189:2022, atectat npo akpegutauito Ne30001,
YnHHUA go 18.10.2026 p.)

BakTepioAoridyHe AOCAIAXEHHS

[Ona  ©GakTepionoriyHOro  AOCHigKEeHHs — maTepian
OTpUMYyBanM LWNASAXOM 3abopy Maska 3 HOCOIOTKM
CTEPUNIbHUM TaMMOHOM i3 BICKO3W Ha MNIACTUKOBOMY
annikatopi. 3abip npoBoavnu BpaHLi HaTlle OO0 3acTo-
CyBaHHS HasanbHuX npenapartis. [lociBu BMKOHyBanu
CTaHO4apTHUM METOAOM Ha BiAMOBIAHI MOXWBHI cepe-
JosuLla. lgeHTudikauito MikpoopraHiamiB 34iicHioBanm
3a MOpJOOrierd KOMOHi, Mikpockonielo (3abapBrneHHs
3a pamom) i BioxiMiYHUMK TecTaMu 3 BUKOPUCTAHHAM
VITEK. KinbkicHy OLiHKY BWKOHyBanu sik HaniBKinbKiCHY
(«picT cnabknin/NOMipHUA/PACHUIAR ).

Bu3Ha4yeHHsa cekpeTopHoro IgA

3pasky Hal3anbHOrO 3MMUBY [ANS BU3HAYEHHS PiBHSA
slgA oTpumyBanu y ctaHgapTM30BaHUX yMOBaX y MepLuin
NMONOBWHI OHSA, A0 3aCTOCYBaHHS iHTpaHa3anbHUX npena-
paTiB. Bu3HaveHHa piBHA SIgA y HasanbHOMY 3MUBI
NpoBOAMAM  METOAOM  IMYHODEPMEHTHOro  aHanisy
(ELISA) 3 BukopucTaHHSAM KOMepLiiHOro Habopy Bigno-
BiJHO 00 IHCTPYKUin BMpOOHMKa. KoHueHTpauito slgA
BMpaxanu y MKr/mn.

KiHLLeBi TO4YKM AOCAIAXKEHHSA

[MepBMHHMMM  KIHUEBMMW  TOYKaMu  LOCHILKEHHS
Oynn dacToTa BM3HA4YeHHA Ta cnekTp OakTepianbHOI
KOMMOHi3aLii HOCOrMoTKM Yy AiTel MOMOALIOro LKiNbHOro
BiKy 3 nigo3poto Ha JIAP, a Takox piBeHb SIgA y Hasanb-
HOMY 3MuBi. [0 BTOPMHHUX KiHLEBMX TOYOK BifHECEHO
OLiHKY B3a€MO3B’sI3Ky M piBHEM SIgA Ta BUpaxeHICTIo
KNiHIYHMX CUMMTOMIB PUHITY 3a wkanamu BALU, anani3
acoujauin MiXX JOMiHYOYMMUN TakCOHaMK MiKpobioTn abo
HasABHICTIO YMOBHO-NATOreHHNX MiKpOOpraHi3miB i piBHEM
slgA, a TakoX BUBYEHHS MOXIMBOrO BMMMBY CYMYTHIX
UMHHMKIB, 30Kpema afeHoifgHoi rinepTpodii, yacTotn
rOCTPUX pecnipaTopHMX iHeKUi | NacnBHOIO THOTIOHO-
BOrO AUMY, Ha OOCNIoKyBaHi MOKa3HUKN.

examination of the nasopharynx, and determination
of slgA levels in nasal lavage. Anamnestic data collection
and clinical examination were performed directly during
the outpatient consultation. Some information was
obtained retrospectively through the analysis of medical
records and outpatient charts.

Clinical Assessment of Rhinitis

Clinical classification of rhinitis as persistent
or intermittent, as well as assessment of severity (mild
or moderate-to-severe), was performed according to the
updated ARIA 2024—-2025 recommendations. The severity
of nasal symptoms was assessed using a visual analog
scale (VAS) of 10 cm. Accordingly, rhinitis was classified
as mild (VAS: 0-30 mm), moderate (VAS: 30—-70 mm),
or severe (VAS > 70 mm).

Bacteriological testing and determination of secretory
IgA were performed at the Dila Medical Laboratory
(accredited by the National Accreditation Agency
of Ukraine according to 1ISO 15189:2022, accreditation
certificate No. 30001 valid until 18.10.2026).

Bacteriological Examination

For bacteriological analysis, samples were obtained
by collecting a nasopharyngeal swab using a sterile
viscose swab on a plastic applicator. Sampling was
performed in the morning on an empty stomach before
the use of nasal medications. Cultures were performed
using the standard plating method on appropriate
nutrient media. ldentification of microorganisms was
carried out based on colony morphology, microscopy
(Gram staining), and biochemical tests using the VITEK
system. Quantitative assessment was performed semi-
quantitatively («low/moderate/heavy growth»).

Determination of Secretory IgA

Samples of nasal lavage for determination of sIgA
levels were collected under standardized conditions
in the first half of the day, before the use of intranasal
medications. The level of slgA in nasal lavage was
determined using the enzyme-linked immunosorbent
assay (ELISA) with a commercial kit according to the
manufacturer’s instructions. sIgA concentration was
expressed in ug/mL.

Study Endpoints

The primary endpoints of the study were the frequency
and spectrum of bacterial colonization of the nasopharynx
in primary school-aged children with suspected local
allergic rhinitis LAR, as well as the level of sIgA in nasal
lavage. Secondary endpoints included assessment
of the relationship between slIgA levels and the severity
of clinical rhinitis symptoms according to VAS, analysis
of associations between dominant microbiota taxa or the
presence of opportunistic microorganisms and sigA
levels, as well as evaluation of the possible influence
of accompanying factors such as adenoid hypertrophy,
frequency of acute respiratory infections, and passive
tobacco smoke exposure on the studied indicators.
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CTATUCTUYHUI AHAAI3

Pesynbratv pocnimkeHHs nogaBanvca sK cepefHe
apudmeTnyHe (M) £ ctaHgapTHe BigxuneHHs (SD). Y pasi
HEHOPMarbHOro Po3noainy pesynsraTiB AaHi nogaBanucs
Ak megiaHa (Me) i 1-n (Q25) i 3-n (Q75) kBaptuni — Me
(Q25; Q75). MNpy HopmanbHOMY po3noAini AaHWx Ans
BM3HAYeHHS [OCTOBIPHOCTI CTaTUCTUYHUX MOKa3HWKIB
BMKkopucToByBanu t-kputepin CTblogeHTa, BOZHOYaC,
3a BIACYTHOCTI HOpManbHOro po3noginly — Henapame-
TpuyHun  U-kpuTepin ManHa—YiTHi. BigmiHHOCTI npu
p < 0,05 (95,5%) BBaxxanucs OCTOBIPHUMM.

PE3YABTATU

Y pocnigkeHHs 6yno BKMOYEHO 72 OUTUHU MOMOA-
LLIOTO LUKINBbHOrO BiKy 3 KriHiHMMKU nposiBamun AP i Hera-
TMBHUMYM pe3ynbratamu LMK go nowmpernx iHranauinHmx
anepreHiB. CepeaHin Bik nauieHTiB ctaHoBUB 8,6 + 1,7 p.;
xnonyuku ctaHosunu 54,2% (n = 39), gisvatka — 45,8%
(n=33) (tabn. 1).

Statistical Analysis
Study results were presented as mean (M) + standard
deviation (SD). In the case of non-normal data
distribution, the results were presented as median
(Me) and the 1st (Q25) and 3rd (Q75) quartiles — Me
(Q25; Q75). For normally distributed data, the Student’s
t-test was used to determine statistical significance,
while in the absence of normal distribution the
Mann-Whitney U test was applied. Differences were

considered statistically significant at p < 0.05 (95.5%).

RESULTS

A total of 72 primary school—-aged children with clinical
manifestations of allergic rhinitis (AR) and negative skin
prick tests (SPT) to common inhalant allergens were
included in the study. The mean age of the patients was
8.6 + 1.7 years; boys accounted for 54.2% (n = 39) and
girls for 45.8% (n = 33) (Table 1).

Tabnuusa 1. XapakTepucTukm giTel 3 Nigo3poro Ha NoKanbHU anepriyHnin puHiT
Table 1. Characteristics of children with suspected local allergic rhinitis

MokasHuku / Variables

MauieHTn / Patients

(n=72)
Bik, poku / Age, year 8,6+17
Yonosiva ctatb / Men, n (%) 39 (54,2%)
CimenHui aHamHes aronii / Atopy family history n (%) 54 (75,0%)

Kuteni / Residence, n (%)
MmicT / Town
cin/ Village

59 (81,9%)
13 (18,1%)

TroTioHonaniHHs 6aTtbkiB / Parental smoking, n (%)

31 (43,1%)

KoHTakT 3 gomalurimm TBapnHamm / Contact with pets, n (%) 47 (65,3%)
MposiBu atonii nicna HapomxeHHst / Manifestations of atopy after birth

atoniyHuin gepmatut / atopic dermatitis 4 (5,56%)
nentoLikoBuin aepmatut / diaper dermatitis 3(4,17%)
xap4yoBa rinepyytnmsicTk / food hypersensitivity 9 (12,5%)

[eTtanbHui aHania aHaMHeCTUYHUX AaHWX MoKasas,
O YCKMagHEeHW 3a aTomnier CiIMeNHWIA aHaMHe3 manu
54 (75,0%) OouTuHK, i B OCHOBHOMY 3 OOKy wmarepi.
MposiBn atonii nicnsa HapomxeHHA Manu 16 (22,2%) aiten
y BUmMAgi atoniyHoro aepmatuty (A) (4), nentoLwKoBoro
nepmatuTy (3), xapyoBoi rinepyytnueocTi (9). HeobxigHo
BiA3HaunTK, Wo GinbLicte aiten — 59 (81,9%) melwkaHui
MicT. TioTIOHONaniHHA 3 OOKy OAHOro Ym ABOX OaTbkiB
Bia3HaveHo y 31 (43,1%) BunaaKy, 3 HAPOAXKEHHSA KOHTaK-
TYIOTb 3 fOMaLUHIMK TBapuHamn — 47 (65,3%) aiten.

3a kniHiyHot knacudikauieto AP BignoBigHoO 4o peko-
meHzauin ARIA iHTepMiTytounin nepebir puHITY BCTaHOB-
neHoy 31 (43,1%) outuHn, nepcuctytounii —y 41 (56,9%).

3a pesynbratamu BALL BusHayeHo, wo y 43 (59,7%)
aiten nposisn AP knacudikyBanu Ak nerkoro cTyneHs
(BALWL: 17,7 + 6,65 mm), y 28 (38,4%) — cepeaHboro
ctyneHs (BALL: 46,1 £ 10,1 mm), y ABOX (2,6%) — TSXKKOro
ctyneHs (BALWL: 72,0 £ 1,00 mm), 3 HUX y 9 giTen popat-
KOBO [jarHOCTOBaHWi afgeHoiguT 1-2 cTyneHsa (3aknio-
YeHHs1 otonapuHronora) (puc. 1).

MaHicdbecTauia  KniHiYHOI  cuMnATOMaTVKM  nova-
nacb y Biui 4,11 * 0,93 p., y GinbwocTi BuNagkis nicns
rocTpux pecnipatopHux 3axBoptoBaHb ((P3). 3aranom
yacti 'P3 (6inbwe 8 pasiB Ha pik), WO CynpoBOaXyBa-
nMcb OBCTPYKTMBHUM cuHApOMOM, Byrm y 61 (84,7%)

A detailed analysis of anamnestic data showed
that 54 children (75.0%) had a family history of atopy,
predominantly on the maternal side. Postnatal
manifestations of atopy were observed in 16 (22.2%)
children, including atopic dermatitis (AD) (4 cases),
diaper dermatitis (3 cases), and food hypersensitivity
(9 cases). It should also be noted that the majority
of children —59 (81.9%) — were urban residents. Parental
smoking (by one or both parents) was reported in
31 (43.1%) cases, and 47 (65.3%) children had been
in contact with household pets since birth.

According to the clinical classification of AR based
on ARIA recommendations, an intermittent course
of rhinitis was diagnosed in 31 (43.1%) children, while
a persistent course was observed in 41 (56.9%).

According to the VAS assessment, 43 children
(59.7%) had mild AR (VAS: 17.7 £ 6.65 mm), 28 (38.4%)
had moderate AR (VAS: 46.1 + 10.1 mm), and 2 (2.6%)
had severe AR (VAS: 72.0 + 1.00 mm). Among them,
9 childrenwere additionally diagnosed with grade
1-2 adenoiditis (otolaryngologist’s conclusion) (Fig. 1).

The onset of clinical symptoms occurred at the
age of 4.11 £ 0.93 years, in most cases following acute
respiratory infections (ARIs). Overall, frequent ARIs (more
than 8 episodes per year) accompanied by obstructive
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100 —

p=0,002*

90 T : p<0,0001*

p< 0,0001*

80 —+
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10 +

BAL, mm / VAS, mm

30 +

20 +

10 +

CepeaHii cTyniHe /
Moderate severity

Nerkuii crynine / Mild

+

*

TAKKMI CTYMiHb /

severity Severe severity

* significant at level alpha=0,05

Puc. 1. Po3nogin giter 3a cTyneHem TsBKKOCTI aneprivyHoro puHiTy BignosigHo go BALL, mm
Fig. 1. Distribution of children according to the severity of allergic rhinitis based on the Visual Analog Scale (VAS), mm

AUTUHW. 3BepTaemo yBary 1 Ha Te, Wwo B 12 (16,6%) aiten
3 nigo3poto Ha JIAP Bxe OyB BUCTaBNeHuUi fiarHo3 6poH-
xianbHoi actmu (BA) nerkoro ctyneHs i Ui AiTn oTpumy-
Banv 6asucHy Tepanito (GINA 2025).

BakTtepionoriyHe gocnigpkeHHs MaskiB i3 HOCOrMOTKM
BUSIBUMNO HasiBHICTb MiKpOGHOI konoHisadii y 65 (90,3%)
obcTexeHux aiten. Y 48 (66,7%) Bunagkax peectpysanm
MoHodpropy, ToAi sk 'y 17 (23,6%) aiten Busisnanm acoui-
auii 4Box i binbLue MikpoopraHiamis.

HanvacTtiwe  BuaABnanu  NpeAacTaBHUKIB -+ poay
Staphylococcus, 3okpema Staphylococcus aureus —
y 29 (40,3%) pitewn i koaryna3oHeratuBHi CTadinoKoku —
y 21 (29,2%). Streptococcus spp. suciBann 'y 18 (25,0%)
Bunagkax, Moraxella catarrhalis — y 22 (30,5%),
Haemophilus influenzae — B 11 (15,3%) piten. Mpencrae-
HUKN poamHu Enterobacteriaceae BusiBNanuca pigwe —
y 6 (8,3%) obcTtexxeHnx ocCib i nepeBaxHO y cknagi
MiKpOBHMX acoujauin (puc. 2).

45,00%

40,30%

40,00%

35,00%
30,50%

29,20%

30,00%

25,00%

20,00%

15,00%

10,00%

5,00%

0,00%
Staphylococcus
aureus

Moraxella catarrhalis KoarynasoHeratmeHi  Streptococcus spp.
cTadinoKoKku

syndromewere observed in 61 (84.7%) children. It is also
noteworthy that 12 children (16.6%) with suspected LAR had
already been diagnosed with mild bronchial asthma (BA) and
were receiving maintenance therapy according to GINA 2025.

Bacteriological examination of nasopharyngeal
swabs revealed microbial colonization in 65 (90.3%)
of the examined children. Monoflora was detected in
48 (66.7%) cases, whereas associations of two or more
microorganisms were found in 17 (23.6%) children.

The most frequently detected microorganisms were
representatives of the genus Staphylococcus, particularly
Staphylococcus aureusin29(40.3%)childrenand coagulase-
negative staphylococci in 21 (29.2%). Streptococcus spp.
were isolated in 18 (25.0%) cases, Moraxella catarrhalis
in 22 (30.5%), and Haemophilus influenzae in 11 (15.3%)
children. Members of the Enterobacteriaceae family were
detected less frequently — 6 (8.3%) children, mainly as part
of microbial associations (Fig. 2).

15,30%

8,30%

Haemophilus Enterobacteriaceae

influenzae

Coagulase-negative

staphylococci

Puc. 2. PesynsraTty 6akTepionoriyHoro 4oCHiAXeHHS HOCOTMOTKM y AiTel 3 NiJ03pOot0 Ha NTOKaNbHUIA anepriyuinin puHiT
Fig. 2. Results of bacteriological examination of the nasopharynx in children with suspected local allergic rhinitis
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HaniskinbkicHa ouiHka 6akTepianbHOro pocTy Moka-
3ana, Wo y AiTen i3 nepcuctytodmM nepebiroMm puHiTy
[OCTOBIPHO YacTile BUSIBNSIBCA MOMIpHUIA abo psicHWiA
PiCT YMOBHO-NATOrEHHUX MIKPOOPraHiamiB MOPIBHSAHO
3 OiTbMU 3 IHTEPMITYIOYUM PUHITOM. 30Kpema, NOMipHUIA
abo psicHui pict Staphylococcus aureus peecTtpyBanu
y 53,7% pitent (22 3 41) 3 nepcuctytounm AP npotun 22,6%
(7 3 31) piten 3 iHTepmiTytounm nepebirom (p = 0,018),
Toai Ak ansa Moraxella catarrhalis BignoBigHi MOKa3HUKK
ctaHoBunun 41,5% (17 341) ta 16,1% (5 3 31) BignosigHo
(p =0,034).

AHani3 piBHiB SIgA y HasanbHOMy 3MuMBi MNOKasas,
WO cepedHE MOro 3HayeHHs y rpyni Aiter 3 nigo3poto
Ha JIAP, ctaHoBuno 38,6 + 14,9 mkr/mn. Y 44 (61,1%)
niTen piBHi SIgA Gynu 3HWKXEHVMMMW BIOHOCHO BIKOBUX
pedepeHTHNX 3HayeHb, Todi Ak y 28 (38,9%) — 3Haxoau-
NNCH B MeXax HOpMMU.

[iTn 3 nepcucTyoumnm nepebirom puHITy Manm gocTo-
BiPHO HVKYi PiBHI SIJANOPIBHAHO 3 4iTEMM 3 IHTEPMITYHOUUM
puHiTom (34,2 £ 12,7 mkr/mn npotun 44,1 £ 15,3 mkr/mn;
p =0,012) (puc. 3).

The semi-quantitative assessment of bacterial
growth showed that children with a persistent course
of rhinitis had moderate or heavy growth of opportunistic
microorganisms significantly more often than children
with intermittent rhinitis. In particular, moderate or heavy
growth of Staphylococcus aureus was observed in 53.7%
of children (22 of 41) with persistent AR compared with
22.6% (7 of 31) of children with an intermittent course
(p = 0.018). For Moraxella catarrhalis, the corresponding
values were 41.5% (17 of 41) and 16.1% (5 of 31),
respectively (p = 0.034).

Analysis of sIgA levels in nasal lavage showed that
the mean value in the group of children with suspected
LAR was 38.6 + 14.9 ug/mL. In 44 children (61.1%), slgA
levels were reduced relative to age-specific reference
values, while in 28 (38.9%) they remained within the
normal range.

Children with a persistent course of rhinitis had
significantly lower sIgA levels compared with children with
intermittentrhinitis (34.2+12.7 uyg/mLvs 44.1 +15.3 ug/mL;
p = 0.012) (Fig. 3).

N w B w =
o =] o (=] =]

PiBHi sIgA, mxr/mi. / sIgA levels, mcg/ml
=
o

Mepcucryrounii punir /

Persistent rhinitis

IurepmiTyrounit pusHiT /
Intermittent rhinitis

Puc. 3. PiBHi sIgA y giTe 3anexHo Bif nepebiry puHiTy
Fig. 3. slgA levels in children depending on the course of rhinitis

AHarnoriyHa TeHAEeHUis cnocTepiranacsa npv aHanisi
3anexHo Bif TSXKKOCTI CUMMTOMIB: y AiTEN i3 cepefHbo-
TSKKUM nepebiroMm puHITy piBeHb SIgA ByB HMKUMM, HiX
y fiten 3 nerkum nepebirom (32,9 + 11,8 mkr/mn npotu
47,6 £ 13,9 mkr/mn; p = 0,014) (puc. 4).

A similar trend was observed when analyzing data
according to symptom severity: children with moderate-
to-severe rhinitis had lower slgA levels than those with
mild disease (32.9 + 11.8 pg/mL vs 47.6 £ 13.9 pg/mL;
p = 0.014) (Fig. 4).

601

Pisui sIgA, mxr/mi. / sIgA levels, mcg/ml

CepenHbo-TOKKHIH /
Moderate severity

Jlerxuii mepebir /
Mild severity

Puc. 4. PiHi sIgA y fiTen 3anexHo Bif TSXXKOCTi CUMNTOMIB PUHITY
Fig. 4. slgA levels in children according to the severity of rhinitis symptoms
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BcraHoBneHo, Wo HasBHiCTb Staphylococcus aureus
y HOCOIMOTLi acouioBanacs 3i 3Ha4HO HVXKYUMU PIBHAMM
slgA 'y HazanbHomy 3mMuBi (31,4 £ 10,6 MKr/mn) NoOpiBHAHO
3 OiTbMu 6e3 konoHisadii S. aureus (44,8 + 14,2 mkr/mm;
p = 0,001). Binblwe TOroO, Yy AiTen 3 MikpobHMMM acouia-
LismMn piBeHb SIgA 6yB JOCTOBIPHO HWXYMM, HiX y AiTen
3MOHOnopoto (29,7 19,8 mkr/mMnnpotn41,9+13,6 MKr/mn;
p = 0,018). BogHouac gomiHyBaHHA Moraxella catarrhalis
abo Haemophilus influenzae Takox CynpoBOMXyBanocs
TEHAEHUIE 00 3HWKeHHA sSIgA, ogHak Ui BigMiHHOCTI
He Jocsiranu CTaTUCTUYHOI 3HaYYLLOCTI.

OBrOBOPEHHS

JlokanbHW anepriyHnMn pUHIT — Le He3anexHun
heHoTun 3axBoptoBaHHA. OfHielo 3 rinoTes Wwoao hopmMy-
BaHHA AaHOi HO30MOrii € 3B’A30K i3 CTAHOM MYKO3arbHOro
iMyHiTeTY HocornoTku (aHrn. Nasal-Associated Lymphoid
Tissue, NALT) [2].

Cnmn3oBi  OOOMOHKM HOCOBOI MOPOXHWUHW € OZHUMMU
3 OCHOBHMX BOPIT ANs NOTPanisHHS iHEKLIMHNX Ta anep-
MYHNX aHTUIEHIB B OpraHiamM noguHu. JlokansHe BUpobreHHs
slgA nnasmaTyHUMK KMiTMHAMM € OCHOBHUM KOMMOHEHTOM
MyKO3arnbHOro imyHiTeTy [8]. BinbLiicTb gocnifjkeHs nosi-
OOMAsOTL NPO 3B’530K SIGA 3 iHOYKLIE iMYHHOT TOonepaHT-
HOCTI Npy aneprisix, onocepegkosaHux IgE [9, 10].

3a pgaHumun Fabien X. Ta cniBaBT., BUCOKUIA piBEHb
slgA'y cnvHi 6yB NoB’A3aHNIA 3 MEHLLMM PO3BUTKOM arnep-
rYHUX CUMNTOMIB Yy CeHcMbinisoBaHux giten [11].

Y Typeubkomy AocrifxeHHi obcTexysBanu 55 giten
3 nepcuctytounum AP. PiseHb sIgA B HocoBIl piguHi 6yB
3HaYHO 3HWXKEHUN Y fiTen 3 AP He3anexHo Bif NikyBaHHS
iHTpaHa3anbHMMN KOPTUKOCTEPOIAaMU Ta HeraTuBHO
KOpentoBaB 3i LUKanol CUMMATOMAaTUYHMX nposaBiB TSS
(anrn. Total symptom scores) [12].

CBoro yacy B SAINOHCbKOMY AOCHIKEHHI TakoX BU3Ha-
YEeHO 3HaYHO HWXYI piBHI SIGA y CrivHI JOpoCnMX NauieHTiB
i NgNiTKiB i3 LiNnopivyHMM i ce3oHHMM AP NOpIBHSHO 3i 30,0po-
BUMM ocobamun. BusBneHa HeratvBHa Kopemnsuis Mk
piBHAMM SIgA y cnvHi Ta KniHiYHoo nowwmpeHicTio AP [13].

Xoua gocnigxeHb slgAy giten 3 JIAP Ham He 3ycTpiva-
nocbk, OAHaK Halle OOCTiAXEHHSA Noka3ano, Wwo y BinbLoi
yactuHmn (61,1%) giten 3 nigospoto Ha JIAP piBHi sIgA
Oynn  3HWKEHVMMM BIOHOCHO BIiKOBMX pedepeHTHUX
3HayeHb. binblwe Toro, slgA Gynu HWKYMMK 3anexHo
Bi, TSHKKOCTI CMMMTOMIB PWHITY i NEpPCUCTEHLIi NposBiB
XBOpOOW, WO NiATBEPAXYBano AaHi HAayKOBOI niTepaTypu
ctocoBHO AP.

OcTaHHIMM pokamMK LUBMAKO 3pocrna KinbKicTb gocni-
[DPKEHb Y BUBYEHHI poni MikpoOioMy ANns 34,0pOB’A NI0ANHN
Ta naroreHesi anepriyHux xsopob (AX). OpgHak, nepe-
BarkHa BinbLuicTb pobiT cTocyBanacs MikpobioTH LLITYHKO-
BO-kMLLKOBOro kaHany (LLUKK) i HyxHix AgnxanbHux Wwnsxis.
3okpema Sandin A. y WBeACBKOMY OOCHiAXEHHI NoKa3as,
Lo MikpobHe HaBaHTaxeHHs y LLKK Ha paHHbOMy eTani
XWUTTA MOXe BNNuBaTW Ha PO3BUTOK aneprii. ®yHkuio-
HanbHa OLjHKa KMLIKOBOI hriopy nNpoAeMOHCTpyBarna
BiAMIHHOCTI MiX giTbMu 3 AX i giTbMKn 6€3 HUX, Npu4oMy
SIK B OQHOPIYHOMY BiLli, TaK i B YoTupun poku [14].

OkpiM  UbOrO  BMBYaANMUCb  acouiaTUBHI  3B’sI3KK
piBHiB SIgA 3 GakTepianbHUM HaBaHTaXXEHHSIM i Pi3HO-
BMOOM MikpoopraHiamis. Morawska [. Ta cnisaBT.

The presence of Staphylococcus aureus in the
nasopharynx was associated with significantly lower sigA
levels in nasal lavage (31.4 + 10.6 pg/mL) compared with
children without S. aureus colonization (44.8 + 14.2 ug/mL;
p = 0.001). Moreover, children with microbial associations
had significantly lower sIgA levels than those with
monoflora (29.7 + 9.8 pg/mL vs 419 + 13.6 pg/mL;
p =0.018).

At the same time, dominance of Moraxella catarrhalis
or Haemophilus influenzae was also associated with
a trend toward lower sIgA levels, although these
differences did not reach statistical significance.

DISCUSSION

Local allergic rhinitis is considered an independent
phenotype of the disease. One of the hypotheses
regarding the development of this nosological entity
involves its association with the state of nasopharyngeal
mucosal immunity, specifically the Nasal-Associated
Lymphoid Tissue (NALT) [2].

The mucous membranes of the nasal cavity are among
the main gateways for infectious and allergic antigens
entering the human body. Local production of secretory
immunoglobulin A (slgA) by plasma cells is the main
component of mucosal immunity [8]. Most studies report
an association between slgA and the induction of immune
tolerance in IgE-mediated allergies [9, 10].

According to Fabien X. et al., high levels of salivary
slgA were associated with a lower incidence of allergic
symptoms in sensitized children [11].

In a Turkish study involving 55 children with persistent
allergic rhinitis (AR), the level of sIgA in nasal fluid was
significantly reduced in children with AR regardless
of treatment with intranasal corticosteroids and negatively
correlated with the Total Symptom Score (TSS) scale [12].

Similarly, a Japanese study demonstrated significantly
lower levels of salivary slgA in adult patients and
adolescents with perennial and seasonal AR compared
with healthy individuals. A negative correlation between
salivary sIgA levels and the clinical prevalence of AR was
identified [13].

Although studies investigating slgA in children with
LAR are scarce, our research showed that in more than
half (61.1%) of children with suspected LAR, slIgA levels
were reduced relative to age-specific reference values.
Moreover, slgA levels were lower depending on the
severity of rhinitis symptoms and persistence of the
disease, which is consistent with findings reported in the
literature on AR.

In recent years, research on the role of the microbiome
in human health and in the pathogenesis of allergic
diseases (AD) has rapidly expanded. However, most
studies have focused on the gastrointestinal tract (GIT)
microbiota and the lower respiratory tract. For instance,
Sandin A. in a Swedish study showed that microbial
exposure in the GIT during early life may influence
the development of allergy. Functional assessment
of intestinal flora demonstrated differences between
children with allergic diseases and those without them
both at one year and four years of age [14].

In addition, associations between sIgA levels,
bacterial load, and microbial diversity have been
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NPOAEMOHCTPYBanu, LWo AiTW 3 aneprielo Manu He nuiie
HU3bKWUN piBeHb SIgA y CnvHi, ane n MeHWw andepeH-
uinoBaHe GakTepianbHe MikpocepenoBuie. Y nauieHTiB
3 pediunToM cekpeTopHoro sIgA cknag KMLWKOBOI MiKpo-
6ioTv OyB 3MiHEHWI MOPIBHAHO 3i 340POBMMMK NaLieH-
Tamu [15]. Xouya npsamuii BNNvB KULIKOBOI SIGA Ha anep-
riYHy peakuito 3anuwaeTbCa HEe3po3yMinvM, asTopu
npunyckawTb, WO Mogynsauis npogykuii sIgA wnsxom
BNNMBY Ha MikpoObioTy, Hanpuknag, npebioTukamm, Moxe
3MeHLLyBaTK aneprit.

Mopsag 3 unm, Nye HeBenuka KinbKiCTb AOCHIOKEHb
npoBeaeHa LWoao MikpobioMy BEPXHIX AMXaTbHUX LUNAXIB,
30Kpema HasarnbHoro BMIicTy i AX. XapakTepucTukun Mikpo-
6ioMy HOCOBOrO CnM3y MOXyTb He3nocepegHLO BNNNBATU
Ha MexaHi3MKn NoYaTKOBMX anepridyHUX peakuin B enitenii
HOCa, OCKINbKM iHransuinHi anepreHn cno4vaTtKky CTuKa-
I0TbCS 3 IMYHHOIO CMCTEMOIO rOCnofapsi came B CrM30BiN
060rnoHLj Hoca.

Mu npunyctuti, wo cdopmysaHHsA JIAP Takox Moxe
3anexaTtu Big4 3MiH BWOOBOrO YW KiNbKiCHOro cknagy
MikpobioT HocornoTku. Y nociBax Aiter 3 nigospoto
Ha JIAP HanvacTiwe Oyno BUSIBNIEHO NPEACTaBHMKIB
pony Staphylococcus: y 40,3% Bunagkis Staphylococcus
aureus i B 29,2% — koarynasoHeraTuBHi CTadinioOKoKM;
Streptococcus spp. — y 25,0% Bunagkax, Moraxella
catarrhalis —y 30,5% i Haemophilus influenzae — B 15,3%
niten. MNpegcraBHukn poguHu Enterobacteriaceae BusB-
nanuca pigwe — y 8,3% pAiTen nepeBaxHo Yy cknagi
MIKpOOHMX acoujauin. Mu nopiBHANM OTpUMaHi AaHi
3 pesynbratamu iHWKX gocnigxkeHb. Tak, Bogaert D.
Ta cniBaBT. Yy CBOIX paHHIX pobotax BUABWUMMN,
L0 Y HEMOBNST MikpOGIOM HOCOIMOTKM SIKICHO NpeacTaB-
NeHnn wWwicteMa nowwmpeHuMmn pogamu: Haemophilus,
Streptococcus, Moraxella (Ui Tpy poaM MOLUMPEHi Npu
rocTpux pecnipatopHux iHdekuiax), Staphylococcus,
Alloiococcus i Corynebacterium (4acTiwe 3ycTpiyatoTbCa
y 3paskax 300poBux giten) [16].

MpoTe cknag MiKpoBHMX CMiNbHOT 3 YacoM € AWHa-
MiyHMM. Y pobotax Wos-Oxley ML. Ta cnieaBT. (2016),
Marazzato M. i cniaBT. (2020) npoBefeHe CEKBEHYBaHHS
16S-pAHK nokasano 3Hay4Hy pi3HMLIIO0 B MiKpOOpPraHiamax
CNM30BOI HOCA 3anexHOo Bif TAaKCOHOMIYHMX PiBHIB. Tak,
Ha piBHi Tuny (phylum) HasanbHa MikpobioTa 340pPOBUX
niogen cknagaetbcs  nepeBaxHo 3 Actinobacteria,
Firmicutes i Proteobacteria, a Bxe Ha piBHi pogy (genus)
Hanbinbw nowwupeHumn € Moraxella, Haemophilus,
Streptococcus i Flavobacterium [17, 18].

KomeHcanbHi 6akTepii, siki KONOHI3yHoTb CNM30BI, MOXYTb
BNMMBATW Ha UMWTOKIH-3anexHe 3ananeHHs Th2 Tuny
Ta CXUIbHICTb J0 AX, Xo4a MexaHi3mu, LLO fnexaTb B OCHOBI
LMX CMOCTEPEXEHb, NMPOAOBXYHOThH BUBYATU.

Y pocnipkeHHsx Xiaofei S. Ta cniBaBT. BU3HA4YeHO
30inbLIeHHs Ha3anbHOi MIKpOOIOTM Ha piBHI BUOOBOI
piBHoBaru y gitet 3 AP NopiBHAHO 3i 300POBUMU AiTbMMU.

BinbLie Toro, Buaosa piBHosara 6yna 3Ha4HO nigBu-
LeHa B rpyni i3 cepeaHbOTSKKMM NnepebiroM NopiBHSHO
3 Aitbmuy 3 nerkum nepebirom AP. Staphylococcus (npep-
CTaBHWK TUNy Firmicutes) 3Ha4HO OMiHYBaB y rpyni 3 AP,
ane Moraxella (npeacTtaBHuk TUNy Proteobacteria) nepe-
BaXkana y rpyni KOHTponoo. ABTOpPWU AiALINW BUCHOBKY,
WO NiABULLIEHHS BMOOBOI OAHOPIAHOCTI B Ha3anbHOMY
Mikpobiomi, MMOBiIpHO, Oyno NoB’si3aHe i3 3aroCTPeHHAM
cumnTomis AP [19].

studied. Morawska |. et al. demonstrated that children
with allergies had not only lower salivary slgA levels but
also a less differentiated bacterial microenvironment.
In patients with secretory sIgA deficiency, the composition
of the intestinal microbiota differed from that of healthy
individuals [15]. Although the direct influence of intestinal
slgA on allergic reactions remains unclear, the authors
suggest that modulation of sIgA production through
microbiota-targeted approaches, such as prebiotics, may
reduce allergic manifestations.

At the same time, only a limited number of studies
have investigated the microbiome of the upper respiratory
tract, particularly nasal secretions, in relation to allergic
diseases. Characteristics of the nasal mucus microbiome
may directly influence the mechanisms of initial allergic
reactions in the nasal epithelium, since inhaled allergens
first interact with the host immune system at the level
of the nasal mucosa.

We hypothesized that the development of LAR may
also depend on changes in the species composition
or quantitative profile of the nasopharyngeal microbiota.
In cultures obtained from children with suspected
LAR, the most frequently detected microorganisms
were representatives of the genus Staphylococcus:
Staphylococcus aureus in 40.3% of cases and coagulase-
negative staphylococci in 29.2%; Streptococcus spp.
in 25.0% of cases, Moraxella catarrhalis in 30.5%, and
Haemophilus influenzae in 15.3% of children. Members
of the Enterobacteriaceae family were detected less
frequently (8.3% of children), mainly as part of microbial
associations.

We compared these findings with results from other
studies. Bogaert D. et al. reported that in infants the
nasopharyngeal microbiome is mainly represented by six
common genera: Haemophilus, Streptococcus, Moraxella
(these three genera are commonly associated with
acute respiratory infections), as well as Staphylococcus,
Alloiococcus, and Corynebacterium, which are more
frequently detected in samples from healthy children [16].

However, the composition of microbial communities
is dynamic over time. Studies by Wos-Oxley M.L.
(2016) and Marazzato M. et al. (2020) using 16S rDNA
sequencing demonstrated significant differences in nasal
mucosal microorganisms depending on the taxonomic
level. At the phylum level, the nasal microbiota of healthy
individuals mainly consists of Actinobacteria, Firmicutes,
and Proteobacteria, while at the genus level, the
most common taxa include Moraxella, Haemophilus,
Streptococcus, and Flavobacterium [17, 18].

Commensal bacteria colonizing mucosal surfaces
may influence Th2 cytokine-dependent inflammation
and susceptibility to allergic diseases, although the
mechanisms underlying these observations are still under
investigation.

Studies by Xiaofei S. et al. demonstrated an increase
in nasal microbiota diversity in children with AR compared
with healthy children. Moreover, microbial diversity
was significantly higher in the group with moderate-to-
severe AR compared with children with mild disease.
Staphylococcus (a representative of the phylum
Firmicutes) was significantly dominant in the AR group,
whereas Moraxella (a representative of Proteobacteria)
prevailed in the control group. The authors concluded that
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Jeon Y.J. Ta cniBasrT. (2020) BMABUAW, LLO KOMOHI3aLis
Bugamu Staphylococcus (S. aureus i S. epidermidis)
€ [OMIiHYIHYOK Yy Cru3oBii 06OMoHLi Hoca npu anep-
riYHOMY 3ananeHHi, a HasanbHUA KOMEeHCanbHUN
S. aureus Big cy6’ekTiB 3 AP onocepeakoBye npotuanep-
rivyHi edpektn wnaxom moaynauii IL-33-3anexHoro 3ana-
neHHs Th2 Tuny. Y KOHTEKCTi uMx pesynsraTtiB aneprivHi
CUMNTOMW Ta piBHI Th2-UUTOKIHIB Byny 3HAYHO 3HWKEHI
nicna iHTpaHasanbHOi iHokynauii S. aureus in vivo
muwam 3 AP [20].

Hewo 3rogom (2023) Ui )X aBTOpM Mokas3anu TakoX,
wo iHokynsauia S. epidermidis 3 HopManbHUX KIiTUH
HOCOBOrO €eniTenito NIOANHM 3MEeHLLyBana TPaHCKPUNLio
Ta ekcnpecito IL-33 Ta GATA3 y kniTuHax cnu3oBoi Hoca
muwen 3 AP. BigTak, nioacbku HasanbHUA KOMeHcarn
S. epidermidis nogibHo 3MeHLLyBaB anepriyHe 3ananeHHs,
npurkivyroun BupobnenHs 1L-33 B enitenii Hoca [20].

LlikaBo, WO B ekcnepvMeHTanbHUx poboTtax rpynu
F. Lan (2016) y BepxHix AuxanbHuX Lwisxax 6yno HaBnaku
[oBefeHo, LWo cTadinoKoKoBUA eHTEPOTOKCUH B (aHers.
staphylococcal enterotoxin B, SEB) iHaykyBaB 3HauHe
BUMBINbHEHHSA Th2-acouinoBaHMX LUMTOKIHIB, BKMHOYaKuun
IL-4, IL-5 Ta IL-13, a TakoX MocumnoBaB €03UHOQINbHE
3ananeHHs B TKaHWHax Hoca noavHu. HaeiTb 6e3 Bnnuey
E€HTEpPOTOKCMHY, BNNMB nuwe S. aureus Ha TKaHWHU
HOCOBOI MOPOXHMHK NpM3BOAMB A0 ekcnpecii IL-5 yepes
npogykuito TLSP Ta IL-33.

Ak Gaunmo, pesynbTaTM | NPUMNYLLEHHS aBTOPIB
€ pAuckytabenbHumn. Hawi pesynestatv, BWSIBMEHI
y giten 3 nigospoto Ha JIAP OeMOHCTpylTh acouiauito
BIAMOBIAHMX KMiHIYHMX NPOSABIB 3 NOMIPHUM abo PACHUM
poctom Staphylococcus aureus (53,7% piten). binblwe
TOro, HasBHICTb AaHOi Mikpodropn Bu3Ha4eHa Ha Tni
HWX4MX piBHIB sIgA, ocobnueo S. aureus (p = 0,001).
MoxxHa npunycTUTK, WO «MNpautoe» CcTadirioKoKoBuMi
eHTepoTokcMH B — SEB. OcobnvBO y KOHTEKCTI TOro,
O 3a aHaMHeCTUYHUMK AaHummn 21,9% 3 rpynu gocni-
[PKEHHSI Manu LWKIpHI NposiBM aTtonii Micns HapogKEeHHS.
A Ha cborofHi AOBEAEHO 3B’A30K MK TSDKKICTHO ypaXeHb
WKipn Ta ceHcubinizauieto o SEB y giten i gopocnunx
nauieHTis 3 A [21].

3BMYariHo, Ue € Hawi NPUNYyLWEeHHS | OCTaTouYHI
BMCHOBKM MOTpebyoTb noganblumx gocnigpkeHs. [pote,
BXXE Ha NigcTaBi OTpMMaHUX pesynbsTaTiB MOXHa 3pobuTu
nonepeaHii BUCHOBOK, LLO BUSIBMEHI 3HWXeHi piBHI SIgA
Ha Tni MikpoOHMX acouiauin S. aureus, KoaryrnasoHera-
TMBHUX cTadinokokis i Moraxella catarrhalis moxyTb Bigi-
rpaBaTv BaXnuBY porb B iHiLiaLii anepriyHMX 3ananbHuX
npoueciB  nokanbHO NPV KOHTaKTi 3 anepreHamu
3 noganbLlmmM opmyBaHHAM J1AP.

BUCHOBKHU

Y 53,7% piten 3 nigospoto Ha JIAP i BignoBigHuMmun
KNiHIYHMMK NposiBamMn aneprii BUSIBIIEHO MOMipHUIA abo
psicHui picT Staphylococcus aureus.

Y HasanbHMX 3MMBax Aiten 3 nigo3poto Ha JIAP BusB-
NEeHO 3HWXeHi piBHi SIgA. [JoCTOBIPHO HWkYi piBHI SIGA
Oynu y fiTen 3 nepcucTyodMM nepebiroM puHiTy nopis-
HSAHO 3 AiTbMU 3 iHTEepMITyto4MM puHiTom (p = 0,012).

increased microbial uniformity in the nasal microbiome was
likely associated with exacerbation of AR symptoms [19].

Jeon Y.J. et al. (2020) found that colonization
by  Staphylococcus species (S. aureus and
S. epidermidis) predominates in the nasal mucosa during
allergic inflammation. Interestingly, nasal commensal
S. aureus isolated from subjects with AR mediated
anti-allergic effects by modulating IL-33-dependent
Th2 inflammation. In line with these findings, allergic
symptoms and Th2 cytokine levels were significantly
reduced after intranasal inoculation of S. aureus in vivo
in mice with AR [20]. Later (2023), the same authors also
demonstrated that inoculation with S. epidermidis derived
from normal human nasal epithelial cells reduced the
transcription and expression of IL-33 and GATAS in nasal
mucosal cells of mice with AR. Thus, the human nasal
commensal S. epidermidis similarly reduced allergic
inflammation by suppressing IL-33 production in the nasal
epithelium [20].

Interestingly, experimental studies by F. Lan et al.
(2016) demonstrated the opposite effect in the upper
respiratory tract: staphylococcal enterotoxin B (SEB)
induced significant release of Th2-associated cytokines,
including IL-4, IL-5, and IL-13, and enhanced eosinophilic
inflammation in human nasal tissues. Even without
exposure to enterotoxin, S. aureus alone induced
IL-5 expression in nasal tissues through production
of TSLP and IL-33.

Thus, the available findings and interpretations
remain controversial. Our results in children with
suspected LAR demonstrated an association between
clinical manifestations and moderate or heavy growth
of Staphylococcus aureus (53.7% of children). Moreover,
the presence of this microbiota was detected in the
context of lower slgA levels, particularly with S. aureus
colonization (p = 0.001). It may be assumed that
staphylococcal enterotoxin B (SEB) could play a role
in this process. This assumption is particularly relevant
considering that 21.9% of children in the study group had
a history of atopic skin manifestations after birth. Currently,
a relationship has been demonstrated between severity
of skin lesions and sensitization to SEB in children and
adults with atopic dermatitis (AD) [21].

Of course, these remain hypotheses, and definitive
conclusions require further research. Nevertheless,
based on the obtained results, it can be preliminarily
concluded that reduced levels of slgA in the presence
of microbial associations of S. aureus, coagulase-negative
staphylococci, and Moraxella catarrhalis may play
an important role in initiating local allergic inflammatory
processes upon contact with allergens, with subsequent
development of local allergic rhinitis.

CONCLUSIONS

Moderate or heavy growth of Staphylococcus aureus
was detected in 53.7% of children with suspected LAR
and corresponding clinical manifestations of allergy.

Reduced levels of slgA were identified in the nasal
lavage of children with suspected LAR. Significantly lower
slgA levels were observed in children with a persistent
course of rhinitis compared with those with intermittent
rhinitis (p = 0.012).
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BusiBneHi aHmxeHi piBHi sIgA Ha Tni MiKpobHKX acoui-
auim S. aureus, KoarynasoHeraTMBHUX CTadinoKokis
i Moraxella catarrhalis mMoxyTb BigirpaBatv BaxIuBy
pornb B iHiUjauii aneprivHMx 3ananbHUX NpPOLECIB
NoKanbHO MpU KOHTaKTi 3 anepreHamy 3 nogarnblunm
dopmyBaHHsM J1AP.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpM pyKOnNWUCy CBIAOMO 3acBiAyyloTb, WO MpeacTaBreHe
OOCMiMKEHHS Mae OOMEXEHHs, 3yMOBIEHi 1oro AusanHoM
i BUKOHaHHAM. Ha nigcTtasi BignoBigHOI KMiHIYHOI CMMNTOMAaTUKK,
aHAMHECTUYHNX OaHMX | HeraTMBHUX cneumdiyHnX aneprorno-
MYHUX OOCHIMKEHb MU MOXEMO FuLIE MPUNYCTUTU HasiBHICTb
rniokanbHoro anepriyHoro puHiTy. lNiaTeepanTn AiarHo3 Hasanb-
HUMKW NPOBOKAaLiNHUMK NMpobamu B YKpaiHi Ha CbOroAHi HEMOX-
NMBO Yepes BiACYTHICTb CTaHAapTU30BaHUX TECTIB ANsi NpoBe-
neHHs1 npoBokaii. Poamip i cknag Bubipku [72 oUTUHW, cepeaHim
Bikom 8,6 £ 1,7 p.; xnonunkn n = 39, gig4atka n = 33] obme-
XKYHOTb TOYHICTb OLIHOK i MepeHOCUMICTb pesynbTaTiB 3 ornsgy
Ha ocobnuBoCTi MapLupyTu3auii nauieHTiB i NpakTUK HadaHHS
gornomory B YKpaiHi. Y3aranbHioBaHICTb BMCHOBKIB OOMexeHa
KOHTEKCTOM; NigTBEPAXEHHS NOTPeOye NPOCMNEKTUBHUX MYNBTU-
LEHTPOBUX AOoCHiAXeHb, 0BI'PYHTOBAHUM PO3paxyHKOM MOTYX-
HOCTIi, 30BHILLHBOK Banigauielo Ta AOTPUMaHHAM HanexHoi
KniHiyHoi npakTunkun (Good Clinical Practice — GCP).

MepcnekTMBU NOAQABLLUMX AOCAIAXEHD

Y nepcnekTuBi NnaHyeTbCs NPOBEAEHHSI MPOCMEKTUBHUX MYIb-
TULIEHTPOBMX AOCHIIXEHb i3 3any4YeHHsIM GinbLUoi Ta penpeseH-
TaATMBHOI BUBIPKM OWUTAYOro HaCEneHHsi, Wo A03BOMUTL MNiaBU-
LWMTN y3aranbHOBaHICTb OTPUMaHUX pesynbraTtiB. Baxnueum
HanpsiMKOM € po3pobka Ta BMNpOBafKeHHs! CTaHAapPTU30BaHWX
MeTOAiB Ha3anbHUX MPOBOKaUinHMX npob Aans Bepudikauil
fioKkanbHOro anepriyHoro puHiTy. MoganbLwui gocnigpxeHHs byayTb
CNpsIMOBaHi Ha BMBYEHHSI B3aEMO3B’sI3KY Ha3anbHOI MikpoGioTu
Ta piBHiB SIgE 3 iHLIMMW iMyHONOriYHXMMN NOKa3HUKaMM 3aXBOpPIO-
BaHHS, @ TaKoX KOPeKLisi MikpoBioT MyKO3anbHUMK BaKLMHAMM.

KoHMAIKT iHTepecis
ABTOpU 3asBMATL NPO BIACYTHICTb KOHMMIKTY iHTEpECIB.
AOTPUMAHHS €TUMHUX HOPM

ABTOPM pPyKOMMCY CBiJOMO 3acBig4vylTb, O OOCHIOKEHHS
NPOBOAUNOCH i3 BMKOPUCTAHHSIM AaHWMX MNEPBUHHOI MeaWYHOI
OOKYMEeHTaLii Ta BKINoYarno KiiHiYHIi CMOCTEpPeXeHHs 3a nauieH-
Tamu. JocnigkeHHs NpoBeAeHO BiAMOBIOHO OO €TUYHMX CTaH-
napTie enbciHcbkoi geknapadii BcecBiTHbOI MeguyHoi acoui-
auii Npo eTWYHi MPUHUMNWU MPOBEAEHHS HAYKOBMX MeOWMYHUX
[ocnifpKeHb 3a y4vacTio JIIOAMHW, OUPEKTMBM EBPOMenchbKoro
ToBapucTBa 86/609 mpo ydyacTb nogen y Meamko-0ionoriyHmnx
OOCTiMKEHHSX, a TakoX Hakady MiHicTepcTBa OXOPOHM 300POB’S
Ykpainn No 690 Big 23.09.2009 p. IHbopmoBaHa 3roaa Ha y4acTb
y OocnimxeHHi byna oTpumaHa Bifg ycix 6aTbkiB/OMiKyHiB AiTewn
nicna HagaHHS M 3pO3yMinoi, NOBHOI Ta AOCTYNHOI iHopMaLlii
npo MeTy, An3aiiH i MeTOAOMOri0 AOCTIMKEHHS, NOr0 NOTEHLiNHI
pU3MKK, OdiKyBaHi MepeBarm Ta MOXIUBI anbTepHaTuMBU. YCi
6aTbku/onikyHn niaTBepauny Ao6pOoBiNbHY y4YacTb CBOIX AiTen
LUMSAXOM MigNMCaHHA OKYMeHTa npo iHdopmMoBaHy 3rogy. [ocni-
[KeHHs1 cxBaneHe Komicielo 3 nuTaHb €TUKM Ta akagemMiyHoi
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Limitations of the study

The authors of the manuscript acknowledge that the present
study has limitations related to its design and implementation.
Based on the relevant clinical symptoms, medical history, and
negative results of specific allergological testing, the presence
of local allergic rhinitis can only be presumed. Confirmation
of the diagnosis by means of nasal provocation tests is currently
not feasible in Ukraine due to the lack of standardized reagents
and protocols for nasal allergen challenge.

The sample size and composition [72 children, mean age
8.6 + 1.7 years; boys n = 39, girls n = 33] limit the precision
of the estimates and the generalizability of the findings, given
the specific characteristics of patient referral pathways and
healthcare practices in Ukraine. Therefore, the conclusions
are context-dependent and require confirmation in prospective
multicenter studies with appropriate sample size calculation,
external validation, and adherence to Good Clinical Practice
(GCP) standards.

Prospects for further research

Future research is planned to include prospective multicenter
studies with a larger and more representative pediatric
population, which will enhance the generalizability of the obtained
results. An important direction involves the development and
implementation of standardized nasal allergen provocation tests
for the verification of local allergic rhinitis. Further studies will
focus on investigating the relationships between nasopharyngeal
microbiota composition and levels of specific IgE with other
immunological markers of the disease, as well as on microbiota
modulation through the use of mucosal vaccines.
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Ykpainu (npotokon Ne 1/2024-16 Big 01.02.2024 p.).

BUKOPUCTAHHSA LUTYYHOTO iIHTEAEKTY

ABTOpPU PyKOMUCY CBIAOMO 3aCBIAYYIOThb, LIO Y Npoueci npose-
[eHHS [OCNiMKEHHS Ta MiArOTOBKM LibOro PyKOMMUCY HE BUKOPUCTO-
BYBaIM >KOOHUX IHCTPYMeHTIB abo CepBiCiB reHepaTUBHOIO LLUTYY-
HOrO IHTENeKTY ANS BUKOHAHHS OyAb-aKuX 3aBAaHb, NepenivyeHmnx
y TakcoHoMil AeneryBaHHs 3aBAaHb reHepaTVBHOMY LUTYYHOMY
iHTenekty (GAIDeT, 2025 p.). Yci eTanu poboTu — Big KOHLENTY-
anisauii 4o dpiHanbHOro pefaryBaHHsi — BUKOHaHI 6e3 3anyyeHHst
reHepaTUBHOTO LUTYYHOrO iHTENEKTY, BUKITIOYHO aBTOpaMMu.

MepBUHHI AaHi Ta maTepiaan

ABTOpU PYKOMWUCY CBIAOMO 3acBiAYylOTb, WO Yy pobOTi BUKOpU-
CTaHO pes3ynbraTu BAACHUX KMiHIYHUX JochigXeHb, wo 6ynu
cucTeMaTtusoBaHi  Ta npoaHanizoBaHi asTopamMu. [1epBUHHI
[aHi BKMOYaloTb y3aranbHeHi MOKa3HMKM MauieHTiB (MeauyHi
KapTW NauieHTiB, aHaMHe3-OnWTyBarnbHWK, BidyanbHa aHano-
roea Lukana), nabopaTopHi pe3ynsraTii, MPOTOKONM Ta OTPUMaHI
KiNbKiCHI xapakTtepucTuku. Bci matepianu 36epexeHi B apxisi
[OCNIOHMLBKOT rpynu Ta MOXYTb OyTV HaaHi 3a 00rpyHTOBaHUM
3anuToM [0 aBTOpa-KOPEeCNoHAEHTa, 3 ypaxyBaHHSM BUMOT
KOHIOEHLIMHOCTI Ta ETUYHNUX HOPM.

IHcbopmauis Nnpo piHAHCYBAHHS

[aHe gocnig)eHHs He OTpUMyBarno iHaHCyBaHHs Bif Oyab-AKnx
opraHisauin 4 yctaHoB. PoboTa BrKOHaHa B Mexax AepXaBHOro
biHaHCyBaHHSA HayKOBWX AOCHiAXEHb.

Moaska

ABTOpPU BUCNOBNIOKTL LWMPY NOASAKY BCIM nikapsm, siki 6panu
yyacTb Y BeAeHHi NauieHTiB, BKIIOYEHUX Y AaHe OOCHIMKEHHS.
IxHs npodpeciitHa niaTpuMka Ta 6esLiHHUA BHECOK Yy MpoLec
300py Ta aHanisy AaHUX CTanu BaXXNIMBOK YAaCTUHOK YCMILLHOro
3aBEpLUEHHS LibOro AOCHIAXKEHHS.
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of the Shupyk National Healthcare University of Ukraine, Ministry
of Health of Ukraine (Protocol No. 1/2024-16, dated February
01, 2024).

Use of generative artificial intelligence

The authors of the manuscript hereby declare that no gene-
rative artificial intelligence tools or services were used in the
research and preparation of this manuscript to perform any
tasks listed in the Taxonomy of Generative Atrtificial Intelligence
Delegation of Tasks (GAIDeT, 2025). All stages of the work —
from conceptualization to final editing — were performed without
the involvement of generative artificial intelligence, exclusively
by the authors.
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PE3IOME

AkTyanbHicTb. ®ypyHKynb0O3 MPUCIHKa HOCa € rOCTPUM THIiHO-3ananbHUM MPoLEecoM
i3 pU3VKOM peLvnanBYBaHHS, LLIO 3yMOBIIOETLCS NEPCUCTYIOHOL0 BakTepianbHOK KOMOHi-
3auieto Ta NopyLIeHHAM MicLeBOi iMyHHOI perynsuii. [HTepneiikiH-33 sik MefiaTop yLiKo-
DXKEeHHs1 6ap’epHNUX TKaHWH MOXe BigobpaxaTu iHTEHCUMBHICTb CUCTEMHOI 3anarnbHoi
BiQMOBIAi HABITb 3a NTOKaNi30BaHOro ypaXKeHHs.

Meta po60TK — OUHUTK ponb iHTepnenkiHy-33 y naToreHesi ypyHKyrnb0o3y HOCOBOI
NMOPOXHWHM LUMNSAXOM MOPIBHAHHS Or0 CMPOBaTKOBKX PIBHIB MPY €ni3oAN4YHOMY Ta peum-
AVBYyOYOMY nepeoiry.

Matepianu Ta metoau. O6cTexeHo 67 ocib: 37 nauieHTiB i3 ypyHKYNbO30M HOCOBOIT
nopoxxHWHW, 15 nauieHTiB i3 peumamByounm nepebirom i 15 3gopoBux gobposonbLiB.
CupoBatky 36epiranv npu Temnepatypi MiHyc 80 rpagycis Lienbcisi. KoHueHTpauito iHTe-
prenkiHy-33 BU3Ha4yanu MetTo4oM iMyHO(epMEeHTHOro aHarniay.

Pesynbratu. Y rpyni dypyHKynbo3y CepefHsi KOHUEHTpauis iHTeprevikiHy-33 cTaHo-
Buna 79,12 + 16,4 nr/mn i nepesuyBana koHTponb Yy 5,3 pasa (14,91 = 5,2 nr/mn;
meHLwe 0,001). Y rpyni peunamsytoyoro nepebiry nokasHuk gocsras 108,77 + 21,3 nr/mn
i nepesuLLyBaB KOHTponb y 7,3 pasa (MeHwwe 0,001). MopiBHAHHSA Mk ABOMA KNiHIYHUMUN
rpynamu BUSIBUNO TEHAEHL0 40 BULLMX 3HAa4YeHb Npu peunansysaHHi (y 1,4 pasa), ogHak
CTaTUCTUYHO 3HauYyLoi pi3HULi He BcTaHoBneHo (Ginbwe 0,05). KnactepHuii aHanis
nokasas, WO Mpu enidoguyHomy nepebiry nepeBaxanu 3HadyeHHs 61,0-90,9 nr/mn,
TOoOi K MpU peunamByBaHHI He peecTpyBanucs HU3bKi 3HadeHHs 1,0-30,9 nr/mn
i 3pocTana YacTtka BUcokux pisHie 91,0—-120,9 nr/mn.

BucHoBku. CnpoBaTKoBi piBHI iHTEpPNEnKiHy-33 € CTaTUCTUYHO 3HavyLe MiABULLEHNMN
npu ypyHKynbo3i HOCOBOI MOPOXHUHW He3anexHo Big Tuny nepebiry Ta MoxyTb Bigo-
OpaxaTn CUCTEMHY iIMYHHY peakTVBHICTb. [Ina peumavByoHoro nepebiry xapaKkTepHuit
3CyB po3noginy B 6ik BULLMX KOHLEHTPaLin, Wwo o6rpyHTOBYE nodanblui AOCHIAKEHHS
NPOrHOCTUYHOI LIiHHOCTI NOKa3HuKa.

Camycerko [.C., MNMonoe M.M. IHTepneikiH-33 sk LMTOKIH-anapMiH i Giomapkep 3ananbHOi akTUMBHOCTI FOCTPOro
ypYHKYNbO3y MpUCIHKA HOca MNpu eni3oguyHoOMy Ta peumaumBytodoMy nepebiry. BicHuk Xapkiecbkoz2o Haui-
OHanbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2026. T. 34. Ne 1(58). C. 37-49. DOI:
https://doi.org/10.26565/2313-6693-2026-58-03
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ABSTRACT

Background. Nasal vestibular furunculosis is an acute purulent-inflammatory condition
with a risk of recurrence, driven by persistent bacterial colonization and impaired local
immune regulation. Interleukin-33, as a mediator of barrier tissue injury, may reflect the
intensity of the systemic inflammatory response even in cases of localized lesions.
Purpose — to evaluate the role of interleukin-33 in the pathogenesis of nasal cavity
furunculosis by comparing its serum levels in episodic and recurrent courses.
Materials and Methods. A total of 67 individuals were examined: 37 patients with nasal
cavity furunculosis, including 15 with a recurrent course, and 15 healthy volunteers.
Serum samples were stored at -80°C. Interleukin-33 concentrations were determined
using an enzyme-linked immunosorbent assay (ELISA).

Results. In the furunculosis group, the mean interleukin-33 concentration was
79.12 + 16.4 pg/mL, exceeding the control level 5.3-fold (14.91 + 5.2 pg/mL; p < 0.001).
In the recurrent course group, the value reached 108.77 + 21.3 pg/mL, which was
7.3 times higher than in controls (p < 0.001). Comparison between the two clinical
groups revealed a tendency toward higher values in recurrent cases (1.4-fold increase);
however, the difference was not statistically significant (p > 0.05). Cluster analysis
demonstrated that in the episodic course, values of 61.0-90.9 pg/mL predominated,
whereas in recurrent cases, low values (1.0-30.9 pg/mL) were absent and the proportion
of high levels (91.0-120.9 pg/mL) increased.

Conclusions. Serum interleukin-33 levels are significantly elevated in nasal cavity
furunculosis regardless of the disease course and may reflect systemic immune
reactivity. The recurrent course is characterized by a shift in distribution toward higher
concentrations, supporting further investigation of the prognostic value of this biomarker.

For citation:

Samusenko DS, Popov MM. Interleukin-33 as an alarmin cytokine and biomarker of inflammatory activity in acute
nasal vestibular furunculosis in episodic and recurrent course. The Journal of V. N. Karazin Kharkiv National University.
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BCTYN

MHiNHO-3ananbHi 3aXBOPHOBaAHHSA HOCOBOI MOPOXHWHN
3aliMaloTb 3HA4HY YacTKy MaTonorii BEPXHiX AUXanbHUX
LWNSXiB Ta XapaKTepuaylTbCs BUCOKOK KITiHIYHOK Bapi-
abenbHicTio — Big NnokanizoBaHMXx 0OMeEXeHUX Mpouecis
00 NOLWMPEHUX iHPINETpaTUBHUX OPM i3 PU3UKOM
TSKKMX  ycknagHeHb. Cepen Hux dypyHkynbo3 (PH)
BECTNOYNAPHOro BiAAiny HOca € KNiHIYHO 3HaYyLLIOK HO30-
norieto, Wo hopMyeTLCS Y AINSHLI BONOCAHUX honikynis
Ta canbHUX 3ano3 fnpuciHka Hoca — aHaTOMIYHOI nepe-
XiQHOT 30HM MiX LUKIpOH Ta CNM30BOK OBOOMOHKOM, sika
Bi3Ha4YaeTbCA NiABULLIEHOK YYTNUBICTIO OO MIKPOTpaBMm
Ta GakTepianbHOI KonoHisauii [1]. KniHiuHmi nepebir moxe
CYNpPOBOMKYBATUCS BMPaXXeHUM GONbOBMM CUHLAPOMOM,
HabpAKOM M’'SIKMX TKaHWH, JOKanbHOW iHINbTpauieo
Ta CUMMNTOMaMM CUCTEMHOI iHTOKCMKALii, @ B OKpemux
BMNagkax — PO3BUTKOM oOpbiTanbHUX i BHYTPILIHbO-
yepenHux ycknagHeHb. OnucaHi ceHoTUnn nepebiry
3 BUPaXeHOoW rinepemield Ta HabpsiKOM KiH4YMKa Hoca
BigoOpaxatoTb Oinbll arpecvBHWI NOKanbHUIM MNpouec
i MOXYTb CBIiAYNTY NPO NOLUMPEHHS 3ananeHHs Ha HaBKO-
NWLWHI TKaHUHWY [2].

ETionoriyHo npoBigHy porb y po3BUTKY PYPYHKYNbO3Y
BeCcTUOynsapHoro Bigainy Hoca Bigirpae Staphylococcus
aureus, a KIiHiYHO BaXNMBUM (haKTOPOM € MepcucTytoya
KOMMOHi3aLisi cnn3oBoi 060MOHKM HOCa, LLIO CTBOPIOE Nepe-
OyMOBYW ANs NOBTOPHMX €Ni3oiB iHpeKwii Ta niaTpUMaHHA
cybkniHiyHOro 3ananeHHs. Hocincteo S. aureus y nony-
NAUiT € NOWMpPEHMM, a Nnepexif Big KONoHisawii 4o KMiHIYHO
MaHithbeCTHOI iH(beKLii BU3BHAYaETLCA CKIagHOK B3aEMO-
nieto GakTepianbHMX (OaKTOpPIB BIPYNEHTHOCTI, JoKarb-
Horo Gap’epHOro iIMyHITETY Ta CTaHy MiKpoBioTK crnn3oBoi

INTRODUCTION

Purulent-inflammatory diseases of the nasal cavity
constitute a substantial proportion of upper respiratory
tract pathology and are characterized by marked
clinical variability — from localized, confined processes
to extensive infiltrative forms associated with a risk
of severe complications. Among these conditions,
furunculosis of the nasal vestibule represents a clinically
significant entity that develops in the region of hair
follicles and sebaceous glands of the nasal vestibule —
an anatomical transition zone between the skin and
the mucous membrane, characterized by increased
susceptibility to microtrauma and bacterial colonization [1].
The clinical course may be accompanied by pronounced
pain, soft tissue edema, local infiltration and signs
of systemic intoxication and in certain cases by orbital
and intracranial complications. Described phenotypes
with marked hyperemia and swelling of the nasal tip
reflect a more aggressive local process and may indicate
the spread of inflammation to adjacent tissues [2].

Etiologically, Staphylococcus aureus plays
a leading role in the development of nasal vestibular
furunculosis, and persistent colonization of the nasal
mucosa represents a clinically important factor that
creates conditions for recurrent episodes of infection
and maintenance of subclinical inflammation. Carriage
of S. aureus in the population is common, and the
transition from colonization to clinically manifest infection
is determined by a complex interaction between bacterial
virulence factors, local barrier immunity, and the state
of the mucosal microbiota. In recurrent cases, in addition
to bacterial factors, impaired coordination of the immune
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obonoHku. Y BuMnagkax peuuausyodoro nepebiry nopsg
i3 OakTepianbHVMM YMHHMKaAMWU PO3IMSAATLCS Nopy-
LWeHHA KoopAMHaLii iMyHHOT BignoBigi Ta gucbanaHc
3ananbHUX MefiaTopis, WO MOXe BigobpaxaTtucs y 3MiHi
PIBHIB LIMPKYIOKOYNX LIMTOKIHIB [3].

CyyacHi yaBneHHsi Npo naTtoreHes 3anarnbH1X 3axBopio-
BaHb BEPXHIX AMXanbHUX LUMAXIB NiAKPECIOTb aKTUBHY
porib eniTenito SK KM4YOBOro perynaropa iMyHHOI Bignosigi.
HazanbHuii enitenin BUKOHYe He nuLe 6ap’epHy dyHKLto,
ane 1 6epe yyacTb y po3nisHaBaHHi NaToreHiB Ta iHidiauii
3anarneHHsa Yepes BUBINbHEHHS MepgiaTopiB, WO curHarni-
3YHOTb NPO YLLUKOMKEHHS TKaHUH. OgHUM i3 TakuxX MefjiaTopiB
€ iHTepnenkiH-33 (Interleukin-33 — IL-33), uMTOKIH CimericTBa
IL-1, S9KniA HanexuTb OO rpynu Tak 3BaHWX «anapMiHiB» —
Moriekyn Hebesneku, Lo BUBIMBbHATLCS KNiTUHAMK Npu
YLLKOMKEHHI abo CTpeci Ta akTMBYHOTb BPOMKEHI i agan-
TUBHI iMyHHI MexaHisamu. IL-33 ekcnpecyeTtbca eniteni-
anbHUMW KMITMHaMKN AnxanbHYX Wnsxis i ibpobnactamu
Ta peanisye CBOI eheKTV 4epe3 peLenToOpHU KOMMIEKC
ST2 (suppression of tumorigenicity 2 — ST2), wo ekcnpe-
CYETbCS Ha TYy4YHUX KNiTUHaX, eo3nHodinax, nimdoumtax
Ta iHWKX eeKTOPHUX KNiTUHAX IMyHHOI cucTteMn. Takum
ynHoM, IL-33 po3rmsgaeTbCs SK - KMK4YOBA  MOJekyna,
LLO iHTerpye curHanm 6ap’epHOro YLUKOOXKEHHS, MiKpOBHOT
eKcnosuuii Ta 3ananeHoi BiANoBIAi CnM3oBnx 060MoHOK [4].

Y KniHiYHiA puHonorii HanbinbL NepekoHNMBI Jokasn
poni IL-33 Hakonu4yeHi Mpu XPOHIYHOMY PUHOCUHYCUTI
3 HasanbHMMK nominamn. BcTaHoBneHo, WO cupoBaTt-
KoBi piBHi IL-33 Ta po3umHHOro peuentopa ST2 (soluble
ST2 — sST2) moxyTb BigobGpaxaTn eHaoTMNM 3ananeHHs
Ta acouiloBaTncs 3 PU3NKOM Micnsonepauiiinux peuu-
amBiB, Wo nigkpecntoe noteHuian IL-33 sk Giomapkepa
nepebiry 3axBoptoBaHHA [5]. Y KNiHIYHUX OOCNIOKEHHAX
nokasaHo, Lo nigBuLeHi piBHi IL-33 kopentotoTb i3 nokas-
HUKaMU TSHKKOCTI Ta aKTMBHOCTI 3anasieHHsi CInM30BOi
obonoHkn Hoca [6]. [logaTkoBO NpPOAEMOHCTPOBAHO,
WO TKaHuHHa ekcnpecia [L-33 y noninosHi TKaHWHI
noe’s3aHa 3 KNiHIYHUMK MapKepamu TSXKKOro Ta peunau-
BYtOYOro nepeoiry, Lo NiaKpecntoe 3Ha4eHHs NoKanbHOro
IL-33 sk npeguKTopa HECNPUATAMBOIO NPOrHoay [7].

Xova ypyHKYnb03 BecTUOynsipHOro BigAiny Hoca
€ FOCTPUM THIIHUM MPOLIECOM, @ HE XPOHIYHUM €03MHO-
iNbHMM 3ananeHHsM, MexaHi3Mu, Lo fnexaTb B OCHOBI
akTmBauii IL-33, maloTb yHiBepcanbHUin xapakTep i NoB’'s-
3aHi 3 yLUIKOMKEHHAM Bap’epHOro eniTenito Ta MikpoGHO
iHBasieto. [lpUCIHOK HOCa 4acTo 3as3Hae MexaHiYHUX
MIKpOTpaBM, CyxOCTi Ta Aii NOApasHUKIB, LUO CTBOPIOE
YMOBW ONS nopyLleHHA G6ap’epHoi yHKuii Ta akTuBauii
«anapmiHHo1» Bianosigi [1]. Konorisauis S. aureus 3abes-
neyvye NocTiHUIA KOHTaKT MiKpOBHMX KOMMOHEHTIB i3 eniTe-
nieMm, CnpusoYM akTMBauil MiCLeBUX IMYyHHUX peakuin
Ta nigTpumaHHio 3ananeHHa [3]. ExkcnepumeHTanbHoO
Mokas3aHo, L0 eKCMo3uLiss TKaHWH HOCOBOI MOPOXXHWHU
0o S. aureus moxe iHOyKyBaTu ekcnpecito I1L-33 Ta iHwmx
eniTenianbHNUX MediaTopiB 3ananeHHsi, Wo NiaTBEPOXYE
30aTHICTb BakTepianbHOro YMHHUKA MoAZyoBaTU «anap-
MiHHUIY Npodinb cnmn3oBoi 06omoHKK [8].

Ha kniTMHHUX Mopensx HasarnbHOro enitenito BCTa-
HOBIEHO, Lo akTuBaLisa oci IL-33—-ST2 moxe nocunoBaTtu
NPoAyKLito npo3ananbHUX LUTOKIHIB Yepes3 BHYTPILUHbO-
KNITUHHI cUrHanbHi Wnaxu, 3okpema ERK1/2, wo ceiguntb
npo 3gaTHicTb IL-33 He nuie BigobpaxaTu YLLIKOMKEHHS

TKaHWH, ane W amnnidikyBatn 3ananbHun npouec [9].

response and imbalance of inflammatory mediators are
considered, which may be reflected in altered levels
of circulating cytokines [3].

Current concepts of the pathogenesis of inflammatory
diseases of the upper respiratory tract emphasize the
active role of the epithelium as a key regulator of immune
responses. The nasal epithelium performs not only
a barrier function but also participates in pathogen
recognition and initiation of inflammation through the
release of mediators signaling tissue damage. One
such mediator is interleukin-33 (IL-33), a cytokine
of the IL-1 family belonging to the group of so-called
«alarmins» — danger-associated molecules released
by cellsinresponse to damage or stress that activate innate
and adaptive immune mechanisms. IL-33 is expressed
by airway epithelial cells and fibroblasts and exerts its
effects via the ST2 (suppression of tumorigenicity 2)
receptor complex expressed on mast cells, eosinophils,
lymphocytes, and other effector immune cells. Thus,
IL-33 is considered a key molecule integrating signals
of barrier injury, microbial exposure, and mucosal
inflammatory responses [4].

In clinical rhinology, the most compelling evidence
for the role of IL-33 has been accumulated in chronic
rhinosinusitis with nasal polyps. It has been established
that serum levels of IL-33 and soluble ST2 (sST2) may
reflect inflammatory endotypes and are associated with
the risk of postoperative recurrence, underscoring the
potential of IL-33 as a biomarker of disease course [5].
Clinical studies have demonstrated that elevated
IL-33 levels correlate with indices of severity and activity
of nasal mucosal inflammation [6]. Furthermore, tissue
expression of IL-33 in polypoid tissue has been associated
with clinical markers of severe and recurrent disease,
highlighting the significance of local IL-33 as a predictor
of unfavorable prognosis [7].

Although nasal vestibular furunculosis is an acute
purulent process rather than chronic eosinophilic
inflammation, the mechanisms underlying IL-33 activation
are universal and associated with barrier epithelial
damage and microbial invasion. The nasal vestibule
is frequently exposed to mechanical microtrauma,
dryness, and irritants, creating conditions for barrier
disruption and activation of the alarmin response [1].
Colonization by S. aureus ensures continuous contact
of microbial components with the epithelium, promoting
activation of local immune reactions and persistence
of inflammation [3]. Experimental studies have shown
that exposure of nasal tissues to S. aureus can induce
expression of IL-33 and other epithelial inflammatory
mediators, confirming the ability of bacterial factors
to modulate the mucosal alarmin profile [8].

Cellular models of nasal epithelium have demonstrated
that activation of the IL-33-ST2 axis may enhance
production of proinflammatory cytokines via intracellular
signaling pathways, including ERK1/2, indicating that
IL-33 not only reflects tissue damage but may also
amplify inflammatory processes [9]. In the context
of purulent-inflammatory processes, this is of particular
importance, as excessive local inflammatory responses
may contribute to tissue destruction, edema, and pain.
The purulent nature of furunculosis implies predominance
of neutrophilic inflammation. Neutrophils are key effector
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Y KOHTEKCTI rHiHO-3ananbHMX NpoLeciB Lie Mae ocobnuee
3HAYEHHsl, OCKIMbKM HagMipHa nokanbHa 3anarnbHa
BiAMOBIAb MOXe CMPUSITU TKAHWHHIN OeCcTpyKLUii, HabpsKy
Ta 6onto. MHiNHWMI xapakTep ypyHKynbo3y nepenbdayae
OOMiHYBaHHSA HEMTPOMINbHOI NaHkM 3ananexnHs. HenTpo-
dinn € KMYoBUMN edPEKTOPHUMU KMiITUHaMK aHTubak-
TepianbHOro 3axucTy, 34aTHMMUK YTBOPHOBaTM Mo3akmi-
TUHHI nacTku (neutrophil extracellular traps — NETS), siki
3a6e3neuyloTb 3axOMfeHHs Ta 3HMLLIEHHS NaToreHis,
ane BOAHOYAC MOXYTb CMPUATU MOLUKOKEHHIO TKaHWH
i nigTprManHio 3ananexHs [10]. BctaHoBneHo, Wwo komno-
HeHTW S. aureus MOXyTb CTUMymtoBaTh yTBopeHHsS NETS,
3MiHIot04M BanaHc Mix edeKTUBHOLO enimMiHaLlieto 6akTepin
Ta pPO3BMTKOM 3anarnbHOi AeCTpyKuii TkaHwH. Ekcnepu-
MeHTanbHi gaHi csigyaTb, Wo Bicb IL-33-ST2 3gaTtHa
BMNMBATU Ha HEWUTPOMINbHI  MeXaHi3MW  3ananeHHs,
30Kpema NpOAYKLi0 peakTUBHUX (DOPM KMUCHIO Ta CEHCU-
Tn3auito 60NbOBMX pPeLEenTopiB Yy MOAENSAX rOCTPOro 3ana-
NEeHHS, Wo TeopeTu4Ho nos’asye IL-33 i3 rHinHo-aecTpyk-
TUBHUMM nipouecamn [11].

DocnigxeHHst oci IL-33-ST2 y mogensax iHdekuii
S. aureus npogemoHcTpyBanu ii pyHKUiOHANbHY porb
y perynsuii iHTEeHCMBHOCTI 3anarnbHoi BignoBigi. 3okpema,
y Mogeni cTadinokok-iHAyKOBaHOro CENTUYHOIO apTpuUTy
pediunt ST2 acouioBaBcst 3 MOKPALLEHHAM  KNiHIYHUX
nokasHukiB nepeoiry, Lo MiAKPEeCnoe 3HAYEHHSI CUrHa-
ninry 1L-33-ST2 y mMogynsuii 3ananeHHst [12]. B iHwin
eKcnepuMeHTarnbHin  Mogeni CcTadifiokokoBOI  iHdbeKLiT
nokasaHo, wWo BnMB Ha |L-33-3anexHi MexaHiamu
30aTHMMA  3MIHIOBATU iIMYHHI peakuii Ta BWKWMBAHICTb,
O MiATBEPMAXYE MOro yyacTb y POPMyBaHHIi CUCTEMHOI
3ananbHoi Bignosigi [13]. Xoya ui mogeni He BiATBO-
pIOKOTb  MOKarnbHUA  YPYHKYN MNPUCIHKa HOCa, BOHU
OEMOHCTPYTb NpuHUMnoBy ponb IL-33 y GanaHci mix
aHTMbBaKTepianbHNM 3aXMCTOM | HAAMIPHUM 3ananeHHsIM.

BaxnMBvMM acnektom naTtoreHesy 3anarnbHuX 3axBo-
ptoBaHb HOCOBOI MOPOXHUHM € B3aemMogisd MiIKpobioTu
Ta iMyHHOI Bignosigi. [loBeaeHo, Lo komeHcarnbHi ctadino-
KOKM 30aTHi MoAyrnoBaTK eniTenianbHi CUrHanu 3ananeHHs,
BKIMIOYHO 3 piBHAMMK IL-33, WO MOXe BMnMBaTh Ha iHTEH-
CMBHICTb i XapakTep iMyHHOI BignoBigi Crin3oBoi 060MOHKK
Hoca [14]. NopyLweHHa MikpoOHoro GanaHcy Moxe CTBO-
ptoBaTy YMOBM Ansi MiABULLEHHSA €KCnpecii «anapMiHiBy
Ta CNpUsiTY peumamnByBaHHIO 3ananbHUX NPOLIECIB.

HesBaxatoum Ha 3Ha4YHUIM Mporpec y po3yMiHHI poni
IL-33 y naTonorii BepxHiX OuxanbHUX LWNSAXiB, KOro
3HAYEHHs] MPWU TFOCTPUX THIMHO-3ananbHUX npoLlecax
HOCOBOI  MOPOXHWMHW  3ANULLIAETLCA  HEOOCTaTHbO
BuBYeHUM. [igBuiLeHHs piBHA IL-33 moxe BigobpaxaTtu
SIK NOKarnbHe YLIKOOXKEHHS eniTenito, Tak i CUCTeMHY
3anarnbHy BiANOBIAb, L0 3aneXuTb Bif 06CAry ypaKeHHs,
CYMyTHIX 3axBOplOBaHb Ta iHAMBIQyanbHUX 0OCOOMNK-
BOCTEN iIMyHHOI peakTuBHOCTI. Kpim TOro, 6GinbLicTb
KMNiHIYHWX JaHWX OTPUMAHO MpW €03MHOMINBHO-acoLio-
BaHMX pOpMax XPOHIYHOrO PUHOCUMHYCUTY, TOAI SK THiNHI
NpoLeCH XapakTepuayTbCs NepeBaHO HEVTPORINbHUM
TMNOM 3ananeHHs [5]. Pasom 3 TMM ekcnepuMeHTarnbHi
pesynsrat ceig4aTtb nNpo yyacTb IL-33 y HenTpodbinbHMX
3ananbHUX MexaHiamax, LWo Oo6rpyHTOByE [AOUinb-
HICTb AOCNIMKEHHA WOro poni npu rHiHO-3ananbHUX
YPaKeHHsIX HOCOBOI NOPOXHUHM [11].

Takum ymHom, IL-33 BignoBigae KHOBUM KpUTEPISM
KaHauaaTHoro Giomapkepa rHiiHo-3ananbHUX MPOLECIB:

cells of antibacterial defense, capable of forming
neutrophil extracellular traps (NETs), which facilitate
pathogen capture and elimination but may also promote
tissue damage and sustain inflammation [10]. It has been
established that S. aureus components can stimulate
NET formation, altering the balance between effective
bacterial clearance and inflammatory tissue destruction.
Experimental data indicate that the IL-33—ST2 axis can
influence neutrophil-mediated inflammatory mechanisms,
including reactive oxygen species production and
sensitization of nociceptive receptors in models of acute
inflammation, theoretically linking 1L-33 with purulent-
destructive processes [11].

Studies of the IL-33-ST2 axis in S. aureus infection
models have demonstrated its functional role in regulating
inflammatory intensity. In a model of staphylococcus-
induced septic arthritis, ST2 deficiency was associated with
improved clinical outcomes, highlighting the significance
of IL-33-ST2 signaling in modulation of inflammation [12].
In another experimental model of staphylococcal
infection, modulation of IL-33-dependent mechanisms
altered immune responses and survival, confirming its
involvement in the development of systemic inflammatory
responses [13]. Although these models do not replicate
a localized nasal vestibular furuncle, they demonstrate
the fundamental role of IL-33 in balancing antibacterial
defense and excessive inflammation.

An important aspect of the pathogenesis
of inflammatory nasal diseases is the interaction between
the microbiota and immune responses. Commensal
staphylococci have been shown to modulate epithelial
inflammatory signaling, including IL-33 levels, which
may influence the intensity and character of nasal
mucosal immune responses [14]. Disruption of microbial
balance may create conditions for increased expression
of alarmins and contribute to recurrence of inflammatory
processes.

Despite significant advances in understanding the
role of IL-33 in upper respiratory tract pathology, its
significance in acute purulent-inflammatory processes
of the nasal cavity remains insufficiently studied. Elevated
IL-33 levels may reflect both local epithelial damage and
systemic inflammatory responses, depending on the
extent of lesions, comorbidities, and individual immune
reactivity. Moreover, most clinical data have been obtained
in eosinophil-associated forms of chronic rhinosinusitis,
whereas purulent processes are predominantly
characterized by neutrophilic inflammation  [5].
Nevertheless, experimental findings indicate involvement
of IL-33 in neutrophil-driven inflammatory mechanisms,
justifying investigation of its role in purulent-inflammatory
lesions of the nasal cavity [11].

Thus, IL-33 meets key criteria of a candidate biomarker
for purulent-inflammatory processes: it is associated with
barrier injury, modulates interactions between epithelium
and immune cells, responds to bacterial triggers, and
correlates with the severity of mucosal inflammation [4].
Investigation of its serum levels in patients with nasal
cavity furunculosis may expand understanding of the
immunopathogenesis of this condition and provide
a foundation for the development of biomarker-based
approaches to prognosis and optimization of therapeutic
strategies [5].
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BiH MOB’A3aHU i3 6ap’e€pHUM YLLKOMKEHHSM, MOAYIoE
B3aEMO/I0 eniTenito Ta iIMyHHUX KNiTWH, pearye Ha bakTe-
pianbHi TpUrepun Ta acouUitOETLCA 3 TSKKICTIO 3ananeHHs
cnn3oBux obonoHok [4]. [ocnimpkeHHss Woro piBHIB
y CvpoBaTLi KPOBi NaLieHTiB i3 pypyHKYNbO30M HOCOBOI
NMOPOXHUHM MOXE PO3LUMPUTU YSIBNEHHS NPO iMyHOMAaTo-
reHes uiei naTonorii Ta CTBOPUTY NIAIPYHTS ANs po3pobku
GiomapkepHUX MigxodiB [0 NPOrHo3yBaHHS nepebiry
M ONTUMI3auii NMikyBanbHOT TakTUKK [5].

MeTta po60T1 — oUiHUTK ponb iHTepnenkiHy-33 (IL-33)
y natoreHesi oypyHKynbo3y HOCOBOI MOPOXHWUHM LLIFIIXOM
MOPIBHAHHA WOr0 CMPOBATKOBWMX PIBHIB Yy MaLieHTIB
i3 (OyPYHKYNbO30M, NaUieHTIB i3 peuuamBylouMm nepe-
Girom Ta 300poBMX OCib.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[ocnigxeHHs nposoaunoca Ha 6asi KomyHanbHoro
HeKoMepLinHoro nignpnemcTaa XapkiBCbKOI MiCbKOi paau
«Micbka kniHiyHa nikapHsa Ne 30».

KpuTepismu BkMOYeHHS B JOChigXeHHs Oynu: Bik
Bif 18 go 70 pokiB BKMAYHO. [JOny4vyeHHs nauieHTiB
[0 nporpamu OBCTEeXeHHs Ta NiKyBaHHS MpOBOAMIIUCA
nicna nigTBepmkeHHst giarHody ®H. XKogeH 3 yyacHukis
He MaB B aHaMHesi TIOTIOHOManiHHSA, MYKOBICLMAO03Y,
unniapHoi AUCKiHesii, cMcTeMHMX 3ananbHux abo ayTo-
iIMYHHUX 3aXBOPKOBaHb UM iMyHOAEedILUUTY.

B notouHe gocnimpkeHHst 6yno BkiodeHo 37 nauieHTiB
(1-wa rpyna) 3 dypyHKYNbO30M HOCOBOI MOPOXHWUHMU,
15 oci6 3 peungmsyodmm nepebirom ®H (2-ra rpyna) Ta
15 3pgopoBux [o6poBoONbLIB (KOHTPONbHA rpyna), cepes
Hux 35 xiHok Ta 32 Yonogiku (Tabn. 1).

Objective —to evaluate therole of interleukin-33 (IL-33)
in the pathogenesis of nasal cavity furunculosis
by comparing its serum levels in patients with furunculosis,
patients with a recurrent course, and healthy individuals.

MATERIALS AND METHODS OF RESEARCH

The study was conducted at the Municipal Non-Profit
Enterprise City Clinical Hoshital Ne 30 Of Kharkiv City
Council.

Inclusion criteria were age 18 to 70 years inclusive.
Patients were enrolled in the examination and treatment
program after confirmation of the diagnosis of nasal
furunculosis (NF). None of the participants had a history
of smoking, cystic fibrosis, primary ciliary dyskinesia,
systemic inflammatory or autoimmune diseases,
or immunodeficiency.

The present study included 37 patients (Group I) with
nasal cavity furunculosis, 15 individuals with a recurrent
course of NF (Group IlI), and 15 healthy volunteers
(control group). The total cohort comprised 35 women
and 32 men (Table 1).

Tabnuus 1. 3aranbHa xapakrepuctuka rpyn (abe.; %)
Table 1. General characteristics of the groups (n; %)

MapameTtpu 1-wa rpyna 2-rarpyna KoHTponbHa rpyna
Enamerers Group | Group I Control Group
(n=37) (n=15) (n=15)
o oo 36,2+13,1 434112, 31,4412,3
Age, years
XiH. Cratb
Female sex, n (%) 18 (48.6) 9 (60) 8 (53,3)

[OemorpadiyHi gaHi Ta NEepBUHHI XapaKTEPUCTUKM,
BKMOYa4M BiK, CTaTb, TPMBANICTb | TAXKKICTb 3aXBOpPHO-
BaHHSA; nabopatopHi pesynsratu, piBHi IL-33 Bcix y4yac-
HYIKIB Oynu 3apeecTpoBaHi B MPOTOKONax AOCIAKEHHS.

3paskn cupoBaTtku 36upanu i 36epiranu npu —80°C.
KoHueHTpauii IL-33 B crpoBaTLi BUMiptoBanu 3 BUKOpUC-
TaHHSAM iMyHOdepMeHTHoro aHanisy (ELISA) 3i ctaHgapT-
HMMKU Habopamu BigMNOBIOHO [0 IHCTPYKLiA BUPOGHMKA
(IL-33 (human) ELISAkit, Enzo, ADI -900-201, USA). Ans
CTaTUCTUYHOTO aHanidy AaHuX BUKOPMCTOBYBaNWChb Taki
METOAMN: HenapaMeTpUyHWi CcTatucTnyHum U-kputepin
MaHHa-YiTHI Ansa ouiHKM pi3HMUi MiXX OBOMa BuBipkamu.
CratuctnyHa obpobka pesynsraTiB NpoBoAMUnacs 3 BUKO-
puctaHHaMm Microsoft Excel (Office Home Business).
[ns ouiHKM BipOrigHOCTI BiAMIHHOCTEN 3acTOCOBYBanu
t-kputepin CTblofeHTa. PisHUUI BBaxanu CTaTUCTUYHO
3Hauywor npu p < 0,05.

Demographic data and baseline characteristics,
including age, sex, disease duration, and severity, as well
as laboratory results and IL-33 levels for all participants,
were recorded in the study protocols.

Serum samples were collected and stored at
-80°C. Serum IL-33 concentrations were measured
using an enzyme-linked immunosorbent assay (ELISA)
with commercial kits according to the manufacturer’s
instructions (IL-33 (human) ELISAkit, Enzo, ADI-900-201,
USA). For statistical analysis, the non-parametric Mann—
Whitney U test was used to assess differences between
two groups. Statistical processing was performed
using Microsoft Excel (Office Home Business). The
Student’s t-test was applied to evaluate the significance
of differences. Differences were considered statistically
significant at p < 0.05.
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PE3YABTATU

Y pocnigpkeHHi 6yno BmeyeHo piBHi IL-33 y 67 oci6.
CepeaHi Noka3HWKM KoHLeHTpauii IL-33 y cupoBaTui KpoBi
xBopux 1-i rpynu cknaganu 79,12 £ 16,4 nr/mn, wo Bipo-
rigHO MepeBuLLYyBano MOKa3HWKM KOHTPOMbHOI rpynu
B 5,3 pasa — 79,12 + 16,4 nr/mn npotn 14,91 £ 5,2 nr/mn;
(p < 0,001). lMNMopiBHAHO 3 NMOKa3HUKaMK 2-i rpynu BMICT
IL-33 6yB y 1,4 pasa meHwe — 79,12 + 16,4 npotn
108,77 £ 21,3 nr/mn, ogHaK NOKasHMKW He Big3Havanucs
CTaTUCTMYHOIO BiporigHicTio (p > 0,05) (puc. 1).

nkr/mn / pcg/ml

120

79,12

100

80

60

40

Irpyna/ | group

Il rpyna /1l group

RESULTS

The study examined IL-33 levels in 67 individuals
(n 67). The mean serum IL-33 concentration
in patients of Group | was 79.12 + 16.4 pg/mL, which
was significantly higher than that of the control group by
5.3-fold — 79.12 + 16.4 pg/mL versus 14.91 + 5.2 pg/mL
(p < 0.001). Compared with Group I, IL-33 levels
were 1.4 times lower — 79.12 + 16.4 pg/mL versus
108.77 + 21.3 pg/mL; however, the difference was not
statistically significant (p > 0.05) (Fig. 1).

108,77

KoHTponb / control

Pwuc. 1. PiBHi IL-33 y cupoBaTLi KpoBi B AOCMiAKYBaHMX rpynax Ta rpyni KOHTPOso
Fig. 1. Serum IL-33 levels in the study group and the control group

BigHocHui BMmicT IL-33 y nauieHTiB 2-i rpynu, wo manm
peunamBytounin nepebir ®H nepeBuLLyBaB MNOKA3HMKU
KOHTPOmbHUX 3HadeHb y 7,3 pasa (108,77 + 21,3 nr/mn,
npotn 14,91 + 5,2 nr/mn, p < 0,001), wo niaTeepoxysano
KntoyoBy porb IL-33 y naToreHesi 3ananbHUX MPOLECIB,
SKi NOKani3yTbCA Y HOCOBIM MOPOXHWHI XBOPUX 3 peun-
avBytodrM nepebirom OH.

[Ona Bidyanisauii HasgBHOCTI CTyneHs BiOXUITEHHSI
piBHiB IL-33 y xBopux Ha ®H Ta npu peunameyroHoMy
nepebiry ®H 6yB BukopuctaHuii t-kputepii (puc. 2).

Irpyna/lgroup

Il rpyna/ 1l group

The relative IL-33 levels in patients of Group Il with
a recurrent course of nasal furunculosis exceeded
control values by 7.3-fold (108.77 £ 21.3 pg/mL vs.
1491 + 52 pg/mL, p < 0.001), confirming the key
involvement of IL-33 in the pathogenesis of inflammatory
processes localized in the nasal cavity of patients with
recurrent NF.

To visualize the degree of deviation in IL-33 levels
in patients with NF and those with a recurrent course, the
t-test was used (Fig. 2).

4,28

t=1,99

KOHTpOAb / control

Puc. 2. CtyniHb BiaxuneHHs BmicTy IL-33 Big KOHTpoMto Ta Mix rpynamu nopiBHsIHHS y XxBopux Ha OH (t-kpuTepiit)
Fig. 2. Degree of deviation of IL-33 levels from control and between comparison groups in patients with nasal furunculosis (t-test)
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AHani3 gaHux, npeacraBneHnx Ha puc. 2, 4O3BONUB
BCTAHOBUTW 3HAYHE NMEPEBULLEHHSI CTYMNEHS BiAXWUNEHHS
(t-kpuTepinn) Big NOKA3HMKIB KOHTPOMbHUX 3HAYEHb.
Y xBopux 1-i rpynu CTyniHb BigxuneHHs cknagas t = 3,73,
O MepeBuLLYBano MoKasHMKM KOHTpomn y 1,86 pasa,
y Il rpyni —t = 4,28 —y 2,2 pasa.

Poanogin Bmicty IL-33 6yno noagineHo Ha knacTtepwu:
| knactep: 1,0-29,9 nr/mn; Il knactep: 30-59,9 nr/mn;
Il knactep: 60,0-89,9 nr/mnm; IV knactep: 90,0-120,1 nr/mn.

3rigHo 3 AaHuMu puc. 3, BiOHOCHI MOKa3HMKM BMICTY
IL-33 xBopux 1-i rpynn — 13,5% (5 xBopux) Gyno BigHe-
ceHo go | knacrtepy; 32,4% (12 xsopux) — ao |l knactepy;
48,7% (18 xBopwux) — go lll knactepy Ta 5,4% (2 xBopux) —
o IV knactepy.

| knactep / | claster

Il knactep / |l claster

Il knactep/ Il claster

IV knactep / IV claster

0% 20%

m I rpyna/ | group

40% 60% 80%

Analysis of the data presented in Fig. 2 demonstrated
a significant excess in the degree of deviation (t-test) from
control values. In patients of Group |, the deviation was
t = 3.73, which exceeded the control values by 1.86-fold;
in Group Il, it was t = 4.28, corresponding to a 2.2-fold
increase.

IL-33 levels were divided into clusters: Cluster I:
1.0-29.9 pg/mL; Cluster Il: 30-59.9 pg/mL; Cluster lIl:
60.0—-89.9 pg/mL; Cluster 1V: 90.0-120.1 pg/mL.

According to the data in Fig. 3, in Group I, 13.5%
(5 patients) fell into Cluster I; 32.4% (12 patients) into
Cluster Il; 48.7% (18 patients) into Cluster Ill; and 5.4%
(2 patients) into Cluster IV.

100%

m |l rpyna/ 1l group

Puc. 3. OcobnueocTi po3snoginy pieHiB IL-33 y xBopux Ha OH
Fig. 3. Distribution patterns of IL-33 levels in patients with nasal furunculosis

Y naujeHTiB 2-i rpynu nokasHukm pieHiB IL-33 He Bigno-
Bidanu rpaHNYHUM Mexam | KnacTepy y XOOHOro nauieHTa;
no Il knactepy BigHeceHo 26,7 % (4 xsopux); ao |l knactepy —
46,7% (7 xBopwx); fo IV knactepy — 26,6% (4 xBopux).

Takum 4nHOM, piBHI IL-33 y cmpoBaTLi KpOBi XBOPUX
Ha ypyHKYNbO3 HOCOBOI MOPOXHWHW BiApI3HANMCA
CTATUCTMYHO  3HAYYLLOK  JOCTOBIPHICTHO  MOPIBHSIHO
3 aHanoriyHMMM nokasHukamu 3goposux ocib (p < 0,05),
OfHaK He Manu CTaTUCTUYHO BIipOrigHUX BiAMIHHOCTEN
MiX nokasHukamu 1-i Ta 2-i rpynu.

OBrOBOPEHHS

Y npoBegeHOMy AOCHIOKEHHI BCTAaHOBIEHO CTaTuC-
TUYHO 3HauYyLle NigBULLEHHS CMPOBATKOBOI KOHLEHTpauii
IL-33 y nauieHTiB i3 ypyHKYNbO30M HOCOBOI NOPOXHUHN
SIK 3a eni3oguyHoro, Tak i 3a peuuamBytodoro nepebiry
MOPIBHSHO 3 KOHTPOMbHO rpynoto (p < 0,001), wo c.ig-
YNTb MPO 3any4eHHs CUCTEMHOI iIMyHHOI PEeakTUBHOCTI
HaBiTb y pasi KMiHIYHO NOKani3oBaHOro rHiHO-3ananb-
Horo npouecy. KoHuenTyanbHO Taka Y3roaXeHiCTb 3MiH
y nABox deHoTMnax nepebiry BignoBigae cy4YacHuM
ysiBneHHsAM npo 1L-33 sk «anapMiH» — curHan TKaHWMHHOTO
YLWKOMKEHHS, IO BUBIMbHAETECA KNiTMHaMy 6ap’epHux
TKAHWH Yy BIONOBiAb Ha iHQeKUiiHe abo MexaHiduHe
MOLLUKOMKEHHST Ta 34aTHWUWA TPaHCINIOBATW NoKanbHi noAii
B CUCTEMHI npo3ananbHi curHanu [15]. BogHovac cupo-
BaTKoBa KoHUeHTpauis IL-33 BigoGpaae iHTerpanbHuin
BHECOK NoKarnbHUX 6ap’€pHMX i CUCTEMHUX KOMMOHEHTIB

In patients of Group I, IL-33 levels did not fall within
the limits of Cluster | in any patient; 26.7% (4 patients)
were assigned to Cluster Il, 46.7% (7 patients) to Cluster
I, and 26.6% (4 patients) to Cluster IV.

Thus, serum IL-33 levels in patients with nasal
furunculosis differed significantly from those of healthy
individuals (p < 0.05), but no statistically significant
differences were observed between Groups | and II.

DISCUSSION

The present study demonstrated a statistically
significantincreaseinserumIL-33 concentrationin patients
with nasal cavity furunculosis, both in cases of episodic
and recurrent courses, compared with the control group
(p < 0.001). This finding indicates the involvement
of systemic immune reactivity even in clinically localized
purulent-inflammatory processes. Conceptually, this
consistency of changes across the two phenotypes aligns
with current understanding of IL-33 as an «alarmin» —
a tissue damage signal released by barrier tissue cells
in response to infectious or mechanical injury, capable
of translating local events into systemic pro-inflammatory
signals [15]. At the same time, serum IL-33 reflects the
integrated contribution of local barrier and systemic
components of inflammation; therefore, its elevation
should not be interpreted as a direct equivalent of the
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3anarneHHs, a Tomy ii NiABULEHHS HE MOXe TpaKTyBaTucs
SIK NMPSIMUIA €KBiBaneHT iHTEHCUBHOCTI Npouecy B Mexax
npuciHka Hoca 6e3 ypaxyBaHHSl 4eTEPMIHAHT CUCTEMHOT
BignoBsigi (vac Big p[ebwTy cumnTomiB o 3abopy
KpOBi, 0OCAr ypaxeHHs, KOMOpOiAHICTb, nonepegHs
Tepanis) [16].

MaTodisionoriYHnii  KOHTEKCT OTPUMaHUX pesynb-
TaTiB [OOUINbHO po3rnsgati yYepe3 npuamy MyKo3arb-
Horo Gap’epy. CuvHOHa3anbHWI enitTenii nigaaeTbes
YNCITEHHMM MIKPOOHMM i 30BHILLUHIM BNMBaM, LLIO 3yMOB-
NOKTb  MOr0  MIKPOMOLUKOKEHHS], a CUHOHAa3arbHi
enitenianbHi  knituHn  (SNEC) BUWKOHYIOTb  KPUTUYHO
BaXNMBi  PYHKUIT NIATPUMKM  DI3NYHOTO Ta iIMYHHOrO
Gap’epy Ta KOOPAMHYKTb JOKanbHi afanTUBHI iMYHHI
peakuii 4epe3 LMTOKIHOBY KOMYHiKauilo 3 iHWUMMK
KNITUHHAMM  NoNynsuisMyM - CNnM3oBOi 000MnoHkM  [16].
Y mexax uiei mogeni IL-33 posrnsgaetbca gk eniteni-
anbHUMA LUWTOKIH, LLO MPOAYKYETLCS, 30KpeEMa, KriTuHamu
AnxanbHux Wnaxie i ibpobnactamn, a Noro CuUrHarnbHi
ehekTn peanisyloTbCsl Yepe3 peulenTopHUI KOMMIEKC
ST2 Ha KniTMHax BPOMKEHOT Ta afanTUBHOI NaHOK iMyHi-
TeTy [17]. Bigomo, L0 TKaHWHHI iIMYHHI KNiTUHW, 30KpemMa
ILC2, Ty4Hi kniTmHu Ta Tregs, KOHCTUTYTUBHO eKkcnpe-
cytoTb ST2 i € knoyoBumMM MiweHammn |L-33 in vivo,
a Takox |L-33 3gatHui akTuByBaTW KMITUHHI nonynsuii,
3anyyeHi go imyHitety 2-ro tuny (Th2-kniTuHW, eo3nHo-
dinn, 6aszodinn, M2-makpodarn, AeHOPUTHI KNiTUHK).
Pasom i3 Tum ST2 € anHamMiyHO perynboBaHMM peuen-
TOPOM, EKCMpecia SKOro MoXe iHAyKyBaTUCS B OKPEMMX
nonynayiax T-niMmounTiB 3anexHo Big LMTOKIHOBOro
MIKPOOTOYEHHS, WO NIATPUMYE YSIBNEHHA NpO Mnewo-
TponHicTb IL-33 Ta 1oro yyactb 9K y 2-Mmy, TaKk i B 1-my
TMnax iMmyHHoi Bignosiai [15].

Y KniHIYHIN puHOMorii HakonNMYeHo AdaHi npo 3any-
YeHHs oci IL-33—ST2 y XpOHiYHMX 3ananbHUX 3aXBOPIO-
BaHHAX MOPOXHMHWM HOCa, Hacamnepen npy XPOHIYHOMY
PUHOCUHYCUTI 3 HasanbHUMK Mofinamu, Ae NiaABULLEHHS
IL-33 (y TkaHuHax i/abo cupoBaTui) po3rnsgaeTbcs
SIK MapKep eHOOTWNIB 3ananeHHs Ta MOXe KopernoBaTh
3 KMIHIYHOK TSXKKICTHO [6]. TakoX nokasaHo, Lo cupoBsaT-
koBi IL-33 Ta posumHHa dopma peuentopa ST2 norteH-
LiNHO MOXYTb MaTK NPOrHOCTUYHE 3HAYEHHS Loao heHo-
TUMY Ta pU3NKy peumamBy B OKpEMMX KOropTax nauieHTiB
i3 XPOHIYHUM PUHOCMHYCUTOM 3 Ha3anbHUMK noninamu [5].
Xo4ya YpyHKYrnbO3 MpUCIHKA HOca € TOCTPUM THIMHUM
NpoLiecoM, a He €03MHOMINbHUM XPOHIYHMUM 3ananeHHsM,
YHIBEPCanbHICTb  «anapMmiHHOI»  BigMoBiAi NpW  yLIKO-
D)KeHHi Gap’epHoro enitenito 0brpyHTOBYE peneBaHTHICTb
IL-33 Ak mMapkepa CUCTEMHOI PeaKkTUBHOCTI TakoX i And
riokaniaoBaHuUX rHiHO-3ananbHWX ypaxeHb [15].

BigcyTHiCTb cTaTUCTUYHO  BIPOrigHUX  BiAMIHHOCTEN
MK 1-10 Ta 2-10 rpynamu 3a cepegHiMu 3HaYeHHSMU
IL-33 (p > 0,05) 3a HasiBHOCTI GinbLUOI KpaTHOCTI NiaBu-
LLIEHHSA Y 2-/ rpyni NOPiBHAHO 3 KOHTPONEM MOXe MaTU Kinbka
B3aE€MO[OMNOBHIOBANbHUX NOSCHEHb. [Mo-nepLue, 3 ornsaay
Ha Many u4mcenbHiCTb 2-i rpynu (n = 15) i noTeHuUiiHO
CYTTEBY BHYTPILLHBOrPYyNoBYy BapiabenbHICTb, CTaTUCTUYHA
NOTYXHICTb ON1A BUSIBNEHHS MIKIPYNOBUX BigMIHHOCTEN
morna OyTv HegoCTaTHLOM), WO € TUMOBUM OBOMEXEHHSM
Manux BMBIpPOK y KNiHiYHMX gocnigxeHHsx [18]. MNo-apyre,
npu roctpomy GakTepianbHOMy 3ananeHHi CUCTEMHI PiBHI
IL-33 MOXyTb [AEMOHCTPYBaTW HEMiHIMHICTb (30Kpema
«e)eKT HaCUYeHHs»), Konu 30iMbLUEHHS MoKanbHOro

intensity of the process within the nasal vestibule without
considering determinants of the systemic response (time
from symptom onset to blood collection, lesion extent,
comorbidities, prior therapy) [16].

The pathophysiological context of these findings
is best understood through the lens of the mucosal barrier.
The sinonasal epithelium is subjected to numerous
microbial and external influences causing micro-injuries,
while sinonasal epithelial cells (SNECs) perform critical
functions in maintaining both physical and immune
barriers and coordinate local adaptive immune responses
via cytokine-mediated communication with other mucosal
cell populations [16]. Within this model, IL-33 is regarded
as an epithelial cytokine produced by airway epithelial
cells and fibroblasts, exerting its signaling effects through
the ST2 receptor complex on innate and adaptive
immune cells [17]. Tissue immune cells, including ILC2s,
mast cells, and Tregs, constitutively express ST2 and
are key IL-33 targets in vivo. IL-33 can also activate
cell populations involved in type 2 immunity (Th2 cells,
eosinophils, basophils, M2 macrophages, dendritic cells).
Moreover, ST2 is a dynamically regulated receptor,
whose expression can be induced in certain T-cell
populations depending on the cytokine milieu, supporting
the pleiotropic nature of IL-33 and its role in both type
1 and type 2 immune responses [15].

In clinical rhinology, evidence has accumulated
regarding the involvement of the IL-33-ST2 axis
in chronic inflammatory diseases of the nasal cavity,
particularly chronic rhinosinusitis with nasal polyps, where
elevated IL-33 (in tissue and/or serum) is considered
a marker of inflammatory endotypes and may correlate
with clinical severity [6]. Serum IL-33 and the soluble form
of ST2 (sST2) have also been shown to have potential
prognostic value for phenotype and recurrence risk
in selected cohorts of patients with chronic rhinosinusitis
with nasal polyps [5]. Although nasal vestibule furunculosis
is an acute purulent process rather than an eosinophilic
chronic inflammation, the universal nature of the
«alarmin» response to epithelial barrier injury supports
the relevance of IL-33 as a marker of systemic reactivity
even for localized purulent-inflammatory lesions [15].

The lack of statistically significant differences in mean
IL-33 levels between Groups | and Il (p > 0.05), despite
a higher fold increase in Group Il compared to controls,
may have several complementary explanations. First, the
small sample size of Group Il (n = 15) and potentially high
intragroup variability may have resulted in insufficient
statistical power to detect intergroup differences,
a common limitation in small clinical studies [18]. Second,
during acute bacterial inflammation, systemic IL-33 levels
may display nonlinearity (including a «saturation effect»),
where increased local damage does not proportionally
increase circulating levels due to the characteristics
of alarmin release, binding, and clearance [15]. Third,
the interpretation of «free» IL-33 in blood should
be considered in the context of interactions with ST2 and
sST2, which can modify cytokine bioavailability and
affect assay results [5]. In this study, ST2/sST2 were
not measured, but these mechanisms remain plausible
alternative explanations for the absence of intergroup
differences in mean values, despite a shift toward higher
concentrations in the recurrent phenotype [17].

OpuwuriHanbHi gocnigpKeHHs

Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 1(58). C. 37-49
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):37-49

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

YWKOMKEHHA  HE  CYNPOBOOXYETLCA  NPOMOPLINHUM
3POCTaHHAM  LIMPKYTIOKYOrO  MOKa3HUKa, — 3Bakakouu
Ha 0COONMMBOCTI BUBINbHEHHS, 3B’A3yBaHHA Ta KIipeHcy
«anapminie» [18]. lMo-TpeTe, iHTepnpeTauito «BifbHOrO»
IL-33 y KpoBi AOUINBHO PO3rnsAaaTh y KOHTEKCTi B3aEMOfi
3 ST2 T1a sST2, dAki 3paTHi MogmdikyeaTn 6iogoCTynHICTb
UMTOKIHY | BNAMBaTWU Ha pesynsrat nabopaTtopHOro
BU3HAYEHHS [5]. Y Mexax npOBEAEeHOro AOCHigKEeHHSs
ST2/sST2 He ouiHOBanNuca, ogHaK Lji MexaHi3amu 3anu-
LaTbCA NPaBaonoAibHMMN ansTepHATUBHUMMW MOSICHEH-
HSMW BiOCYTHOCTI MiXXIpYnoBOI Pi3HWLi cepefHiX 3Ha4eHb
32 OHOYACHOrO 3CyBY pO3rnodinie y Oik BULLMX KOHLIEH-
Tpauin y peunavsytodomy deHoTuni [17].

MornubneHy iHopmadito Wwoao heHOTMNoBMX BiaMiH-
HocTeW Hagae aHani3 posnoginy IL-33 3a knactepamu. [ins
1-i rpynn xapaktepHe noegHaHHsA gomiHyBaHHSA Il knac-
Tepy (61,0-90,9 nr/mn) i3 HasBHICTIO YacTku nauieHTiB y |l
Ta | knactepax, Togi K y 2-11 rpyni 3Ha4eHHs | knactepy He
peectpyBanucs, a Yactka |V knactepy (91,0-120,9 nr/mn)
Oyna cyTTeBol. Taka KOHdirypauis  y3romxyeTrbes
3 NigXo4oM, 3a SIKOro Ans crpatudikauii pusnky KriHiYHO
Oinbl IHPOPMATUBHUMM MOXYTb OyTU «BEPXHi» KBaH-
TUni/MacTka BUCOKUX 3HAYEHb, @ He NULIE MOPIBHSIHHS
cepenHix, OCKINbKU cepefHi 3aaTHi MacKyBaTu HEBEMNUKY,
ane KniHiYHO 3Ha4yLly cybnonynsuito nauieHTiB 3 Bupa-
XKEHOI CUCTEMHOK peakTuBHICTIO [17]. Y npuknagHomy
acnexTi ue nNigTpyMye AoUinbHICTb NOeAHaHHA napamMeTpis
LEeHTpanbHOI TEHAEHLT 3 po3noaiNbYuMmn XxapakTepucTu-
KaMn (4acCTKM y BUCOKMX KriacTepax, KBaHTuni, 4actoTta
«eKkcTpemManbHVX» 3Ha4YeHb) nig Yac po3pobneHHs biomap-
KEPHUX anropuTmiB NporHodysaHHs [18, 19].

MaTocpizionoriyHO pesynbTaTtv [OUinbHO iHTepnpe-
TyBaTu B Mexax Mogeni MyKOo3anbHOro 3anareHHsi
Oap’epHUXx TkaHuH, ae IL-33 OGepe yyacTb Yy iHidiauii
Ta amnnicikauii iMmyHHOI Bignosiai 4epe3 Bicb |L-33—
ST2 [17]. Ona dypyHKynbo3y MpuUCiHKa Hoca pene-
BaHTHUM € MOEOHaHHS NoKanbHOI MikpoTpaBmaTu3auii,
GakTepianbHOI iHBa3il Ta HEMTPOMINbLHOrO 3anarneHHs,
LLIO CTBOPKOE YMOBW ANS iHTEeHCUdiKaLii curHanis yLIKo-
[PKEHHS Ta PeKpyTyBaHHA edpeKTOpHMX KNiTuH [16]. ETio-
NOrYHO 3HAYYLUMM YMHHMKOM € S. aureus, a KIiHiYHO
BaXXMMBOK NEepeayMOBOK pPeLMAMBYBAHHS — MNepcu-
CTylo4a KOMOHi3aLlisi HOCOBOI MOPOXHUHKU S. aureus Ta ii
B3aeMofis 3 Ha3anbHUM eniTeniemM i MexaHiamamMmu MicLie-
BOro iMyHHoro 3axucty [3]. Y uin noriui IL-33 moxe po3rns-
[atncs He nvwe fK MapKep iHTEHCMBHOCTI 3anarnbHoil
BiQMNOBIAI, ane n Ak NOTEHUiIMHUIA MediaTop, Lo MOAYIoe
HEeNTPOMINbHI  MexaHi3aMM Ta HOUMLUENTUMBHI  LUNSXK.
EkcnepvMeHTansHO MpPOAEMOHCTPOBAHO, LWO CUrHa-
niHr 1L-33/ST2 3paTHWA 3anyckaTn HENTPOIn-3anexHy
NPoAyKUil0 peakTUBHUX (OOPM KUCHIO Ta opmyBaTu
Houmuenuilo Yyepe3 HEMPOIMYHHI MeXaHi3Mn B MoAensax
roctporo 3ananeHHsi. Okpemo nokasaHo, wo IL-33 moxe
iHOyKyBaTn abo nmocunoBaTn NpoLecu, NoB’sa3aHi 3 yTBO-
PEHHSAM HENTPOINbHMX No3akniTMHHMX nactok (NETs),
SIKi MaloTb [IBOICTY pOrib: CNpUsIlOTb aHTnbakTepianbHOMY
3aXUCTy, ane MOXyTb MNiATPUMYBaATUM TKAHWHHE YLLKO-
KeHHA Ta 3ananeHHs [15]. BogHovac y nposegeHomy
OOCTiIKEHHI He BU3HAYanucsl NokanbHi TKaHWHHI piBHi
IL-33, ekcnpecia ST2, nokasHWKU HEUTPOdINbLHOI akTu-
Bauil abo Mapkepu YLUKOMKEHHS, TOMY MEXaHICTUYHI
BMCHOBKM MatloTb OOMEXYyBaTUCS PIBHEM Y3rog4XKEHOCTi

Further insight into phenotypic differences is provided
by the cluster analysis of IL-33 distribution. In Group |,
the predominance of Cluster Il (61.0-90.9 pg/mL) was
accompanied by the presence of patients in Clusters Il
and |, whereas in Group Il, no values fell within Cluster I,
and the proportion of Cluster IV (91.0-120.9 pg/mL)
was substantial. This configuration aligns with the approach
that, for risk stratification, the «upper» quantiles/proportion
of high values may be more clinically informative than
mean comparisons alone, as averages can mask a small
but clinically significant subpopulation with pronounced
systemic reactivity [17]. Practically, this supports
combining measures of central tendency with distribution
characteristics (proportion in high clusters, quantiles,
frequency of «extreme» values) when developing
biomarker-based predictive algorithms [18, 19].

From a pathophysiological perspective, the results
can be interpreted within the model of mucosal barrier
inflammation, where IL-33 participates in the initiation
and amplification of immune responses via the IL-33—
ST2 axis [17]. In nasal vestibule furunculosis, the
combination of local microtrauma, bacterial invasion,
and neutrophilic inflammation creates conditions for
intensified damage signals and recruitment of effector
cells [16]. Etiologically, S. aureus is a significant factor,
and clinically, persistent nasal colonization by S. aureus
and its interaction with the epithelium and local immune
mechanisms predispose to recurrence [3]. In this
context, IL-33 can be considered not only a marker
of inflammatory response intensity but also a potential
mediator modulating neutrophil mechanisms and
nociceptive pathways. Experimental studies have shown
that IL-33/ST2 signaling can trigger neutrophil-dependent
reactive oxygen species production and nociception via
neuroimmune mechanisms in acute inflammation models.
IL-33 has also been shown to induce or amplify neutrophil
extracellular trap (NET) formation, which has a dual
role: enhancing antibacterial defense while potentially
sustaining tissue damage and inflammation [15].
In this study, local tissue IL-33 levels, ST2 expression,
neutrophil activation markers, or damage indicators were
not measured, so mechanistic conclusions are limited
to consistency with existing biological models without
implying causality.

The clinical relevance of elevated IL-33 lies in its
potential use as part of a biomarker panel to identify
patients with higher inflammatory activity and/or
a tendency for recurrence [16]. Notably, the absence
of Cluster | values in Group Il, compared with their
presence in some patients in Group |, supports the value
of a «threshold» or categorical interpretation (assignment
to high clusters) in future prognostic models. Translation
into practice will require data on diagnostic and prognostic
accuracy (sensitivity, specificity, predictive values),
reproducibility of measurements, and IL-33 dynamics
during therapy and remission.

Sources of variability in serum IL-33 may include
the time from symptom onset to blood collection, the
extent of local inflammation, presence of systemic
response, comorbid conditions, and individual differences
in IL-33—ST2 axis regulation [17]. The exclusion criteria
applied in this study reduce the risk of confounding
(absence of systemic inflammatory/autoimmune diseases
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3 HagBHMMK OionoriyHMMKM Mogenamun 6e3 nepexogy
[0 NPUYMHHO-HACTIAKOBUX TBEPOXKEHb.

KniHiyHa peneBaHTHICTb BUSABMEHOMO MiABULLEHHS
IL-33 nongrae y NOTEHUINHIN MOXIMBOCTI BUKOPUCTAHHSA
LbOro MNoKasHUKa siKk KOMMOHeHTa naHerni Giomapkepis
ansa  igeHTudikauii  nauieHTiB i3 BMLIOK  3anarnbHO
aKTMBHICTIO Ta/abo CXunbHICTIO A0 peunamByBaHHSA [16].
Ocob6numBoi yBaru 3acnyroBye akT BifCyTHOCTi 3Ha4YeHb
| knactepy y 2-1 rpyni Ha TNi HAABHOCTI TakMX 3HaYeHb
Yy YacTMHU nauieHTiB 1-i rpynu, WO NigTPUMYe OOLiNb-
HICTb «MOPOroBOi»/kaTeropianbHOI iHTeprpeTauii (Hanex-
HICTb 40 BMCOKMX KNacTepiB) y ManbyTHIX NPOrHOCTUYHNX
mogensx. Pasom i3 TuM Ana TpaHcnauii y npakTuky
HeoOXigHi AaHi Woao AiarHOCTMYHOI Ta MPOrHOCTUYHOT
TOYHOCTI  (4yTNMBICTb, CMeundIYHICTb, NPOrHOCTUYHI
3HaYeHHs1), BiATBOPHOBAHOCTI BMMIipHOBaHb, a TaKOX MoBe-
AiHku IL-33 y guHamiui Ha Tni Tepanii Ta y nepiogi pemicii.

[xepena BapiabensHoCTi CMPOBaTKOBOIO
IL-33 MOXyTb BKNOYaTW 4acoBi XapakTEpPUCTUKM BiA
novatky CMMNTOMIB 10 3a60py KPOBI, CTYNiHb NIOKanbHOro
NMOLUMPEHHS 3anarieHHsi, HasiBHICTb CUCTEMHOI BignoBigi,
CynyTHi CTaHW Ta iHauBiQyanbHi BiAMIHHOCTI perynsuii oci
IL-33—-ST2 [17]. HaBepeHi kpuTepii BUKMIOYEHHS 3MEH-
WYIOTb PU3UK KOH(AYHAUHTY (BiACYTHICTb CUCTEMHMX
3ananbHUx/ayToiMyHHMX 3axBOpHOBaHb Yu iMyHoaedi-
UUTY), OOHaK 3anualtTbCA MNOTEHLiNHI HEKOHTPOIbOo-
BaHi YMHHWKM (nonepenHst MegukamMeHTO3Ha Teparnis,
nokanbHi BTpy4aHHsi, BapiabenbHiCTb THXKOCTI enizoay),
30aTHI BNIMBATU HA CUCTEMHI KOHLEHTpaL,ii LIUTOKIHY.

BUCHOBKHU

Y nauieHTiB i3 dypyHKYNbO30M HOCOBOI MOPOXHWUHU
BCT@HOBIIEHO CTAaTUCTUYHO 3HaYyLLe NiABYWLLEHHSI cupoBarT-
KOBOI KOHLEHTpaLji iHTeprelkiHy-33 MopiBHAHO 3i 300po-
BuMM ocobamu. CepefHinn piBeHb UMTOKIHY B 1-i rpyni
cTaHoBMB 79,12 + 16,4 nr/Mn, ToAj SIK y KOHTPOSbLHIN rpyni —
14,91 £ 5,2 nr/mn (p < 0,001). OTpumaHi pesynsratui cBig-
YyaTb MPO aKTUBALt0 CUCTEMHOI 3anaribHOI BigMNoBigi HaBITb
3a foKanisaoBaHoOro rHiNHO-3ananbHOro NPOoLECy Y NPUCIHKY
Hoca. [MigBYLLEHHA KOHUeHTpauii iHTepnewnkiHy-33 Bigo-
Opaxae YLIKOMKEHHS eniTenianbHoro Gap’epy Ta akTu-
BaLit0 MEXaHi3MiB BPOMKEHOIO IMYHITETY, LLO NigTBEPOXKYE
Moro yyacTb y hopMyBaHHi 3ananbHOI peakuii Ta 403Bornsie
po3rnagati uel MokasHWK sik nabopaTopHuid iHoukaTop
aKTVBHOCTI 3anarbHOro npoLecy npu dypyHKyIbo3i.

Y nauieHTiB i3 peuunavBytodMMm nepebirom  dypyH-
KynbO3y  HOCOBOI  MOPOXHWHU  piBEHb  iHTepneun-
KiHy-33 crtaHoBmB 108,77 + 21,3 nr/mn, wWwo AocTo-
BIpPHO NepeBuLLYBano MOKa3HUKN KOHTPOSbHOI rpynu
(14,91 £ 5,2 nr/mn; p < 0,001) Ta ceBigunno npo GinbL
BMPaXXeHy CWCTEMHY 3arnanbHy peakTUBHICTb. [lonpwu
BULL CcepedHi 3HA4YeHHs Yy 2-n rpyni, CTaTUCTU4YHO
3HaYyLLOl pPi3HULI MK 1-t0 Ta 2-10 rpynaMm He BCTaHOB-
neHo (p>0,05), wo moxe GyTn nos’sizaHoO 3 Bapiabernb-
HICTHO MOKAa3HWKIB i YMCENbHICTIO BUBIPKN.
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or immunodeficiency), but potential uncontrolled factors
remain (prior medication, local interventions, episode
severity variability) that may influence systemic cytokine
concentrations.

CONCLUSIONS

In patients with nasal cavity furunculosis, a statistically
significant increase in serum interleukin-33 (IL-33)
concentration was observed compared to healthy
individuals. The mean cytokine level in Group | was
79.12 £ 16.4 pg/mL, whereas in the control group it was
14.91 £ 5.2 pg/mL (p < 0.001). These results indicate
activation of the systemic inflammatory response even
in the case of a localized purulent-inflammatory process
in the nasal vestibule. The elevated IL-33 concentration
reflects epithelial barrier damage and activation of innate
immune mechanisms, confirming its involvement
in the inflammatory response and supporting its use
as a laboratory indicator of inflammatory activity
in furunculosis.

In patients with recurrent nasal cavity furunculosis,
the IL-33 level was 108.77 + 21.3 pg/mL, significantly
higher than in the control group (14.91 + 5.2 pg/mL;
p < 0.001), indicating a more pronounced systemic
inflammatory reactivity. Despite higher mean values
in Group I, no statistically significant difference was found
between Groups | and Il (p>0.05), which may be related
to variability in measurements and sample size.
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ofHoUeHTpoBuUi xapaktep (KomyHanbHe HekomepuinHe nignpu-
€MCTBO XapkKiBCbKOi Micbkoi pagn «Micbka KniHiYHa nikapHs
Ne30») He oae nigcTaB 4ns NPUYMHHKX BUCHOBKIB | 30epirae puaunk
CenekuiiHOro 3MilLleHHs! Ta 3anuLLIKOBOI 3MiLLyBarnbHOI Aii, nonpu
BMKOPUCTaHHS GaraTtodakTopHUX Mogenew, niabopy 3a CXunb-
HICTIO Ta iHWMX NiAX0AiB 4O KOHTPOIO 3MiLlyBanbHUX YUHHUKIB.
Po3amip i cknag BubGIpkM OBMEXyHOTb TOYHICTb OLIHOK i mepeHo-
CUMIiCTb pe3ynbTaTiB 3 ornsgy Ha ocobnvBoCTi MapLupyTuaauii
nawuieHTiB | NpakTUK HaJaHHsA fonomorn B YkpaiHi. Ons MiHimisavii
BMMMBIB CTaHOAPTM30BaHO BUMIPIOBAHHS, NMPOBEAEHO HaBYaHHS
OUiHIOBaYiB, 3a MOXIMBOCTI 3aCTOCOBAHO «3aCHiMneHHs», BUKO-
HaHO aHaniay YyTnMBOCTI. Y3aranbHOBaHICTb BMCHOBKIB 0OMe-
KEHa KOHTEKCTOM; MiATBEPKEHHS MOTPEOYE MPOCNEKTUBHUX
MYNbTULEHTPOBKX [AOCHIMKEHb, OBIPYHTOBAHWM PO3pPaxyHKOM
NOTY>KHOCTI, 30BHILLHBOIO Banigalieto Ta 4OTPUMaHHAM HanexHoi
KniHivHOT npakTukn (Good Clinical Practice — GCP).

MepcnekTMBU NOAQABLUMX AOCAIAXEHb

[lepcnekTMBHUM € NpPOBEOEHHS] MPOCMNEKTUBHUX MYMbTULEH-
TPOBMX [JOCRifKeHb i3 Oinblio BUOGIPKOK AONst  YTOYHEHHSI
0iarHOCTUYHOI  Ta  MPOrHOCTUYHOI  LIiHHOCTI  CMPOBAaTKOBOIO
IL-33 npun dypyHKynbo3i HOCOBOI MOPOXHWHW. [JOLINBHO OLjiHI0-
BaTu IL-33 y anHamiui (Ha gebtoTi, nig Yac nikyBaHHs Ta B nepiogi
pemicii), a TakoX napanenbHO BWM3HA4YaTU MOKa3HWKM OCi
ST2/po3unHHun ST2 gnsa KOpeKTHIWOI iHTepnpeTadii 6iogocTyn-
HOCTI UWTOKiHY. BaxnvMBvM HanpsiMKOM € 3iCTaBfieHHs1 PiBHIB
IL-33 3 KNiHiYHMMUW NapaMeTpamm TSHKKOCTI, 4HaCTOTO peuunanBis,
bakTepionorivHuMy faHMMK Wodo KomnoHisdauii Staphylococcus
aureus Ta CTaHOM Ha3arnbHoro eniteniansHoro 6ap’epy. Okpemo
HeoOXifgHa oLiHka koMBiHOBaHUX GioMapKepHUX naHenen.

KOoHdAIKT iHTEepeciB

Bci aBTOpM noganu o pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHpNIKTY iHTepeciB MixHapoaHoro KomiTeTy peaak-
TopiB MeguyHux >xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigomo 3acBii-
YylOTb BIACYTHICTb (PaKTUYHOrO abo MOTEHLIAHOrO KOHMMIKTY
iHTepeciB Woao pesynbraTiB Liei poboTn 3 hapmaueBTUYHUMU
KOMMaHisiMK, BUPOGHMKaMWU GioMeanYHUX MPUCTPOIB, HWMMMK
opraHisauisiMy, 4vi NpogykTu, nocnyru, dgiHaHcoBa nNiaTpUMKa
MOXyTb ByTW MOB’A3aHi 3 NpegMeToM HagaHux MaTtepianie abo
SKi CroOHCcopyBanv NpoBeAeHi AOCHiAXEeHHS.

AOTPUMAHHSA €TUMHUX HOPM

ABTOpU pyKonNucy CBIAOMO 3acBigyytloTb, WO AOCHIMKEHHS
NPOBOAMUIIOCH 3 BWKOPUCTaHHSIM AaHUX MNEePBUHHOT MEAUYHOT
[OKYMEHTaUii Ta BKIOYarno KriHiYHi CMOCTEPEXEHHsT 3a nalieH-
Tamu. JocnigxeHHs npoBedeHO BiAMOBIOHO A0 €TUYHMX CTaH-
napTiB lenbciHcbkoi geknapadii BcecBiTHbOI MeguyHoi acoui-
auii Mpo eTUYHi MPUHLUMNW NPOBEAEHHS HAyKOBUMX MEOUYHMX
JocnifpkeHb 3a yvacTio NIOAVMHW, OUPEKTMBM EBPONEencbKoro
ToBapuctea 86/609 npo yyacTb niofent y Meauko-GionoriyHmx
OOCHiMKEHHSAX, a TakoX Hakasy MiHicTepcTBa OXOPOHM 300POB’SA
Ykpainun Ne 690 Big 23.09.2009 p. IHdopmoBaHa 3roga Ha y4acTb
y JocnimxeHHi 6yna oTpyMaHa Bif YCix y4aCHWKIB Micns HagaHHs
iM 3p0o3yMminoi, MOBHOI Ta [OCTYMHOI iHdopMauii mpo MeTy,
On3anH i MeTodOonNorito JOCNIMKEHHS, NOro NOTEHLIVHI pU3nNKK,
O4iKyBaHi nepesarn Ta MOXNVBI anbTepHaTVBWU. YCi yYaCHUKK
niagTBepAMNM CBOK AOOPOBINbHY y4acTb LUMAAXOM MNiAMUCAHHSA
OOKyMeHTa npo iHPOPMOBaHy 3rofy.

DocnimpkeHHst cxBaneHe Kowmicieto 3 nuTaHb eTuku Ta GioeTuku
MeAnYHOro dakynsteTy XapKiBCbKOro HaLiOHanbHOroO yHiBepcu-
TeTy imeHi B.H. KapasiHa MiHicTepcTBa OCBiTY i Hayku YkpaiHu
(BuTar 3 npotokony Ne 3 Big 13.12.2023 p.).

nature (Municipal Non-Commercial Enterprise of the Kharkiv
City Council «City Clinical Hospital No. 30») does not allow
for causal inferences and retains the risk of selection bias and
residual confounding, despite the use of multivariable models,
propensity score matching, and other approaches to control for
confounders. The sample size and composition limit the precision
of estimates and the generalizability of results, considering
patient referral patterns and healthcare practices in Ukraine.
To minimize potential biases, measurements were standardized,
evaluators were trained, blinding was applied whenever possible,
and sensitivity analyses were performed. The generalizability
of the conclusions is context-dependent; confirmation requires
prospective multicenter studies with justified sample size
calculations, external validation, and adherence to Good Clinical
Practice (GCP).

Prospects for further research

Prospective multicenter studies with larger sample sizes are
warranted to clarify the diagnostic and prognostic value of serum
IL-33 in nasal vestibular furunculosis. It is advisable to assess
IL-33 dynamically (at disease onset, during treatment, and
in the remission period), as well as to simultaneously measure
ST2/soluble ST2 axis parameters for a more accurate
interpretation of cytokine bioavailability. An important
direction is to correlate IL-33 levels with clinical indicators
of disease severity, recurrence frequency, bacteriological data
on Staphylococcus aureus colonization, and the condition of the
nasal epithelial barrier. Additionally, evaluation of combined
biomarker panels is required.
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BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpY pyKOMnMCy CBIAOMO 3acCBiAYylOTh, WO Yy Mpoueci npose-
[EHHS 4OCMIAKEHHS Ta NiATOTOBKM LIbOro PyKOMUCy He BUKOPUCTO-
BYBasM >XOOHUX IHCTPYMeHTIB abo cepBiCiB reHepaTMBHOrO LLUTYY-
HOrO iHTENEKTY ANsi BUKOHAHHS Oyab-IKMX 3aBAaHb, NepeniyeHmx
y TakcoHoMii generyBaHHS 3aBAaHb reHepaTUBHOMY LUTYYHOMY
iHTenekty « GAIDeT» (Generative Atrtificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etanm pobotn — Big kKoHUenTyanisauii
0o cbiHanbHOro pegaryBaHHs — BUKOHaHi 6e3 3anyveHHs reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOPaMu.

MepBuHHHI AGHi Ta MaTepiaAm

ABTOpU PYyKOMWUCY CBIAOMO 3acBiAvytOTb, WO Yy poBOTi BUKOPU-
CTaHO pes3ynbTaT BAAaCHUX KNiHIYHUX JocnigkeHb, wo 6ynu
cucTeMaTnsoBaHi Ta npoaHanizoBaHi aBTopamu. [lepBUHHI
OaHi BKMioYaloTh y3aranbHEHi MoKasHWKM nauieHTiB, nabopa-
TOpPHI pe3ynbraTi, MPOTOKONM Ta OTPUMaHIi KiNbKiCHI xapakTepu-
cTukn. Bei matepianu 36epexeHi B apxiBi 4OCMIAHMLUBKOI rpynu
Ta MOXyTb OyTV HapaHi 3a obrpyHTOBaHWM 3anuToM A0 aBTo-
pa-KopecnoHAeHTa, 3 ypaxyBaHHAM BUMOT KOHMIAEHUINHOCTI
Ta ETUYHMX HOPM.

IHdbopmalis Nnpo cbiHAOHCYBAHHSA

CratTsi € hparmeHTOM NaHOoBOI HAayKOBO-A0CHiAHOI poboTy kKadbenpu
iHCbeKLUiiHMX XBOPOG Ta KriHIYHOI iMyHOmMorii XapkiBCbKOro Hauio-
HanbHoro yHieepcuteTy imeHi B.H. KapasiHa MiHictepctBa ocBitn
i Haykv YkpaiHn «BuedeHHs poni iMyHHMX, aBTOIMyHHUX Ta MeTabo-
niYHMX po3nafiB y natoreHesi Ta Hacnigkax iHeKuinHoro npowecy,
WO BWKIMKaHUIA GakTepismu, Bipycamu, BipyCcHO-OakTepianbHUMM
acoujauisMu Npy roCTPOMY, 3aTshKHOMY Ta XPOHIMHOMY nepebiry
XBOPOOM Ta yAOCKOHANEHHS TaKTVKV NiKyBaHHS», HOMep Aep>KaBHOI
peectpauii 0123U105022, TepmiH BukoHaHHs: 2023-2028 pp.,
KepiBHWK — 3aBigyBavka kadeapu iHPeKUinHMX XBopob Ta KriHiYHOT
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XimioTepaneBTUYHO iHOyKOBaHa nepu-  AKTyanbHiCTb. XiMioTepaneBTUYHO iHOYKOBaHa nepudepunyHa Hemponaris € 4yactum
depuyHa  HemponaTia,  MakmiTakcen,  YCKMaAHEHHSM NPOTMMYXMMHHOI Tepanii npenapataMmy TakCaHOBOrO Ta MIaTUHOBOIO
LUMCMNaTWH, PYXOBi MOPYLIEHHs,, TecT psAiB i CyNpOBOOAXKYETLCS CTIMKMMU PYXOBMMU MOPYLUEHHSIMU, LLO ICTOTHO OBMEXYHOTh
Open Field, Ttect Rotarod, Mopenb  yHKUiOHaNbHI MOXIUBOCTI OpraHiaMy Ta MOripLYTb SKICTb XUTTA XxBopux. lonpu
Ha Lypax. KNiHIYHY 3HaYyLLiCTb pyxoBOro AediumnTy, WOro YacoBa AuMHaMika Ta CTyMiHb BUpaxe-
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HOCTi 32 YMOB O[JHOYACHOro 3aCTOCYBaHHSI Makmnitakceny i LMcnnaTuHy 3anmiiaroTbest
HeJOoCTaTHLO BUBHEHUMMU.

Meta poboTM — MOPIBHATM YacoBy AMHAMIKy Ta BUPaKEHICTb PYXOBUX MOPYLUEHb
y LypiB 3 XiMioTepaneBTUYHO iHAYKOBaHOK NepndepruyHO0 HerponaTieto Npy BBEAEHHI
naknitakceny, UMCMnaTUHy Ta iX OAHOYacHOMY 3acTocyBaHHi npotsrom 120 nai6
CMOCTEPEXEHHS.

Martepianu i metoau. [ocnigXeHHs BWKOHAHO Ha CTaTeBO3PINMX camusix 6inux
iHOpeHMX LWypiB, PO3MOAiNeHNX Ha YOTMPW FPYMU: iIHTAKTHUIA KOHTPOIMb, Naknitakcen
(cymapHo 8 Mr/kr, BHYTPIiLLHLOOYEPEBUHHO), LMCNNATUH (CyMmapHO 16 Mr/Kr, BHYTPiLLHbLO-
0O4YepeBUHHO) Ta rpyna of4HO4aCHOTO BBEAEHHS.

Mpu ogHovacHOMy BBeAEHHI TBApUHW OTPUMYBAnu LMCNNAaTWH Y A03i 2 Mr/kr Ta nakni-
Takcen y Ao3i 5 Mr/Kr oaviH pa3 Ha TWXKAeHb NPOTAroM LLECTU TWIKHIB, L0 3abe3nevysano
KyMyNsSTUBHE [030Be HaBaHTaxeHHs 12 mr/kr gnsa yucnnatuHy Ta 30 Mr/kr ans nakni-
Takceny. ObpaHa cxema BignoBifana cTaHgapTHUM KNiHIYHMM pexumam naknitakceny
175 mr/m? i unennatuHy 75 Mr/mM? Npu nepepaxyHKy 3a NroLLeto NoBepxHi Tina. Pyxosy
aKTUBHICTb i KoopaMHaLlito pyxiB ouiHoBanu Ha 1, 7, 14, 28, 60, 90 i 120-Ty noby 3a gono-
moroto TecTiB Open Field Ta Rotarod i3 BukopuctaHHsAM 3anaTeHTOBaHOro npunagy Ans
OLIiHKM KOOpAUHALLT Ta M’A30BOi BUTPUBANOCTI.

Pesynbratn. Y TBapuH, siki oTpumyBanu XiMioTepaneBTUYHI npenapaTu, BUSIBNEHO
CTillKe 3HWXKEHHS 3ararnbHOi PyXOBOi aKTUBHOCTI Ta KOOpAMHALii pyXiB MOPIBHSHO 3 iHTaK-
THOW rpynoto. 3a yMOB BBEAEHHSI MakmiTakcerny MOTOPHI MOpYyLUEeHHs dhopMyBanucs
3 7-i pobwu, ToAi sk Npu 3acTocyBaHHI UMcnnaTuHy yxe 3 1-i nobu. Hanbinbw Bupa-
XEHi Ta TpuBani 3MiHW crnocTepiranucsa 3a yMoB OJHOYACHOrO BBEAEHHS Mmakinitakceny
1 uncnnaTtuHy Ta 3bepiranucs npotarom ycboro 120-4060BOro nepiofy CnocTepexeHHs.
BucHoBku. [Naknitakcen i uucnnaTMH BUKIMKaKTb TpMBari PyXoBi NOPYLUEHHS B eKcne-
pVYMEHTanbHIN Mogeni XiMioTepaneBTUYHO iHAYKOBaHOI nepudepuyHoi Herponarii,
a ix ogHOYacHe BBEAEHHS NPMBOAMTL A0 HAWTSXYMX MOPYLUEHb KoopAWHaLlii Ta aKkTuB-
HocTi. [NoseaiHkosi TecTn Open Field i Rotarod € iHbopmaTyBHUMM iHCTPYMEHTaMun Ans
OLIiHKM YacoBOi AMHAMIKVN Ta BUPAXEHOCTi PyXOBMX pO3rnafiB Npy HEMPOTOKCUYHOCTI.
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Keywords: ABSTRACT
chemotherapy-induced peripheral
neuropathy, paclitaxel, cisplatin, motor
deficits, Open Field test, Rotarod test, rat
model.

Background. Chemotherapy-induced peripheral neuropathy is a common complication
of anticancer therapy with taxane- and platinum-based agents and is accompanied
by persistent motor impairments that significantly limit the body’s functional capacity
and reduce patients’ quality of life. Despite the clinical significance of motor deficits,
their temporal dynamics and severity under concurrent administration of paclitaxel and
cisplatin remain insufficiently studied.

Purpose — to compare the temporal dynamics and severity of motor impairments in rats
with chemotherapy-induced peripheral neuropathy following administration of paclitaxel,
cisplatin, and their concurrent use over a 120-day observation period.

Materials and Methods. The study was conducted on adult male inbred white rats, divided
into four groups: intact control, paclitaxel (cumulative dose 8 mg/kg, intraperitoneally),
cisplatin (cumulative dose 16 mg/kg, intraperitoneally), and a combination group. In the
combination group, animals received cisplatin at 2 mg/kg and paclitaxel at 5 mg/kg once
weekly for six weeks, providing a cumulative dose of 12 mg/kg for cisplatin and 30 mg/kg
for paclitaxel. This regimen corresponded to standard clinical protocols of paclitaxel
(175 mg/m?) and cisplatin (75 mg/m?) when adjusted for body surface area. Motor
activity and coordination were assessed on days 1, 7, 14, 28, 60, 90, and 120 using the
Open Field and Rotarod tests with a patented device for evaluating coordination and
muscle endurance.

Results. Chemotherapy-treated animals demonstrated persistent reductions in overall
motor activity and coordination compared to the intact control group. Motor deficits
developed from day 7 with paclitaxel, whereas cisplatin-induced impairments appeared
as early as day 1. The most pronounced and long-lasting changes were observed under
concurrent administration of paclitaxel and cisplatin, persisting throughout the 120-day
observation period.

Conclusions. Paclitaxel and cisplatin induce long-term motor deficits in an experimental
model of chemotherapy-induced peripheral neuropathy, with combined administration
resulting in the most severe impairments of coordination and activity. Behavioral tests
such as Open Field and Rotarod provide informative tools for assessing the temporal
dynamics and severity of motor dysfunction in neurotoxicity models.
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BCTYN INTRODUCTION
XimioTepaneBTM4HO  iHAYKOBaHa nepudepmnyHa
Hemponartia (XIMH) € ogHWM i3 HannowmpeHiwmnx

Chemotherapy-induced peripheral neuropathy (CIPN)
is one of the most common complications of anticancer

yCKnagHeHb NPOTUMNYXIIMHHOI Tepanii Ta po3BMBAETLCS
Yy 3Ha4HOI KiNbKOCTi MNauieHTiB, SKi OTPUMYOTb nNakmi-
Takcen abo umcnnatnH. ®opmysaHHs XIMNH cynposoaxy-
€TbCSA MOEAHAHHSAM CEHCOPHUX, PYXOBMX, BEreTaTMBHUX
i KOTHITUBHWX PO3NaAiB, LLO CYTTEBO 0OMEXYI0Tb (DYHKL-
OHarbHY aKTUBHICTb OpPraHiamy, NOpyLUYOTb iIHTErpaTUBHY
perynsuito QyHKUin Ta Npu3BoasaTb A0 3HMKEHHST SIKOCTI
xutTa [1, 2, 3, 4]. Monpwu Te, WO KMiHiYHa yBara Hanvac-
Tille 30CepemKeHa Ha CEHCOPHMX CUMMMTOMax, came
PYXOBi MOPYLUEHHS HEPIOKO CTaOTh NMPUYNHOK 3HUKEHHS
NOBCSKAEHHOT aKTUBHOCTI Ta MiACTaBo ANs KopekUii abo
NpUNUHEHHs XimioTepanii [2, 5].

PyxoBi gediuntn npu XIMNMH nposBnsawTbCS OUCKO-
opauvHauiero pyxiB, 3HWKEHHAM M’S130BOI BUTPUBArOCTI,
rinokiHesie Ta eHepreTMYHNM 4edilnTOM i3 TeHOEHUiE

therapy and develops in a significant proportion of patients
receiving paclitaxel or cisplatin. The development of CIPN
is accompanied by a combination of sensory, motor,
autonomic, and cognitive disorders that substantially limit
functional activity, disrupt integrative regulation of bodily
functions, and lead to a reduction in quality of life [1, 2, 3, 4].
Despite the fact that clinical attention is most often focused
on sensory symptoms, motor impairments frequently become
the cause of decreased daily activity and a reason for dose
adjustment or discontinuation of chemotherapy [2, 5].

Motor deficits in CIPN manifest as impaired
coordination, reduced muscular endurance, hypokinesia,
and energy deficiency, with a tendency toward chronicity
after completion of anticancer treatment [6, 7, 8].
Experimental evidence indicates that these disturbances
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[0 XpOHi3auii nicns 3aBepLUeHHs NPOTUNYXITMHHOTO FiKy-
BaHHs [6, 7, 8]. [daHi ekcnepumeHTanbHUX OOCHILKEHb
CBigYaTb, WO 3a3HayveHi NopyLUeHHs NOB’'sA3aHi He nue
3 YpPaKEHHAM nepudepuyHmX HepBiB, a 1 i3 3any4eHHaM
LEHTpanbHUX perynaTopHUX CTPYKTYP, 30KpeEMa MO304Ka,
KW Bigirpae KM4oBy PoOfb Y KOHTPOMi pyXxiB, KOOPAU-
Hauii Ta nigTpumaHHi pisHosaru [9, 10].

EkcnepumeHTtanbHe wmogentoBaHHa  XIMH  rpyHTy-
€TbCA Ha BUKOPUCTAHHI Pi3HNX CXeM BBeAEeHHS XimioTe-
paneBTUYHUX NpenapartiB, SKi BigpPi3HATbLCS A030BUMMU
pexumamMu, TPMBanICTIO eKCrno3uLii Ta CNeKTPOM Henpo-
TOKCUYHUX MposBiB. Mogeni naknitTakcen- Ta uyucnna-
TWH-iHOYKOBaHOI Hevponartil A403BONAOTL BigTBOPIOBATU
SIK CEHCOPHI, TaK i MOTOPHI NMOPYLUEHHS, O4HAK XapaKTe-
pU3yTbCHA BIOMIHHOK 4acOBOK AMHAMIKOK X (hopmy-
BaHHS. 30kpeMa, nakniTakcen acoLuitoeTbCA 3 MOCTYNOBUM
PO3BMTKOM PYXOBOro AediuuTy Ha Tni MOPYLUEHHS akco-
HanbHOrO TpaHCnopTy Ta crabinisauii MIKpoTPyGOYOK,
TOAI AK LMCNNaTWH 3yMOBMIOE Binbll pPaHHE YypaXeHHs
HEpPBOBMX CTPYKTYp i3 3any4yeHHsM MiTOXOHApianbHOl
OMcAyHKLIT Ta HemposananeHux mexaHiamis [1, 5, 6, 11].

Okpemy HaykoBy npobrnemy CTaHOBUTb OfHOYacHe
3aCTOCyBaHHA MakmiTakceny M UMUCMNaTuHyY, sike LUIMPOKO
BMKOPUCTOBYETBLCS B KINiHIYHIN OHKOMOrii, NpoTe 3anuwa-
€TbCH HEOOCTaTHbO BUBYEHVMM Y OOKMIHIYMHOMY acnekTi,
30Kpema LLoao pyxoBoi TOKCUMYHOCTI. HasBHI AaHi ceigyaTh
NpO MOXIMBWUA CUHEPTi3M HENPOTOKCUYHUX MEXaHi3MiB
npu KOMGIHOBaHOMY BBE[EHHI LiX npenaparis, L0 MOXe
3yMOBMIOBATU BinbLU BUPaXXeHi Ta TpmBari MOTOPHi Nopy-
LLUEHHS MOPIBHAHO 3 MoHOTepanieto [4, 12, 13].

HaykoBa rinotesa gocnigkeHHs nondrana B TOMY,
LLIO NakniTakcer i LMcnnaTuH CNPUYNHSIOTB Pi3Hi 3a YacoMm
BVMHWKHEHHSI Ta CTYNEeHeM BUPAXEHOCTi PpyXoBi Mnopy-
LWWeHHS, TOAI SK IXHE OfHOYacHe BBELEHHS NMpU3BOAWTb
[0 (hopMyBaHHSA HanBINbLL TSHKKOrO Ta XPOHIYHOIO pyxo-
BOro AediumTy yHacnigok CymapHOi HEMPOTOKCUYHOT Aji.

Meta po6GoTu — nNpPOBECTU MOPIBHAMBHY OLHKY
OVHaMIKM Ta BUPaXKEHOCTI PYyXOBWUX MOPYLUEHb Y LLYpiB
3a yMOB Ail nakniTakceny, UMcnnaTuHy Ta ix 04HO4acHoOro
BBeAeHHs npotsirom 120 fi6.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[ocnigxeHHss npoBegeHo Ha 120 cTaTeBO3pinmMx
6invx paHgombpeaHux wypax-camusax macoto 180—220 r,
BMPOLLIEHMX Yy BiBapii IBaHO-PpaHKiBCbKOrO HaujioHanb-
HOr0 MEeOWMYHOro YHiBepcUTETY. TBaApVMHU YyTpMMyBamnucb
y CTaHgapTHuXx ymoBax (Temneparypa 21 + 2 °C, Borno-
rictb 55-60 %, 12-roguHHWI CBITNIOBUIA LMKI) i3 BiflbHUM
pocTtynom Ao ixi Ta Bogu. lNepen modaTkoMm ekcnepu-
MEHTY NPOBOAWNM 7-A€HHY afanTaliio ANns YCix TBapuH.

[10 KOHTPOMBHOI rPYN BXOAMWIN IHTAKTHI TBAPUHW, SIKi
He OTpUMYBanM XOOHWX NiKapCbKMX 3acobiB Ta yTpumy-
BanuCsl B iOEHTUYHMX YMOBAX i3 eKCnepuMeHTanbHUMu
wypamu (n = 30).

Y ppyrin rpyni (n = 30) HENPOTOKCUYHICTL MOAENHO-
Banu LUMSIXOM BBEOEHHSA Naknitakceny B [03i 2 mr/kr
BHYTPILUHBOOYEPEBUHHO  YOTMPMPA30BO Yepe3 [AeHb
(cymapHa gosa 8 mr/kr), BiAnoBiAHO A0 KIACKMYHOI eKkcne-
pvmMeHTansHoi mogeni Polomano Ta cnisasr. [14].

TeapwviHu TpeTboi rpynu (n = 30) oTprMyBanu umcnnaTnH
y 003i 2 MI/Kr BHYTPILLHBOOYEPEBUHHO OBiYi HA TWXAEHb
yNpoJoBX 4 TWUXKHIB; cymapHa [o3a cTaHoBuna 16 Mr/kr.

are associated not only with damage to peripheral
nerves but also with the involvement of central regulatory
structures, particularly the cerebellum, which plays a key
role in motor control, coordination, and maintenance
of balance [9, 10].

Experimental modeling of CIPN is based on the use
of various chemotherapy administration regimens that
differ in dosing schedules, duration of exposure, and the
spectrum of neurotoxic manifestations. Models of paclitaxel-
and cisplatin-induced neuropathy allow reproduction
of both sensory and motor impairments; however, they
are characterized by distinct temporal dynamics of their
development. In particular, paclitaxel is associated with
a gradual development of motor deficits against the
background of impaired axonal transport and microtubule
stabilization, whereas cisplatin causes earlier damage
to neural structures involving mitochondrial dysfunction and
neuroinflammatory mechanisms [1, 5, 6, 11].

A distinct scientific challenge is the concomitant
use of paclitaxel and cisplatin, which is widely applied
in clinical oncology but remains insufficiently studied
in the preclinical context, particularly with regard
to motor toxicity. Available data suggest a possible
synergism of neurotoxic mechanisms during combined
administration of these agents, which may lead to more
pronounced and persistent motor impairments compared
with monotherapy [4, 12, 13].

The scientific hypothesis of the study was that
paclitaxel and cisplatin induce motor impairments
that differ in time of onset and severity, whereas their
concomitant administration results in the development
of the most severe and chronic motor deficits due
to cumulative neurotoxic effects.

Objective — to conduct a comparative assessment
of the dynamics and severity of motor impairments
in rats under exposure to paclitaxel, cisplatin, and their
simultaneous administration over a 120-day period.

MATERIALS AND METHODS OF RESEARCH

The study was conducted on 120 sexually mature male
white random-bred rats weighing 180-220 g, bred in the
vivarium of lvano-Frankivsk National Medical University.
Animals were housed under standard conditions (tempe-
rature 21 + 2°C, humidity 55-60%, 12-hour light/dark
cycle) with free access to food and water. A 7-day
acclimatization period was provided for all animals prior
to the experiment.

The control group consisted of intact animals that
did not receive any pharmacological agents and were
maintained under identical conditions to the experimental
rats (n = 30).

In the second group (n = 30), neurotoxicity was
induced by intraperitoneal administration of paclitaxel at a
dose of 2 mg/kg four times every other day (cumulative
dose 8 mg/kg), according to the classical experimental
model of Polomano et al. [14].

Animals of the third group (n = 30) received cisplatin
at a dose of 2 mg/kg intraperitoneally twice weekly for four
weeks; the cumulative dose was 16 mg/kg.
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KombiHOBaHy = HEMPOTOKCUYHICTL  BiATBOpHOBaNu
LUMSIXOM OJHOYACHOrO BBEAEHHS LMCNNaTuHy Ta nakni-
Takceny. LlucnnatuH BBOAMNM BHYTPILLHBOOYEPEBUHHO
B 003i 2 mr/kr (po3ymH nigirpisanu go 37°C 6Gesnoce-
penHbO nepen iH'EKUi€l), a nakmitakcen — BHYTPILL-
HbOBEHHO y XBOCTOBY BeHy B 03I 5 Mr/kr oguH pas
Ha TwxaeHb ynpogoBx wectn TuxHiB (n = 30). CymapHi
posu ctaHosunu 12 mr/kr gna umcnnatudy ta 30 mr/kr
ONs naknitakceny.

Ob6paHa cxema ofHOYacHOro BBedeHHA 3abesnedy-
Bana KyMynsiTuBHe [O30Be HaBaHTaXEHHS, 3iCTaBioBaHe
3i CTaHOAPTHUMU KMIHIYHUMK pexrMMamMu KOMOGIHOBaHOI
ximioTepanii npenapatamu MnaTMHW Ta TakCaHOBOrO
psigy. MNMepepaxyHoK 403 BMKOHAHO 3@ MPUHLUMUMOM (EKBi-
BarneHTHa [03a Ans MAMHN) i3 BUKOPUCTaHHSAM Koedi-
uieHTiB nnowi nosepxHi Tina (Km) ana wypa (6)
Ta noguHm (37) BignosiaHo fo metoankn Reagan-Shaw
Ta cniBaBT. [15]. Mogenb KOMGIHOBaHOI HEWMpPOTOKCKY-
HOCTi 3aCTOCOBaHO 3 ypaxyBaHHSIM eKCnepuMeHTarnbHUX
nigxoais, onucaHnx Carozzi Ta cniBaer., i3 mogudikauieto
pexXumy BBELEHHS BiAMOBIAHO [0 3aBAaHb OOBroTpMBa-
noro gocnigkeHHs [11].

JocnigkeHHa npoBoaunu y  nepiog 3  KBIiTHS
no xoBTeHb 2025 poky. EkcnepuvmeHTanbHi po6oTtu
posnoydato 02 kBiTHA 2025 poky Ta 3aBepLueHO nicns
[OOCSITHEHHSI MAaKCUMaribHOrO TEPMiHY CMOCTEPEXEHHS —
120-i poobw.

O6paHi pexxMMun [o3yBaHHSA NakniTakceny Ta ujcnna-
TUHY I'PYHTYBanuCs Ha AaHuX nonepegHix OOKMiHIYHMX
OOCTiAXKeHb, Y SIKMX NMPOAEMOHCTPOBAHO 3AaTHICTb LIMX
CXeM BiATBOPIOBATU CTillKi CEHCOMOTOPHI Ta NOBEAIHKOBI
nposieun XIMNMH 6e3 po3BuTKY HagMIpHOI CUCTEMHOT TOKCUY-
HocTi [3, 6, 7, 8].

[MakniTakcen 3acTocoByBanu Yy KyMYMSTUMBHIA [03i
8 mr/kr 3a cxemoto 6araTopa3oBOro BBEAEHHS, LLIO € OAHIE
3 Hanbinbl NOWMpEeHUX i BanigoBaHUX MoAenen nakni-
Takcen-iHAyKoBaHOI HenponaTii y rpusyHiB i [03BONseE
BiATBOPIOBATM MNOCTYMNOBWIA PO3BUTOK PYXOBUX MOPYLLEHb,
acoLinoBaHUX i3 MOPYLUEHHSIM aKCOHarbHOro TPaHCMNoPTy
Ta cTabinizauieto MikpoTpyoo4ok [6, 8, 14]. Takuii pexxum
BBeAeHHS 3abesnedyye (HOPMyBaHHA XPOHIYHMX HENpo-
TOKCMYHUX 3MiH, peneBaHTHMX KNiHIYHMM crnocTepe-
XEHHSIM Y NaLieHTIB, AKi OTPUMYIOTb TaKCaHu.

LincnnatuH BBOAMMM Y KYMYNSTUBHIA A03i 16 Mr/kr,
Wo BignoBigae  MOWMPEHUM  eKCNepuMEHTarnbHUM
MoAeNsiM LUMCNNaTuH-iHOYKOBaHOI Herponarii Ta xapak-
TEPU3YETLCA PO3BUTKOM PaHHIX i CTIVIKMX PyXOBMX MOPY-
WeHb Ha Tni MITOXOHApianbHOI AMCAYHKLUi, okcnaa-
TMBHOIO CTPeCy Ta HewposanansHux npouecis [1, 3, 4].
3anponoHoBaHa cxema [O03BOMSiE YHUKHYTU TOCTpOl
CUCTEMHOI TOKCMYHOCTI Ta 3abesnedye TpuBane 3bepe-
YKEHHSI HEMPOMYHKLIOHANBbHUX 3MiH.

Pexum  ogHouacHOro  BBeAEHHS1  MakmiTakceny
M umcnnatmHy Oyno cdhopmMoBaHO 3 ypaxyBaHHAM
KNiHIYHOI NpakTukM KoMBiHOBaHOI ximioTepanii Ta ekcne-
PUMEHTANbHUX LaHUX MPO MOTEHUINHUA  CUHEpPTi3M
HEMPOTOKCUYHNX MEXaHi3MiB Mpu NoegHaHOMy 3acTocy-
BaHHi MpenapariB TakCaHOBOrO Ta MMaTMHOBOIO PSAiB.
O6paHi po3n 3abe3snedvyBanu OpMyBaHHS  GinbLu
BMPaXeHoro Ta TpuBanoro pyxosoro pediunty 6e3
neTanbHOCTI TBApWH, WO Aano 3Mory AocnianTy YacoBy
OVHaMiKy MOTOPHMX MopylleHb ynpogoex 120 Ai6
cnocTtepexeHHs [4, 12, 16].

Combined neurotoxicity was modeled by concomitant
administration of cisplatin and paclitaxel. Cisplatin was
administered intraperitoneally at a dose of 2 mg/kg
(the solution was warmed to 37°C immediately
prior to injection), while paclitaxel was administered
intravenously via the tail vein at a dose of 5 mg/kg once
weekly for six weeks (n = 30). The cumulative doses were
12 mg/kg for cisplatin and 30 mg/kg for paclitaxel.

The selected concomitant administration regimen
provided a cumulative dose exposure comparable
to standard clinical protocols of combined chemotherapy
with platinum- and taxane-based agents. Dose conversion
was performed according to the human equivalent dose
principle using body surface area coefficients (Km) for
rats (6) and humans (37), following the methodology
of Reagan-Shaw et al. [15]. The combined neurotoxicity
model was applied taking into account experimental
approaches described by Carozzi et al., with modification
of the dosing regimen in accordance with the objectives
of a long-term study [11].

The study was conducted from April to October 2025.
Experimental procedures began on April 2, 2025, and
were completed after reaching the maximum observation
period of 120 days.

The selected dosing regimens of paclitaxel and
cisplatin were based on data from previous preclinical
studies demonstrating the ability of these protocols
to reproduce persistent sensorimotor and behavioral
manifestations of CIPN without the development
of excessive systemic toxicity [3, 6, 7, 8].

Paclitaxel was administered at a cumulative dose
of 8 mg/kg using a multiple-dose regimen, which is one
of the most widely used and validated models of paclitaxel-
induced neuropathy in rodents and allows reproduction
of the gradual development of motor impairments
associated with disrupted axonal transport and microtubule
stabilization [6, 8, 14]. This dosing schedule ensures the
formation of chronic neurotoxic changes relevant to clinical
observations in patients receiving taxanes.

Cisplatin was administered at a cumulative dose
of 16 mg/kg, corresponding to commonly used
experimental models of cisplatin-induced neuropathy and
characterized by the development of early and persistent
motor impairments associated with mitochondrial
dysfunction, oxidative stress, and neuroinflammatory
processes [1, 3, 4]. The proposed regimen avoids acute
systemic toxicity and ensures long-term persistence
of neurofunctional alterations.

The regimen of concomitant administration
of paclitaxel and cisplatin was designed based on clinical
practice of combination chemotherapy and experimental
data indicating potential synergism of neurotoxic
mechanisms when taxane- and platinum-based agents
are used together. The selected doses ensured the
development of more pronounced and long-lasting motor
deficits without animal mortality, allowing investigation
of the temporal dynamics of motor impairments over
a 120-day observation period [4, 12, 16].

Differences in dosing regimens and routes
of paclitaxel administration under monotherapy
and concomitant administration with cisplatin were
determined by pharmacokinetic, pharmacodynamic, and
methodological features of CIPN modeling.
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BigMiHHOCTI y pexumax [O03YyBaHHSA Ta  LUnsxXax
BBEJEHHS nakmniTakceny 3a ymMoB MOHoTepanii Ta ogHo-
YaCHOro BBELEHHSI 3 LMCMNNaTMHOM 3yMOBMEeHi hapma-
KOKIHETUYHMMM, (hbapMaKkoAMHAMIYHYMUK Ta METOANYHUMMU
ocobnueocTammn mogentoanHst XIMH.

3a ymoB MoOHOTepanii naknitakcen 3acTocoByBanu
3a cxemoto HaratopaszoBoro BBeAEHHS Y BiAHOCHO HU3bKil
pasoBin 403i, WO € TUNOBMM ANs OOKNIHIYHMX Mopgenen
naknitakcen-iHAykoBaHo| Hewponarii i 403BONsE BiATBO-
ptoBaTy MOCTYMNOBUI PO3BUTOK HEMPOTOKCUYHUX 3MiH 6e3
BMPaXXEHOI rOCTPOI CUCTEMHOT TOKCUYHOCTI. Takuii pexum
3abe3nevye HaKoMMYeHHs npenapaTty B HEPBOBIN TKaHWHI
Ta (QOPMYBAHHA XPOHIYHMX PYXOBUX MOPYLUEHb, Xapak-
TepHUX Ans kniHiyHoro nepebiry XIMH.

[ns MopentoBaHHS OQHOYACHOrO BBEAEHHSA Makni-
Takceny 1 uucnnaTtuHy 0yno obpaHo BHYTPILUHbOBEHHWI
LWNSIX BBEAEHHS NakmiTakceny, Wo 3yMOBMEeHO HeobXia-
HicTio 3abe3neyeHHsA Oinblu BiATBOPIOBAHOI CUCTEMHOI
eKkcrnosuuii npenapaTty, 3MeHLUEeHHS MiKiHAMBIOyanbHOT
BapiabenbHoCTi abcopbuii Ta MakcumanbHOi Bignosia-
HOCTI KIiHIYHOMY LUNAXY BBEAEHHS TakcaHiB. BHyTpiLu-
HbOBEHHE BBEJEHHSI MakniTakceny y XBOCTOBY BEHY Mpu
O[JHOYACHOMY BBEAEHHI LIUTOCTATUKIB JO3BOMSE TOYHILLE
KOHTPOMOBATM  KYMyNATMBHE [030BE HaBaHTaXEHHS
Ta MiHiMi3yBaTu NOTEHLiNHI dhapMaKOKIHETUYHI B3aEMOA;T,
SIKi MOXYTb BUHUKATM NPU iHLUKUX LUNSIXaX BBEAEHHS.

Kpim TOro, BMKOPUCTaAHHA PI3HUX LUMSXiB BBEAEHHS
B KOMOGIHOBaHin cxemi (BHYTPILUHbOBEHHO Ans nakni-
Takceny Ta BHYTPILUHbOOYEPEBVMHHO ANS LMUCMNATUHY)
CNpsiMOBaHEe Ha 3HWXXEHHS MiCLIEBOi TOKCUYHOCTI Ta YHUK-
HEHHS1 HAAMIPHOIO NOAPA3HEHHSA TKaAHWH MPU MOBTOPHUX
iH’EKLISIX, WO Mae NPUHLMNOBE 3HAYEHHS ANs TpUBarnoro
eKcrneprMeHTy 3 baraTtopa3oBUM BBEAEHHSM Npenaparis.
OO6paHwuit nigxia 4o3Bonue 3abe3neunTi cTabinbHe BUXK-
BaHHS TBapwH, 30epertv penpeseHTaTUBHICTb NOBEAiH-
KOBWX MOKa3HWKIB i 4OCMIANTN YacoBY AMHAMIKY PyXOBUX
nopyweHb ynpogoex 120 i cnoctepexeHHs.

Takum 4MHOM, BIAMIHHOCTI Yy pexumax [A03yBaHHS
Ta WNsaxax BBEAEHHS NakriTakceny 3yMOBIEHi He nuiie
drapMakosnoriyHUMM  BNacTMBOCTAMM npenapaTty, a 1
HeOoOXiOHICTIO OTPMMaHHA BIATBOPKOBAHOI Ta KMiHIYHO
3HauvyLLOi HEMPOTOKCUYHOCTI.

PyxoBi dyHkuii ouiHoBann Ha 1, 7, 14, 28, 60,
90 i 120-Ty poby nicnsi BBeAeHHst 3a gonomoroto Open
Field i Rotarod.

Y uin poboti HaBegeHo 6a3oBy XxapakTepUCTUKY
PYyXOBWX  MOPYLUEHb, IHOYKOBaHWX  MakmiTakcernom,
uMcnnaTMHoM Ta iX OAHOYACHUM BBEAEHHSIM.

MoBeaiHKOBI TecTH

Tect Open Field npoBogunu B NnacTUKOBIA apeHi
100 x 100 cm i3 cTtiHkamu 40 cm, nogineHin Ha keagpaTu
10 x 10 cm. WypiB po3milyBanu B LeHTPi apeHu Ta 3anu-
cyBanu npoTsaroM 5 XxBunuH. BumiptoBanu 3aranbHy
nponaeHy BiAcTaHb (CM), KiNbKICTb NEPETUHIB MiHIN, Kinb-
KiCTb BepTuKanbHUX CTINOK (rearing) i TpuBanictb nepe-
OyBaHHA B LEHTpanbHii i nepudepnyHin 3oHax (c). OaHi
aHarnisyBanu 3a JOoNoMOrol nNporpaMHoro 3abesnevyeHHs
EthoVision XT (Noldus).

TecT Rotarod npoBoannu 3 BUKOPUCTaHHAM npunagy
ONs BU3HAYeHHs1 KoopAauHauii i BMTpuBanocTi niggo-
cnigHux TBapuH [17], 6apabaH giameTpom 6 cm obepTaBcst
3i 3pocTatoyoto weuakicTio Big 4 o 40 06/xB nNpoTArom

Under monotherapy conditions, paclitaxel was
administered using a multiple-dose regimen at a relatively
low single dose, which is typical for preclinical models
of paclitaxel-induced neuropathy and allows gradual
development of neurotoxic changes without marked acute
systemic toxicity. This regimen promotes accumulation
of the drug in nervous tissue and formation of chronic
motor impairments characteristic of the clinical course
of CIPN.

For modeling concomitant administration of paclitaxel
and cisplatin, the intravenous route of paclitaxel
administration was selected to ensure more reproducible
systemic exposure, reduce interindividual variability
in absorption, and maximize correspondence with the
clinical route of taxane administration. Intravenous
administration of paclitaxel via the tail vein during
concomitant cytostatic treatment allows more precise
control of cumulative dose exposure and minimizes
potential pharmacokinetic interactions that may arise with
other routes of administration.

In addition, the use of different routes of administration
in the combined regimen (intravenous for paclitaxel and
intraperitoneal for cisplatin) was aimed at reducing local
toxicity and avoiding excessive tissue irritation during
repeated injections, which is critically important for long-
term experiments involving multiple administrations. This
approach ensured stable animal survival, preserved
the representativeness of behavioral outcomes, and
enabled assessment of the temporal dynamics of motor
impairments over a 120-day observation period.

Thus, differences in paclitaxel dosing regimens
and routes of administration were determined not only
by the pharmacological properties of the drug but also
by the need to obtain reproducible and clinically relevant
neurotoxicity.

Motor functions were assessed on days 1, 7, 14, 28,
60, 90, and 120 after administration using the Open Field
and Rotarod tests.

This study presents a basic characterization of motor
impairments induced by paclitaxel, cisplatin, and their
concomitant administration.

Behavioral tests
The Open Field test was conducted in a plastic arena
measuring 100 x 1 00 cm with 40-cm-high walls, divided
into 10 x 10 cm squares. Rats were placed in the center
of the arena and recorded for 5 minutes. The following
parameters were measured: total distance traveled (cm),
number of line crossings, number of vertical rearings, and
time spent in the central and peripheral zones (s). Data

were analyzed using EthoVision XT software (Noldus).
The Rotarod test was performed using a device
designed to assess coordination and endurance
of experimental animals [17]. The rod (6 cm in diameter)
rotated at an accelerating speed from 4 to 40 rpm over
5 minutes. The outcome measure was latency to fall (s).
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5 xBunuH. MNokasHnkom ByB 4ac go nagiHHsa (c). Wypis
TpeHyBanu npoTtarom 3-x OHIB nepen 6a3oBUM TecTy-
BaHHAM. Yac #o nagiHHA ikcyBanm B TpboX cnpobax
Ha cecilo 3 5-XBUNMHHUM BiAMNOYMHKOM MiX crnpobamu.
[nsa aHanisy BUKOPUCTOBYBanu cepeaHe 3Ha4YEeHHS.

CTATUCTUYHUIA QHAAI3

[aHi npenctaBneHo sk cepefHe * cTaHgapTHa
noxmbka cepegHboro (SEM). [Insi NOpiBHAHHSA rpyn BUKO-
puctaHo aBodbakTopHuii gucnepciiHui aHania (ANOVA)
i3 MOCT-XOK TECTOM TblOKi AN OUIHKM edDEeKTIB NiKyBaHHS
Ta 4acy. AHani3 npoBogunu 3a pgonomorotw Python
(Bepcisa 3.8) i Statistica 6.0. PiBeHb 3Ha4yLLOCTi BCTAHOB-
neHo Ha p<0,05.

PE3YABTATU

TecT Open Field

IHTaKTHI KOHTPOIbHI LLYPW AEMOHCTPYBanu cTabinbHy
PyXOBY aKTMBHICTb i3 6a30BO MPOMAEHON BiACTaHHIO
2700 + 155 cm i 29 + 3 BepTUKanbHUMK cTinkamu. Lypw,
SKi OTPMMYBanu MakniTakcen, Manu 3Ha4YHe 3HWKEHHS
npongeHoi BigcTaHi (1950 + 120 cm, p < 0,01) i kinbkoCTi
cTinok (18 + 2, p < 0,01) 3 7-i gobw, wo 36epiranocsa Ao
120-i gobwn (1900 + 115 cm, p <0,01). Y rpyni, ika oTpUmy-
Bana umMcnnatuH — nopyLleHHs 3'aBunnce patiwe (1-wa
poba: 1850 + 125 cm, p < 0,01; 16 £ 2 cTivikn, p < 0,01)
i 36epiranuca go 120-i pobun (1800 = 110 cm, p < 0,01).
lpyna 3 ogHOYacHUM BBEAEHHAM LUMCMNaTuHy Ta nakni-
Takceny nokasana HawmBupaxeHiwi nopyleHHs (1-wwa
poba: 1500 + 100 cm, p <0,001; 12 £+ 1 crinka, p < 0,001;
120-ta pgoba: 1450 + 95 cm, p < 0,001). Tpueanictb
nepebyBaHHs B LEHTparbHill 30Hi 3MeHLIMnacs B rpynax
i3 ximioTeparnieto, IO BKa3ye Ha TPMBOXHOMOAIOHY noBe-
LiHKy (koHTponb: 33 * 4 c; kombiHauisa: 14 + 2 ¢, p < 0,05).

TecT Rotarod

IHTaKTHi KOHTPONbHI TBapuHM 306epirany cTabinbHy
NPOAYKTUBHICTL i3 6a3oBMM 4acom [0 NafiHHA
160,3 + 21,5 c. HesHayHi KonmmBaHHSA crocTepiranucs:
133,3 £ 15,1 ¢ (1-wa poba), 143,6 £ 16,7 c (7-ma poba),
138,4 + 22,2 ¢ (14-ta poba), 153,7 £+ 12,6 c (28-ma
poba), 124,5 + 19,6 c (60-ta goba), 140,8 + 16,0 c (90-Ta
poba) i 144,7 + 17,7 ¢ (120-ta po6a; p>0,05 nopiBHsIHO
3 6asoBuMm). Wypwn, aki oTpumyBanu naknitakcen, noka-
3anM 3Ha4YHe 3HWKEHHs Yacy A0 nagiHHA 3 7-i gobu
(110,5+9,4 ¢, p <0,01), noripwytoumcb o 87,6 + 8,1 c Ha
120-ty poby (p < 0,001). Ipyna, sika oTpumyBana
uucnnaTuH, mana nopyLueHHs 3 1-i pobu (100,8 + 8,9 c,
p < 0,01), ski 36epiranucs go 120-i pobw (82,4 + 7,7 c,
p < 0,001). Mpyna ogHo4YacHOro BBEAEHHSA LMcnna-
TUHY Ta NakmniTakceny NPOAEMOHCTpyBana HanBupaxe-
Hiwi gediyntn: 3 1-i gobwn (77,2 + 7,1 ¢, p < 0,001) oo
67,8 £ 6,4 c Ha 120-Ty goby (p < 0,001). OBochakTopHuMI

ANOVA  nokasaB 3HaYHi edekTn nikyBaHHA
(F (4,356) = 52,4, p < 0,001) i yacy (F (6,356) = 36,2,
p <0,001).

CTaTUCTMYHO  3HaYyLlli  MDKTpynoBi  BiAMIHHOCTI

Ta yYacoBi edekTn nopgaHo rpadiyHoO Ha BiANOBIAHWX
PUCYHKax i3 BUKOPUCTAHHSIM YMOBHMX MO3HAYEHb.
Y TeKkCTi HaBedeHO mnuLe SKICHY XapaKTepucTuKy 3MiH
i IXHIO OUHaMIKY.

Rats were trained for 3 days prior to baseline testing.
Latency to fall was recorded in three trials per session
with a 5-minute rest interval between trials. The mean
value was used for analysis.

Statistical analysis

Data are presented as mean * standard error of the
mean (SEM). Group comparisons were performed using
two-way analysis of variance (ANOVA) with Tukey’s
post hoc test to evaluate the effects of treatment and
time. Statistical analysis was conducted using Python
(version 3.8) and Statistica 6.0. The level of statistical
significance was set at p < 0.05.

RESULTS

Open Field test

Control rats demonstrated stable locomotor
activity, with a baseline total distance traveled of
2700 £ 155 cm and 29 + 3 vertical rearings. Rats treated
with paclitaxel showed a significant reduction in total
distance traveled (1950 £ 120 cm, p < 0.01) and number
of rearings (18 = 2, p < 0.01) starting from day 7, which
persisted until day 120 (1900 £+ 115 cm, p < 0.01). In the
cisplatin group, impairments appeared earlier (day 1:
1850 + 125 cm, p < 0.01; 16 + 2 rearings, p < 0.01)
and remained evident through day 120 (1800 + 110 cm,
p < 0.01). The simultaneous administration group
exhibited the most pronounced impairments exhibited the
most pronounced impairments (day 1: 1500 + 100 cm,
p < 0.001; 12 £ 1 rearings, p < 0.001; day 120:
1450 + 95 cm, p < 0.001). Time spent in the central zone
decreased in all chemotherapy-treated groups, indicating
anxiety-like behavior (control: 33 * 4 s; simultaneous
administration group: 14 + 2 s, p<0.05).

Rotarod Test

Control rats maintained stable performance, with
a baseline latency to fall of 160.3 + 21.5 s. Minor fluctuations
were observed over time: 133.3 + 151 s (day 1),
143.6 + 16.7 s (day 7), 138.4 222 s (day 14),
153.7 + 12.6 s (day 28), 1245 19.6 s (day 60),
140.8 + 16.0 s (day 90), and 144.7 + 17.7 s (day 120),
with no statistically significant differences compared
with baseline (p > 0.05). Rats treated with paclitaxel
demonstrated a significant reduction in latency to fall
starting from day 7 (110.5 £ 9.4 s, p < 0.01), which further
deteriorated to 87.6 + 8.1 s by day 120 (p < 0.001).
The cisplatin group exhibited impairments from day 1
(100.8 + 8.9 s, p < 0.01), which persisted through
day 120 (82.4 + 7.7 s, p < 0.001). The simultaneous
administration group showed the most severe deficits,
beginning on day 1 (77.2+7.1 s, p<0.001) and declining
to 67.8 £+ 6.4 s by day 120 (p < 0.001). Two-way
ANOVA revealed significant main effects of treatment
(F (4,356) = 52.4, p < 0.001) and time (F (6,356) = 36.2,
p <0.001).

Statistically significant intergroup differences and
time-dependent effects are presented graphically in the
corresponding figures using conventional symbols. The
text provides only a qualitative description of the observed
changes and their dynamics.

+
+
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Y rpynax, LWo oTpuMyBanu ximiotepaneBTUYHI npena-
patu, y Tectax Open Field Ta Rotarod dpopmysanucs
3HWKEHHS PYXOBOI (OYHKUIT, SKi BUHWKanNM 3 paHHiX
TepMiHiB i 3bepiranuca go 120-i gobu cnocTepeXeHHs.
HanbinbL BupaxeHi Ta TpmBani 3MiHu ikcyBanu y rpyni
O[JHOYACHOrO BBEAEHHS MakriTakceny W UMCMNaTuHYy,
Wwo Bigobpaxano MNOCUMEHUN HEWPOTOKCUYHUI BMMAMB
npv ogHOYacHOMY BBEAEHHi npenapariB i nigTBepaxysa-
NoCcs CTaTUCTUYHO 3HAYYLLUMWU MKIPYNOBMMM BiAMiIHHO-
CTAMW, HaBeAEHVMMN Ha PUCYHKaX.

[uHamika nporpgeHoi BigctaHi y Tecti Open Field
y LypiB iHTAKTHOI KOHTPOMbLHOI, NaKMiTakCcenosoi,
LMCMnaTMHOBOI Ta rpynu naknitakcen + uMcnnatuH ynpo-
poex 120 ni6 cnoctepexeHHs (puc. 1).

Persistent motor impairments developed in all groups
receiving chemotherapeutic agents in both the Open
Field and Rotarod tests. These impairments emerged
at early time points and persisted throughout the 120-day
observation period. The most pronounced and long-
lasting alterations were observed in the group receiving
simultaneous administration of paclitaxel and cisplatin,
reflecting an enhanced neurotoxic effect of simultaneous
administration, as confirmed by statistically significant
intergroup differences presented in the figures.Dynamics
of total distance traveled in the Open Field test

in control, paclitaxel-treated, and cisplatin-treated rats
over the 120-day observation period (fig. 1).

MpoigeHa BiagcTaHb y TecTi Open Field / Distance traveled in Open Field test
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1. MpoviaeHa BigctaHb y TecTi Open Field y pisHux ekcnepuMeHTanbHUX rpynax y 4acoBii AMHaMiLi

Fig. 1. Total distance traveled in the Open Field test in different experimental groups over time

[aHi nogaHo sk cepeaHe £ SEM. *** p < 0,001 nopis-
HSIHO 3 iHTAKTHOI KOHTPOILHOIO rpynoto; ##p < 0,01 nopis-
HAHO 3  rpynamm  MOHOTepanii  nakniTakcenom
i uMcnnatMHOM Ta rpynok nakniTakcen + UucnnaTuH
(nBodakTopHuit ANOVA 3 NnocT-XoK TeCTOM ThHoKi).

Y rpyni naknitakcen + UMCNMaTUH crocTepiranocs
HaiBUpaXXeHille Ta CTilike 3HKEHHS NPOMAEHOI BiaCTaHi
B TecTi Open Field, ske hopmyBanocs 3 paHHiX TEpPMiHiB
i 36epiranocsa A0 3aBepLUEHHS eKCNIEPUMEHTY.

KoHTponbHi Ta ekcnepumeHTanbHi TBapWHW LEMOH-
cTpyBanu cTabifnbHi MOKa3HWKM PYyXOBOI aKTUBHOCTI
(npnbnnsHo 2600-2700 cm), Todi siK y rpynax, Lo oTpu-
MyBanu XimioTepaneBTUYHI npenapaTtu, cnocrepira-
nocs OOCTOBIpHE 3HWKEHHS MPOWAEHOI BiACTaHi, ke
BMHMKaNO 3 paHHiX TepMiHiB i 30epiranocs [0 KiHUSA
eKcnepuMeHTy. HamBupaeHile 3HWKEHHSI aKTUBHOCTI
BiA3Ha4anu y rpyni oAHOYacHOro BBEAEHHS XiMionpena-
paTiB, Ae cepefHi 3Ha4yeHHs He nepesuwyBanu 1500 cm
(p < 0,001 NOPIBHSAHO 3 iIHTAKTHNM KOHTPOIEM).

Yac go nagiHHa y TecTti Rotarod y wypiB iHTakTHOI
KOHTPOIbHOI, NakniTakcenosoi, LMCNNaTnHoBOI Ta rpynu
naknitTakcen + yucnnatuH ynpogoex 120 ai6 cnocrepe-
XKEHHs1 MogaHo Ha pwc. 2.

*kk

Data are presented as mean + SEM.
p < 0.001 compared with the intact control group; ##
p < 0.01 compared with the paclitaxel monotherapy,
cisplatin monotherapy, and paclitaxel + cisplatin groups
(two-way ANOVA with Tukey’s post hoc test).

Inthe paclitaxel + cisplatin group, the most pronounced
and persistent reduction in the distance traveled in the
Open Field test was observed, developing at early time
points and persisting until the end of the experiment.

Control and experimental animals exhibited stable
locomotor activity values (approximately 2600-2700 cm),
whereas rats receiving chemotherapeutic agents showed
a significant reduction in distance traveled that appeared
early and persisted throughout the experiment. The most
marked decrease in locomotor activity was observed
in the simultaneous administration group, where mean
values did not exceed 1500 cm (p < 0.001 compared with
control).

Latency to fall in the Rotarod test in control, paclitaxel-
treated, cisplatin-treated, and simultaneous administration
groups over the 120-day observation period (fig. 2).
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Yac po nagiHHs y TecTi Rotarod / Latency to fall in Rotarod test

140 1

120 A

100 A

Yac go nagiHHs (c) / Latency to fall (s)

—8— [HTaKTHWUI KOHTpob / Intact control

—— MMaknitakcen / Paclitaxel

—8— UwncnnatuH / Cisplatin

—8— [lakniTakcen + uncnnatuH / Paclitaxel + cisplatin

80
\44?*\'*
#HH# — & L
0 20 40 60 80 100 120
Yac (goba) / Time (days)

Puc. 2. Yac po nagiHHA B TecTi Rotarod y pi3HMXx ekcnepvMeHTanbHUX rpynax y 4acosin AvHamiLi
Fig. 2. Latency to fall in the Rotarod test in different experimental groups over time

[aHi nogaHo sik cepegHe £ SEM. *** p < 0,001 nopis-
HSHO 3 iIHTAKTHOK KOHTPOIbHOIO rpynoto; ## p < 0,01 nopis-
HAHO 3  rpymamm  MOHOTepanii  MakniTakcenom
i uMcnnaTtMHOM Ta rpynol nakniTakcen + uucnnaTuH
(nBodakTopHUt ANOVA 3 NoCT-XOK TEeCTOM ThHOKi).

Hanbinbll BupaKeHe 3HWXEHHS 4acy [0 nafiHHA
B TecTi Rotarod cnoctepiranu y rpyni ogHo4YacHoro
BBeAEeHHA Ha 14-Ty-28-my poby, ge nokasHukM Oynu
HKYMMK, HDK Yy rpynax MoHOoTepanii nakniTakcenom
i uMcnnaTMHoOM.

KoHTponbHi TBapuHu 306epirany BUCOKI MNOKa3HUKM
KoopAMHaLii pyxiB i M'si30BOi BUTpUBAINOCTi (CepeaHin Yac
no nagiHHg 140—-160 c). MNaknitakcen i yyucnnaTMH 3ymoB-
MOBanu NoCcTynoBe 3HWKEHHSA LibOro NOKa3HUKa, Wwo 6yno
CTATUCTMYHO 3Havywwmm (p<0,01), a B rpyni 3 ogHoO-
YaCHUM BBEOEHHAM MPU3BOAWUMNO OO0 HaWBUPAXKEHILLOro
aediumnty (3 77,2+ 7,1 ¢ Ha 1-wy poby go 67,8 + 6,4 c Ha
120-1y poby; p < 0,001 nopiBHsiHO 3 KOHTporem). Lli aaHi
NigTBEPOXKYIOTb HASABHICTb CTIMKMX PYXOBUX MOpPYLUEHb
y MoZernsx XimiotepaneBTUYHOI Herponarii.

OBrOBOPEHHA

Hawe pocnimxeHHsa nigTBepaxye, Wo Ximiotepa-
NeBTUYHI nNpenapaty naknitakcen, uuMcnnatuH i IXHE
ofHOYacHe BBEAEHHS BMKIMKAaKOTb BUPaXeHi Ta Tpusani
PYXOBi MOPYLUEHHSA B ekcnepumeHTanbHin mogeni XIMH.
3HWKEHHs 3aranbHOI PyxoBOi akTMBHOCTI B TecTi Open
Field i noripLueHHst koopanHaLii Ta M'a30BOT BUTPUBANOCTI
B TecTi Rotarod BipoGpaxatoTb HEMPOTOKCUYHWUIA BMNMB
NPOTUNYXIIMHHUX areHTiB, L0 Y3rOMKYETLCS 3 aHUMU
nonepeaHix SOKMiHIYHMX JocnigxeHsb [6, 7, 8].

OTpvMaHi Hamy pesynbTaTv y3rofKylTbCa 3 eKcne-
PUMEHTANbHUMU OaHMMW, 3riOHO 3 KUMKW NakniTakcen
i uMcnnaTtUH CNpPUYUHSAIOTL BUPAXEHY PYXOBY TOKCUY-
HICTb, WO MPOSIBMSETECA 3HUKEHHSM JTOKOMOTOPHOT
aKTMBHOCTI, MOPYLUEHHSAM KoopaMHauii pyxiB i M’A30BOI
BUTPMBArocCTi. Y MoAensx Ha rpudyHax MoKa3aHo,

Data are presented as mean + SEM. ***
p < 0.001 compared with the intact control group;
## p < 0.01 compared with the paclitaxel and cisplatin
monotherapy groups as well as the paclitaxel + cisplatin
group (two-way ANOVA with Tukey’s post hoc test).

The most pronounced reduction in latency to fall
in the Rotarod test was observed in the simultaneous
administration group at days 14-28, where values
were lower than those in the paclitaxel and cisplatin
monotherapy groups.

Control animals maintained high levels of motor
coordination and muscle endurance (mean latency to fall
140-160 s). Paclitaxel and cisplatin induced a gradual
and statistically significant decrease in this parameter
(p<0.01), while simultaneous administration resulted inthe
most severe deficit, ranging from 77.2 + 7.1 son day 1 to
67.8+£6.4 s on day 120 (p < 0.001 compared with control).
These data confirm the presence of persistent motor
impairments in experimental models of chemotherapy-
induced neuropathy.

DISCUSSION

Our study confirms that the chemotherapeutic agents
paclitaxel, cisplatin, and their concomitant administration
induce pronounced and long-lasting motor impairments
in an experimental model of chemotherapy-induced
peripheral neuropathy (CIPN). A reduction in overall
locomotor activity in the Open Field test and deterioration
of coordination and muscular endurance in the Rotarod
test reflect the neurotoxic effects of anticancer agents
and are consistent with data from previous preclinical
studies [6, 7, 8].

The results obtained are in agreement with
experimental evidence demonstrating that paclitaxel
and cisplatin cause marked motor toxicity manifested
by decreased locomotor activity, impaired motor
coordination, and reduced muscular endurance. Rodent

OpuwuriHanbHi gocnigpKeHHs

Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 1(58). C. 50-63
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):50-63

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

WO NakniTakcen-iHayKoBaHi PyXxoBi MOPYLUEHHS MatoTb
BiATEpMiHOBaHWI XapakTep i HapocTalTb YNPOAOBX
KiNbKOX TWXHIB Micnsi BBEAEHHs, ToAdi K uucnnaTuH
3yMOBItoe BiNnbll paHHi Ta cTabinbHi AediunMTn pyxoBoi
dyHkuii. Ui 3MiHM NOB’A3yl0Tb i3 MOPYLUEHHSIM aKco-
HarnbHOr0 TPaHCMOPTY, MITOXOHAPIANEHOK ANCHYHKLIEW
Ta aKTMBaLUiel Herpo3ananbHux MexaHiamis [1, 3, 11].

BogHoyac paHi Woao ogHOYacHOro 3acTocyBaHHSA
naknitTakceny v uMcnnaTuHy 3anmialoTbCst OOMEXeHMU.
Y Hawomy [JOoChifKeHHI came ofHoYacHe BBeOEHHS
npenapartie NpuM3BOAWSIO A0 HaMbINbl  BUPAKEHUX
i TPMBaNMX pyxoBUX NOpyLLEHb, ski 36epiranuca go 120-i
[obun cnoctepexeHHs. Lle po3lmpioe HasiBHI yABNEHHSA
npo pyxoBy TokcuyHicTe npu XIMH i cBigunTb, WO KOMOi-
HOBaHi pexumun ximiotepanii opMyoTb BinbLL TSXKKWNA
PYXOBUIN (DEHOTUM MOPIBHAHO 3 MOHOTEepanieto, Wo Mae
NMPUHUMMNOBE 3HA4YeHHs AN iHTepnpertauii  KniHIYHKUX
PYXOBWX yCKnagHeHb y nauieHTis [4, 12].

KoHTponbHi TBapuHK 36epiranu cTabinbHi NoBe4iHKOBI
MOKa3HWKN BMNPOLOBX YCbOro Mepiofy CrOCTEPEXEHHS,
LLIO JO3BONISIE BUKIHOYUTU ICTOTHUI BMAAMB MaHinynsuiitHoro
cTpecy abo NOBTOPHOrO TECTyBaHHA. HaTomicTb y rpynax,
SKi OTpMMyBanu ximiotepanito, (oopMyBanucsi NOPyLLEHHS!
KoOpAWHaLlii Ta akTMBHOCTI, NPUYOMY OHOYaCHE BBEAEHHS
naknitakceny v uMcnnaTvHy CynpoBOMAXYBanocs HamTsx-
UMMM Ta HalTpuBaniuMMy nopylueHHaMn. IMoBipHo,
Lue 3YMOBMEHO CUHEPreTUYHOK HEMPOTOKCUYHOW Jieto
npenapari, L0 BKMYAE akcoHanbHy JereHepawito,
MOPYLUEHHST aKCOHANbHOrO TPaHCMOPTY, MITOXOHAPIaNbHY
ancdyHKUilo Ta HeviposananeHHsa [3, 11, 18]. logibHi
npoLecu AeTanbHO BUBYEHO TAaKOX Y MOAENSAX oKkcaninna-
TUH-iHQYyKOBaHoOI Hevponartii [19].

Y3aranbHeHW aHania  oTpUMaHWX  pesynbTaTiB
3acBiguMB CyTTEBE MOPYLUEHHS PYXOBUX OYHKLIN Y LLypiB
YHacrifoK TPMBAaroro 3acToCyBaHHS XiMioTepaneBTUYHNX
npenapartis. Lle nigTBepaKyeTbCss pO3BUTKOM FiMOKiHESiT
B Tecti Open Field Ta guckoopauHauieto pyxie y TecTi
Rotarod, Lo y3rogxyeTbcs 3 4aHUMM iHLMX eKCriepUMEH-
TanbHUX gocnigxeHn [8, 20].

3HWKeHHs1 nokasHukiB y TecTi Open Field Bigobpaxae
He NnuLe MPUrHIYEeHHS PYXOBOI aKTMBHOCTI, @ W 3MiHy
NOBEAIHKOBUX peakLill, 30KpeMa 3MEHLUeHHs [ocnig-
HULbKOT aKTMBHOCTI Ta POpMYBaHHS TPUBOXHOMOAZIGHNX
nposiB. MogibHi 3MiHM onucaHi B ekcnepuMeHTanbHUX
mogensx XIMH i noB’aA3yTbCs 3 NOEAHAHHAM CEHCOPHUX,
MOTOPHMX Ta aBTOHOMHMX MopyLueHb [3, 21].

TecT Rotarod, sik BanigoBaHWin MeTOp, OLiHKM KOOpAW-
Hauii pyXiB i M’A30BOi BUTPMBANOCTi, JO3BOMNWB BUSBUTU
YiTKi Ta BiaTBOPIOBaHI AediunT MOTOPHOI pyHKUiT. OTpu-
MaHi pesynsTaT y3rodXylTbCs 3 LaHMMU Npo 3any-
YEHHS He NnuLe nepndepUYHUX HEPBIB, a N LIEHTPanbHUX
CTPYKTYp, 30KpeMa MO304Ka, SKUA Bidirpae Kr4oBy
porb y KOHTpOMi pyxiB, KoopAauHauii Ta piHosaru [9, 10].
TpuBane 30epexXeHHs 3HWKEHOro Yacy A0 MNadiHHa [0
120-i pobu cBigYNTL MNPO CTIVKUIA XapakTep PyXOBUX
nopywexb npu XIMH.

CyyacHi KMiHiYHI 1 ekcnepumeHTanbHi  ornsaun
BKasytoTb, WO pyxoBi nopyweHHsa npu XIMNH vyacTto 3anu-
LWaKTbCA HEeOOOUIHEHUMM TMOPIBHAHO i3 CEHCOPHUMMU
CMMMNTOMaMu, Xo4a caMe BOHU iCTOTHO OOMEXYH0Tb (PyHK-
LiioHarnbHY akTUBHICTb i SKICTb XMTTSA NALIEHTIB Ta MOXYTb
BMNMBATU Ha TOMEpPaHTHICTbL A0 XimioTepanii [2, 4].
Y LbOMYy KOHTEKCTi 3acTOCyBaHHS CTaHOApPTU30BaHMX

models have shown that paclitaxel-induced motor
impairments have a delayed onset and progressively
worsen over several weeks after administration, whereas
cisplatin induces earlier and more stable motor function
deficits. These changes are associated with disrupted
axonal transport, mitochondrial dysfunction, and activation
of neuroinflammatory mechanisms [1, 3, 11].

At the same time, data on the concomitant use
of paclitaxel and cisplatin remain limited. In the present
study, concomitant administration of these agents resulted
in the most pronounced and persistent motor impairments,
which persisted up to day 120 of observation. This finding
expands current understanding of motor toxicity in CIPN and
indicates that combined chemotherapy regimens produce
a more severe motor phenotype than monotherapy, which
is of fundamental importance for the interpretation of clinical
motor complications in patients [4, 12].

Control animals maintained stable behavioral
parameters throughout the entire observation period,
allowing exclusion of a significant influence of handling
stress or repeated testing. In contrast, animals receiving
chemotherapy developed impairments in coordination
and activity, with concomitant administration of paclitaxel
and cisplatin being associated with the most severe and
long-lasting deficits. This is likely due to the synergistic
neurotoxic effects of these agents, including axonal
degeneration, impaired axonal transport, mitochondrial
dysfunction, and neuroinflammation [3, 11, 18]. Similar
processes have also been extensively investigated
in models of oxaliplatin-induced neuropathy [19].

An integrated analysis of the obtained results
demonstrated significant impairment of motor function
in rats as a consequence of prolonged exposure
to chemotherapeutic agents. This was evidenced by the
development of hypokinesia in the Open Field test and
motor discoordination in the Rotarod test, consistent with
findings from other experimental studies [8, 20].

Decreased performance in the Open Field test
reflects not only suppression of locomotor activity but also
alterations in behavioral responses, including reduced
exploratory behavior and the development of anxiety-like
manifestations. Similar changes have been described
in experimental models of CIPN and are associated
with a combination of sensory, motor, and autonomic
disturbances [3, 21].

The Rotarod test, as a validated method for assessing
motor coordination and muscular endurance, enabled
detection of clear and reproducible motor function deficits.
The obtained results support the involvement of not only
peripheral nerves but also central structures, particularly
the cerebellum, which plays a key role in motor control,
coordination, and balance [9, 10]. The persistence
of reduced latency to fall up to day 120 indicates the
sustained nature of motor impairments in CIPN.

Contemporary clinical and experimental
reviews indicate that motor impairments in CIPN
are often underestimated compared with sensory
symptoms, although they substantially limit functional
capacity and quality of life and may affect tolerance
to chemotherapy [2, 4]. In this context, the use
of standardized behavioral tests such as Open Field and
Rotarod represents an appropriate tool for comprehensive
functional assessment of neurotoxicity in preclinical models.
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nosegiHkoBux TectiB Open Field i Rotarod € gouinbHum
iHCTPYMEHTOM  KOMMIEKCHOT  (PyHKLiOHANbHOT  OLiHKK
HENPOTOKCUYHOCTI B JOKMIHIYHUX MOZENSAX.

BusiBneHi y Hawin po6OoTi CTiliki MOpyLUEHHS KOop-
OvHauii pyxiB i M’'i30BOi  BUTPMBANoCTi y3romKyTbCH
3 KNIHIYHUMKU CMOCTEPEXEHHAMM, 3MiOHO 3 AKUMMK Y naui-
eHTiB i3 XIMH onucaHo TpuBane 3HWXEHHA dYyHKUI-
OHamnbHOro CcTaTycy Ta nNiABWLUEHY 4YacTOTy nafiHb,
Lo 36epiratoTbCst MiCALSAMM 11 poKaMu Micnsi 3aBepLUEHHS
ximiotepanii[4, 5]. 3a pisHMMKW AaHMMK, YacToTa NagiHb Y Liei
kaTeropii nauieHTiB Moxe caratn 20-30 %, a rmobanbHa
MOLLUMPEHICTb XPOHIYHOI 6onboBoi hopmm XIMH € 3HavHo
3a pesynbraTamMyv HedaBHbOrO MeTaaHanidy, o aobpe
KOPEne 3 BUSIBIIEHUM Y HALLOMY AOCHIIKEHHI XPOHIYHUM
3HXXEHHSAM PYXOBOI aKTUBHOCTI Ta KOOPAMHALi pyXiB ynpo-
noex 120 ni6 ekcnepumeHTy [22].

Takum YMHOM, BUKOPUCTAHHA CTaHOAPTU30BAHUX
noeegiHkoBux TecTiB Open Field Ta Rotarod y pgokni-
HIYHUX MOoAensix A03BOsISiE 00’EKTUBHO BUSIBNATY Ta Kinb-
KICHO OLiHIOBATU KMOYOBI (PYHKUiOHAMNbHI NOpYyLUEHHS,
xapaktepHi ans XIMH, wo y3rogaxyeTbcs 3 CydacHUMU
pekomeHpauigamn woao ouiHkm XIMH, Bkntovaroun pisHi
BikoBi rpynu [23]. OTxe, € AOLiINBbHUM IHCTPYMEHTOM A4S
OLiHKM MOTEHUINHOT edeKTUBHOCTI HENPONPOTEKTOPHMX
cTpaTeri, CnpsiMOBaHMX Ha 3MEHLLEHHS pyxoBux Aedi-
uMTiB Yy KRNiHIYHIW npakTuui. MNMoganbli gocnigXeHHs
MatTb OyTu cnpsiMoBaHi Ha iHTerpauilo NoBediHKOBUX,
MopdororiyHMx i BioximiuHMX nigxodiB Anst rmMéLioro
po3ymiHHsa natoreHesy XIMH i po3pobneHHs eeKkTUBHNX
TepaneBTUYHUX cTparterin [3, 13, 18].

OBMeXeHHAMN OOCHIMKEHHS € BiACYTHICTb napanernb-
HOro MopdonoriyHoro Ta GioxiMiYHOrO aHanisy, 3okpema
OLHK/ MapKepiB OKCUAATMBHOIO CTpecy Ta Hempodina-
MEHTIB JIErkoro faHutora sik nepcrneKkTMBHOro Giomapkepa
TshkkocTi XIMH [24], wo He po3sonse 6e3nocepeaHbo CriB-
BiJHECTWN MOBEAIHKOBI MOPYLLEHHSA 3 MOMEKYNAPHUMN Mexa-
HismMamu yLikomkeHHs. Kpim Toro, y poboTi He HaBeneHo
pesynbsTaTyi CEHCOPHUX | pedhreKTOPHUX TECTIB, LLIO 0OMeXye
iHTeprpeTaLjlo pyxoBuUx nopyLueHb 6e3 ypaxyBaHHsi 6onbo-
Boro komnoHeHta XIMH. Ane ui acnektn € npegmeTom
okpemumx nyonikauin [20] Ta noganbLUMX AOCTIOKEHb.

Takox cnig BpaxoByBaTW, WO eKCnepumeHTanbHa
MOZ€enNb Ha Llypax MoXe He MOBHICTIO BiATBOPKOBATU BCI
acnektu XIMNMH y nogunHw.

BUCHOBKH

B ekcnepumeHTanbHii Mogeni XimioTepaneBTU4HO
iHOyKOBaHOI nepudepuyHol  Herponartii - nakmnitakcen
i uMcnnaTMH CAPUYMHAKOTL CTiMKI PYyXOBi MOpPYLUEHHS,
WO NPOSBMSATECA LOCTOBIPHUM  3HWXKEHHSM  PYyXOBOT
akTmBHoCTi B TecTi Open Field Ta noripLueHHsAM koopaun-
Hauii 1 M'si3oBoi BuTpmBanocTi B TecTi Rotarod. Makni-
Takcen-iHAyKoBaHUN pyxoBui aediunTt popmyeTbes 3 7-i
[obwu, Toai ik Npy 3aCTOCYyBaHHI LMCMNATUHY NOPYLUEHHSA
3IaBnsaTbCs BXe 3 1-i gobu Ta 36epiraloTbes NPoOTArom
ycboro 120-go60Boro nepiogy cnocTepeXXeHHs.

OpHovacHe BBefEHHsI naknitakceny W UUCnnaTuHy
Npu3BOAMTL OO Hanbinbw BUPaXeHOro Ta TPMBanoro
pyXxoBOro Aediuuty, WO XapakTepusyeTbCs MaKCu-
MarnbHUM 3HWKXEHHSM MponaeHol BiacTaHi B TecTi Open
Field (=1500 cm) i yacy go nagiHHs B TecTi Rotarod
(=70 c) 3 nepcucteHuieto go 120-i o6 ekcneprMeHTy.

The persistent impairments in motor coordination and
muscular endurance identified in this study are consistent
with clinical observations reporting long-term reductions
in functional status and an increased incidence of falls
in patients with CIPN, persisting for months or years after
completion of chemotherapy [4, 5]. According to various
reports, the incidence of falls in this patient population
may reach 20-30%, and the global prevalence of chronic
painful CIPN is substantial according to a recent meta-
analysis, which correlates well with the chronic reduction
in motor activity and coordination observed in our study
over the 120-day experimental period [22].

Thus, the use of standardized behavioral tests
such as the Open Field and Rotarod in preclinical
models enables objective detection and quantitative
assessment of key functional impairments characteristic
of chemotherapy-induced peripheral neuropathy (CIPN),
which is consistent with current recommendations for
CIPN assessment across different age groups [23].
Therefore, these tests represent an appropriate tool for
evaluating the potential effectiveness of neuroprotective
strategies aimed at reducing motor deficits in clinical
practice. Further research should focus on integrating
behavioral, morphological, and biochemical approaches
to achieve a deeper understanding of the pathogenesis
of CIPN and to develop effective therapeutic
strategies [3, 13, 18].

The limitations of the study include the absence
of parallel morphological and biochemical analyses,
particularly the assessment of oxidative stress markers
and neurofilament light chain as a promising biomarker
of CIPN severity, which does not allow for a direct
correlation between behavioral impairments and
the underlying molecular mechanisms of injury [24].
In addition, the present work does not report the results
of sensory and reflex tests, which limits interpretation
of motor impairments without consideration of the
pain component of CIPN. However, these aspects
are the subject of separate publicationsand ongoing
investigations [20].

It should also be taken into account that the
experimental rat model may not fully reproduce all
aspects of CIPN in humans.

CONCLUSIONS

In an experimental model of chemotherapy-induced
peripheral neuropathy, paclitaxel and cisplatin cause
persistent motor impairments manifested by a significant
reduction in locomotor activity in the Open Field test
and impaired coordination and muscle endurance
in the Rotarod test. Paclitaxel-induced motor deficits
develop from day 7, whereas cisplatin administration
leads to early motor impairment appearing as early
as day 1 and persisting throughout the entire 120-day
observation period.

Concurrent administration of paclitaxel and cisplatin
results in the most pronounced and long-lasting motor
deficit, characterized by a maximal reduction in the
distance traveled in the Open Field test (=1500 cm) and
latency to fall in the Rotarod test (=70 s), with persistence
up to day 120 of the experiment.
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[eodakTopHuin ANOVA niagTBepavB HasiBHICTb JOCTO-
BiPHMX MIDKIpynoBuX BigMIHHOCTEW | 3HauJyLlOro 4aco-
Boro edpekty. lNMoeepniHkoBi TecTn Open Field i Rotarod
€ iHopMaTMBHMMM MeToAaMU (PYHKLIOHANbHOI OLHKM
PYXOBMX MOpPYLUEHb Y MOAENi XiMioTepaneBTUYHO iHAYKO-
BaHOI Hemponarii.

OTpumaHi gaHi cBig4aTb, WO KOMOIHOBaHI pexvMmu
ximioTepanii npenapartamm TakcaHOBOrO Ta MNaTMHOBOIO
psiniB opMytoTb GinbLU TSXKKUMIA | XPOHIYHUIA PYXOBUNA
deHOoTUN NOPIBHAHO 3 MOHOTEpanietlo, WO Mae KhiHivyHe
3HAYEHHsI 3 Ornaay Ha PU3UK NOpYyLUEHb XO4M, piBHOBaru
Ta NagiHb Y OHKOMOTiYHMX MaLieHTIB.

OTpumaHi pesynstaTi CTBOPIOOTL EKCNEPUMEHTanbHe
nigrpyHTs Ans noganblumx AoChigXeHb MOPdOrnoriYHnX
i MOMeKynsipHMX MeXaHi3MiB PyXoBOI HENPOTOKCUYHOCTI
Ta OLiHKM NOTEHLIMHNX HEMPOMNPOTEKTOPHUX MiAXOAIB.
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Two-way ANOVA confirmed the presence of significant
intergroup differences and a significant time effect. The
Open Field and Rotarod behavioral tests proved to be
informative methods for the functional assessment
of motor impairments in a model of chemotherapy-
induced neuropathy.

The obtained data indicate that combined
chemotherapy regimens with taxane- and platinum-
based agents produce a more severe and chronic motor
phenotype compared with monotherapy, which is clinically
relevant in view of the increased risk of gait disturbances,
balance impairment, and falls in oncology patients.

The results provide an experimental basis for
further investigation of the morphological and molecular
mechanisms underlying motor neurotoxicity and for the
evaluation of potential neuroprotective approaches.
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Limitations of the study

The limitations of this study include the absence of parallel
morphological and biochemical analyses, particularly the
assessment of oxidative stress markers (MDA, SOD, GSH), which
precludes direct correlation between behavioral impairments and
the molecular mechanisms of injury. It should also be noted that
the results of sensory and reflex tests were not presented in this
work, which limits the analysis of motor impairments without
consideration of the pain component of CIPN; however, these
aspects have been addressed in separate publications.

In addition, the experimental rat model does not fully reproduce
all aspects of CIPN in humans. These limitations define
directions for further research aimed at integrating behavioral,
morphological, and biochemical approaches for a deeper
understanding of CIPN pathogenesis.

Prospects for further research

Further studies will focus on integrating behavioral,
morphological, and biochemical methods in order to establish
causal relationships between functional impairments and
structural-molecular changes in CIPN.

This includes conducting parallel analyses of oxidative stress
markers (MDA, SOD, GSH), pro-inflammatory cytokines, and
indicators of mitochondrial dysfunction, followed by correlation
with the results of motor and sensory tests. An important direction
is the expansion of morphological investigations of peripheral

OpuwuriHanbHi gocnigpKeHHs

Original research


https://doi.org/10.1016/S0304-3959(01)00363-3
https://doi.org/10.1096/fj.07-9574LSF
https://doi.org/10.1097/j.pain.0000000000003268
https://doi.org/10.3390/cancers16142571
https://doi.org/10.3389/fphar.2025.1609791
https://doi.org/10.26724/2079-8334-2025-3-93-177-181
https://doi.org/10.1016/j.bbr.2025.115612
https://doi.org/10.1136/rapm-2024-106229
https://doi.org/10.1007/s00520-025-09515-5
https://doi.org/10.1016/j.tips.2024.08.001
https://doi.org/10.1016/S0304-3959(01)00363-3
https://doi.org/10.1096/fj.07-9574LSF
https://doi.org/10.1097/j.pain.0000000000003268
https://doi.org/10.3390/cancers16142571
https://doi.org/10.3389/fphar.2025.1609791
https://doi.org/10.26724/2079-8334-2025-3-93-177-181
https://doi.org/10.1016/j.bbr.2025.115612
https://doi.org/10.1136/rapm-2024-106229
https://doi.org/10.1007/s00520-025-09515-5
https://doi.org/10.1016/j.tips.2024.08.001

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 1(58). C. 50-63
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):50-63

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

HaMpPsiMOM €  PO3LUMPEHHS  MOPAONOriYHOro  AOCHIAXEHHS
nepudepuyHMX HepBiB i3 BUKOPUCTAHHAM MOP(OMETPUYHOIO
aHanisy, enekTPOHHOI MIKPOCKONIT Ta OLiHKN CTyNeHs AeMieniHi-
3auii 1 akcoHanbHOI AereHepadii.

[MepcnekTBHUM TaKoX € BUKOPUCTAHHSA Pi3HUX MoAenen Ximio-
TepaneBTUYHO-IHAYKOBaHOI Henponartii Ta MOPIBHSAHHA iX nato-
reHEeTUYHUX MEeXaHi3MiB, L0 NIABULUNTL TPAHCASLUIMHY LiHHICTb
pesynbrartis.

[ouinbHUM € [OCNIMpKEHHS MOTEHUIMHUX HENpONPOTEKTOPHUX
cTparerii i3 OUIHKOK iXHbOro BNMAMBY HE fMLIE HA MOBEAiHKOBI
NoKasHWKW, ane n Ha MopdONOriyHi 3MiHN B HEPBOBIN TKAHWHI.

KoHAIKT iHTepecis

Bci aBTOopu noganu [o pedakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHMNIKTY iHTepeciB MikHapogHoro KomiTeTy peaak-
TopiB MeanyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopx pykonucy cBigOMO 3acBia-
YyloTb BIACYTHICTb (paKTUYHOrO abo MOTEHLIAHOrO KOHMIKTY
iHTepeciB WoOAO0 pe3ynbTaTiB Liei poboTn 3 dapmaueBTUHHUMM
KOMMNaHisiM1, BUPOOHUKamMy BioMeaNYHMX NPUCTPOIB, HWKMMU
opraHisauismu, 4ui NpoAayKTU, nocnyru, diHaHcoBa MiATPUMKa
MOXyTb OyTV noB’3aHi 3 npeaMeToM HafjaHux maTepianis abo
SIKi CIOHCOpYBanv NpoBeAeHi AOCHiAXEeHHS.

AOTPUMAHHSA €TUYHUX HOPM

ABTOpM pyKONMCy CBIOMO 3acBig4vyHOThb, O eKCrepuMeHTanbHi
[OCNiMKEHHS NPoBeAeHO 3riAHO 3 BUMOraMu YTpumMaHHs nigao-
CMigHVX LWypIiB Ta YCi ekcrnepuMeHTanbHi npoueaypu 34iMcHo-
Banu BiANOBIAHO A0 NPUHUMMIB BIOETUKM Ta YNHHOTO 3aKOHOAaB-
CTBa, a came: NonoXxeHb «EBPONencbKoi KOHBEHLIT Npo 3axmcT
XpebeTHNX TBapwH, L0 BUKOPUCTOBYIOTLCH AN1S1 AOCHIAHNLBKMX
Ta iHWKx HaykoBux uinen» (Ctpacbypr, 2005), 3akoHy YkpaiHu
«[po 3axucT TBapuH Bif >KOPCTOKOro noBogkeHHs» (2006, cT.
26), a Takox «3aranbHUX €TUYHWUX MPUHLMUMIB EKCNepUMEHTIB
Ha TBapuHax», yxBaneHux V HauioHanbHuM koHrpecom 3 Gioe-
Tukn Ykpainu (Kvis, 2019).

[MpoBeneHHs1 JocnigpkeHHs Byno NoroaxeHe KOMICIE 3 NUTaHb
eTukn IBaHO-PpaHKiBCbKOro HaLioHanbHOr0 MeAUYHOro yHisep-
cutety MiHicTepcTBa OXOpPOHM 3[0pOB’'st YKpaiHuM (MpoToKon
Ne146/24 Big 26.09.2024 p.). Yci nipgocnigHi TBapuHu 6ynu
KUBMMW [0  MOMEHTY 3aBEpPLUEHHS  EKCNepUMEHTanbHUX
TEPMIHIB.

BMKOpMCTdHHﬂ WTy4YHOro iHTeAeKTY

ABTOpPM pykonuCy CBIAOMO 3acBiAvytoTb, O Y Mpoueci npose-
[OeHHS [OCNIMKEHHS Ta MiArOTOBKM LibOro PyKOMUCY HE BUKOPUCTO-
BYBasM XOAHWX IHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENeKTY ANS BUKOHAHHS OyAb-AaKux 3aBAaHb, NepenivyeHmnx
y TakcoHoMmil feneryBaHHsl 3aBAaHb reHepaTVBHOMY LUTY4YHOMY
iHTenekty «GAIDeT» (Generative Artificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etanu po6otn — Big KoHUenTyanisawii
[0 diHanbHOro peaaryBaHHsA — BUKOHaHI 6e3 3anyyeHHs reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOpamu.

MepBUHHI AGHi Ta maTepiaau

ABTOpU pykonmucy CBiAOMO 3acBigyytoTb, LWO Yy poboTi BMKOpW-
CTaHO pesynbTaTv BMAcHWX eKcrnepyvMeHTanbHWUX OOCHiOXEHb,
wo Oynn cucTemaTnsoBaHi Ta MpoaHani3oBaHi asTopamu.
lMepBYHHI daHi BKMOYalOTb y3aranbHeHi MokasHuku, nabopa-
TOPHI pesynbraTtv, ekcnepyMMeHTanbHi NPOTOKONM Ta OTPUMaHi
KinbKiCHI xapakTepucTuki. Bci maTepianu 36epexeHi B apxisi
OOCMiAHWLBKOI FPynu Ta MOXYTb OyTW HadaHi 3a 06rpyHTOBaHUM
3anuTomM O aBTOpa-KOPECNOHAEHTa, 3 ypaxyBaHHAM €TUYHUX
HOPM Ta NPaBOBUX OOMEXeHb.

nerves using morphometric analysis, electron microscopy,
and assessment of the degree of demyelination and axonal
degeneration.

The use of different models of chemotherapy-induced neuropathy
and comparison of their pathogenetic mechanisms is also
considered promising, as this will enhance the translational value
of the findings.

Investigation of potential neuroprotective strategies with
evaluation of their effects not only on behavioral parameters
but also on morphological changes in nervous tissue is another
important direction.
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PE3IOME

AKTyanbHiCcTb. FAKWO HasBHICTb Yy KPOBi KOHLEHTpauii ankoronto noHag 0,2 r/n 4iTko
pernameHTyeTbCsl 3aKOHOL4ABCTBOM SIK OOTSDKYHOUMI (bakTop, WO BNAMBAE Ha yBary,
TO BNAVMB MeTaboniTiB ankorono nicns noBHOI eniMiHauii eTaHony 3 opraHiamy, Konu
KNiHIYHI 03HaKM CM’AHIHHS BIACYTHI, 3anNunWaeTbCs HEAOCTATHBO BUBYEHUM Y CY4OBO-Me-
OVYHOMY acnekTi.

MeTa po60Tn — BMBYEHHS BNAMBY HACNigKiB CyOKMiHIYHMX PIBHIB ankoroflbHOro cn's-
HIiHHS Ha KOTHITUBHI (DYHKLIT rognHu.

Matepianu ta metoamu. ObctexeHo 42 3noposux AobposonbLi. LLBuakicTb peakuii
BMBYanu 3a JOMOMOrol CEHCOPHO-PYXOBOrO TECTy ((pikcauisi HAaTUCKaHHSA KHOMKM npu
3MiHi konbopy 06’ekTa) Ta Tabnmup Lynste. TecTyBaHHA NPOBOAMNY Y TBEPE3OMY CTaHi
Ta yepes 15, 30, 60, 90 i 120 xBunuH nicnst BUTBepe3iHHA. CTaTncTnyHy 06pobKy BUKO-
HyBanu 3a gonomoroto kputepito Mak-Hemapa.

PesynbraTu. AHania pesynbraTiB CEHCOPHO-PYXOBOrO EKCMepMMEHTY MokasaB cTaTuc-
TUYHO 3HauyLle CMOBINMbHEHHS LUBUAKOCTI peakLlii MOpPIiBHAHO 3 MOYaTKOBUM CTAHOM
y nepwi 30 xB. nicna BuTBepesiHHA. Yepes 15 xB. nicns 3HWKHEHHS ankoronto 3 opra-
Hi3My YacToTa kpawux Bignosigen 3Husunacsa 3 69,05% po 30,95%. Yepes 30 xB.
MOKa3HUK Kpalumx pe3ynbraTiB cTaHoBMB nue 26,19% nopiBHaHo 3 73,81% y TBepe-
30My CTaHi. TecTyBaHHSA 3a Tabnuusamu LLynste nigTBepAMno Ui AaHi: BUSBMEHO 3HavHe
noripweHHs nokasHukis Yyepes 15 ta 30 xB. nicng npoTBepesiHHs. MNMovnHatoum 3 60-i
XBWUIMMHW MOKa3HUKU MOCTYNOBO BUPIBHIOBANWCS, i CTATUCTUYHO 3HAYyLLOi Pi3HWUL
i3 moYaTKOBMUM piBHEM BXE He crnocTepiranocs. [poTe npu rengepHomy aHanisi 3adikco-
BaHO Pi3HULII0 Ha 60-11 XBUINWHI: XiHKW EMOHCTPYBanu KpaLly YactoTy Bignosigew (70%)
nopiBHsIHO 3 Yorosikamu (31,8%). JocnigXeHHs NiaTBEpANUIo, Lo HaBiTb 3a BiACYTHOCTI
CYMNTOMIB MOXMIMMAS Ta HYNbOBOrO BMICTY arnkoroso B MOBITPi, KOTHITUBHI NOPYLUEHHS
36epiratoTbCs NPOTATOM OAHIET FOAMHN.

BucHoBkK. BcTaHOBNEHO HeraTvBHMIA BNNUB 6E3CMMMNTOMHOIO MNOXMINsA Ha LWBWUAKICTb
peakuii noguHu npotsaroM 60 xB. Nicrsi TOBHOrO NpoTBepesiHHSA. [loBeaeHo, LWo HanbinbLu
KPUTMYHE CNOBINbHEHHS peakLii cnocTtepiraetbcs Ao 30 XBUNWH. MeHAepHi BigMIHHOCTI
y LWBMAKOCTI BIAHOBMEHHS! PYHKLiA CBigYaTb Mpo HeobOXiaHICTb AudepeHLinioBaHOro
nigxoa4y A0 OUiHKM pu3nkiB. BussneHun edekt mae OyTn BpaxoBaHUii y HOPMaTUBHUX
OOKYMeHTax sk (hakTop pu3unky Ansi BOAiiB.

BinsikoB A.M., MuxaiinuyeHnko B.B., MNneteHeubka A.O. Bnnne «6e3cMMNTOMHOrO NMOXMinssi» Ha WBWAKICTb peakuii
noguHn. BicHuk Xapkiecbko2o HauioHanbHo20 yHieepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2026.
T. 34. Ne 1(58). C 64-76. DOI: https://doi.org/10.26565/2313-6693-2026-58-05
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ABSTRACT

Background. While a blood alcohol concentration above 0.2 g/L is legally defined as an
aggravating factor impairing attention, the influence of alcohol metabolites after complete
ethanol elimination—when clinical signs of intoxication are absent—remains insufficiently
studied in forensic medicine.

Purpose — to study the impact of subclinical alcohol intoxication consequences
on human cogpnitive functions.

Materials and Methods. Forty-two healthy volunteers were examined. Reaction time
was evaluated using a sensorimotor test (button press in response to a color change)
and Schulte tables. Testing was performed in a sober state and at 15, 30, 60, 90, and
120 minutes after sobriety. Statistical analysis was performed using the McNemar test.
Results. Analysis of the sensorimotor experiment showed a statistically significant
slowing of reaction time compared with baseline during the first 30 minutes after sobriety.
At 15 minutes after alcohol elimination, the proportion of better responses decreased
from 69.05% to 30.95%. At 30 minutes, the proportion of better performance was 26.19%
compared with 73.81% in the sober state. Schulte table testing confirmed these findings,
showing significant impairment at 15 and 30 minutes after sobriety. From 60 minutes
onward, performance gradually stabilized, with no statistically significant difference
from baseline. However, gender analysis revealed differences at 60 minutes: women
showed a higher response rate (70%) than men (31.8%). The study confirmed that
cognitive impairment persists for up to 1 hour despite zero breath alcohol and absence
of hangover symptoms.

Conclusions. Asymptomatic hangover negatively affects reaction time for up to
60 minutes after sobriety, with the greatest impairment within the first 30 minutes.
Gender differences in recovery support a differentiated risk assessment. This effect

should be considered a risk factor for drivers in regulatory frameworks.
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BCTYN

AnKkorosnb, sIK HEMPOTPOMHA peyoBMHA, € HabinbL
BXMBaHMM 3acobOM, BMICT $IKOTO PerynioeTbCcs 3aKo-
HaMM Ta npaBunamMun nepLu 3a Bce y BOAiiB. BignosigHo
no Kopekcy YkpaiHu npo agmiHicTpaTMBHI npaBonopy-
weHHa (KYnArM, ct. 130) Ta IHcTpykuii MBC ta MOS3
Ne 1452/735 Big 09.11.2015, kpuTepiem cTaHy arnko-
rONMbHOrO CM'SIHIHHA € KoHueHTpauis = 0,2%.. 3rigHo
3 MDKHapogHOK npakTukol, 3aTtBepgkeHor National
Highway Traffic Safety Administration (NHTSA) ansa CLLUA
Ta European Transport Safety Council (ETSC) ans kpaiH
€sponun, gonyctMMmun BmicT ankoronto sapitoe Bif 0,0%o
0o 0,8%o B 3anexHOCTi Bia 3akoHOA4aBCTBa kpaiHu. Y pasi
NnepeBULLEHHSA BOAIM NPUTAraeTbCsa A0 aaMiHiCTpaTUBHOT
Ta KpUMiHanNbHOI (Y BUNaaKax LKOAM XXUTTHO Ta 340POB’H0)
BiZNOBIAaNbHOCTI.

3a odiuinHumm gaHnmu MatpynbHOT noniuii Ykpainw,
B 2024 poui cnocTtepiranocs 3pOCTaHHS KiflbKOCTi [OPOX-
HbO-TPaHCMNOPTHUX Npurof (25781) nopisHsiHO 3 2023 pokom
(23642), 3okpema 36inblieHHa 3armbnmnx — 3202 ocib
nopiBHsHO 3 3053 Ta TpaBmoBaHux 32023 nNOpPIBHSAHO
3 29502 sunagkiB. 3a 10 micauis 2025 poky ix 3aranbHa
KinbkicTb cknana 21302 3 nigBULLEHHSIM KiNbKOCTi 3arnbnmx
[o 2575 npotn 2541 nopiBHAHO 3 aHanorivYHUM nepiogoM
2024 poky [1]. Big nodatky BiiHM Ha 19% 36inblumnnacs
KiNbKICTb JOPOXHBO-TPAHCMOPTHKX NPUrod, CKOEHUX HETBE-
pe3nMKn BogisiMu, 3 TpaBMyBaHHsIM ocib 3 843 B 2021 poui
£o 1000 B 2024 poui. MNpn ubOMy KinbKiCTb agMiHicTpa-
TUBHWX NPOTOKONIB 3a BOAHHSA Y HETBEPE30MY CTaHi 3pocna
3 61987 B 2021 poui go 65702 B 2024 poui, Wo Ha TNi

INTRODUCTION

Alcohol, as a neurotropic substance, is the most widely
used psychoactive agent whose content is regulated
by laws and regulations, primarily with regard to drivers.
According to the Code of Ukraine on Administrative
Offenses (CUAO, Article 130) and the Joint Order of the
Ministry of Internal Affairs and the Ministry of Health
of Ukraine No. 1452/735 dated 09 November 2015,
a blood alcohol concentration of = 0.2%o is defined as the
criterion for alcohol intoxication. In international practice,
as established by the National Highway Traffic Safety
Administration (NHTSA) in the United States and the
European Transport Safety Council (ETSC) in European
countries, the permissible BAC ranges from 0.0%o to 0.8%o
depending on national legislation. Exceeding these limits
results in administrative liability and, in cases involving
harm to life or health, criminal liability.

According to official data from the Patrol Police
of Ukraine, an increase in the number of road traffic
accidents was observed in 2024 (25781 cases) compared
with 2023 (23642 cases), including an increase
in fatalities (3202 versus 3053) and injuries (32023 versus
29502). During the first 10 months of 2025, the total
number of road traffic accidents reached 21302, with
an increase in fatalities (2575 versus 2541) compared
with the corresponding period of 2024 [1]. Since the onset
of the war, the number of road traffic accidents caused
by intoxicated drivers has increased by 19%, including
those resulting in injuries—from 843 cases in 2021 to
1000 cases in 2024. At the same time, the number
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mMacwTabHoi emirpauii ykpaiHUiB 3a KOpOOH BKasye
Ha 3Ha4YHUM nNpupicT [2].

OpHak Ha NJnHY YUHUTL BMMUB HE NULLE anKororb,
a i NpoayKTu Moro metaboniamy, siki 3gaTHi 3HN3WUTK yBary
Ta LWBMAKICTb peakuii HaBiTb Micnsa MOBHOI enimiHauji
€TaHony 3 opraHiamy.

AnkoronbHe MNOXMINNSA € HanbinbWw MOWUPEHNM
Hacnigkom BXuBaHHA ankoromnto. Van Schrojenstein
Lantman M. et al. (2016) ccopmyntoBanu oro Bu3Ha-
YEeHHS AK MOEAHaHHA NCUXIYHMX Ta dDI3UYHUX CUMMTOMIB,
WO BWHMKAKOTb Ha HACTYMHWIA OEHb MICNsi BXMBaAHHSA
ankororno, Konu KOHUEHTpaLis ankoromnto B KpoBi HAbnu-
xaetbest go Hynsa [3]. Verster J.C. et al. (2020) gonos-
HWUMK Lie BU3HAYEHHS, NiAKPECNUBLLM, L0 NOXMINMs MOXe
BMHMKATM NPU OyXe HU3bKUX KOHLEHTpaLisx ankoronto [4]
Ta HaBiTb NPW HYNbOBOMY MO0 BMICTi B KPOBI [5].

YucneHHi JocnigpKeHHs MNpOAEMOHCTPyBanu BNvB
ankoronbHOro MOXMINMSA Ha KOTHITUBHI yHKUIT Ta edek-
TUBHICTb BWKOHAHHS MOBCAKAEHHUX 3aBAaHb. 30Kpema,
BCT@HOBIMEHO MOpPYLUEHHS LWBWMAKOCTI peakuii, ysaru,
nam’siTi Ta NCUXOMOTOPHUX (PyHKLUIn [6, 7, 8]. Ocobnuy
yBary npuBepTae TOM (PakT, WO KOMHITUBHI MOPYLUEHHS
MOXYTb 30epiraTuca HaBiTb 3a BiACYTHOCTI 3anuLLIKO-
BOro BMICTY ankoros B KPOBi Ta KNACUYHUX COMAaTUYHNX
CYMMTOMIB MOXMINnsi.

AKWo HasBHICTb y KPOBi KOHLUEHTpauii ankoronto
noHag 0,2 r/n 4iTKO pernameHTyeTbCs 3aKOHOO4ABCTBOM
SIK OO TSHKYHOUMIA (haKTop, TO BMAMB META0ONMITIB ankoronto
nicns NoBHOI eniMiHaLii eTaHormny 3 OpraHiamy, Konu KMiHiYHi
O3HaKM CM'AHIHHA BiACYTHI, 3anuaeTbCs HegoCTaTHbO
BMBYEHNM Y CyOOBO-MEAMYHOMY acnekTi. PeHomeH
«6e3cMMNTOMHOro NOXMINmsi» — CTaHy, 3a SKOro nanHa
He BigYyBa€ KNacu4YHUX CUMMTOMIB MOXMINNs (ronoBHUNA
6inb, HygoTa, cnabkicTe), ane 30epiraloTbCsl KOTHITUBHI
pediuntn — noTtpebye AeTanbHOrO [OCHIAXKEHHS ANng
po3pobKM OBrpyHTOBaHUX pekoMeHaauin woao 6e3neku
[OPOXHBLOrO PyXy Ta NPOdECIHOT AiSNbHOCTI.

MeTta po60oTM — BUBUMTM BNAMB Hacnigkis cyOkni-
HIYHMX PIBHIB anKorofibHOro CM'HIHHA Ha KOTHITMBHI
dyHKUiT NoguHN,

MATEPIAAU TA METOAU AOCAIAXXEHHA

XapakTepUCTUKA YHACHUKIB AOCAIAXKEHHS

O6cTexxeHo 42 3popoBux  Ao6poBonbus  (Yormo-
BikiB — 22 (52,4%), xiHok — 20 (47,6%)), cepegHin
Bik 32,5 + 8,3 p. (Bia 21 go 50 pokis). 3aranbHuin cTaH
JOCnigXXyBaHUX Ha OCHOBIi aHKETyBaHHS OLjiHIOBaBCHA
Ak nobpuii B 82% BuNagkiB Ta 3af0BiNlbHUA B PELUTU.
He3apoBinbHOro craHy 300poB’st BigMideHO He Oyro.
[ocnigxyBaHi B yCix BUnagkax He BigMidanu HasiBHICTb
CUMMMTOMIB, XapakTepHMX AFIS MOXMInNs.

KpuTtepii BkntoyeHHs: Bik 21-50 poki; BiACYTHICTb
XPOHIYHMX 3aXBOPHOBaHb (MEeYiHKW, HUPOK, CcepLeBo-
cyouHHoi cuctemu, LIHC) Ta npoTtunoka3aHb OO arnko-
ronto; BiACYTHICTb NPUINOMY NiKiB; BIACYTHICTb 3ameXHOCTi
(AUDIT); indbopmoBaHa 3roga.

KpuTtepii BuknioyeHHs: YUMT B aHamMHesi; NCUXiYHi
po3naau; BariTHICTb/NakTalis; BXUBaHHSA ankorosfio 3a

of administrative protocols issued for driving under the
influence increased from 61987 in 2021 to 65702 in 2024,
which, against the background of large-scale emigration
of Ukrainians abroad, indicates a substantial relative
increase [2].

However, not only alcohol itself but also its metabolites
affect human performance. These metabolites may
impair attention and reaction speed even after complete
elimination of ethanol from the body.

Alcohol hangover is the most common consequence
of alcohol consumption. Van Schrojenstein Lantman M.
et al. (2016) defined it as a combination of mental and
physical symptoms that occur on the day following
alcohol consumption, when blood alcohol concentration
approaches zero [3]. Verster J.C. et al. (2020) expanded
this definition, emphasizing that hangover symptoms may
occur at very low blood alcohol concentrations [4] and
even at zero blood alcohol concentration [5].

Numerous studies have demonstrated the impact
of alcohol hangover on cognitive functions and the
performance of everyday tasks. In particular, impairments
in reaction time, attention, memory, and psychomotor
functions have been reported [6, 7, 8]. Of particular
importance is the observation that cognitive deficits may
persist even in the absence of residual alcohol in the blood
and without classical somatic symptoms of hangover.

While the presence of blood alcohol concentrations
exceeding 0.2 g/L is clearly regulated by law as an
aggravating factor, the influence of alcohol metabolites
after complete elimination of ethanol-when clinical signs
of intoxication are absent-remains insufficiently studied
from a forensic medical perspective. The phenomenon of
«asymptomatic hangover», a condition in which individuals
do not experience classical hangover symptoms (such
as headache, nausea, or weakness) but continue
to exhibit cognitive deficits, requires detailed investigation
to develop evidence-based recommendations for road
traffic safety and professional performance.

Objective — the aim of the study was to investigate
the impact of the consequences of subclinical levels
of alcohol intoxication on human cognitive functions.

MATERIALS AND METHODS OF RESEARCH

Characteristics of the study participants

The study included 42 healthy volunteers (22 men
(52.4%) and 20 women (47.6%)), with a mean age of
32.5 £ 8.3 years (range: 21-50 years). The general health
status of the participants, based on questionnaire data,
was assessed as good in 82% of cases and satisfactory
in the remaining participants. No cases of unsatisfactory
health status were recorded. In all cases, the participants
did not report the presence of symptoms characteristic
of alcohol hangover.

Inclusion criteria: age 21-50 years; absence
of chronic diseases (liver, kidneys, cardiovascular
system, central nervous system) and contraindications
to alcohol consumption; absence of medication use;
absence of alcohol dependence (according to the Alcohol
Use Disorders Identification Test); provision of informed
consent.

Exclusion criteria: history of traumatic brain injury;
mental disorders; pregnancy or lactation; alcohol
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72 roguHn 0o TecTy; iHaekc macu Tina <18 abo >30 kr/m?;
y4acTb B iHLMX AOCAISKEHHSIX 3@ OCTaHHI 3 Micaui.

MeTOoAM AOCAIAXEHHS LUBUAKOCTI peakLLii

LliBnakicTe peakuii BU3Ha4Yanu 3a OOMOMOrow ABOX
MEeTOaUK:

1. CeHCOpHO-pyXoBU# eKCnepumeHT -
HaTUCKaHHA Ha KHOMKY Mpu 3MiHi konbopy ob6’ekTa
Ha ekpaHi. TecTyBaHHs MNpPOBOAWMNOCHL Ha nNepco-
HanbHoMy komm'toTepi (MK) 3 BukopucTaHHAM creui-
anbHO po3pobrneHoro nporpamHoro  3abesneyeHHs,
WO po3MilleHe Yy BiMbHOMY AOCTYMi 3a MOCUMaHHAM
https://www.xbitlabs.com/uk/test-chasu-reakcii ans
OLiHKM LUBMAKOCTI MPOCTOI 30pOBO-MOTOPHOI peakuii.
[ocnigxyBaHui pikcyBaB MOMEHT 3MiHW KONbopy 06’ekTa
Ha eKpaHi (3 Y4epBOHOTO Ha 3eNeHNIN) HAaTUCKAHHSAM KnaBiLlli
muLi. Mporpama aBTOMaTU4HO peecTpyBana yac peakuii
B MinicekyHaax. KoxeH TecT cknagascs 3 5 NOBTOpeHb,
3 SIKMX PO3paxoByBaBCH CepefHiln vYac peakuii.

2. TecTyBaHHA 3 BUKOPUCTaHHAM  Tabnuub
LWynsre — mMeTooMka OLUiHKM 06’eMy AMHaMIYHOI yBaru
Ta LWBMAKOCTI NepekniodeHHs. BukoprcToByBanack ApyKo-
BaHa Bepcisi TECTY, peanisoBaHa y BUrMsagi n'atM Tabnuub.
Tabnuuga cknaganacs 3 25 kniTnHok (5%5), B Akux Bunaa-
KOBMM YMHOM po3MilleHi undpu Big 1 o 25. 3aBaaHHsa
nonsirano y nocnigoBHOMY 3HaXOMKEHHI Lmdpun B NOPSIAKY
3pocTaHHs. PecnoHgeHTiB Oyno po3nofineHo Ha napw,
€ yYaCHVK BMKOHYBaB TECT, @ MOMIYHMK pikCyBaB enek-
TPOHHUM CEKYHAOMIPOM BUTPAYEHUI Yac y CeKyHaax.

MpoueAypa TeCTyBAHHS

TecTyBaHHS MPOBOAMIIOCSH Y TBEPE3UX AOCHIAKYBaHMX
Ta Npuv NPOTBEPE3iHHI NiCNsi anKoroflbHOro CN’sIHIHHS, NPy
SIKOMY BMICT crimpTyHe nepesuilyBas 0,5 npomine. KoHueH-
Tpauilo ankoromnto B MOBITPI, WO BUAUXAETbCS, BU3HA-
Yanu 3a [OMOMOroK MNOPTATMBHOIMO ENeKTPOXiMiYHOro
ankotectepa AlcoControl 9.0 PRO MEDICA+(AnoHis).
[HianazoH BumiptoBaHb 0,00 — 4,00%o, 4yTNUBICTb CEHCOPA
0,001 %. Pesynbratu peectpyBanu B npomine (%o). Nepen
novaTkom focnimkeHHa npunag OyB BigkanibpoBaHun
BiQMNOBIAHO 0O pekomMeHAaLUin BUpobHYMKa.

Micns npoTeepesiHHg, Wo 6yno niaTBEpAXeHO anko-
TectepoM (nokasHuk 0,0%o), 4epes 15 xB, 30 xB, 60 xB,
90 xB, 120 xB NpoBOAUNY NOBTOPHE TECTYBaHHA oboma
METOAMKaMMU.

CTATUCTUYHUIA QHAAI3

O6car Bubipkn, HeobXigHOI ANS BU3HAYEHHS LIBMA-
KOCTi peakuii, cknagae 42 ocobu, WO AOCTaTHbO ANis
BUSIBNEHHSA HasBHOCTI edoekTy 3 95% noTyxHicTio npn 5%
piBHI 3Ha4yLLOCTi. 3a pe3ynbTataMu OOCTIMKEHHA aHani3
[aHMX NPOBEAEHO METOLOM MOPIBHSAHHS ABOX MOB’A3aHMX
cykynHocTen. OCKinbK1 BUMIPIOBaHI NMOKA3HUKM LLBUOKOCTI
peakuii nig BNAYMBOM ankoronbHOrO C'AHIHHS XapakTepu-
3Yl0TbCA 4YaCTOTOK MPOSIBY SIKICHOI O3HaKM (pesynsratu
«KpaLLi/ripwi» y TMX caMux OOChifKyBaHUX), ONsi nepe-
BipKM HynbOBOI rinoTe3an Oyrno BUKOPUCTAHO KpUTEPIN
Mak-Hemapa, 3Ha4yeHHs CTaTUCTMKM KpuTepito (3 ypaxy-
BaHHSM NOMPaBKK Ha HemepepBHICTL — Nonpasku Meiitca).

CratuctnyHy o6pobky pesynstaTtiB  MpOBOAMIU
3 BMKOPWUCTaAHHSAM nporpamHoro 3abesnedyeHHs EZR,
Bepcii 1.54 (rpadpiyHun iHTepdenc onsa cTaTtMCTUYHOIO

consumption within 72 hours prior to testing; body mass
index <18 or >30 kg/m?; participation in other studies
within the previous 3 months.

Methods for assessment of reaction time
Reaction time was assessed using two methods:

1. Sensorimotor experiment — pressing a button
in response to a change in the color of an object displayed
on the screen. Testing was performed on a personal computer
using specially developed software available in open
access at https://www.xbitlabs.com/uk/test-chasu-reakcii
for the assessment of simple visual-motor reaction time.
The participant detected the moment of color change
of the object on the screen (from red to green) by pressing
a mouse button. The software automatically recorded
the reaction time in milliseconds. Each test consisted
of five repetitions, from which the mean reaction time was
calculated.

2. Testing using Schulte tables — a method for
assessing the volume of dynamic attention and the speed
of attention switching. A printed version of the test was
used, consisting of five tables. Each table comprised
25 cells (5%5) containing numbers from 1 to 25 arranged
in a random order. The task was to consecutively locate
the numbers in ascending order. Participants were divided
into pairs, where one participant performed the test and
an assistant recorded the elapsed time in seconds using
an electronic stopwatch.

Testing procedure
Testing was conducted in sober participants and during
recovery after alcohol intoxication, in which the alcohol
concentration did not exceed 0.5%.. The concentration
of alcohol in exhaled air was determined using a portable
electrochemical breath alcohol analyzer AlcoControl
9.0 PRO MEDICA+(Japan). The measurement range
was 0.00-4.00%., with a sensor sensitivity of 0.001%.
The results were recorded in per mille (%o). Prior to the
study, the device was calibrated in accordance with the
manufacturer’'s recommendations.
After recovery, confirmed by the breath alcohol
analyzer (0.0%o), repeated testing using both methods
was performed after 15, 30, 60, 90, and 120 minutes.

Statistical analysis

The required sample size for assessing reaction time
was 42 participants, which is sufficient to detect an effect
with 95% power at a 5% significance level. Data analysis
was performed using a paired comparison design. Since
the measured reaction time indicators under the influence
of alcohol intoxication were characterized by the frequency
of a qualitative outcome (better or worse results in the
same participants), the McNemar test was used to test
the null hypothesis, with calculation of the test statistic
including the continuity correction (Yates correction).

Statistical processing oftheresultswas performedusing
EZR software, version 1.54 (a graphical user interface for
the R statistical environment, version 4.0.3; R Foundation
for Statistical Computing, Vienna, Austria). Additionally,
descriptive statistics and the calculation of confidence
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cepepoBua R, Bepcisa 4.0.3, BupobHuk: R Foundation for
Statistical Computing, Vienna, Austria). JogaTtkoBo ans
OMNUCOBOI CTAaTUCTMKM Ta 0BYMCINEHHS OOBIpUMX iHTEpBaniB
METOOM KyTOBOrO nepetBopeHHs diepa 3acTtocoBy-
Banv nakeT cTaTucTMyHOro aHanisy MedStat (sepcis 5.0,
po3pobHuk: OO0 «Espika», [oHeubk, YkpaiHa).
KpuTuyHmi piBeHb 3HavyLocTi B3ATO piBHMM 0,05.

PE3YABTATU

AHania  BnvMBY  «0€3CUMMNTOMHOIO  MOXMInns»
Ha LWBWAKICTb peakuii NMIOAMHU LNAXOM NPOBEAEHHS
CEHCOpPHO-PYX0BOro ekcnepumeHTy 4epes 15, 30, 60,
90, 120 xB. nicnsa ankorornbHOI IHTOKCUKAaLLi 3 YacTOTO
Kpalux Bignosigen HaBeaeHo B Tabn. 1.

intervals using Fisher's angular transformation were
carried out using the MedStat statistical analysis package
(version 5.0; developer: Eyrika LLC, Donetsk, Ukraine).
The critical level of statistical significance was set at 0.05.

RESULTS

The analysis of the effect of xasymptomatic hangover»
on human reaction speed, assessed by a sensorimotor
experiment conducted at 15, 30, 60, 90, and 120 minutes
after alcohol intoxication, with the frequency of better
responses, is presented in Table 1.

Tabnuusa 1. Yactota nokpaLleHHs1 MOKa3HWKIB LUBMAKOCTI peakuii
y AOCiAXYBaHWX 3a pe3yrnsrataMn CEHCOPHO-PYXOBOTO EKCMEPUMEHTY
Table 1. Frequency of reaction speed indicators improvement
in subjects based on the results of a sensory-motor experiment

Yac, xB. Teepesi (% = m%) Micna cn’aHiHHA (% £ M%) PiBeHb 3HaunmocTi (p)

Time, min Sober (% + m%) After intoxication (% + m%) Significance level (p)
15 29 (69,05 + 7,13) 13 (30,95 +7,13) 0,0206
30 31(73,81 £6,78) 11 (26,19 + 6,78) 0,00337
60 21 (50,00 £ 7,71) 21 (50,00 £ 7,71) 1
90 23 (54,76 + 7,68) 19 (45,24 + 7,68) 0,643
120 18 (42,86 + 7,64) 24 (57,14 + 7,64) 0,44

Mpu awHanisi pesynbTaTiB TECTyBaHHSA  LUBMAKOCTI When analyzing the results of reaction speed testing

peakuji 3anponoHOBaHOK METOANKOK Oyrio BCTAHOBMEHO,
LLIO YacToTa KpalluMx BigMNOBIAEN A0 BXMBAHHS arikoronto
cknana 69,05% * 7,13%, a yepe3 15 xB. nicna noyaTky
BuTBepe3iHHA 30,95% + 7,13%. Taknum YMHOM, BUSIBNEHO
CTaTUCTNYHO 3Hauumi (p < 0,05) 3miHM YacToTK NpucKo-
peHHs peakuii p = 0,0206 y gocnimpxyBaHNX A0 BXMBaAHHS
ankorono.

B yacosomy iHTepBani 30 xB nicnsa noyaTtky BuTBEpE-
3iHHSA YacToTa Kpalumx BignoBigen OO0 BXMBAHHSA arko-
ronto cknana 73,81% + 6,78% Ta nicns 26,19% + 6,78%.
TakvM YMHOM, BUSIBNIEHO CTaTUCTUYHO 3Ha4mmi (p < 0,05)
3MiHM 4acTOTW NpUckopeHHs peakuii p = 0,00337 y gocni-
[PKYBaHMX [0 BXMBAHHS ankoronto.

Y yacosomy iHTepBani 60 xB. nicns noyaTKky BUTBeE-
pesiHHA 4acTka npaBWibHMX BignoBigenm Jo Ta nicns
BXWUBaHHA ankoronto ctaHosuna 50,0% + 7,71%. Takum
YMHOM, CTaTUCTUYHO 3HAYYLLMX 3MiH NP BXMBAHHI arnko-
ronio He BusBneHo (p = 1).

Y yacosomy iHTepBani 90 xB. nicrsa noYaTky BUTBEpe-
3iHHSA YacTka NpaBWbHUX Bi4NOBIAEN 40 BXMBAHHS arko-
ronto crtaHosuna 54,76% + 7,68%, nicna BXMBaHHA —
45,24% + 7,68%. TakuM YMHOM, CTATUCTUYHO 3HAYYLLMX
3MiH LWBMAKOCTI peakLuii Mpu BXXMBaHHI ankoronto y gocri-
PKyBaHMX He BusaBneHo (p = 0,643).

Y yacosomy iHTepBani 120 xB. nicng no4aTky BUTBe-
pesiHHA YacTka npaBuIibHUX BIiANOBiAEW OO BXMBaAHHSA
ankoronto ctaHoBuna 42,86% + 7,64%, nicns BXXMBaHHS —
57,14% * 7,64%. Takum YMHOM, CTaTUCTUYHO 3HAYYLLUX
3MiH LUBMAKOCTI peakuii y AOCNigKyBaHUX MPU BXUBaHHI
arnkoronto He BusiBneHo (p = 0,44).

AHania  BnnuBy  «BGE3CUMMTOMHOTO  MOXMINNA»
Ha LWBWAKICTb peakuii NIOAMHM LUNSXOM TeCcTyBaHHS
3 BUKOpUCTaHHAM Tabnuub Lynste yepes 15, 30, 60,

using the proposed methodology, it was found that the
frequency of better responses before alcohol consumption
was 69.05% + 7.13%, whereas 15 minutes after the
onset of sobriety it decreased to 30.95% + 7.13%. Thus,
statistically significant changes (p < 0.05) in the frequency
of reaction acceleration were identified in the participants
prior to alcohol consumption (p = 0.0206).

At the 30-minute interval after the onset of sobriety,
the frequency of better responses before alcohol
consumption was 73.81% + 6.78%, and after alcohol
consumption it was 26.19% = 6.78%. Accordingly,
statistically significant changes (p < 0.05) in the frequency
of reaction acceleration were again observed in the
participants prior to alcohol consumption (p = 0.00337).

At the 60-minute interval after the onset of sobriety,
the frequency of better responses before and after alcohol
consumption was equal, amounting to 50.0% * 7.71%.
Thus, no statistically significant changes were detected
(p = 1.00) following alcohol consumption.

At the 90-minute interval after the onset of sobriety,
the frequency of better responses before alcohol
consumption was 54.76% + 7.68%, and after alcohol
consumption 45.24% + 7.68%. Therefore, no statistically
significant changes in reaction speed were observed
in the participants after alcohol consumption (p = 0.643).

Atthe 120-minute interval after the onset of sobriety, the
frequency of better responses before alcohol consumption
was 42.86% * 7.64%, whereas after alcohol consumption
it was 57.14% * 7.64%. Consequently, no statistically
significant changes in reaction speed were detected in the
participants after alcohol consumption (p = 0.44).

The analysis of the effect of xasymptomatic hangover»
on human reaction speed assessed using the Schulte
tables at 15, 30, 60, 90, and 120 minutes after alcohol

OpuwuriHanbHi gocnigpKeHHs

Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 1(58). C. 64-76
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):64-76

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

90, 120 xB. micnsa ankoronbHOI iIHTOKCUKAaLLii 3 4acToTo
Kpalyux Bignosigen HasegeHo B Tabn. 2.

intoxication, with the frequency of better responses,
is presented in Table 2.

Tabnuua 2. YactoTta nokpalleHHs MoKasHWKIB LUBWMAKOCTI peakLii y AoCnifKyBaHUX 3a pesynsratamu Tecty Llynste
Table 2. Frequency of reaction speed indicators improvement in subjects based on the Schulte table test results

Yac, xB Teepesi (% = m%) Micnsa cn’aHiHHG (% £ M%) PiBeHb 3HaunmocTi (p)

Time, min Sober (% + m%) After intoxication (% + m%) Significance level (p)
15 28 (68,29 + 7,67) 13 (31,71 + 7,67) 0,0288
30 38 (90,48 + 4,53) 4 (9,52 +4,53) 0,000000354
60 27 (65,85 + 7,41) 14 (34,15 + 7,41) 0,0609
90 22 (55,00 + 7,87) 18 (45,00 + 7,87) 0,635
120 17 (42,50 + 7,82) 23 (57,50 + 7,82) 0,429

Mpu aHanisi pesynbraTiB TeCTyBaHHS LUBWMAKOCTI When analyzing the results of reaction speed testing

peakuii 3anponoHOBaHOK MeToAMKo Oyno BUSIBNEHO
CTaTUCTUYHO 3HAYMMi 3MiHM 4acTOTM MPUCKOPEHHS
peakuii y [oCnimKyBaHUX [0 BXWBAHHS arkoroso,
nopiBHAHO 3 YacoBum iHTepBanoM 15 xB. (p = 0,0288),
30 xB. (p = 0,000000354), Ta He BMABNEHO Yepe3 60 xB.
(p = 0.0609), 90 xB. (p = 0,643) Ta 120 xB. (p = 0,429).

[1Nsi BU3HAYEHHS YM BigpPI3HAETHCA LWBNAKICTb peakLuil
Y YOroBIKiB Ta XiHOK 4acTOTy NpOsiBY peakuii Anst KOXHOI
3 gBox BMGIpok ouiHoBanu B nporpami MedStat. MNpu
NpoBeAEHHi aHanidy KpUTUYHUI PiBEHb 3HAYYLLIOCTi B3ATO
piBHum 0,05. OTpumaHi pesynesratv € SKiCHUMU, a TOMy
BM3HAYeHO BipOrigHWI iHTEpBan MeTo4oM KyTOBOIO nepe-
TBOpPEeHHs dillepa (3 ypaxyBaHHAM nonpasku MeiTca).

YacTtoTy Kpalwimx BignoBsigen 3a crtaTTio, ge 6yno
22 yvonoBikn Ta 20 XXIHOK MiCrsi BXWBAHHS arikoOroro
B Pi3Hi iHTepBanu 4Yacy HaBefeHo B Tabn. 3.

using the proposed methodology, statistically significant
changes in the frequency of reaction acceleration were
identified in participants before alcohol consumption
compared with the 15-minute (p = 0.0288) and 30-minute
(p=0.000000354) time intervals. No statistically significant
differences were observed at 60 minutes (p = 0.0609),
90 minutes (p = 0.643), or 120 minutes (p = 0.429).

To determine whether reaction speed differed between
men and women, the frequency of reaction occurrence for
each of the two samples was evaluated using the MedStat
software. During the analysis, the critical level of significance
was set at 0.05. The obtained results were qualitative
in nature; therefore, the confidence interval was calculated
using Fisher’s angular transformation (with Yates’ correction).

The frequency of better responses by sex, including
22 men and 20 women after alcohol consumption
at different time intervals, is presented in Table 3.

Ta6nuus 3. YactoTta nokpalleHHs NoKasHWKIB LWBMAKOCTI peakLii y AocnigKyBaHUX 3a CTaTTio
Table 3. Frequency of reaction speed indicators improvement in subjects by gender

Yac, xB. | CtaTb YacTora Kpal,.Bign. abe.KinbkK. MegiaHa, % (95% Bl) | KputnuHe 3HaveHHs (T) | PiBeHb 3HaumocTi (p)
Time, min | Sex | Frequency of better resp. abs.number Me, % (95% CI) Critical value (T) Significance level (p)
4/m 13 59,1 (37,1-79,3)
15 1,14 0,261
x/f 16 80,0 (58,7-94,8)
4y/m 15 68,2 (46,4—86,4)
30 0,52 0,606
x/f 16 80,0 (58,7-94,8) ' '
4y/m 7 31,8 (13,6-53,6)
60 2,21 0,033
x/f 14 70,0 (47,2-88,5)
y/m 11 50,0 (28,5-7 1,5)
90 0,67 0,507
x/f 13 65,0 (41,9-84,9)
4/m 8 36,4 (17,0-58,3)
120 0,9 0,374
x/f 11 55,0 (32,0-76,9)
MpumiTtka / Note:
Y — YOIOBIKU, X — XIHKN.
m — males, f — females.
CTaTUCTUYHUIA aHani3 nokasas, LU0 Pi3HWUS Y LWBUA- Statistical analysis showed that a significant

KocTi peakuii (p < 0,05) HasiBHa Yepes 60 xB. nicns BUTBe-
pesiHHA Ta BIOCYTHS B YCiX iHWWX iHTepBanax 4vacy —
15, 30, 90, 120 xBWMAWH, WO HAO4YHO NpeacTaBreHo
Ha giarpamax (box-and-whisker) Ha puc.1-5.

HasBHicTb cTtatnuctuyHo 3Hadmmoi (p < 0,05) BigMiH-
HOCTi Yy LUBMAKOCTI peakuii MiXX YornoBikaMu Ta >XiHKkamu,
Wo BMHMKae 4vepe3 60 xB. Big MoYaTKy BUTBEPESiHHS,
BPaxoBytoYu, WO B CYKYNHOCTI B AaHOMY iHTepBani yacy
CTaTUCTUYHO 3HAYMMOI Pi3HULI BUSIBNEHO He Byno, cBia-
UNTb MPO HeOOXIOHICTb BpaxyBaHHS AaHOro 4acoBOro
iHTepBany, gk aktopa pusuky.

difference in reaction speed (p < 0.05) was present at
60 minutes after sobriety, while no significant differences
were observed at the other time intervals—15, 30, 90, and
120 minutes. These findings are clearly illustrated in the
box-and-whisker plots presented in Figures 1-5.

The presence of a statistically significant difference
(p < 0.05) in reaction speed between men and women
emerging 60 minutes after the onset of sobriety, given
that no statistically significant difference was detected for
the overall sample at this time interval, indicates the need
to consider this period as a potential risk factor.
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Fig. 1. Reaction by gender after 15 minutes
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Fig. 2. Reaction by gender after 30 minutes
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Fig. 5. Reaction by gender after 120 minutes

OBrOBOPEHHS

Hawe pocnigkeHHs BUABUIIO CTaTUCTUYHO 3HA4YMMme
CMOBINMbHEHHSA LWWBWAKOCTI peakuii npoTaroM nepLumnx
30 xB. nicng MOBHOrO BUTBEPE3iHHA, WO MigTBEPAXY-
€TbCSl [IBOMa He3anexHuMy MeToauKamMun TeCTyBaHHS.
YactoTta Kpalwmx Bignosigen 3sHwxkyeanacs 3 69,05%
0o 30,95% uepes 15 xB. Ta 3 73,81% [o 26,19% 4epes
30 xB. 3a METOAMKOK CEHCOPHO-PYXOBOIO EKCMEPUMEHTY.
MopiGHi pedynsTat oTpumaHo i 3a Tabnuusmu Lyneste.
MounHatoumn 3 60-1 XBUNUHM MNOKa3HUKM MNOCTYNOBO BUPIB-
HIOBanucs, i CTaTUCTUYHO 3Ha4yLWol Pi3HMUi i3 noyat-
KOBVM piBHEM BXE He crocTepiranocs.

Lli paHi malTe BaxnuBe MpakTUYHE 3HaYeHHA Ans
3abesneveHHs 6e3nekn JOPOXHBOro pyxy Ta NpodeCiiHOI
[isinbHOCTI. BcTaHOBNEHWI nepiog KOrHITUBHMX NOpYLUEHb
TpuBanicTio o 60 xB. O03BOnsie pekomeHayBaTu 36inb-
WEHHS Yacy YTPVMMaHHS Big KepyBaHHs TPaHCMNOPTOM
Ta BWKOHaAHHA BIiANOBIgANbHUX 3aBAaHb HaBiTb Micns
MOBHOIO BUTBEPESiHHS, NiIATBEPPKEHOMO ankoTeCTEPOM.

DISCUSSION

Our study revealed a statistically significant slowing
of reaction time during the first 30 minutes after complete
recovery from alcohol intoxication, as confirmed
by two independent testing methods. According to the
sensorimotor experiment, the frequency of better
responses decreased from 69.05% to 30.95% after
15 minutes and from 73.81% to 26.19% after 30 minutes.
Similar results were obtained using the Schulte tables.
Starting from the 60th minute, the indicators gradually
leveled off, and no statistically significant difference from
the baseline level was observed.

These data have important practical implications for
road traffic safety and professional performance. The
identified period of cognitive impairment lasting up to
60 minutes allows recommending an extended period
of abstinence from driving and performing responsible
tasks even after complete recovery from alcohol
intoxication confirmed by a breath alcohol analyzer.
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OTpumaHi Hamun pe3ynbTaTn Y3roaxyTbCa 3 JaHUMU
Mi>XKHapoAHWX OOCHiAXeHb, SKi 4eMOHCTPYOTb KOrHITUBHI
nopyLueHHs npu noxminni. OgHak Hawa poboTta dokycy-
€TbCS Ha crneundiyHomMy acnekTi — «b6e3cMnToOMHOMY
MOXMIfi», KON KNacUyHi COMaTUYHi CUMNTOMM BifACYTHI,
ane KorHiTuBHi gediuuntn 36epiratoTbes.

Alford C. et al. (2020) y cBoeMy fOCHimMKEHHI HA CUMYNS-
TOpi BOAiIHHS TaKOX BUSIBUNM OOHAaKOBUI PiBEHb NOPYLUEHD
y rpynax 3 HyfibOBUM i 3a5MLLKOBUM BMICTOM ankorosnto [6],
LLIO NiSTBEPOKYE HaLli BUCHOBKM NPO HEe3amneXHiCTb KOrHi-
TUBHMX MOPYLLUEHb Bif, KOHLEHTPAaL,i ankoromnto B KPOBi.

MeTtaaHnanis Gunn C. et al. (2018) BusiBMB noripLieHHs
KopoTkovacHoi nam’siTi (g = 0,64), cTinkoi yearu (g = 0,47)
Ta LWBMAKOCTI NCUXOMOTOPHUX pyxiB (g = 0,66) nig yvac
noxminna [7]. Hawi gaHi WOAO CMOBINbHEHHSA LWBUA-
KOCTi peakuii MOBHICTIO BigMOBiAATb UMM 3Haxigkam,
0COBMNMBO B KOHTEKCTi MCUXOMOTOPHOI LIBUAKOCTI. CncTe-
matnyHui orngag  Kruisselbrink L.D. (2019) nokasas,
LLIO NOPYLUEHHS BUSIBNAIOTLCS MPUBNN3HO Y TPETUHI KOTHi-
TUBHUX MOKa3HMKIB [8], WO TaKOX KOPENE 3 Halmmu
pesynsrataMmv — MU BUSIBUINW MOPYLUEHHS NuLie B nepLi
30 xB., TOAj AK Mi3HiLle NOKa3HUKN HOpManisyBarnucs.

OcobnmBICTIO HALWIOro [AOCHIIXEHHS € BUSBIEHHS
reHoepHUx BIOMIHHOCTEN Y LUBWMAKOCTI BiAHOBMEHHS
KOTHITMBHMX yHKUin. Yepes 60 xB. nicna BuTBepe-
3iHHSA XiHKM OEeMOHCTpyBana Kpally 4actoTy Bignosigen
(70%) nopiBHsiHO 3 wyomnosikamu (31,8%), p = 0,033.
Lli pesynbraty y3rogxyoTbCs 3 AaHuMm van Lawick van
Pabst A.E. et al. (2019), aki B gocnimkeHHi 2214 coui-
anbHMX BUMMWBOX BUSIBUMMU, LWO XIHKW MOBIAOMASNM
npo 6Ginbluy KiNbKiICTb CUMATOMIB NOXMINns, ocobnueo
BTOMY, ronoBHui 6inb Ta Hygoty [12]. ABTOpWU noOB's-
3YI0Tb Ui BIiAMIHHOCTI 3 HMXXYOK aKTUBHICTIO ankorornbae-
rigporeHasn y XIiHOK i MeHwWMM o0’eMoM po3noginy
BOOM B oOpraHiami. Moxnuso, came 6inbl iHTEHCMBHA
cMMnTOMaTtvka npuU3BOAMTL A0 LWBMAWOI MoBinisauii
KOMMEHCATOPHUX MeXaHi3MiB.

Palmer E. et al. (2019) BcTaHoBMNY, WO aueTanbaeria,
OCHOBHWI MeTaboniT eTaHony, iHOYKye OKCuAATUBHUMN
CTpec i 3ananbHi NpoLecK B TKaHMHaX MO3KY, LLIO MPU3BO-
OWTb [0 MOPYLIEHHS HEeWpOTPaHCMICii HaBiTb nicns
NMOBHOrO BuBeAeHHs ankoronto [9]. MMig yac metaboniamy
ankoronto BiabyBaeTbcs nopyleHHs 6anaHcy FTAMK-ep-
riYyHOl Ta rnyTamatepriyHoi cuctem. Lle moxe nosicHio-
BaTW MEXaHi3M BUSIBMEHMX HAMW KOTHITUBHMX MOPYLUEHb
npwv HyNbOBOMY BMICTi ankoron — HaBiTb MicnAs enimi-
Hauii eTaHonmy NpPOJOBXYKTb AiGTM noro Metabonitu
Ta 36epiraeTbcsa ancbanaHc HeMpoMeaiaTopHUX CUCTEM.

Scholey A. et al. (2019) y gocnigxeHHi 76 y4yacHukiB
nigTBepaunn, LWo MNOoXMinnsg npu3BoanTb OO YMOBiNb-
HEHHS Yacy peakuii Ha 3aBAaHHSX, L0 BMMaratTb CTiMKOT
yBaru [10]. BaxnuBo, wo y 54% y4acHukiB Oyna Hu3bka
yactotTa MOMMUITOK — MOPYLUEHHS MPOSABNANNCA came
yepes ynoBiNbHEHHS (PYHKUIN, a He 4vepe3 36inblUeHHs
nomunok. Lle BignoBigae Hawum CnocTepexeHHsAM:
JocnigKyBaHi KOPEKTHO BWKOHYBanu 3aBAaHHS, ane
3 MEHLLOHO LUBUAKICTHO.

Devenney L.E. et al. (2019) BusBunu 3Ha4He norip-
LWeHHA poboyoi Ta eni3oguMyHOi NaM’aTi, a TakoxX Mnopy-
WeHHs posnogineHoi ysaru [11]. MopyweHHs 6ynu GinbLu
BMpaXeHi ANs 3aBgaHb, WO BUMaratoTb akTUBHOMO yTpu-
MaHHs1 iHpopmauii. Hawi meTtoankn (CEHCOPHO-PYXOBUN
ekcrnepyMeHT Ta Tabnuui Lynesre) Takox BuMaralTb

Our results are consistent with data from international
studies demonstrating cognitive impairment during
alcohol hangover. However, our work focuses
on a specific aspect — «asymptomatic hangover», when
classical somatic symptoms are absent but cognitive
deficits persist.

Alford C. et al. (2020), in a driving simulator study,
also identified comparable levels of impairment in groups
with zero and residual alcohol content [6], supporting
our conclusion that cognitive impairment may occur
independently of the concentration of alcohol in the blood.

A meta-analysis by Gunn C. et al. (2018) revealed
impairments in short-term memory (g = 0.64), sustained
attention (g = 0.47), and psychomotor speed (g = 0.66)
during hangover [7]. Our findings regarding slowed
reaction time fully correspond to these results, particularly
in the context of psychomotor speed. A systematic review
by Kruisselbrink L.D. (2019) showed that impairments
are detected in approximately one third of cognitive
indicators [8], which also correlates with our results:
impairments were observed only during the first
30 minutes, while later the indicators normalized.

A specific feature of our study is the identification
of gender differences in the rate of cognitive recovery.
Sixty minutes after recovery from alcohol intoxication,
women demonstrated a higher frequency of correct
responses (70%) compared with men (31.8%), p = 0.033.
These results are consistent with the data of van Lawick
van PabstA.E. et al. (2019), who, in a study of 2214 social
drinkers, found that women reported a greater number
of hangover symptoms, particularly fatigue, headache,
and nausea [12]. The authors attribute these differences
to lower alcohol dehydrogenase activity in women and
a smaller volume of body water. It is possible that more
pronounced symptomatology leads to faster mobilization
of compensatory mechanisms.

Palmer E. et al. (2019) demonstrated that
acetaldehyde, the primary metabolite of ethanol, induces
oxidative stress and inflammatory processes in brain
tissue, leading to impaired neurotransmission even
after complete elimination of alcohol [9]. During alcohol
metabolism, an imbalance occurs between gamma-
aminobutyric acid—ergic and glutamatergic systems. This
may explain the mechanism of the cognitive impairments
identified in our study at zero alcohol concentration,
as alcohol metabolites continue to exert effects and
neurotransmitter imbalance persists even after ethanol
elimination.

Scholey A. et al. (2019), in a study involving
76 participants, confirmed that hangover leads
to prolonged reaction time in tasks requiring sustained
attention [10]. Importantly, 54% of participants
demonstrated a low error rate, indicating that impairment
manifested primarily as slowing of functions rather
than an increase in errors. This corresponds to our
observations: participants performed tasks correctly but
at a reduced speed.

Devenney L.E. et al. (2019) identified significant
impairments in working and episodic memory, as well
as deficits in divided attention [11]. The impairments were
more pronounced in tasks requiring active maintenance
of information. Our methods (the sensorimotor experiment
and Schulte tables) also require concentration of attention
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KOHUEHTpauii yBarm Ta LUBMAKOTO MNEpPEeKoveHHs,
LLIO MOXe MOSICHIOBATK BUSIBIEHI NOPYLLIEHHS.

Benson S. et al. (2020) BcTaHOBWMM, WO MOXMINNsA
3Ha4yHO mnoripwye baraTo3afgaqvHiCTb, 3HWXKYE MUIBHICTD,
nigBuLLY€E MeHTanbHy BTOMY Ta TPMBOXHICTb [13]. Lie mae
KpUTUYHE 3HAYeHHs Ons npodecin, ae HeobxigHa ogHO-
YacHa obpobka MHOXWHHOI iHdopMaLli, 3okpema Ans
BoaiiB. Gunn C. et al. (2021) BuABMAM, WO NOXMINMs
He BMNMMBAaE 3HA4YHO Ha iHribiuito Bignosigi, ane 36inbLye
CNPUIHATE  MeHTanbHe 3yCcumnns  Ans  BUKOHAHHS
3aBaaHb [14]. Lle nosdcHioe, YoMy noau y ctaHi «6escmmn-
TOMHOIO MOXMINAs» MOXYTb HE YCBIAOMMOBaTM KOTHi-
TUBHUX AediUMTiB — BOHM 34aTHI BUKOHYBaTW 3aBAaHHS,
ane 3 GiNbLUMMK 3yCUNNAMU Ta MEHLLIOK LUBUAKICTHO.

Ayre E. et al. (2021) BctaHOBMNU, WO TSXKKICTb
NoOXMINMA KopentoBana 3 MOMpPLWEeHHAM SKOCTi  CHy
Ta KOTHITMBHMX dyHKUin [15]. HaBiTb npu KoHTponi
SIKOCTi CHY MOXMINMsi NPOAOBXYBANoO HEraTMBHO BMU-
BaTW Ha NPOAYKTUBHICTb, IO CBIAYUTb MPO HE3anexHun
MexaHiam BnnuBy MeTaboniTiB ankoromnto. Y Halomy
OOCrifXeHHI MU He OLiHIoBanu SKiCTb CHY, ane BCi Aochi-
D)KyBaHi MpOXOaunu TecTyBaHHA B OOHaKOBWUX YyMOBaXx,
WO [03BOMsiE MPUMNYCTUTW, WO BWSIBMEHI MOPYLUEHHS
3yMOBIEHI came BNSIMBOM arkorofibHUX MeTaboniTis.

Chavarria J. et al. (2022) y nOHriTIoAHOMY AOCHIKEHHI
(N = 104, 5 pokiB) nokasanu, Lo cyb’eKTMBHe cnogobaHHs
arnkorort € hakTopoM pU3MKy Ans YacToTu NoxXminns [16].
Ayre E. et al. (2022) nokasanu, WO NOXMInnsA 3HAYHO
noripwye posnogin yeBarn Mpyv BMKOHAHHI MOABIHOIO
3aBgaHHs [17]. Alford C. et al. (2020) Takox ouiHioBan1
BMMVB MOXMiNMsi B AOMALUHIX YMOBax i BUSBUNWU 3Ha4He
MOTiPLUEHHSI HACTPOK Ta 3HWKEHHSI KOTHITUBHOI MpoAdyK-
TUBHOCTI MPW BUKOHAHHI NOBCAKAEHHMX 3aBaaHb [18].

Hudson F. Ta Gunn C. (2023) BusiBAnn, WO ocobu
3 HVDKYMM pIBHEM KOHTPOMIO yBaru yacTille noBigomnanv
MpO HEeraTVBHWI BNIMB MOXMINMAS Ha NOBCAKAEHHY Aidnb-
HicTb [19]. Lle Moxe matn 3HadeHHs Ans npodecinHoro
BinGOpy Ocib, ki NpautotoTh Y cdhepax NiABULLEHOMO PUSUKY.

MpakTM4yHe 3Ha4YeHHst HalWMX pe3ynbTaTiB nonsarae
Yy MOXIIMBOCTI PO3POOKM KOHKPETHUX pekoMeHaaLin
ONst HOPMAaTMBHMX OOKYMEHTIB. FAKLIO HAsiBHICTb y KpOBI
KOHLeHTpauii ankoronto noHag 0,2 r/n YiTko pernameHTy-
€TbCS 3aKOHOAABCTBOM K OOTSXYOUMIA dhakTop, TO BB
MeTaboniTiB ankorosno nicnsi NoBHOI eniMiHauii etaHony
3 OpraHiamy 3anuLiaeTbCcs No3sa yBaroto perynatopis. Haiwi
[aHi BKasyloTb Ha HeoOXigHICTb BCTAHOBMEHHS Mepioay
YTPUMaHHS Big KEepyBaHHS TPAHCMOPTOM Ta BUKOHAHHSI
BiANOBIAANbHMX 3aBAAHb NPOTSAroM LoHanmeHwe 60 xB.
nicnsa JOCArHEeHHS HYNbOBOrO NMOKa3HWKa ankoTecTepa.

BUCHOBKHU

BcTtaHoBneHa HasBHiCTb BMnMBY «6e3CMMMNTOMHOMO
MOXMINNS» MiCSA anKkorofibHOTO CM'AHIHHS, MPY AKOMY BMICT
ankoronto He nepesuysas 0,5 npomine, Ha KOTHITUBHI
YHKUIT NIOANHK, 30KpeMa LUBUAKICTb peakuil mogunHu.

[oseneHo, wo B iHTepBani Yacy go 30 xB. nicns
MOBHOrO BWTBEPES3IHHSI CMOCTEPIraeTbCsl CTaTUCTUYHO
[OCTOBIpHE CMOBINbHEHHS LUBUAKOCTI peakLii MognuHN.

HasBHiCTb  CTATUCTMYHO  3HaAYMMOi  BiOMIHHOCTI
y LWBWAKOCTI peakuii MK 4YoroBikamMu Ta XiHKamu,
Wwo BuHMKae 4vepe3 60 xB. Big MoYaTKy BUTBEPE3iHHS,

and rapid switching, which may explain the observed
impairments.

Benson S. et al. (2020) found that hangover
significantly impairs multitasking, reduces alertness,
and increases mental fatigue and anxiety [13]. This is of
critical importance for professions requiring simultaneous
processing of multiple information streams, particularly
for drivers. Gunn C. et al. (2021) demonstrated that
hangover does not significantly affect response inhibition
but increases perceived mental effort required to perform
tasks [14]. This explains why individuals in a state of
«asymptomatic hangover» may not be aware of cognitive
deficits: they are able to perform tasks, but with greater
effort and reduced speed.

Ayre E. et al. (2021) found that hangover severity
correlated with poorer sleep quality and cognitive
functioning [15]. Even after controlling for sleep quality,
hangover continued to negatively affect performance,
indicating an independent mechanism related to alcohol
metabolites. In our study, sleep quality was not assessed;
however, all participants were tested under identical
conditions, which allows assuming that the observed
impairments were attributable to the effects of alcohol
metabolites.

Chavarria J. et al. (2022), in a longitudinal study
(N =104, 5 years), showed that subjective liking of alcohol
is a risk factor for hangover frequency [16]. Ayre E. et al.
(2022) demonstrated that hangover significantly impairs
divided attention during dual-task performance [17]. Alford
C. et al. (2020) also assessed hangover effects in home
settings and identified significant mood deterioration
and reduced cognitive performance during everyday
activities [18].

Hudson F. and Gunn C. (2023) found that individuals
with lower levels of attentional control more frequently
reported a negative impact of hangover on daily
functioning [19]. This may be relevant for professional
selection in high-risk occupations.

The practical significance of our results lies in the
potential development of specific recommendations for
regulatory documents. While the presence of blood alcohol
concentrations exceeding 0.2 g/L is clearly regulated
by law as an aggravating factor, the influence of alcohol
metabolites after complete elimination of ethanol from
the body remains outside the attention of regulators. Our
data indicate the need to establish a period of abstinence
from driving and performing responsible tasks for
at least 60 minutes after achieving a zero breath alcohol
analyzer reading.

CONCLUSIONS

The presence of an effect of kasymptomatic hangover»
following alcohol intoxication with a blood alcohol
concentration not exceeding 0.5%. on human cognitive
functions, particularly reaction time, was established.

It was demonstrated that within a time interval of up
to 30 minutes after complete sobriety, a statistically
significant slowing of human reaction time is observed.

The presence of a statistically significant difference
in reaction time between men and women occurring
60 minutes after the onset of sobriety indicates the need
to consider this time interval as a risk factor.
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CBI4YMTb MPO HEOOXIOHICTL BpaxyBaHHA 4AHOIO YacoBOro
iHTepBany, gk haktopa pusuky.

BusiBneHHs BnnvBy — «BE3CMMMTOMHOMO  MOXMIMMs»
Ha LWBMAOKICTb peakuii faMHM MNPOTSAroM OAHIET roauHK
nicnst npoTBepesiHHA Mae OyT BpaxoBaHe B pekomeHaa-
LisX Ta HOPMaTUBHWUX AOKyMeHTax MiHICTepCTBO OXOPOHU
300poB'a YkpaiHu sik doakTop pu3mnKy Ans ocib —BoAiis, Ninoris,
onepartopiB BUPOOHUYMX NPOLIECIB Ta iH., Ae Ti CNOoBINbHEHHS!
MOXe 3arpoXXyBaTu XUTTIO Ta 300POB’H0 OTOHYHOHMX.
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OBMEXEHHA AOCAIAXKEHHSA

ABTOpM pyKOnNWUCy CBIAOMO 3acBiAyyloTb, LWO MpeacTaBreHe
OOCMiMKEHHS Mae OOMEXEHHs, 3yMOBIEHi 1oro AusanHoM
i BUKOHaHHSAM. BigHocHo HeBenwuka Bubipka (n = 42) Ta ofHo-
LIEHTPOBUI XapakTep OOCNIMKEHHS OOMEXYHTb y3aranbHEHHs!
pesynbTaTtiB Ha wupLwi nonynsAuii. JocnigXeHHs npoBogunocs
B NIabopaTopHMX YMOBaX i3 BUKOPUCTAHHAM KOMM'IOTEPU3OBaHNX
TECTiB LWUBMAKOCTI peakuii. BuB4aBca oguH piBeHb iHTOKcuKaLii
(8o 0,5%o), 6e3 BpaxyBaHHS TUMY arnkorofibHUX HaMoiB Ta iHAWBI-
OyanbHUX meTaboniyHnx ocobnmBOCTEN YYaCHWKIB.

[Ons miHimisauii BnnvBiB 3aCTOCOBaHO CTaHAAPTU30BaHi NpOTO-
KON TeCTyBaHHsi, kanibpoBaHi npunagu BUMIPIHOBaHHS, YiTki
KpuTepii  BKIMIOYEHHS/BUKIIOYEHHS] Y4acHUKIB Ta BanigoBaHi
CTaTUCTUYHI METOAN.

BTimM, BU3HaYeHi OOMEXEHHS HE HIBEMIOKOTb NPAKTUYHY LIiHHICTb
OTPMMaHWX PpesynbTaTiB, a 1Lle OKPEeCIolTb BeKTopu Ans
HaCTYMHUX eTaniB HayKoBOro noLuyky. [logamnblue yTOYHEeHHS
Ta BHOOCKOHANEHHS BUSBIEHWX 3aKOHOMIpHOCTEN mnoTpebye
NpoBeaAeHHs MyNbTULIEHTPOBMX AOCHIAXKEHb 3 BinbLummMn BUGIp-
KaMu, Pi3HUMU PIBHAMM HTOKCMKaUii Ta OLIHKOK LUMPLLOTO
CNeKTpa KOrHITUBHUX (OYHKLN.

MepcnekTMBU NOAQABLLUMX AOCAIAXEHD

MepcrnekTMBHUM € MPOAOBXKEHHS AOCNIAXEHb AN BUSBMEHHS
BMNMBY «6€3CMMNTOMHOrO NOXMINMs» Ha iHLLI KOTHITUBHI cpyHKLiT
noavHY, 3okpema i yBary. Kpim Toro, BaKnvMBuM HanpsMKOM
€ BMNPOBaKEHHS pe3ynbraTiB AoChigKeHHsi B poboty MiHic-
TepcTBa OXOPOHW 3A40poB’'s Ta MiHicTepcTBa BHYTpILLHIX cnpaB
YkpaiHn Oons po3pobku HOpMaTMBHO-MPABOBUX aKTiB Ta PeKo-
MeHaauin, iHPOpPMyBaHHSA CIBPOBITHWKIB MOTEHLIMHO Hebes-
nevyHnx npodecin.

KoHAIKT iHTepecis
ABTOpPU 3a5BNSAIOTb NPO BIACYTHICTb KOHMIKTY iHTEPECIB.
AOTpMMGHHSl €TUYHUX HOPM

[ocnigxeHHs NpoBOAMIOCH Y BiANOBIAHOCTI 4O OCHOBHMX MOSO-
XeHb Ta [lpaBun rymMaHHOro CTaBfieHHs A0 nauieHTiB 3rigHo
3 Bumoramm Tokincbkoi aeknapadii BcecBiTHbOI MeanyHoi acoui-
auii, MixxHapogHux pekomeHaauin enbciHCbKOI Aeknapadii 3 npas
noanHn, KoHeeHuii Pagn €sponu woao npae noguHn i biomeam-
umHK, 3akoHiB YkpaiHn, HakasiB MiHicTepcTBa OXOpPOHM 300POB'S
Ykpainu Ta Bumoramu ETnyHoro kogekcy nikapst YkpaiHu.

Bci yuacHukun gocnigxeHHs — ocobu Bikom noHag 21 pik i3 3ago-
BiflbHUM CTaHOM 3[0POB’s 6e3 BUPaKEHUX CUMMTOMIB 3aXBOPHO-
BaHb. PiBeHb ankoronto B kpoBi He nepesuwysas 0,5 npomine,
Lo BiANOBifae cyBOKknNiHIYHOMY PiBHIO anKoronbHOro Cr'siHiHHS.
XopeH enemeHT poboTu He MICTUTb nmmariaty umn dabpuvkauii
paHux. Bci mxepena iHdopmauii BigNnoBiAHO MNPOLUTOBAHI
Ta HanexXxHM YMHOM 0hbopMMEHi.
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Limitations of the study

The authors of the manuscript consciously acknowledge
that the presented study has limitations due to its design and
implementation. The relatively small sample size (n = 42) and
the single-center nature of the study limit the generalizability
of the results to wider populations. The study was conducted
in laboratory conditions using computerized reaction speed
tests. One level of intoxication (up to 0.5%0) was studied, without
taking into account the type of alcoholic beverages and individual
metabolic characteristics of the participants.

To minimize the effects, standardized testing protocols,
calibrated measuring devices, clear inclusion/exclusion criteria
for participants, and validated statistical methods were used.
However, the identified limitations do not eliminate the practical
value of the results obtained, but only outline vectors for the
next stages of scientific research. Further clarification and
improvement of the revealed patterns requires multicenter
studies with larger samples, different levels of intoxication, and
assessment of a wider range of cognitive functions.

Prospects for further research

Prospects for further research include the continuation of studies
aimed at identifying the effects of «asymptomatic hangover»
on other human cognitive functions, particularly attention.
In addition, an important direction is the implementation of the
study results in the activities of the Ministry of Health and the
Ministry of Internal Affairs of Ukraine for the development
of regulatory and legal acts and recommendations, as well as for
informing employees of potentially hazardous professions.
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BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpY pyKOMnMCy CBIAOMO 3acCBiAYyHOTh, WO Y Mpoueci npoBe-
[EHHS JOCMIAKEHHS Ta NiATOTOBKM LIbOro PyKOMUCY He BUKOPUCTO-
BYBasu >XOOHUX IHCTPYMeHTIB abo cepBiCiB reHepaTMBHOTO LLUTYY-
HOTO iHTENeKTY ANS BUKOHAHHSA OyAb-aKuX 3aBAaHb, NeperniyeHnx
y TakcoHoMii generyBaHHs 3aBAaHb reHepaTUBHOMY LLTYYHOMY
iHTenekty «GAIDeT» (Generative Atrtificial Intelligence Delegation
Taxonomy, 2025 p.). Yci eTann poboTn — Big koHUenTyanisawii
00 (hiHanbHOro peaaryBaHHsl — BUKOHaHI 6e3 3anyyeHHsi reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOPaMK.

MepBUHHI AGHi Ta maTepiaAu

[MepBWHHI AaHi OOCMIOXEHHS, BKMOYaK4uM pesynstatyi TecTy-
BaHHSI LUBMOKOCTi peakLii, aHKEeTHi AaHi y4acHWKIB Ta CTaTUCTUYHI
po3paxyHku, 36epiratoTbCs B apxiBi kadeapu CyaoBOi MEANLNHN
Ta MeguyHoro npaea HauioHanbHOro MegwMyHoOro YyHiBepcu-
TeTy imeHi O.0. boromonbus MiHicTepcTBa OXOPOHU 300POB’s
Ykpainun. JaHi moxyTb 6yTn HagaHi 3a obrpyHTOBaHUM 3anMToM
[0 aBTOpa-KOpecnoHAeHTa 3 ypaxyBaHHSIM BUMOT KOHMIAEHLiN-
HOCTi, ETUY4HNX HOPM Ta YMHHOIO 3aKOHOAABCTBA YKpaiHu LWoao
3aXUCTY NEPCOHaNbHUX AaHUX.
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PE3IOME

AkTyanbHicTb. [TOCTKOBIOHWUI CMHAPOM CYNPOBOMXYETLCA TPUBANMMU NOPYLUEHHSIMU
cepLeBO-CyAMHHOI perynsuii, 3okpema 3miHamu foboBoro npodinto apTepianbHOro
TUCKY, LLIO MOXe MoripLlyBaTh nepebir iluemiyHoi XBOpobu cepud Ta NiABULLYBaTU PUSUK
ycknagHeHb. Pomnb KypiHHSI Y (hOpMyBaHHI LiMX NMOpYLUEHb 3anuULIAeTbCsl HEAOCTaTHbO
BMBYEHOIO.

MeTta po6oTu — ouiHMTK ocobnueocTi 4o6oBoro npodinto aprTepianbHOro TUCKy y nati-
€HTIB i3 HECTabIiNbHOK CTEHOKapAie 3anexHo Big HAasBHOCTI MOCTKOBIAHOMO CUHOPOMY
Ta hakTopa KypiHHS.

Martepianu ta metoau. ObctexxeHo 147 naujieHTiB i3 HecTabinbHOK CTeHoKapAieto,
PO3MoAiINeHnX Ha rpynu 3 NOCTKOBIAHUM CUHAPOMOM i 6€3 HbOro, a TakoX Ha miarpynu
KypuiB i HekypuiB. YCiM BMKOHaHO [060Be MOHITOpYBaHHS apTepianbHOro TUCKY
3 aHari3oM OCHOBHMX MOKa3HUKIB.

Pe3ynbrati. Y nauieHTiB i3 NOCTKOBIAHUM CMHOPOMOM BUSIBAIEHO BULLi CepeaHbOAO-
6O0BI Ta HiYHi piBHI cMCTONIYHOrO i AiacToNiYHOro apTepianbHOro TUCKY, BiNnbLUi 3HaYEeHHS
nynbCOBOrO TUCKY Ta iHAEKCY Yacy rinepTeHsii, a TakoX 3Ha4yHO BinbLUy YacToTy naTono-
riYHUX LMpkagHux npodpinis apTepianbHOro TUCKY, 3okpema Tuny «night-peaker». Kypui
Manu SOCTOBIPHO BULLIi MOKa3HWUKWN apTepianbHOro TUCKY Ta ripLui napameTpu Jo6oBoro
npodinto NMOPIBHAHO 3 HeKypLAMU. YacToTa NepeBULLEHHS LiNbOBUX PiBHIB apTepianb-
HOTrO TUCKY Ta NOKa3HWKIB HaBaHTaXeHHs TUCKoM Byna makcrmMarnbsHo y nigrpyni Kypuis
i3 NOCTKOBIAHMM CMHOPOMOM. HalbinbLL HECNPUSATNNBI MOKa3HMKN CriocTepiranucs came
y NaUieHTIB i3 MOCTKOBIAHUM CUHAPOMOM Ta 3BUYKOO KYPiHHS.

BucHoBKuU. [MOCTKOBIOHWI CUHAPOM acoLiteTbCS 3 BinbLU BUPAXKEHUMMW NATOMNOMNYHUMM
3MiHaMu [060BOro pUTMY apTepianbHOro TUCKY y NauieHTiB 3 HecTabinbHO CTeHo-
Kapaieto, BKIMOYHO 3 BULLMMW CEPEAHIMU PIBHSAMU apTepianbHOro TUCKY Ta YacTilummu
HeCnpusSTAMBUMY UMpKagHuMmn cbeHoTunamm («non-dipper», «night-peaker»). MNMocTko-
BiHU/ CMHAPOM Ta KypiHHS He3anexHOo MoripLlyoTb MokasHuku foboBoro aptepianb-
HOrO TUCKY, ane ix NoeAHaHHS Mae CUHEPTiYHUIA HEeraTUBHWI BNNMB Ha Jo60BuIA Npodinb
apTepianbHOro TUCKY Ta 3pOCTaHHsi KapAioBacKynspHOro pu3uKy y NauieHTiB i3 HecTa-
GinbHOIO cTeHoKapaieto.

T.M. [Oob6osun apTepianbHOro TUCKY Yy nauieHTiB 3 HecTa-

BicHuk Xapkiecbko2o Haui-

npodinb

OHarnbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2026. T. 34. Ne 1(58). C. 77-92. DOI:
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ABSTRACT

Background. Post-COVID-19 syndrome is associated with long-term disturbances
of cardiovascular regulation, including alterations in the circadian blood pressure
profile, which may worsen the course of ischemic heart disease and increase the risk
of complications. The role of smoking in the development of these abnormalities remains
insufficiently studied.

Purpose — to assess the characteristics of the ambulatory blood pressure profile
in patients with unstable angina depending on the presence of post-COVID-19 syndrome
and smoking status.

Materials and Methods. A total of 147 patients with unstable angina were examined and
divided into groups with and without post-COVID-19 syndrome, as well as into subgroups
of smokers and non-smokers. All patients underwent 24-hour ambulatory blood pressure
monitoring with analysis of the main parameters.

Results. Patients with post-COVID syndrome demonstrated higher 24-hour and
nighttime systolic and diastolic blood pressure levels, higher pulse pressure values and
blood pressure load indices, as well as a significantly higher prevalence of abnormal
circadian blood pressure patterns, particularly the «night-peaker» type. Smokers had
significantly higher blood pressure levels and worse ambulatory blood pressure profile
parameters compared with non-smokers. The highest frequency of exceeding target
blood pressure levels and blood pressure load indices was observed in smokers with
post-COVID syndrome. The most unfavorable parameters were found in patients with
post-COVID syndrome who smoked.

Conclusions. Post-COVID-19 syndrome is associated with more pronounced
pathological changes in the circadian blood pressure rhythm in patients with unstable
angina, including higher mean blood pressure levels and a higher prevalence
of unfavorable circadian phenotypes («non-dipper», «night-peaker»). Post-COVID
syndrome and smoking independently worsen ambulatory blood pressure parameters;
however, their combination has a synergistic negative effect on the blood pressure
profile and increases cardiovascular risk in patients with unstable angina.

Khamuliak KhM, Solomenchuk TM. 24-hour blood pressure profile in patients with unstable angina: effects of post-
Covid-19 syndrome and smoking. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2026;34(1(58)):77-92. DOI: https://doi.org/10.26565/2313-6693-2026-58-06

MEPEAIK CKOPOYEHb

AT — apTepianbHui TUCK
Al' — apTepianbHa rinepTeHsis

ABBREVIATIONS

ABPM — ambulatory blood pressure monitoring
ACE2 - angiotensin-converting enzyme 2

AlN® — aHrioTeH3nHNepeTBOpPtOBanbHUN hepmeHT

AlN®-2 — aHrioTeH3nHNepeTBOpPtOBaribHUI PepMeHT 2

[AT — piacToniyHui apTepianbHuUi TUCK

OATno6 — cepenHbo0060BMIA AiacTONIYHMIA apTepianbHU TUCK
OATAO — AeHHUI JiacToniyHWi apTepianbHUA TUCK

OATH — HiYHWMI giacToniYHUIA apTepianbHUN TUCK

Ol — no6oBuii iHaekc

IOMAT — noboBe MOHITOpyBaHHS apTepianbHOro TUCKY

IA — iHOEeKC aTeporeHHocCTi

1Y — iHgekc yacy rinepTeHsii

IXC - iwemiyHa xBopoba cepus

HC — HecTabinbHa cTeHokappis

[MAT — nynbcoBun apTepianbHUA TUCK

MATR06 — cepeaHb0A060BMIA MYNbCOBUIA apTepianbHUA TUCK
CAT — cucTonivHmin apTepianbHUn TUCK

CATRo6 — cepeaHbo060BUIA CUCTOMIYHUIA apTepianbHUA TUCK
CATA — LeHHUI CUCTOMIYHMIA apTepianbHUn TUCK

CATH — HiYHWI CMCTONIYHWI apTepianbHUA TUCK

YCC — yacTtoTa cepLeBux CKOPOYEHb

PACS — nocTkoBigHWI CUHAPOM

ESC — €Bponelicbke TOBapUCTBO KapAionoris

ESH — €Bponeicbke TOBapUCTBO rinepTeHsii

ABPM — ambynaTtopHe fob6oBe MOHITOpyBaHHSI apTepianbHOro
TUCKY

ACS - acute coronary syndrome

BP — blood pressure

DBP - diastolic blood pressure

DBPv — diastolic blood pressure variability

HR — heart rate

IHD — ischemic heart disease

PACS - post-acute COVID-19 syndrome (post-COVID syndrome)
PP — pulse pressure

SBP — systolic blood pressure

SBPvV — systolic blood pressure variability

UA — unstable angina

24-h SBP — 24-hour systolic blood pressure

24-h DBP — 24-hour diastolic blood pressure

24-h PP — 24-hour pulse pressure

Daytime SBP — daytime systolic blood pressure
Night-time SBP — nighttime systolic blood pressure
Daytime DBP — daytime diastolic blood pressure
Night-time DBP — nighttime diastolic blood pressure

SBP load index — systolic blood pressure load index

DBP load index — diastolic blood pressure load index
SBP dipping index — systolic blood pressure dipping index
DBP dipping index — diastolic blood pressure dipping index
SE - standard error

ESC - European Society of Cardiology

ESH — European Society of Hypertension
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BCTYN

MocTkoBigHun cuHgpom (long-COVID, PACS) — nato-
NOFYHUIA CTaH, KM OMUCYKTb $SIK TpuBardi (nepcu-
CTYIOYi) CMMNTOMW Pi3HOI IHTEHCUBHOCTI, LWO MPOAOB-
XytoTbCsi Ginblie 3-x MicsiliB micnst rocTpoi  iHdbekuii
SARS-CoV-2 [1]. KniHiyHa KkapTMHa MOCTKOBIQHOMO
CUMHOPOMY € BapiabernbHO, OCKIMbKA CUMNTOMU MOXYTb
penpeseHTyBaTn YCi CUCTEMU OpraHiamy, Oe ekcnpe-
COBaHi  peuenTopu  aHrioTEH3UHMEPETBOPIOBANbLHOIO
depmeHTy-2 (AMd-2), 30kpema — CcepueBO-CYANHHY
cuctemy. 3rigHo 3 gocnigpxkeHHsam Whitaker M et al., B sike
3anyyunu GinbLe 600 TUCAY navieHTiB, OCHOBHMMM CKap-
ramm 3 BOKy KaphioBacKynsipHOi CUCTEMW Yy MaLieHTIB
i3 PACS 6ynu 6inb y rpyasx Tta aputMmis [2]. MNaTtodisi-
onoriyHe niarpyHta PACS Bce Lle BMBYaETbCS, NpoTe
Ha [OaHuM 4Yac po3rnNafacTbCs OeKinbka MexaHi3Mmis,
cepen sIKMX: NpsiMa LMTOTOKCUYHA Aist Bipycy, eHaoTeni-
anbHa AMcyHKUiA, IMyHHa Oucperynsuis, CTiiki nopy-
LWEHHA doyHKuii AMNd-2 [3].

Cy4yacHi  KniHiYHi  JocnimkeHHs  nepepbayaroTb
MOLUYK MOTEHUiNHMX (DaKTOPIB PU3UKY Ta MNpeauKTopis
noripweHHss nepebiry K MOCTKOBIAHOTO CUHAPOMY,
TaKk | MporpecyBaHHs KapAioBacKynspHOro  pU3WKY.
TakMM  YMHHWKOM MOXEe pO3rnsfaTucb — THTHOHOMa-
NiHHA, WO € MOAYNATOPOM MOCTKOBIAHWX MAaTOMOriYHMX
npoueciB BHacnigok 6e3nocepeqHbOro BrfMBY HiKOTUHY
Ta/abo onocepeakoBaHOrO HWM Kackagy nposananbHuX
edpekTiB. 3rigHo 3 pesdynsTatammn obcepBauiiHoro Jocri-
DKEHHS, y skoMy B3anm yyacTb 50 kypuis Ta 50 HekypuiB
i3 apTepianbHoto rinepteHsieto (AlN) Ta COVID-19, came
y rpyni KypuiB BUSABWUAM BinbLl HECMIPUATIMBUIA KNiHIYHWIA
npodpinb y BUMSAAi 4OCTOBIPHO BULLOT YaCcTOTW CEpLEBUX
ckopoyeHb (HCC), GinbLuoro po3mipy Ta giameTpa niBoro
nepeacepas (J/lM), TOBLWMHM MDKLLITYHOYKOBOI nepe-
rOpoaKW, MOPYLUIEHHS MinigHOro OOMiHYy Ta HWPKOBOIO
npocinto, NiaBMLLEHI piBHI NOKa3HKUKIB 3ananeHHs [4].

3 iHworo 60oky, iHpekuis SARS-CoV-2 moxe cnpuyu-
HATK NiOBULLEHHST apTepianbHoro Tucky (AT) Ta nporpe-
cyBaHHs1 Al'. 3rigHo 3 gocnimpxkeHHsam Nzokou et al. (2022),
y nepioa roctpoi cdasn COVID-19 y nauieHTiB 36inbLim-
nMcs OEHHUW, HiMHUMA Ta 24-roguHHUA - giacTonivyHumn
AT nopiBHAHO 3 nonepegHiMn nepiogamun [5]. Heski
i3 gocnigpKeHb 4eMOHCTPYOTh MiABULLEHUIA PU3UK BUHUK-
HeHHa AlN micna COVID-19 abo noripleHHss KOHTPOSo
Al. 3rigHo 3 gaHumun pocnigkeHHss «The ESH ABPM
COVID-19 Study» (Ostrowska et al.), y nauieHTiB nig yac
nangemii 3pocna YyactoTta HekoHTponboBaHoi Al' 3 9% Jo
20,8%, Togi sk y jonaHaeMiyHiv rpyni kontpons AT nonin-
LLUMBCS, FOMOBHUM HEraTUBHUM YMHHWMKOM BUSIBUBCSI CaMm
dakT naHaemivHoro nepioay [6].

Y3aranbHeHi AaHi AOCTYNHOI niteparypu
Teymourzadeh et al. (2025), nigTBepAXYIOTb NiABULLEHNI
pu3nk BuHMKHEHHA Al nicna COVID-19. OcHoBHI mexa-
Hi3MW, siKi, IMOBIpHO, nexaTb B OCHOBI po3BuTKY Al™ micns
COVID-19, noB’si3aHi 30KpeMa 3 NpssM1M BNIMBOM Bipycy
yepe3  peuenTopy  aHrioTEH3UHMEPETBOPHOBANbHOIO
depmeHTy (AMN®), nopyweHHs yHKLii peHiH-aHrioTeH-
31MHOBOI CUCTEMM, CTiliKe 3ananeHHs Ta MOLLUKOMAXKEHHS
eHpoTenito cyguH [7]. ABTOpM iHWOro AOCHIOKEeHHS
BKa3yloTb, WO iHdekuis COVID-19 moxe npuckoptoBaTtu
3MiHM B apTepianbHUX CyguHax i nigBuULLyBaTV PU3NK

INTRODUCTION

Post-COVID-19 syndrome (long-COVID, PACS)
is a pathological condition described as persistent
symptoms of varying intensity that continue for more
than 3 months after acute SARS-CoV-2 infection [1]. The
clinical presentation of post-COVID syndrome is variable,
since symptoms may involve all body systems where
angiotensin-converting enzyme-2 (ACE-2) receptors
are expressed, including the cardiovascular system.
According to a study by Whitaker M et al., which included
more than 600 thousand patients, the main cardiovascular
complaints in patients with PACS were chest pain and
arrhythmia [2]. The pathophysiological basis of PACS
is still under investigation; however, several mechanisms
are currently considered, including direct cytotoxic viral
effects, endothelial dysfunction, immune dysregulation,
and persistent impairment of ACE-2 function [3].

Current clinical research focuses on identifying
potential risk factors and predictors of worsening both post-
COVID syndrome and the progression of cardiovascular
risk. Smoking may be considered such a factor, acting
as a modulator of post-COVID-19 pathological processes
due to the direct effect of nicotine and/or the cascade
of pro-inflammatory effects mediated by it. According
to the results of an observational study involving
50 smokers and 50 non-smokers with arterial hypertension
(AH) and COVID-19, the smoker group demonstrated
a more unfavorable clinical profile, including significantly
higher heart rate (HR), larger left atrial (LA) size and
diameter, increased interventricular septal thickness, lipid
metabolism disturbances, renal profile abnormalities and
elevated inflammatory markers [4].

On the other hand, SARS-CoV-2 infection may lead
to increased blood pressure (BP) and progression of AH.
According to the study by Nzokou et al. (2022), during
the acute phase of COVID-19 patients demonstrated
increased daytime, nighttime, and 24-hour diastolic
BP compared with previous periods [5]. Some studies
demonstrate an increased risk of developing AH after
COVID-19 or worsening BP control. According to the ESH
ABPM COVID-19 Study (Ostrowska et al.), during the
pandemic the prevalence of uncontrolled hypertension
increased from 9% to 20.8%, whereas in the pre-pandemic
group BP control improved, the main negative factor was
the pandemic period itself [6].

Summarized data from the available literature
by Teymourzadeh et al. (2025) confirm an increased
risk of AH after COVID-19. The main mechanisms likely
underlying the development of AH after COVID-19 are
associated, in particular, with the direct viral effect through
ACE-2 receptors, dysfunction of the renin-angiotensin
system, persistent inflammation, and vascular endothelial
damage [7]. Authors of another study indicate that
COVID-19 infection may accelerate changes in arterial
vessels and increase the risk of further development
of hypertension due to endothelial injury [8].

These results indicate the negative effect of smoking
both on the course of post-COVID-19 and directly on AH
during the pandemic; however, there is currently no clear
consensus regarding its role in the pathophysiology
of post-COVID-19 syndrome in cardiovascular patients
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noganbLUoro po3sutky All 4yepes eHgoTenianbHe YLIKO-
KeHHs [8].

Lli pesynbratM cBig4aTb MpPO HeraTMBHWA  BNNUB
KypiHHSA sik Ha nepebir noct-COVID-19, Tak i Gesnoce-
penHbo AlC B yMOoBax naHAeMii, Xxo4a Hapasi HeMae YiTKoro
KOHCEHCYCY OO0 MOro 3Ha4YeHHs1 y naTtodisionorii nocr-
KOBIZHOMO CUHAPOMY Y KapAiOnoriYHNX NaLieHTIB B LLiTOMY.
OcobnuBoro 3HaveHHs L npobnema HabyBae y nauieHTiB
3 roctpumn copmamu iemidHoi xBopobu cepus (IXC),
30kpeMa, — HecTabinbHot cteHokapgieto (HC).

Meta po6otu — ouiHuTM ocobnmeocTti go6oBoro
npodpinto apTtepianbHOrO TUCKY Y NauieHTiB 3 HecTa-
OinbHOK CTEHOKapAielo 3anexHo Big HAfABHOCTI MOCTKO-
BiQHOro CMHAPOMY Ta dpaKkTopa KypiHHS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnimkeHHss BukoHaHo Ha 6asi LleHTpy cepus
Ta CydvH, BigdineHHa kapaionorii Ta penepdysiviHoi
Tepanii BigokpemneHoro nigpo3giny «JlikapHs Cesatoro
MaHTenerimoHa» KomyHanbHOro HekomepLiiHOro nignpu-
emctBa «[leplwe TepuTopianbHe MegunyHe OO€AHaHHS
micta JlbBoBa». [lo gocnigkeHHsa 3anyyeHo 147 naui-
€HTIB i3 HecTabinbHOI CTeHoKapaiclo Bikom 35-76 pokis
(cepepnHin Bik — 60,32 + 0,66 p.). Cepen 06CTEXEHUX XiHKN
ctaHosunn 17,69% (n = 26), yonosikn — 82,31% (n = 121).

o nepwoi (1) rpynu BkntodeHo 87 nauieHTis (59,18%)
i3 HasiBHUM MOCTKOBIOHVMM CMHOPOMOM (CepefHini Bik
61,08 £ 0,72 p.), po gpyroi (2) rpynun — 60 oci6 (40,81%)
6e3 03HaK MOCTKOBIOHOMO CUHAPOMY (cepedHii BiK
59,22 + 1,22 p.). 3 ypaxyBaHHAM CTaTyCy KypiHHS naui-
€HTIB KOXHOT rpynun JoAaTKoBO PO3MNoAineHo Ha nigrpynu:
1A Ta 2A — kypui (3aranom 64 nauieHtu, 43,54%), 1b Ta
2B — Hekypui (83 nauieHTu, 56,46%).

Takum umHOM, go nigrpynu 1A yeinwnu 36 naui-
EHTIB-KYpLiB i3 MOCTKOBIAHMM cuHOpOMOM (24,49%),
o nigrpynu 2A — 28 kypuiB 6€3 NoCTKOBIAHOMO CUHAPOMY
(19,04%), oo nigrpynn 16 — 51 nauieHT i3 NOCTKOBIOHUM
cuHaopomMom 0e3 chakTtopa KypiHHS (34,69%), a po
nigrpynu 26 — 32 nauieHTn 6e3 NoCTKOBIAHOINO CUHAPOMY
Ta 6e3 3BMYKM KYPiHHS (21,77%).

[ocnigxysaHi roynrm  6ynu  3icTaBnoBaHUMHK
32 OCHOBHWMW CYMyTHIMW 3axXBOPHOBaHHAMU Ta cepue-
BO-CyOUHHUMMK dhakTopamu pusuky. Yactota Al ctaHo-
Buna 100% B 000X rpynax; MOLIMPEHICTb LIYKPOBOIO
piabetry — 27,59% vy 1-i rpyni Ta 28,33% y 2-n rpyni
(p > 0,05); oxupiHHa |-l ctyneHs — 40,23% y naui-
€HTIB i3 MOCTKOBIAHWM CUHAPOMOM i 36,67% y nauieHTiB
6e3 Hboro (p > 0,05). MNopiBHANBLHMI aHani3 NPOBOAWMN
3 ypaxyBaHHsIM HasiBHOCTi abo BiACYTHOCTI MOCTKOBIA-
HOro cMHAPOMY Ta dhakTopa KypiHHSI.

KpuTtepii BKMOYEHHST OO0 [OOCHIMKEHHS: HasIBHICTb
HecTabinbHOI  cTeHoKapaii, Bik 35-75 pokiB, nMcbMoBa
iHpopmMoBaHa 3rofa Ha y4yacTb y JocrnimkeHHi. [lo kpuTe-
piiB BMKIMIOYEHHST Hanexanu: AeKoMneHcoBaHa cepLeBa,
HMpkoBa abo NeYiHkoBa HEQOCTAaTHICTb, FOCTPI MOPYLUEHHS
MO3KOBOTO KpOBOOOIry, rocTpi 4M XpOHiYHi iHEKLiNHI
3axXBOPIOBAHHS, 3M05KICHIi HOBOYTBOPEHHS, remMaTtosorivHi,
ayTOIMYHHIi Ta MCUXiYHi XBOPOOM, a TAaKOX KOMATO3Hi CTaHMW.

[iarHo3 HecTabinbHOI CTeHOKapAii BCTaHoOBMKOBaNM
Ha MigcTaBi KNiHIYHOT KapTUHW, pesyneTaTiB NabopaTopHMX
Ta iHCTpyMeHTanbHNX METOLIB 06CTEXEHHS (eneKkTpokapai-
orpacpisi, exokapgiorpadisi) BianoBigHo 40 pekomeHaaLlin

in general. This issue becomes particularly important
in patients with acute forms of ischemic heart disease
(IHD), in particular unstable angina (UA).

Objective —to assess the characteristics of the 24-hour
blood pressure profile in patients with unstable angina
depending on the presence of post-COVID-19 syndrome
and smoking status.

MATERIALS AND METHODS OF RESEARCH

The study was conducted at the Center of Heart
and Vascular Diseases, Department of Cardiology
and Reperfusion Therapy of the Separate Unit «Saint
Panteleimon Hospital» of the First Territorial Medical
Association of Lviv. A total of 147 patients with unstable
angina aged 35-76 years were included in the study
(mean age 60.32 + 0.66 years). Among the examined
patients, women accounted for 17.69% (n = 26) and men
for 82.31% (n = 121).

Group | included 87 patients (59.18%) with post-
COVID-19 syndrome (mean age 61.08 + 0.72 years),
while group Il included 60 patients (40.81%) without
signs of post-COVID-19 syndrome (mean age
59.22 £+ 1.22 years). Considering smoking status, patients
in each group were additionally divided into subgroups:
IA and IIA — smokers (64 patients in total, 43.54%), and
IB and IIB — non-smokers (83 patients, 56.46%).

Thus, subgroup IA included 36 smokers with
post-COVID-19 syndrome (24.49%), subgroup IIA
included 28 smokers without post-COVID-19 syndrome
(19.04%), subgroup IB included 51 patients with post-
COVID-19 syndrome without smoking (34.69%),
and subgroup IIB included 32 patients without post-
COVID-19 syndrome and without smoking (21.77%).

The study groups were comparable in terms
of major comorbidities and cardiovascular risk factors.
The prevalence of arterial hypertension was 100%
in both groups; diabetes mellitus occurred in 27.59%
of patients in group | and 28.33% in group Il (p > 0.05);
obesity grades |-lll was observed in 40.23% of patients
with post-COVID-19 syndrome and 36.67% of patients
without it (p > 0.05). Comparative analysis was
performed considering the presence or absence of post-
COVID-19 syndrome and smoking status.

Inclusion criteria  were unstable angina, age
35-75 years, and written informed consent to participate
in the study. Exclusion criteria included decompensated
heart, renal, or hepatic failure, acute cerebrovascular
events, acute or chronic infectious diseases, malignant
neoplasms, hematological, autoimmune, and psychiatric
disorders, as well as comatose conditions.

The diagnosis of unstable angina was established
based on clinical presentation and results of laboratory
and instrumental examinations (electrocardiography,
echocardiography) according to the recommendations
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€Bponencbkoro ToBapuctea Kapgiornoris (2020, 2023)
Ta YMHHUX HauioHanbHUX npoTokonis [9, 10].

HasBHiCTb MOCTKOBIAHOMO CUHAPOMY  OUjiHIOBanu
i3 3actocyBaHHAM wWkanu POST-COVID-19 Functional
Status Scale [11].

CtaTyc KypiHHS BM3Ha4anu LUNAXOM aHKETYBaHHA
nauieHTiB BIigNOBIAHO 0O KPUTEPIiB  amMepuKaHCbKOl
cuctemu Behavioral Risk Factor Surveillance System [12].

[lo6oBe MOHITOpPYBaHHS apTepianbHOro TUCKY MPOBOAWIN
3a pgonomoroto anapara «ABINMMMS50» CONTEC TM (Heaco,
Benwvka BputaHis) nicna crabinisauji kniHiYHOrO cTaHy navi-
€HTIB Ta MakCMManbHO MOXIMBOIO BiAHOBMEHHSI OCHOBHUX
reMoanHaMiYHMX napameTpiB. TpumBaniCTb MOHITOPYBaHHS
cTaHoBuna 24 rogvHu. BumipioBaHHA apTepianbHOro TUCKy
3gjvicHioBanu 3 iHTepsanoMm 20 XBUNWH Yy AEeHHUI nepion,
(06:00—1:59) Ta 30 xBMNKWH y HiYHWI Nepiop, (22:00-05:59).

AHanizyBanu Taki napametpu O060BOro MOHITOpY-
BaHHS: cuctoniyHuin (CAT), giactoniynmi (OAT) Ta nyne-
coeun (MAT) AT (cepenHbon0060Bi, CepeAHbOAEHHI
Ta CepefHbOHIYHI 3HayeHHs), iHaekc uvacy (IY) rinep-
TeHsii gna CAT ta AT, cTyniHb HiYHOro 3HWXKeHHs1 AT 3a
nobosum iHgekcom (A1), a Takox YCC.

BignosigHo pgo pekomeHpauin ESC/ESH wopo
[0060BOro0 MOHITOPYBaHHS apTepiansHoro Tucky (OMAT)
(2018), uinbOBMMK cepefHiMM 3HAYEHHSMMU BBaXKanu:
nobosui aptepianbHuin TUck <130/80 MM pT. CT., A€HHWIA
<135/85 MM pT. CT., Hi4HMIA <120/70 MM pPT. CT.

OuiHky umpkagHoro putmy AT 3giicHioBanu 3rigHo
3 UYMHHMMK pekomergadiamu: O y mexax 10-20%
BiAMOBiAAB HOPManbHOMY TUMY HIYHOMO 3HWXKEeHHs AT
(dpeHoTun «dipper»), < 10% — HegoCTaTHLOMY 3HMKEHHIO
(«non-dipper»), > 20% — HagMipHOMY 3HWXEHHIO («over-
dipper»), < 0% - nigBuweHHO HiyHoro AT («night-
peaker») [13].

JlikyBaHHs nauieHTiB npoBoOANN BiAMNoBigHO
00 3aTBEPOKEHMX KIMiHIYHUX NPOTOKONIB BEAEHHSI XBOPUX
i3 roCTPMM KOpOHapHUM cuHapomom [9, 10]. Yci nauieHTn
OTpMMYyBanu ONTUMarnbHy MELAMKAMEHTO3HY Teparnito
3 ypaxyBaHHAM iHOMBIQyanbHUX KIiHIYHMX 0cobnu-
BOCTEN, fka BKIoYana aHTMTpoMboumMTapHi npenaparu,
iHriGiTopn P2Y12-peuenTopiB, aHTUKOArynsHTW, CTaTuHu,
iHMOITOPN  @HrOTEH3NHNEPETBOPIOOYOTO  (PEepPMEHTY,
6eTa-agpeHobnokaTopu, HiTpaTh, a TakoX AiypeTuku.

CratuctuyHy obpobky oTpuMaHuX pesynbraTiB BUKO-
HyBanM 3 BUWKOPUCTaHHAM nporpaMm Microsoft Excel
2021 Ta Statistica 10. [ns Bcix KinbKiCHUX 3MiHHUX More-
PEAHBO OLiHIOBaNM BiAMOBIOHICTE HOPMAanbHOMY PO3Mo-
finy 3a pgonomoroto kputepito Llanipo-Binka. Y pasi
HOPMarnbHOro po3noginy AaHi npeactasBnsanu y Burmagi
CcepenHbOro 3HaYeHHs Ta CTaHOApPTHOrO  BiOXUIEHHS
(M £+ SD). [Ons nOpIiBHAHHS CepenHiX MOKa3HWKIB Mk
[BOMa He3arnexHuMmu Bubipkamy 3 HOpMarbHWM pO3ro-
JinomM 3acTtocoByBanv napameTpuyHun t-kputepii Ctblo-
geHTa. Y pasi BigXuneHHs posnofiny Big HOPMarbHOro
pesynstaTti nogaeanu y BUrmsai MediaHy Ta MikKkBapTub-
Horo iHTepBany — Me (25%; 75%). Ans nopiBHAHHA nokas-
HUKIB MK He3anexHuMu rpynamu 3 BiflbHM pOo3nodifiom
3aCTOCOBYBanu HenapameTpu4Hun Kputepin MaHHa—YiTHi.

[ns NOpiBHAHHA 4acTOT MiX rpynamvM BUKOPUCTO-
ByBanu kputepin X2 lNipcoHa. Y pasi, AKWo ouikyBaHa
yacToTa y BGyab-akin kniTvHUi Tabnuui 6yna <5, 3acToco-
ByBanu To4HUM Kputepin Piwepa. CTaTUCTUYHO 3Hauy-
LMK BBaxKanu BigMiHHocTI npu p < 0,05.

of the European Society of Cardiology (2020, 2023) and
current national guidelines [9, 10].

The presence of post-COVID-19 syndrome was
assessed using the POST-COVID-19 Functional Status
Scale [11].

Smoking status was determined using a questionnaire
according to the criteria of the American Behavioral Risk
Factor Surveillance System [12].

Twenty-four-hour  ambulatory  blood  pressure
monitoring was performed using the ABPM 50 CONTEC
TM device (Heaco, United Kingdom) after stabilization
of the patients’ clinical condition and maximal possible
restoration of hemodynamic parameters. The monitoring
duration was 24 hours. Blood pressure measurements
were performed at 20-minute intervals during the daytime
period (06:00-21:59) and at 30-minute intervals during
the nighttime period (22:00-05:59).

The following parameters were analyzed: systolic
(SBP), diastolic (DBP), and pulse (PP) blood pressure
(mean 24-hour, daytime, and nighttime values),
hypertension load index for SBP and DBP, degree
of nocturnal BP reduction according to the dipping index,
and heart rate.

According to ESC/ESH recommendations
on ambulatory blood pressure monitoring (2018), target
mean BP values were considered as follows: 24-hour
BP <130/80 mmHg, daytime BP <135/85 mmHg, and
nighttime BP <120/70 mmHg.

Circadian BP rhythm was assessed according
to current recommendations: a dipping index of 10-20%
corresponded to a normal nocturnal BP decrease
(«dipper»), <10% to insufficient decrease («non-dipper»),
>20% to excessive decrease («over-dipper»), and <0%
to nighttime BP increase («night-peaker») [13].

Patients received treatment according to approved
clinical protocols for acute coronary syndrome
management [9, 10]. All patients received optimal
pharmacological  therapy  considering individual
clinical characteristics, including antiplatelet agents,
P2Y12 receptor inhibitors, anticoagulants, statins,
angiotensin-converting enzyme inhibitors, beta-blockers,
nitrates, and diuretics.

Statistical analysis was performed using Microsoft
Excel 2021 and Statistica 10 software. The normality
of distribution for quantitative variables was assessed
using the Shapiro-Wilk test. In the case of normal
distribution, data were presented as mean * standard
deviation (M + SD). The parametric Student’s t-test
was used to compare means between two independent
samples with normal distribution. If the distribution
deviated from normality, results were presented
as median and interquartile range Me (25%; 75%), and
comparisons between groups were performed using the
Mann-Whitney test.

Pearson’s x? test was used to compare frequencies
between groups. If the expected frequency in any cell
was < 5, Fisher’s exact test was applied. Differences were
considered statistically significant at p < 0,05.
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PE3YABTATU

[MpoBeneHoO nopiBHANBbHUI aHani3 nokasHukis OMAT
Ta YacTOK MauieHTiB i3 niaBuwieHum AT BiZHOCHO peko-
MEHAOBaHUX UiNboBMX 3HadeHb [OMAT, 3anexHo Big
HasiBHocTi PACS i 3B1YkM KypiHHA y nauieHTis 3 HC.

Hamun BCcTaHOBMEHO AOCTOBIPHO BULLi PiBHI cepea-
Hbogobosoro CAT vy rpyni nauieHTiB i3 PACS (1-wa
rpyna) nopiBHsHO 3 rpynoto nauieHTiB 6e3 PACS (2-ra
rpyna) — Ha 4,36 mm pr.cT. (124,19 + 14,61 mMm pT.CT.
(1) npotn 119,83 £ 16,15 mm prt.cT. (2), p = 0,03). Bcta-
HOBIEHO TaKOX [AOCTOBIPHO OGinblUi cepeHi 3HAYeHHs
HiyHoro AT y 1-i rpyni, nopiBHAHO 3 2-n rpynoto: CATH
(121,08 £15,85mmpr.cT. (1) npotn 114,06 + 14,30 MM pT.CT.
(2), p = 0,003), JATH (70,33 + 12,17 mm pT.CT. (1) mpoTu
67,49 £ 9,81 mm pr.cT. (2), p = 0,05) (Tabn. 1).

RESULTS

A comparative analysis of ABPM parameters and
the proportions of patients with elevated BP relative
to the recommended target ABPM values was performed
depending on the presence of PACS and smoking status
in patients with UA.

We found significantly higher mean 24-hour SBP levels
in the group of patients with PACS (Group |) compared with
the group of patients without PACS (Group Il)—by 4.36 mmHg
(124.19 + 14.61 mmHg (I) vs 119.83 £+ 16.15 mmHg (Il),
p =0.03). Significantly higher mean nighttime BP values were
also observed in Group | compared with Group II: nighttime
SBP (121.08 + 15.85 mmHg (1) vs 114.06 + 14.30 mmHg (Il),
p = 0.003) and nighttime DBP (70.33 + 12.17 mmHg (l) vs
67.49 + 9.81 mmHg (ll), p = 0.05) (Table 1).

Ta6nuus 1. CepepaHi piBHI Noka3HukiB 4O60BOro Npodinto apTepianbHOro TUCKY

y nauienTiB 3 HC 1-i Ta 2-i rpyn, 3anexHo Big daktopa KypiHHs (M £ SD)

Table 1. Mean values of ambulatory blood pressure profile parameters in patients
with unstable angina in groups | and Il depending on smoking status (mean + SD)

1-wa rpyna (n = 87) / Group | 2-ra rpyna (n = 60) / Group |l
MokasHuk / Parameter 1 1A 1B 2 2A 2b
(n = 36) (n=51) (n =28) (n=32)
CATp06, MM pT. CT. 124,19 £ 129,19 + 120,73 £ 119,83 122,82 + 117,13 £
24-h SBP, mmHg 14,61 * 16,37 *# & 12,26 13,59 16,15 * 10,32
CATA, MM pT. CT. 125,09 + 129,15 122,44 + 120,32 + 125,29 + 115,84 +
Daytime SBP, mmHg 15,13 17,62 * & 12,76 20,43 16,65 * 22,67
CATH, MM pT. CT. 121,08 £ 127,82 + 116,59 114,06 116,29 + 112,06
Night-time SBP, mmHg 15,85 * 16,85 * # & 13,54 14,30 17,57 10,43
OATRo6, MM pT. CT. 73,56 £ 76,75 71,35+ 72,49 £ 75,5+ 69,77 +
24-h DBP, mmHg 11,48 13,75 * & 9,09 10,08 11,86 * 7,33
OATA, MM pT. CT. 74,99 £ 77,56 £ 73,31 % 74,31 £ 77,36 = 71,55+
Daytime DBP, mmHg 12,14 15,19 * & 9,44 11,04 12,74~ 8,56
OATH, MM pT. CT. 70,33 £ 75,12 £ 67,14 67,49 + 70,18 + 65,06 +
Night-time DBP, mmHg 12,17 * 13,70 *# & 9,94 9,71 11,72 6,76
MATR06, MM pT.CT. 50,63 + 52,44 + 49,38 + 47,51 + 47,67 47,35 +
24-h PP, mmHg 9,71 * 10,10 # & 9,32 8,09 8,48 7,86
MATA, MM pT. CT. 50,08 51,53 £ 49,13 = 47,71 = 47,93 + 47,52 +
Daytime PP, mmHg 9,31 * 9,38 & 9,24 7,97 8,18 7,90
MATH, MM pT. CT. 50,79 £ 52,79 + 49,45 + 46,58 + 46,11 47,00 +
Night-time PP, mmHg 10,34 * 10,50 # & 10,11 10,44 10,36 10,67
4 CATA, % 28,33 + 38,45 + 21,33 ¢ 21,03 + 28,95 + 13,88 +
SBP load index (day), % 30,47 34,18 & 25,69 27,80 34,15 * 18,25
4 CATH, % 43,59 + 58,62 + 32,98 + 28,55 + 34,51 23,16 +
SBP load index (night), % 35,81 36,36 * # & 31,69 34,48 39,46 23,98
Y OATA, % 19,23 + 24,21 + 15,78 + 19,21 26,97 + 12,20 +
DBP load index (day), % 26,37 31,21 & 22,10 27,36 33,31 * 18,47
14 OATH, % 43,37 + 53,07 £ 36,53 + 39,13 ¢+ 48,67 + 30,51 +
DBP load index (night), % 33,08 33,54 * & 31,30 31,30 33,36 * 25,86
[l CAT, % 2,87 0,54 4,43 5,96 6,50 5,47
SBP dipping, % (-2,7;82)* | (-4,1;,70)*#& | (-1,6;9,0) | (0,3;11,7) (0,1; 11,6) (0,6; 11,1)
01 OAT, % 5,86 2,40 8,17 8,5 8,61 8,40
DBP dipping, % (-1,4;14,5)*| (-5,6;9,4)*# & | (2,4;15,1) | (1,9;15,1) | (3,7;14,7)* | (0,8;16,1)
YCCpob, ya/xs 71,48 £ 72,64 £ 70,71 71,37 £ 73,07 + 69,84 +
Mean 24-h HR, bpm 13,79 14,53 13,36 11,59 11,80 11,38

Mpumitku / Notes:

*—p < 0,05 (gocToBipHiCTb pi3HNLi Mix 1-t0 Ta 2-to rpynamu, nigrpynamu 1Ai 16, 2A i 2B);
# — p < 0,05 (gocToBipHICTb pi3HMLI MiX nigrpynamm Kypuis — 1A, 2A);

& — p < 0,05 ( gocToBipHiCTb pi3HWLI Mix nigrpynamu 1A, 2b).

* p < 0.05 (significance of differences between groups | and Il, subgroups IA and IB, 11A and 1IB);
# p < 0.05 (significance of differences between smoker subgroups IA and IIA);
& — p < 0.05 (significance of differences between subgroups IA and 1IB).
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Kpim TOro, cepepgnini nynscosuii AT (MAT) (gobosui,
HIYHWIA, 4EHHWIA) BUSIBUBCS JOCTOBIPHO BULLMM Y 1-1 rpyni,
MOPIBHSHO 3 2-10 rpynoto Ha 2,4—4,2 mm pT. cT. (p < 0,05).

AHania nokasHwukiB iHaekcy dacy (IY) rinepTeHsii
nokasaB OCTOBiIpHO Ginbni Ha 15,04% 14 CATH y 1-n
rpyni, MOpiBHsIHO 3 2-t0 rpynoto (p < 0,05).

[OI CAT focTOBIpHO HMXYMIA BABIYI y 1-1 rpyni, nopis-
HAHO 3 2-to rpynoto (2,87% (—2,7;8,2) (1) npotn 5,96%
(0,3;11,7)(2), p<0,01), a Takox ] AAT [,OCTOBIPHO HUXKYMI
Ha 2,64% (5,86% (-1,4;14,5) (1) npot 8,5% (1,9;15,1) (2),
p < 0,05), WO NOSACHIOETHCSA AOCTOBIPHO BiNbLUOK YAaCTKOH
y 1-i rpyni nauieHTiB i3 dpeHoTMnom gobosoro npodinto
«non-dipper» Ta «night-peaker». 3okpema, 4acTka ocib
3 ceHoTunom «night-peaker» cepen naujeHtiB 3 PACS
(1-wa rpyna) cknana 42,05%, wWo BABiYI NepeBuLLye
TaKy yacTKy 3 cheHoTunomM gobosoro npodinto AT «night-
peaker» cepepn ocib 6e3 PACS (2-ra rpyna) (42,05% (1)
npotu 20,34% (2), p < 0,01) (puc. 1).

In addition, the mean pulse pressure (PP) (24-hour,
nighttime, and daytime) was significantly higher in Group
| compared with Group Il by 2.4—4.2 mmHg (p < 0.05).

Analysis of the hypertension load index parameters
demonstrated a significantly higher nighttime SBP load
index in Group | compared with Group Il by 15.04%
(p < 0.05).

The SBP dipping index was significantly two times
lower in Group | compared with Group 11 (2.87% (-2.7; 8.2)
() vs 5.96% (0.3; 11.7) (Il), p < 0.01). The DBP dipping
index was also significantly lower by 2.64% (5.86% (—1.4;
14.5) (1) vs 8.5% (1.9; 15.1) (Il), p < 0.05). This finding
can be explained by the significantly higher proportion
of patients with pathological circadian BP phenotypes
«non-dipper» and «night-peaker» in Group I. In particular,
the proportion of individuals with the «night-peaker»
phenotype among patients with PACS (Group |) was
42.05%, which was twice as high as among patients
without PACS (Group 1l) (42.05% (I) vs 20.34% (ll),
p <0.01) (Figure 1).
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Puc.1. MNowwnpeHicTe fo6osoro npodinto CAT Ta [AT: dipper, non-dipper, over-dipper
ma night-peaker y naujenTis i3 HC 3anexHo Big HasiBHOCTi nocTkoBigHoro cuHapomy (PACS)
Fig. 1. Prevalence of systolic and diastolic blood pressure circadian profiles (dipper, non-dipper, over-dipper
ma night-peaker) in patients with unstable angina depending on the presence of post-COVID syndrome (PACS)

YacTka ocib 3 nepeBuLLEHHSIM LinboBUX piBHIB AT 3a
pesynsratamum OMAT y 1-1 rpyni € GinbLUOK NOPIBHSIHO
3 2-t0 rpynoto ana CATH (44,32% (1) npotn 25,42% (2),
p <0,02) Tay 2,5 pasa Ginbwoto ana JATH (18,18% (1)
npotn 6,78% (2), p < 0,03) (tabn. 2).

The proportion of patients with BP values exceeding
target levels according to ABPM results was higher
in Group | compared with Group Il for nighttime SBP
(44.32% (1) vs 25.42% (Il), p < 0.02) and 2.5 times higher
for nighttime DBP (18.18% (I) vs 6.78% (II), p < 0.03)
(Table 2).
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Tabnuusa 2. Po3nogin nauieHTie 3 HC 3a BiaxvneHHamu Big LinboBux piBHiB AT 3a gaHummn JMAT 3anexHo Big cTaTycy KypiHHs
Table 2. Distribution of patients with UA according to deviations from target BP levels based on ABPM depending on smoking status

1-wa rpyna (n = 87) 2-ra rpyna (n = 60)
Moka3Hukn / Parameter 1 1A 16 2 2A 2b
(n =36) (n=51) (n=28) | (n=32)
CATRO6 > 130 Mm pr. cT. / 24-h SBP above target, % | 29 (33,33%) 7 12 13 8 5
T ’ ’ (47,22% ) * & | (23,52%) | (21,67) | (28,57%) | (15,63%)
CATg > 135 mm prt. cT. / Daytime SBP above target 19 10 9 9 6 3
T (21,83%) (27,78%) (17,65%) | (15,00%) | (21,43%) | (9,38%)
. . 39 (44,83%) 22 17 15 10 5
CATH > 120 mm pT. cT. / Night-time SBP above target * (61,61%) * # & | (33,33%) | (25,00%) | (35,71%) * | (15,63%)
9 8 9 8 1
- 0,
[OATRo6 > 80 mm pt. cT. / 24-h DBP above target 17 (19,54%) (25,00%) & | (15,69%) | (15,00%) | (28,57%) * | (3,13%)
OATgH > 85 mm pr. cT. / Daytime DBP above target 10 5 5 9 8 1
T (11,49%) (13,89%) (9,80%) | (15,00%) | (28,57%) * | (3,13%)
. . 16 10 6 4 4
OATH > 70 mm pr. cT. / Night-time DBP above target (18,39%) * | (27.78%)* & | (11,76%) | (6,67%) | (14.29%) * 0

Mpumitkn / Notes: * — p < 0,05 (BOCTOBIpHICTb Pi3HMLI MiX 1-t0 Ta 2
# — p < 0,05 (gocToBipHICTb pi3HMLi MiX nigrpynamu kypuis — 1A, 2A
& — p < 0,05 (gocToBipHiCTb pi3HULUi Mix nigrpynamu 1A, 2B).

-to rpynamu, nigrpynamu 1Ai 16, 2A i 2B);
);

* —p < 0.05 (significance of differences between groups | and Il, subgroups IA and IB, IIA and IIB);

# — p < 0.05 (significance of differences between smoker subgroups

IAand lIA);

& — p < 0.05 (significance of differences between subgroups IA and 1IB).

TakMM 4MHOM, B OCIG 3 MOCTKOBIAHUM CUHOPOMOM
(1-wa rpyna) 3apeecTpoBaHO JOCTOBIPHO BULLi CEPefHbO-
nobosun CAT Ta cepegHin HiuHmi AT, a Takox cepeHi
MAT (no6oBUI, 4EHHWIA Ta HIYHWUIA), MOPBIHAHO i3 NauieH-
Tamy 6e3 MOCTKOBIAHOrO cuHApoMmy (2-ra rpyna). Y 1-i
rpyni Takox 3apeecTpoBaHO BuLi nokasHukn 14 CATH.
YacTku ocib i3 natonoriyHMumMu uupkagHumu npodpinsmm
AT tuny «non-dipper» Ta «night-peaker» Ginbwi y 1-i
rpyni, B TOM Yac sk y 2-i rpyni € 6inbwmmMm vacTku ocib
i3 goisionoriyHnm npodpinem AT «dipper».

Mwu npoaHanizyBanu nokasuuku OMAT cepen naui-
eHTiB 1-1 i 2-1 rpynn 3anexHo BiA dakTopa KypiHHS.
3okpema, B ocib i3 PACS (1-wa rpyna) HamMmu BUSIBNEHO
poctoBipHo BuLi piBHi CATo6 (p = 0,004) Ta OATHo6
(p = 0,015) came y nigrpyni kypuie (1A), NOpiBHSIHO
i3 Hekypuamu (1B). CATg Ta OATA TakoX BUSIBUNMUCH
[OCTOBIPHO BMLLMMU Ha 4—7 MM PT.CT. y nigrpyni 1A nopis-
HsHO i3 nigrpynoto 16 (p < 0,05). CepepgHi piBHi CATH
Ta [JATH, 6ynu gocToBipHo BuLLi y 1A nigrpyni nopiBHAHO
3 1B nigrpynoto (auB. Tabn.1).

Y nigrpyni 1A, nopiBHAHO i3 1B, Takox BM3HaAYUNU
[OCTOBIpPHO B iHOEKCK Yacy rinepTteHsii: 14 CATq BaBivi
Buwmn (p < 0,01), 14 CATH — Ha 25,64% (p < 0,001),
4 OATH — Ha 16,54% (p < 0,05).

Takum 4ymHOM, y nigrpyni KypuiB 3 MOCTKOBIOHUM
cuHgpomom (1A) cnocTepiratloTbCsl [OCTOBIPHO  FipLUi
napametpy OMAT y NOpiBHAHHI 3 HEKYpLSIMU i3 NOCTKO-
BigHUM cuHgpomom (1B).

Y 2-1 rpyni, TO6TO cepen nauieHTiB 63 NOCTKOBIAHOIO
CUHOpPOMY, came y KypuiB (migrpyna 2A) Bu3Ha4unm gocTto-
BipHO BuLLi Ha 5—10 MM pT.CT. cepeaHi 4OOOBI, AEHHI, HiYHI
CAT Ta [JAT, nopiBHsiHO i3 nigrpynoto Hekypuis (2B).

I4 CATg ta |9 OATH pocToBipHO BULli BABIYi y 2A
nigrpyni, nopieHaHo i3 26 (p < 0,05). 14 OATH Takox
pocTtoBipHO Buwmi y 2A nigrpyni Ha 18,16%, nopiBHSAHO
3 26 nigrpynoto (p < 0,04).

YacTka ocib i3 nepeBuLLEHHSIM LinboBKX piBHIB AT 3a
nokasHukamu [OMAT poctoBipHo 6Ginblia y nigrpynax

Thus, patients with post-COVID-19 syndrome (Group
I) demonstrated significantly higher mean 24-hour SBP
and mean nighttime DBP, as well as higher PP values
(24-hour, daytime, and nighttime) compared with patients
without post-COVID-19 syndrome (Group Il). Group | also
showed higher values of the nighttime SBP time index.
The proportions of patients with pathological circadian
BP profiles of the «non-dipper» and «night-peaker» types
were higher in Group |, whereas the proportion of patients
with the physiological «dipper» BP profile was higher
in Group 1.

We analyzed ABPM parameters among patients
in Groups | and Il depending on smoking status.
In particular, among patients with PACS (Group 1),
significantly higher levels of 24-hour SBP (p = 0.004)
and 24-hour DBP (p = 0.015) were found in the smoker
subgroup (IA) compared with non-smokers (IB).
Daytime SBP and DBP were also significantly higher by
4—7 mmHg in subgroup |IA compared with subgroup 1B
(p < 0.05). Mean nighttime SBP and DBP levels were
also significantly higher in subgroup IA compared with
subgroup IB.

In subgroup IA, compared with subgroup IB,
significantly higher hypertension load indices were also
observed: the daytime SBP load index was two times
higher (p < 0.01), nighttime SBP load index was higher by
25.64% (p < 0.001), and nighttime DBP load index was
higher by 16.54% (p < 0.05).

Thus, in the subgroup of smokers with post-
COVID-19 syndrome (lA), significantly worse ABPM
parameters were observed compared with non-smokers
with post-COVID-19 syndrome (IB).

In Group I, that is, among patients without post-
COVID-19 syndrome, smokers (subgroup IIA)
demonstrated significantly higher mean 24-hour, daytime,
and nighttime SBP and DBP values by 5-10 mmHg
compared with the subgroup of non-smokers (IIB).
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kypuis (1A, 2A), nopiBHAHO i3 nigrpynamu Hekypuis
(1B, 2B). 3okpema, YacTka nauieHTIiB i3 nepeBULEHHAM
uinboBoro nokasHuka CATHo6 € binbwoto y 1A nigrpyni,
nopieHsaHo 3 1B, i cknapae 47,22% (1A) npotun 23,52%
(1B), p < 0,02. TakoX AOCTOBIPHO BINbLIMMKN € YacTKu
nauieHTiB 3 NepeBULLEHHAM UinboBuX nokasHukie CATH
Ta OATH. Yactka CATH Ha 28,3% p[ocToBipHO Ginblua
y 1A (61,61%) nopieHaHo i3 Takowo y 16 (33,33%),
p = 0,01, OATH —y 2,4 pa3a gocToBipHO nepesuiLye y 1A
(27,78%), nopiBHsaHO 3 16 (11,76%), p < 0,05. YacTka ocib
i3 dpeHotunom [l JAT «night-peaker» y 1,9 pasa gocrto-
BipHO Ginbwa y 1A nigrpyni (41,18% (1A) npotn 21,57%
(1B), p < 0,05), nopiBHsiHO i3 nigrpynoto 16 (puc. 2).

The daytime SBP and DBP load indices were two
times higher in subgroup IIA compared with subgroup
IIB (p < 0.05). The nighttime DBP load index was also
significantly higher in subgroup IlA by 18.16% compared
with subgroup 1B (p < 0.04).

The proportion of individuals with BP values
exceeding target levels according to ABPM parameters
was significantly higher in the smoker subgroups (IA,
IIA) compared with the non-smoker subgroups (IB,
IIB). In particular, the proportion of patients exceeding
the target 24-hour SBP value was higher in subgroup
IA compared with subgroup IB and amounted to 47.22%
(IA) versus 23.52% (IB), p < 0.02. The proportions
of patients exceeding target nighttime SBP and DBP
values were also significantly higher. The proportion with
elevated nighttime SBP was 28.3% higher in subgroup IA
(61.61%) compared with subgroup IB (33.33%), p = 0.01.
Nighttime DBP exceeded target levels 2.4 times more
often in subgroup IA (27.78%) compared with subgroup
IB (11.76%), p < 0.05. The proportion of individuals with
the DBP dipping phenotype «night-peaker» was 1.9 times
higher in subgroup 1A (41.18% (IA) vs 21.57% (IB),
p < 0.05) (Figure 2).
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Puc. 2. MowwupeHictb gobosoro npodpinto CAT ta [AT: dipper, non-dipper, over-dipper
ma night-peaker y naujentis i3 HC Ta nocTtkosigHumM cungpomoM (PACS) 3anexHo Bif daktopa KypiHHS
Fig. 2. Prevalence of systolic and diastolic blood pressure circadian profiles (dipper, non-dipper,
over-dipper and night-peaker) in patients with unstable angina and post-COVID syndrome depending on smoking status

Mpw nopisHsaHHI nigrpyn 1A Ta 2B, yacTka oci6 3 nepe-
BUMLLEHHAM LinboBux nokasHukie CATH y nigrpyni Kypuis
6e3 PACS (2A) € nocToBipHo 6inbLuoto BABivi (35,71% (2A)
npotn 15,63% (2B), p < 0,05), Takox yacTka ocib i3 nepe-
BULLIEHHAM UinboBux pieHiB JATA Ta LATH € 4OCTOBIpHO
Ginbwoto (p < 0,01). Yactka oci6 i3 npodinem [l CAT

When comparing subgroups lIAand IIB, the proportion
of individuals exceeding the target nighttime SBP value
in smokers without PACS (llIA) was significantly twice
as high (35.71% (lIA) vs 15.63% (IIB), p < 0.05). The
proportion of individuals exceeding target daytime and
nighttime DBP values was also significantly higher
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«dipper» € gocToBipHO BinbLUOt0 y NiArpyni HekypLiB 6e3
PACS (2B), nopiBHsiHO 3 kypusamn 6e3 PACS (2A) (puc.3).

(p < 0.01). The proportion of individuals with the SBP
dipping phenotype «dipper» was significantly higher in the
subgroup of non-smokers without PACS (IIB) (Figure 3).
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Puc. 3. MowwpeHictb gobosoro npodinto CAT Ta OAT: dipper, non-dipper, over-dipper
ma night-peaker y naujenTis i3 HC 6e3 noctkosigHoro cuHapomy (PACS), 3anexHo Bif dpaktopa KypiHHs
Fig. 3. Prevalence of systolic and diastolic blood pressure circadian profiles (dipper, non-dipper,
over-dipper and night-peaker) in patients with unstable angina without post-COVID syndrome depending on smoking status

[Mpy NOpIBHAHHI KypLiB B 3anexHOCTi Bi4 HasBHOCTI
PACS (1A, 2A), M1 oTpyManu Taki pe3ynsTaTi: y Kypuis
i3 PACS (1A) poctoBipHo Buwi CATno6, CATH, OATH,
NopiBHAHO i3 nigrpynoto Kypuis 6e3 PACS (2A), a Takox
MATRo6, MATH.

I4 CATH Ha 24,11% pocToBipHo Buwmin y 1A nigrpyni,
nopiBHsaHO 3 2A (58,62% (1A) npotn 34,51% (2A),
p <0,05).

YacTtka ocib i3 dpeHoTMnom gobosoro npodpinto CAT
«night-peaker» Bagivi Ginbwa y nigryni kypuis i3 PACS
(1A), nopisHsaHo i3 kypuamu 6e3 PACS (2A), p < 0,05.
MpoTe yacTka ocib i3 gisionoriyHum natepHom «dipper»
[ocToBipHo GinbLua y nigrpyni 2A, nopisHsHoO i3 1A.

Mpu nopiBHsaHHI KypuiB 3 PACS (1A) Ta HekypuiB 6e3
PACS (2b) oTpumanu [OCTOBIPHO BULLi cepeaHi nokas-
Hukn OMAT y nigrpyni 1A, a came: CATo6, CATa, CATH,
OATpo6, OATa, OATH, NATRo6 goctoBipHo Buwi y 1A
nigrpyni nopisHsiHo 3 26 nigrpynoto, 3okpema, CAToo6 —
Ha 12,06 mm pt.cT, p < 0,001), OATHo6 — 7,00 mm pT.CT,,
p <0,01).

I4 CATa 1a 14 CATH y 2,5 pa3a goctoBipHO BuLi y 1A
nigrpyni, nopisHsHoO i3 26 nigrpynoto. 14 OATA 1a 4 OATH
Oynu JOCTOBIPHO BULWMMK Y 2 pa3u Ta y 1,7 pasa Bigno-
BigHo y nmigrpyni 1A nopiBHsHO 3 nigrpynoto 2b.

When comparing smokers depending on the
presence of PACS (IA vs lIA), smokers with PACS (IA)
had significantly higher 24-hour SBP, nighttime SBP, and
nighttime DBP compared with smokers without PACS
(IIA), as well as higher 24-hour and nighttime PP.

The nighttime SBP load index was significantly higher
by 24.11% in subgroup IA compared with subgroup Il1A
(58.62% (IA) vs 34.51% (lIA), p < 0.05).

The proportion of individuals with the SBP circadian
phenotype «night-peaker» was two times higher in the
subgroup of smokers with PACS (IA) compared with
smokers without PACS (llIA), p < 0.05. However, the
proportion of individuals with the physiological «dipper»
pattern was significantly higher in subgroup IIA compared
with subgroup IA.

When comparing smokers with PACS (IA) and
non-smokers without PACS (lIB), significantly higher
mean ABPM parameters were observed in subgroup IA.
In particular, 24-hour SBP, daytime SBP, nighttime SBP,
24-hour DBP, daytime DBP, nighttime DBP, and 24-hour
PP were significantly higher in subgroup IA compared
with subgroup IIB. Specifically, 24-hour SBP was higher
by 12.06 mmHg (p < 0.001), and 24-hour DBP by
7.00 mmHg (p < 0.01).
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OBrOBOPEHHS

OTpvMaHi Hamu pesynbTaTy, WO BKa3yloTb Ha BULLI
cepeaHboao00BI, AeHHi, HiyHi CAT Ta OAT Ta nigBu-
WeHi iHaekcn 4vacy rinepteHsii y nauieHTiB i3 PACS,
0CcobnMBO y KypLiB, 3aranom Y3rogxylTbCcs 3 AaHUMMU
cyyacHoi nitepatypu, SKi cBigyaTb NpO iCTOTHO NioBuW-
LLIeHN JOBrOCTPOKOBUI KapAioBacKyNnApHUIN pu3unK nicrns
SARS-CoV-2. 3okpema, Benuki KOrOpPTHi AOCHigKeHHSs
nokasanu 36iMbLUEHHS YacTOTU CepPLEBO-CYOUHHUX MOSiN
Ta nigeuweHoro AT B nocT-COVID-19 nonynsuisax [14].

Y  KINbKOX iHWWX  OOCHIDKEHHAX, MPUCBSYEHNX
BMBYEHHIO OCOGNMBOCTEN 24-rOAMHHOrO ambBynaTopHOro
MoHiTopuHry (ABPM), TakoX BKasdyeTbCA Ha nartorno-
riyHi 3MiHn npodpinie AT nicns nepeHeceHoro COVID-19.
Y [eskux QOCHIMKEHHSX BUABNSANU NiABULLEHHS [060BMX
Ta HiYHUX NokasHukiB AT y BigaaneHun nepiog, Wo pe3oHye
3 HalWWMK CrocTepexeHHaMU. B ogHoMy i3 HaMHOBILIMX
pocnipkeHs LOCHINVAR (Lip et al.), oo sikoro 6yno 3any-
yeHo 97 naujeHTiB 6e3 AT, Yepe3 12 micsauiB 3adhikcoBaHO
niasuweHHs CAT Ta [JAT B cepeiHboMy Ha 4,6/4,5 MM pT. CT.
B oci6 3 COVID-19, nopiBHAHO 3 rpynoto naujieHTiB 6e3
COVID-19 [15]. OTtpvMaHi Hamu [aHi y3rogXyTbCs
i3 3a3HaveHMMK pesynbsTatamu: y rpyni nauieHTis i3 PACS
(1-wa rpyna) peecTpyloTbCa AOCTOBIPHO BULLMIA cepen-
HbogoboBuin CAT Ha 4,36 MM PT.CT., TaKOX OOCTOBIpHO
OinbLi cepenHi nokasHmkM HiyHoro CAT — Ha 6,02 MM pPT. CT.
Ta JATH — Ha 2,84 MM pT. CT.

Cnig 3ayBaxknTu, WO B 0Cib 3 AO0AaTKOBUM (haKTOPOM
KypiHHS, ocobnueBo 3 PACS (1A), OCHOBHi MOKa3HWMKK
OMAT BusiBUNMCb HameBuwmmn. 30Kpema, y umx ocid
(1A) BusiBneHo JocToBipHO BULLi cepeaHi piBHi CATo6
Ha 6,37 mm pT. cT.,, CATH Ha 11,53 Mm pT. cT. Ta JATH
Ha 4,94 MM pT. CT. NOpiBHSAHO 3 Kypusimu 6e3 PACS (2A),
a TaKkoX [OCTOBIpHO Oinblia yactka ocib i3 nmatepHom
«dipper» (cpisionoriyHnii naTepH HIYHOrO 3HWXEHHsT AT)
y nigrpyni 2A, nopisHsHO i3 1A. B ogHomy 3 nogibHux
[ocrnigxkeHb Moro aBTopu BuBYanuM [o6osuid npodinb
AT Ta 1noro BapiabenbHicTb 3a JONOMOro aMbynaTopHNX
BMMiptoBaHb y Monoaux mogen i3 long-COVID (n = 58,
cepepHin Bik 23,07 £ 1,54 p.) Ta nopiBHIOBanu 3i 340po-
BMMU ocobamu, ki He xBopinn Ha COVID-19 (n = 57,
cepefHin Bik 22,9 + 1,83 p.). AHani3 nokasas y naui-
eHTiB 3 long-COVID Buwi cepegHi 3HayeHHs CAT
(127,1 £ 6,65 mm pT. cT. npotn 115,93 + 6,24 Mm pT. CT.)
TaJAT (73,31+£5,30 MM pT. cT. npoT 68,79+ 5,5 MM pT. CT.),
npuyomy nepeBaxkHo BHOYi. HiyHe 3HmxeHHa CAT Gyno
KpaLLMM Yy KOHTPOMbHIW rpymi, NOPIBHAHO 3 nauieHTamu
3 long-COVID. Jlnwe 13 (22,4%) nauieHTiB 3 long-COVID
Marnu peHoTMN HIYHOTo 3HWXeHHS AT Tuny «dipper», Toai
AK y nauieHTiB 6e3 long-COVID y 66,7% cnocTepirascs
npoginb Tuny «dipper» [16].

Y pocnigxeHHi Azami P et al. (2024), oo skoro 6yno
3any4eHo 5 355 nauieHTis, ouiHoBanu AT y cepefHbOMY
yepes 12,5 + 0,4 mic. nicna COVID-19 Ta nopisHioBanu
3 AoiHdeKUinHMy piBHAMKU. OTprMaHi pesynsraTty noka-
3anu, wo CAT nigsuwmees 3 126,90 £ 20,91 Mm pT. CT. A0

The daytime and nighttime SBP load indices were
2.5 times higher in subgroup IA compared with subgroup
IIB. The daytime and nighttime DBP load indices
were significantly higher by two times and 1.7 times,
respectively, in subgroup IA compared with subgroup IIB.

DISCUSSION

The results obtained in our study, indicating higher
mean 24-hour, daytime, and nighttime SBP and DBP
levels as well as increased hypertension load indices
in patients with PACS, especially among smokers,
are generally consistent with data from contemporary
literature demonstrating a significantly increased long-
term cardiovascular risk after SARS-CoV-2 infection.
In particular, large cohort studies have shown an increased
incidence of cardiovascular events and elevated blood
pressure in post-COVID-19 populations [14].

Several other studies investigating features of 24-hour
ambulatory blood pressure monitoring (ABPM) also
report pathological changes in BP profiles after COVID-
19. In some studies, increased 24-hour and nighttime
BP values were observed in the long-term period, which
corresponds with our observations. In one of the most
recent studies, LOCHINVAR (Lip et al.), which included
97 patients without hypertension, an increase in SBP and
DBP by an average of 4.6/4.5 mmHg was recorded after
12 months in individuals with COVID-19 compared with
patients without COVID-19 [15]. Our data are consistent
with these findings: in the group of patients with PACS
(Group 1), significantly higher mean 24-hour SBP was
observed by 4.36 mmHg, as well as significantly higher
mean nighttime SBP by 6.02 mmHg and nighttime DBP
by 2.84 mmHg.

It should be noted that in individuals with the
additional factor of smoking, particularly those with
PACS (subgroup IA), the main ABPM parameters
were the highest. In particular, these individuals (IA)
demonstrated significantly higher mean levels of 24-hour
SBP by 6.37 mmHg, nighttime SBP by 11.53 mmHg,
and nighttime DBP by 4.94 mmHg compared with
smokers without PACS (IlA), as well as a significantly
higher proportion of individuals with the physiological
nocturnal BP reduction pattern «dipper» in subgroup
IIA compared with IA. In one similar study, the authors
investigated the 24-hour BP profile and its variability
using ambulatory measurements in young individuals
with long-COVID (n = 58, mean age 23.07 + 1.54 years)
and compared them with healthy individuals who had not
had COVID-19 (n = 57, mean age 22.9 + 1.83 years).
The analysis demonstrated higher mean SBP
(127.1 £ 6.65 mmHg vs 115.93 + 6.24 mmHg) and DBP
(73.31 £ 5.30 mmHg vs 68.79 + 55 mmHg) values
in patients with long-COVID, predominantly at night.
Nighttime SBP reduction was more pronounced in the
control group compared with patients with long-COVID.
Only 13 (22.4%) patients with long-COVID had a «dipper»
BP phenotype, whereas in patients without long-COVID
a «dipper» profile was observed in 66.7% [16].

In the study by Azami P et al. (2024), which
included 5,355 patients, blood pressure was evaluated
on average 12.5 + 0.4 months after COVID-19 and
compared with pre-infection levels. The results showed
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139,99 + 23,94 mm pt. cT. (p < 0,001), OAT nigsumBeca
3 80,54 + 13,94 mm pT. cT. go 86,49 + 14,40 mm pT. CT.
(p < 0,001), 6nn3bko 16% naLieHTiB Manu HOBUIA enis3os
nigBuweHHs AT abo noripweHHs KoHTponto AT nicns
COVID [17].

Y pesynerati NPOBEAEHOr0 HamMu [AOCHIMKEHHS BCTa-
HOBMEHO, o cepeaHbonoboBun CAT OOCTOBIPHO BUMLLIMI
y nauieHTiB 3 PACS Ha 4,36 MM pT. cT. (124,19 Mm pT. CT.
(1) npotn 119,83 (2) mm pT. cT., p < 0,05). MopgiGHI AaHi
Oynu oTpuMaHi y gocnigykeHHi Azami et al, B sikomy BUsiB-
nsanu nigeuwenHs CAT y nauieHTiB nicrs nepeHeceHoro
COVID-19 y BigaaneHomy nepiogi (3 126,90 mm pT. CT.
[0 139,99 MM pT. CT.). Y UbOMY X AOCHIMKEHHI crocTepi-
raetbcs nopibHa TenpeHuia wopo OAT, a came Ginblue
3HayeHHs cepenHbopoboBoro OAT Ha 5,94 mMm pT. CT.
(3 80,54 mm pr. cT. go 86,49 MM pT. CT.) y MauieHTiB nicns
nepeHeceHoro COVID-19. AHanoriyHa TeHAeHList crnocTepi-
ranach i B HawoMy aocrimpkeHHi: JATH OOCTOBIPHO BULLIMIA
(70,33 MM pr. cT. (1) npotun 67,49 (2) mm pT. CcT., p < 0,05).

[Mpy nOpiBHSAHHI pesynbraTiB gaHWX AOCHIOKEHb
CrocTepiraeTbCa HesHayHa pisHUUS B 6a30BUX PIBHAX
nokasHukie MAT, npoTte TeHOeHUii 4O 3MiH y MOCTKO-
BiHMX NauieHTiB 36iratoTbCs.

Oco6n1Bo BaxnmBo, WO M1 3adpikcyBanu nigsuLLEHy
YyacTtky «non-dipper», «night-peaker» naTtepHiB umpkaa-
Horo npodpinto AT y nauieHTiB i3 PACS, ocobnuso —
3 haKTOPOM KYPiHHS, OCKiNbKM Lii heHOMEHM acoLiloloTbes
3 GinNbWKUM CcepueBO-CYyANHHUM pPU3MKOM Y 3ararnbHin
nonynayii. MogibHi 3amiHM uupkagHocTi AT nicna cuctem-
HOro 3ananeHHs Ta npu MOPYLUEHHSIX BeretaTMBHOI
perynsauii onnucyBanu K NOTEHUiNHI Hacmigky BipyCHUX
iHbeKLir | TpMBanoro 3ananbHOro NpoLecy, LWo y CBOK
Yyepry nNigCWMOE rinoTe3dy Npo pofilb aBTOHOMHOI AUcpe-
rynsauii Ta XpoHIYHOro CyAMHHOTrO 3anarneHHsl y MOCTKO-
BiAHMX NaLieHTiB, 0COBNMBO 3 HaKTOPOM KypiHHS. KypiHHS
y TiNepTeH3MBHUX NauieHTiB MOB’A3aHe 3 BULLOK MOLLU-
peHicTio TUNiB «non-dipper» i «night-peaker» uMpkagHnx
npoginis AT [18]. B ogHOMYy AoOCRigXKeHHi NaTonoriyHi
npodini BusiBneHo y 75% kypuis npotn 47% Hekypuis,
TaKoX Kypui mManu Oinbll HiX yTpuyi BULLY NMOBIPHICTb
nopyLUeHb LumpkagHoro putmy AT [19].

Hawe pocnimkeHHss [OMOBHIOE CyyacHi HayKOBi
OaHi, aki ceigyate npo Te, wo i COVID-19 (noctko-
BIOHUA CUHAOPOM), i KYypPiHHA, € ICTOTHUMMW YMHHMKaMMU
avcperynsauii AT nauieHta. OcobnmBo Hebe3neyHnMm € ix
noegHaHHs. Mpu aHanisi nokasHukise OMAT y nauieHTiB
i3 HC Hamu BCTaHOBMEHO, LIO HaBUPA3HiLi 3MiHM LMX
MOKa3HWKIB PEECTPYIOTBCA Came Yy XBOpUX, AKi MakTb
NOEAHAHHA UMX ABOX (DaKTOPIB PM3UKY, LLO CBIAYUTL MPO
B3aEMHE MOCUIEHHSI NAaTOreHEeTUYHMX MexaHi3MiB ancpe-
rynsuii AT, 3okpema y xBopux Ha HC.

BUCHOBKH

[MocTKOBIOHWI CMHAPOM acoLitoeTbCs 3 BinbLL BUpaxe-
HMMW naTornoriYHMMM 3miHamu fobosoro putmy AT y nauyj-
eHTiB i3 HC, BKMIOYHO 3 BULLMMWU CepPeqHiMU PIBHSMMU
AT Ta 4yacTiluMMn HeCnpUSTIMBUMU LMpKagHUMKN heHo-
Tunamu AT («non-dipper», «night-peaker»). MNocTkoBigHWi
CVYHOPOM Ta KYpPiHHS HEe3anexHO MOripLUyTh MOKA3HUKM
po6osoro AT, ane ix NOEOHAHHA MaE CUHEPriYHWUN Hera-
TMBHUIA BMMB Ha AoGoBui npoddinb AT Ta 3poCTaHHs
KapaioBacKynsipHOro puauky y nawieHTis i3 HC.

that SBP increased from 126.90 + 20.91 mmHg to
139.99 £ 23.94 mmHg (p < 0.001), while DBP increased
from 80.54 + 13.94 mmHg to 86.49 + 14.40 mmHg
(p < 0.001). Approximately 16% of patients developed
a new episode of elevated BP or worsening BP control
after COVID-19 [17].

In our study, the mean 24-hour SBP was
significantly higher in patients with PACS by 4.36 mmHg
(124.19 mmHg (1) vs 119.83 mmHg (Il), p < 0.05). Similar
data were obtained in the study by Azami et al., which
reported increased SBP in patients after COVID-19 in the
long-term period (from 126.90 mmHg to 139.99 mmHg).
In the same study, a similar trend was observed for DBP,
namely higher mean DBP values by 5.94 mmHg (from
80.54 mmHg to 86.49 mmHg) in patients after COVID-
19. A similar tendency was also observed in our study:
nighttime DBP was significantly higher (70.33 mmHg (I)
vs 67.49 mmHg (ll), p < 0.05).

When comparing the results of these studies, a slight
difference in baseline ABPM values is observed; however,
the trends of changes in post-COVID-19 patients are
consistent.

Importantly, we recorded a higher proportion of
«non-dipper» and «night-peaker» circadian BP patterns
in patients with PACS, especially among smokers,
since these phenotypes are associated with higher
cardiovascular risk in the general population. Similar
changes in BP circadian rhythm after systemic
inflammation and autonomic regulation disturbances
have been described as potential consequences of viral
infections and prolonged inflammatory processes,
which further supports the hypothesis regarding the
role of autonomic dysregulation and chronic vascular
inflammation in post-COVID patients, particularly
in those who smoke. Smoking in hypertensive patients
is associated with a higher prevalence of «non-dipper»
and «night-peaker» circadian BP profiles [18]. In one study,
pathological profiles were identified in 75% of smokers
compared with 47% of non-smokers, and smokers had
more than three times higher odds of circadian BP rhythm
disturbances [19].

Our  study complements current  scientific
data demonstrating that both COVID-19 (post-
COVID-19 syndrome) and smoking are significant factors
in BP dysregulation. Their combination appears to be
particularly unfavorable. Analysis of ABPM parameters
in patients with UA showed that the most pronounced
changes in these parameters occur precisely in patients
with the combination of these two risk factors, indicating
a mutual enhancement of pathogenic mechanisms of BP
dysregulation, particularly in patients with unstable angina.

CONCLUSIONS

Post-COVID-19 syndrome is associated with more
pronounced pathological changes in the circadian
BP rhythm in patients with unstable angina, including
higher mean BP levels and more frequent unfavorable
circadian BP phenotypes («non-dipper», «night-peaker»).
Post-COVID-19 syndrome and smoking independently
worsen 24-hour BP parameters, however, their combination
has a synergistic negative effect on the BP profile and
increases cardiovascular risk in patients with UA.
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dakTop KypiHHA iCTOTHO noripwye fo6osui Npodinb
AT, npuyomy sk y nauieHTiB i3 PACS (IA), Tak i 6e3
PACS (lIA). Y kypuiB (1A, 2A) 3adikcoBaHO JOCTOBIPHO
BULLi cepeaHboao00Bi, AeHHI Ta HiuHi piBHi CAT Ta JAT,
3HayHO OGinbwi nokasHukm 14 CAT ta OAT y OeHHui
Ta HiYHWN nepiogn, Ginbli YacTkM nauieHTiB i3 nepe-
BULLEHHAM LiNboBuX napametpie AT 3a pesynsratamu
OMAT. VY kypuiB hopMyoTbCH NepeBaXHO NaTonorivHi
deHoTunm gobosoro npodinto CAT i OAT- «non-dipper»
Ta «night-peaker». Yactka poboBux npodinis AT
«non-dipper» y KypuiB byna BOBiYi JOCTOBIPHO BMLLOH,
Todi Ak y HekypuiB (1B, 2B) nepeaxas isionoriyHni
unpkagHuin npodpine AT — «dipper». Lle cBigumTtb npo
NopyLUEHHSI HOPManbHOMO HIYHOIO 3HVXKeHHS AT y KypuiB.

Haibinblw HecnpusaTnuei TeHAeHUiT 3MiH NoKasHUKIB
po6ooro npodinto AT, HanvacTiwe opMyBaHHs naTto-
noriyHmx umpkagHux npodpinis AT (non-dipper, night-
peaker), HaMBWLLi iHOEKCK Yacy rinepTeHsii Ta HanbinbLUi
yacTku ocib i3 BiaxuneHHaM Big UinboBux piBHIB AT 3a
gaHnmn OMAT 3apeecTtpoBaHo y nauieHTiB i3 HC, ski
opHo4vacHo mMatoTb PACS Ta KypsiTh.
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Smoking significantly worsens the 24-hour BP profile
both in patients with PACS (lIA) and without PACS (lIA).
Smokers (IA, 1IA) demonstrated significantly higher mean
24-hour, daytime, and nighttime SBP and DBP levels,
significantly higher SBP and DBP load indices during
daytime and nighttime periods, and higher proportions
of patients exceeding target BP parameters according
to ABPM results. Smokers predominantly demonstrated
pathological SBP and DBP circadian phenotypes
(«non-dipper» and «night-peaker»). The proportion of
«non-dipper» BP profiles among smokers was two times
higher, whereas in non-smokers (1B, 11B) the physiological
BP circadian profile «dipper» predominated. This indicates
impaired normal nocturnal BP reduction in smokers.

The most unfavorable trends in changes of 24-hour
BP profile parameters, the most frequent formation
of pathological circadian BP profiles («non-dipper»,
«night-peaker»), the highest hypertension load indices,
and the highest proportions of individuals with deviations
from target BP levels according to ABPM data were
observed in patients with UA who simultaneously had
PACS and smoking habit.
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Limitations of the study

This study has several limitations related to its observational,
single-center design and its conduct at St. Panteleimon Hospital,
a branch of the First Lviv Territorial Medical Association, which
precludes causal inference and is associated with a potential risk
of selection bias and residual confounding.

The sample size (147 patients with unstable angina,
predominantly male) limits the statistical power of subgroup
analyses and the generalizability of the findings to other patient
populations. Smoking status was assessed by self-report, which
may be subject to information bias. In addition, the duration and
clinical phenotypes of post-COVID syndrome as well as certain
socio-psychological factors were not evaluated.

Despite the use of standardized protocols for ambulatory blood
pressure monitoring and unified treatment approaches, the
results should be interpreted with caution. Further large-scale,
prospective, multicenter studies are required to confirm the
observed associations.

Prospects for further research

Future studies should focus on the dynamics of ambulatory
blood pressure profile parameters depending on the duration
and clinical forms of post-COVID syndrome, as well as on the
impact of smoking cessation on the restoration of circadian blood
pressure rhythms.

Another important direction is the extended assessment
of additional clinical, laboratory, and instrumental parameters
with correlation analyses to determine their relationships with
ambulatory blood pressure monitoring indices. Particular
attention should be paid to the role of endothelial dysfunction and
systemic inflammation in patients with post-COVID syndrome.
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KoH@niKT iHTepeciB BigCyTHIN.

AOTPUMAHHSA €TUMHUX HOPM

HocnigpkeHHs npoBegeHO 3 AOTPUMMAaHHAM npuHUMniB  Bioe-
TUKW, BUKNageHux y lenbcCiHCbKin Aeknapauii «ETWYHi npuk-
LMY MEQUYHUX OOCNISKEHDb 3@ y4acTIo JNIOOUHMY, Ta CXBaNeHo
Komicieto 3 6ioeTukm [depxaBHOro HeKOMepLIHOro Mianpuem-
ctBa «J1bBIBCbKMN HaLiOHaNbHUA MEAUYHUIA YHIBEPCUTET iMEeHi
Hannna Manuuskoro» MiHicTepcTBa OXOpOHU 300pOB’A YKpaiHu
(npotokon Ne10 Big 21 nuctonaga 2022 poky).

IHdbopmoBaHa 3roga Ha yyacTb y JocnigkeHHi 6Gyna oTpu-
MaHa Bif YCiX y4acHUKIB Micrns HagaHHSA iM 3po3yMirnoi, NoBHOI
Ta AOCTYyNHOI iHdopMmauii nmpo MeTy, Au3alH i MEeTOAOoNorio
OOCNIMDKEHHs, MOro MNOTEHUiNHI pU3WKKM, OdiKyBaHi nepearu
Ta MOXMUBI anbTepHaTvBWU. YCi y4acHVKM NiGTBEPAMIIN CBOIO
[06pOBiNbHY y4yacTb LUASIXOM MiANUCAHHA OOKYMeHTa npo
iHdbopMOBaHy 3rofy.

BUKOPUCTAHHS LUTYHHOFO iIHTEAEKTY

ABTOpU pykonucy CBIJOMO 3acBiguvyloTb, IO y npoueci npose-
AEHHS AOCNIAXEHHA Ta MiAroTOBKW LibOro PYKOMWUCY HE BUKO-
PUCTOBYBanMn XOAHUX iHCTPYMeHTiB abo cepBiCiB reHepaTus-
HOTO LUTYYHOTO iHTENEeKTY AN BUKOHaHHS OyAb-SKvX 3aBAaHb,
nepeniyeHnx y TakCOHOMIi AeneryBaHHsi 3aBAaHb reHepaTus-
HOMy wTy4HoMy iHTenekty «GAIDeT» (Generative Artificial
Intelligence Delegation Taxonomy, 2025 p.). Yci etanv po6oTtn —
Bi, KOHUenTyanisauii 4o diHanbHOro pefaryBaHHs — BUKOHaHI
6e3 3any4yeHHst reHepaTMBHOIO LUTYYHOTO iHTEMNEKTY, BUKITHOYHO
aBTOpaMMU.

MepBUHHI AGHi Ta maTepiaau

ABTOpU pyKONMUCy CBIAOMO 3acCBigYylOTb, WO Yy poboTi BUKOpU-
CTaHO pe3ynbTaTh BNACHUX KMiHIYHWX AOChimKeHb, Lo 6ynu
cucTemaTu3oBaHi Ta mnpoaHanioBaHi aBTopamu. [1epBUHHI
OaHi BKNIOYalTb y3aranbHeHi NOKa3HMKM nauieHTiB, nabopa-
TOPHI pe3ynsTaTty, NPOTOKONM Ta OTPUMAaHI KiNbKICHI XapakTepu-
ctvkn. Bci maTepianu 36epexeHi B apxiBi 4OCNIAHWLBKOT rpynu
Ta MOXyTb OyTW HagaHi 3a OBrpyHTOBaHMM 3anuToM AO aBTO-
pa-KopecrnoHAeHTa, 3 ypaxyBaHHAM BUMOr KOHMIAEHUINHOCTI
Ta €TUYHUX HOPM.

IHcbopmauis Nnpo dpiHAHCYBAHHS

CratTa € cparMeHTOM MNMaHOoBOi HayKOBO-A4OCHiAHOI poboTu
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i XpOHiYHMX hopM iLLemi4HOi XBOpo6YU cepLsi», HOMep AepKaBHOT
peectpauii: 0120U105778, npuknagHa, TepMiH BUKOHAHHS:
2026—-2030pp., KepiBHUK — OOKTOP MEAMYHUX HayK, npodecop
T.M. ConomeHuyk.
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PE3IOME

AkKTyanbHicTb. [oCTpuin iHbapKT Miokapaa 3anuIaeTbCs NPOBIAHOK NMPUYKMHOI CMepT-
HOCTI y CBiTi, TONPW BAOCKOHANEHHst MeTopiB penepdy3iriHoi Tepanii. Y GinbLUoCTi naLjieHTiB
nicnsa rocTpoi ¢asn hopMyETLCS PEMOAENIOBAHHS MiokapAa, WO BU3HaYae nopanbLumnii
MPOrHO3 i PO3BUTOK XPOHIYHOI CepLieBOi HeJOCTaTHOCTI. 3pOCTae iHTepec A0 BUBYEHHSA
MeTaboniyHUX i CTPYKTYPHUX 3MiH Cepus 3anexHo Bif nokanisauii iHpapkTy Ta BnnuBy
Cy4acHUX KapAionpoTeKTOpHWMX 3acoliB. IHribiTopyu HaTpisanexHoro KoTpaHcrnopTepa
IMIOKO3K 2-r0 TWMY NPOAEMOHCTPYBanM 3AATHICTb 3HWDKYBATU PU3NK CepLIEBO-CYANHHNX
yCKnaAHeHb, ofiHaK iX BMnuB Ha nepebir rocTporo iHapkTy Miokapaa 3 pi3HoK fokarisa-
Liieto y paHHin gasi 3axBOpIOBaHHS 3anmULAETbCA HEAOCTaTHLO BUBHEHNM.

MeTta po60TK — OLHNTK BNMB PaHHLOTO NPU3HAYEHHS AanarnidnosuHy Ha AUHaMIKy
TOBLUMHUM enikapgianbHoi XUPOBOI KNITKOBMHWU Ta piBHA N-TepMiHanbHOro dparmeHTa
MO3KOBOTrO HatpinypetnyHoro nentuay npotarom 30 AHIB y nNauieHTiB 3 rocTpum
iHbapKTOM MiokapAa nepeaHbOi Ta 3aAHbOI NoKarnisadiin.

Matepianu Ta meToau. Y JOCHIOXEHHS BKMOYEHO 78 nauieHTiB 3 rocTpMM iHapKTOM
Miokapaa, sSiKMX po3nofifieHo Ha rpynu 3a fokanisauieto illeMiYHOro ypakeHHs: nepe-
AaHin (n = 50) Ta 3agHin (n = 28). IHdapKT miokapaa 3 gopMyBaHHAM 3ybus Q Ta es
cdopmyBaHHA 3ybusi Q Bu3Havanu Ha MiacTaBi enekTpokapaiorpadiyHux KpuTepiis.
Y Mexax nigrpyn BUAINANM nauieHTiB, SKi 3 nepLuoro AHA rocnitanisauii oTpumysanu
AanarnicdnoavH (10 mr Ha foby), Ta KOHTponbHY rpyny 6e3 Tepanii iHribiTopamu HaTpin-
3anexHoro KoTpaHcnopTepa rnoko3un 2-ro Tuny. OuiHioBany AMHaMiKy TOBLUMHK enikap-
AianbHoi XNPOBOT KNITKOBMHK Ta piBHA N-TepMiHanbHoOro goparmeHTa MO3KOBOrO HaTpili-
ypetnyHoro nentuay npotarom 30 AHIB. [ina cTaTUCTMYHOrO aHanisy 3acTocoByBanum
napamMeTpuYHi Ta HenapameTpyYHi METOAM 3aNexXHO Bif XapakTepy Po3noAiny AaHuX.
PesynbraTtu. Hanbinblw BupaxeHa Ta CTAaTUCTUYHO 3Hadylla AMHaMika MOKasHWKIB
cnocTepiranacs y nauieHTiB 3 iHpapkTom Miokapaa 3 gpopMyBaHHAM 3ybusa Q. Y xBopux
3 nepeaHiM iHdapkToM Miokapaa 3 opMyBaHHAM 3y6ust Q Ha Tni Tepanii ganarnicno-
3HOM BiA3HaAYanocs AOCTOBIPHE 3MEHLUEHHS TOBLUMHKU enikapAianbHOi XUPOBOI KMiT-
KOBMHM Ta piBHSA N-TepMiHanbHOro parMeHTa MO3KOBOIO HaTpiypeTUYHOro nentuay
MOPIBHSIHO 3 KOHTPOSbHOW rpynoto. MoaibHi TeHAeHUT cnocTepiranucs i npy 3agHii
nokanisadii iHcpapkTy. Y nauieHTiB 6e3 dpopMyBaHHA 3ybus Q 3HMXKEHHS MOKa3HWKIB
Oyno MeHLU BUpaXXeHUM i He 3aBXau AocsArano CTaTUCTUYHOI 3HAYYLLOCTI.

BucHoBku. Npotarom 30 gHiB nicns rocTporo iHdapkTy Miokapaa 3MiHW TOBLUMHM enikapai-
arnbHOI MPOBOI KIITKOBUHK Ta piBHA N-TepmiHanbHOro dparmeHTa MO3KOBOIO HaTpilype-
TUYHOTO NENTUAY 3anexanu Bif fokanisavii iHdapKTy Ta HasBHOCTI natonoriyHoro 3yous Q.
PaHHe 3acTocyBaHHs1 AanarnichnoanHy CynpoBOAKyBanocs Ginbll BUPAKEHNM 3HDKEHHAM
LMX MOKa3HWKIB, LLO CBIAYUTb NPO MOTEHLiNHY porb iHriGITOpIB HaTpili3anexHoro KoTpaH-
cnoprepa roKo3n 2-ro Tuny y Moaudikaulii TOCTIHPapKTHOTO PeMOAENMtOBaHHS.
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PE3IOME

Background. Acute myocardial infarction remains a leading cause of mortality worldwide
despite significant advances in reperfusion therapy. In most patients, the post-infarction
period is characterized by myocardial remodeling, which determines long-term prognosis
and the development of chronic heart failure. Increasing attention is being paid to metabolic
and structural cardiac changes depending on infarct localization and the influence
of modern cardioprotective therapies. Sodium-glucose cotransporter type 2 inhibitors have
demonstrated the ability to reduce the risk of cardiovascular complications; however, their
effect on the course of acute myocardial infarction with different infarct localizations during
the early phase of the disease remains insufficiently studied.

Purpose — to evaluate the effect of early administration of dapagliflozin on the dynamics
of epicardial adipose tissue thickness and the level of N-terminal pro—B-type natriuretic
peptide during 30 days in patients with acute myocardial infarction of anterior and inferior
localization.

Materials and methods. The study included 78 patients with acute myocardial infarction
who were stratified according to infarct localization: anterior (n = 50) and inferior
(n = 28). Myocardial infarction with and without Q-wave formation was determined
according to electrocardiographic criteria. Within each subgroup, patients who received
dapagliflozin from the first day of hospitalization (10 mg per day) were compared with
a control group without therapy with sodium-glucose cotransporter type 2 inhibitors. The
dynamics of epicardial adipose tissue thickness and the level of N-terminal pro—B-type
natriuretic peptide were assessed during a 30-day follow-up period. Statistical analysis
included parametric and non-parametric methods depending on data distribution.
Results. The most pronounced and statistically significant changes were observed
in patients with Q-wave myocardial infarction. In patients with anterior Q-wave myocardial
infarction treated with dapagliflozin, a significant reduction in epicardial adipose tissue
thickness and the level of N-terminal pro—B-type natriuretic peptide was observed
compared with the control group. Similar trends were found in patients with inferior
myocardial infarction. In patients without Q-wave formation, the reduction of the studied
parameters was less pronounced and did not always reach statistical significance.
Conclusions. Within 30 days after acute myocardial infarction, changes in epicardial
adipose tissue thickness and the level of N-terminal pro—-B-type natriuretic peptide
were associated with infarct localization and the presence of a pathological Q wave.
Early administration of dapagliflozin was associated with a more pronounced reduction
of these parameters, suggesting a potential role of sodium-glucose cotransporter type
2 inhibitors in the modification of post-infarction remodeling.

Miriniuk 1V, llashchuk TO. Dapagliflozin effects depending on the localization of acute myocardial infarction: a prospective
clinical study. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2026;34(1(58))93—105.

DOI: https://doi.org/10.26565/2313-6693-2026-58-07

MEPEAIK CKOPOYEHb

['IM — rocTpuii iHdapKT Miokapaa

iH3KTI2 — inribiTopn HaTpinsanexHoro
NIOKO3M 2 TUNy

H3KTI2 — HaTpili3anexHnin KoTpaHcrnopTep FoKo3n 2 Tuny
NT-proBNP — N-TepmiHanbHui pparmeHT MO3KOBOTO HaTpilype-
TUYHOTO NenTuay

EXXK — enikapgianbHa xxupoBa TKaHuHa

A — Benn4mHa 3MiH nokasHuka (Micns nikyBaHHS — A0 JTiKyBaHHS)

KoTpaHcnoprepa

BCTYN

loctpun  iHdapkTt wmiokapga (FM) 3anuwaetbca
O[HIi€l0 3 NMPOBIAHMX MPUYUH CMEPTHOCTI Y CBITi, HE3Ba-
XawuM Ha CyTTEBMM NpoOrpec y AiarHocTuui, penepdy-
3itHOMY nikyBaHHi Ta capmakotepanii [1, 2, 3]. LLopoky

ABBREVIATIONS

AMI — acute myocardial infarction
SGLT2 - sodium—glucose cotransporter type 2

SGLT2i — sodium—glucose cotransporter 2 inhibitors
NT-proBNP — N-terminal pro—B-type natriuretic peptide

EAT — epicardial adipose tissue
A — change in the parameter (post-treatment — pre-treatment)

INTRODUCTION

Acute myocardial infarction (AMI) remains one of the
leading causes of mortality worldwide despite substantial
advances in diagnostic approaches, reperfusion
strategies, and pharmacological therapy [1, 2, 3]. More
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y CBITi peecTpyeTbcsl noHag 9 MminbiioHiB Bunaakis MM,
a CMEepTHICTb MPOTSAroM NepLUoro poKy nicns noAii carae
15-20% [4]. TporHo3 npu iHdapKTi Miokapaa iCTOTHO
3anexuTb Bif nokarnisauii ypaxeHHs Miokapga: nepegHi
iHbapkTn 3a3Bnyal mMarTb Binbl TSXKKUA Nepebir, Toai
K 3afHi CynpOBOMXKYHOTLCH BIiAMIHHOCTAMW Yy remo-
AvHamili, HerporymoparnbHii akTvBauii Ta 3ananbHin
Bignosigi [5, 6].

CyvacHa crpateria nikyBaHHa [IM  6GasyeTbes
Ha paHHi penepdysii Ta NaToreHeTUYHO CrPSIMOBAHIN
MeOuKaMeHTO3Hin Tepanii. [poTe, HaBiTb 3a YMOB
ONTMMAanbHOro fikyBaHHs 30epiraeTbCa BUCOKUA PU3UK
MOCTiH(papKTHOrO pemoaentoBaHHs Miokapaa, cepueBoil
HegocTaTHOCTI Ta peumamBis iwemii [7]. Lle cnoHykae
0O nowyKy 3acobis, ski mornmv 6 BNnMBaTU He nule
Ha remMoavHamiky, a U Ha KNiTMHHO-MeTaborniyHi Mexa-
HI3MW YLLIKOKEHHS MioKapAaa.

B ocrtaHHe pecAtupiyua 3pocTae iHTepec [0 iHribi-
TOpIB HaTpii-3aNeXHOr0 KOTpaHcropTepa [MoKo3n  2-ro
Tuny (iIH3KTI2) — knacy npenapartiB, WO cno4aTky BUKO-
puCTOByBaBCS AN NiKyBaHHsI LyKpoBoro Aiabety 2-ro
TUMNY, ane 3rogoM [OBIB CBOK €(EKTUBHICTb Y MauieHTIB
i3 CepueBO-CyOMHHUMM  3aXBOPHOBAHHAMMU  He3anexHo
Bia HasgBHocTi giabety [8, 9, 10]. OocnimkeHHs DAPA-HF,
EMPA-REG OUTCOME, DELIVER 1a EMPULSE npoge-
MOHCTPYBanu, Wwo ganarnicno3vH Ta iHWi NpencTaBHUKK
iH3KTI2 3HWXKylOTb pU3NK  CepLEeBO-CYyOMHHOI  CMepTi
Ta rocnitanisawin Yepes cepLeBy HegocTaTHicTb [11, 12, 13].

MexaHiaMu KapaionpoTeKTOpHOI Ail unx npenaparis
BMXOASTb 3@ MeXi MMiKeMiYHOro KOHTpomnt. BoHu Bkmio-
YaloTb NOKPaLLEHHSA eHepreTnYHoro metaboniamy kapgio-
MIOUMTIB LUMSIXOM 3MiLLleHHS1 cyOCcTpaTHOro BUKOPUCTaHHS
Ha KETOHOBi Tina, 3MEHLUEHHS OKCUOATUBHOIO CTpEcy,
3HWKEHHS 3anarnibHOI akTMBHOCTI enikapaianbHOoi XXMPOBOi
TKaHWHW Ta MOKpalleHHsa HaTpiiypesy i giypesy [14, 15,
16]. Taki edekTn MOXyTb Matu ocobnvBe 3HaYEeHHA
y rocTpui nepiog iHapKTy Miokapaa, KOmu ieMiyHi
Ta MeTaboniyHi 3MiHM JocsralTb niky.

BopHouyac nutaHHs npo ponb iH3KTI 2 came y rocTpii
dasi M 3anuwaetbca HeaocTaTHbO  BUBYEHOLO.
Pesynbratv cyvacHux KniHiYHMX BMNpobyBaHb, 30Kpema
EMPACT-MI (2024) ta DAPA-MI (2023), ceig4aTtb npo
CNPUATAMBUIA BNAMB MNpenapariB AaHoi rpynu Ha yHk-
LioHanbHi MOKa3HMKN cepus Yy paHHii NOCTIHPapKTHUN
nepiog [17, 18]. NpoTe 3anuwaeTbCa BiAKPUTUM NUTAHHS,
UM 3anexuTb edeKTUBHICTb LbOro npenapaTty Big noka-
nisauii Ta xapaktepy iHhapkTy Miokapga — 30kpema, Bif
BIOMIHHOCTEN Yy NNOLLi YpaXKeHHsi, BUPAXXEHOCTI iLuemil,
CTYNeHs HenporymMoparnbHOI akTuBauii Ta 3ananbHol
Bignosiai.

KniHiyHi  Ta ekcnepumeHTanbHi  AaHi  csigyartb,
Lo nepepHi iHdapkTy i3 dopmyBaHHsaM 3ybusa Q cynpo-
BOOXKYIOTbCS  Oinbll  BMpaXXeHNM HEeKpo3oM MiokapAaa
Ta NiABULLEHHAM TPOMOHiHY, ToAi K 3aAHi Ta narepanbHi
YPaXKEHHs1 XapakTepusyloTbCa OiMnbLUO ponm MeTa-
OoniyHKX i 3ananbHMx MexaHiamis [19, 20]. Lle ctBoptoe
nepegyMoBW Ans rinotesu, Wo edekTy ganarnicpnosnHy
MOXYTb ByTK Pi3HOCNPSAMOBAHUMW 3arneXxHo Big nokani-
3aujii ileMiYHOro BOrHULLIA: Y BUMAAKy BEMNVKUX NepefHix
iHbapkTiB — nepeBaXHO KapAionpOTEKTOPHUMU Yepes
ONTMMI3aLito eHepreTuyHoro metaboniamy, Toai Sk npu
3aHiX hopmax — 4yepe3 3MEHLLEHHS NoKanbHOro 3ana-
NEeHHA 1 pedykuito enikapgianbHOT )KUPOBOT TKAHWUHMW.

than 9 million cases of AMI are reported annually, and first-
year mortality after the index event reaches 15-20% [4].
Prognosis following myocardial infarction largely depends
on infarct localization: anterior infarctions are generally
associated with a more severe clinical course, whereas
posterior infarctions are characterized by distinct
patterns of hemodynamics, neurohumoral activation, and
inflammatory response [5, 6].

The contemporary management of AMI is based
on early reperfusion and pathogenetically targeted
pharmacotherapy. However, even under optimal
treatment conditions, patients remain at high risk of post-
infarction myocardial remodeling, heart failure, and
recurrent ischemic events [7]. This has prompted the
search for therapeutic agents capable of influencing
not only hemodynamic parameters but also cellular and
metabolic mechanisms of myocardial injury.

Over the past decade, increasing attention has been
directed toward sodium—glucose cotransporter 2 inhibitors
(SGLT2i), a class of drugs initially developed for the
treatment of type 2 diabetes mellitus, which subsequently
demonstrated cardiovascular  benefits irrespective
of diabetic status [8, 9, 10]. Large-scale clinical trials,
including DAPA-HF, EMPA-REG OUTCOME, DELIVER,
and EMPULSE, have shown that dapagliflozin and other
SGLT2i reduce the risk of cardiovascular death and
hospitalization for heart failure [11, 12, 13].

The cardioprotective mechanisms of SGLT2 inhibitors
extend beyond glycemic control and include improvement
of myocardial energy metabolism through a shift toward
ketone body utilization, reduction of oxidative stress,
attenuation of inflammatory activity within epicardial
adipose tissue, and enhancement of natriuresis and
diuresis [14, 15, 16]. These effects may be particularly
relevant in the acute phase of myocardial infarction, when
ischemic and metabolic disturbances reach their peak.

Nevertheless, the role of SGLT2 inhibitors in the
acute phase of AMI remains insufficiently explored.
Recent clinical trials, including EMPACT-MI (2024) and
DAPA-MI (2023), suggest a favorable impact of this drug
class on cardiac functional parameters in the early post-
infarction period [17, 18]. However, it remains unclear
whether the efficacy of dapagliflozin depends on infarct
localization and the nature of myocardial injury, particularly
with respect to differences in infarct size, ischemic burden,
neurohumoral activation, and inflammatory response.

Clinical and experimental evidence indicates that
anterior Q-wave myocardial infarctions are associated
with more extensive myocardial necrosis and higher
troponin release, whereas posterior and lateral
infarctions are characterized by a greater contribution
of metabolic and inflammatory mechanisms [19, 20].
This provides the rationale for the hypothesis that the
effects of dapagliflozin may differ according to ischemic
localization: predominantly cardioprotective through
optimization of myocardial energy metabolism in large
anterior infarctions, and primarily anti-inflammatory
through reduction of local inflammation and epicardial
adipose tissue (EAT) in posterior infarctions.

Thus, the relevance of the present study is determined
by the need for an in-depth evaluation of dapagliflozin
effects during the acute phase of myocardial infarction,
taking into account infarct localization. The results
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Takum 4YMHOM, aKkTyanbHICTb [AHOro AOCHiAXEeHHS
BM3HAYaETbCA HEOOXIOHICTIO MOrmMONeHOro BUBYEHHS
edekTiB Aanarniprio3nHy y roctpoMy nepiogi iHpapkTy
Miokapaa 3 ypaxyBaHHAM fokanisauii Ta enektpokapgio-
rpadivyHmx KpuTepiiB. PedynbraTv Takoro aHamnisy MoxXyTb
PO3LLMPUTN PO3YMIHHS MeEXaHi3miB KapgiometaboniyHoi
aii iH3KTI2 i cnpuatn ix Ginbw nepcoHanizoBaHOMY
3aCTOCYBAHHIO Y KNiHIYHIA NpakTuL,i.

MeTta po60TH — OLHUTM BMNMMB PaHHLOrO MpU3Ha-
YeHHs AanarnicprnosvHy Ha AvHaMmiky TOBLUMHM enikapgi-
anbHoi xumpoBoi kniTkoBrHM (EXKK) Ta piBHa N-TepmiHarnb-
HOro cpparmMeHTa MO3KOBOTO HaTPiNypeTUYHOro nentuay
(NT-proBNP) npotarom 30 gHiB y nauieHTiB 3 rocTpum
iHbapKTOM MioKapaa nepegHboil Ta 3a4HbOI Nokanizadin.

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxeHHs npoBegeHo Ha 6asi BiogiNeHHA niky-
BaHHA FOCTPOro KOPOHAPHOro CUHAPOMY Ta iHGapKTy
MioKkapaa, Ae cnocTepirany nauieHTiB, rocniTanisoBaHmnx
i3 giarHo3om M. Po6ota Mana npocnekTUBHUIA, NopiB-
HAMBHUIA XapakTep.

[o Bubipku ysinwnm xsopi Bikom Big 40 go 83 pokis
3 NiaTBEpPOKEHUM AiarHO30M rocTporo iHhapkTy Miokapaa,
He3anexHo Bif, HasABHOCTI CYNYyTHLOTO OXMPIHHSA YK LIyKpPO-
Boro fiabety. OO6CTexeHi nauieHTM xapakTepusyBa-
nmcsa TUNOBMM KINiHIYHMM nepeGiroM rocTporo iHdapKTy
Miokapga 6e3 03HaK TSKKOI roCTpoi cepLeBoi HegocTaTt-
HOCTi Ha MOMEHT rocniTanisauii. Y 6inbLwocTi XBopux nepe-
BaXanu ctabinbHi remoguHaMiyHi nokasHuku, 6e3 noTpedu
y 3acToCyBaHHi iHOTPOMHOI NiATPUMKW. KriHiYHMIA cTaH
nauieHTiB 4O3BONSB MNPOBELAEHHSA CTaHA4apTHOI Meauka-
MEHTO3HOI Tepanii BigNOBIAHO A0 YMHHMX peKoMeHOaLiN.
[HocnigyxyBaHi rpynu 6ynum sicTaBnoBaHUMKU 32 OCHOBHUMM
KNiHIYHUMW XapakTepucTukamu, Lo Aano 3mory iHTepnpe-
TyBaTW BUSBIEHI BiAMIHHOCTI nabopaTopHux Ta Mopdome-
TPUYHUX NMOKa3HWKIB Y KOHTEKCTI BNAMBY Tepanii Ta ocobnu-
BOCTEl ypaxeHHs1 Mmiokapaa.

[ns aHanisy kniHi4HMX ocobnuneocTen BUOIpKn NpoBo-
OUnNn OLiHKYy 6as3oBMX gemorpadiyHux Ta KriHiko-aHa-
MHECTUYHUX XapaKTepUCTUK nauieHTiB. BusHayanu Bik,
CTaTb, HasiBHICTb CYMNyTHIX 3axBOplOBaHb (apTepianbHa
rinepTeHsis, LykpoBui aiabet 2-ro Tuny), cTaTyc KypiHHS,
dpakuito Buknay nisoro wnyHodka (®B JIW), a Takox
NMOBHOTY peBackKynspu3aaii.

Yci nauieHTn Bignosiganu | knacy 3a Killip Ha MOMeHT
rocnitanisauii Ta oTpMManu nepBrMHHE YepesLUKipHEe KOpo-
HapHe BTPyYaHHS BiOMOBIAHO A0 YMHHMX peKkoMeHAaLin
€BpONeNCbKOro TOBapuCTBa KapAionoriB Ta B MakCu-
MarsbHO paHHi TEPMIHN.

[MoBHOTY peBackynsapu3auil ouiHloBanu 3a pesyrib-
Tatamy KopoHaporpadii Ta MpOBEAEHOro BTPYYaHHs
SIK NOBHY ab0 HEMoBHY 3anexHo Big AOCATHEHHS MOBHOI
penepdysii ypaxxeHnx KOpoOHapHUX apTepin.

MauieHTn oTpuMyBanu ctaHgapTHY MeaUKaMeHTO3HY
Tepanito rocTporo iHapkTy Miokapga, WO BKM4vana
noagiiHy aHTuTpomboumMTapHy Tepanito, B-6rokartopw,
iHrGITOPN aHrioTEH3NHNEPETBOPIOBANBLHOIO  (DEPMEHTY
abo OnokaTopu peuenTopiB aHrioteHaunHy Il, crtatnHu
Ta Q@HTaroHiCTM MiIHEpPanoKoOpTUKOIOHMX  peLenTopiB
3a NokasaHHsMU.

3anexHo Big4 rnokanisauii ilWeMiYHOro ypaxeHHs
Miokapda nauieHTiB  posnoginunu  Ha A rpynu:

of such an analysis may expand current understanding
of the cardiometabolic mechanisms of SGLT2 inhibitors
and contribute to their more personalized application
in clinical practice.

Objective — of this study was to evaluate the
effect of early dapagliflozin administration on changes
in epicardial adipose tissue (EAT) thickness and
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels over a 30-day period in patients with anterior and
posterior acute myocardial infarction.

MATERIALS AND METHODS OF RESEARCH

The study was conducted at the Department
of Acute Coronary Syndrome and Myocardial Infarction
Management, where patients hospitalized with a diagnosis
of acute myocardial infarction (AMI) were observed. The
study had a prospective, comparative design.

The study population included patients aged 40 to
83 years with a confirmed diagnosis of acute myocardial
infarction, regardless of the presence of concomitant
obesity or diabetes mellitus. The enrolled patients were
characterized by a typical clinical course of AMI without
signs of severe acute heart failure at the time of hospital
admission. Most patients had stable hemodynamic
parameters and did not require inotropic support. Their
clinical condition allowed the administration of standard
pharmacological therapy in accordance with current
clinical guidelines. The study groups were comparable with
respect to the main clinical characteristics, which allowed
the observed differences in laboratory and morphometric
parameters to be interpreted in the context of therapeutic
effects and myocardial injury characteristics.

For the analysis of the clinical characteristics of the
study population, baseline demographic and clinical-
anamnestic parameters were assessed. Age, sex, the
presence of comorbidities (arterial hypertension, type
2 diabetes mellitus), smoking status, left ventricular ejection
fraction (LVEF), and completeness of revascularization
were determined. All patients were classified as Killip class
| at the time of hospital admission and underwent primary
percutaneous coronary intervention in accordance with
current European Society of Cardiology guidelines and
within the earliest possible time frame. The completeness
of revascularization was evaluated based on coronary
angiography findings and the performed intervention and
was categorized as complete or incomplete depending
on the achievement of full reperfusion of the affected
coronary arteries. All patients received standard medical
therapy for acute myocardial infarction, including dual
antiplatelet therapy, B-blockers, angiotensin-converting
enzyme inhibitors or angiotensin Il receptor blockers,
statins, and mineralocorticoid receptor antagonists when
indicated. According to the localization of myocardial
ischemia, patients were divided into two groups:
anterior and posterior myocardial infarction. Additionally,
patients were stratified according to electrocardiographic
criteria into myocardial infarction with and without
Q-wave formation. Patients were also allocated into
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3 nepefHiM Ta 3agHiM iHapkToMm Miokapaa. [jooaTkoBo
XBOPUX CTpaTudikyBanu BigNOBIAHO OO eneKkTpokapai-
orpadivyHMX KpuTepiiB, BuAINAKYM iHdapKT Miokapaa
3 hopmyBaHHAM 3ybusa Q Ta 6e3 Hboro.

MauieHTiB TakoX po3noginvMnM Ha OBi TepaneBTUYHI
rpynu 3anexHo BiA MpusHayYeHHs iHribiTopa Hatpinsa-
NEXHOro KoTpaHcnoptepa rnwokosn 2-ro Tuny. OCHOBHY
rpyny cTaHOBUNY NaLieHTUn, kMM 3 nepLuoi Aobu rocnita-
nizauii npusHayanu ganarniconosvH y aosi 10 mr Ha go0Oy.
KoHTponbHy rpyny CTaHOBWAM NauieHTun, ki OTpUMyBanu
nikyBaHHS 6e3 3actocyBaHHs iIH3KTI2.

Kputepismn BuKMoYeHHA Oynu  Tshkka  HUpKOBa
(UKD < 45 mn/xB/1,73 m?) abo cepueBa HeQoOCTaTHICTb,
aKTUBHI 3anarbHi, OHKOMOriYHi abo TsXKi CUCTEMHi 3aXBO-
ptoBaHHS, @ TaKkoX BiAMOBA Bif y4acTi y CMOCTEPEXEHHI.

OCHOBHUMW  MOKa3HMKaMM Ans  OUiHKM  ediekTiB
Tepanii 6ynu ToBLMHA enikapAianbHOI XMPOBOI KIiTKO-
BMHM Ta piBeHb NT-proBNP. ToswmHy EXXK Bu3Hauanm
3a [JOMOMOrol0  TpaHCTopakanbHOI  exokapaiorpadii
y napacTepHarnbHin OOBri OCi Ha PiBHI BiNbHOI CTiHKM
npaBoro LUAyHoOYKa B KiHLEBO-CUCTONIYHIN @asi cepue-
BOrO ULWMKIY Ha ynbTpassykosin cuctemi Philips EPIQ
(Philips Medical Systems, Andover, MA, USA) i3 Bukopwuc-
TaHHSM CTaHAapTHOro da3oBaHoro aaryuka. [ina aHanisy
BMKOPUCTOBYBanNM cepegHe 3HavyeHHs TpbOX MOCHi-
[OoBHMX cepueBux umknis. PiBeHb NT-proBNP Bu3Hauanm
METOAOM  eneKTPOXEMINIOMIHECLIEHTHOro  iMyHOaHanidy
(ECLIA) 3 BuKOpUCTaHHSIM aBTOMAaTM4YHOrO aHanisaropa
Cobas e411 (Roche Diagnostics, Mannheim, Germany)
BiOMOBIAHO O0 IHCTPYKLUiM BUpobHMKa. [locnimKyBaHi nokas-
HMKW OLiHIOBaNu Ha novatky gocnimpkeHHs Ta yepes 30 aHiB
CMOCTEPEXKEHHS 3 NofanbLUMM aHarni3oM AVHaMIKK.

CTaTUCTUYHMIA aHani3 NPoBOAWMMN 3 BUKOPWUCTaHHAM
nporpamHoro 3abesnedeHHs Statistica. KinbkicHi nokas-
HVIKWM MEepeBIipsnn Ha HOPMarnbHICTb PO3NOAiny 3a AoMo-
moroto TecTy LLlanipo-Yinka. 3a BigcyTHOCTi HOpManbHOro
po3nogdiny AaHi nogasanu y BUrNsaai megiaHu Ta MikkBap-
TunbHoro posmaxy (Me [IQR]). Ons ouiHkn OvHamiku
NMoKasHWKIB Y MeXax OfHiel rpynu (4o Ta nicns nikyBaHHs)
3acTocoBYBann kputepi BinkokcoHa pans  3B’s3aHuX
BMOIpOK. MixXrpynoBi BiAMIHHOCTI OLiHIOBanu LUMASXOM
MOPIBHAHHA BENWYMHU 3MiH (A = noOKasHWK nicnsa niky-
BaHHA — NOKa3HWK [0 NiKyBaHHSA) 3 BUAKOPUCTaHHSAM t-TecTy
0N HesaneXxHux Bubipok abo kpuTepito MaHHa—YiTHI.
CTaTUCTUYHO 3HaYyLLMMKU BBaxanu BiAMIHHOCTI npwu
p < 0,05. Y pasi aHanisy nigarpyn i3 Manor YuMcenbHiCTio
pesynbTaTu iHTepnpeTyBanu sk TeHAEHLil.

PE3YABTATU

Y pocnigxeHHs ©Oyno BkMYeHO 78 nauieHTiB
3 roCcTpUM iHdapkToM Miokapaa. 3anexHo Big nokanisauii
iLueMiyHoro ypaxeHHs Miokapga 50 nauieHTiB (64,1%)
Manu nepegH nokanisauito iHdapkTy, a 28 naujieHTiB
(35,9%) — sapHto. [opatkoBo iHdapKTM cTpatudiky-
Banu BigNOBIGHO A0 enekTpokapaiorpadivyHnX KpUTepiiB
Ha iHapkT 3 Ta 6e3 copmyBaHHs 3ybus Q. lMauieHTiB
PO3MNOAINMAM Ha AOBi TepaneBTUYHI rPynu 3anexHo Big
npu3Ha4YeHHs ganarninosvHy: rpyny, sika OTpUMmy-
Bana panarmicnosvH y gosi 10 mr/goby Ha Tni ctaH-
JapTHoi Tepanii, Ta KOHTpomnbHy rpyny 6e3 3acTocy-
BaHHA iH3KTI2. OuiHoBaHHA AMHaMIKLW AOCHIOXKYBaHUX

two therapeutic groups depending on the prescription
of a sodium—glucose cotransporter 2 inhibitor (SGLT2i).
The main group consisted of patients who received
dapagliflozin at a dose of 10 mg once daily starting from
the first day of hospitalization. The control group included
patients who were treated without SGLT2i therapy.

Exclusion criteria comprised severe renal impairment
(estimated glomerular filtration rate < 45 mL/min/1.73 m?)
or advanced heart failure, active inflammatory,
oncological, or severe systemic diseases, as well
as refusal to participate in follow-up.

The primary endpoints for evaluating treatment
effects were epicardial adipose tissue (EAT) thickness
and NT-proBNP levels. EAT thickness was measured
using transthoracic echocardiography in the parasternal
long-axis view at the level of the right ventricular free
wall during end-systole, using a Philips EPIQ ultrasound
system (Philips Medical Systems, Andover, MA, USA)
with a standard phased-array transducer. The mean
value of three consecutive cardiac cycles was used
for analysis. NT-proBNP levels were determined
by electrochemiluminescence immunoassay (ECLIA)
using an automated Cobas e411 analyzer (Roche
Diagnostics, Mannheim, Germany) according to the
manufacturer’s instructions. The studied parameters
were assessed at baseline and after 30 days of follow-up,
followed by analysis of their changes over time.

Statistical analysis was performed using Statistica
software. Quantitative variables were tested for normality
using the Shapiro—-Wilk test. In the absence of normal
distribution, data were presented as median and
interquartile range (Me [IQR]). Within-group changes
(before and after treatment) were analyzed using the
Wilcoxon signed-rank test for paired samples. Between-
group differences were assessed by comparing the
magnitude of changes (A= post-treatment value —baseline
value) using the independent samples t-test or the
Mann-Whitney U test, as appropriate.
A p-value < 0.05 was considered statistically significant.
In subgroup analyses with small sample sizes, the results
were interpreted as trends.

RESULTS

A total of 78 patients with acute myocardial infarction
were enrolled in the study. According to the localization
of myocardial ischemia, 50 patients (64.1%) had anterior
myocardial infarction, while 28 patients (35.9%) had
posterior myocardial infarction. Additionally, infarctions
were stratified according to electrocardiographic criteria
into myocardial infarction with and without Q-wave
formation. Patients were allocated into two therapeutic
groups depending on dapagliflozin  prescription:
a treatment group receiving dapaglifiozin 10 mg once
daily in addition to standard therapy, and a control group
treated without SGLT2 inhibitor therapy. The dynamics
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MOKa3HWKIB NPOBOAUNN Ha MoyaTtKy NikyBaHHSA Ta yepes3
30 AHiB CNOCTEPEXKEHHS.

Yci nauieHTM oTpumyBanu cTaHAapTHY MeauKameH-
TO3HY Tepanilo BIgNOBIQHO A0 YMHHMX PeKoMeHaauin
€Bponericbkoro  ToBapucTea  Kapgionorie.  [MoaBiviHy
aHTMTpoMOBOUMTapHy Tepanilo Ta CTaTUHW OTpUMY-
Bann 78 (100%) nauieHTiB. B-Bnokatopu npu3HayeHi
70 (89,7%) xBopuwm, iHridiTopu AlN® abo 6GrnokaTopu
peLenTopiB aHrioteHsuHy Il — 67 (85,9%), aHTaroHicTu
MiHepanokopTuKoigHMx peuenTtopiB — 47 (60,3%).

BasoBa krniHiko-aHaMHeCTUYHa XxapakTepucTvka naui-
€HTIB npeacTaeneHa y tabn. 1. CepegHin Bik CTaHOBMB
61,3 £ 10,3 p., yonosikn cknaganu 79,5% Bubipku. Apte-
pianbHa rinepteHsis Oyna HasBHa y 94,9% nauieHTis,
LyKpoBui giabet 2-ro Tuny —y 29,5%, kypiHHsa —y 21,8%.
CepenHsa pakuis BUKugy niBOro LUNyHOYKa CTaHoBMIa
49,7 + 8,2%. NoBHa peBackynsipusadia Oyna gocsarHyta
y 87,5% Bunagkis.

of the studied parameters were assessed at baseline and
after 30 days of follow-up.

All patients received standard pharmacological therapy
in accordance with current European Society of Cardiology
guidelines. Dual antiplatelet therapy and statins were
administered to all 78 patients (100%). B-blockers were
prescribed to 70 patients (89.7%), angiotensin-converting
enzyme inhibitors or angiotensin Il receptor blockers
to 67 patients (85.9%), and mineralocorticoid receptor
antagonists to 47 patients (60.3%).

Baseline clinical and anamnestic characteristics of the
study population are presented in Table 1. The mean age
was 61.3 = 10.3 years, and 79.5% of the participants
were male. Arterial hypertension was present in 94.9%
of patients, type 2 diabetes mellitus in 29.5%, and active
smoking in 21.8%. The mean left ventricular ejection
fraction was 49.7 + 8.2%. Complete revascularization
was achieved in 87.5% of cases.

Tabnuus 1. ba3osa kniHiYHa xapakTepuctuka nauieHTis 3 1M (n = 78)
Table 1. Baseline clinical characteristics of patients with acute myocardial infarction (n = 78)

[NokasHuk / Parameter

3HauyeHHs / Value

Bik, pokun / Age, years

61,3+10,3

Yonosiku, n (%) / Male sex, n (%)

62 (79,5%)

AprtepianbHa rineptensis, n (%) / Arterial hypertension, n (%)

74 (94,9%)

LA 2 tuny, n (%) / Type 2 diabetes mellitus, n (%)

23 (29,5%)

KypiHHs, n (%) / Smoking, n (%)

17 (21,8%)

OB J1LW, % / Left ventricular ejection fraction, %

49,7 £8,2

MepsuHHe YKB, n (%) / Primary percutaneous coronary intervention, n (%)

78 (100%)

lMoBHa peBackynspusauis, n (%) / Complete revascularization, n (%)

69 (87,5%)

HenosHa pesackynsapusadis, n (%) / Incomplete revascularization, n (%)

9 (11,5%)

[NopiBHANBHA KMiHIYHA XapakTepucTuka nauieHTiB
3anexHo Big nokamisauii iHapkTy npeacTaBneHa
y Tabn. 2. CTaTUCTUYHO 3HaYyLMX BiOMIHHOCTEW MiX
nauieHTamy 3 nepegHiM Ta 3agHiM iHpapkToM Miokapaa
3a BiKOM, CTaTTIO, 4YaCTOTOK apTepianbHOi rinepTeHasii,
LUyKpoBOro pfiabety 2-ro Tumy, KypiHHAM, dpakLieto
BMKMAY NiBOrO LUMYHOYKa Ta MOBHOTOK peBacKynspuaadii
He BusBneHo (p > 0,05).

[unHamika nokasHukiB, NpeacTaBneHux y Tabn. 3 cBia-
4nTb NPO Te, WO Yy NauieHTiB 3 NnepeaHbOoo nokanisadieto
iHbapkTy Ha Tni Tepanii ganarnicprno3nHomMm cnocTepira-
nocs CTaTUCTUYHO 3Hauvylle 3HWXKeHHS ToBLMHKM EXKK
Ta piBHA NT-proBNP npotsarom 30 OHIB CNOCTEPEXEHHS.
Y KOHTPOMbHIN rpyni TakoX Big3Hayanaca no3vTUBHA
OuHaMmika, ogHak BoHa Gyna MeHL BUPaXXeHOoHo.

AHanoriyHa TeHAeHUis BusIBNeHa y MauieHTiB
i3 3agHbOI0 Nnokanisauieto Q-wave iHapKTy, Ae 3acTocy-
BaHHS Aanarnidrio3nHy CynpoBOAXYyBanocs 4OCTOBIPHUM
3MEHLUEHHSAM LOCTIIKYBaHNX MOKa3HWKIB.

TakMM 4vMHOM, Yy MauieHTiB 3 iHhapkToM Miokapaa
3 bopmyBaHHAM 3ybuss Q paHHe npu3HaveHHs fanar-
nicpnosmHy acouitoBanocs 3 6inbll BUPAXEHOK No3un-
TMBHOK AMHaMiKo GioXiMiYHMX Ta MOPEOMETPUYHMX
NMOKa3HMKIB NOPIBHAHO 3i CTaHO4APTHOM Tepanieto.

Y nauieHTiB 3 nepegHbO fokanisauieto iHdapkTy
6e3 3ybuss Q Ha Tni Tepanii ganarnidno3MHoM Bia3Ha-
yanocs CTaTUCTUYHO 3HauyLLe 3HWKEHHST TOBLUMHN EXKK
Ta piBHa NT-proBNP npotsirom 30 gHiB cnoctepexeHHs.
Y KOHTPOMbHIM Niarpyni 4OCTOBIPHOT AMHAMIKU OOCHIAXY-
BaHWX NMOKA3HWUKIB HE BUSIBIEHO.

A comparative clinical characterization of patients
according to infarct localization is presented in Table 2.
No statistically significant differences were found
between patients with anterior and posterior myocardial
infarction in terms of age, sex distribution, prevalence
of arterial hypertension, type 2 diabetes mellitus, smoking
status, left ventricular ejection fraction, or completeness
of revascularization (p > 0.05).

The dynamics of the parameters presented in Table 3
indicate that, in patients with anterior myocardial infarction
treated with dapagliflozin, a statistically significant
reduction in epicardial adipose tissue thickness and
NT-proBNP levels was observed over the 30-day follow-up
period. Although positive changes were also noted in the
control group, they were less pronounced.

A similar trend was identified in patients with posterior
Q-wave myocardial infarction, where dapagliflozin therapy
was associated with a significant decrease in the studied
parameters.

Thus, in patients with Q-wave myocardial infarction,
early initiation of dapaglifiozin was associated with
a more pronounced improvement in both biochemical
and morphometric parameters compared with standard
therapy alone.

In patients with anterior non—-Q-wave myocardial
infarction treated with dapagliflozin, a statistically
significant reduction in epicardial adipose tissue thickness
and NT-proBNP levels was observed over the 30-day
follow-up period. In the corresponding control subgroup,
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Tabnuus 2. MNMopiBHAMNbHA KNiHIYHA XapakTepuCcTka NauieHTIB 3anexHo Big nokanisadii M
Table 2. Comparative clinical characteristics of patients according to the localization of AMI

[MokasHwuk MepegHin (n=50) 3apgHin (n=28) p
Parameter Anterior (n = 50) Posterior (n = 28)
Bik, poku / Age, years 62,1+10,3 60,0 + 10,4 0,379
Yonosgiku, n (%) / Male sex, n (%) 41 (82,0%) 21 (75,0%) 0,658
ApTepianbHa rinepteHsis, n (%) o o
Arterial hypertension, n (%) 47(94.0%) 27 (96.,4%) 1,000
Llykposuit giabet 2 tTvny, n (%) o o
Type 2 diabetes mellitus, n (%) 13 (26,0%) 10(35.7%) 0,520
KypiHHs, n (%) o o
Smoking, n (%) 10 (20,0%) 7 (25,0%) 0,820
- - 5
®pakuis BUKNAY NIBOTO WNYHO4KA, % 484176 52,0+ 8,8 0,062
Left ventricular ejection fraction, %
HenosHa pesackynsipusauis, n (%) o o
Complete revascularization, n (%) 5(10,0%) 4 (14,3%) 0.715
Ta6nuusa 3. [JuHamika nokasHuKiB y nauieHTiB 3 iHbapKkToM miokapaa 3 dopMmyBaHHsIM 3y6us Q
Table 3. Dynamics of parameters in patients with Q-wave myocardial infarction
EXXK o, mm . NT-proBNP o, nr/mn .
Nokaniaauis MM Mpyna (Me [1QR]) EAT | EKK micns, (Me [IQR]) NT-proBNP | NT-ProBNP nicns
MM EAT at p NT-proBNP at p
Ml localization Group baseline, mm 30 davs. mm baseline, pg/mL 30 davs. pa/mL
(Me [IQR]) Vs (Me [IQR]) vs. P9
OanarniconosuH 11,2 10,1 254 .
Dapagliflozin [9,4-13,8] [8,9-12,4] 0,0004 [170-401] 1111103119 0,012
MepeaHin KoHTponb 11,0 10,4 498 .
Anterior Control [9,2-13,5] [8,8-12,9] 0,031 [430-560] 322 [251-456] 0,041
KoHTponb 9,0 8,5 619 .
Control 9.0-1075] | [7.25-10,0 | %012 [534-865] 389 [281-493] | n/a

Mpumitkn / Notes:

*MapHui aHania NT-proBNP He npoBogmBcs Yepes BifCyTHICTb MOBHMX MNAPHUX 3HAYEHb.
*Paired analysis of N-terminal pro-brain natriuretic peptide levels was not performed due to the absence of complete paired data.

Y naujieHTiB i3 3a4HbOK Nnokanisauieto iHapkTy 6e3
3y6usa Q 3actocyBaHHSA ganarnicnosnHy CynpoBOOXKyBa-
nocs TeHAeHuie 00 3MeHLWweHHA ToBLwmHM EXKK Ta piBHs
NT-proBNP, ogHak Ui 3MiHM He gocsranu CTaTUCTUYHOT
3Ha4yLWOCTi. Y KOHTPOMbHIN NiArpyni 3agHbol nokanisauii
[OCTOBIPHMX 3MiH NOKAa3HWKIB TaKOX He CrocTepiranocs.

3aranom Hanbinbw BMpaXeHa NO3MTUBHA AWHaMIKa
ToBwmHn EXXK Ta piBHa NT-proBNP cnoctepiranacs
y NauieHTiB 3 iHdapKToM Miokapaa 3 PopmMyBaHHAM 3ybust
Q, ocobnuBo npwu nepefHin nokanisauii. Y nauieHTiB
6e3 3y6us Q 3miHM Bynu MeHL BUPaKEHUMU Ta YacT-
KOBO 3anexanu Bif rokanisauii ilueMiYHOro ypaxeHHs
YpaxeHHs (Tabn. 4).

no significant changes in the studied parameters were
detected.

Among patients with posterior non—Q-wave myocardial
infarction, dapagliflozin therapy was associated with
a tendency toward a decrease in EAT thickness and
NT-proBNP levels; however, these changes did not reach
statistical significance. Similarly, no significant dynamics
of the assessed parameters were observed in the
posterior control subgroup.

Overall, the most pronounced favorable dynamics
in epicardial adipose tissue thickness and NT-proBNP
levels were observed in patients with Q-wave myocardial
infarction, particularly in cases of anterior localization.
In patients without Q-wave formation, the changes were
less marked and appeared to be partially dependent
on the localization of the ischemic injury (Table 4).

Tabnuusa 4. [luHamika NokasHWKIB Y NauieHTiB 3 iHdapKkToM miokapaa 6e3 3ybus Q
Table 4. Dynamics of parameters in patients with non-Q-wave myocardial infarction

L EXK mo, mm . NT-proBNP go, nr/mn NT-proBNP
”°"ar’|‘|'\ja”"‘ Mpyna (Me [IQR]) Eﬁ'(a:";g’ga";"s" . (Me [IQR]) nicns 5
MI localization Group EAT baseline, mm ’ NT-proBNP baseline, NT-proBNP at
mm (Me [IQR]) pg/mL (Me [IQR]) 30 days, pg/mL
OanarnidnosuH 1M1 10,0 _ 119
Mepentiit Dapaglifiozin [9,6-12,9] 87-119 | %092 183 [141-298] [M05_142] | 0023
Anterior KoHTporb 11,0 10,9 410
Control [9,5-13,0] 04128 | 94 455 [390-510] (345-470) | 018
3agHin OanarniconosuH 8,0 7,0 0180 135,0 125,0 025
Posterior Dapagliflozin [7,5-9,5] [6,5-7,5] ’ [125-1074] [95-347] ’
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MpogoexeHHs Tabnuui 4 / Continuation of Table 4

KoHTponb 10,0 9,0
Control [7,0-11,0]

[8,0—11,0]

391 .

0,564 [379-403] 299,5[294-305] | n/a

Mpumitka / Notes:

* MapHuii aHania NT-proBNP He npoBoaMBcs Yepes BiACyTHICTb MOBHMX NapHUX 3HAYEHb.
* Paired statistical analysis was not performed due to incomplete paired observations.

OBrOBOPEHHA

Y npegcTtaBneHoMy  AOCHIOKEHHI  BCTaHOBMEHO,
WO paHHE 3acTocyBaHHA panarnidrosnHy y naui-
€HTIB 3 TOCTPMM iH(hApPKTOM Miokapgaa acoLitoeTbCst
3i 3HWxeHHaAmM ToBwmHM EXXK Ta piBHs NT-proBNP
npotarom 30 AHiB cnocTepexeHHs. Hanbinbw Bupa-
KeHa Mo3uTMBHA [AuHaMika Big3Hayanacs y nauieHTiB
3 iHapkToM Miokapgaa 3 dopmyBaHHsAM 3ybusa Q,
0CcobnMBO NpW NepeaHi nokanisauii ypaxkeHHs.

EnikapgianbHa >xupoBa KMiTKOBUHA PO3rnsgaeTbCcs
K MeTaboniyHO akTMBHe BicLepanbHe aeno, wo bepe
yyacTb y NoKanbHi 3ananbHin Ta MapakpuHHIN pery-
nauii miokapga. 3MeHLUeHHs 1T TOBLWMHM Ha Thni Tepanii
iHridiTopamn H3KTI2 moxe BigobpaaTn MoKpalleHHs
mMeTaboniyHoro Npodinto Ta 3HWKEHHSI CUCTEMHOrIO 3ana-
MNEHHS, WO Y3romKyeTbCA 3 OAHUMM Cy4acHWX ekcnepu-
MEHTanbHMX Ta KNiHIYHUX gocnigxeHs [21, 22].

3HukeHHs piBHa  NT-proBNP y  gocnigxyBaHux
nauieHTiB MOXe CBiQYMTM NPO 3MEHLUEHHs remMoauHa-
MIYHOrO HaBaHTaXEHHS Ta HeWporymopanbHOl aKTu-
BaLii y paHHbOMY MOCTiHGapkTHOMY nepioai. OTpumaHi
pes3ynbTaTn Y3romKyTbCa 3 AAaHVMU BEMNUKUX KITiHIYHNX
pocnigxeHs iHridiTopis H3KTIM2, y akux npogemMoHcTpo-
BaHO paHHI KapaionpoTeKTOPHUIA ehekT He3anexHo Big
HasiIBHOCTI LlykpoBoro Aiabety [23].

Binbw BupaxeHWn edekT y nauieHTiB 3 iHdapKToM
Miokapaa 3 dopmyBaHHAM 3y6ust Q Moxe ByTn NoB’A3aHWn
i3 GINbLIOID MIIOLEHD (LLUEMIYHOTO YPaXKEHHS Ta BULLUM
BMXiOQHMM pIBHEM HenporymopanbHOi  akTvBauii  [24].
BogHouac knacudikauis 3a HasBHICTIO 3y6us Q rpyHTy-
€TbCA Ha enekTpokapgiorpadiyHnX KpuTepiax i He Bigo-
Opaxae mopdonoriyHy Bepudikauito MUOUHM HEKpPO3y,
LLIO Crifl BpaxoByBaTW Npu iHTepnpeTaulii pe3ynbraTiB.

Y nauieHTiB 6e3 dopmyBaHHa 3y6ua Q nosuTuBHA
OuHamika Gyna MeHL BMPaXeHOH, WO MOXEe CBiguuTu
Npo Pi3HUI XxapakTep pemMoaerntoBaHHA Miokapaa.

MexaHismu Aji AanaraicbrosmHy

MexaHi3m gii ganarnicno3nHy npu rocTpoMy iHapKTi
Miokapaa € GaratodakTopHuMM i peani3yeTbcs 4Yepes
B32EMOINOB’A3aHi MeTaboniyHi, remMoaMHaMiyHi, NpoTU-
3ananbHi Ta HedponpOTEKTOPHI LWNAXKW. IHribyBaHHs
HaTpiN3anexHoro KoTpaHcropTepa [MoKo3W 2-ro TUny
Y HUPKOBUX KaHarnbLAX MPU3BOANTL 40 3MEHLLIEHHS [TTHKO-
3ypii, OCMOTUYHOIO HaBaHTAXEHHS1, HATpPIype3y Ta Nomip-
HOro JiypetnyHoro edekty. Lle 3meHwye nepegHaBaH-
TaXEHHHA Ha cepue Ta MOKpaLlye KOpOHapHy nepdyasito.
Ha kniTuHHOMY piBHI Aanarnicno3nH 3HUXYE aKTUBHICTb
CUrHarnbHoro Lnsaxy saepHoro daktopa kanna B (NF-kB)
Ta NpUrHiyye ekcnpecito gpaktopa HeKpo3y NyxnuH anba
(TNF-a), iHTepneikiHy-6 (IL-6), MOHOUMTAPHOrO Xemo-
atpakTaHTHoro Ginka-1 (MCP-1) Ta iHWwmX npo3ananbHux
UUTOKIHIB, IO MiATBEPOKEHO EKCrnepuMeHTarbHUMU
pocnigpxkeHHaMuy [25]. Takuin edpekT Beae A0 3MEHLUEHHS

DISCUSSION

In the present study, early initiation of dapagliflozin
in patients with acute myocardial infarction was associated
with a reduction in epicardial adipose tissue (EAT)
thickness and NT-proBNP levels over a 30-day follow-up
period. The most pronounced favorable dynamics were
observed in patients with Q-wave myocardial infarction,
particularly in cases of anterior localization. Epicardial
adipose tissue is considered a metabolically active
visceral fat depot involved in local inflammatory and
paracrine regulation of the myocardium. A reduction in its
thickness during SGLT2 inhibitor therapy may reflect
improvement in the metabolic profile and attenuation
of systemic inflammation, which is consistent with
findings from contemporary experimental and clinical
studies [21, 22].

The observed decrease in NT-proBNP levels
may indicate a reduction in hemodynamic stress and
neurohumoral activation in the early post-infarction period.
These findings are in line with large-scale clinical trials
of SGLT2 inhibitors demonstrating early cardioprotective
effects independent of the presence of type 2 diabetes
mellitus [23].

The more pronounced effect in patients with Q-wave
myocardial infarction may be related to a larger ischemic
area and higher baseline neurohumoral activation [24].
However, classification based on the presence
of a Q wave relies solely on electrocardiographic criteria
and does not provide morphological verification of infarct
depth, which should be considered when interpreting the
results.

In patients without Q-wave formation, the positive
dynamics were less pronounced, possibly reflecting
differences in myocardial remodeling patterns.

Mechanisms of Dapagliflozin Action

The mechanism of dapaglifiozin action in acute
myocardial infarction is multifactorial and mediated
through interconnected metabolic, hemodynamic, anti-
inflammatory, and nephroprotective pathways. Inhibition
of the sodium-glucose co-transporter 2 in renal tubules
reduces glucosuria, osmotic load, and promotes
natriuresis and mild diuresis. These effects lower cardiac
preload and improve coronary perfusion.

Atthe cellular level, dapagliflozin decreases the activity
of the nuclear factor kappa B (NF-kB) signaling pathway
and inhibits the expression of tumor necrosis factor alpha
(TNF-a), interleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), and other pro-inflammatory cytokines,
as demonstrated experimentally. This leads to attenuation
of systemic inflammation, improved insulin sensitivity
of cardiomyocytes, and prevention of apoptosis within
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CMCTEMHOrO 3anarneHHs, NMoKpalleHHst YyTNvMBOCTI KapAi-
oMiouMTiB A0 iHCyniHy Ta 3anobiraHHs anonTo3y KriTUH
Yy 30Hi iLweMmii. Kpim Toro, BCTaHOBMEHO, Lo AanarnicprnosavH
CTUMyroe meTaboniyHy nepeopieHTaujlo eHeprozabesne-
YEeHHs1 Miokapaa 3 ITHKO3HOMO0 Ha KETOHOBUI LLUMSX, SIKUA
€ Ginbl eHeproeeKTVBHUM Npu AediumnTi KUCHIO. Takun
MeTaboniYHUA 3CYB Cnpusie 36epexeHHI0 eHepreTM4YHoro
noTeHuiany cepusi, ocobnueo y ¢asi ilwemii Ta paHHbLOro
penepdysinHoro nepiogy. BogHovac npenapat nokpatuye
enfoTenianbHy QYHKLiH, 3HKYE piBEHb CEYOBOI KUCIOTU
Ta nigeuwye npogykuito okcugy asoty (NO), wo Bege
[0 MNOKpaLLEHHs] MIKPOLIMPKYNALii Ta 3MEeHLUEeHHS MocCT-
HaBaHTaxeHHsa [26]. KomnnekcHa Aig panarnidrnosnHy
OXOMMtoe MeTabomMiyHy OonTMMI3aLilo, NpoTU3ananbHUi
3aXUCT, MOKpaLLEeHHs MiKpouMpKynsauii Ta Hedponpo-
TeKUito, Wo 3abesneyye CUCTEMHUI kapaioMeTabonivyHuim
edbekT npm rocTpomy iHdbapkTi Mmiokapaa.

KAiHIiYHEe 3Ha4YeHHs Ta OGMeEXEHHSs

OTpumaHi  pesynbrat  cBigvaTb NP0 MOTEHLinHY
OOUINbHICTE  paHHBbOro  Mpu3HadyeHHs  ganarnicno-
3MHY Y nNauieHTiB 3 rocTpum iHapKTOM Miokapga Bxe
B PaHHbOMY MOCTIH(PapKTHOMY Mepiodi, He3anexHo Bia
HasiIBHOCTi LyKpOBOro fiabety. 3HmkeHHsA ToBLMHN EXKK
Ta piBHa NT-proBNP moxe Bigobpaxatn crnpuatnmsui
BMN/IMB Ha NPOLECU PaHHLOTO PEMOENOBAHHSA Miokapaa
Ta HenporymoparbHy akTuBauii. Hanbinblw BupaxeHui
edeKT y NaLieHTIiB 3 iHhapKToM Miokapaa 3 opMyBaHHAM
3ybusa Q, ocobnmBo Npu NepeqHin nokanisadii, 4O3BoONsSE
pO3rnsi4aTh Lo KaTeropito XBOPUX sIK MOTEHLIMHO HanbinbLu
YyTNMBY A0 paHHLOro 3actocyBaHHA H3KTI 2-iHribiTopis.

BopHoyac gaHe [ocnigKeHHS Mae HU3KY OOMeEXeHb.
[o Hux HanexaTb BIOHOCHO HeBenuKa YUCEMbHICTb
BMOIpKM (N = 78), mana KinbKiCTb NaLEHTIB Y OKPEMUX
nigrpynax, Kopotkui nepiog cnoctepexeHHsa (30 gHiB),
a TakoX BIOCYTHICTb aHamidy »OPCTKUX KMiHIYHUX
KiHUeBMX Todok. Kpim Toro, y 4acTuHi nigrpyn aHanis
avHamikn  NT-proBNP  ©6yB oOMexeHui HEenoBHOTO
NnapHMX 3Ha4yeHb, WO He [O03BOMWMO BUKOHATWU MOBHO-
LiHHWIA NapHUI CTaTUCTUYHWIA aHani3.

OTpumaHi  JaHi  po3LMPIOTE  CyYacHi  YSBIEHHS
NMpo MOXIMBOCTI PaHHLOrO 3acCTOCYBaHHS iHribiTopiB
H3KTI2 y nauieHTiB 3 rocTtpuMm iHapkTomM Miokapaa
Ta noTpebyoTb NnoganbLIoro NiATBEPAXKEHHS Y MacluTab-
HiLLMX JOCNIOXEHHSX i3 OLIHKO KNiHIYHMUX KIHLIEBMX TOYOK.

MpakTUyHe 3HAYEHHSs

OTPUMAHUX PE3YAbTATIB

lMpakTuyHe  3HaAYeHHA  OTPUMaHWX  pesynbTaTiB
nonsirae 'y MOXIMBOCTI BUKOPUCTaHHS Biomapkepis
(NT-proBNP) Ta MopdoMeTprYHUX NOKa3HKKIB (TOBLUMHA
enikapaianbHOI XMPOBOI KNITKOBMHN) AN OLHKN paHHBbOT
BiAMOBIAI Ha Tepanito y NauieHTIB 3 rOCTPUM iHapKTOM
Miokapaa. BusiBneHi BigMiHHOCTI 3anexHo Big nokanisadii
iHbapkTy MOXyTb OyTWM BpaxoBaHi Mpwu iHAMBIQyani3o-
BaHili iHTepnpeTauii guHamikn nabopaTopHUX i exokapai-
orpadivyH1X NokasHuKiB y NOCTIHPapKTHOMY nepioai.

BUCHOBKH

Y nauieHTiB 3 rocTpuUM iH(papKTOM Miokapaa paHHe
3acTOoCyBaHHA  Aanarmino3vHy  CynpOBOMXYETHCH

ischemic zones [25]. In addition, dapagliflozin promotes
a metabolic shift of myocardial energy production from
glucose to ketone utilization —a more energy-efficient
pathway under hypoxic conditions. This metabolic
reorientation preserves myocardial energy potential,
especially during ischemia and early reperfusion phases.
Concurrently, the drug enhances endothelial function,
lowers uric acid levels, and increases nitric oxide
(NO) production, thereby improving microcirculation
and reducing afterload [26]. The combined effects
of dapaglifiozin encompass metabolic optimization,
anti-inflammatory protection, improved microcirculatory
function, and nephroprotection, resulting in an overall
cardiometabolic benefit in acute myocardial infarction.

Clinical Significance and Limitations

The obtained results suggest the potential rationale
for early initiation of dapagliflozin in patients with acute
myocardial infarction already during the early post-
infarction period, regardless of the presence of type
2 diabetes mellitus. The reduction in epicardial adipose
tissue thickness and NT-proBNP levels may reflect
a favorable effect on early myocardial remodeling
processes and neurohumoral activation. The more
pronounced effect observed in patients with Q-wave
myocardial infarction, particularly with anterior localization,
indicates that this subgroup may be especially responsive
to early SGLT2 inhibitor therapy.

However, the present study has several limitations.
These include the relatively small sample size (n = 78),
the limited number of patients in certain subgroups, the
short follow-up period (30 days), and the absence of hard
clinical endpoints. In addition, in some subgroups, the
analysis of NT-proBNP dynamics was restricted due
to incomplete paired measurements, which precluded
a fully powered paired statistical analysis.

Overall, these findings expand current knowledge
regarding the potential role of early SGLT2 inhibitor
therapy in patients with acute myocardial infarction and
warrant further confirmation in larger-scale studies with
assessment of clinically relevant endpoints.

Practical Significance

of the Results
The practical significance of the obtained results
lies in the potential use of biomarkers (NT-proBNP)
and morphometric parameters (epicardial adipose
tissue thickness) to assess early therapeutic response
in patients with acute myocardial infarction. The
identified differences according to infarct localization may
be taken into account in the individualized interpretation
of laboratory and echocardiographic dynamics during the

post-infarction period.

CONCLUSIONS

In patients with acute myocardial infarction, early
initiation of dapagliflozin is associated with a reduction
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3HWKEHHAM TOBLUMHKM enikapgianbHOi XMPOBOi KNiTKO-
BUHM NpoTarom 30 OHIB CNOCTEPEXEHHS.

Tepania panarnicpro3avHOM acoLitoeTbCA 3i 3MEH-
weHHaMm piBHa NT-proBNP npotarom 30 pgHiB nicns
rocTporo iHapKTy mMiokapaa.

Hanbinbl BMpaxxeHa NO3WUTMBHA OUHAMIKa NMOKa3HWKIB
BiA3Ha4Ya€eTbCA y NALEHTIB 3 iHpapkTOoM Miokapaa 3 hopmMy-
BaHHsM 3ybLsa Q, ocobnmnBo Npv nepeaHil nokanisadii.

OTpuMaHi AaHi nigTBepaKyTb AOLINbHICTL noaarnb-
LIOr0 BWBYEHHS PaHHLOrO 3aCTOCYBaHHS iHriOITOpIB
H3KTI2 y nauieHTiB nicns nNepBMHHOIO YepesLUKipHOro
KOPOHApPHOro BTPYYaHHS.

CIMUCOK BUKOPUCTAHUX AXEPEA

1. Saha T., Soliman-Aboumarie H. Review of current management
of myocardial infarction. Journal of Clinical Medicine. 2025. Vol. 14,
Ne 17. P. 6241. DOI: https://doi.org/10.3390/jcm14176241

2. SharafiM.,Dehghan A., Mouseli A., Fatemian H., JamaliL., Afrashteh S.,
et al. A cross-sectional study determining prevalence and factors
associated with ST-segment elevation myocardial infarction and non-ST
segment elevation myocardial infarction in Iran: results from fasa registry
on acute myocardial infarction (FaRMI). BMC Public Health. 2024.
Vol. 24, Ne728. DOI: https://doi.org/10.1186/s12889-024-18140-6

3. Herrera C.J., Levenson B.J., Natcheva A., Lucca A.C., Olsson K.,
Miki K., et al. Improving STEMI management internationally: initial
report of the American College of Cardiology-Global Heart Attack
Treatment Initiative. JACC: Advances. 2025. Vol. 4, Ne 1. DOI:
https://doi.org/10.1016/j.jacadv.2024.101438

4. Wang Y. LiQ.,BilL., Wang B., Lv T., Zhang P. Global trends in the
burden ofischemic heart disease based on the Global Burden of Disease
Study 2021: the role of metabolic risk factors. BMC Public Health. 2025.
Vol. 25. P. 310. DOI: https://doi.org/10.1186/s12889-025-21588-9

5. Bauke F., Schmitz T., Harmel E., Raake P., Heier M., Linseisen J.,
et al. Anterior-wall and non-anterior-wall STEMIs do not differ in long-
term mortality: results from the Augsburg Myocardial Infarction
Registry. Frontiers in Cardiovascular Medicine. 2024. Vol. 10.
P. 1306272. DOI: https://doi.org/10.3389/fcvm.2023.1306272

6. ByrneR.A.,RosselloX.,CoughlanJ.J.,BarbatoE., Berry C., Chieffo A.,
et al. 2023 ESC Guidelines for the management of acute coronary
syndromes: developed by the task force on the management of acute
coronary syndromes of the European Society of Cardiology (ESC).
European Heart Journal. 2023. Vol. 44, Ne 38. P. 3720-3826. DOI:
https://doi.org/10.1093/eurheartj/ehad191

7. BrownT.M.,BittnerV.,ColantonioL.D.,DengL.,FarkouhM.E.,LimdiN.,
et al. Residual risk for coronary heart disease events and mortality
despite intensive medical management after myocardial infarction.
Journal of Clinical Lipidology. 2020. Vol. 14, Ne 2. P. 260-270. DOI:
https://doi.org/10.1016/j.jacl.2020.01.004

8. Teo Y.H., Teo Y.N,, Syn N.L,, Kow C.S,, Yoong C.S.Y., Tan B.Y.Q,,
et al. Effects of Sodium/Glucose Cotransporter 2 (SGLT2) Inhibitors
on Cardiovascularand Metabolic Outcomes in Patients Without Diabetes
Mellitus: A Systematic Review and Meta-Analysis of Randomized-
Controlled Trials. Journal of the American Heart Association. 2021.
Vol. 10, Ne5. DOI: https://doi.org/10.1161/JAHA.120.019463

9. ZayyadZ.A., GuptaN.,Roy A., Kalagara S., Mishra A., Salem E., et al.
Hitting the sweet spot: a review of SGLT2 inhibitors in cardiovascular
medicine. Cardiovascular Therapeutics. 2025. Vol. 14. P. 531-553.
DOI: https://doi.org/10.1007/s40119-025-00436-2

10. Salah H.M., Al'Aref S.J., Khan M.S., Al-Hawwas M., Vallurupalli S.,
Mehta J.L., et al. Efficacy and safety of sodium-glucose
cotransporter 2 inhibitors initiation in patients with acute heart
failure, with and without type 2 diabetes: a systematic review and
meta-analysis. Cardiovascular Diabetology. 2022. Vol. 21. DOI:
https://doi.org/10.1186/s12933-022-01455-2

11. McMurray J.J.V., Solomon S.D., Inzucchi S.E., Kgber L.,
Kosiborod M.N., Martinez F.A., et al. Dapagliflozin in patients
with heart failure and reduced ejection fraction. New England
Journal of Medicine. 2019. Vol. 381, Ne 21. P. 1995-2008. DOI:
https://doi.org/10.1056/NEJM0a1911303

12. Zinman B., Wanner C., Lachin J.M., Fitchett D., Bluhmki E., Hantel S.,
et al. Empagliflozin, cardiovascular outcomes, and mortality in type
2 diabetes. New England Journal of Medicine. 2015. Vol. 373, Ne 22.
P.2117-2128. DOI: https://doi.org/10.1056/NEJMoa1504720

13. Solomon S.D., McMurray J.J.V., Claggett B., de Boer R.A., DeMets D.,
Hernandez A.F., et al. DELIVER Trial Committees and Investigators.
Dapagliflozin in heart failure with mildly reduced or preserved ejection

in epicardial adipose tissue thickness over a 30-day
follow-up period.

Dapagliflozin therapy is associated with a decrease
in NT-proBNP levels within 30 days after acute myocardial
infarction.

The most pronounced favorable dynamics of the
studied parameters are observed in patients with Q-wave
myocardial infarction, particularly in cases of anterior
localization.

The obtained data support the rationale for further
investigation of early SGLT2 inhibitor therapy in patients
after primary percutaneous coronary intervention.
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Study Limitations

The authors of this manuscript consciously acknowledge that
the presented study has limitations determined by its design and
execution. The sample size and composition (N=78) constrain
the precision of estimates and the generalizability of the findings,
considering the specific patient referral patterns and healthcare
practices in Ukraine. To minimize potential biases, standardized
measurements were applied, assessor training was conducted,
and sensitivity analyses were performed.

The generalizability of the conclusions is limited by the
study context; confirmation requires prospective multicenter
studies with adequately calculated statistical power, external
validation, and strict adherence to the principles of Good Clinical
Practice (GCP).
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MepcnekTMBY NOAQABLLUMX AOCAIAXKEHb

lMepcnekTnBu NnoganbLUMX AOCAIAXKEHb NOMNAraloTh Y PO3LUMPEHHI
BMOIpKM MauieHTiB i3 rocTpum iHdapkTom Miokapaa Ta 36inb-
LUEHHi Tp1BanocCTi CNOCTEPEXEHHS 3 METOK OLiHKM [JOBroCTpO-
KOBOI AMHaMIKMN BiOXiMIYHUX i MOPM(OMETPUYHMX MOKa3HUKIB,
a TaKoX iX 3B’A3Ky 3 KMiHIYHMMM KiHLEBUMM TouKaMu. [JouinbHum
€ BKMIOYEHHsA aHanisy BigganeHnx Hacnigkis, 3okpema
PO3BUTKY CepLeBOi HEAOCTATHOCTI, PEMOAENOBAHHA Miokapaa
Ta NOBTOPHMX iLLeMiYHMX nogin. MNMoganbLui AOCAIAXKEHHSI MOXYTb
OyTW crnpsiMOBaHi Ha [eTanbHilly OLiHKY BNNMBY iHriGiTopiB
H3KTI2 y roctpomy nepiogi iHbapkTy Miokapaa 3 ypaxyBaHHAM
nokanisauii Ta Nnowji ypaxeHHs, a Takox ctpartudikauii naui-
EHTIB 3a CTyrneHeM HenporymoparnbHOi akTuBaLii Ta metaboniy-
HOrO HaBaHTaXeHHd. Lle go3sonuTb mublue 3po3ymiTn mexa-
Hi3MK kappgiomeTaboniyHol Aii Aanarnicno3vHy Ta BU3HAYUTU
niarpynu NauieHTiB, ski MOXYTb OTPUMATK HawbinbLly KOPUCTb
Bifl paHHBbOro Mpu3HayYeHHs npenapary. [epcnekTMBHUM Takox
€ NoeaHaHHs GiomMapkepHOro aHanisy 3 cyvacHuMmy meTodamu
Bidyanizauii Ans 6Ginbll TOYHOI OLUiHKM 3MiH enikapAaianbHoi
XMPOBOI KIMITKOBMHU Ta CTPYKTYPHO-(PYHKLIOHANbHOrO CTaHy
Miokapga y AvHamiui. Takuii nigxig Moxe cnpusitu po3pobui
nepcoHanisoBaHNx cTpaTerin nikyBaHHSA NauieHTiB i3 rocTpum
iHbapkTOom miokapaa.

KoHAIKT iHTepecis

Bci aBTOpM nopanu o pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTSI KOHANIKTY iHTepeciB MixxHapogHOro KomiTeTy peaak-
TopiB MeaunyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBifoOMO 3acBia-
UylOTb BIACYTHICTb (PaKTUYHOrO abo MOTEHUINHOIO KOHMIKTY
iHTepeciB Woao pe3ynbTaTiB Liei poboTn 3 dapmaueBTUHHUMU
KOMNaHigMun, BUMpOOHMKamMy GioMeaUYHMX NPUCTPOIB, HLWMMU
opraHisauisiMu, 4ui NpogykTu, nocnyru, diHaHcoBa nNigTpUMKa
MOXyTb ByTV noe’si3aHi 3 npegMeToM HafaHux maTepianis abo
SIKi COHCOpyBanv NpoBeAeHi AOCHIIKEHHS.

AOTpMMOHHﬂ €TUYHUX HOPM

ABTOPV PYyKOMNUCY CBIAOMO 3acBif4vyloTb, WO [OCAIMKEHHS
NPOBOAMIIOCH 3 BWKOPUCTAHHSAM AAHUX MNEPBUHHOI MEAUYHOI
OOKYMEeHTaUji Ta BKIYano KiiHiYHIi CMOCTEPEXEHHs 3a nauieH-
Tamu. [locnigkeHHA NpoBeAeHO BIAMOBIAHO [0 €TUYHUX CTaH-
napTiB enbciHcbkoi geknapadii BcecBiTHbOI MeguyHoi acoui-
auii Npo eTWYHi MPUHUMNU MPOBEAEHHS HAyKOBMX MeOMYHUX
[ocnimkeHb 3a y4vacTio NIOAWHW, AMPEKTMBU EBPOMEncbKoro
ToBapucTBa 86/609 nmpo yyacTb nogen y Meamko-6ionorivyHmx
OOCRISKEHHSX, a Takox Hakasy MiHicTepcTBa OXOPOHU 340POB’A
Ykpainm Ne 690 Big 23.09.2009 p. IHdopmoBaHa 3rofa Ha y4acTb
y BocnimkeHHi 6yna oTpyMaHa Bif YCiX y4aCHWKIB MiCns HagaHHsS
M 3p03yMinoi, NOBHOI Ta AOCTYNHOI iHhopmaLii npo MeTy, An3anH
i MeTofonorito AOCHIAXEHHS, NOro NMOTEHUNHI PU3NKK, OYiKyBaHi
nepesarv Ta MOXNMBI anbTepHaTUBK. YCi y4aCHVKM MigTBEPAUIN
CBOI 40OPOBINbHY y4acTb LUMAXOM MiAMUCAHHS JOKYMEHTa Npo
iHdopMmoBaHy 3rogy. flocnimpkeHHs cxsaneHe Komicieto 3 nuTtaHb
biomeanyHoi  eTukn  ByKOBMHCBKOrO  OepxaBHOro  Meauud-
HOro yHiBepcuTeTy MiHicTepcTBa OXOPOHM 300poB’s YKpaiHu
(m. YepHiBui), Butar 3 npotokony Ne 2 Big 20.10.2022 p.

BMKOpMCTdHHﬂ WTy4YHOro iHTeAeKTY

ABTOpPU PYyKONUCY CBIAOMO 3aCBiAYYIOTb BUKOPUCTAHHS iHCTPY-
MEHTIB reHepaTMBHOIO LUTYYHOrO iHTEeNeKTy y mpoueci nigro-
TOBKW LbOro pykonucy. BignosigHo o TakcoHoMii generyBaHHs
3aBOaHb reHepaTVBHOMY LWITY4HOMY iHTenekTy «GAIDeT»
(Generative Artificial Intelligence Delegation Taxonomy),

Perspectives for Further Research

Future research should focus on expanding the study population
of patients with acute myocardial infarction and extending the
follow-up duration in order to assess the long-term dynamics
ofbiochemical and morphometric parameters and theirassociation
with clinical outcomes. It would be appropriate to include the
analysis of long-term consequences, particularly the development
of heart failure, myocardial remodeling, and recurrent ischemic
events. Further studies may also aim to provide a more detailed
evaluation of the effects of SGLT2 inhibitors in the acute phase
of myocardial infarction, taking into account infarct localization
and extent of ischemic injury, as well as stratification according
to the degree of neurohumoral activation and metabolic burden.
This approach may facilitate a deeper understanding of the
cardiometabolic mechanisms of dapagliflozin and help identify
patient subgroups that may derive the greatest benefit from early
initiation of therapy. In addition, the integration of biomarker-
based assessment with advanced imaging modalities may allow
for a more precise evaluation of changes in epicardial adipose
tissue and myocardial structural and functional characteristics
over time. Such an approach could contribute to the development
of personalized therapeutic strategies for patients with acute
myocardial infarction.
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2025 p.), 3a NOBHOroO MOACLKOrO Harnsay Oyno AeneroBaHo
3aBfaHHA 3 BWYMTYBAHHSA, pefaryBaHHs, Ta nepeknagy. Ans
uporo BuKopucToByBaBcs ChatGPT-5 (OpenAl, Bepcis Big
yepBHa 2025 p.). Yci pesynbratv, OTpMMaHi 3a [OMOMOro
LbOro iHCTpyMeHTy, Bynu petenbHO nepeBipeHi, BigpeaaroBaHi
Ta 3aTBepaKeHi aBTopamu, ski HecyTb MOBHY Bignosiganb-
HICTb 3a 3MICT i BUCHOBKM nmybnikauii. IHCTpyMeHTU reHepaTue-
HOFO LUTYYHOrO iHTENEKTY He 3a3HayaloTbCs SK aBTOPU Ta He
HecyTb BiANOBIAanbHOCTI 3a KiHUeBi pesynbratu. Lig geknapauis
He NOLUMPIOETHCS Ha BUKOPUCTaHHSA 6a30BUX IHCTPYMEHTIB nepe-
BipKM rpamaTukm, opcporpadii Un opopmMreHHsa nocunaHb.

MepBUHHI AGHi Ta maTepiaAu

ABTOpPY pyKONMCy CBIJOMO 3acCBiauvyHOTh, WO Y pobOoTi BUKOPUCTAHO
pesynsTaTi BNacHUX KNiHIYHWX JOCAImKeHb, Lo Bynu cuctematu-
30BaHi Ta NpoaHanizoBaHi aBTopamu. MNepBUHHI AaHi BKMOYaoTh
y3aranbHeHi MOKasHWKM nauieHTiB, nabopaTopHi pesynbraTy,
NPOTOKONM Ta OTPUMaHI KiNbKiCHI xapakTepucTukn. Bei matepianm
36epexeHi B apxiBi 4OCMIAHWLBKOI Ipyny Ta MOXyTb ByTv HapaHi
3a 06rpyHTOBaHMM 3anUTOM [0 aBTOPa-KOPECMOHAEHTA, 3 ypaxy-
BaHHAM BUMOT KOHMIAEHUINHOCTI Ta ETUYHUX HOPM.

IHcbopmauis Nnpo dpiHaAHCYBAHHS

[ocnigpxeHHs NpoBOAMIOCA 3 iHiLiaT1BKM aBTOPIB | He hiHaHCyBa-
1NOCS1 XKOAHUM [XKEPENOM.
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HoOro yHiBepcuteTy MiHicTepcTBa OXOpPOHM 340pOB’'s YKpaiHu,
TeaTpanbHa nnowa; 6ya. 2, M. YepHiBui, YkpaiHa, 58002;
nikap-kapaionor [epxaBHOr0O HeKOMepUIHOro nignpueMcTBa
«lHcTUTYT cepus MiHicTepcTBa OXOPOHM 300pOB’S YKpaiHWy;
Byn. Bpatucnasckka, bya. 5-A, M. Kuis, YkpaiHa, 02166;

e-mail: mdmiriniuk@gmail.com

mo6.: +38 (095) 922-58-88

BHecok aemopa: 36ip daHux, aHanisa ma iHmeprpe-
mauisi ompumaHux 0aHUXx, HarnucaHHs cmammi, gpopmy-
8aHHS1 BUCHOBKIS.

Inawyk TeTaHa OnekcaHapiBHA — JOKTOP MEAUYHUX HayK,
npodecop, 3aBigyBayka Kadeapu MponeaeBTUKM BHYTPILLHIX
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full human supervision. For this purpose, ChatGPT-5 (OpenAl,
June 2025 version) was used. All outputs generated with the
assistance of this tool were carefully reviewed, edited, and
approved by the authors, who assume full responsibility for
the content and conclusions of the publication. Generative
artificial intelligence tools are not listed as authors and bear
no responsibility for the final results. This declaration does not
apply to the use of standard tools for grammar checking, spelling
correction, or reference formatting.

Primary Data and Materials

The authors confirm that the study is based on the results of their
own clinical investigations, which were systematized and analyzed
by the research team. The primary data include aggregated patient
indicators, laboratory results, study protocols, and quantitative
measurements obtained during the study. All materials are
securely stored in the research group’s archive and can be made
available upon reasonable request to the corresponding author,
in compliance with confidentiality and ethical requirements.

Funding Information

The study was initiated by the authors and received no external
funding from any source.

INFORMATION ABOUT THE AUTHORS

Miriniuk Iryna Vitaliivna — Postgraduate student of the
Department of Propaedeutics of Internal Diseases of the
Bukovinian State Medical University of the Ministry of Health
of Ukraine, 2 Teatralna Sq., Chernivtsi, Ukraine, 58002;
Cardiologist of the Heart Institute of the Ministry of Health
of Ukraine; 5A Bratislavska Str., Kyiv, Ukraine, 02166;

e-mail: mdmiriniuk@gmail.com

tel.: +38 (095) 922-58-88

Author’s contribution: data collection, analysis and
interpretation of the obtained data, writing the article,
formulation of conclusions.

llashchuk Tetiana Oleksandrivha — Doctor of Medical
Sciences, Professor, Head of the Department of Propaedeutics
of Internal Diseases of the Bukovinian State Medical University
of the Ministry of Health of Ukraine, 2 Teatralna Sq., Chernivtsi,
Ukraine, 58002;
e-mail: ilashchuk.tetiana@bsmu.edu.ua
tel.: +38 (050) 538-00-12
Author’s contribution: formulation of the research aim,
development of the study design, analysis and interpretation
of the obtained data, statistical processing, writing and
editing of the article, approval of the final conclusions.

Pykonuc HaginiwoB
Manuscript was received

14.10.2025 03.12.2025

OTpumaHo nicnsi peLeH3yBaHHSA
Received after review

MpuiiHaTo o opyky Ony6nikoBaHo
Accepted for printing Published
18.02.2026 27.02.2026

OpuwuriHanbHi gocnigpKeHHs

105 Original research


mailto:mdmiriniuk@gmail.com
mailto:ilashchuk.tetiana@bsmu.edu.ua
mailto:mdmiriniuk@gmail.com
mailto:ilashchuk.tetiana@bsmu.edu.ua

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.
Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 106-121

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

Series Medicine. 2026;34(1(58)):106-121

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

OPEN
CTPYKTYPHO-PYHKLLIOHAAbHI 3MiHM MIOKAPAQ NPU XPOHIYHOMY
KOPOHAPHOMY CUHAPOMI TA LLYKPOBOMY AiabeTi 2-ro Tuny
3AAEXHO BiA KIABKOCTi YPOXKEHUX KOPOHAPHUX apTepin

DOI: https://doi.org/10.26565/2313-6693-2026-58-08
YOK: 616.127+616.12-009.72+616.379-008.64+616.132.2

ggggggg

KynHoBuubka I.I",
PomaHunwmnH H.M.,
KnumeHko BL.I.,
®diTkoBcbKa I.IM.,
lNy6ina H.B.
Kanyrisa C.M.,
KpacHononbcbkuit C.3.,

https://orcid.org/0000-0002-6997-460X, e-mail: ikupnovytska@ifnmu.edu.ua
https://orcid.org/0000-0002-0243-2638, e-mail: neliaromanyshyn@gmail.com
https://orcid.org/0000-0001-8503-221X, e-mail: klimenkovira3@gmail.com
https://orcid.org/0000-0002-6596-536 X, e-mail: ikutynska@ifnmu.edu.ua
https://orcid.org/0000-0001-6049-8865 e-mail: nhubina@ifnmu.edu.ua
https://orcid.org/0000-0002-3350-119X, e-mail: skalugina@ifnmu.edu.ua
https://orcid.org/0009-0002-7312-1818, e-mail: skrasnopolskyi@ifnmu.edu.ua

IsaHO-®paHKiecbKUl HauioHanbHUlU MeduyHUU yHisepcumem
Minicmepcmea oxopoHu 300po8’st YkpaiHu, leaHo-®paHKiechk, YKpaiHa

Structural and functional changes in the myocardium
in chronic coronary syndrome and type 2 diabetes mellitus
depending on the number of affected coronary arteries

Kupnovytska I.H.,
Romanyshyn N.M.,
Klymenko V.I.,
Fitkovska I.P.,
Gubina N.V,,
Kalugina S.M.,
Krasnopolsky S.Z.,

KAlo4oBi cAoBQ:

XPOHIYHUIN KOPOHAaPHWUIA CUHAPOM, CTEHO-
Kapais HanpyXeHHsl, KOpOHapHi apTepii,
LykpoBuiA  fiabeT, XpoHiYHa cepueBa
HeJoCTaTHICTb, rmobanbHa MNO340BXHSA
nedopmadis.

AAfl KOPEeCNOHAEHLI:

PomaHuwuH Hens MukonaigHa
IBaHO-DpaHKiCbKMn HauioHanbHWUI
MeauyHuin - yHiBepcuTeT  MiHicTepcTBa
OXOPOHWU 340poB’'s  YkpaiHwn, kadegpa
KMiHiYHOT  cbapmakonorii  Ta  KniHiYHOI
capmadii;

Byn. [anuupka, 6ya. 2, M.
dpaHkiBCbK, YkpaiHa, 76018;
e-mail: neliaromanyshyn@gmail.com

IBaHoO-

© KynHosuupka I.I., PomaHuwuH H.M.,
Knumenko B.l., ®imkoecbka I.[1.,
ly6iHa H.B., KanyeiHa C.M.,
KpacHononbcekutl C.3., 2026

https://orcid.org/0000-0002-6997-460X, e-mail: ikupnovytska@ifnmu.edu.ua

https://orcid.org/0000-0002-0243-2638, e-mail: neliaromanyshyn@gmail.com

https://orcid.org/0000-0001-8503-221X, e-mail: klimenkovira3@gmail.com

https://orcid.org/0000-0002-6596-536X, e-mail: ikutynska@ifnmu.edu.ua
https://orcid.org/0000-0001-6049-8865, e-mail: nhubina@ifnmu.edu.ua

https://orcid.org/0000-0002-3350-119X, e-mail: skalugina@ifnmu.edu.ua

https://orcid.org/0009-0002-7312-1818, e-mail: skrasnopolskyi@ifnmu.edu.ua

Ivano-Frankivsk National Medical University
of the Ministry of Health of Ukraine, Ivano-Frankivsk, Ukraine

PE3IOME

AKTyanbHicTb. BVBYEHHSI CTPYKTYpHO-(PYHKUIOHANbHUX 3MiH Miokapda y nauieHTiB
i3 XPOHIYHMM KOPOHaPHUM CMHAPOMOM i LiyKPOBUM AiabeTom 2-ro Tuny Aae MOXIMBICTb
BUSIBUTW PaHHi MpoLecn pemMoaentoBaHHs cepus, AiacTomivyHOi AUCKYHKLUiT, OuiHUTK
CTYMiHb KOPOHAPHOTO YPaKEHHSI.

Meta po6GOTM — BMBYEHHHA B3AaEMO3B'A3KY MK CTAHOM CUCTOMIYHOI W AiacTomniyHol
dyHKUiN Miokapga, piBHeM N-kiHLEBOro dparmMeHTa MO3KOBOrO HaTpilypeTpu4Horo
nenTuay y XBOpyX Ha XPOHIYHWI KOPOHaPHUIA CUHAPOM i3 CyMyTHIM LlyKpoBUM AiabeTom
2-ro TUMy 3 ypaxyBaHHSAM CTYNeHs ypaKeHHS KOPOHapHUX apTepini 3a AaHNMK KOpOHa-
poaHriorpadii.

Matepianu Ta metoau. O6’ekToM AocnigxeHHs obpaHo 95 xBopux 3i CTeHoKapaieto
Hanpy>XeHHs1, SKMM NPOBOAMNM KOpoHapoaHriorpadito.

OcHoBHy rpyny ctaHoBunu 60 oci6 (63,2%) i3 cTeHokapaieto HanpyXXeHHs B NOEeAHaHHi
3 LyKpOBUM ZiabeTom 2-ro Tumy.

[o rpynu nopiBHAHHS yBIMLWKM 35 nauieHTiB i3 BepudikoBaHWM aHanoriyH1M Kapgiorno-
riYHMM fgiarHo3oM 6e3 cynyTHBOro LyKpoBoro aiabety 2-ro tun y.

PesynbraTu. Y nauieHTiB i3 CTEHOKapAielo HanmpyXeHHs Ta LyKpoBUM AiabeTom 2-ro
TMMNY NpW NPOBEAEHHI KopoHapoaHriorpadii yacTiwe AiarHocTyeTbca baraTtocyanHHe
YpaxeHHsl KOpPOHapHWUX apTepii. Y Takux XBOPUX BiAMIYEHO 3Hauylle 36inblUeHHS
po3MipiB niBOro nepeacepasi, KiHUEeBoro AiacTonivyHoro i cuctoniyHoro o6’emiB niBoro
LyHouKa. Ppakuis BUKMAY MiBOTO LWYHOYKA 3HMXKyBanacs 3 HapOCTaHHAM CTyNeHs
ypaxeHHsi KOpOHapHMX apTepiii Ta Gyna OOCTOBIPHO HUXKYOK Y NaLiEHTIB 3 LyKPOBUM
piabeTom 2-ro Tuny.

B obcTexyBaHMx nauieHTIiB 3 MOEQHAHO NaTOSOriet0 NOKa3HMK CNiBBIAHOLIEHHS WBMA-
KOCTel TpaHCMITpanbHOro MoToky GyB CYTTEBO HWX4YMM, 0COONMBO 3 GaraToCyaVHHUM
KOPOHAPHNM YPaXKeHHSIM, LLIO BKa3ye Npo BUPaXeHe YNoBiNbHEeHHs penakcalii miokapaa.
B o6ox rpynax XBOpuX BiOMIYEHO 3HWXKEHHSI MOKa3HWKa rnobanbHOi NO300BXHLOT
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AAf UUTYBAHHS:

nedopmauii Mmiokapga, ocobnmeo B 0Cib i3 6araToCyauHHUM YpaXKeHHSIM KOPOHApPHUX
apTepii Ha Tni CynyTHBOI NaTonorii.

Y nauieHTiB i3 XPOHIYHUM KOPOHaPHUM CUHAPOMOM i GaraToCyAVHHUM YpaXeHHSM
BiHLIEBMX CyAMH BiA3HA4YeHO CyTTEBE NiABULLEHHS piBHS N-KiHLEBOro doparmeHTa MO3Ko-
BOrO HaTPiiypeTpMYHOro nenTuay.

BucHOBKW. Y nNauieHTiB 3 XPOHIYHMM KOPOHAPHUM CUHAPOMOM, NOEAHAHNM 3 LlyKPOBUM
piabetom 2-ro TMny, NporpecyBaHHS XPOHIYHOI CepLeBOi HedOoCTaTHOCTI HapocTae
3i 3BiNbLUEHHSAM KiNbKOCTi ypaXXeHUX KOPOHaPHUX apTepin. SMiHM NPOABNSIOTLCA AUnsATa-
LliEt0 MOPOXHMHK NIBOTO LUSTYHOYKA Ta MOro rinepTpodieto, AiacTonivHow ancyHKUieto,
3HWKEHHAM bpakLuii BUKuay MiBOro LUMYHOYKa i NokasHuka rnobanbHoi No3goBXHBOT
Aedopmalii Miokapda niBoro LyHo4Ka, 3pocTaHHAM piBHS N-kiHLeBoro dparmeHTa
MO3KOBOTO HaTpiypeTpuU4HOro nentuay.

KynHouupka I.I., PomanuwmH H.M., Knumenko B.l., ®ditkosebka L., Ty6iHa H.B., Kanyrina C.M., KpacHononb-
cbkuii C.3. CTpyKTypHO-(pyHKLiOHaMNbHi 3MiHW Miokapga Npu XPOHIYHOMY KOPOHapHOMY CUHAPOMi Ta LyKpo-
BOMY fiabeTi 2-ro Tuny 3anexHo BiA KiNMbKOCTI YypaKeHWX KOPOHapHWX apTtepii. BicHuk Xapkigcbkoeo Haui-
OHarnbHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2026. T. 34. Ne 1(58). C 106-121. DOI:
https://doi.org/10.26565/2313-6693-2026-58-08
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ABSTRACT

Background. The study of structural and functional changes of the myocardium
in patients with chronic coronary syndrome and type 2 diabetes mellitus makes it possible
to identify early processes of cardiac remodeling, diastolic dysfunction, to assess the
degree of coronary involvement.

Purpose — is to investigate the relationship between the state of systolic and diastolic
myocardial functions and the level of N-terminal pro—B-type natriuretic peptide in patients
with chronic coronary syndrome with concomitant type 2 diabetes mellitus taking into
account the degree of coronary artery involvement according to coronary angiography.
Materials and Methods. The object of the study was 95 patients with exertional angina
who underwent coronary angiography.

The main group consisted of 60 individuals (63.2%) with exertional angina in combination
with type 2 diabetes mellitus.

The comparison group included 35 patients with a verified analogous cardiological
diagnosis without concomitant type 2 diabetes mellitus.

Results. In patients with exertional angina and type 2 diabetes mellitus, coronary
angiography more frequently revealed multivessel coronary artery disease. These patients
showed a significant increase in left atrial size, left ventricular end-diastolic and end-systolic
volumes. Left ventricular ejection fraction decreased with increasing severity of coronary
artery involvement and was significantly lower in patients with type 2 diabetes mellitus.

In the examined patients with combined pathology, the ratio of transmitral flow
velocities was significantly lower, especially in those with multivessel coronary artery
disease, indicating pronounced myocardial relaxation impairment. In both patient
groups, a reduction in global longitudinal myocardial strain was observed, particularly
in individuals with multivessel coronary artery involvement against the background
of concomitant pathology.

In patients with chronic coronary syndrome and multivessel coronary artery disease,
a significant increase in the level of N-terminal pro—B-type natriuretic was noted.
Conclusions. In patients with chronic coronary syndrome combined with type 2 diabetes
mellitus the progression of chronic heart failure increases with the rise in the number
of affected coronary arteries. The changes manifest as dilation of the left ventricular
cavity and its hypertrophy, diastolic dysfunction, a decrease in left ventricular ejection
fraction and the index of global longitudinal myocardial strain of the left ventricle,
an increase in the level of N-terminal pro—B-type natriuretic peptide.

Kupnovytska IH, Romanyshyn NM, Klymenko VI, Fitkovska IP, Gubina NV, Kalugina SM, Krasnopolsky SZ. Structural
and functional changes in the myocardium in chronic coronary syndrome and type 2 diabetes mellitus depending
on the number of affected coronary arteries. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2026;34(1(58)):106-121. DOI: https://doi.org/10.26565/2313-6693-2026-58-08

BCTYN

[loegHaHHA  XPOHIYHOrO

KOPOHapHOro  CUHOPOMY
(XKC) 3 uykpoBum piabetom (L) 2-ro tuny 3Ha4vHo
noripwye iwemiyHy xBopoOy cepus, MiOBULLYE PU3UK

INTRODUCTION

The combination of chronic coronary syndrome
(CCS) with type 2 diabetes mellitus (T2DM) significantly
aggravates the course of ischemic heart disease increases
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PO3BMTKY YCKMagHEeHb Ta CMEpPTHICTb BiA cepueBo-Cy-
OnHHMX npuyurH [1]. L0 2-ro Tuny cnpusie npuckopeHomy
NporpecyBaHHI0 aTepockneposy, ANQY3HOMY YparKEHHIO
KopoHapHux aptepii (KA) 3 dopMmyBaHHAM AiabeTnyHoi
kapgiomionarii [2].

BuByeHHs CTPYKTYPHO-(DYHKLiOHANbHNX 3MiH
miokapga y nauienTis i3 XKC i LI 2-ro Tvny mae Baxnvse
KNiHiYHEe 3Ha4YeHHSs, OCKINMbKM [03BOMNSE BUABUTU PaHHI
NposiBY peMofentoBaHHs cepus i AiacToniYHOT AUCHYHKLUIT,
OLiHUTX CTyNiHb KOPOHapHOro ypaxeHHs [3]. BuyacHe
BUSIBMEHHSA TaKMX 3MiH, iX iHTerpauis B kKniHi4Hy cTparerito
Crpusie YyOOCKOHANEHHO OiarHOCTUYHUX METOAMK, ONTUMI-
3auii nikysaHHs nauieHTis 3 XKC i cynyTHim LI 2-ro Tuny,
nonepeaXeHHo cepLeBo-CyaANHHNX yeknaaHeHb. LI 2-ro
Tuny y nauieHTiB i3 XKC acouitoeTbes 3 WBUAKNM BUHYK-
HEHHSsIM fjacToniyHoi AnCAYHKLIT NiBoro wyHoyka (J1LU).

XpoHiyHe 3HWKEHHSA KOpOHapHOro pesepsy
i AncdyHKUig engoTenito npu L 2-ro Tvny noripuytoTh
nepdysito miokapga, WO NpuM3BOAWUTL A0 MOPYLUEHHS
po3crnabneHHss  kapgiomiouuTiB.  AKTMBaUia  npo3a-
nanbHUX akTopiB, HaKOMWYEHHS KiHLEBUX MNPOAYKTIB
rnikauii NpUCKoOple pPo3BUTOK ibpO3y, WO NigBULLYE
purigrictb cTiHkn JIW. [iaGetnuHa Henponartis npu3Bo-
outb 0o ancbanaHcy cMMnaTMYHOI Ta napacumnaTuyHol
HEepBOBOI CMCTEMM, YHacCMigoK 4YOro noripwyetbca asa
paHHbOro AiaCToMNiYHOrO HaMoOBHEHHSI | BKOPOYYETLCS
dasa giactonu [4, 5]. I3-3a nigBULLEHHS apTepianbHOI
YKOPCTKOCTI noripwyeTbcs po3crnabneHHs JILW [6].

Y xBopux Ha XKC B noegHanHi 3 LI 2-ro Ttuny
yacto BiAOyBaeTbCA MacKyBaHHS KMiHIYHWX MpOsiBiB
cepueBoi AMCHYHKLIT. TOMy BaXKNMBUM € PaHHE BU3HA-
YeHHs1 nabopaTtopHoro iHaukatopa piBHS N-TepMiHanb-
HOro cpparmMeHTa MO3KOBOTrO HaTPilypeTuyHOro nenTuay
(NT-proBNP) — HelpoeHaoKprHHOro Giomapkepa, nigsu-
LLIeHHA BMICTY $IKOTO B CUpOBAaTLi KpoBi BigoOpaxae
CTYNiHb CTPYKTYPHOrO 1 (PYHKLIOHANbHOro pemoaento-
BaHHSA Miokapaa i mae cyTTeBe AiarHOCTUYHE W NPOrHoc-
TuYHe 3HadyeHHs npu XKC ta U 2-ro tuny [7].

3pocTaHHs BmicTy NT-proBNP 3ymoBneHe pisHuMu
NaToOreHeTUYHNMK  MeXaHi3Mamu:  NepeBaHTaXEHHAM
06’eMOM, iLUEMIYHUM YLUKOOXKEHHSAM Ta 3MEHLUEHHSIM
enacTu4YHoCTi cepueBoro m’asa. Lli YmHHMKM cnpuym-
HAIOTb PO3TArHEHHSA CTIHOK LUMYHOYKIB i CTUMYMIOIOTh
CeKkpeLito HaTpinypeTu4HUX NenTuaiB Kapaiomiouutamu.
NT-proBNP BucTynae 6Giomapkepom cTpecy Miokapaa
i [O3BONSAE BUSBMTI PaHHi 3MiHN cepLeBoi pyHKLii e Jo
nosiBM KniHIYHMX O3HAK cepueBoi HegocTaTHocTi [8, 9].
MouaTtkoBi remoguHaMmivHi  3MiHW, 30Kkpema ob’eMHe
nepeBaHTaXeHHS Cepus, ileMiYHe ypaxeHHs Miokapaa
Ta 3MEHLUEHHSI NOro enacTUYHOCTI, CNPUYMHSITE NiaBU-
LLIEHHS Hanpy>XeHHs CTIHOK LUMYHOYKIB. Y BignoBigb Ha Ui
MeXaHiYHi CTUMYNnW KapAiomMioLMTN MOYMHAOTL aKTUBHE
BuBinbHeHHS NT-proBNP [10].

NT-proBNP Bigirpae Baxnusy ponb Yy NigTPUMaHHI
CepLeBO-CyANHHOrO rOMeOocTasy, perynie CyauHHUIN
TOHYC, CMpUsie HaTpilype3y Ta BMMMBaE Ha aKTUBHICTb
PEHiH-aHrioTEH3MH-anbA0CTEPOHOBOI 11 cumnaTo-agpe-
Hanosoi cuctem [11]. OkpiM UbOro, NenTUL YUHUTb
BNIMB Ha KMiTUHHMIA MmeTaboniam, 6epyun yyacTtb
y KOHTPOi npouecis pocTy, nponidepauii Ta anontosy
kapgiomiouuTis [18].

MporpecyBaHHsA pemoaentoBaHHsa Miokapaa, ibposHi
3MiHW i MOpyLeHHa JiacToniyHoro po3crnabneHHsi

the risk of complications and cardiovascular mortality [1].
Type 2 diabetes mellitus promotes accelerated
progression of atherosclerosis diffuse involvement of the
coronary arteries (CA) with the development of diabetic
cardiomyopathy [2].

The study of structural and functional myocardial
changes in patients with chronic coronary syndrome (CCS)
and type 2 diabetes mellitus (T2DM) is of important clinical
significance as it allows identification of early manifestations
of cardiac remodeling and diastolic dysfunction
assessment of the degree of coronary involvement [3].
Timely detection of such changes their integration into the
clinical strategy contributes to improvement of diagnostic
methods optimization of treatment in patients with CCS
and concomitant T2DM prevention of cardiovascular
complications. Type 2 diabetes mellitus in patients with
CCS is associated with rapid development of left ventricular
(LV) diastolic dysfunction.

Chronic reduction of coronary reserve and
endothelial dysfunction in type 2 diabetes mellitus impair
myocardial perfusion which leads to impaired relaxation
of cardiomyocytes. Activation of proinflammatory factors
accumulation of advanced glycation end products
accelerates the development of fibrosis which increases
left ventricular wall stiffness. Diabetic neuropathy leads
to imbalance of the sympathetic and parasympathetic
nervous systems as a result of which the early diastolic
filling phase deteriorates and the duration of diastole
shortens [4, 5]. Due to increased arterial stiffness left
ventricular relaxation worsens [6].

In patients with chronic coronary syndrome combined with
type 2 diabetes mellitus masking of clinical manifestations
of cardiac dysfunction frequently occurs. Therefore early
determination of the laboratory indicator of the level of the
N terminal fragment of brain natriuretic peptide (NT-proBNP)
a neuroendocrine biomarker an increase in the serum
concentration of which reflects the degree of structural
and functional myocardial remodeling and has significant
diagnostic and prognostic value in chronic coronary
syndrome and type 2 diabetes mellitus [7].

The increase in NT-proBNP levels is caused by various
pathogenetic mechanisms: volume overload, ischemic
injury, and decreased myocardial elasticity. These factors
lead to ventricular wall stretching and stimulate natriuretic
peptide secretion by cardiomyocytes. NT-proBNP serves
as a biomarker of myocardial stress and allows detection
of early changes in cardiac function before the appearance
of clinical signs of heart failure [8, 9]. Initial hemodynamic
changes, namely cardiac volume overload, myocardial
ischemic injury, and reduced myocardial elasticity, cause
increased ventricular wall stress. In response to these
mechanical stimuli, cardiomyocytes actively release
NT-proBNP [10].

NT-proBNP plays an important role in maintaining
cardiovascular homeostasis, regulating vascular tone,
promoting natriuresis, and affecting the activity of the
renin-angiotensin-aldosterone and sympatho-adrenal
systems [11]. In addition, the peptide influences
cellular metabolism, participating in the regulation
of cardiomyocyte growth, proliferation, and apoptosis [18].

Progression of myocardial remodeling, fibrotic
changes, and impaired ventricular diastolic relaxation
is accompanied by a further increase in NT-proBNP
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LUMAYHOYKIB CYNPOBOMXKYIOTLCA NOAANbLUMM 3POCTaHHAM
Bmicty NT-proBNP, wo posrnsgaetbcad  SK  MNOTEH-
LiHUIA paHHin nabopaTopHuii Giomapkep AiacTomnivyHol
ancoyHkuii y nauieHTie 3 XKC ta UL, 2-ro tuny [12].

Pa3owm i3 Tum, iHTepnpeTauig NT-proBNP y nauieHTiB
i3 XPOHIYHOIO rineprrikemMieto 3anmaeTbcs QUCKYCIHO.
3a gaHumMKn geskux aBTopiB, BMCOKUMN PiBEHb [IHOKO3M
MOXe NpUrHiYyBaTn cuHTE3 abo BUBINbHEHHS MenTuay,
L0 NPU3BOAMTL A0 BiQHOCHOTO 3MEHLLEHHS AOr0 BMIiCTY
y cuposartyi kposi [13]. Lle obrpyHTOByE HeoOXiaHICTb
noganbwux gocnimkeHb NT-proBNP gk moxnvBoro
pPaHHBLOro npeaukTopa AiacTonivyHoi ANCAYHKLiT B OCi6
i3 noegHaHMMK KapAioMeTaboniYHUMM NOPYLLEHHAMMU.

MeTa po60TH — BYBYEHHSI B3aEMO3B'sI3KY MiXX CTaHOM
CUCTONIYHOI 1 fgiacToniyHoi oyHKLiA Miokapaa, nokas-
Hukamy remoguHamikvm i piBHem NT-proBNP y xBopwux
Ha XKC 3 cynyTHim LI 2-ro Tuny 3 ypaxyBaHHAM CTyneHs
ypaxeHHst KA 3a gaHumun kopoHapoanriorpadii (KAI).

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxeHHs 3gincHioBanu Ha 6a3i KomyHanbHoro
HekomepuiHoro nignpuemctea «lBaHO-PpaHKiBCbKMI
obnacHuii KNiHiYHWIA KapaionoriyHui LeHTp» IBaHO-PpaH-
KiBCbKOi 0bnacHoi pagu.

Kpumepii eknto4YeHHs1: y [OOCNIMKEHHS 3anyyanu
nauieHTiB i3 XKC, cteHokapaieto HanpyxeHHs [l dyHkui-
oHanbHoro knacy (®K) 3a HasBHOCTI niaTBepaxeHoro LA
2-ro Tuny Ta 3a ymosu nposeaeHoi KAl [14].

Kpumepii euknr4eHHs:: He BkI4Yanm ocib
i3 rOCTPMM KOPOHAapHUM CWHOPOMOM MpPOTArOM Mone-
peaHix TpboX MicsauiB, ibpunsuieto nepeacepapb, 3Havy-
LWMMW BalaMu KIanaHHoro anapary cepus, AeKOMMNEeHCOo-
BaHOI XPOHIYHOI CepLIeBOK HeQOCTAaTHICTHO, XPOHIYHNM
OBCTPYKTUBHMM 3axBoptoBaHHAM nereHb |-V cTynehs,
gekomneHcadieto LI 2-ro Tvny, a Takox i3 HasgBHOK OHKO-
NOrivYHO MaTororieko.

O06’exToMm pocnigkeHHa obpaHo 95 xBopux Ha XKC:
cTeHokapgisa HanpyxeHHs |l ®K. XpoHiyHa cepuesa Hego-
ctatHicTb (XCH), ctagia C, 3i 36epexeHoto abo nomipHO

3HmkeHoto OB JIW, NYHA lI-lll, 3 koTpmux 60 nauieHTiB
Marnu cynyTHin komneHcoBaHun LI 2-ro Tuny.
CTyniHb  BUPaXEHOCTi  CTeHOKapAii  Bu3Hayanm

3a pesynbrataMu  BENOEProMETPUYHOTO  TECTyBaHHS,
npoBeAeHoro 3a cxiauenoaibHow Metoaukolo O.M. Xapi-
HoBa [15]. 3a HasBHOCTI iH(bOPMOBaAHOI 3roAn MauieHTiB
Ta BiACYTHOCTI MpoTunoKasaHb YCiM OBCTEXEHWM BUKO-
HyBann KAl BignosigHO [0 pekomeHpauii €spone-
CbkOro ToBapucTea kapgionorie — «2019 ESC Guidelines
for the Diagnosis and Management of Chronic Coronary
Syndromes» Ta «2024 ESC Guidelines for the management
of chronic coronary syndromes» [16, 17, 18].

Ons NPOBEdEHHST  AOCMIOXEHHS BUKOPMUCTO-
ByBanu iHTepBeHLUiNHY aHriorpadiyHy cuctemy
Infinix-sCore+INFX-8000V (InfinixVF-i/SP)/G3, Toshiba
(AnoHig). CyavHHMA  JOCTyn  34iMCHIOBanM  4epes
a.radialis, 3acTocoBytouM KOHTpacTHi npenapatu Ultravist
370 wmr/mn, Omnipaque 350 wmr/mn abo Visipaque
320 mr/mn. Yci nauieHTv Hagani 6ynv HanpaeneHi Ha eHao-
BackynspHy abo XipypriyHy peBackynsip13aLiio Miokapaa.

levels, which is considered a potential early laboratory
biomarker of diastolic dysfunction in patients with chronic
coronary syndrome and type 2 diabetes mellitus [12].

At the same time, the interpretation of NT-proBNP
in patients with chronic hyperglycemia remains
controversial. According to some authors, high glucose
levels may suppress peptide synthesis or release, leading
to a relative decrease in its serum concentration [13]. This
underscores the need for further studies on NT-proBNP
as a potential early predictor of diastolic dysfunction
in individuals with combined cardiometabolic disorders.

Objective — of the study is to investigate the
relationship between systolic and diastolic myocardial
function hemodynamic parameters and NT-proBNP
levels in patients with chronic coronary syndrome and
concomitant type 2 diabetes mellitus, taking into account
the degree of coronary artery involvement according
to coronary angiography (CAG) data.

MATERIALS AND METHODS OF RESEARCH

The study was conducted at the Communal Non-Profit
Enterprise «lvano-Frankivsk Regional Clinical Cardiological
Center» of the lvano-Frankivsk Regional Council.

Inclusion criteria: the study included patients with
chronic coronary syndrome, exertional angina of functional
class Il (FC) with confirmed type 2 diabetes mellitus, and
who had undergone coronary angiography (CAG) [14].

Exclusion criteria:  individuals with  acute
coronary syndrome within the previous three months,
atrial fibrillation, significant valvular heart disease,
decompensated chronic heart failure, chronic obstructive
pulmonary disease of stages Ill-IV, decompensated
type 2 diabetes mellitus, as well as those with existing
oncological pathology, were excluded.

The study population consisted of 95 patients
with chronic coronary syndrome: exertional angina
of functional class lll. Chronic heart failure (CHF), stage
C, with preserved or moderately reduced left ventricular
ejection fraction (LVEF), NYHA II-lIl, of whom 60 patients
had concomitant compensated type 2 diabetes mellitus.

The severity of angina was assessed using the results
of bicycle ergometer testing performed according to the
stepwise methodology of O.Y. Zharinov [15]. With informed
patient consent and in the absence of contraindications,
all participants underwent coronary angiography (CAG)
in accordance with the recommendations of the European
Society of Cardiology — «2019 ESC Guidelines for
the Diagnosis and Management of Chronic Coronary
Syndromes» and «2024 ESC Guidelines for the
Management of Chronic Coronary Syndromes» [16, 17, 18].

For the study, the interventional angiographic system
Infinix-sCore+ INFX-8000V (InfinixVF-i/SP)/G3, Toshiba
(Japan) was used. Vascular access was obtained via
the radial artery (a. radialis) using contrast agents
Ultravist 370 mg/ml, Omnipaque 350 mg/ml, or Visipaque
320 mg/ml. All patients were subsequently referred for
endovascular or surgical myocardial revascularization.

In accordance with the study aim and objectives, all
patients were randomized into two groups.
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BignosigHO 0O MeT OocCnigpKeHHs Ta MOCTaBNEHUX
3aBAaHb, YCiX nauieHTiB Oyno paHOoMi3oBaHO Ha ABi
rpynu.

OcHosHy rpyny (OI') craHoBunn 60 oci6 (63,2%)
i3 XKC, wo noegHyeBaBcs 3 U0 2-ro Ttuny. 3rigHo
3 gaHummn KA, ypaxkeHHS ofHi€l BiHLEBOI apTepii BUSB-
neHo y 15 (25%) nauieHTiB, MyNsTUCYOANHHE YPaXKEHHS —
y 45 (75%) Bunapkax.

[o rpynu nopieHaHHA ([T1) ysinwnu 35 nauieHTiB
i3 BepudikoBaHnm XKC 6e3 cynytHboro L[ 2-ro Tuny.
Cepen HMX OOHOCYOUHHE YypakeHHs 3a paHumu KA
cnoctepiranocs y 20 (57,1%) oci6, a 6aratocyouHHe —
y 15 (42,9%).

Y ctpyktypi O nepesaxanu xiHkn — 43 (71,7%),
TOAi K Yy rpyni MOpiBHAHHA 4onosikn — 19 (54,3%).
CepepHin Bik nauieHTiB ctaHoBmB 60,12 + 2,59 p. B Ol
i 64,03 £ 1,12 p. y M. OTpumaHi gaHi y3rogxyTbcs
3 eniaemionoriyHUMKN CNOCTEPEXEHHSAMU, 3riAHO 3 AKUMU
y XiHok L[ 2-ro Tuny yacTilie acouiloeTbCs 3 PO3BUTKOM
XKC i MynbTUCYAMHHUM ypaXKeHHSIM KOpOHApHOro pycna,
HbX y 4yomosikiB [19]. Y xiHok i3 L 2-ro Tuny BusB-
NSTb BULLY MOLIMPEHICTb MIKPOCYANHHOT hopMM iLemii
n gudpysHoro ypaxeHHa KA, wWo Takox BigobpaxeHo
y Hawwin BMBipLi, Ae MyNbTUCYOUHHE YpaXKeHHs cnocTepi-
ranocs y 75 % nauientis Ol nopisHaHO 3 42,9 % y rpyni
nopieHsHHSA [20]. 3 iHworo 6oky, y rpyni nauieHTiB i3 XKC
6e3 piabery 4acTiwe nepeBaxanu yvonosikn (54,3 %),
Lo Bignosigae BigOMUMM enigemMionoriYyHNMM 3akoHOMIp-
HOCTSIM GinblU paHHbLOrO Ta 4acTiLOro PO3BUTKY KOPO-
HapHOro aTepockrieposy B ocib Yomnosivoi cTati [21].

3riaHO 3 aHAMHECTUYHUMW AaHUMW Ta MEAWNYHO AOKY-
MeHTaLieto, cepeaHs Tpusanicte LI 2-ro Tuny y nauieHTis
Or craHoeuna 14,90 £ 1,16 p., Toai SK TpUBanicTb nepe-
6iry XKC Ha moMeHT rocnitanisadii — niwe 9,03 + 1,99 p.
Yci xBopi uiei rpynu nepebyBanu nig AucnaHcepHUM
HarnsaoM 3 MOMEHTY BCTaHOBIIEHHS AiarHo3y i OTpUMY-
Banu rinornikeMiyHy Tepanito Bi4noBiAHO 4O pekoMeHAaLin
eHpokpuHonora. OTpumaHi gadi nigteepannu, wo L0
2-ro TMNy € CTaTUCTMYHO 3HaYyLUM OakTOpOM PU3UKY
nporpecyBaHHsa XKC (p < 0,05). CepenHsi Tpusanicte XKC
y naujenTiB 1 craHoBuna 21,06 + 1,64 p. KoHTponbHy
rpyny cknanv 15 npaktnyHo 3goposux ocib (5 4onosikis
i 10 xiHOK) Bikom 59,73 £ 2,46 p.

[iarHocTky Ta nikyBaHHA Benwu 3rigHO 3 YHidi-
KOBaHWM KIiHIYHUM MPOTOKOMOM HafaHHS MeanyHol

[OMoMOrn  MepBUHHOI, BTOPWMHHOI  (cneuianizoBaHoi)
Ta TPETUHHOI  (BMCOKOCMeLianizoBaHoi)  MeguyHoi
ponomorn  «CTtabinbHa iwemiyHa xBopoba cepusa»

Big 23.12.2021 Ne 2857 [22], HacTtaHOoB European
Society of Cardiology (ESC) «2024 Guidelines for the
Management of Chronic Coronary Syndromes» [23], ESC
«2019 Guidelines for the Diagnosis and Management
of Chronic Coronary Syndromes» [23] Ta «2022
ACC/AHA/HFSA Guideline for the Management of Heart
Failure» [24]. OiarHo3 L 2-ro Tuny BCTaHOBMOBanu
BiONOBIAHO [0 YHIihiKkOBAHOro KMiHIYHOMO MPOTOKOMY
«UykpoBuin giabet 2-ro tuny y gopocnux» (Hakas MO3
Ykpainn Ne 1300 Big 24.07.2024) [14].

MauieHTn oTpumyBanu craHgapTHy Tepanito XKC
(cenekTvBHI [B-agpeHobriokaTtopw, iHribiTopu Al® abo
6rnokatopu peLenTopiB aHrioteHsuHy I, aHTutpomboum-
TapHi npenapartu, Minig3HWxyBanbHi 3acobu Ta KOpOoT-
kopitoui  HiTpatu). KoHTponb rmikemii  3gilicHoBanu

The main group (MG) included 60 individuals (63.2%) with
chronic coronary syndrome combined with type 2 diabetes
mellitus. According to CAG data, single-vessel coronary
artery involvement was observed in 15 patients (25%), while
multivessel disease was present in 45 cases (75%).

The comparison group (CG) included 35 patients with
confirmed chronic coronary syndrome without concomitant
type 2 diabetes mellitus. Among them, single-vessel
disease was observed in 20 individuals (57.1%), and
multivessel disease in 15 (42.9%) according to CAG data.

In the main group, women predominated — 43
individuals (71.7%), whereas in the comparison group
men predominated — 19 (54.3%). The mean age
of patients was 60.12 £ 2.59 years in the main group and
64.03 + 1.12 years in the comparison group. These data
are consistent with epidemiological observations indicating
that in women, type 2 diabetes mellitus is more frequently
associated with the development of chronic coronary
syndrome and multivessel coronary artery disease than
in men [19]. Women with type 2 diabetes mellitus exhibit
a higher prevalence of microvascular ischemia and diffuse
coronary artery involvement, which is also reflected in our
sample, where multivessel disease was observed in 75%
of patients in the main group compared with 42.9% in the
comparison group [20]. Conversely, in the group of patients
with chronic coronary syndrome without diabetes, men
predominated (54.3%), which corresponds to known
epidemiological patterns of earlier and more frequent
development of coronary atherosclerosis in males [21].

According to anamnesis and medical records, the
mean duration of type 2 diabetes mellitus in patients
of the main group was 14.90 + 1.16 years, whereas
the duration of chronic coronary syndrome at the time
of hospitalization was only 9.03 + 1.99 years. All patients
in this group had been under outpatient follow-up since
the diagnosis and received hypoglycemic therapy
according to the endocrinologist’'s recommendations.
These data confirmed that type 2 diabetes mellitus
is a statistically significant risk factor for the progression
of chronic coronary syndrome (p < 0.05). The mean
duration of chronic coronary syndrome in patients of the
comparison group was 21.06 + 1.64 years. The control
group included 15 practically healthy individuals (5 men
and 10 women) aged 59.73 + 2.46 years.

Diagnosis and treatment were carried out
in accordance with the Unified Clinical Protocol for the
Provision of Primary, Secondary (Specialized), and Tertiary
(Highly Specialized) Medical Care «Stable Ischemic Heart
Disease» dated 23.12.2021 No. 2857 [22], the European
Society of Cardiology (ESC) «2024 Guidelines for the
Management of Chronic Coronary Syndromes» [23], ESC
«2019 Guidelines for the Diagnosis and Management
of Chronic Coronary Syndromes» [23], and the
«2022 ACC/AHA/HFSA Guideline for the Management
of Heart Failure» [24]. The diagnosis of type 2 diabetes
mellitus was established according to the Unified Clinical
Protocol «Type 2 Diabetes Mellitus in Adults» (Order of the
Ministry of Health of Ukraine No. 1300 dated 24.07.2024)[14].

Patients received standard therapy for chronic
coronary syndrome (selective B-blockers, ACE inhibitors
or angiotensin Il receptor blockers, antiplatelet agents,
lipid-lowering drugs, and short-acting nitrates). Glycemic
control was achieved using metformin (1000-2000 mg/day)
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3a gonomoroto meTdopmiHy (1000-2000 mr/goby), iHri-
GiTopa HaTpii3anexHoro KoTpaHcnopTepa rmoKo3n 2-ro
Tuny (iIH3KTI2) — emnarnicdnoavHy abo ganarnicnosuHy,
10 mr/pnoby. MepeBary HapgaBanu kombiHauii GiryaHigis
3 iH3KTI2.
PiBeHb rnioko3n Ta rMiKO3UNbOBAHOTO remornobiHy
y CMpoBaTLi KPOBi BM3HA4Yanu i3 3acTocyBaHHAM CepTu-
hikoBaHNX peaKTMBIB YKpaiHCbKMX BUPOOHUMKiB (TOB
«J1ab-YHiBepcym», TOB HBI1 «®iniciT-[diarHocTuka).
ExokapgiorpadiyHe [OCNigKEHHS npoBOANN
Ha anapari «Philips HD11 XE» (HimeuyunHa) 3 BUKOpuC-
TaHHaM 2,5 My gatumka y pexumax M ta B. OuiHto-
Banu KiHUeBO-4iacTonivHi Ta KiHLEBO-CUCTONIYHI PO3Mipu
n o6’emn JILLU, TOBLMHY MiKLLNYHOYKOBOI MEeperopoku
Ta 3adHbOl CTiHKM, Macy Mmiokapga, ®B 3a metogom
Cimncona 1 giactonivHy dyHkuito (iHaekc E/A). MokasHuk
rmobanbHOi  MO340BXHBOI  Aedopmalii  BU3Ha4anm
32 METOAMKOK CMEKN-TPEKIHT, O € YyTNMBMM MapKepom
CYBKNiHIYHOT iLuemii, MikpoBacKynsapHOT ANCHYHKLT.
PiBeHb NT-pro-BNP y cupoBatui kpoBi BusHavanu
iIMyHOXEMINIOMIHECLLEHTHUM MEeTO4OM Ha aHanisaTopi
«Immulite 2000» (Siemens, CLUA) i3 BUKOPUCTaHHAM
peaktmeis  «BIOMEDICA MEDIZIN PRODUKTE»
(ABCTpis) BiANOBIAHO 4O METOAMKN BUPOBHMKA.
[lOCTOBIpHICTL OTPMMaHWX AaHWX OuiHoBanu Bapi-
auifiHO-CTaTUCTUYHMM  METOAOM i3 BUKOPUCTaHHAM
nporpam «Statistica 8.0» Ta «Microsoft Excel». MNapame-
TPWYHI 3MiHHI HaBegeHi 9k M £ m.

PE3YABTATU

3rigHo 3 ganumun KAl y 79 nauienTiB (83,2%) icHye
npaBui TUN KpOBOMoOCTa4aHHA Miokapaa, y 15 (15,7%) —
nisun 1a B 1 (1,1% ) — HEBN3HAYEHUI.

Y nauienTie O ogHocyamHHe ypaxeHHs KA BusBunu
B 15 (25,0%) xBopux, GaratocyonHHe ypaeHHs KA —
y 45 (75,0%) nauieHTis, npuyomy ABi CyanHN Bynn ypakeHi
y 21 (35,0%), a Tpn — y 24 (40,0%) xBopwux (puc. 1).

= 40,0%

O VYpaxenns onriei KA/ Damage to one CA

B Ypaxerns 18ox KA/ Damage to two CA

B VYpaxerns Tppox KA/ Damage to three CA

and a sodium-glucose co-transporter 2 inhibitor
(SGLT2i) — empagliflozin or dapagliflozin, 10 mg/day.
Preference was given to the combination of biguanides
with SGLT2 inhibitors.

Blood serum glucose and glycated hemoglobin levels
were determined using certified reagents from Ukrainian

manufacturers (LLC «Lab-Universum», LLC R&D
«Felisit-Diagnostics»).
Echocardiographic examination was performed

using the «Philips HD11 XE» system (Germany) with
a 2.5 MHz transducer in M- and B-modes. End-diastolic
and end-systolic left ventricular dimensions and volumes,
interventricular septal and posterior wall thickness,
myocardial mass, left ventricular ejection fraction by the
Simpson method, and diastolic function (E/A ratio) were
assessed. Global longitudinal strain was determined
using the speckle-tracking technique, which is a sensitive

marker of subclinical ischemia and microvascular
dysfunction.
Serum  NT-proBNP levels were measured

by immunochemiluminescent assay using the «Immulite
2000» analyzer (Siemens, USA) with reagents from
«BIOMEDICAMEDIZIN PRODUKTE» (Austria) according
to the manufacturer’s protocol.

The reliability of the obtained data was assessed
using the variance-statistical method with the software
«Statistica 8.0» and «Microsoft Excel». Parametric
variables are presented as M £ m.

RESULTS

According to CAG data, 79 patients (83.2%) had
a right-dominant coronary blood supply, 15 (15.7%)
had a left-dominant pattern, and 1 (1.1%) had
an indeterminate type.

In the main group, single-vessel coronary artery
disease was detected in 15 patients (25.0%), while
multivessel disease was present in 45 patients (75.0%),
with two vessels affected in 21 cases (35.0%) and three
vessels in 24 cases (40.0%) (Fig. 1).

0 25,0%

3 35,0%

Pwuc. 1. YactoTa ogHo- Ta 6aratocyanHHoro ypaxeHHs KA y nauieHTis 3 XKC ta cynyTthim LI
Fig. 1. Frequency of single- and multivessel CA lesions in patients with chronic coronary syndrome and concomitant diabetes mellitus
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Hagnaku, y xsopux M1 6yno 6inblie ogHOCYANHHUX
ypaxeHb BiHLEBUX cyauH, a came — 20 (57,1%) Bunagkis,
a baratocyanHHux — y 15 (42,9%) nauieHTiB, npuyomy
ABi cyamnn ypaxanuea y 11 (31,5%), a tpu —y 4 (11,4%)
XBOpUX (puc. 2).

11,40%

31,50%

Conversely, in the comparison group, single-vessel
coronary artery disease was more frequent, observed
in 20 cases (57.1%), while multivessel disease was
present in 15 patients (42.9%), with two vessels affected
in 11 cases (31.5%) and three vessels in 4 cases
(11.4%) (Fig. 2).

57,10%

= YpaxeHns onniei KA/ Damage to one CA
® Ypaxenns 1Box KA/ Damage to two CA
Vpakennsa Tppox KA/ Damage to three CA

Puc. 2. Yactota ogHo- Ta gekinbkacyamHHoro ypaxeHHst KA y nauieHTiB 3 XKC
Fig. 2. Frequency of single- and multivessel CA lesions in patients with chronic coronary syndrome

Y pocnigmkeHHi ©Oyno npoaHanisoBaHO MOKa3HUKM
CTPYKTYPHO-YHKLiOHanbHoro ctany J1LW cepus (tabn. 1)
nauieHTiB 3 XKC 3/6e3 LI 2-ro Tuny 3 pisHNM CTyneHem
ypaxeHHa KA y nopiBHsIHHI 3i 3gopoBuMK ocobamu.
Y xBopux 060X rpyn crnocTepiranocs CTaTuCTUYHO
3HauyLle 36inblweHHs poamipis JIT nopiBHAHO 3i 3g0po-
BuMMU (p < 0,05). Y nauieHTiB i3 cynyTHimM LI Ta ypaxeHHAM
BiHUeBUX cyauH JIM 6yno 6Ginbwum Big 300pOBUX Ha
10,1% Ta 16,5%, BignoBigHO, B 3anexHoCTi Big TOro,
ofHa cyavHa ypaxeHa 4uum kinbka (p < 0,05). AnanoriyHa
KapTuHa cnocTepiranacs i B nauienTis 1, a came — Ha
7,27% Ta 9,2%, BignosigHo (p < 0,05).

Y nauieHTiB i3 XKC B noegHanHi 3 L0 2-ro tuny
Ta GaratocyaMHHUM KOpOHapHUM ypaxeHHsm KOP Gys
[OCTOBIPHO BULLMM MOPIBHAHO 3 yCiMa iHLIMMW rpynamu,
BKMoYatoum 3goposux (p < 0,05), wo ceigumTb Npo anna-
Tauito JIW npu nporpecyBaHHi ilemii y TakMx XBOPUX.
AHanoriyHo, y nauieHtis 3 L 2-ro tuny KCP JU 6yB
[OCTOBIPHO BULLIMM MOPIBHAHO 3 XxBopuMu Ha XKC 6e3 LI
(p <0,05).

Mokasnmk KOO N 36inbLiyBaBcs y Mipy 3poCTaHHA
UMCENbHOCTI ypaXeHUX BIHUEBMX CyauH. MakcumanbHi
3HaYeHHs1 OaHOro MoKasHWKa crocTepiranuca B ocib
OF 3 kinbkacyQnHHUM KOPOHAPHUM ypaxeHHsaM (p < 0,05).
BenuunHa KCO Takox 3poctana npu 6aratocyauHHOMY
BIHLEBOMY YpaKeHHi Ta HasiBHI XPOHIYHIW rineprrikemil.
Y xBopux Ol nokasHuk KCO cknaB 94,80 + 2,30 mn,
WO CyTTEBO MEPEBULLYBANO MOKA3HWKN iHLWIMX Tpyn
(p < 0,05).

BennunHa ®B JILU 3HwxkyBanacsa 3 HapoCTaHHAM
cTyneHs ypaxeHHs KA Ta 6yna [OCTOBIPHO HWK4YOO
y xBopux Ha LI 2-ro Tuny, wo craHosuno 44,21 + 0,61%
(p <0,05). Y rpyni 3 04HOCYANHHUM YPXKEHHAM 3HVXKEHHS
piBHA PB cnocTepirany MEeHLLOK Mipoto.

The study analyzed the structural and functional
parameters of the left ventricle (LV) (Table 1) in patients with
chronic coronary syndrome with or without type 2 diabetes
mellitus, with varying degrees of coronary artery involvement,
compared to healthy individuals. In patients from both
groups, a statistically significant increase in left atrial (LA)
size was observed compared to healthy subjects (p < 0.05).
In patients with concomitant diabetes and coronary artery
involvement, the LA was larger than in healthy individuals
by 10.1% and 16.5%, respectively, depending on whether
a single vessel or multiple vessels were affected (p < 0.05).
A similar pattern was observed in the comparison group,
with increases of 7.27% and 9.2%, respectively (p < 0.05).

In patients with chronic coronary syndrome combined
with type 2 diabetes mellitus and multivessel coronary artery
disease, the end-diastolic volume (EDV) was significantly
higher compared to all other groups, including healthy
individuals (p < 0.05), indicating left ventricular dilation
with progression of ischemia in these patients. Similarly,
in patients with type 2 diabetes mellitus, left ventricular
EDV was significantly higher compared to patients with
chronic coronary syndrome without diabetes (p < 0.05).

LV EDV increased with the number of affected
coronary arteries. The highest values of this parameter
were observed in main group patients with multivessel
coronary artery disease (p < 0.05). LV EDV also increased
in the presence of multivessel coronary involvement and
chronic hyperglycemia. In patients of the main group,
LV ESV was 94.80 + 2.30 ml, which was significantly
higher than in the other groups (p < 0.05).

Left ventricular ejection fraction (LVEF) decreased
with increasing severity of coronary artery involvement
and was significantly lower in patients with type 2 diabetes
mellitus, amounting to 44.21 £ 0.61% (p < 0.05). In the
group with single-vessel disease, the reduction in LVEF
was less pronounced.
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Tabnuus 1. MNMokasHukn ExoKI™ y xBopux Ha XKC,
noegHaHy 3 LI 2-ro Tuny, 3anexHo Big KinbkocTi ypaxeHux KA, (Mtm)

Table 1. Echocardiographic parameters in patients with CHCS

combined with type 2 DM, depending on the number of affected coronary arteries, (Mtm)

or /MG rm/cG
VperkaHhs YpaxeHHs Y paaHs YpaxeHHs
MokazHUKY 3§0=P$gl, 1 KA, 2i 6IJ‘II_:L:§ KA, 1 KA, 2i 6|nEL$g KA,
Indicators n=15 o n= n=20 n=
Healthy . Lesion of 2 or more . Lesion of 2 or
Lesion of 1 coronary . Lesion of 1 coronary
artery n=15 coronary arterles, artery n =20 more coronary
’ n=45 ’ arteries, n =45
1 2 3 4 5 6
MM, om /LA, sm 3,0740,07 4,2320,07 3,8540,05 3,93£0,06
3,57+0,07 p, .<0,05 p, .<0,05
p p, ,<0,05 24 p, .<0,05 26
p, ,<0,05 p, .<0,05
KOP MILL, om / EDD LV, sm 5,7740,06 6,01£0,06 5,61£0,08 5,7120,07
4,810,07 005 p, ,<0,05 005 p, .<0,05
P P2a™0, P, ,<0,05 P2s=0, p, .<0,05
KCP MW, cm / ESD LV, sm 3,97+0,09 4,42:0,08 3,710,07 3,90£0,08
3,36+0,09 005 p, ,<0,05 o0 p, .<0,05
P P2s=5 p,,<0,05 Pos™ P;<0,05
KOO MWW, mn / EDV LV, sm 166,27+4,70 187,0125,33 157,9642,13 161,21£3,43
130,13+3,85 S p,,<0,05 oo p, .<0,05
P P20, P, ,<0,05 P2s=0, p, .<0,05
KCO LW, mn / ECV LV, sm 75,93+2,16 94,802,30 59,47+2,79 68,63+2,94
47,07+1,83 A p,,<0,05 ph p, ,<0,05
P Po<0: p, ,<0,05 P2 = P .<0,05
®B ML, % / EF LV, % 46,27+0,88 44,2120,61 50,85£0,93 48,47+0,83
57,07+0,80 005 p, ,<0,05 2008 p, .<0,05
P P>5<0, P ,<0,05 P2s=0, p, .<0,05
ToswwmHa ML (g), mm 15,58+0,81 12,73+0,46
VS (d), mm 9,07:0,46 12808041 b, <005 el b, .<0.05
p P20, p,,<0,05 P2s=0, p, .<0,05
ToBwMHa
3C MU (a), Mm 12,27+ 0,46 14,69 £ 0,67 10,80+0,61 12,20£0,56
P LY (@) mm 8,40 + 0,74 o p, ,<0,05 s p, ,<0,05
; , P, 5<Y, p, ,<0,05 Pos =Y P, ,<0,05
Maca miokapaa J1LL, r/m? 145,56+7,92 128,8746,51
LVM, g/m 87731609 | 100074042 p,,<0,05 107,15:8.99 P,,<0.05
p P2s=0 p, ,<0,05 Pos=t p, .<0,05
0,65+ 0,05 0,85+0,08
E/A 1,34 £0,05 0.80£0,07 p, ,<0,05 1.0+0,08 p, .<0,05
p, ,<0,05 p, .<0,05
b, ,<0,05 b, .<0,05

Mpumitka / Note:

n — abcontoTHa KiNbKICTb XBOPUX.
n — absolute number of patients.

Ta6nuusa 2. PiBHi GLS 1a NT-proBNP y xBopux Ha XKC,

noegHany 3 LI 2-ro Tvny, 3anexHo Big KinbkocTi ypaxeHux KA, (Mtm)
Table 2. GLS and NT-proBNP levels in patients with CHCS
combined with type 2 DM depending on the number of coronary arteries, (Mt+m)

. or / MG m/CcG
Saoposi, YpaxeHHs 1 KA
MokasHukn n=15 P n=15 | YpaxeHHs 2 i binbLue YpaxeHHs 1 KA, YpaxeHHs2 i 6inblue KA,
Parameter Healthy, . n_'n 1CA KA, n = 45 n =20 n=15
n=15 es"; ! 15 | Lesionin2CA,n=45 | Lesionin1CA,n=20 | Lesionin2CA,n=15
1 2 3 4 5 6
-13,734+0,78 -16,07+0,59
GLs,%  |-2047:052| ~1>8%0T b, <0,05 T17,2050.5 b, .<0,05
p2-3 ’ p%_4<0,05 pz-s ’ ps_s<0'05
NT-proBNP, nr/m 713,67+10,84 454,00+9,67
NTproBNP pg/ml | 91,27+4,95 525’6121&)33 p,_,<0,05 387‘5231025’19 P, ,<0,05
p P, <V, p2_4<0,05 P, 5=V, Pg_ﬁ<0,05
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AHania nokasHWKiB CMiBBIAHOLIEHHSA LUBWAKOCTEN
TpaHcmiTpanbHoro noTtoky (E/A) 3acBiguuB HasiBHICTb
YiTKMX 3MiH giacToniyHoi dyHkuii JILL y nauieHTiB obcTte-
KeHux rpyn. Y 3gopoBux ocid cepedHe 3HadeHHs E/A
ctaHoBuno 1,34 + 0,05, wo BignoBigae HopManbHOMY
iacToniYyHOMy HaMOBHEHH0. Y NaUieHTIB i3 MOEAHAHHSM
XKC 1a U 2 Tvny 1 ypaxeHHsiM OQHI€T BiHLEBOT apTepii
3HayeHHs E/A 3Hmnamnocb o 0,80 £ 0,07, a npy MHOXWH-
HoMmy ypaxeHHi — go 0,65 + 0,05, wo Bkasye npo Bupa-
)KeHe YNOBINbHEHHS penakcauii miokapga. Y XBOpuX
Ha XKC 6e3 L[ ypaxeHHs1 ogHiei KA piBeHb E/A cTaHoBMB
1,0 £ 0,05, a npn MHOXMHHOMY — 0,85 + 0,08, Wo xapak-
Tepu3ye NnoyaTKoBy AiacToNiYHy AMCAYHKUiO | CcTyneHs.
BupaxeHiwni nposis giactonivyHoi AncyHKLUii cnocte-
pirann y xsopux Ha XKC i3 komopbigHum nepebirom,
ne BenunyuHa E/A ctadosuna 0,65 + 0,05.

Y pamkax gocnimkeHHsa 0yno npoaHanisoBaHo nokas-
HUKM rnobanbHOi MO3A0BXHBOI Aedhopmauii Miokapaa
JIW (GLS) Ta piBeHb NT-proBNP y nauieHTiB i3 pisHUm
CTYNEHEM ypaXXeHHS1 KOPOHapHoro pycna (tabn. 2).

Y 3pgopoBux oci®6 3HaveHHs GLS crtaHoBuno
20,47 + 0,52%, wo BignoBiaae HopMarnbHin CUCTOMIYHIN
dyHkuii NI, Y nauieHTiB 3 ypaxeHHaM opHiei KA GLS
OyB 3Ha4HO H¥X4MIN, ocobnmeo y xBopux OF, i cTaHOBKB
(-15,80 £ 0,77, p < 0,05).

Hanripwi nokasHukn GLS 3adpikcoBaHo y naui-
€HTIB 3 OaratocyouHHuM ypaxeHHsaMm KA wHa Ttni UL
(-13,73 + 0,78%), WO AOCTOBIPHO HWX4Ye, HiK B OCIO
3 OOHOCYOMHHUM  KOPOHApPHMM  aTepOCKIEpPOTUYHVM
ypaxeHHsiM (p < 0,05). Lle Bkasye Ha Te, L0 3i 36inbLUEHHSIM
KINbKOCTi YPaXKeHWUX BIHLEBWUX CYAUH CYTTEBO 3HUXKYETLCA
rnobanbHa ckopoTnvea yHKLis Miokapaa J1LL.

Y KoHTponbHin rpyni kinbkicte NT-proBNP ctaHoBuna
91,27 + 4,95 nr/mn, Wwo € isionoriyHo Hopmoto. Y naui-
eHTiB 3 XKC Bia3Ha4yeHO [OCTOBIpHE MiABULLEHHSA PiBHS
biomapkepa. Y rpyni 3 ypaxkeHHAM oaHiei KA piBeHb noro
B cupoBarTLi kpoBi cknae 525,67 10,33 nr/mn, a 3kinbkacy-
OWHHUM KOPOHapHUM ypaxeHHsaMm — 713,67 £ 10,84 nr/mn,
Wo 6yno CTaTUCTUYHO 3HAYHO BULLMM, HiX Y BCIX iHLIMX
rpynax (p < 0,05).

Y nauieHTiB 'T1 3 0gHO- Ta KiNbKaCyAMHHUM BiHLEBUM
ypaxeHHsaM KinbkicTb NT-proBNP 6yna meHLwoto, Hix
B O, ane Bce-Takv nepeswuLlyBana HOpPMYy, AOCHAralyu
387,50 £ 12,19 nr/mn Ta 454,00 + 9,67 nr/mn, BignosigHo
(p < 0,05).

Y nauientieB O (puc. 3) BCTaAHOBMEHO cTaTUC-
TUYHO 3HAYYLUUA HEraTMBHUWA KOPEnsuinHWA  3B’A30K
mix piBHem NT-proBNP Ta nokasHukom GLS. 3i 36inb-
WweHHAM koHueHTpauii NT-proBNP Big3Havanocs 3meH-
WeHHs abcontoTHMX 3HadeHb GLS (GLS ctaBaB MeHL
Bio’eMHMM), WO Bigobpaxkae MoripleHHs CUCTONIYHOT
dyHKUiT Miokapaa Ha cybkniHiyHomy piBHI. OTpuMmaHi
pesynbTaTn NigTBEPOXKYOTb BUCOKY YYTIMBICTb MOKas-
Huka GLS gk mapkepa paHHiX CTPYKTYpHO-(PyHKLiO-
HanbHMX 3MiH Miokapaa y nauieHTiB 3 XKC y noegHaHHi
3 U 2-ro tuny.

Y nauienTiB M1 (puc. 4) TakoXX BCTAHOBMEHO CTaTuUC-
TUYHO 3HAYYLUA HEeraTUBHUM KOPEensuinHMWA 3B’A30K
mix piBHem NT-proBNP Tta nokasHmkom GLS. 3i 3poc-
TaHHAM BMicTY NT-proBNP GLS ctaBaB MeHLU Bif' €MHWM,
O CBIAYMTb MPO MOTiPLIEHHA CcUCTONIYHOT dpyHKuiT JTLL.
BogHo4ac gianasoH 3miH GLS Ta piBHiB NT-proBNP y naui-
eHTiB I'T1 6yB By>x4um nopisHsHO 3 Or, wWo Bigobpaxae

Analysis of the ratio of transmitral flow velocities
(E/A) demonstrated the presence of clear changes in left
ventricular diastolic function in patients of the examined
groups. In healthy individuals, the mean E/A value was
1.34 + 0.05, which corresponds to normal diastolic filling.
In patients with a combination of chronic coronary
syndrome and type 2 diabetes mellitus and involvement
of one coronary artery, the E/A value decreased to
0.80 + 0.07, and in multivessel involvement to 0.65 + 0.05,
indicating pronounced slowing of myocardial relaxation.
In patients with chronic coronary syndrome without
diabetes mellitus, with involvement of one coronary
artery, the E/A level was 1.0 = 0.05, and in multivessel
involvement 0.85 * 0.08, which characterizes initial
diastolic dysfunction of grade I.

A more pronounced manifestation of diastolic
dysfunction was observed in patients with chronic
coronary syndrome with a comorbid course where the E/A
value was 0.65 = 0.05.

In the control group, NT-proBNP levels were
91.27 +£4.95 pg/ml,  which  corresponds to the
physiological norm. In patients with chronic coronary
syndrome, a significant increase in the biomarker
level was observed. In the group with single-vessel
coronary artery disease, serum NT-proBNP was
525.67 £ 10.33 pg/ml, while in patients with multivessel
coronary involvement it reached 713.67 + 10.84 pg/ml,
which was statistically significantly higher than in all other
groups (p < 0.05).

In comparison group patients with single- and
multivessel coronary artery disease, NT-proBNP levels
were lower than in the main group but still exceeded
the normal range, reaching 387.50 + 12.19 pg/ml and
454.00 + 9.67 pg/ml, respectively (p < 0.05).

In main group patients (Fig. 3), a statistically
significant negative correlation was found between
NT-proBNP levels and GLS. As NT-proBNP concentration
increased, absolute GLS values decreased (GLS became
less negative), reflecting deterioration of myocardial
systolic function at the subclinical level. These results
confirm the high sensitivity of GLS as a marker of early
structural and functional myocardial changes in patients
with chronic coronary syndrome combined with type
2 diabetes mellitus.

In comparison group patients (Fig. 4), a statistically
significant negative correlation was also observed
between NT-proBNP levels and GLS. As NT-proBNP
increased, GLS became less negative, indicating
deterioration of left ventricular systolic function. At the
same time, the range of GLS and NT-proBNP values
in the comparison group was narrower than in the main
group, reflecting less pronounced subclinical structural
and functional myocardial changes in the absence of type
2 diabetes mellitus.

In main group patients, a very strong negative
correlation was observed between GLS and NT-proBNP
levels (r =—-0.998; p < 0.05), indicating a close relationship
between subclinical impairment of myocardial systolic
function and neurohormonal activity. A strong negative
correlation was also found in the comparison group
(r = -0.996; p < 0.05). At the same time, the correlation
strength in the main group was slightly higher, reflecting
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Scaterplot of NT-proBNP (nrfmn), OF against GLS (%), OF
ar 101v=106c
NT-proBNP (nrimn), O = 1563,122+62,8472*x

250

a00

750

700

850

800

MT-proB MNP (nrkan), O

5
GLS (36),0r

-14 -13
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Fig. 3. Relationship between NT-proBNP level and GLS score in OG patients

Scatterplot of NTproBNP (nrfmn), MM against GLS (%), MM
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Fig. 4. Relationship between NT-proBNP level and GLS score in CG patients

MEHLL BUpaxeHi CyOKMiHiYHI CTPYKTYpHO-(pyHKLiOHAMNbHI
3MiHM Miokapaa 3a BigcyTHocTi L 2-ro tuny.

Y nauieHTiB O BUSIBNEHO AyXe CUITbHY HeratMBHY
Kopensuito Mk nokasHukom GLS ta piBHem NT-proBNP
(r =-0,998; p < 0,05), wo cBiAYNTbL NPO TiCHWUIN B3AEMO-
3B’A30K MK CYOKMiHIYHUM MOPYLUEHHAM CUCTOMIYHOI
dyHKUIT Miokapaa Ta HenporymoparibHOK aKTUBHICTHO.
Y rpyni MOPIiBHAHHA TakoX BCTAHOBIIEHO CUIbHY Hera-
TUBHY kopensuito (r =-0,996; p < 0,05). BogHovac y naui-
eHTiB O cnna kopensuii 6yna Tpoxu BULLOD, L0 Bigo-
Opaxae BUpaxeHi CTPYKTYPHO-PYHKUIOHANbHI  3MiHK
Miokapga 3a HasiBHocTi LI 2-ro Tuny.

OBrOBOPEHHSA

Hawi pawHi ysrogxylTbca 3 pesynsratamu [OCHi-
DKeHb, sIKi MOKasykTb, WO ceped nauieHTiB 3 XKC

more pronounced structural and functional myocardial
changes in the presence of type 2 diabetes mellitus.

DISCUSSION

Our data are consistent with the results of studies,
which show that among patients with chronic coronary
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B noeaHaHHi 3 LI 2-ro Tuny npw nposeaeHHi KAl yacTiwe
piarHocTyeTbest GaratocyauHHe ypaxeHHs KA (73 %
npotn 50 % y nauieHTiB 6e3 LI) [25].

AHania exokapgiorpadidyHnX MoKasHWKIB NpogeMoH-
CTpyBaB BiAMIHHOCTI MOpPOMETPIi NiBOro LWyHO4YKa
MiX XBOPMMMU OCHOBHOI rpynu i 'TI. Y nauieHTiB 3 XKC
y noegHaHHi 3 U Ta ypaxeHHsam ogHiel KA 3acikcoBaHO
[0CTOBipHe 30iNbLUeHHSI TOBLLMHW CTIHOK i Macu Miokapaa
(p < 0,05). NMp¥ MHOXWUHHOMY KOPOHAPHOMY YpaKEHHI
Ha cdoHi LI 3miHm 6ynu HarBmpasHiwmmm (p < 0,05). Maui-
eHTn 3 XKC 6e3 L] manu meHLwi 3miHn napameTpis ExoKC,
arne TakoX CTATUCTMYHO 3HaYyLli 3aneXHO Bif KiNbKOCTI
ypaxeHux aptepin. Poamipu Ta TOBLUMHY Miokapaa NiBoro
LIMAYHOYKa OUiHIOBanu B AiacTori, OCKifbkM came B Len
nepiog CTiHKM cepusi poscriabrieHi, He CKOpo4YyTbCA
i BigoOpaxalTb CTPYKTYpHY (aHaTOMiyHy) TOBLUUHY
miokapga. Lle pae mMoxnuBicTb OG’€KTMBHO OLIHWTU
CTYNiHb rinepTpodii 6e3 BNnMBy CKOPOTNMBOI aKTUBHOCTI.
Omxe, npucyTHicTb L[] Ta po3noBCOmKEHICTb KOPOHap-
HOro aTepocKneposy NoB’si3aHi 3 NOCUNEHUM PEMOAENHO-
BaHHAM Miokapaa, WO BiporiiHO 3yMOBIEHO CyMapHUM
BMSIMBOM iueMii Ta MeTaboniuHMX NOPYLLEHb.

MoegHaHHa XKC ta LU 2-ro Tuny xapaktepusyeTbest
3HaYyLMM peMOAentoBaHHAM Miokapaa Ta BUPasHILWOo
AiacToniyHo  ANCKYHKLIE MOPIBHAHO 3 nauieHTamu
6e3 piabety [26]. 13 36iNbWEHHSAM KiNbKOCTI ypaXKeHux
KA, ocobnvBo y naujieHTiB i3 cynyTHim L 2-ro Tumny,
BiA3Ha4anu nporpecytde  MOripWeHHA  CUCTOMIYHOT
Ta piactoniyHoi dyHkuin JILL, 3pocTaHHa noro ob’emis,
Macu miokapga Ta 3HWKeHHst dpakuii Bukugy. Lli 3miHu
BKa3ylOTb Ha CTPYKTYpPHO-(PYHKLiOHaNbHe pemoaento-
BaHHA Miokapga y nauieHTiB i3 TSKYMM CTYNeHeM ilemii.

MokasHmkn GLS T1a NT-proBNP pgeMoHcTpytoThb
TICHMIA 3B’A30K 3i cTyneHem ypaxeHHs1 KA. 3HMKeHHs
GLS Ta nigBuwieHHa NT-proBNP goctoBipHO kopentoloTb
3 KINbKICTIO YpaXXeHWX CYOMH, WO BKa3ye Ha NOrmubneHHs
cucTonivHoi ancdpyHkuii J1LL i nporpecysaHHsa CH. Otpu-
MaHi AaHi NigTBepAXy0Tb AOUINbHICTb BUKOPUCTaAHHS LIUX
napameTpiB Ans ctpatudikadii pusuky y nauieHTis 3 XKC.

OTpumaHi gaHi y3romKyTbes 3 niTepaTypHUMK NOBi-
JomneHHsamMu, wo y nauieHTis i3 XKC i cynyTtHim LI 2-ro
Tuny Ginblue BupaxkeHa cybkniHiyHa aucdyHkuis JLW Ta
nigBuLLEeHe HaBaHTaXeHHA Ha Miokapa npy GaraTtocyauH-
HOMY ypaxeHHi [26, 27].

BUCHOBKHU

Y nauieHTiB 3 XPOHIYHMM KOPOHapHMM CUHLPOMOM
B MOEOHAHHI 3 LyKpoBMM fAiabeTom 2-ro Tumy, crnocrte-
piraloTbCA BUPaXeHi CTPYKTYPHO-PYHKUIOHAMbHI  3MiHK
MioKapda niBOro LUMyHOYKa, IHTEHCUMBHICTb SKUX Hapo-
cTae 3i 30iMblUIEHHAM KiNbKOCTi YPaXKeHUX KOPOHAapPHUX
aptepin (p < 0,05).

HanHecnpuaTnueiwi 3MiHM y nauieHTiB 3 komop©6iaHoto
naTonorield  MPOSIBMSATLCA  AWnaTauierd  MOPOXHWUHU

syndrome combined with type 2 diabetes mellitus,
multivessel coronary artery disease is more frequently
diagnosed during coronary angiography (73% versus
50% in patients without diabetes) [25].

Analysis of echocardiographic parameters demonstrated
differences in left ventricular morphometry between patients
in the main and comparison groups. In patients with chronic
coronary syndrome combined with type 2 diabetes mellitus
and single-vessel coronary artery disease, a significant
increase in wall thickness and myocardial mass was
observed (p < 0.05). In the presence of multivessel
coronary involvement against the background of diabetes,
these changes were most pronounced (p < 0.05).
Patients with chronic coronary syndrome without diabetes
exhibited smaller but still statistically significant changes
in echocardiographic parameters, depending on the
number of affected arteries. Left ventricular dimensions
and wall thickness were assessed during diastole, as this
is the period when the heart walls are relaxed and not
contracting, reflecting the structural (anatomical) thickness
of the myocardium. This allows an objective evaluation
of hypertrophy without the influence of contractile activity.
Therefore, the presence of diabetes and the extent
of coronary atherosclerosis are associated with enhanced
myocardial remodeling, likely due to the combined effects
of ischemia and metabolic disturbances.

The combination of chronic coronary syndrome and
type 2 diabetes mellitus is characterized by significant
myocardial remodeling and more pronounced diastolic
dysfunction compared to patients without diabetes [26].
With an increasing number of affected coronary arteries,
especially in patients with concomitant type 2 diabetes
mellitus, progressive deterioration of left ventricular
systolic and diastolic function was observed, along with
increases in ventricular volumes, myocardial mass,
and a reduction in ejection fraction. These changes
indicate structural and functional myocardial remodeling
in patients with more severe ischemia.

GLS and NT-proBNP values demonstrate a close
relationship with the extent of coronary artery involvement.
Decreased GLS and elevated NT-proBNP significantly
correlate with the number of affected vessels, indicating
worsening left ventricular systolic dysfunction and
progression of heart failure. These findings support the
utility of these parameters for risk stratification in patients
with chronic coronary syndrome.

The obtained data are consistent with literature reports
indicating that patients with chronic coronary syndrome
and concomitant type 2 diabetes mellitus exhibit more
pronounced subclinical left ventricular dysfunction and
increased myocardial load in the presence of multivessel
disease [26, 27].

CONCLUSIONS

In patients with chronic coronary syndrome combined
with type 2 diabetes mellitus, pronounced structural and
functional changes of the left ventricular myocardium are
observed, the severity of which increases with the number
of affected coronary arteries (p < 0.05).

The most unfavorable changes in patients with
comorbid pathology are manifested as left ventricular
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niBOro LWNyHOYKa Ta Moro rineptpodieto, AiacToniyHO
OUCOYHKLIE | OesKUM 3HWKEHHAM dpakuii BUkMay
NiBOTO LUITyHOYKA.

CyTTEBO HWXKYi NOKa3HUKM rnobanbHOi NO340BXHbLOT
nedopmauii miokapaa nisoro wnyHouka (-13,73 £ 0,78%)
Ta BWMpasHi 3MiHM Biomapkepa cepLeBOi HeJoCTaTHOCTI
N-TepmiHanbHOro parmMeHTa MO3KOBOrO Hatpinype-
TvyHoro nentuay (387,50 + 12,19 nr/mn) 3achikcoBaHO
y nauieHTiB 3 0araToCyavHHUM ypaXKEHHsIM, LLO BKa3sye
Ha nornmnbneHHst cucToniyHoi aucdyHkuii JILL i nporpecy-
BaHHA CepLeBOi HeAOCTaTHOCTI.

Y nauientiB 3 XKC Ta uykpoBum giabetom 2-ro tuny
BUSIBIIEHO BUPaXKEHY HEeraTMBHY KOPErsLUito MK mnokas-
Hukom GLS Ta piBHem NT-proBNP, wo cBiguMtb npo
TICHMA B32EMO3B’SI30K MK CYOKNIHIYHUM MOpPYLUEHHSIM
CUCTOMIYHOI  (PYHKLii Miokapgaa Ta HenporyMopanbHOH
akTuBauieto (r =-0,998; p < 0,001). Y nauieHTiB 63 Lykpo-
BOro AiabeTy HeratMBHWIA 3B’A30K TakoX OyB BMCOKMM,
NpoTe MEHLL 3HaYyLLMM, Lo BiJobpaXkae MeHLLi CTPYKTYp-
HO-pyHKUiOHanbHi 3MiHM Miokapaa (r = -0,996; p < 0,001).
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cavity dilation and hypertrophy, diastolic dysfunction, and
a mild reduction in left ventricular ejection fraction.

Significantly lower values of left ventricular global
longitudinal strain (-13.73 £ 0.78%) and pronounced
changes in the heart failure biomarker N-terminal
pro-brain natriuretic peptide (387.50 + 12.19 pg/ml) were
observed in patients with multivessel coronary artery
disease, indicating worsening left ventricular systolic
dysfunction and progression of heart failure.

In patients with chronic coronary syndrome and type
2 diabetes mellitus, a pronounced negative correlation was
observed between GLS and NT-proBNP levels, indicating
a close relationship between subclinical impairment
of myocardial systolic function and neurohormonal
activation (r = -0.998; p < 0.001). In patients without
diabetes, the negative correlation was also strong but less
pronounced, reflecting milder structural and functional
myocardial changes (r = -0.996; p < 0.001).
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4ii, nonpu BUKOpUCTaHHA GaratodakTopHUX Mogernewn, nigbopy
3a CXMIbHICTIO Ta IHWWX MiAXOAiB A0 KOHTPOMIO 3MillyBarbHUX
UYMHHUKIB. Po3mip i cknap Bubipku [95 XBOpuUx 3 XpOHIYHUM KOpO-
HapHUM CMHAPOMOM, 3 HMX 60 Manu cynyTHil LykpoBui aiabeT]
06MeXyloTb TOYHICTb OLIHOK i MepeHOCUMICTb pesynbTaTiB
3 ornsaAy Ha ocobnvBOCTI MapLupyTM3aLii nauieHTiB i NpakTuk
HagaHHsa gonomorn B YkpaiHi. Onsa MmiHiMizauii BnAvBiB cTaH-
[apTV30BaHO BUMIpIOBaHHS, NPOBEAEHO HaBYaHHS OLiHIOBaYiB,
3a MOXIMBOCTi 3aCTOCOBaHO «3aChiMneHHs», BUKOHaHO aHanian
YYTNMBOCTI. Y3aranbHIOBaHICTb BMCHOBKIB OOMEXeHa KOHTek-
CTOM; MiATBEpAXeHHsi noTpebye NPOCNEeKTUBHWUX MYMbTULEH-
TPOBUX JOCHIAXEHb, O6I'PYHTOBAHNM PO3PaxyHKOM MOTY>KHOCTI,
30BHILIHLOIO Banigauieto Ta 4OTpUMaHHAM HanexHoi KniHivYHoT
npaktuku (Good Clinical Practice — GCP).

MepcnekTMBU NOAQABLLUMX AOCAIAXEHD

MepcnekTMBHUM HanpsiMOM nofdanbluvxX AOCHIAXKEHb € po3Luu-
peHe BUKOPUCTaHHA Cy4YacHUX exokapgiorpadidyHux MeToauk,
30Kpema [BOBUMIPHOI CMeKN-TPeKiHr exokapaiorpadii, Ans
OLiHKM  CYOKMIHIYHUX  CTPYKTYPHO-(PYHKUIOHANbHUX  3MiH
Miokapaa y nauieHTiB 3i cTabinbHOK CTEHOKapAIEL Ta LlyKpoBUM
niabetoM 2-ro TUny 3anexHo Bif KiMbKOCTi ypaXeHuX Kopo-
HapHux apTtepii. OcobnuBy yBary AOUiNbHO NPUAINATW aHanisy
rnobanbHoi No3aoBXHBOT Aedopmalii miokapaa (GLS) sk 6inbLu
YyTNMBOTO Mapkepa paHHbOI CUCTOMIYHOI AMCAYHKLIT MiBOro
LUITYHOYKa NOPIBHSIHO 3 dopakLieto BUKMAY, ika MOXe 3anuLuaTmcs
B MeXax HOpMMU.

MopanbLui gocnigxeHHs MakTb By T CnpsiIMOBaHi Ha BU3HAYEHHS
B3aEMO3B’'A3Ky MiX nokasHukamu GLS, dpakuii Bukugy niBoro
LUNyHOYKa Ta napameTpamy AiacTomniyHoi hyHKLUii 3anexHo
Bif, MOLUMPEHOCTi KOPOHAPHOrO aTepoCKneposy, Lo A03BOMUTb
YTOYHWUTM MexaHi3MW peMOenioBaHHs Miokapaa B ymMOBax
NOEAHaHHSA iLemiyHoi XxBopobu cepus Ta meTaboniyHnx nopy-
WeHb. [ouinbHUM € TaKoX BUBYEHHSA perioHanbHoi Aedopmadii
Miokapga Ans paHHbOI igeHTudikauii iwemiyHO BpasnuBux
CerMeHTiB Npu 6aratoCcyaMHHOMY YPaXeHHi.

lMepcnekTMBHUM € aHani3 AMHaMmiku exokapAiorpadiyHnx nokas-
HUKiB, 3okpema GLS Tta ®B, y npoueci MeguKaMeHTO3HOro
NiKyBaHHS Ta nicns KOPOHapHWUX BTPyYaHb, @ TaKoX OLiHKa
X MPOrHOCTUYHOI LHHOCTI LLOAO PO3BUTKY CepLeBoi HegocTaTt-
HOCTI Ta iHLWNX HECTIPUATNINBUX CepLEBO-CYANHHMX nogin. OTpu-
MaHi JaHi MOXyTb cnyryBatu NIArPYHTAM ANS BNPOBa[PKEHHS
GLS sk pyTUHHOrO iHCTPYMEHTY cTpaTudikaLii pusnKy Ta MOHi-
TOPUHTY edeKTUBHOCTI NiKyBaHHS y nauieHTiB 3i cTabinbHo
CTeHoKapzi€lo Ta LyKpoBuM AiabeToM 2-ro Tuny.

KOoHdAIKT iHTEepeciB

Bci aBTOpM noganu o pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHpNIKTY iHTepeciB MixHapoaHoro KomiTeTy pedak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigoMo 3acBia-
YylTb BIACYTHICTb (PaKTUYHOrO abo MOTEHLIAHOrO KOHMMIKTY
iHTepeciB Woao pesynbraTiB Liei poboTn 3 hapmaueBTUYHUMU
KOMMaHisiMM1, BUPOGHMKaMKU GioMeanYHUX MPUCTPOIB, IHWMMK
opraHisauisiMi, 4vi NpogykTu, nocnyru, dgiHaHcoBa nNiaTpUMKa
MOXyTb ByTW MOB’A3aHi 3 NpegMeToM HagaHux MaTtepianie abo
SIKi CoOHCopyBanv NpoBeAeHi AOCHiAXEeHHS.

AOTPUMAHHSA €TUMHUX HOPM

ABTOpPU pyKOnNucy CBIAOMO 3acBigyyloTb, WO AOCHIMKEHHS
NPOBOAUNOCE 3 BUKOPWUCTAHHAM AaHWX MNEPBUHHOT MeaWnyHOI
[OKYMEHTaUji Ta BKIOYarno KriHiYHi CMOCTEPEXEHHsT 3a naLlieH-
Tamu. JocnigxeHHs npoBedeHO BiAMOBIOHO A0 €TUYHMX CTaH-
napTiB lenbciHcbkoi geknapadii BcecBiTHbOI MeguyHoi acoui-
auii Mpo eTUYHi MPUHLUMNW NPOBEAEHHS HAyKOBUMX MEOUYHMX

models, propensity score matching, and other approaches
to control for confounders. The sample size and composition
[95 patients with chronic coronary syndrome, of whom 60 had
concomitant diabetes mellitus] limit the precision of estimates
and the generalizability of results, considering patient referral
patterns and healthcare practices in Ukraine. To minimize these
influences, measurements were standardized, assessors were
trained, blinding was applied where possible, and sensitivity
analyses were performed. The generalizability of conclusions
is context-limited; confirmation requires prospective multicenter
studies with justified power calculations, external validation, and
adherence to Good Clinical Practice (GCP).

Prospects for further research

A promising direction for future research is the expanded
use of modern echocardiographic techniques, in particular
two-dimensional speckle-tracking echocardiography, to assess
subclinical structural and functional myocardial changes
in patients with stable angina and type 2 diabetes mellitus
depending on the number of affected coronary arteries. Special
attention should be given to the analysis of global longitudinal
myocardial strain (GLS) as a more sensitive marker of early left
ventricular systolic dysfunction compared with ejection fraction,
which may remain within the normal range.

Future studies should focus on determining the relationship
between GLS, left ventricular ejection fraction, and diastolic
function parameters depending on the extent of coronary
atherosclerosis, which will help clarify the mechanisms
of myocardial remodeling in the context of combined ischemic
heart disease and metabolic disorders. It is also advisable
to investigate regional myocardial strain for the early identification
of ischemia-vulnerable segments in multivessel disease.

A promising direction is the analysis of the dynamics
of echocardiographic parameters, in particular GLS and
EF, during pharmacological treatment and after coronary
interventions, as well as the assessment of their prognostic
value for the development of heart failure and other adverse
cardiovascular events. The obtained data may serve as a basis
for implementing GLS as a routine tool for risk stratification and
monitoring treatment efficacy in patients with stable angina and
type 2 diabetes mellitus.

Conflict of interest

All authors have submitted to the editorial office a completed
Unified Disclosure Form of Conflicts of Interest of the
International Committee of Medical Journal Editors (/ICMJE).
The authors of the manuscript consciously confirm the absence
of any actual or potential conflicts of interest regarding the results
of this work with pharmaceutical companies, manufacturers
of biomedical devices, or other organizations whose products,
services, or financial support may be related to the subject of the
presented materials or who sponsored the conducted research.

Ethics statement

The authors of the manuscript consciously confirm that the study
was conducted using data from primary medical documentation
and included clinical observations of patients. The study was
carried out in accordance with the ethical standards of the
Declaration of Helsinki of the World Medical Association on ethical
principles for medical research involving human subjects,

OpuwuriHanbHi gocnigpKeHHs

119 Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 106-121
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):106-121

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

JocnifpkeHb 3a yvacTio NIOAMHW, OUPEKTMBM EBPONEencbKoro
ToBapuctea 86/609 npo yvyacTb ntofen y Meauko-6ionoriyHmx
OOCTiPKEHHSX, a TaKoX Hakady MiHicTepcTBa OXOPOHM 300POB’SA
Ykpainun Ne 690 Big 23.09.2009 p. IHdbopmoBaHa 3roga Ha ydacTb
y JocnimxeHHi 6yna oTpyMaHa Bif YCix y4aCHWKIB Micns HagaHHs
iM 3po3yminoi, MOBHOI Ta [OCTYMHOI iHdopMauii npo MeTy,
On3anH i METOAONOri0 JOCNIMKEHHS, NOro NOTEHLIVHI pU3NKK,
O4iKyBaHi mepeBarn Ta MOXNMBI anbTepHaTVBWU. YCi yYaCHUKK
niagTBepAuNny CcBok A0OPOBINbHY y4acTb LUMSAXOM MNiAMUCAHHS
OOKyMeHTa npo iHPOPMOBaHy 3rofy.

LocnigpxkeHHst cxBaneHe Komicielo 3 nuTaHb eTukn IBaHo-PpaH-
KiBCbKOTO HaLioHanbHOro MeanyHoro yHisepcuteTy MiHicTepctea
OXOpPOHU 3a0poB’st Ykpainu (ButdAr 3 npotokony Ne 156/26 Big
21 ciuHsa 2026 p.).

BUKOPUCTAHHS LUTYHHOTO iIHTEAEKTY

ABTOpPM pykonMCy CBIAOMO 3acBigvytOTb, WO y Mpoueci npose-
[EHHS 4OCMiAKEHHS Ta NiArOTOBKM LIbOro PyKOMUCY He BUKOPUCTO-
BYBasM >XOOHUX IHCTPYMeHTIB abo CepBiCiB reHepaTMBHOTO LUTYY-
HOTO IHTENeKTY AN BUKOHAHHS OyAb-skuX 3aBAaHb, NepenivyeHmx
y TakcoHoMii AeneryBaHHs 3aBAaHb reHepaTUBHOMY LUTYYHOMY
inTenekty «GAIDeT» (Generative Atrtificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etanu po6otn — Big KoHUenTyanisauii
0o hiHanbHOro peAaryBaHHs — BUKOHaHi 6e3 3anyveHHs reHepa-
TUBHOTO LUTYYHOIO iHTENEKTY, BUKIMIOYHO aBTOpaMMu.

MepBuUHHI AaHi Ta maTepiaan

ABTOPM pyKOMM1Cy CBiAOMO 3aCBiA4YIOTb, LLIO Y POOOTi BUKOPUCTAHO
pesynbTaTv BNacHUX KNiHIYHMX JOCAiMKeHb, Wo Bynn cuctematu-
30BaHi Ta npoaHarnizoBaHi asTopamu. MNepBUHHI AaHi BKNOYaloTh
y3aranbHeHi MOKasHWKM NauieHTiB, nabopaTopHi pesynbraTy,
NPOTOKOMNM Ta OTPMMaHI KinbKiCHi xapakTtepucTuku. Bei matepianu
36epexeHi B apxiBi 4OCMIAHWLBKOI Ipyny Ta MOXyTb ByTv HagaHi
3a 06rpyHTOBaHUM 3anMTOM [0 aBTOpa-KOPECMOHAEHTa, 3 ypaxy-
BaHHSM BUMOT KOH(IAEHUIMHOCTI Ta ETUYHUX HOPM.
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KAlo40Bi cAoBaQ: PE3IOME

6e3KkniTUHHI KpiokoHcepBoBaHi GionoriyHi  AkTyanbHicTb. OpepxaHHs  6ioNnoriYHoaKTUBHMX — BE3KNITUHHUX  TepaneBTUYHMX

3acobu, GioTexHormoris, 3aMOpPOXyBaHHs,  MPOAYKTIB HA OCHOBI TKAHMHHUX KPiOEKCTPaKTiB NoTpebye onTuMisaLlii TeXHOMorii nisucy

ni3nc KNiTWH, HU3bKa TemneparTypa. KNITUH Ta KOHTPOMIO KPIOrEHHOTO YLUKOMKEHHS MembpaH, OCKiNbKu Bi LMX NpoLecis
3anexuTb 30epexeHHs CTPYKTYpW MPUPOAHMX PErynsaTopHUX MOMeKyn i BiATBOpiOBa-
HicTb X GionoriyHoi Aji. 3pocTatounii iHTepec Ao 6e3kniTMHHUX MiaxodiB y pereHepa-
TUBHI MeauLMHI 3yMOBMIOE HeObXiAHICTb cucTemaTmaalii cydacHux cTparterin pyviHy-
BaHHS KMiTWH i aHanidy iXHbOro BMMMBY Ha SIKICTb TepaneBTUYHNX eKCTPaKTIB.
MeTa po6oTu — y3aranbHUTK Ta KPUTUYHO NpoaHanidyBaTW CyyacHi GioTeXHOMOoriyHi
cTparterii Ni3ncy KMiTUH i MeXaHi3Mn KPIOreHHOro YLUKOKEHHS MembpaH 3a nitepatyp-
HUMW JaHUMU, OLIHUTK iX BMAMB Ha BUBIMbHEHHSI Ta 30epexeHHs eHOOreHHUX pery-
NATOPHUX MOMNEKYI, BU3HA4YUTN ONTUMASIbHI YMOBW OTPUMAHHS BUCOKOSKICHUX TKAHUHHUX
KpPiOEKCTPaKTIB, OXapakTepuayBaTyh iXHIO MONEKYNApHY 1 OYHKUiOHanbHy cTabinbHIiCTb,
a Takox obrpyHTyBaTW NepcrnekTuBM cTaHaapTM3aLii 6e3kniTMHHNX GionpenapaTiB Ans
3aCTOCYBaHHA y pereHepaTuBHi MeOULIMHI.
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AAS LUTYBAHHS:

Matepianu Ta metoau. Mowwyk ny6nikaui 3giicHeHo y 6a3ax gaHux PubMed, Clinical
Key Elsevier, Cochrane Library, eBook Business Collection tTa Google Scholar. Mowuyk
NPOBOAUMM 3@ KIIOYOBMMMW CroBamu, Aani BMKOHyBanu Bigbip 3a 3MicTom pestome
Ta NOBHOTEKCTOBUM aHanizoM. [lo BUGipku BKMOYanv npadi, Wo MIiCTUMU cyvacHi Bigo-
MOCTi NPO METOAM Ni3NCY, KPiOreHHe YLUKO[XKEHHS Ta OTPUMAHHS TKaHUHHUX EKCTPaKTIB
i Bignosiganv npuMHUMnam AoKa3oBOi MeguLMHU.

Pesynsratn. BetaHoBneHo, WO MexaHivHi, disnyHi, XimMivHi Ta depMeHTaTnBHI MeToan
ni3ncy CyTTEBO BIAPI3HAOTLCA 3@ IHTEHCUBHICTIO BMAUBY Ha KIMITUHHI CTPYKTYpU, piBHEM
36epexeHHs GinkiB, nentTuais, NiNigiB Ta HW3bKOMOMEKYNSAPHNX KOMMOHEHTIB, a TaKoX
3a YNCTOTOK OTPUMAHOrO eKcTpakTy. KpioreHHWi nisuc 3abesnedye MiHimanbHy derpa-
AaLito YyTIMBUX MOIEKYI, MPUIHIYeHHSI eHAOTEHHUX (DEPMEHTIB Ta CTabinbHICTb HAaTUBHOI
CTPYKTYypu BIOAKTUBHMX PEYOBUH, LLIO POBUTL MOro HanbiNbLL NPUAATHUM A58 OTPUMAaHHS
CTaHAapTM30BaHNX TepaneBTUYHMX NPOAYKTIB. |HLWi METOAM AEMOHCTPYOTb BULLY edek-
TUBHICTb pyViHyBaHHS MeMbpaH, ane CynpoBOAXKYTbCA pU3vMKamy TepMOMEXaHI4HMX abo
XiMIYHUX YLLUKOXEHb, YTBOPEHHSAM AOMILLOK Ta BapiabenbHicTio cknagy. [NpoaHanizoBaHo
3HaYEeHHS KPIOreHHMX MeXaHi3MiB, BKIMHOYHO 3 ha3oBMMKM nepexogamu ninigis, ocMoTnY-
HVYMW 3CyBaMU Ta NbOAOYTBOPEHHSAM, SiKi BU3HaYatoTb BUBINbHEHHS BHYTPILLHBOKITITUHHUX
perynaTopHux Monekyr i opmytoTb BioakTMBHMI NPOdInb KPIOEKCTPaKTIB.

BucHoBku. KpioreHHuii nisvc € Hanbinblw 36anaHcoBaHMM MigX0A0M Ansl OTPUMAHHS
BUCOKOSIKICHUX TKaHWHHWX KPIOEKCTPAKTIB, OCKIifbKW MOEAHYE MOBHOLIHHE PYyNHYBAHHS
KMNITUH 3 MakCMManbHUM 36epexxeHHsaM BionoriyHoi akTuBHOCTI Monekyn. CtaHaapTu-
3aLis METOAIB Ni3nCy € KIYOBOK YMOBOW NiABULLEHHS e(PEKTUBHOCTI Ta 6e3neyHoCTi
6e3KnNiITMHHNX pereHepaTUBHMX TEXHOMOTIN.

Ctynent B.O., Opo6Hep LI, Magkux ®.B., Nlagos O.A., Bonobyes O.0. BiotexHonoriyHi cTparerii niaucy knituH
i KPIOreHHOTOo YLLIKOOXKEHHS MeMBpaH y TEXHOMOTii OTPUMaHHS TKAHUHHWUX KPIOEKCTPAKTIB Ta CEeKPETOPHUX NMPOAYKTIB
AK [PKepern eHOOreHHWX PEerynaTopHMX MOMeKyrn ANS MOAYyMoBaHHS TKaHWHHOI pernapauii. BicHUK Xapkiecbko2o
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ABSTRACT

Background. The production of biologically active cell-free therapeutic products
based on tissue cryoextracts requires the optimization of cell lysis technologies and
control of cryogenic membrane injury, as these processes determine the preservation
of endogenous regulatory molecules and the reproducibility of their biological effects.
The growing interest in cell-free approaches in regenerative medicine highlights the
need to systematize modern strategies of cell disruption and to analyze their influence
on the quality of therapeutic extracts.

Purpose — to summarize and critically analyze current biotechnological strategies
of cell lysis and the mechanisms of cryogenic membrane injury based on literature
data, to evaluate their impact on the release and preservation of endogenous regulatory
molecules, to identify optimal conditions for obtaining high-quality tissue cryoextracts,
to characterize their molecular and functional stability, and to substantiate the prospects
for standardizing cell-free biological products for use in regenerative medicine.
Materials and Methods. The literature search was performed in PubMed, Clinical Key
Elsevier, Cochrane Library, eBook Business Collection, and Google Scholar. The search
was conducted using relevant keywords, followed by screening of article abstracts
and full-text evaluation. Publications were included if they contained up-to-date data
on methods of cell lysis, cryogenic membrane injury, and the production of tissue
extracts, and if they adhered to the principles of evidence-based medicine.

Results. It was established that mechanical, physical, chemical, and enzymatic methods
of cell lysis differ markedly in the intensity of their impact on cellular structures, in their
ability to preserve proteins, peptides, lipids, and low-molecular-weight components,
as well as in the purity of the resulting extract. Cryogenic lysis ensures minimal degradation
of sensitive molecules, suppression of endogenous enzymatic activity, and enhanced
stability of the native structure of bioactive substances, making it the most suitable
approach for producing standardized therapeutic products. Other methods demonstrate
higher membrane-disrupting efficiency but are associated with risks of thermomechanical
or chemical damage, contaminant formation, and variability in extract composition. The
significance of cryogenic mechanisms including lipid phase transitions, osmotic shifts,
and intracellular ice formation was analyzed, as they determine the release of intracellular
regulatory molecules and shape the bioactive profile of cryoextracts.

Conclusions. Cryogenic lysis represents the most balanced approach for obtaining
high-quality tissue cryoextracts, as it combines effective cell disruption with maximal
preservation of biological activity. The standardization of lysis methods is a key
prerequisite for improving the efficacy and safety of cell-free regenerative technologies.
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BCTYN

Cy4acHi HanpsMn pereHepaTUBHOI MeauumMHK aepani
Oinblue OpPIEHTYIOTbCA Ha BUKOPUCTAHHSI TEXHOSOrIN,
WO [03BOMATb OTPMMYBATX BUCOKOAKTUBHI GionoriyHi
npoayktn 6e3 3acTocyBaHHSA XKWUTTE3OATHUX KNiTUH [1].
MonuT Ha Taki migxogu 3yMOBIEHWI HU3KOK (DaKTOPIB:
iMYHOMOMYHMMU Ta OHKOMOMYHUMWN PU3MKAMU KITiITUHHOT
Tepanii, CKNagHICTIO KOHTPONto heHoTUNy Ta XuTtesgaT-
HOCTI KNITUHHMX NONYNALIA, BUMOramu 4o Kpio3bepexeHHs
M NOTiCTUKM, a TakoX noTpebol y CcTaHOapTU30BaHWMX
i BiATBOPIOBaHUX TepaneBTUYHMX npogdykTax. Ha ubomy
OHi CTae 04eBMAHOK HEOOXIOHICTb CTBOPEHHS bGioTex-
HOMOriYHMX NNaTgopm, SKi NOEAHYOTb BUCOKY BionorivyHy
aKTMBHICTb i3 NPOCTOTOK BMPOOHWULTBA, MiHIManbHUMU
BMMOramu o 36epiraHHsi Ta BUcokoto 6esnekoto. OgHUM
i3 HaWBINbLL NEepCnekTUBHMX pilleHb y LbOMY HanpsMi
€ OTPMMAaHHSA TKaHVMHHMX KPIOEKCTPaKTIB Ta KIMiTUHHUX
€KCTPaKTiB, WO MICTATb LUMPOKWUN CNEKTP E€HOOreHHUX
perynaTtopHux Monekyn — nentuais, 6inkis, HU3bKOMone-
KynapHUX MeTaboniTiB, CUrHanbHUX MOMEKyn Ta CTPyK-
TYPHUX KOMMOHEHTIB NO3aKMNiTUHHOrO MaTpukcy [2].

OTprMaHHA TakMx eKCTPaKTiB 3HAYHOK Mipoto 3ane-
XWUTb Bi €peKTUBHOCTI 1 KOHTPOMbOBAHOCTI Ni3NCY KITITUH,
a TakoX Bif OCOBNMBOCTEW KPIOrEHHOrO YLUKOXEHHS
MeMOpaH, ke BUHWKAaE Nifg Yac 3aMOpPOXXyBaHHA Ta BiaTa-
BaHHSA TKaHWH [3]. MexaHi3mu KpiOnOLIKOAXEHHS — YTBO-
PEHHSI NO3aKNITMHHBOTO Ta BHYTPILLHLOKMITUHHOIO NboAy,
dasosi nepexogun ninigiB MmembpaH, OCMOTUYHI 3CyBMH,
3MiHM y BogHOMY GamnaHci Ta MexaHiuHi gedopmauii —
CTBOPIOKOTb YHiKanbHi YMOBUW AN PyNHYBAHHS KIMITUHHUX
CTPYKTYp ©6e3 3acTOCyBaHHSi arpecuMBHUX  XiMiYHUX
Ta TepMmiyHnx metoaiB [4]. Lle 3abesneuye 36epexeHHsi
NPOCTOPOBOI OpraHisauii Ta gyHKLiOHaNbHOT aKTUBHOCTI
Garatbox GioMonekyn, siki y 3BMY4alHMX YMOBaX LUBUOKO
JerpagyloTe nig BNAMBOM NpoTeonidy, okcupauii abo
MEXaHIYHOIO YLUKOMKEHHSI. TakuM YMHOM, KpioreHHa
obpobka TKaHUH He nuile CNpusie PYNHYBaHHIO KNITWH,
ane 1 CTBOPIOE LLagHe cepenoBuLle, y SKOMY BAAETHCA
36eperTu HaTUBHMI NpPodinb 6i0aKTUBHUX CMONYK.

MapanenbHO 3 LMM akTMBHO PO3BMBAETHLCSA HaMpsAM
KOMOiHOBaHMX  GiOTEXHOMOriYHMX  CcTpaTerin  nisuncy,
WO BKIMOYalOTb MeXaHivHi, i3nyHi, ximiyHi, depmeH-
TaTMBHI Ta MikpodntoigHi TexHonorii. KoxHa 3 Hux mae
BMacHi nepesarn Ta OOMEXeHHsi, a iX pauioHanbHe
BMKOPUCTaHHS BM3HA4Ya€e MOMEKyNnsipHUI cknapg i Tepa-
NeBTUYHWUIA NoTeHuian ekcTtpakTy [5]. MexaHiuHi meTtoau
(romoreHisauia Bucokoro Tucky, bead-milling) 3abesne-
YyHOTb BUCOKUIA PiBEHb PYMHYBaHHA KIiTWH, ane cynpo-
BOXKYIOTbCS PU3UKOM FTOKanbHOro neperpiBaHHA 1 YacT-
KOBOI AeHatypauii 6inkiB [6]. PisnyHi nigxogn, 3okpema
ynbTpa3ByKoOBa Ta rigpoavHamiyHa KaBiTaLisi, [03BONSA0Tb
IHTEHCMBHO pyMHYBaTW KNITUHW, OOHAK 3a HaAMIipHUX
PEXUMIB CMPUYNHSAIOTL OKCUAATMBHI 3MiHM Monekyn [7].
PepmeHTaTVBHMI TNi3NC BUPI3HSAETLCS CENEKTUBHICTIO,
ane noTpebye peTenbHOro OYWLLEHHSI EeKCTPakTy Big

INTRODUCTION

Modern trends in regenerative medicine are increasingly
focused on the use of technologies that allow highly active
biological products to be obtained without the use of viable
cells [1]. The demand for such approaches is driven
by a number of factors: the immunological and oncological
risks of cell therapy, the complexity of controlling the
phenotype and viability of cell populations, cryopreservation
and logistics requirements, and the need for standardized
and reproducible therapeutic products. Against this
backdrop, there is a clear need to create biotechnological
platforms that combine high biological activity with ease
of production, minimal storage requirements, and high
safety. One of the most promising solutions in this direction
is the production of tissue cryo-extracts and cell extracts
containing a wide range of endogenous regulatory
molecules — peptides, proteins, low-molecular-weight
etabolites, signaling molecules, and structural components
of the extracellular matrix [2].

The production of such extracts largely depends
on the efficiency and controllability of cell lysis, as well
as on the characteristics of cryogenic membrane damage
that occurs during tissue freezing and thawing [3].
The mechanisms of cryodamage — the formation
of extracellular and intracellular ice, phase transitions
of membrane lipids, osmotic shifts, changes in water
balance, and mechanical deformations — create unique
conditions for the destruction of cell structures without
the use of aggressive chemical and thermal methods [4].
This ensures the preservation of the spatial organization
and functional activity of many biomolecules, which under
normal conditions rapidly degrade under the influence
of proteolysis, oxidation, or mechanical damage.
Thus, cryogenic tissue treatment not only promotes
cell destruction but also creates a gentle environment
in which the native profile of bioactive compounds can
be preserved.

At the same time, combined biotechnological lysis
strategies are actively being developed, including
mechanical, physical, chemical, enzymatic, and
microfluidic technologies. Each of them has its own
advantages and limitations, and their rational use
determines the molecular composition and therapeutic
potential of the extract [5]. Mechanical methods (high-
pressure homogenization, beadmilling) provide a high
level of cell destruction, but are accompanied by the
risk of local overheating and partial denaturation
of proteins [6]. Physical approaches, in particular
ultrasonic and hydrodynamic cavitation, allow for
intensive cell destruction, but under excessive conditions
cause oxidative changes in molecules [7]. Enzymatic
lysis is selective, but requires thorough purification of the
extract from residual enzymes. Chemical methods ensure
complete extraction, but can cause complete protein
denaturation or leave toxic impurities [5, 8]. That is why
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3anunwkoBmx depMeHTiB. XiMiyHi MmeToamn 3abesneydyoTb
MOBHOL|iIHHY EKCTpaKLito, NPOTE MOXYTb BUKIMKATW NMOBHY
OeHartypauito 6inkiB abo 3anuiaTii TOKCUYHI JoMiLLkm [5, 8].
Came TOMYy 3pOCTae iHTepec OO0 KpioreHHoro nisucy
sIK HanbinbLw 36anaHcoBaHOro migxody 3 nornsay 3oepe-
YKEHH$ 6ioNoriYHOT aKTUBHOCTI KOMMOHEHTIB.

Y GioTexHonoriax OTPMMaHHA TKaHWHHUX EeKCTPakTiB
KpioreHHWI nisuc Bigirpae Kro4oBy posb, agxe 403BONSAE
YHUKHYTW aBTomnidy W pAerpagauii nig 4ac niarotoBKu
3paska. lNMpu Temneparypax -80 °C i HMWX4Ye aKTUMBHICTb
npoTteas, Hykreas i finas iCTOTHO 3HWXYETbCS, Lo 3abes-
nedyye 3Ha4yHO BuULWy CTabinbHICTL nentuais, OGinkis,
€K30COM, (pparMeHTiB KMiTUHHOTO MaTpuKCy Ta iHLUIUX
CTPYKTYPHO YyTNMBUX KOMMOHEHTIB. Lle cTBOptoe cnpwu-
ATNMBI YMOBU AnNs (POPMYBaHHSI €KCTPakTiB, Yy SKUX
30epeXeHo HAaTUBHUI MOSEKYNAPHUIA NPOdIinb TKAHUHW,
BKMOYHO 3 YHIKaNbHUMU TKAHVHHUMW CUTHANbHUMMU
Monekynamu, wo 6epyTb yyacTb Yy perynsuii 3ana-
NEHHs, aHrioreHesy, iMyHHOI BiAMNOBIAI Ta penapaTuBHUX
npouecis [9, 10].

3 iHworo 60Ky, PO3yMiHHSI MexaHi3MiB Kpiomno-
LWKOMKEHHA 1 MNi3UCy JOMYHO MOB’sI3aHe 3  LUMPLUNM
KOHTEKCTOM GEe3KNITMHHUX pereHepaTMBHUX TEXHOMOTIN,
00 SKMX HanexaTb TaKoX CEeKPeTOM KMiTMH Ta eK30Co-
MarnbHi npenapaTtu. Y cyqyacHux AOCMiAKEHHSX NOKa3aHo,
WO HU3Ka TepaneBTUYHUX edeKTiB Me3eHXiManbHNX
ctoBbypoBux knitnH (MCK) 3ymoBneHa He ix gudepeH-
LialinHUM MoTeHUianom, a came BUBINbHEHHSAM Oioak-
TUBHUX MONeKyn y Burnsai cekpetomy [11, 12]. Lle ctano
NiarpyHTAM ANS po3BUTKY GE3KNITUHHMX TepaneBTUYHMX
nnaTopM, sKi BUKNIOYAOTb PU3UKK, NOB’A3aHi 3 Nponi-
depauieto, OHKOFEHHICTIO Ta iIMYHOMOrMYHOK Hecy-
MICHICTIO KNITUH. TKaHWHHI KPIiOEKCTPaKTN Ta KMiTUHHI
€KCTpaKkTh, OTpMMaHi BHacnigoK (pisnvHoro pymHyBaHHS
KNiTUH, 3@ CBOE MPMPOAOK € Binbll KOMMMIEKCHUMMU,
Hi>K OYMLLEHI €K30COMM YK KOHAMLIOHOBaHI cepenoBumLia:
BOHW MICTATb SIK LMTO30MbHIi, Tak i MeMOpaHHi KomMo-
HEHTW, WO [03BOMNSE BiATBOPHOBATU LUMPOKUIA CMEKTP
perynstopHux edekTis [13].

CyKynHi ekcnepumeHTanbHi  AaHi  OeMOHCTPYIOTb,
O KMNiTMHHI Ta TKAHVHHI eKCTpaKkTW 34aTHi MoaynioBaTtu
3ananeHHsl, 3MeHLyBaTM OKCUAATUBHUI CTPEeC, Mokpa-
LyBaTK aHrioreHes i CTUMYNIOBATU PEMOLENOBaHHS
mMaTpukcy. Bigomo, Lo ekcTpakTu nnaueHTu, cenesiHku,
neviHKK, cepLeBoi TKaHMHM Ta iHLWWX OpraHiB MatoTb BMpa-
XKEeHi LUMTONPOTEKTOPHI, IMyHOMOZyroBanbHi Ta pena-
patuBHi BrnactueocTi [10, 14, 15, 16]. MNogibHi edekTn
onucaHi Takox Ans nisoBaHux npenapartis 3 MCK, knitnH
KICTKOBOTO MO3KY, XMPOBOI TKaHWHW, HEPBOBUX TKaHWH
Ta HaBiTb ANs1 eKCTpakTiB eMOpioHanbHUX CTOBOYpPOBMX
KNiTWH. Lle pobuTb KNiTUHHI eKCTpaKTN NOTEHLLIHO YHiBEp-
canbHOK NNaTopMol Ansa Tepanii LWMPOKOro crnekTpa
NaTornoriYHNX CTaHIB — Bif iLLEMIYHOIO ypaXKeHHS MO3KY
abo miokapaa [0 NPOMEHEBMX YLIKOOXKEHb, Henpoaere-
HepaTUBHUX NPOLECIB, CUCTEMHOIO 3anarneHHs Ta NoLUKo-
PKEHHSs eniTenianbHux 6ap’epis.

[lonpy 3HA4YHUM KAiHIYHWIA noTeHUian, cTaHgapTu-
3auis MeToAIB OTPUMAHHA KPIOEKCTPaKTiB 3anuliacTbCa
OLHUM i3 HaNMeHLL po3pobreHnx acnekTiB GiomeguyHux
TEXHOMOriN. ICHYOTb CyTTEBI BIAMIHHOCTI MiX nigxogamu
00 MiaroToBKM TKaHWH, MPOTOKONaMyM 3aMOpPOXyBaH-
HS-BiATaBaHHSA, pexumamu nisucy, metogamu ginbrpadii
Ta ouuLLeHHs [17]. BignosiaHo, pisHUTLCA | MOMEKYAPHUI

there is growing interest in cryogenic lysis as the most
balanced approach in terms of preserving the biological
activity of components.

Cryogenic lysis plays a key role in biotechnology for
obtaining tissue extracts, as it prevents autolysis and
degradation during sample preparation. At temperatures
of -80°C and below, the activity of proteases, nucleases,
and lipases is significantly reduced, which ensures much
higher stability of peptides, proteins, exosomes, cell matrix
fragments, and other structurally sensitive components.
This creates favorable conditions for the formation
of extracts that preserve the native molecular profile
of the tissue, including unique tissue signaling molecules
involved in the regulation of inflammation, angiogenesis,
immune response, and reparative processes [9, 10].

On the other hand, understanding the mechanisms
of cryodamage and lysis is logically linked to the broader
context of cell-free regenerative technologies, which
also include cell secretions and exosomal preparations.
Recent studies have shown that a number of therapeutic
effects of mesenchymal stem cells (MSCs) are due
not to their differentiation potential, but to the release
of bioactive molecules in the form of secretions [11, 12].
This has become the basis for the development of cell-free
therapeutic platforms that eliminate the risks associated
with  proliferation, oncogenicity, and immunological
incompatibility of cells. Tissue cryoextracts and cell
extracts obtained as a result of physical destruction of cells
are inherently more complex than purified exosomes
or conditioned media: they contain both cytosolic and
membrane components, which allows them to reproduce
a wide range of regulatory effects [13].

Cumulative experimental data demonstrate that
cell and tissue extracts are capable of modulating
inflammation, reducing oxidative stress, improving
angiogenesis, and stimulating matrix remodeling. It is
known that extracts from the placenta, spleen, liver, heart
tissue, and other organs have pronounced cytoprotective,
immunomodulatory, and reparative properties [10, 14, 15,
16]. Similar effects have also been described for lysed
preparations from MSCs, bone marrow cells, adipose
tissue, nerve tissue, and even embryonic stem cell
extracts. This makes cell extracts a potentially universal
platform for the treatment of a wide range of pathological
conditions, from ischemic brain or myocardial damage
to radiation damage, neurodegenerative processes,
systemic inflammation, and damage to epithelial barriers.

Despite its significant clinical potential, the
standardization of cryo-extract preparation methods
remains one of the least developed aspects of biomedical
technology. There are significant differences between
approaches to tissue preparation, freezing-thawing
protocols, lysis modes, filtration and purification
methods [17]. Accordingly, the molecular composition
of the final products also varies, which complicates the
comparison of results and slows down the development
of standardized therapeutic agents. Currently, particular
attention is being paid to the optimal combination
of cryogenic lysis with additional methods of membrane
destruction, as well as to the assessment of how different
lysis strategies affect the preservation of proteins,
peptides, exosomes, nucleic acids, and low-molecular-
weight metabolites.
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cknag KiHUEeBWX MPOAYKTIB, LUO YCKNaAHKE MOPIBHAHHSA
pesyneTaTiB Ta ranbMye po3pobky cTaHAapTM30BaHMX
TepaneBTMYHUX 3acobiB. Hapasi ocobnusy yBary npugi-
NATb NMMTaHHAM ONTUMAanbHOIO NOEAHAHHS KPIOTe@HHOro
nisvcy 3 4OAaTKOBMMU METOAAMU PYMHYBaHHS MeMbpaH,
a TaKoX OLiHLi TOro, SIK pi3Hi cTpaTerii niancy BNnNMBalTb
Ha 3b6epexeHHs Binkie, NeNTUAIB, €K30COM, HYKMNEIHOBUX
KMUCMOT i HU3bKOMOSEKYNSIPHUX MeTaboniTiB.

KpUTUYHO BaxnvBMM € TakoX MUTaHHS Ge3neyHocCTi:
3anuLIKOBI XiMiYHi peareHTun, NPOAYKTK Aerpaaadii 6iomo-
nekyn abo HaAnULLKOBI KOHUEHTpaLii BHYTPILIHbOKMI-
TUHHOTO OETPUTY MOXYTb 3HMXKyBaTK GioakTUBHICTL abo
BUKNUKaTK HebaxaHi edektun in vivo. Tomy BuUbip ontu-
MarnbHOro MeToAy fi3ncy Mae BpaxoByBaTU He nulie
e(eKTUBHICTb BUBINIbHEHHS KOMIMOHEHTIB, ane n Iix
noganbLuy 6ionoriyHy akTUBHICTb, CTABINbHICTb | YACTOTY.

Y UbOMY KOHTEKCTi 0COGMMBOI akTyanbHOCTi HabyBae
CUCTEMHUI aHani3 CyyacHuX cTpaTterin nisucy KniTuH
Ta MEXaHi3MiB KPiOreHHOro YLUKOPKEHHS 3 METOK BU3Ha-
YeHHs1 HanbiNbL edeKTUBHMX TEXHOMOTYHMX PilleHb Anst
OTPVMaHHS TepaneBTUYHUX TKaHWHHUX KPIiOEKCTPaKTIB.
BaxnmBuM HaykoBVMM 3aBAaHHSIM € TaKOX BW3HAYEHHS
KMoYoBwMX rpyn 6ioakTMBHMX MOreKkyn, siki 3bepiraloTbes nig
Yyac KpioreHHoro ni3ucy, Ta ouiHKa ixX noTeHujiany sk eHao-
reHHUX MoAymnoBarnbHUX MaKTOPIB TKAHWHHOI penapadiii.

TakMM YMHOM, aKkTyanbHICTb AaHOT poboTY 3ymMOBneHa
HeoOXigHICTI0 onTUMI3auii Ta cTaHgapTU3auii 6iotexHomno-
rYHMX MiAX0AIB A0 Ni3NCY KNITUH | KPIOreHHOTO YLLIKOAKEHHS
MeMOpaH Ansi OTPMMaHHSI BUCOKOSIKICHUX TKaHUHHUX Kpio-
€KCTPaKTiB, O MICTATb NPUPOAHI PerynsaTopHi MOMneKynu
3 BMPaXXEHNM penapatuBHMM noTeHuianom. MNpoeegeHni
aHanis € BaX/MBMM KPOKOM A0 (DOPMYBaHHSI HayKOBO
06rpyHTOBaHUX MPUHLMMIB BUPOOHMLTBA Oe3KMiTUHHUX
TepaneBTUYHMX NPOAYKTIB, 3A4aTHWX MiABULLMTK edeKkTmB-
HICTb pereHepaTyBHOI MEAVLMHN Ta BiAKPUTU HOBI MOXIN-
BOCTI NS KNiHIYHOrO 3aCTOCYBaHHS.

Meta pob60TK — y3aranbHUTU Ta KPUTUYHO NpoaHa-
ni3yBaTu cyvacHi 6ioTexHonoriyHi cTpaTterii nisucy KnitnH
i MexaHi3Mu1 KpiOreHHOro yLLIKOAXeHHs MembpaH 3a nite-
paTypHUMW OaHUMKW, OUIHUTK iX BMAUB HA BUBIMbHEHHS
Ta 30epeXeHHs €HOOrEeHHUX PEerynaTopHUX MOEeKyr,
BM3HAYMTV ONTUMaribHi YMOBW OTPUMaHHS BUCOKOSIKICHWX
TKAHWHHMX  KPIOEKCTPaKTiB, OXxapakTepu3yBaTu iXHI0
MOMEKYNsIpHY W (PYHKLiOHaNbHY CTabinbHICTb, @ TakoX
o6r'pyHTYBaTU nepcnekTMBM cTaHgapTusauii  6eskni-
TUHHMX GionpenapartiB Ans 3acTOCyBaHHA y pereHepa-
TUBHIA MeOULNHI.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Mipbip ny6bnikauih BukoHaHO 3a 6azamu [aHWX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/), y <€kux BUCBITNOBaNUcs
BiJOMOCTI Mpo cy4acHi GioTexHonoriyHi cTpaTterii nisucy
KMITUH, MeXaHi3MW KPiOreHHOro YLUKOKEHHS MeMbpaH,
BMNIIMB HU3bKOTEMNepaTypHUX hakTopiB Ha BUBINMbHEHHS
€HOOrEeHHNX PerynaTopHUX MOSeKyn, a Takox ocobnu-
BOCTi OTpUMaHHS Ta CTabiNbHOCTI TKAHUHHUX KPIOEKCTpP-
akTiB i 6e3kniTMHHMX Gionpenaparis.

Safety is also a critical issue: residual chemical
reagents, biomolecule degradation products, or excessive
concentrations of intracellular debris can reduce bioactivity
or cause undesirable effects in vivo. Therefore, the choice
of the optimal lysis method should take into account not
only the efficiency of component release, but also their
subsequent biological activity, stability, and purity.

In this context, a systematic analysis of modern cell
lysis strategies and cryogenic damage mechanisms
is particularly relevant in order to identify the most
effective technological solutions for obtaining therapeutic
tissue cryoextracts. Another important scientific task
is to identify key groups of bioactive molecules that are
preserved during cryogenic lysis and to evaluate their
potential as endogenous modulators of tissue repair.

Thus, the relevance of this work is determined by the
need to optimize and standardize biotechnological
approaches to cell lysis and cryogenic membrane
damage for obtaining high-quality tissue cryoextracts
containing natural regulatory molecules with pronounced
reparative potential. The analysis is an important step
towards the formation of scientifically sound principles for
the production of cell-free therapeutic products capable
of increasing the effectiveness of regenerative medicine
and opening up new opportunities for clinical application.

Objective — is to summarize and critically analyze
modern biotechnological strategies for cell lysis and
mechanisms of cryogenic membrane damage based
on literature data, to evaluate their impact on the release
and preservation of endogenous regulatory molecules,
to determine the optimal conditions for obtaining high-
quality tissue cryoextracts, characterize their molecular
and functional stability, and justify the prospects for
standardizing cell-free biological products for use
in regenerative medicine.

MATERIALS AND METHODS OF RESEARCH

The selection of publications was performed using the
PubMed https://pubmed.ncbi.nim.nih.gov/) and Clinical
Key Elsevier (https://www.clinicalkey.com), Cochrane
Library (https://www.cochranelibrary.com/), eBook
Business Collection (https://www.ebsco.com/) and Google
Scholar (https://scholar.google.com/), which provided
information on modern biotechnological strategies
for cell lysis, mechanisms of cryogenic membrane
damage, the influence of low-temperature factors on the
release of endogenous regulatory molecules, as well
as the peculiarities of obtaining and stabilizing tissue
cryoextracts and cell-free biological preparations.
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Ha nepwomy etani npoBoannun NOLUYK NiTepaTypHUX
KEpen 3a KN4OoBUMMW CNOBaMW: f1i3UC KIIMUH, Kpio-
2eHHuU isuc, xono0ose yUWKOOXEeHHS MembpaH, 3amo-
POXyB8aHHS, KpioeKcmpakm, MmKaHUHHI eKcmpakmu,
peaynssimopHi nenmudu, 6e3KnimuHHI KPIOKOHCep8osaHi
3acobu, mexaHiYHUU ni3uc, xiMiqHUU ni3uc, hepmeHma-
mueHul ni3uc, 6iomexHonoeii nisucy, peeeHepamusHa
meduyuHa.

Ha gpyromy etani BuB4anu pestome crartem Ta BUKIO-
Yanu ny6nikauii, siki He BignoBiganu kpuTepisM Jocni-
)KeHHA abo MicTUnM HedocTaTHbO AaHuX  Womdo
MEXaHi3MiB Ni3nCy, KPIOreHHOro YLIKOAXKEHHS YN XapakTe-
PUCTUK KPIOEKCTPaKTIB.

Ha TpeTbomy etani aHanidyBanu nOBHi TEKCTW BiAi-
OpaHuMx cTaTel Ha BiOMNOBIAHICTb BU3HAYEHUM KpuUTe-
pisiM BKITHOYEHHsI Ta OLiHIOBaNM pereBaHTHICTb MEeTo-
OWYHUX NiOXOAiB, AeTanbHICTb OMUCYy MpPOLECIB Ni3ncy
M KPiOMOLLKOMXKEHHS, @ TaKoX iH(OPMATUBHICTb LLIOAO
ckrnagy Ta BnacTMBOCTelN GiOaKTUBHUX MOMEKYn y Kpio-
eKcTpakTax.

KpuTepismu BknoveHHs nybnikauin o  Bubipku,
LLIO nignsirana KoHTeHT-aHaniay, obynu:

1. BMCBITNIEHHSA Cy4acHUX BigoMocTen oo GioTex-
HOMOTYHNX MEeTOAIB Mi3nCy KNiTWH, MeXxaHi3MiB Xomno-
[0BOro Ta KPiOreHHOro YLIKOMKEHHA MeMbpaH, a Takox
OTPUMaHHS 11 GionoriYyHMX BNacTUBOCTEN TKAHUHHMX Kpio-
eKCTpakTiB i 6e3kniTMHHMX BionpenaparTis;

2. BiOMNOBIAHICTb AOCHIOXEeHb KNHYOBMM 3acagam
[OKa3oBOi MeauUMHWN, BKMIOYHO 3 YiTKICTIO MeToaiB,
BiATBOPIOBAHICTIO pe3ynbTaTiB Ta SKICTIO ONUCY ekcnepu-
MEeHTanbHUX npoueayp;

3. BigKpUTMM [OCTYNn OO MNOBHOTEKCTOBOI CTaTTi
Ta JocTaTHiCTb iHdopMaLil Ana nNpoBefeHHs cucTema-
TUYHOIO KOHTEHT-aHaniay.

PE3YAbTATU TA IX OBTOBOPEHHS

TepaneBTWYHI TKaHWHHI eKCTpakTu (30Kkpema Kpio-
EKCTpaKTn) — Taki AK MpenapaTty Ha OCHOBI NNaleHTw,
cenesiHkK, cepusi, MeYiHKW Ta iHLWWX OpraHiB — CTaHOB-
NATb  OKPEMUWA  HamnpAMOK Cy4acHUX  BioTexHOmoriw,
CMpPsIMOBAaHWX Ha OTPUMAaHHsI KOMIIEKCIB MPUPOLAHUX
bioperynaTopis i3 BMpPaXXeHOK BiOHOBMOBANbHO, IMyHO-
MOZYNOBarbHO, LIMTOMPOTEKTOPHOK Ta penapaTvBHO
AKTUBHICTIO. IXHili KRiHIYHWI MOTeHLUian BM3HAYaeTbCs
6i0NOriYyHO LHHICTIO HAaTMBHUX MOJEKYNSAPHUX CTPYKTYP:
nentugis, epMeHTIB, FOPMOHOMOAIOHNX haKTopiB, HN3b-
KOMOMEKynsapHUX mMeTaboniTiB, HykneoTuais, dparMeHTiB
KNITUHHOI MaTpuULi Ta CUrHanbHUX Monekyr. 36epexeHHs
uMx cnomnyk y 6ionoriyHo akTMBHOMY CTaHi € KIIHO4YOBUM
KpuTepieM sIKOCTi TepaneBTUYHoro npenapaty [18, 19, 20].

BupobHMLTBO Takmx GioTEXHOMNOrYHMX 3acobiB rpyH-
TYETbCA Ha MPUVHUMMAX HU3bKOTEMMepaTypHOi AesiHTe-
rpauii, ska JO3BONA€ MakcMarnbHO 36epertu CTPYKTYpHY
Ta (PyHKUiOHANbHY aKTUBHICTb TKAHWUHHUX KOMMOHEHTIB.
KpioreHHa obGpobka 3abe3nevye pymMHyBaHHS KNITUHHUX
mMembpaH 3a paxyHOK i3aU4HMX MpPOLECIB, MOB’A3aHNX
i3 hopMyBaHHAM KpucTanis nbofy, OCMOTUYHUX rpagi-
€HTIB i MexaHi4HMX gedopmauii. OgHOYaCHO HU3bKOTEM-
nepaTypHi yMOBW MiHiMi3ytOTb aBTOMi3, MPOTEONI3 Ta iHLLUi
JerpagauiviHi peakuii, WO € KPUTUYHO BaXknNvBUM nNpwu
OTPUMaHHI TepaneBTUYHUX CYyOCTaHUiN ANns KMiHiYHOro
BMKOPUCTaHHS.

At the first stage, a search for literature sources
was conducted using the following keywords: cell lysis,
cryogenic lysis, cold damage to membranes, freezing,
cryoextract, tissue extracts, regulatory peptides, cell-free
cryopreserved agents, mechanical lysis, chemical lysis,
enzymatic lysis, lysis biotechnology, and regenerative
medicine.

In the second stage, we studied the abstracts
of the articles and excluded publications that did not
meet the study criteria or contained insufficient data
on the mechanisms of lysis, cryogenic damage, or the
characteristics of cryoextracts.

At the third stage, the full texts of the selected articles
were analyzed for compliance with the specified inclusion
criteria and evaluated for the relevance of methodological
approaches, the detail of the description of lysis and
cryodamage processes, as well as the informativeness
regarding the composition and properties of bioactive
molecules in cryoextracts.

The criteria for including publications in the sample
subject to content analysis were:

1. coverage of current information on biotechnological
methods of cell lysis, mechanisms of cold and cryogenic
damage to membranes, and the biological properties
of tissue cryoextracts and cell-free biological preparations;

2. compliance of studies with the key principles
of evidence-based medicine, including clarity of methods,
reproducibility of results, and quality of description
of experimental procedures;

3. open access to the full-text article and sufficient
information for systematic content analysis.

RESULTS AND DISCUSSION

Therapeutic tissue extracts (including cryoextracts),
in particular, preparations based on the placenta, spleen,
heart, liver, and other organs — constitute a separate
area of modern biotechnology aimed at obtaining
complexes of natural bioregulators with pronounced
regenerative, immunomodulatory, cytoprotective, and
reparative activity. Their clinical potential is determined
by the biological value of native molecular structures:
peptides, enzymes, hormone-like factors, low-molecular-
weight metabolites, nucleotides, cell matrix fragments,
and signaling molecules. Preserving these compounds
in a biologically active state is a key criterion for the
quality of a therapeutic drug [18, 19, 20].

The production of such biotechnological products
isbasedonthe principles of low-temperature disintegration,
which allows for maximum preservation of the structural
and functional activity of tissue components. Cryogenic
treatment ensures the destruction of cell membranes
through physical processes associated with the formation
of ice crystals, osmotic gradients, and mechanical
deformations. At the same time, lowtemperature
conditions minimize autolysis, proteolysis, and other
degradation reactions, which is critically important when
obtaining therapeutic substances for clinical use.

The importance of a properly selected lysis strategy
lies in the fact that different tissues — placenta, spleen,
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BaxnueicTb npasBunbHO nigibpaHoi ctparerii nisucy
nonsirae B TOMY, LLO Pi3Hi TKAHWHM — NNaLeHTa, cenesiHka,
ceple, nedviHka 4YM HepBOBa TKaHWHA — BiOPI3HATHCA
He nuwe LWINbHICTIO | CTPYKTYPHOK OpraHisauieto, ane
" yHiKanbHUM Habopom BioakTMBHUX MOMEKYI, YyTIMBKX
00 TemnepaTypHUX KOMUBAHb, MEXaHIYHOro BMIMBY
4n XiMiYHMX areHTiB. Hanpwknag, ekcTpakTu cenesiHku
MICTSITb LUMPOKWIN CMEKTP iMYyHOPErynaTopHUX nenTugis;
npenapatu nMnaueHTM — TOPMOHOMNOAIOHI  dhakTopu
M KOMMOHEHTU MO3aKMiTUHHOTO MaTpUKCY; TKaHWHU
Miokapga — LMTO3aXMCHi HU3bKOMOMEKYNSAPHI CronyKu
Ta meTabonivHi akTopn agantadii. Tomy meTtod nisucy
noBuHeH OyTW [OOCTaTHbO IHTEHCUMBHUM AN MOBHOrO
BMBINIbHEHHS] BHYTPILUHbOTKAHUHHUX KOMIMOHEHTIB, ane
BOAHOYAC AOCTaTHbO AenikaTHUM, o6 He nopyllysaTtu
iXHt0 BionoriyHy akTUBHICTb.

OTpuMaHHsi TepaneBTUYHUX KPIOEKCTPaKTiB nepen-
DOavae NnoegHaHHS TakMx TEXHOMOTYHUX eTaniB, K KOHTP-
onboOBaHa KpiOKOHCepBaUisi, CTaHO4apTU30BaHe pPYNHY-
BaHHSA KNITUHHMX CTPYKTYP, BiAAiNeHHs TBepamx pakuin,
ouMLLEHHs1, cTabinisauis Ta 3abe3nedyeHHst Mikpobio-
noriyHoi ©e3nekn. Came TexHOMOris nisucy BM3Ha4ae
SKICHWI CKrag KiHLEBOro NpoaykKTy, BNMMBaE Ha KOHLEH-
Tpauito perynatopHux akTopiB, CTyniHb 306epexeHHs
GinkoBuX KOHMopmaLi, dapmakonoriyHMn npodinb
Ta KniHiYHy edekTmBHICTb [18, 19].

Y LbOMY KOHTEKCTi CUCTEMHUI aHani3 pisHNUX MeToaiB
Ni3ncy KNiTUH — MexaHivyHuX, Qi3nYHUX, XiMiYHUX, hepMeH-
TATUBHUX Ta KPIOreHHUX — € HeobXigHUM eTanom onTUMi-
3aLii 6ioTexXHONOori4YHNX NPOLECiB BUPOOHNLITBA TKAHUHHWX
TepaneBTUYHUX EKCTPakTiB. YCBIAOMMEHHS X MOXNu-
BOCTel i oOMexeHb [O03Bonsie 3abe3neynTu BiATBOPHO-
BaHiCTb, CTaHOApTM3aLil0 N MakcumanbHe 36epexeHHs
6i0NoriYHO aKTMBHMX MOMEKYT, WO € KPUTUHHO BaXKITMBUM
0N CTBOPEHHSA BUCOKOSIKICHUX MEAMKO-0i0TEXHONOTIYHMX
npenapartis [20].

1. Cy4acHi NiAXOAM AO Ai3UCY KAITHUH:

TEeXHOAOTi4Hi OCHOBM, MEXCAHI3MHU

TA NPAKTUYHE 3QCTOCYBAHHSA

Bubip meTogy ni3ucy BU3HAYaETBCA KOMIMIEKCOM
B3a€EMOMOB’'I3aHNX XapaKTEPUCTUK, cepen SKUX NposigHe
3Ha4YeHHA MaloTb TWUN KMITUHKW, CTPYKTYpHa oOpraHisauis
KNiTUHHOI 060NOHKK, 4i3NKO-XiMiYHI BTACTUBOCTI LiNbOBUX
MaKpOMOJEKYI, @ TaKOX TEXHOIOTYHI BUMOrM O YUCTOTH,
cTabinbHOCTI 1 BUXoAy KiHUeBoro npoaykty [20, 21]. YcTa-
HOBIEHO, WO Pi3Hi TUMX KNiTUH OEMOHCTPYOTb HeoaHa-
KOBY CTIMKICTb A0 MEXaHiYHOro, XimMi4HOro 4 depmeHTa-
TUBHOTO BMNMBY, LUO 3YMOBMIOE HEOOXiAHICTb peTenbHOI
onTMMi3auii ymMoB nisucy. Baxnmermu Takox € napameTpu
cepefoBuLla, 30KpemMa MOHHa cuna, pH Ta HasBHICTb
iHriGiTOpiB NpOTEONi3y, SKi ICTOTHO BMNMBalOTb Ha 30epe-
XKEHHSA MPOCTOPOBOI OpraHi3auii BinkiB Ta HyKNeiHOBMX
kvcnoT. MogibHui nigxia 3abesnedye MiHiMi3auito pu3nkis
YaCTKOBOrO pyMHyBaHHA abo AeHaTtypauii 6iomonekyn,
LLIO € KPUTUYHO B2XIMBUM Y MOAASNBLUNX eTanax O4ULLEHHS
Ta aHaniTM4YHOro BU3HAYEHHSI.

MexaHi4Hi MemoOu TpaguuiHO 3acTOCOBYHOTb
AN MIKPOOpraHiaMiB 3i LLiNbHO KITITUHHOK CTIHKOIO,
OCKiNbK/ BOHW 3abe3nevyloTb iHTEHCUMBHUIA BMMAWB CUI
3CyBY, 34aTHMM po3ipBaTV MiLHI MONIMEPHi CTPYKTypu
00O0NOHOK. YCTaHOBMNEHO, WO egEeKTUBHICTb MeXxaHiy-
HOrO pYMHYBaHHSA BU3HAYaeTbCA HU3KOK MNapaMeTpis,

heart, liver or nervous tissue — differ not only in density and
structural organization, but also in a unique set of bioactive
molecules that are sensitive to temperature fluctuations,
mechanical stress, or chemical agents. For example,
spleen extracts contain a wide range of immunoregulatory
peptides; placenta preparations contain hormone-like
factors and extracellular matrix components; myocardial
tissues contain cytoprotective low-molecular-weight
compounds and metabolic adaptation factors. Therefore,
the lysis method must be intense enough to completely
release the intragranular components, but at the same
time delicate enough not to disturb their biological activity.

The production of therapeutic cryoextracts involves
a combination of technological stages such as controlled
cryopreservation, standardized destruction of cell
structures, separation of solid fractions, purification,
stabilization, and ensuring microbiological safety. It is
the lysis technology that determines the qualitative
composition of the final product, affects the concentration
of regulatory factors, the degree of preservation of protein
conformations, the pharmacological profile, and clinical
efficacy [18, 19].

In this context, a systematic analysis of various cell lysis
methods — mechanical, physical, chemical, enzymatic,
and cryogenic — is a necessary step in optimizing
the biotechnological processes of producing tissue
therapeutic extracts. Understanding their capabilities and
limitations ensures reproducibility, standardization, and
maximum preservation of biologically active molecules,
which is critical for the creation of highquality medical and
biotechnological products [20].

1. Modern approaches to cell lysis:
technological foundations, mechanisms, and
practical application

The choice of lysis method is determined by a set
of interrelated characteristics, among which the type
of cell, the structural organization of the cell membrane, the
physicochemical properties of the target macromolecules,
as well as technological requirements for purity, stability,
and vyield of the final product [20, 21]. It has been
established that different cell types demonstrate varying
resistance to mechanical, chemical, or enzymatic effects,
which necessitates careful optimization of lysis conditions.
Environmental parameters are also important, including
ionic strength, pH, and the presence of proteolysis
inhibitors, which significantly affect the preservation
of the spatial organization of proteins and nucleic acids.
This approach minimizes the risk of partial destruction
or denaturation of biomolecules, which is critically
important in further stages of purification and analytical
determination.

Mechanical methods are traditionally used for
microorganisms with dense cell walls, as they provide
intense shear forces capable of breaking down the
strong polymer structures of the cell walls. It has been
established that the effectiveness of mechanical
destruction is determined by a number of parameters,
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BKMOYHO 3 PO3MIPOM YaCTMHOK, LWIBUAKICTIO 3iTKHEHb,
B’A3KICTIO CycneHsii Ta TemnepaTypHUMW yMOBaMW, SKi
dopmytoTbCa Nig Yac dparMmeHTauii knituH. bicepHuin
MITMH [I€MOHCTPYE BWCOKY PEe3ynbTaTUBHICTb Yy PYWHY-
BaHHi rpubiB i GakTepii, IO NiATBEPAKEHO MOPIBHAMNb-
HAMW  OOCAIMKEHHAMM i30MAuii MeTaboniTiB y PpisHUX
BMAiB rpubie [22]. Y Bunagky pekombGiHaHTHWMX 6inkis,
30kpeMa nig vac pobotu 3 E. coli, epeKTUBHICTb MexaHiy-
HOro PyWHYBaHHsSI MPOAEMOHCTPOBAHO B [OCHIIXEHHSX,
e roMmoreHisauisi 3abeanednna BUCOKUIA BUXiO aHTUTEHY
renatuty B [23]. Lli gaHi Bka3yloTb Ha y3rogKeHicTb mexa-
HIYHMX METOAIB i3 CydacHMMU BIOTEXHOMOrYHUMN Moae-
NAMU OTPUMaHHSA PEKOMOBIHAHTHWUX MPOTEHIB, Ae KpUTUNY-
HUMU € 306epeXeHHs1 eniTONHOI CTPYKTYpU Ta MiHiMi3aLis
dparmeHTauii. 3HayHy yBary npuBepTalTb KOMOIHOBaHI
nigxoan: MNOEAHAHHS XiMiYHOI 0OPOOKM 3 MexaHiYHUM
OVCMEpPryBaHHSAM  CMPUSiE  IHTEHCMBHILLOMY  BUMBIfb-
HeHHI0 OinkiB, Wo HabyBae OCOGMMBOrO 3HaAYEHHs Mpu
poboTi 3 GakTepiamu, CTINKUMW 0O OAHOKOMMOHEHTHOIO
BnnuBy [24]. Taki meToOMKM [O03BONSATb 3MEHLUUTU
€HepreTMyHi BUTpaTU Ta MiABULLMTKA  CENEKTUBHICTb
pyviHyBaHHsi 0OOMNOHKW, BogHOYac 36epiratouy BHYTPILL-
HBbOKJTITUHHI KOMMOHEHTH.

CyuyacHi TeHaeHUii y Bubopi meTogis nisucy cnpsimo-
BaHi Ha 3MEHLUEHHS EHeprocnoXxmBaHHs, 36epexeHHs
PyHKUIOHaNbHOI aKTUBHOCTI YyTNMBUX MOMeKyn i nigsu-
LLIeHHS CeneKkTUBHOCTI npovecy (Tabn. 1).

including particle size, collision velocity, suspension
viscosity, and temperature conditions that are formed
during cell fragmentation. A bead mill demonstrates
high efficiency in the destruction of fungi and bacteria,
as confirmed by comparative studies of metabolite
isolation in different species of fungi [22]. In the case
of recombinant proteins, particularly when working with
E.coli, the effectiveness of mechanical destruction has
been demonstrated in studies where homogenization
provided a high yield of hepatitis B antigen [23]. These
data indicate the compatibility of mechanical methods
with  modern biotechnological models for obtaining
recombinant proteins, where preservation of the epitope
structure and minimization of fragmentation are critical.
Combined approaches are attracting considerable
attention: the combination of chemical treatment with
mechanical dispersion promotes more intensive protein
release, which is particularly important when working
with bacteria that are resistant to single-component
exposure [24]. Such techniques reduce energy
consumption and increase the selectivity of membrane
destruction while preserving intracellular components.

Current trends in the selection of lysis methods are
aimed at reducing energy consumption, preserving the
functional activity of sensitive molecules, and increasing
the selectivity of the process (Table 1).

Ta6nuusa 1. Ornag Ta NopiBHAHHA MeTOAIB Misucy kniTuH [20]
Table 1. Overview and comparison of cell lysis methods [20]

BukopucraHe obnaga-
Metogam nisucy HaHHS Ta TeXHika MepeBarn Heponikun
Lysis methods Equipment and Advantages Disadvantages
technique used
— romoreHisaTop — BMCOKa epeKTUBHICTb — Tenno, Lo YTBOPHETLCS, MOXE MOLLKO-
BUCOKOIO TUCKY — He 3anexuTb Bif TUMY KITiTUHA OVTU BHYTPILLHBOKITITUHHI NPOAYKTH
— BicepHi MnnHn — high efficiency — [oporun meTop,
MexaHiuHumn — high-pressure — does not depend on cell type — Ba)XKO OYUCTUTM Ni30BaHMIN 3pa3ok
Mechanical homogenizer — heat generated may damage
— bead mills intracellular products
— expensive method
— difficult to purify the lysed sample
— He3arnexHo Bif TUNy KNiTuHNU — foporo
— Nerko BNpoBaanTy — MOLUKOAXKEHHS BinkiB Ta BHYTPILLHbOKITI-
TepmiuHuM nisuc — independent of cell type TUHHUX KOMMOHEHTIB
Thermal lysis — easy to implement — expensive
— damage to proteins and intracellular
components
— He3anexHo Big TNy KNiTUHU — [lopori TexHonorii
DiznuHmiA — MOXIUBICTb MachaGHo'l' iHTerpgui'l' B MOXe NoLLKoanTn ‘-lyTJ'IVIBi. 6inkm .
Physical Kasitavis — NPaLoe Npu HK4iil TeMNepaTypi Ta piBHi - | — BaXKKO O4UCTUTY 3pa3OK BiA 3amnMLKiB /
Cavitation eH.epru — expensive technolggles .
— independent of cell type — may damage sensitive proteins
— possibility of large-scale integration — difficult to purify the sample from
—works at lower temperature and energy level | residues
— MOXe BUKOPWUCTOBYBATUCS AN €KCTPaKLii | — He nigxoanTb AN BCiX TUMIB KNiTUH
OCMOTUYHUM WIOK | YyTNMBMX BHYTPILLHBOKNITUHHWUX NPOAYKTIB | — not suitable for all cell types
Osmotic shock — can be used for extraction of sensitive
intracellular products
— NiAX0ANTb AN eKCTPaKLUil YyTnMBNX — NOBINbHMI Npouec (6—12 rog)
. o - BHYTPILUHBOKNITUHHUX KOMMNOHEHTIB (BinkiB, | — slow process (6—12 h)
XimiyHun TNyXHun nisuc cepmenia, AHK)
Chemical Alkaline lysis : ’ . . .
— nigxoauTb ANs BCiX TUMIB KMiTUH
— suitable for extraction of sensitive
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lpodoexeHHs1 mabnuui 1/ Continuation of Table 1

NMyxHwun nisnc
Alkaline lysis

intracellular components (proteins, enzymes,

DNA)
— suitable for all cell types

Ni3suc peteprenHty
Detergent lysis

— NigxoauTb ANA BUBINbHEHHA Ginka
— suitable for protein release

— He NiaXoanTb ANs BUAINEHHS YyTnMBUX
depmeHTiB Ta GinkiB

— [lOpori peareHTn

— BUAANEHHs XiMiYHOro peareHTy

3i 3paska nicnsa nisucy € cknagHum

— HKYa ePeKTUBHICTb, OCKINbKM MOBHUI
Ni3nc HeMOXNMBUIN

— not suitable for isolation of sensitive
enzymes and proteins

— expensive reagents

— removal of the chemical reagent from
the sample after lysis is difficult

— lower efficiency since complete lysis

is impossible

depMeHTaTUBHUN

BionoriyHun .
nisuc

— Moxe OyTu gyxe cneumdivyHum Ans Tmnis
KINiTUH

— nigxoauTb ANs ekcTpakuii Ginkis

— may be very specific to cell types

— suitable for protein extraction

— NOBHWI Ni3NC HEMOXINBUN

— [OpOri peareHTn

— MOBWHEH BUKOPWUCTOBYBATUCS

B KOMGiHaLii 3 MuiHUMK 3acobamu ans
6opoTbbu 3 BakTepiamm

Biological Enzymatic lysis

— complete lysis is impossible

— expensive reagents

— must be used in combination with
detergents to combat bacteria

OpHuM i3 nNepcrnekTUBHUX HanpsIMiB € onTuMMi3auis
cTpaterii  BMBINbHEHHA nNpoAaykTy («product release
strategies»), siKi cnpaBnsAlTb 3HAYHUI BMSMB Ha MPOEK-
TyBaHHS bGionpoueciB i 3abe3neyyloTb KOHTPONbOBaHe
PYVHYBaHHSA KMITUHHUX CTPYKTYp [25]. ®PisnyHi TexHo-
norii, Hacamnepen KasiTauilHi nigxoan, AEMOHCTPYOTb
nigBuLLeHy edeKTUBHICTb Yy BUMNAAKy MiKpOBOAOPOCTEN
i GakTepin, WO NoB’'A3aHO 3i 34aTHICTIO KaBiTauii dopmy-
BaTW foKanbHi rpagieHTn TUCKY, OOCTaTHi ONA PynHYy-
BaHHA MiuyHMx obornoHok. [ligpognHamivyHa KasiTauis
nokasye CyTTeBi nepeBarv Hag akyCTMYHOK Mg 4vac
[ecTpyKUii MiKpoOpraHiamiB, OCKiNbKW reHepye iHTeHCUB-
HiLi iIMAYNbCHI HaBaHTaxeHHs [26]. Y mikpoBogopocTen
i3 )KOPCTKUMM KNITUHHUMM CTiIHKaMW rigpoanHamivHa KaBi-
Tauis BU3Ha4eHa sk ogHa 3 HanbinbLL eHeproeeKTUBHUX
TexHonorii y BMpobHuuTBi Gionanmmea, WO 3yMOBMEHO
onTUManbHUM NOEAHAHHAM MEXaHIYHOro BMMMBY i HU3b-
KOro TensroBOro HaBaHTaXeHHs [27]. 3MeHLIeHHs nepe-
rpiBaHHA nig Yac KasiTauiMHOro pynMHyBaHHSA [O3BONSAE
36epiratm CTpPyKTypy TepmonabinbHMX KOMMOHEHTIB,
WO € KPUTMYHO BaXNMBMM Ans cTabinbHOCTI ninigis,
NirMeHTIB Ta NPOTEIHiIB.

XimiuyHi nidxo0u 36epiraloTb BaXNMBE 3HAYEHHSI
y BUMNagkax, Konm HeoOXxigHi M'siki yMoBM nisncy abo konum
BaXNMNBO 3a0e3Me4nTy CENeKTUBHE PYNHYBaHHS MEBHUX
KOMMOHEHTIB KMiTUHW. [eTepreHTHi MeToau LUMPOKO
3aCTOCOBYHOTb Y NPOTEOMILi AN IHTaKTHOrO (ppakLioHy-
BaHHA OinkiB Ta nonepemkeHHsa iX Aerpagauii nmig 4ac
oumileHHs [20, 41]. ins rpamHeratnBHuX 6akTepin edek-
TUBHICTb MNi3NCYy 3HAYHOK MIpPOI0 3anexuTb Big cknagy
OycbepHMx cuctem i KOHUEHTpaLii peareHTiB, Wwo cTabi-
ni3ytoTb abo NopyLUYOTb MPOHUKHICTL 30BHILLHLOT MeMO6-
paHu. YCTaHOBIEHO, WO ONTUMI3alis cknagy peareHTiB
ans nisucy E. coli 3abesneyye 36inbLUeHHS BUXOOY HyKne-
THOBMX KMCNOT i BinkiB Ta nNpugatHa OO 3acTOCyBaHHA
y MiKpodnoigHUx cuctemax. Y Bunagky XMpOBMICHUX

One promising area is the optimization of product
release strategies, which have a significant impact
on bioprocess design and ensure controlled destruction
of cell structures [25]. Physical technologies, primarily
cavitation approaches, demonstrate increased efficiency
in the case of microalgae and bacteria, which is associated
with the ability of cavitation to form local pressure gradients
sufficient to destroy strong membranes. Hydrodynamic
cavitation shows significant advantages over acoustic
cavitation in the destruction of microorganisms, as it
generates more intense impulse loads [26]. In microalgae
with rigid cell walls, hydrodynamic cavitation is identified
as one of the most energy-efficient technologies in biofuel
production, due to the optimal combination of mechanical
impact and low thermal load [27]. Reducing overheating
during cavitation destruction preserves the structure
of thermolabile components, which is critical for the
stability of lipids, pigments, and proteins.

Chemical approaches remain important in cases
where mild lysis conditions are required or when it is
important to ensure selective destruction of certain
cell components. Detergent methods are widely used
in proteomics for intact protein fractionation and
prevention of their degradation during purification [20,
41]. For Gramnegative bacteria, the efficiency of lysis
largely depends on the composition of buffer systems
and the concentration of reagents that stabilize or disrupt
the permeability of the outer membrane. It has been
established that optimizing the composition of reagents
for E. coli lysis increases the yield of nucleic acids and
proteins and is suitable for use in microfluidic systems.
In the case of lipid-containing microorganisms and
algae, combining detergents with physical methods
provides a significant increase in lipid yield compared
to single technologies [28]. Such combinations
compensate for the shortcomings of individual
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MiKpoopraHiaMiB Ta BOAOPOCTEN KOMOiHyBaHHA OeTep-
reHTiB i3 disndHuMn mMeTogamu 3abesnedye iCTOTHe
nigBuLLEHHs BMxody nNiniAiB MOPIBHAHO 3 MOHOTEXHOMO-
riamu [28]. Taki noegHaHHA 0O3BOMSATbL KOMMEHCYBaTU
HEeZorMiKN OKPEMMX METOAIB i JOCAITM KPALLOro KOHTPOSTHO
Haz, NpoLecoM PyMHYBaHHS KNiTWH.

PepmeHmamueHuill  sisuc  3bepirac  npoBigHe
3HaYeHHs Tam, e MoTpibHe cenekTUBHE PYMHYBaHHSI
KNITUHHKX CTiHOK 6e3 nopyLueHHst koHdpopmauii BinkoBmx
Komnnekcis. MexaHiamn epmMeHTaTMBHOIO  rigponisy
Ta YNHHUKM AOro ONTUMI3aLii LOKNagHO ONMCaHi B Cy4acHUX
poboTax, 30okpemMa LoAo BupiwansHoi poni pH i Temne-
patypy B OOCArHEHHi MOBHOMO PO3LUENEHHA CTPYKTYP
obonoHku [29]. PepmeHTaTUBHMIA NiOXig 0COOMMBO LiHHWIA
y poboTi 3 kniTMHamu, Wo MmatTb OGaratowaposi abo
cKknagHi o6OMOHKN, OCKiINbKM [03BONSiE 36epertn npocTo-
POBY OpraHi3aLito BHYTPILLIHbOKIITUHHUX CTPYKTYP Ta YHUK-
HyTU HebaxkaHoI AeHaTypauii YyTNMBMX MOMeEKyI.

AKTVBHUA  PO3BUTOK  MIKPOMPIIOIAHMX — TEXHOMOTIN
CYTTEBO NMPUCKOPVB CTBOPEHHS METOAIB MNi3uncy, siki noea-
HYIOTb BUCOKY LUBUAOKICTb, TOYHICTb, JTOKamNbHICTb i MOXIN-
BiCTb iHTErpauii 3 aHaniTMyH1UMK nnatcpopmamm. bicepHun
nisuc 'y MikpokaHanax 3abesnedye GesnepepBHICTb
npoLecy Ta TOYHWUIN KOHTPOMb iIHTEHCMBHOCTI MEXaHi4YHOro
BMIUBY, LLO € BaXXINMBUM Y BUCOKOMPOAYKTUBHUX CUCTEMAX
aHanizy [30]. BukopuctaHHs mMna3MOBO-HAHOTEKCTYpPO-
BaHMX MOBEPXOHb [03BOMNsE eEeKTUBHO 3axonmoBaTu
Ta pynHyBaTn OakTepianbHi KNiTMHKW, WO 3abesnevye
36inblUeHHs e(PEeKTVBHOCTI HaBiTb y 3pa3Kkax 3 HU3bKO
KOHLIeHTpaLjeto mikpoopraHiamis [31]. Y MikpodrtoigHmnx
nnatgopmax TakoX 3aCTOCOBYHOTb TEMMOBUIA Ta XiMIYHWN
Ni3nC, BKIMHOYHO 3 BMKOPUCTAHHAM aBTOHOMHUX XiMiYHMX
HarpiBadiB, NpuAaTHWX AN NOPTaTUBHUX AiarHOCTUYHUX
cuctem  [32]. [JopaTkoBi MepcrnekTMBU  BiAKpUBAKOTb
nokanbHi MeToay BMGIPKOBOTO Ni3NCy OKPEMUX KMITUH, SKi
[03BOMATL OTPUMYBATK MaTepian i3 MiHiMarnbHUM YLLIKO-
DPKEHHSAM CYCifHIX KIMITUH, WO NiABULLYE SKICTb NOAAnNbLUMX
MonekynsapHux aHanisis [33]. Okpemi TeXHONOriYHiI nigxoau
CNpsIMOBaHi Ha KOHTPOINbOBAHE BUBINbHEHHSI OKPEMUX
opraHer, 3okpema s4ep, WO pearnisoBaHo Yy MiKpodsto-
iOHMX cucTemax i3 3aCTOCyBaHHSAM OMTUYHO iHAYKOBAHOIO
nisucy [34].

Takum YMHOM, cyyacHi MeToam Ni3ncy KMiTUH AEMOH-
CTPYIOTb iICTOTHUI NPOrpec y HanpsMi NiABULLEHHSA Cenek-
TUBHOCTI, KEPOBaHOCTI MpoLecy, CyMiCHOCTI 3 MiHiaTiopu-
30BaHVMU aHaniTM4HUMK nratcopMammn Ta 36epexeHHst
GiomonekynsapHoi uinicHocTi. KombBiHyBaHHA MeXaHivHUX,
hi3nyHMX, XiIMIYHMX | hepMeHTaTMBHUX NiOXOAIB Oae
3MOry aganTtyBaTu cCTpaTerito nisucy nig cneumndiyHi
3aBAaHHA OGioTexHornorii, AiarHOCTUKM Ta aHaniTUYHOI
Gioximii [20]. Taka iHTerpauis 4O3BONSIE He NuLLe NigBu-
LNTWN BUXIA Ta YMCTOTY OTPMMaHMX NPOAYKTIB, a N ccop-
MyBaTM HOBiI MOXITMBOCTiI ANl BMCOKOTOYHUX MOJIEKY-
NSApHUX JocrigxeHb y 6aratbox ranyssax GiomeanumHu.

2. Kackaa dizuko-ximidHUX Ta GioAOriYHUX

npoLeciB KpioreHHOro yLIKOAXEHHS

KAITUHHUX MeMOBpPaH i Moro 3sHa4YeHHs

AAS BUBIAbHEHHS BHYTPILLHbOKAITUHHUX

KOMIMOHEHTIB Y CKAGAi KPiO€KCTPAKTiB

MexaHiaMu  KPIOMOLLKOMKEHHA  MeMbpaH  KMiTUH
y Npoueci 3aMOPOXYBaHHS TKaHWH i NoganbLIoro oTpu-
MaHHs1  KpIOEKCTPaKTiB  (POPMYIOTbCS K  pesynsrar

methods and achieve better control over the cell
destruction process.

Enzymatic lysis remains of paramount importance
where selective destruction of cell walls is required
without disturbing the conformation of protein complexes.
The mechanisms of enzymatic hydrolysis and the factors
for its optimization are described in detail in recent
studies, in particular regarding the decisive role of pH
and temperature in achieving complete cleavage
of membrane structures [29]. The enzymatic approach
is especially valuable when working with cells that
have multilayered or complex membranes, as it allows
the spatial organization of intracellular structures to be
preserved and avoids unwanted denaturation of sensitive
molecules.

The active development of microfluidic technologies
has significantly accelerated the creation of lysis
methods that combine high speed, accuracy, locality,
and the ability to integrate with analytical platforms. Bead
lysis in microchannels ensures process continuity and
precise control of mechanical impact intensity, which
is important in high-throughput analysis systems [30].
The use of plasma-nanotextured surfaces allows for
the effective capture and destruction of bacterial cells,
which increases efficiency even in samples with low
concentrations of microorganisms [31]. Microfluidic
platforms also use thermal and chemical lysis, including
the use of autonomous chemical heaters suitable for
portable diagnostic systems [32]. Additional prospects are
opened up by local methods of selective lysis of individual
cells, which allow material to be obtained with minimal
damage to neighboring cells, thereby improving the
quality of subsequent molecular analyses [33]. Some
technological approaches are aimed at the controlled
release of individual organelles, in particular nuclei, which
is implemented in microfluidic systems using optically
induced lysis [34].

Thus, modern methods of cell lysis demonstrate
significant progress in terms of increasing selectivity,
process controllability, compatibility with miniaturized
analytical platforms, and preservation of biomolecular
integrity. The combination of mechanical, physical,
chemical, and enzymatic approaches allows the lysis
strategy to be adapted to specific tasks in biotechnology,
diagnostics, and analytical biochemistry [20]. Such
integration not only increases the yield and purity of the
products obtained, but also creates new opportunities
for high-precision molecular research in many fields
of biomedicine.

2. Cascade of physicochemical and

biological processes cryogenic cell damage

of membranes and its significance for

the release of intracellular components

in cryoexiracts
The mechanisms of cryodamage to cell membranes
during tissue freezing and subsequent cryoextract
preparation are formed as a result of the complex
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KOMNNEKCHOi B3aemopii i3nyHuX, XximidHux Ta 6Giono-
MYHUX YMHHUKIB, LLO OAHOYACHO BMAMBAlOTb Ha NiNigHUN
Giwap nig pieto HM3bKMx Temnepatyp. LleHTpanbHoto
KOHUEMUI€E, WO MOSICHIOE XapakTep UMX 3MiH, € rino-
Tesa MeMOpPaHHOro MOLUKOMKEHHS, 3anpornoHoBaHa
Quinn PJ. (1985 p.), BignoBigHO A0 SAKOI PyWHYBaHHA
MeMOpaH KNiTUH 3yMOBIEHE TEPMOTPOMHUMMK (Ha30BMMU
nepexogamu ninigis i NoB’si3aHMM 3 HAMKU NepebygoBamu
CTPYKTYPHMX enemeHTiB biwapy [35]. 3HnmxkeHHs Temnepa-
TYpW iHILIFOE NOCTIAOBHICTb (ha30BUX NEPEXOLIB, LLIO CYNpo-
BOKYHOTbCSH  BUMHUKHEHHSIM  MEXaHIYHMX Ta  XiMiYHUX
AedexTiB, sKi NopyLUYOTb 6ap’epHi 1 perynatopHi dyHKuii
membpaHnn. Ockinbkn MembpaHHW KOMNMekc Bidirpae
KIMO4OBY porib Y 30epeXeHHi BHYTPILLIHBOKIITUHHOIO rome-
ocTasy, HaBiTb MiHiManbHi 3MiHW CTPYKTYpU N AMHAMIKK
30aTHi iHiyiroBaTK rMMOOKI KNITUHHI AncdyHKuii [36].

Y HopManbHuX i3ioNoriYyHMx ymoBax ninigHi Memo-
paHu nepebyBatoTb Y a3oBO-piAKOMY CTaHi, LWo 3abes-
nevye TeKydiCTb, ONTUMAarnbHUN pPiBEHb YNOPSAKYBaHHS
Ta rHyykicTb Gilwapy. Takuin cTaH BM3Ha4vae nareparbHy
MOBINbHiCTb GinkiB, popmyBaHHSA MiKpOAOMEHIB, hyHKLLiO-
HYBaHHS KaHarniB, PepPMEHTHUX KOMMIEKCIB | CUrHaNbHUX
WsxiB. HagiTe nokanbHi NOpYLIEeHHS Ui€l AnHamiYHOT
piBHOBarM MOXYTb CMPUYMHUTU  3HDKEHHS  LiNiCHOCTI
membpaHu, GnoKyBaHHA TpaHCMOPTY iOHIB i meTaboniTis
Ta nopyLeHHs KNiTUHHOT perynauii [37].

Mig 4Yac oxonomXeHHss a3oBO-pigKMA CTaH nepe-
XOOMUTb y renenopibHuii, ane uer npouec € NpoCTopoBO
HEOLHOPIOHUM 4Yepe3 reTeporeHHU cknag MembpaHu.
Pi3Hi koMnoHeHTn Gilapy TBepAHYTb NpW Pi3HMX Temne-
paTtypax, yHacnigok 4oro hopMylTbCA AOMEHMU PiaKol
N TBepgoi hasn Ta Mo3aiyHa CTpyKTypa MemOGpaHu.
Ha mexax umx OOMEeHIB BWHMKaKTb Mikpodedektn —
OINAHKM NIABULLEHOrO HaTAry W fokanbHi MOpYLUEHHS
yrnakoBku ninigHnx naxutoris. Lli gedpektn nerko 36inbLuy-
HOTbCA NPW NOAANbLLIOMY OXOMOMKEHHI YN MEXaHIYHOMY
BMMMBI, WO pobUTh iX OCHOBHUMU ToUKamu Aectabinizauii
mMemb6paHu [38].

dazoBe pO3AINEHHS BMNMBAE TakoX Ha Memb-
paHHi Ginkn, 4yTnuei 40 i3MKO-XiMiYHOro cTaHy ninig-
Horo matpukcy. NopyleHHs Ginok—ninigHMX B3aemogin
3yMOBItOE KOHdOpMaUinHi 3MiHK BinkiB, ix narepansHy
cerperauito abo arperauito, a Takox pAectabinisadito
yHKUIOHanNbHUX JOMeHiIB. Lle nopyLuye akTUBHICTb TpaH-
crnopTepiB, epMeHTIB, peLenTopiB Ta iHWKUX BinNkoBmux
KOMMSieKciB, WO B KiHUEBOMY MigCYyMKY NpPU3BOAUTb
0O [AeKOMMeHcaLjii perynatopHux MexaHi3miB i BTpaTtu
KOHTPOMIO 3a TpaHCMeMbpaHHMMK noTokamu [39].

CTpyKTYpHi aedekTn membpaHu BUKNMKaKTb MigBu-
LWEeHHA T MPOHWKHOCTI, WO CYynpOBOAXYETbCSA BTPATOH
ioHiB, OioKaTiOHIB i HM3bKOMOMNEKYNApHUX MeTaboniTiB.
Taki BTpaTu € O03HAKOK HE3BOPOTHOTO MOPYLUEHHS
Oap’epHux BractTuBocTel Giwapy Ta 4acTo 3aBepLuy-
I0TbCS  3arvbennio  KNiTMHW  NiCns  PO3MOPOXKYBaHHS.
BogHoyac BuXiA  BHYTPILUHBOKMITUHHUX  KOMMOHEHTIB
BU3Ha4ae 6ioaKTMBHMIA NPOQiNb KPIOEKCTPAKTIB, OCKINbKK
camMe BOHW (POpPMYIKOTb TXHIN MOMEKYNsapHUA cknag
i GionoriyHy akTuBHICTb [40].

BaxnMMBMM YMHHUKOM KPIiOMOLLKOMKEHHS € MEXaHidHi
3MiHM MeMOpaHu, MOoB’s3aHi 3 MOPYLUEHHSIM BOLHOTO
6anaHcy KMiTMHW Npu 3aMOpPOXyBaHHI. [TOLLKOMXEHHS
KNITUHHUX CTPYKTYP Y NPOLIECI LMKIIYHOIO 3aMOpPOXYyBaH-
Hs-BiATaBaHHSA (POPMYIOTb KOMMIEKC B3AaEMOMNOB’A3aHNX

interaction of physical, chemical, and biological factors
that simultaneously affect the lipid bilayer under the
influence of low temperatures. The central concept
explaining the nature of these changes is the membrane
damage hypothesis proposed by Quinn P.J. (1985),
according to which the destruction of cell membranes
is caused by thermotropic phase transitions of lipids
and the associated rearrangements of the structural
elements of the bilayer [35]. A decrease in temperature
initiates a sequence of phase transitions accompanied
by the emergence of mechanical and chemical defects
that disrupt the barrier and regulatory functions of the
membrane. Since the membrane complex plays a key
role in maintaining intracellular homeostasis, even
minimal changes in structure and dynamics can initiate
profound cellular dysfunction [36].

Under normal physiological conditions, lipid
membranes are in a phase-liquid state, which ensures
fluidity, optimal order, and flexibility of the bilayer.
This state determines the lateral mobility of proteins,
the formation of microdomains, and the functioning
of channels, enzyme complexes, and signaling pathways.
Even local disturbances of this dynamic equilibrium
can cause a decrease in membrane integrity, blockage
of ion and metabolite transport, and disruption of cellular
regulation [37].

During cooling, the phase-liquid state transitions
toagel-likestate, butthis processis spatially heterogeneous
due to the heterogeneous composition of the membrane.
Different components of the bilayer solidify at different
temperatures, resulting in the formation of liquid and
solid phase domains and a mosaic membrane structure.
Microdefects arise at the boundaries of these domains —
areas of increased tension and local disturbances in the
packing of lipid chains. These defects easily increase with
further cooling or mechanical stress, making them the
main points of membrane destabilization [38].

Phase separation also affects membrane proteins
that are sensitive to the physicochemical state of the
lipid matrix. Disruption of protein-lipid interactions
causes conformational changes in proteins, their
lateral segregation or aggregation, and destabilization
of functional domains. This disrupts the activity
of transporters, enzymes, receptors, and other protein
complexes, ultimately leading to decompensation
of regulatory mechanisms and loss of control over
transmembrane flows [39].

Structural defects in the membrane cause an increase
in its permeability, accompanied by the loss of ions,
biocations, and low-molecular-weight metabolites.
Such losses are a sign of irreversible disruption of the
barrier properties of the bilayer and often result in cell
death after thawing. At the same time, the release
of intracellular components determines the bioactive
profile of cryoextracts, since they form their molecular
composition and biological activity [40].

An important factor in cryodamage is mechanical
changes in the membrane associated with a disruption
of the cell's water balance during freezing. Damage
to cell structures during cyclic freezing and thawing
forms a complex of interrelated phenomena, the main
ones being extracellular and intracellular ice formation.
Figure 1 schematically shows three successive

Ornspg nitepatypu

132 Literature review



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 122-151
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):122-151

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

SIBULL, FONTOBHUMMW CEPeA AKX € NO3aKMiTUHHE Ta BHYTPILU-
HBOKIMITUHHE NbOAOYTBOPEHHS. Ha puc. 1. cxematnyHo
nokaszaHo TpW MOCNIQOBHI cTafil KpiONOLIKOLXKEHHS:
iHTakTHa KknitnHa (1), yLWKOMKeHHA MembpaHu Kpucta-
namu nebogy Ta cpasoBumu nepebygoBamu (2), noBHa
OeCTpyKuis MeMOpaHu 3 BMBINbHEHHAM LUMTOMMasMa-
TUYHUX KOMMNOHEHTIB (3).

stages of cryodamage: intact cell (1), damage to the
membrane by ice crystals and phase rearrangements (2),
complete destruction of the membrane with the release
of cytoplasmic components (3).

Puc. 1. Ctagii KpionoLWKOmMKEHHS KMITUHU Ta POPMYBaHHS KpioeKCTpakTy (MoaudikosaHo 3a [20])
Fig. 1. Stages of cryodamage to cells and formation of cryoextract (modified from [20])

Mpumitkm / Notes:

1 — iHTaKTHa KNiTMHa 3 YNopsiAKOBAHOK YNLTPACTPYKTYPOIO Ta 36EpEXXEHO0 LiiniCHICTIO MeMbpaH;
2 — KkniTVHa B yMOBaXx 3aMOPOXXYBaHHSA 3 yTBOPEHHAM NO3aKMITUHHUX i BHYTPILUHBOKMTITUHHWX KPUCTAariB NbOAY, MeXaHiYHMMM Ta haso-

BUMU 3MiHaMu MembpaH;

3 — pyiiHyBaHHA MembpaHu Ta BYXif BHYTPILLUHBOKMITUHHUX KOMMOHEHTIB, L0 (hOPMYy€E MOMNEKYNAPHUIA CKrag KpioeKCTPaKTy.
1 —intact cell with ordered ultrastructure and preserved membrane integrity;
2 — cell under freezing conditions with the formation of extracellular and intracellular ice crystals, mechanical and phase changes

in membranes;

3 — destruction of the membrane and release of intracellular components, forming the molecular composition of the cryoextract.

Ak BIiQOMO, BHYTPILWHLOKNITUHHA BOAA Mepexo-
OWTb Y MO3aKMiTUHHUIA NPOCTIP 3aBASKM BULLIOMY XiMiY-
HOMY MOTeHLiany MOPIBHSAHO 3 NbOAOBOK (Ha30H 30BHI
KNiTUHW. Lle cnpuynHSae iHTEHCMBHE 3HEBOOHEHHS LUTO-
nnasmu, 3MiHy OCMOTUYHOro GanaHcy Ta opmMyBaHHS
YMOB, 3a SIKUX KNiTUHa 3a3Hae 3HaqyHuX gedopmadiv nig
BMNIIMBOM MO3aKMNITUHHOIO NboAdy Ta Pi3KO 3pOCTakyoro
OCMOTMYHOTO TUCKY. [1poTe nNpPUCKOPEHHS LIBUOKOCTI
OXOMOMKEHHA CTBOPIOE MPOTUNEXHY CUTyalilo: Boaa
He BCTWrae 3anuwiati KniTuHy, OpPMYETLCS BHYTPILL-
HbOKNITUHHWI MNiA, WO NOpYyLUYeE yrnbTPacTpyKTypy i Yacto
npu3BoaAMTbL A0 daTanbHUX YLIKOMKEHb. TakUM YMHOM,
He3anexHo Big TEMMy OXOOMXKEHHS, YTBOPEHHS KpuC-
Tanie NboAy 3anvLIaeTbCs HEMUHYYMM NPOLECOM.

Bimpudbikayist na€ 3MOry yHVKHYTW NbOAHOIHAYKOBa-
HOrO MOLLUKOMXXEHHS 3aBASIKU Nepexoay pO34MHY Y CKMo-
nopibHui ctaH 6e3 kpuctanisadii, Wo 3abesneyyeTbes
HaOBWCOKOK KOHLIEHTpaLlieto KpionpoTekTopis. [Nonpu ue,
KPUTMYHO BaXKNMBUMW 3amnuLLaloTbCa ABULLA OEBITPUI-
Kauii Ta pekpucTanisauii nig yac HarpiBaHHS, SKi 34aTHI
CNPUYMHATN 3HAYHI CTPYKTYPHI MOLUKOMKEHHS KMITUHHUX
KOMMOHEHTIB. [JogaTKOBMM OOMEXEHHSIM € TOKCUMYHICTb
BMCOKMX [03 KPiONPOTEKTOPIB, LLO 3BYXYE MeXi iX npak-
TUYHOro 3actocyBaHHs. OTxe, 3apodXeHHs KpucTanis,
piCT NbOJOBMX CTPYKTYp Ta npouecu pekpucTanisadii/
OeBiTpuikauii CTaHOBNATbL TPY KIOYOBI rpynu dhakTopis
ywikogKeHHs [41].

[No3akniTUHHWIA Nig He NULLE YNHUTb MEXaHIYHUA TUCK
Ha KNiTUHHI CTPYKTYypW, ane W 3yMOBIE pi3ke 36inb-
LUEHHS KOHLUEHTpaLii pO34MHEHUX PEYOBMH Ta PO3BUTOK

As is known, intracellular water passes into the
extracellular space due to its higher chemical potential
compared to the ice phase outside the cell. This
causes intense dehydration of the cytoplasm, a change
in osmotic balance, and the formation of conditions under
which the cell undergoes significant deformation under
the influence of extracellular ice and rapidly increasing
osmotic pressure. However, accelerating the cooling rate
creates the opposite situation: water does not have time
to leave the cell, intracellular ice forms, which disrupts the
ultrastructure and often leads to fatal damage.

Thus, regardless of the cooling rate, the formation
of ice crystals remains an inevitable process.

Vitrification allows ice-induced damage to be
avoided by transitioning the solution into a glassy
state without crystallization, which is achieved by an
ultra-high concentration of cryoprotectants. Despite
this, devitrification and recrystallization during heating
remain critical phenomena that can cause significant
structural damage to cellular components. An additional
limitation is the toxicity of high doses of cryoprotectants,
which narrows the scope of their practical application.
Thus, crystal nucleation, ice structure growth, and
recrystallization/devitrification processes constitute three
key groups of damage factors [41].

Extracellular ice not only exerts mechanical pressure
on cellular structures, but also causes a sharp increase
in the concentration of dissolved substances and the
development of osmotic stress [42]. Cryo-electron
microscopy has demonstrated the characteristic
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oCcMOTUYHOro ctpecy [42]. KpioenekTpoHHa Mikpockonisi
NpodeMOHCTpyBarna xapaktepHe (opMyBaHHSA APiGHUX
rekcaroHanbHUX KpucTamniB nbogy Yy nepudepudHmnx
ninsHkax 3paskiB [43]. CTaH KNITUH y Takux ymoBax
3HAYHOIO MiPOK BU3HAYaETLCS (i3NKO-XIMIYHNMY BNacTu-
BOCTSIMM MO3aKMNiTMHHOIO PO34MHY, WO (HOPMYETLCH Mig
BNNMBOM NbOAOYTBOPEHHHA. [loBefeHo, WO HaaMipHe
3MEHLLEHHSI YaCcTKM He3amep3rnoi BoAM B yMOBaXx MoOBinb-
HOrO 3aMOPOXYBaHHS 3YMOBIIOE KPUTUYHE MiOBULLEHHS
KOHLeHTpaLii conen i MoXe CNpUYMHUTM HEeOBOpPOTHI
YLIKOOKEHHS [43, 44].

Mo3akniTMHHWIA Nig TakoX Bigirpae Kmo4oBy PoOrib
y nepiogi TaHeHHs, 0cobnNuBO B TeMnepaTypHoOMY Aiana-
30Hi Big =15 go —160 °C, gkui BBa)atoTb 30HOMO NigBU-
LLleHoro pusuKy pekpuctanisauii [45]. Y uen npomikok
OpiOHI KpncTanu Ta 4YacTKOBO pidka Boga 3AaTHi nepe-
TBOPIOBATUCH Ha BinbLUi CTPYKTYPU, O 3HAYHO NiABULLYE
PU3MK YLUIKOMXKEHHSA. TakMM YMHOM, KOHTPOMb KiHETUKU
3apOMKEHHS | pOCTY NboAyY N Yac HarpiBaHHA € OAHUM
i3 HaMnepcnekTUBHILLMX HanpsaMKIB Cy4YacHUX [OOCHi-
[KeHb, OCKINMbKW nepekpucTanisauisa nbogy € Garato-
hakTOpHMM NpPOLECOM, YyTNMBMM [0 LUBMAKOCTI Harpi-
BaHHS, rPaAieHTiB TeMnepaTypu Ta CTaHy No3akniTMHHOIo
cepepfosuLLa.

BHYTPILLHBOKNITUHHE NBOAOYTBOPEHHS PO3BUBAETLCA
nepeBakHO 3a YMOB LUBWOKOTO OXOMOOXKEHHS, KOmu
uuTonnasmMaTuyHa BoAa He BCTUrae 3aruiinTv KNiTUHY.
Po3ymiHHA MexaHi3MmiB LbOro npoLecy cTtano BaXnmsBum
€NeMEHTOM Cy4yacHoi kpiobGionorii, OcCKinbku came
BHYTPILUHBOKMITUHHWUIA Nif € TONOBHUM MNPEeanKTOPOM
neTanbHOro YLIKOMKEHHS KIMITUH | TKAHWH. 3Ha4Ha Kinb-
KICTb ekcnepuMeHTarnbHUX pobiT npucesveHa po3pobui
MoAenen, WO MOSACHIOKTb 3aKOHOMIPHOCTI BHYTPILLIHBO-
KNITUHHOT kpucTanisadii [46]. OCHOBHUMM TEOPETUYHUMM
KOHLENUisMK, LLO ONUCYIOTB iHiLjiavito BHYTPILUHBOKNITUH-
HOro nboAy, € Teopis Nop, MOAeNb NOBEPXHEBO-KaTani3o-
BaHOro Ta 06’eMHO-KaTanisaoBaHOMo 3apOKEHHS, @ TaKoX
rinote3a MmembpaHHOro NoLKogKeHHs [46]. CykynHi gaHi
cBigYaTh, WO MpOLEC 3anexuTb Bi LUBMAKOCTI OXOo-
[DKEHHs, MPOHWKHOCTI MeMOpaH [And BOAM, CTYMNeHd
BHYTPILLUHBOKITITUHHOTO NEePEeOXONOOXKEHHS, CTaHy MeMb-
paHHUX CTPYKTYP i BNIIMBY MNO3AKMITUHHOIO NbOAY.

KnacnyHa wmopgensb, wo nepenbadae opmMyBaHHA
NPOrHO3HUX PIBHSHb AN BHYTPILLUHBOKMNITUHHOIO NboAay,
nokasana [OMiHYyH4Y pOrb LUBUOKOCTI OXONOMXEHHS
Ta napameTpiB BOAOMPOHUKHOCTI B OUiHLI iMOBIPHOCTI
NbOAOYTBOPEHHS, WO Aa€ 3MOry BU3HA4YMTU MexXi Temne-
paTypHOi Ta yacoBoi 6e3nekun knituH [47]. MNig yac Harpi-
BaHHA AMHaMiKa BHYTPILHBOKMITUHHUX NbOAOBUX a3
TaKOX 3a3HA€ 3HAYHMX 3MiH: 32 JaHUMWU, KiNbKICTb KpUC-
TaniB 3MEHLUYETbCS, ane ixHin po3mip 36inbluyeTbes,
o Bigobpaxae npouec pekpuctanisadii [41, 48]. [ose-
OEeHO, WO MOBiNbHe HarpiBaHHA cnpusie Oinblw Bupa-
XEeHin pekpucTanisauii, Togi K LWBWAKI peXuMu Harpi-
BaHHS OOMEXYI0Tb YKPYMHEHHS KpUCTaniB Ta 3MEHLLYIOTb
MOLUKOMKEHHS. TakvMM YMHOM, BHYTPILUHBbOKMITUHHUA
nig € OAHUM i3 HaNKPUTUYHIWIMX PaKTOpIB PU3NKY Mpu
UMKIax 3amMOpOXyBaHHSA-BiATaBaHHS, a BUBYEHHSA MOro
MeXaHi3MiB i LWNAxiB 3anobiraHHA YLKOMKEHHIO OpraHen
3annwaeTbCs KNYOBMM HAYKOBUM MPIOPUTETOM Y rany3i
Kpiobionorii.

formation of small hexagonal ice crystals in the peripheral
areas of samples [43]. The state of cells in such
conditions is largely determined by the physicochemical
properties of the extracellular solution formed under
the influence of ice formation. It has been proven that
an excessive decrease in the proportion of unfrozen
water under conditions of slow freezing causes a critical
increase in salt concentration and can cause irreversible
damage [43, 44].

Extracellular ice also plays a key role in the melting
period, especially in the temperature range from -15
to =160 °C, which is considered a zone of increased
risk of recrystallization [45]. During this period, small
crystals and partially liquid water can transform into
larger structures, which significantly increases the risk
of damage. Thus, controlling the kinetics of ice nucleation
and growth during heating is one of the most promising
areas of current research, since ice recrystallization
is a multifactorial process that is sensitive to the heating
rate, temperature gradients, and the state of the
extracellular environment.

Intracellular ice formation develops mainly under
conditions of rapid cooling, when cytoplasmic water
does not have time to leave the cell. Understanding the
mechanisms of this process has become an important
element of modern cryobiology, since intracellular ice
is the main predictor of lethal damage to cells and tissues.
A significant number of experimental studies are devoted
to the development of models that explain the patterns
of intracellular crystallization [46]. The main theoretical
concepts describing the initiation of intracellular ice
are the pore theory, the surfacecatalyzed and volume-
catalyzed nucleation model, and the membrane damage
hypothesis [46]. The cumulative data indicate that
the process depends on the cooling rate, membrane
permeability to water, the degree of intracellular
supercooling, the state of membrane structures, and the
influence of extracellular ice.

The classical model, which involves the formation
of predictive equations for intracellular ice, has shown
the dominant role of cooling rate and water permeability
parameters in assessing the probability of ice formation,
which makes it possible to determine the limits
of temperature and time safety for cells [47]. During
heating, the dynamics of intracellular ice phases also
undergo significant changes: according to the data, the
number of crystals decreases, but their size increases,
reflecting the recrystallization process [41, 48]. It has been
proven that slow heating promotes more pronounced
recrystallization, while rapid heating modes limit crystal
enlargement and reduce damage. Thus, intracellular
ice is one of the most critical risk factors in freezethaw
cycles, and studying its mechanisms and ways to prevent
organelle damage remains a key scientific priority
in cryobiology.
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3. CeKpeToM i KAITUHHI eKCTPAKTH

K 6e3KAITMHHI NAaTdOpPMU pereHepaTUBHOI

MeAMULUHU: MEeXAHI3MHU Ali, NnepeBaru

TAa NepCcneKTUBU KAIHIYHOro 3aCTOCYBAHHS

AHani3 gi3nko-ximi4HUX i GiONOriYHMX MEXaHi3MmiB Kpio-
FeHHOr0 YLUKOMXEHHA MeMmOpaH CBiauuTb, LIO mpouecu
3aMOpOXYBaHHSA-BiATaBaHHA  3abe3neyvylTb  KOHTPO-
NbOBaHe BUBIMbHEHHSA BHYTPILUHLOKMITUHHUX ~ KOMIMO-
HEeHTIB, opmyrouM OaraTOKOMMOHEHTHI KPiOEKCTpaKTu
3 BWCOKOK (QYHKLIOHANbHOK akKTMBHICTIO. OTpuMaHi
pe3ynsTat MiATBEPAXYOTb, WO KpioreHHa AecTpykKuis
TKaHWH CTBOPIOE CepefoBULLEe, HACUYEHE EeHOOreHHVMU
nentugamu, Ginkamu, depmeHTamu, HU3bKOMOIEKYNsp-
HAMKU MeTaboniTamy Ta CTPYKTYpPHUMU hparmeHTamm
KNITUHHOIO MaTPUKCY, SKi 34aTHiI iHiLitoBaTK penapaTuBHi,
iMyHOMOAYIIOBarnbHi Ta LUTONPOTEKTOPHI edhekTn.

Pa3om i3 uum po3yMiHHS npupoan umx GioakTUBHMX
cybCcTaHUii MoriyHO MiABOAUTbL OO0 LUMPLUOT KOHUenuil
MDKKMITUHHOT KOMYHIiKaLii, y Mexax KOl Kro4oBYy porib
Biflirpae cekpeToM — eBOrLINHO chopMoBaHa cuctema
NO3akniTUHHUX curHanie, WO He noTtpebye pyriHyBaHHSA
KNiTUH Ans peanisauii cBoix edekTiB. Ha BiamiHy Big
KpPiOEKCTPaKTIB, AKi POPMYHOTLCS BHACNIOOK CTPYKTYPHOT
[eCTpyKUii TKaHWH, CEKPeTOM € NpoayKT qisionoriyHol
cekpeuil, Wwo 3abes3nedye TOHKY perynsiwito MiKKMiTUHHOT
B3aEMOZIT LLINSXOM BNOPSAKOBAHOMO BUBINbHEHHS Biono-
riYHO aKTMBHMX MOMEKYs y NO3aKMiTUHHE cepeaoBULLE.

Mepexia Big TKaHWHHMX KPIOEKCTPaKTIB A0 aHanidy
CEKpPETOMY € 3aKOHOMIpHUM, OCKinbkn obwuasa nigxoau
6asyloTbCsl Ha BUKOPWUCTaHHI NpupodHMX Gioperyns-
TOpIiB, NPOTE BiAPI3HATLCA NPUHLMNAMU (HOPMYBaHHS,
CTYNEHEeM KOHTPONbOBAHOCTI KOMMOHEHTHOrO cKnagy
Ta mMexaHiamamu gii. Came 3icTaBNeHHs UMxX ABOX NnaT-
dopm — KpiOreHHUX eKCTpaKTiB Ta CekpeToM-onoce-
penkoBaHUX (QakTopiB — [03BONSAE MmMublie OouiHWUTK
noTeHuian GesKNiTUHHWX TEXHOMOrN Yy pereHepaTuBHIN
MeaVLUHI Ta NnepexoanTu 4o BcebivyHOro po3rnsgy cekpe-
TOMY SiIK aBTOHOMHOI TepaneBTUYHOI CUCTEMM.

Ha cborogHi nig TepmiHOM «CeKpeTomM» pPO3yMiloTb
CYKYMHICTb MOIEKYNAPHUX KOMMOHEHTIB, $Ki BUBINb-
HSIOTLCS Yy MO3aKMITUHHUIA NPOCTIP | € YHKUiOHaNbHO
aKTUBHUMW B KOHTEKCTI MiXKKITITUHHUX B3aemopin. [1o noro
cknafly BXOOsiTb PO34MHHI GinkoBi dhakTopu, nentuaw,
BiNIbHi HYKIEIHOBI KMCNOTUW, NiNigHi Mediatopu, a Takox
No3akNiTUHHI BE3UKYIW Pi3HUX PO3MipHUMX knaciB. OcTaHHi
TpagUUiAHO NOAINSATL HA aNONTOTUYHI TiNbLUS, MiKpodac-
TUHKM Ta ek3ocomu [49, 50, 51, 52, 53]. dopmyBaHHs
TaKoro KOMMMEeKCy € AMHaMIYHMM NPOLEeCcOoM, YyTNnBUM
[0 (isionoriyHMX KomnmBaHb, CTPECOBMX CTUMyMiB abo
naTonoriYHMX CTaHiB, LLIO HaJae CEKPETOMY BNacTUBOCTEN
Mapkepa MIKPOOTOMEHHS Ta MNOTEHUINHOrO Mogudika-
Topa KNiTMHHMX Bignosigen. BctaHoBneHO, WO cekpeTom
OKpeMUX KNiTUH | TKaHWH XapaKTepu3yeTbCS BUCOKOID
cneumdIiYvHICTIO CTPYKTYPHOro cknagy, a noro GionoriyHa
aKTMBHICTb 34aTHa BiATBOPIOBATU LUMPOKUIA CNEKTP pery-
NATOPHUX edeKTiB, SKi paHille npunucysBanu nuLle iHTak-
THUM KNiTUHaM.

TepaneBTMYHUIA MNOTeHUian CTOBOYPOBMX  KNiTWH
3a3BMyali MoB’A3yl0Tb i3 TPbOMa MPOBIAHUMU MEXaHi3-
Mamu Lii, KOXKeH 3 SKuxX popmye oKpeMun piBeHb Biono-
rYHOro BNNUBY Ta BU3HAYa€E KIliHIYHY eqEeKTUBHICTb
KNITUHHMX TexHororin. epwnin MexaHiam noB’si3aHuin
i3 MPOLIECOM «XOMiHry», TOOTO cChnpsMOBaHOI Mirpadii

3. The secret and extracts exiracts as cell-
free platforms regenerative medicine:
mechanisms of action, advantages and
prospects for clinical application

Analysis of the physicochemical and biological
mechanisms of cryogenic membrane damage shows that
freezing-thawing processes ensure controlled release
of intracellular components, forming multicomponent
cryoextracts with high functional activity. The results
confirm that cryogenic tissue destruction creates
an environment saturated with endogenous peptides,
proteins, enzymes, low molecular weight metabolites,
and structural fragments of the cellular matrix that are
capable of initiating reparative, immunomodulatory, and
cytoprotective effects.

At the same time, understanding the nature of these
bioactive substances logically leads to a broader concept
of intercellular communication, in which secretion plays
a key role-an evolutionarily formed system of extracellular
signals that does not require cell destruction to exert its
effects. Unlike cryoextracts, which are formed as a result
of structural tissue destruction, secretions are products
of physiological secretion that ensure fine regulation
of intercellular interaction through the orderly release
of biologically active molecules into the extracellular
environment.

The transition from tissue cryoextracts to secretion
analysis is logical, since both approaches are based
on the use of natural bioregulators, but differ in the
principles of formation, the degree of controllability of the
component composition, and the mechanisms of action.
It is the comparison of these two platforms — cryogenic
extracts and secretion-mediated factors — that allows
for a deeper assessment of the potential of cell-free
technologies in regenerative medicine and a transition
to a comprehensive consideration of secretions as an
autonomous therapeutic system.

Today, the term «secret» refers to a set of molecular
components that are released into the extracellular space
and are functionally active in the context of intercellular
interactions. It includes soluble protein factors, peptides,
free nucleic acids, lipid mediators, as well as extracellular
vesicles of various size classes. The latter are
traditionally divided into apoptotic bodies, microparticles,
and exosomes [49, 50, 51, 52, 53]. The formation
of such a complex is a dynamic process, sensitive
to physiological fluctuations, stress stimuli, or pathological
conditions, which gives the secretome the properties
of a microenvironment marker and a potential modifier
of cellular responses. It has been established that the
secretion of individual cells and tissues is characterized
by a high specificity of structural composition, and its
biological activity is capable of reproducing a wide range
of regulatory effects that were previously attributed only
to intact cells.

The therapeutic potential of stem cells is usually
associated with three leading mechanisms of action, each
of which forms a separate level of biological influence and
determines the clinical effectiveness of cell technologies.
The first mechanism is associated with the process of
«homing,» i.e., the directed migration of systemically
administered stem cells to the site of acute damage.
It has been established that this process is realized due
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CUCTEMHO BBeAEeHUX CTOBOYPOBMX KMITMH OO BOrHWULLA
roCTPOro MOLWIKOMKEHHs. BcTaHoBNEHo, WO Len npouec
peani3yeTbCsl 3a paxyHOK rpafieHTiB XeMoaTpaKTUBHUX
CUTHaNbHUX MOMEKyN, SIKi YTBOPHOITLCA Y 30HI YLUKO-
[PKEHHS1 BHACIIAOK BMBINTbHEHHSA (DAKTOPIB 3amnaneHHs,
LUUTOKIHIB Ta XeMOKiHiB. HasaBHi gaHi ceigyatb npo Te,
O CXOXICTb LbOro npouecy 3 Mirpauieto nenkoumTis
He € BUMAaZKOBOM, OCKINbkM obuaBa TUMNW KNITUH BUKO-
PUCTOBYIOTb CMifbHI MPUHLUMAM XeMoaTpakuii Ta aaresil
no eHgortenito. MNMepenbavaeTbes, WO XEMOTAKCUC CTOBOY-
POBUX KMiTUH OMNOCEPEAKOBYETHCS B3AEMOZIEID 3 HU3KOH
peLenTopiB KMITUHHOT NOBEPXHI, 30Kpema XeMOKIHOBMMMU
peuentopamu, SKi BU3Ha4yalTb HanNpsMOK Pyxy KMiTWH
y Gik 30H MakcumanbHOro rpagieHta. Xova gertanbHuin
anroputT™M B3aeMOLii CTOBOYpPOBUX KMiTUH 3 eHOoTerniem
Yy TKaHWHI-MilLlEHi 3anuaeTbCa HEeAOoCTaTHbO 3’CO-
BaHUM, € MiACTaBMN BBaXaTK, LLO KIHYOBY POSib Y LIbOMY
npoLeci BiAirpatoTb iIHTErpuUHN Ta CEeNeKTUHK, Aki 3abeane-
YyIOTb TUMYacoBY ikcaLiito | TOCTYNOBE «NPUKOYYBaHHSA»
KNiTUH y340BX eHaoTenianbHoi noBepxHi [49, 54, 55].

Micns iHiuianbHOT agresii BioOyBaeTbCcss HaCTyMHWUIA
BaXXMMBUA e€Tan — TpaHCMirpauis cToBOYpOBMX KIiTWH
yepes eHgoTenianbHUM Gap’ep 0O 30HM MOLUKOMKEHHS.
BctaHoBneHo, WO UA cTagia TakoX peanisyetbcs
3a nemnkoumTonoaibHMM cueHapieM i BKMOYae B3aeMOLito
3 mornekynoto agresii cyanHHux knituH 1 (VCAM-1), aka
3abe3neuye cTtabinisadito KNiTUHM Ha NOBEPXHI eHOoTENi0
Ta iHiuiloe noganblly TpaHceHgoTenianbHy Mirpauito.
[opaTtkoBo Len npouec 3anexuTb Big akTuBauii peuen-
TopiB, noB’aA3aHux 3 G-6inkomM, wWo ©OepyTb yyacTb
Y BHYTPILUHLOKNITUHHIN CUrHanisawii Ta y3romkeHHi uuto-
ckeneTHoi nepebyaoBM 3 HaNPsIMKOM PyXy KniTuHu [56].
3 ornsay Ha ue, XOMIHr po3rnagaeTbes He nuie sk disi-
OMOrYHMIA MEeXaHi3M MNepeMIleHHsa KNiTUH, ane N $K
KPUTUYHUI eTan, Wwo 3abesnevye agpecHiCTb Ta edek-
TMBHY peani3auilo BifHOBHOro mnoTeHujiany cToBOypoBuMX
KMNITUH Y KOHKPETHOMY MiKPOOTOYEHHI.

Opyruin mexaHiam aii cToBOYpOBUX KIiTUH MOB’si3aHWIA
i3 X 3gaTHICTIO 40 AudepeHuiauii y Kinbka TUniB KNiTWH,
LLIO NpUTaMaHHi TKaHWUHi-miWweHi. BctaHoBREHO, WO CTOB-
OypOBi KMITUHW MOXYTb IHTEFPYBaTMCS y NOKanbHy CTPYK-
TYpy MNOLUKOAXKEHOI TKaHWHW, 3amillyBatn abo [onos-
HIOBaTW NOMynsauito pesnaeHTHUX KNiTUH i TMM camum
CMpUATK BIGHOBIEHHIO iT PyHKLiOHaNbHOT winicHocTi [57].
Taknin MexaHiaM 0coBnMBO BaXKNUBUIA Y CUTYaLlisX, KoMK
YLLKOAXKEHHS CYMPOBOMKYETLCA BTPATOK 3HAYHOI Kiflb-
KOCTi KNiTWH, @ NoKanbHi pecypcu eHOA0reHHUX KIiTUH-MNo-
nepenHuKiB BUSBNSIOTbCA HeQOCTaTHIMW Ans afekear-
HOro BifHOBNEHHS. [1poTe ponb LpOro MexaHiamy Moxe
BapiloBaTU 3anexHo Big Tuny TKaHuWHW, a3n pereHe-
pauiiHoro npouecy Ta iHAMBIQyanbHWX ocobnueBocTen
opraHiamy, Wo notpebye KPpUTUYHOrO MEepeoCMUCIIEHHSI
npwn OUiHLi 3aranbHOro BHECKY AudbepeHuiauii y pereHe-
paTuBHUI edDEKT.

TpeTiii KNIOYOBUIN MEXaHi3M MOB’A3aHNN i3 cekpeLieto
CTOBOYPOBMMMU KNiITUHAMMU LLIMPOKOTO crekTpa BioakTMBHUX
MOMEKyn, BKIOYHO 3 LUTOKIHAMK, haktopamu pocCTy,
iMyHOMOZYNSTOpamMn Ta iHWWMW CUrHaNbHUMKU MeAdiaTo-
pamu. Lli GioperynaTopHi chakTopu 3aaTHi BNmMBaTK K Ha
noKanbHi NPOLIECU Y 30Hi MOLLKOMKEHHS, TaK i HA CUCTEMHI
dhisionoriyHi peakuii, MOAyNOYN 3ananeHHs, anonTos,
aHrioreHe3 Ta pemofentoBaHHsA TkaHuH [58]. CyuvacHa
KOHUENUis «napakpuHHOI Aii» po3rnsgae Ler MexaHiam

to gradients of chemoattractive signaling molecules that
are formed in the area of damage as a result of the release
of inflammatory factors, cytokines, and chemokines.
Available data indicate that the similarity of this process
to leukocyte migration is not accidental, since both
cell types use common principles of chemoattraction
and adhesion to the endothelium. It is assumed
that stem cell chemotaxis is mediated by interaction
with a number of cell surface receptors, in particular
chemokine receptors, which determine the direction
of cell movement towards areas of maximum gradient.
Although the detailed algorithm of stem cell interaction
with the endothelium in the target tissue remains unclear,
there is reason to believe that integrins and selectins play
a key role in this process, providing temporary fixation
and gradual «rolling» of cells along the endothelial
surface [49, 54, 55].

After initial adhesion, the next important stage
occurs-the transmigration of stem cells through the
endothelial barrier to the damage site. It has been
established that this stage also follows a leukocyte-
like scenario and involves interaction with vascular
cell adhesion molecule 1 (VCAM-1), which stabilizes
the cell on the endothelial surface and initiates further
transendothelial migration. Additionally, this process
depends on the activation of G protein-coupled receptors
involved in intracellular signaling and coordination
of cytoskeletal reorganization with the direction of cell
movement [56]. In view of this, homing is considered not
only as a physiological mechanism of cell movement,
but also as a critical stage that ensures the targeting and
effective realization of the regenerative potential of stem
cells in a specific microenvironment.

The second mechanism of action of stem cells
is related to their ability to differentiate into several types
of cells that are characteristic of the target tissue. It has
been established that stem cells can integrate into the
local structure of damaged tissue, replace or supplement
the population of resident cells, and thus contribute to the
restoration of its functional integrity [57]. This mechanism
is especially important in situations where damage
is accompanied by the loss of a significant number
of cells, and local resources of endogenous progenitor
cells are insufficient for adequate recovery.

However, the role of this mechanism may vary
depending on the type of tissue, the phase of the
regenerative process, and the individual characteristics
of the organism, which requires critical rethinking when
assessing the overall contribution of differentiation to the
regenerative effect.

The third key mechanism is associated with the
secretion of a wide range of bioactive molecules
by stem cells, including cytokines, growth factors,
immunomodulators, and other signaling mediators.
These bioregulatory factors can influence both local
processes in the area of damage and systemic
physiological responses, modulating inflammation,
apoptosis, angiogenesis and tissue remodeling [58]. The
modern concept of of «paracrine action» considers this
mechanism to be dominant in most clinical situations,
as it provides a rapid and multi-vector effect on cellular
networks without the need for prolonged integration of the
stem cells themselves into the tissue.
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SK JOMIHYIOUMI Y BiNbLUOCTI KNiHIYHUX CUTYaUii, OCKINbKW
BiH 3abesnevye LWBWMOKUA i MyNbTUBEKTOPHUA BNMB
Ha KNiTUHHI Mepexi 6e3 HeobXigHOCTI TpmBanoi iHTerpauii
caMmx CTOBOYPOBMX KNITWUH Y TKaHWHY.

Takum YMHOM, CYKYMHICTb Lmx TPLOX
MeXaHi3miB — XOMiHry, AndepeHuiauii Ta napakpuHHOI
aKTMBHOCTI — (POPMYyE KOMMMEKCHUA TepaneBTUYHUN

edeKT, KM NeXnTb B OCHOBI Cy4acHUX MiaxoAaiB 4o pere-
HepaTMBHOI MegMLMHM Ta KNITUHHOI Tepanii.

Y pereHepaTuBHIA MeOuUMHI 3acToCyBaHHsS Geskni-
TUHHUX TepaneBTUYHWX MPOAYKTIB, 30Kpema KpioeKCTp-
aKTiB 3 pPi3HMX BioNoriYHNX TKaHWH (NNaueHTa, cenesiHka,
cepueBa TKaHWHa, LWKkipa Ta iH.) abo cekpeTomy, OTpuU-
MaHOro 3 Me3eHximanbHux ctoBOypoBux knituH (MCK),
BiOKpMBAE HW3KY MNPUHUMUMOBMX MepeBar MOpPIiBHSHO
3i cTpaTeriamu, Wwo 6a3yloTbCs Ha TpaHCNNaHTauii XUTTe-
30aTHUX KNITUHHUX NonynAuin (Tabn. 2).

Thus, the combination of these three mechanisms-
homing, differentiation, and paracrine activity — forms
a complex therapeutic effect that underlies modern
approaches to regenerative medicine and cell therapy.

In regenerative medicine, the use of cell-free
therapeutic products, in particular cryo-extracts from
various biological tissues (placenta, spleen, heart tissue,
skin, etc.) or secretions obtained from mesenchymal stem
cells (MSCs) offers a number of fundamental advantages
over strategies based on the transplantation of viable cell
populations (Table 2).

Tabnuus 2. MopiBHsNbHa xapakTepucTuka Tepanii eksocomamu MCK Ta knitTuHHoi TpaHcnnaHTauii MCK: nepesaru i1 o6mexeHHs [59]

Table 2. Comparative characteristics of MSC exosome thera

py and MSC cell transplantation: advantages and limitations [59]

BukopuctanHs eksocom 3 MCK
Use of MSC exosomes

TpaHcnnanTauis MCK
MSC transplantation

MepeBarn
Advantages

(1) Hu3bka iMmyHOreHHicTb

(2) BigcyTHicTb pennikauiiHol 3gaTHOCTI

(3) BupaxkeHuii BB Ha NeYiHKy

(4) Hakonn4eHHs Kinbkox 6ioakTMBHUX hakTopiB
(5) MpocToTa BUpOGHMLTBa

(1) Low immunogenicity

(2) Absence of replicative capacity

(3) Pronounced effect on the liver

(4) Accumulation of several bioactive factors
(5) Ease of production

(1) Bucoka 3gatHicTb 0o pereHepalii Ta gudpepeHuiauii
(2) CunbHa apanTuBHa 34aTHICTb
(3) DoBeneHa eheKTUBHICTb Y KMiHIYHNX 3aCTOCYBaHHSAX

(1) High capacity for regeneration and differentiation
(2) Strong adaptive capacity
(3) Proven effectiveness in clinical applications

Disad

Hepnonikun

vantages

(1) Bucoka reTeporeHHIiCTb Yepe3 HedoCTaTHIO CTaHOapTu-
3aUit0 METOAIB eKCTPaKLii Ta OYULLEHHS

(2) KopotkoTpuBana 6ionoriyHa aKkTUBHICTb i CKMagHOLLj
3i 306epiraHHsAM

(3) MoxnuBicTb KOHTaMiHaLii

(1) High heterogeneity due to insufficient standardization
of extraction and purification methods

(2) Short-term biological activity and storage difficulties

(3) Possibility of contamination

(1) HectabinbHun deHoTtvn

(2) HeBM3HaveHe BXMBaHHS Ta NOLUMPEHHS NiCns TpaHcnnaHTauii
(3) MoTeHLiHa OHKOreHHICTb

(4) Pusuk KMiTMHHOTO BiATOPrHEHHS MPW arnoreHHi TpaHcnnaHTawii
(5) CknapgHi BupobHuyi npouecu

(6) Puawuk natonorivyHoi nporpecii Yepes abepaHTHy AndepeHLiaLiio
(7) MoxnuBicTb CyanHHOI OKMto3ii Ta TpomMO0o3y

(1) Unstable phenotype

(2) Uncertain survival and distribution after transplantation

(3) Potential oncogenicity

(4) Risk of cellular rejection in allogeneic transplantation

(5) Complex manufacturing processes

(6) Risk of pathological progression due to aberrant differentiation
(7) Possibility of vascular occlusion and thrombosis

[lo-nepwle, BUKOPUCTAHHS CEKPETOMY  MiHIMi3ye
HWU3KY pY3nKiB 6e3neku, NnpuTaMaHHMX BBEAEHHIO Nponi-
dhepaTtMBHUX KMIiTWH, BKMYHO 3 npobnemamu iMmyHHOI
CYMICHOCTI, NMOTEHLNHOK OHKOreHHICTIO, POpMYyBaHHAM
MikpoemborniB Ta MOXNUBICTIO nepedadi iHDEKUinHMX
areHTiB [60, 61, 62]. Mo-gpyre, cekpetom MCK nioaa-
€TbCA CTAHOAPTU30BaHIN OUiHUI wWoao 06e3neyvyHocTi,
[O030BUX XapakTepuCTUK Ta TepaneBTUYHOI edeKTUB-
HOCTi, WO Habnwkae Moro A0 KMacu4Hoi chapmakono-
rivHoT Moaeni 1 cnpoLye perynatopHi nigxogu. MNMo-tpete,
36epiraHHs cekpeTomy He noTpebye BMKOPUCTAHHS Kpio-
KOHCEpPBAHTIB, L0 MOTEHUINHO 3HWXYE TOKCUKOFOTiYHI

First, the use of secretions minimizes a number
of safety risks associated with the introduction
of proliferative cells, including immune compatibility
issues, potential oncogenicity, microembolism formation,
and the possibility of transmitting infectious agents [60,
61, 62]. Second, MSC secretions undergo standardized
evaluation for safety, dosage characteristics, and
therapeutic efficacy, which brings them closer to the
classical pharmacological model and simplifies
regulatory approaches. Third, storage of the secretions
does not require the use of cryopreservatives, which
potentially reduces toxicological risks and allows the
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pu3vkn Ta [o3sonsie 36epirat CTabiMNbHICTL NPOAYKTY
TpuBanuii Yac 6e3 BTpaTu akTMBHOCTI [60, 61, 62]. MNo-yeT-
BepTe, 3aCTOCYBaHHS CEKPETOMY, TaKOro SK KOHAMLOHO-
BaHe cepeposulle (KC), € Binbll NpakTUYHUM i €KOHO-
MiYHO BUWIOHVMM 3 OMMsiAy Ha BIOCYTHICTb HEOOXigHOCTI
y TpaBMaTU4HMX npoueaypax 3abopy KniTuH, wo 3abes-
nevye Kpally OOCTYMHICTb ANsS KMiHIYHOT npakTuku [63].
Mo-n'ate, macwTabyBaHHA BMPOOHULTBA MOXNUBE
3aBOSKN BMKOPUCTAHHIO CTaHAAPTM30BaHUX KMITUHHMX
NiHIM Yy KOHTPONbOBaHUX yMOBax, LLO Aae 3MOry OTpu-
MyBaTV PenpoayKTVBHI napTii 6ioakTuBHUX Monekyn 6e3
BapiabenbHOCTi, MpuTamaHHOI MNEPBUHHUM  KMITUHHUM
KyneTypam. [Mo-wocTe, yac Ta BapTicTb po3wwmpeHHs MCK
y KynbTypi MOXyTb OyTV CyTTEBO 3HWXKEHI, LLO CTBOPHOE
MOXIMBICTb HEraMHOro 3acToCyBaHHA CEKPETOMHUX
npenapariB nNpyv TOCTPUX CTaHax — ileMmii ronoBHOro
MO3Ky, iH(apkTi miokapga abo noniTpaBmi. HapewrTi,
oTpumaHi 6ionorivHi NpogykTn 3a NoTpedun MoxyTb ByTn
MoandpikoBaHi in vitro 3 METOK MOCUMEHHST cneundivHmnX
edpekTiB, onTumisauii cnpsmoBaHocTi Aii abo perynsauii
TpuBanocTi 6ionoriyHoi akTMBHOCTI [49].

KC saBnsie cobol MOBHWIA KOMMIEKC edeKTOPHUX
KOMMOHEHTIB CEKPETOMY KMiTMHHOIO MOXOOXKEHHS, AKUN
BKIHOHAE SK PO3YMHHI MOMEKYNK, TaK i BE3NKYNAPHI CTPYK-
Typu. BuaineHHs pO34MHHOI YacTVHW CeKpeTomy Bif
dpakuii mikpoBesmkyn moxe OyTu 3giicHeHe 3a gono-
MOrot0 AncepeHLiNHOro LeHTpUdYryBaHHs, MeMOpaHHOT
QinbTpadii, noniMepHoOro OCamKeHHsl, IOHOOOMIHHOT
xpomarorpadii abo xpomartorpadii 3 BUKIMIOYEHHSAM
3a po3mipom [64]. KoxeH i3 uUMXx MeTodiB Mae BnacHi
OBOMEXeHHS LWOoAO0 CEeNneKTUBHOCTI, BMXOQY Ta YUCTOTU
npoaykTy, Wwo dopmye NoTeHLilHi axepena Bapiabenb-
HOCTI W BUMMarae ctaHgapTusauii yMOB AN OTPUMaHHS
BiATBOPIOBaHMX TepaneBTUYHUX NpenaparTiB. HakonuyeHi
eKcrneprIMeHTanbHi AaHi AEMOHCTPYIOTb, WO SK PO3YMHHI
hakTopn cekpeToMy, Tak i BE3NKYNAPHI eNeMeHTn 30aTHi
CaMOCTIVHO iHiLiloBaTU TKaHWHHY pereHepadito, onoce-
pedkoByBaTM penapaTMBHI peakuii Ta HaBiTb akTuBy-
BaTW npouecu de novo opraHoreHesy npu MOLENMOBaHHI
TKaHMHHO-IHXXEHEePHNX KOHCTPYKTIB ex vivo [49, 65, 66].
Taka nogBiNHICTb AiTl CBiAYMTE NPO KOMMIEKCHUI XapakTep
CeKpeToMy SK iHTerpoBaHoi nnatopMn MKKMITUHHOT
curHanisadii, NOTeHUiHO 30aTHOI BiATBOPOBATU edpeKTn
MCK 6e3 BUKOpUCTaHHS caMUX KIiTUH.

Y Hu3ui pocnigkeHb BcTaHoBneHo, wo KC, otpu-
maHe 3 MCK, 3abesneuye iCTOTHe NOKpaLLeHHS LUMPOKOro
cnekTpa GiomapkepiB maTonoriyHMx npouecis Ta y bara-
TbOX eKCMepUMEHTanbHUX MOAENSX AEeMOHCTpye edek-
TUBHICTb, 3iCTaBnoBaHy 3 TpaHcnnaHTauieto cammx MCK
(tabn. 1). Takvn edeKT nigTBEPOXKYE KIOYOBY pPOrb
CeKpeToM-0nocepeaKkoBaHNX MEXaHi3MiB y TepaneBTUYHIN
aii MCK ta copmye OCHOBY Ansi nodarnbLlUoro po3BUTKY
6e3kniTMHHKX GionpenaparTiB y pereHepaTuBHIN MeauLUHI.

CyyacHun aHania MonekynspHux i GionoriyHux
BMacTUBOCTEWN KNITMHHUX EKCTPakTiB CBiAYMTb Mpo Te,
Wo usA rpyna GeskniTMHHUX MPOAYKTIB MOCIOae OKpeme
MicLe cepep, pereHepaTuBHUX MiaXoAiB, OCKINbKM NOEAHYE
BMCOKY GiOnoriyHy aKkTUBHICTb i3 HU3bKMM npodpinem
PU3MKIB, MPUTAMaHHUX 3aCTOCYBAHHK >KUTTE3AATHUX
KNiTUH. KNiTUHHWIA eKCTpaKT BU3HAYalTb SIK reTepOreHHy
CYMill BHYTPILLUHBOKMITUHHUX KOMMOHEHTIB, IO hopMy-
€TbCA MiA Yac KOHTPOMbOBAHOrO PYWMHYBAHHS KNiTUHHOT
mMemOpaHM Ta MICTUTb LUMPOKUA CMEKTP PO3YMHHUX

product to remain stable for a long time without losing its
activity [60, 61, 62]. Fourth, the use of secretions, such
as conditioned medium (CM), is more practical and cost-
effective given the absence of traumatic cell collection
procedures, which ensures better accessibility for clinical
practice [63]. Fifth, scaling up production is possible
thanks to the use of standardized cell lines under
controlled conditions, which makes it possible to obtain
reproducible batches of bioactive molecules without the
variability inherent in primary cell cultures. Sixth, the time
and cost of expanding MSCs in culture can be significantly
reduced, which creates the possibility of immediate
use of secretory preparations in acute conditions —
cerebral ischemia, myocardial infarction, or multiple
trauma. Finally, the biological products obtained can
be modified in vitro as needed to enhance specific effects,
optimize the direction of action, or regulate the duration
of biological activity [49].

CS is a complete complex of effector components
of cell-derived secretions, which includes both soluble
molecules and vesicular structures. The soluble part
of thesecretion can be separated from the microvesicle
fraction by differential centrifugation, membrane filtration,
polymer precipitation, ion exchange chromatography,
or size exclusion chromatography [64]. Each of these
methods has its own limitations in terms of selectivity,
yield, and product purity, which creates potential sources
of variability and requires standardization of conditions for
obtaining reproducible therapeutic drugs. Accumulated
experimental data demonstrate that both soluble factors
of the secretome and vesicular elements are capable
of independently initiating tissue regeneration, mediating
reparative responses, and even activating de novo
organogenesis processes in ex vivo tissue engineering
constructs [49, 65, 66]. This dual action indicates the
complex nature of the secretome as an integrated platform
for intercellular signaling, potentially capable of reproducing
the effects of MSCs without the use of the cells themselves.

A number of studies have found that CS obtained from
MSCs provides a significant improvement in a wide range
of biomarkers of pathological processes and, in many
experimental models, demonstrates efficacy comparable
to the transplantation of MSCs themselves (Table 1).
This effect confirms the key role of secretion-mediated
mechanisms in the therapeutic action of MSCs and forms
the basis for the further development of cell-free biological
products in regenerative medicine.

Modern analysis of the molecular and biological
properties of cell extracts indicates that this group
of cell-free products occupies a special place among
regenerative approaches, as it combines high biological
activity with a low risk profile inherent in the use of viable
cells. Cell extract is defined as a heterogeneous mixture
of intracellular components formed during the controlled
destruction of the cell membrane and containing a wide
range of soluble and structural molecules—proteins,
nucleic acids, lipids, carbohydrates, low molecular weight
metabolites, and organelle fragments [67, 68]. This
multicomponent composition ensures the ability of cell
extracts to reproduce a significant part of the regulatory
properties characteristic of intact cells, while completely
eliminating the risks of proliferation, uncontrolled
differentiation, or possible oncogenic effects.
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i CTPYKTYpPHUX Mornekyn — Oinku, HyKNeiHoBi Kucnotw,
ninignM, BYrMeBOAM, HW3bKOMOMNEKYNAPHi  MeTabonity,
a Takox dparmeHTW opraHen [67, 68]. Takuin B6araTtoko-
MMOHEHTHUIN CKNag 3abesnedye 34aTHICTb  KNITUHHKX
€KCTPaKTiB BiATBOPIOBATM 3HAYHY YACTMHY PEryNATOPHUX
BMAacCTMBOCTEN, XapaKTepPHUX [ANs  iHTaKTHUX KIiTUH,
BOOHOYAC MOBHICTIO YCyBaluyM puU3NKK npornidepadii,
HEKOHTPONbLOBaHOI AndpepeHuiaLii Yn MOXIMBUX OHKO-
reHHuX edekTiB.

IcTopryHO MeToan ni3ucy KMiTUH BUKOPUCTOBYBA-
nMcsa y OOCRIOHWUUBKUX Uinsax Ong BUAINEHHS opraHen,
oumLLeHHa GinkiB abo aHanisy BHYTPILLUHBOKMITUHHMX
curHanbHux wnaxis. OgHak nornMbneHe BUBYEHHS PyHK-
LioHanNbHUX BMAacTUBOCTEN BHYTPILLUHLOKMITUHHUX MOMe-
KyNsIpHUX KOMMIIEKCIB MOKa3ano, Lo BOHW MaThb iCTOTHY
30aTHICTb MOAymMoBaTK 3ananeHHs, anonTos, aHrioreHes,
pPEMOJENIOBAaHHA MO3aKIiTUHHOIO MaTpukcy Ta MeTa-
6oniyHi mpouecu. 3 ornAdy Ha uUe KNiTUHHI eKCTpakTu
noyanu po3rnsagaTtucs He K TEXHIYHWUA IHCTPYMEHT, a sk
camocTiiHa TepaneBTU4Ha nnatcopma 3 MoTeHuianom
aKkTMBauil eHAOreHHUX BIOHOBHWX peakuin y TKaHuHaXx,
MOLUKOMKEHMX  Pi3HUMM  MATONOMYHUMK  bakTopamu,
BKITHOYHO 3 Ji€H0 iOHI3yBarnbHOr0 BUMPOMIHIOBAHHS.

Ha nigcTaBi gaHux HU3KKM JOCnigXeHb BCTAHOBMEHO,
WO KNiTUHHI  eKCTPaKT! OEMOHCTPYIOTb  BUPaXKEHUN
TepaneBTUYHUIN edeKkT Yy LUMPOKOMY CheKTpi mogenen
nartonoriyHux ctaHie [69, 70, 71]. 3okpema, Bia3Ha4eHO
NO3UTMBHUIN BMAMB HA 3aroeHHsA paH [72], BigHOBMNEHHS
CepLeBoro M’siza nicng iHpapkTy M NOKPaLLEHHsI CTaHy
npu iwemiyHomy iHcynbTi [73, 74], mogndikauito Mikpo-
OTOYEHHS NpW TOCTPOMY MienoigHoMy nenkosi [75],
3MEHLLUEHHSA aKTMBHOCTI rOCTpPOro Komity [76], mpucko-
PeHHs penapadii Nnpy ocTeopagioHekposi [77], KopekKLito
HelpoaereHepaTUBHMX MOPYLIEHb Npu XBopobi AnbL-
renmepa [78], pereHepalito nepnepudHNX HepBIB, NoKpa-
LWeHHA MeTabomniyHMX napameTpiB npu OXWUpiHHI [79],
3HWKEHHS CTYMEeHs YLKOMKEHHS nediHku [80], BigHOB-
neHHs dyHKUiT Nnpu cuHapomi LLlerpeHa, a Takox nom’sik-
LUEHHS HacriaKiB YLIKOMKEHHS CMMHHMX 3a5os, crnpuyu-
HEHOro ioHi3yBanbHUM onpomiHeHHsaM [81]. CykynHicTb
UMX AaHWX CBiAYUTb NPO YyHiBEpCanbHICTb Ta GaraToBek-
TOPHICTb Al KNITMHHUX EKCTPakTiB, AKi 34aTHi BNnvBaTh
Ha KNOYOBi NaHKW NaTonoriYHoro npoecy.

Ocob6nvBoi  yBarM 3acnyroBye LUMPOKWAA  CMEKTP
nKepen, 3 sKAX MOXyTb OyTuW OTpMMaHi  KMiTUHHI
eKCTpaKTW. Y JOCNiMKEHHAX NpoaHani3aoBaHO eKCTPaKTy,
chopMOBaHi 3 KNITUH KICTKOBOro Mo3ky [77, 81], cToB-
OypoBMX KMiTUH KICTKOBOTO MO3Ky [82], MOHOHykne-
apHMX KNITUH KiICTKOBOTO MO3KY [73], cTOBOYPOBUX KMiTWH
KUPOBOI TKaHWHW [73, 83], TkaHuHM cenesiHkn [83],
embpioHanbHMX cToBOYpoBKX KNiTWH [84], cToBOYpOBUX
KNITUH CNMHHMX 3ano3 [85], newnkouuTie nepundepunyHoi
KpoBi [86], a Takox 3i CTOBOYPOBMX KMiTUH POCIMHHOIO
noxogxeHHs [87]. PisHomaHiTTa 6ionoriyHmnx mkepen
dopmye 3HayHy BapiabenbHICTb MONEKYNSAPHOro cknaay,
Lo [ossonsie nigidpatv onTMManbHUA TUM KIITUHHOMO
eKCTPaKTy Ans KOHKPETHOT MOAEenNi YLKOMKEHHS.

TakMM  YMHOM, KNiTUHHI  eKCTpakTM  OopMYOTb
OKpPEMWIA Knac pereHepaTMBHUX 3acobiB, WO MOeaHye
nepesarn 6e3KNITMHHOIO MiAXoAy 3 BUCOKOK BionoriyHow
edeKTUBHICTIO. IX 3acTOCyBaHHS MiHIMI3ye pU3MKK, MNOB’s-
3aHi 3 BUKOPUCTAHHSAM XUBUX KNiTWH, Ta 3abe3nedye
OOCTYMHICTb Y BUPOOHULTBI, MOXIMBICTb CTaHA4apTM3aLlii,

Historically, cell lysis methods have been used
for research purposes to isolate organelles, purify
proteins, or analyze intracellular signaling pathways.
However, indepth studies of the functional properties
of intracellular molecular complexes have shown that
they have a significant ability to modulate inflammation,
apoptosis, angiogenesis, extracellular matrix remodeling,
and metabolic processes. In view of this, cell extracts
began to be considered not as a technical tool, but as an
independent therapeutic platform with the potential
to activate endogenous repair reactions in tissues
damaged by various pathological factors, including the
effects of ionizing radiation.

Based on data from a number of studies, it has been
established that cell extracts demonstrate a pronounced
therapeutic effect in a wide range of pathological
conditions [69, 70, 71]. In particular, a positive effect
has been noted on wound healing wounds [72],
restoration of the heart muscle after a heart attack and
improvement of the condition in ischemic stroke [73, 74],
modification of the microenvironment in acute myeloid
leukemia [75], reduction of acute colitis activity [76],
acceleration of repair in osteoradionecrosis [77],
correction of neurodegenerative disorders in Alzheimer’s
disease [78], regeneration of peripheral nerves,
improvement of metabolic parameters in obesity [79],
reduction of liver damage [80], restoration of function
in Sjugren’s syndrome, and mitigation of the effects
of salivary gland damage caused by ionizing radiation [81].
Taken together, these data indicate the versatility and
multidirectional action of cell extracts, which are capable
of influencing key links in the pathological process.

The wide range of sources from which cell extracts
can be obtained deserves special attention. The studies
analyzed extracts formed from bone marrow cells [77, 81],
bone marrow stem cells [82], bone marrow mononuclear
cells [73], adipose tissue stem cells [73, 83], spleen
tissue [83], embryonic stem cells [84], salivary gland stem
cells [85], peripheral blood leukocytes [86], and plant-
derived stem cells [87]. The diversity of biological sources
creates significant variability in molecular composition,
allowing the selection of the optimal type of cell extract for
a specific damage model.

Thus, cell extracts form a separate class
of regenerative agents that combine the advantages
of a cell-free approach with high biological efficacy. Their
use minimizes the risks associated with the use of living
cells and ensures availability in production, the possibility
of standardization, reproducibility, and potential suitability
for large-scale clinical use. At the same time, there
is still a need for further research on optimizing methods
of obtaining, controlling composition, standardizing
activity, and evaluating long-term effects, which is critical
for the implementation of this technology in clinical
practice.
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BiTBOPIOBAHICTb i MOTEHUIVHY MpuAaTHICTb Ans Maclu-
TabHOro KniHiYHOro BUKOPUCTaHHSA. PazoM 3 TuM 36epi-
raeTbCsi HeobXxigHiCTb noganbluMX [OCNISKEHb LIOAO
ONTMMIi3auii MeTOAIB OTPMMAaHHS, KOHTPOM CKnagy,
CTaHAapTu3auii akTMBHOCTI Ta OUIHKW [LOBrOCTPOKOBUX
eeKTiB, WO € KPUTUYHO BaXKIIMBMM AN1S1 BNPOBAMKEHHSI
L€l TEXHOMOTIT y KMiHIYHY NPaKTuKy.

4. BNAMB METOAY Ai3UCY HO MOAEKYASAPHUI

CKAQA, GioAOTiHHY OKTUBHICTD

TA CTAHAQPTU3ALLIIO KPIOEKCTPAKTiB

Mpw nigrotoBUi KNITUHHWUX eKCTpakTiB BUOIp meToay
nisucy BM3Ha4Yae He nuwe edeKTUBHICTb PYMHYBaHHS
KNITUHHUX CTPYKTYp, ane W BMAMAMBaE Ha SKICHUW, Kinb-
KICHMI Ta doyHKUiOHanbHUA Npodinb oaepxaHux Giomo-
nekyn. BcrtaHoBneHo, wWwo cnoci6 nopyLueHHs 060NoHOK
KNiTMH 3YMOBIIOE CTYMNiHb 30epexeHHA MNpOCTOPOBOI
opraHisdauii 6inkiB, akTMBHOCTI (DEPMEHTIB, IHTAKTHOCTI
mMembpaHHUX dparMeHTiB, CTabiNbHOCTI HYKNEIHOBUX
KMUCMOT Ta PiBHSA MOXIUBUX OOMILLOK, O MOXYTb YTBO-
ptoBaTUCSl BHACMIAOK BHYTPILHBOKNITUHHOMO aBTOMi3y
abo ximiyHOi Mogudcpikauii komnoHeHTiB [20]. Takum
YMHOM, MeToA ni3nCcy BUCTYNAe OOHUM i3 KIHOYOBUX
nimMiTyounx akTopiB ANs nodanbLuoi TOMHOCTI aHani-
TUYHUX BUMIpIOBaHb, YMCTOTM npenapary, 6GionoriyHoi
aKTMBHOCTI €eKCTPaKTy Ta BiATBOPIOBAHOCTI pe3ynbraTis
y pi3HUX cepisx BuMpoOHUUTBa (Tabn. 3). PosrnaHyTi
HWXKYe TEXHOMOrIYHI MiaXxoan OEMOHCTPYIOTb XapakTepHi
naTepHu BNAvBY Ha KiHLEBUIA NPOAYKT Ta BigobpaxatoTb
TUNOBUI CMNEKTP KOMMPOMICIB MiX BMXOOOM, 3b6epexe-
HICTIO Ta CNeUMdIYHICTIO BUNyYEHUX MOMEKY.

MexaHi4yHi MemoOdu, 30kpema romoreHisaLlist BUCOKOro
Tucky (high-pressure homogenization) abo nogpiGHeHHsI
y npucyTHoCTI mikpocdep (bead-mill), xapakTepuaytoTbcsi
3gaTtHicTio  3abesnedyBaTu  MOBHOLiHHE  PO3PVIBAHHS
KNITUHHMX CTIHOK i MembpaH 3a paxyHOK iHTEHCUBHWX
3CYBHUX HanpyxeHb Ta KonisinHmx ypapis [88]. Taki
YMOBW CMpUSitOTb BUCOKOMY BWUXOZY BHYTPILLIHBOKMITUH-
HOro BMiCTYy Ta eheKTMBHO 3aCTOCOBYHOTLCA A1 06pobku
LWiNbHMX CYCMEH3IiN Ta KIiTUH i3 MiLHMMK 0BOMoHKaMM.
BogHoyac BCTaAHOBMEHO, WO MEeXaHiyHWI BMfvB Cynpo-
BOOXKYETbCA MOKanbHMM HarpiBaHHAM Ta KOpoTKo4dac-
HAMMW MiKaMW TUCKY, SIKi NOTEHUINHO 3A4aTHI CNPUYMHATU
YyacTkoBy AeHaTypauito OinkiB, akTuBauito eHLOreHHUX
npoteas i parMeHTauito HykneiHoBux KucroT. Kpim
TOro, HagMipHa MexaHiyHa fis hopMye 3HauYHi KifbKOCTi
KNiITMHHOTO AeTpuTy, a TakoX MOXe MigBuLlyBaTh B'A3-
KICTb €eKCTpaKkTy 3a PaxyHOK BWBINIbHEHHSA MOMIMEPHUX
KOMMOHEHTIB UMTOCKENeTa Ta HyKMeiHOBMX KUCIOT,
WO YyCKnagHoe nojanblli eTany OYULLEeHHs Ta inb-
Tpauii [88]. Taki obMexXeHHs1 € TMMOBMMW ANs NPOLECIB,
OPIEHTOBAHUX Ha OTPMMAaHHSA (PYHKLOHANbHO aKTUBHUX
6inkiB abo TepmonabinbHMX Monekyn.

Kaeimauiiini mMemodu, 3okpemMa YynbTpasBykoBa
fAesiHTerpauis, 6asylTbca Ha dopmyBaHHI Ta konarnci
MikpoOynb6aLloK y piguHi, L0 CTBOPHE BMUCOKI NoKasbHi
Hanpy>XeHHs 3CyBY, yaapHi XBuni Ta MikpocTpymeHi. Ontu-
Mi3aLis 4acToTK, MOTYXXHOCTI Ta TPMBAaroCTi ynbTpasBy-
KOBOro BMMVBY Aa€ 3MOry [OCSraT BUCOKOI edeKTUB-
HOCTi pYMHYBaHHS KNiTWH i LinecnpaMoBaHoi ekcTpakuii
rigpoobHNX KOMMOHEHTIB, 30Kpema ninigie, nonidge-
HOmMIB Ta iHLIMX HU3bKOMOIEKYNSAPHUX crnonyk. Lle pobutb
yNbTPasByK LiHHUM iHCTPYMEHTOM ANns GioTEXHOMNOriYHMX

4. The effect of the lysis method on the
molecular composition, biological activity
and standardization of cryoexiracts

When preparing cell extracts, the choice of lysis
method determines not only the efficiency of cell structure
destruction, but also affects the qualitative, quantitative,
and functional profile of the biomolecules obtained. It has
been established that the method of cell membrane
disruption determines the degree of preservation
of the spatial organization of proteins, enzyme activity,
membrane fragment integrity, nucleic acid stability, and
the level of possible impurities that may form as a result
of intracellular autolysis or chemical modification
of components [20]. Thus, the lysis method is one
of the key limiting factors for the subsequent accuracy
of analytical measurements, purity of the preparation,
biological activity of the extract, and reproducibility
of results in different production series (Table 3). The
technological approaches discussed below demonstrate
characteristic patterns of influence on the final product
and reflect a typical range of compromises between yield,
preservation, and specificity of the extracted molecules.

Mechanical methods, in particular  high-
pressure homogenization or grinding in the presence
of microspheres (bead mill), are characterized by their
ability to ensure complete rupture of cell walls and
membranes due to intense shear stresses and collision
impacts [88]. Such conditions promote high yield
of intracellular content and are effectively used for
processing dense suspensions and cells with strong
membranes. At the same time, it has been established
that mechanical impact is accompanied by local heating
and short-term pressure peaks, which are potentially
capable of causing partial protein denaturation, activation
of endogenous proteases, and fragmentation of nucleic
acids. In addition, excessive mechanical action forms
significant amounts of cell debris and can also increase
the viscosity of the extract due to the release of polymer
components of the cytoskeleton and nucleic acids, which
complicates further stages of purification and filtration [88].
Such limitations are typical for processes aimed
at obtaining functionally active proteins or thermolabile
molecules.

Cavitation methods, in particular ultrasonic
disintegration, are based on the formation and collapse
of microbubbles in a liquid, which creates high local shear
stresses, shock waves, and microjets. Optimization of the
frequency, power, and duration of ultrasonic exposure
allows for highly efficient cell disruption and targeted
extraction of hydrophobic components, including lipids,
polyphenols, and other low-molecularweight compounds.
This makes ultrasound a valuable tool for biotechnological
processes involving microalgae, plant raw materials, and
matrices with a high content of lipophilic molecules. At the
same time, excessive cavitation intensity can cause the
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npoLecis, NOB’A3aHMX i3 MIKPOBOSAOPOCTSAMU, POCITUHHO
CVPOBWHOIO Ta MaTpuusMK 3 NiABULLEHMM BMICTOM nino-
dinbHMX Monekyn. BogHoyac HagMmipHa iHTEHCUMBHICTb
KaBiTalii MOXe CNpUYMHATU YTBOPEHHS OKanbHUX
«rapsumx TOYOK» i BiNMbHUX paauvKanis, 34aTHUX OKUCHIO-
BaTV abo moaudpikyBaT TepmonabinbHi KOMNoHeHTu [89,
90, 91]. Bokpema, Ginkn Ta nenTnam i3 HectabinbHUMK
[JOMeHaMW, a TakoX Aesiki BiTaMiHW, Lo nerko nigga-
IOTbCSl OKVCHEHHIO, OEMOHCTPYIOTb 3HWKEHHSA DyHKLiO-
HamnbHOI aKTMBHOCTI y pasi HaAMIpPHOrO yrnbTPa3ByKOBOIO
BMAMBY. TakMM YMHOM, KaBiTauiiHM nisuc noTtpebye
TOYHOrO KOHTPOMIO napameTpiB, Wob gocartm 6anaHcy
MK e(DEKTUBHICTIO PYWHYBaHHS KMNiTUH Ta MiHimi3auieto
YLIKOOKEHHSI Giomonekyr.

KpiozeHHuti ni3uc, wo nepenbavae noapibHeHHS
TKaHWH abo KMiTMH NpW HagHU3bKMX TemnepaTypax,
30KpeMa i3 3acToCyBaHHsIM pigkoro asoTy abo cepen-
oBuwy i3 Temnepatypoto —80 °C, 3abe3nevye makcu-
MarnbHO MOXIMBE 30EPEXEHHSI YYTNMBUX CTPYKTYPHUX
Ta yHKLiOHaNbHMX KOMMOHEHTIB. Husbki Temnepartypu
3HAYHO 3HWXYHOTb aKTUBHICTb EHAOIEHHMX NpoTeas, ninas
Ta Hykneas, 3aBOAKU YOMY MiHIMi3yeTbCA HEKOHTPOIbO-
BaHWI aBToONI3 i Aerpagadia GinkiB, epMeHTIB, €K30COM
Ta iHWWX HaHOPO3MIpHWUX CTPYKTyp [92]. Takwui nigxig
€ 0cobnMBO perneBaHTHMM Yy BuUMagkax, Konv HeobxigHo
3a6e3neynT iHTaKTHICTb BUCOKOKOHGOPMaLNHKX Binkis,
MeMOpaHHUX peLenTopiB, CUrHaNbHUX  KOMMIEKCIB
abo neTkMx apoMaTWYHMX KOMMOHEHTIB. [ocmimxeHHs
Ha npuknagi cneuin OeMOHCTPYHTb, LWO KpioreHHe
nogpibHeHHs 36epirac neTki apomaTuyHi Cnomnyku, Togi
K eKcTpakuisd MikpoBogopocTen niaTBepaxye 3b6epe-
KEHHs1 OIONoriYHO akTUBHMX MOMEKYNn Yy KpiOreHHUxX
ekcTpaktax [92]. Came ue pobuTb KpioreHHW nigxig
OfHUM i3 HaWbINbLW WaaHMX METOAIB Y BMNagkax, Komm
KIHLEBMWI MPOAYKT MOBMHEH 30epiratv npuvpoaHy Gioak-
TUBHICTb | CTPYKTYPY.

PepmMeHmMamueHuUl Ji3Uc T'PYHTYETbCA Ha 3acTo-
CyBaHHi bepMeHTiB, 34aTHUMX BMOIPKOBO [AerpagysaTtu
KOMMOHEHTU KMiTUHHUX CTiHOK abo membpaH, 3abes-
Nneyyodnm BUCOKUA pPiBEHb CEMEKTMBHOCTI Ta MiHiMi-
3aLil0 MexaHivyHoro ctpecy [29]. BctaHoBneHo, Wwo npu
npaBunbHOMYy [[060pi PepMeHTIB pPYMHYIOTbCA nuLle
HeOoOXiOHI CTPYKTYPHi enemeHTW, ToAdi SK BHYTPILUHbLO-
KMITUHHI BINKM Ta iHWIi UiNnboBi KOMMOHEHTU 3anuLia-
I0TbCS1 B YMOBaX, 6rn3bknx 40 hi3ionoriyHmx, Lo 3HKYE
pU3MK iX 4acTKoOBOI AeHaTypauii abo dyHKUioHanbHOT
BTpatu. OgHaK OOHMM i3 OCHOBHMX OOMEXeHb € MOTEH-
LiHe MoTpanmnsHHA 3anuLLIKoBUX (hepMeHTIB abo IXHMX
NPOAYKTIB Yy KIHLEBUIN EKCTPAKT, L0 MOXe YCKNafHioBaTu
OYMLLIEHHS1, CTBOPOBATU (DOHOBY aKTMBHICTb Ta BMNMBATK
Ha cTabinbHicTb GinkiB, ocobnueo y npouecax biodapma-
LeBTUYHOI nigrotoBku [29]. ToMmy bepMeHTaTUBHI MeToau
noTpebyoTb PETENBbHOrO KOHTPOMK YMCTOTU Ta gopar-
KOBWX eTaniB BUAANEHHS PEPMEHTHUX AOMILLIOK.

XiMiyHUU ni3uc i3 BWKOPUCTAHHAM [ETEpreHTiB,
NYXXHUX PO34MHIB abo iHWKX comnbini3ytounx areHTiB
3abe3neyye MakcnmarnbHO e(PEKTUBHE MOPYLIEHHS] MeMO-
pPaHHMX CTPYKTYp Ta BUBINbHEHHS BHYTPILUHBOKMITUHHNX
komnoHeHTiB [93]. MNepeBaroto UBOro NiAXo4y € BUCOKa
WBKUAOKICTE Ta MOXIMBICTb OOEpXKaHHSA  KOMIMMEKCHOT
cymiLli BinkiB, ninigis, HyKNeiHOBUX KUCMOT i MeTaboniTis
6e3 noTpebu y 3Ha4HOMy MexaHi4yHoMYy BnnvBi. BogHovac
BUKOPUCTaHHS XiMIYHMX peareHTiB NoB’si3aHe 3 pU3UKOM

formation of local «hot spots» and free radicals capable
of oxidizing or modifying thermolabile components [89,
90, 91]. In particular, proteins and peptides with unstable
domains, as well as some vitamins that are easily oxidized,
show a decrease in functional activity when exposed
to excessive ultrasound. Thus, cavitation lysis requires
precise control of parameters to achieve a balance
between effective cell destruction and minimization
of damage to biomolecules.

Cryogenic lysis, which involves the grinding of tissues
or cells at ultra-low temperatures, in particular using liquid
nitrogen or media at a temperature of -80 °C, ensures the
maximum possible preservation of sensitive structural and
functional components. Low temperatures significantly
reduce the activity of endogenous proteases, lipases, and
nucleases, thereby minimizing uncontrolled autolysis and
degradation of proteins, enzymes, exosomes, and other
nanoscale structures [92]. This approach is particularly
relevant in cases where it is necessary to ensure the
integrity of highly conformational proteins, membrane
receptors, signaling complexes, or volatile aromatic
components. Research on the example of spices show
that cryogenic grinding preserves volatile aromatic
compounds, while microalgae extraction confirms the
preservation of biologically active molecules in cryogenic
extracts [92]. This is what makes the cryogenic approach
one of the most gentle methods in cases where the final
product must retain its natural bioactivity and structure.

Enzymatic lysis is based on the use of enzymes
capable of selectively degrading components of cell walls
or membranes, ensuring a high level of selectivity and
minimizing mechanical stress [29]. It has been established
that with the correct selection of enzymes, only the
necessary structural elements are destroyed, while
intracellular proteins and other target components remain
in conditions close to physiological, which reduces the risk
of their partial denaturation or functional loss. However,
one of the main limitations is the potential entry of residual
enzymes or their products into the final extract, which can
complicate purification, create background activity, and
affect protein stability, especially in biopharmaceutical
preparation processes [29]. Therefore, enzymatic
methods require careful control of purity and additional
steps to remove enzyme impurities.

Chemical lysis using detergents, alkaline solutions,
or other solubilizing agents provides the most effective
disruption of membrane structures and release
of intracellular components [93]. The advantage of this
approach is its high speed and the ability to obtain
a complex mixture of proteins, lipids, nucleic acids, and
metabolites without the need for significant mechanical
impact. At the same time, the use of chemical reagents
is associated with the risk of residual concentrations
that may be toxic or capable of causing structural
modifications of sensitive molecules. For example,
it has been established that anionic detergents can
activate fibroblasts or induce an inflammatory response
in vivo if they are not sufficiently removed from the
final matrix [94]. This necessitates multistage washing,
dialysis, or other detoxification procedures to ensure the
safety and biological neutrality of the product.
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NMPUCYTHOCTI 3aNULLKOBUX KOHLIEHTPALN, SKi MOXYTb ByTi
TOKCUYHUMK abo 34aTHI CNPUYMHATW CTPYKTYPHI Moau-
ikauii yyTnuemMx Morekyn. Hanpuknag, BCTaHOBMEHO,
O aHIiOHHI [eTepreHTn MOXyTb akTuByBaTu ibpo0s-
nactu abo iHAyKyBaTW 3ananbHy BiOMOBiAb in Vivo npuv
HefgoCTaTHLOMY X BMAANEHHI 3 KiHUeBOi matpuui [94].

Lle 3ymoBnioe HeobxigHiCTb

GaraTtoeTanHoro npomu-

BaHHS, Aianidy abo iHWuX npouenyp AeToKcuKauii ans
3abesneyeHHs ©e3neyHocTi Ta GionoridyHoi HenTparnb-

HOCTi MPOAYKTY.

Tabnuus 3. MNopiBHANbHA XapakTepucTka MeToAiB Mi3ncy KNiTWH Ta iX BNNMBY Ha AKICHUIA CKrag eKCTpakTy
Table 3. Comparative characteristics of cell lysis methods and their impact on the qualitative composition of the extract

TexHormoris nisucy
Lysis technology

OuikyBaHWI BB Ha CKNaf eKCTPaKTy
Expected impact on the composition of the extract

MexaHiyHi meTOOM  (romoreHi-
3auia nig Tuckom, bead milling
TOLLO)

Mechanical methods (pressure
homogenization, bead milling,
etc.)

3abesnevyloTb BUCOKY eMEKTUBHICTb PyMHYBaHHSA KMiTWH, MPOTEe CYNPOBOMKYIOTLCS 3HAYHWUM
3CYBHVM HaBaHTaXXEHHSAM | NTOKarnbH1M NeperpiBom, Lo MiABULLYE PU3VK AeHaTypaLlii 6inkiB Ta aktu-
Baujil npoTeonisy. YHacnigok iIHTEeHCMBHOIO MEXaHI4YHOrO BNVBY B OAEPXaHOMY €KCTpaKTi 3a3Buyan
MICTUTBCSI BEMNVIKA KiNbKICTb KMITUHHOMO AETPUTY, HYKNEIHOBMUX KUCMOT i MemMBpaHHUX dparmMeHTiB,
LLIO MOXe YCKITafHI0BaT! NOAAnbLUI €Tany OYMLLEHHS Ta BMNVBATW Ha SKICTb KiIHLEEBOrO BionpoayKTy.

Provide high efficiency of cell disruption; however, they are accompanied by significant shear
stress and local overheating, which increases the risk of protein denaturation and activation
of proteolysis. As a result of intensive mechanical impact, the obtained extract usually contains
a large amount of cell debris, nucleic acids, and membrane fragments, which may complicate
further purification steps and affect the quality of the final bioproduct.

KagiTauivini meTogn (ynsTpasBsyk,
rigpoavMHaMivHa KaBiTauist)

Cavitation methods (ultrasound,
hydrodynamic cavitation)

KagiTauivHi npouecu nig Yac ynsTpa3ByKOBOMO Y TiApPOAVHAMIYHOMO Mi3NUCy CyNpOBOAXKYTbCS
yTBOpPEeHHsIM Bynbballok, ki nig Yac konancy CTBOPHTL NoKarbHi 30HW NiABULLEHOI TeMnepa-
TYpU Ta reHepyloTb peakTUBHI pagunkanu. 3a HaAMIpHOI IHTEHCMBHOCTI TaKoro BNMBY MOXIUBE
YLWKOMKEHHS TepmonabinbHUX CNonyK, 3okpema BiTaMiHiB, OKpeMUX nenTuais i nonigpeHonbHMX
KOMMOHeHTIB. BogHouac 3a onTuMarnbHO nigibpaHnx pexumis kasiTauii 3abesnevyetbes edek-
TUBHE BWUIYYEHHS MinigiB Ta iHWWX rigpodo6HMX MOneKkyn i3 MiHiManbHOK 3MiHOK TXHbOrO
cknagy, Wo crnpusie 36epexxeHHI0 XxapakTepHOro npodinto XUPHUX KUCIOT y KiIHLEBOMY eKCTPaKTi.

Cavitation processes during ultrasonic or hydrodynamic lysis are accompanied by the formation
of bubbles that, upon collapse, create local zones of elevated temperature and generate reactive
radicals. With excessive intensity of such exposure, damage to thermolabile compounds
is possible, including vitamins, certain peptides, and polyphenolic components. At the same time,
under optimally selected cavitation conditions, efficient extraction of lipids and other hydrophobic
molecules is ensured with minimal alteration of their composition, contributing to preservation
of the characteristic fatty acid profile in the final extract.

KpioreHHu# nisvc  (kpionoapi6-
HEeHHs, Ni3uc npu Temnepatypi
Big —80 °C no -196 °C)

Cryogenic lysis (cryogrinding,
lysis at temperatures from
-80 °C to =196 °C)

MoppibHeHHs, Wo 3ailncHIETLCS 3a TemnepaTypu 6nmabko —80 °C abo 3 BUKOPUCTAHHAM PigKkoro
asory, 3abe3nedye MiHiMi3aLlito TEMMOBOro N OKCUAATUBHOTO YLIKOMKEHHst Biomonekyn. 3HayHO
KpaLle 36epiraoTbest NeTki Ta TepMonabinbHi KOMMOHEHTU, @ TakoX CTPYKTYpPHI Binku 1 nentuaum,
YyTnMBI 0O Aii TeMnepaTypy Ta akTUBHOCTI hepmeHTiB. Hu3bka Temnepartypa iCTOTHO NpUrHiyye
pobOoTy eHOoreHHUX NpoTeas, Lo 3MeHLUYe Aerpagaito ek30CoM Ta PepMeHTIB i cnpusie oTpu-
MaHHIO EKCTPaKTY 3 BiNbLLOK 36epEXEHICTIO PYHKLIIOHANBHO BaXMMBUX KOMMOHEHTIB.

Grinding performed at temperatures around -80 °C or using liquid nitrogen ensures minimization
of thermal and oxidative damage to biomolecules. Volatile and thermolabile components, as well
as structural proteins and peptides sensitive to temperature and enzymatic activity, are preserved
much better. Low temperature significantly suppresses the activity of endogenous proteases,
which reduces degradation of exosomes and enzymes and contributes to obtaining an extract
with greater preservation of functionally important components.

depMeHTaTMBHUIA Ni3NC

Enzymatic lysis

XapakTepuayeTbCsl BUCOKOK CENEKTUBHICTIO, OCKINbKM Aa€ 3MOry LinecnpsMoBaHO pynHyBaTu
KNITUHHY CTiHKY abo MembpaHy npu MiHiManbHOMY MeXaHiYHOMY HaBaHTaXEHHi. 3MEHLUYETbCA
PU3NK MEXaHIYHOTO YLLKOIXXEHHS BinkiB Ta iHLLIMX CTPYKTYPHO YyTNMBUX KOMMNOHEHTIB. BogHovyac
3aCTOCYBaHHS Mi3UCHUX (hEPMEHTIB 3yMOBIIOE T€, WO Y CKIadi OTPMMAHOro eKCTPaKTy MOXYTb
3anuwartucsa cami hepMeHTU Ym iXHi AOMILKKM, WO NOTEHLUIHO BMAMBAaE Ha nogarnblli eTanu
aHaniTmyHoro gocnigkeHHs abo oumnLeHHst Giomonekyr.

Itis characterized by high selectivity, as it enables targeted disruption of the cell wall or membrane
with minimal mechanical stress. The risk of mechanical damage to proteins and other structurally
sensitive components is reduced. At the same time, the use of lytic enzymes results in the possibility
that the enzymes themselves or their impurities may remain in the obtained extract, which can
potentially affect subsequent stages of analytical investigation or purification of biomolecules.

Ornspg nitepatypu

142 Literature review



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 122-151
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):122-151

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

lpodoexeHHs1 mabnuui 3 / Continuation of Table 3

XimMiyHuA  nisuc
nyru, contobinisatopu)

Chemical lysis
alkalis, solubilizers)

(detergents,

(netepreHTn, | 3abe3nevye eheKTUBHE pyiHYBaHHS KIITUHHUX MeMBpaH i 03BOSSIE LWBUAKO BUBINbHUTM LUIMPOKWUIA
CMEKTP BHYTPILLUHBOKIITUHHMX KOMMOHEHTIB. MpoTe 3acTocyBaHHSA CUMbHUX MYXXHWUX areHTiB abo
[OeTepreHTiB MOXe NPU3BOAUTM [0 MOBHOI AeHaTypalii GinkiB, WO iCTOTHO 3HWDKYE iIXHIO DYHKL-
OHanbHy UiHHICTb. [ooaTkoBOK MPOGemMold € MOXIMBE 30EpEeXeHHs 3amnuLLKOBUX peareHTiB
y MaTtpuui eKCTpakTy: AETEpreHTU Ta iHWi XiMi4Hi CMOoMyKu HEepiAKo BUSIBNAIOTLCA TOKCUHMHUMM
ONst KNiTWH, 3gaTHAMKU MoaudikyBaTy MOBEPXHIO BiomaTepiany, 3MiHIOBaTV akTUBHICTb (hepMeHTiB
i BNMMBaTW Ha IMYHOrEeHHICTb, L0 YCKIaAHIE nodarblle BUKOPUCTAHHS OTPUMaHOro GionpoayKTy.

Ensures effective disruption of cell membranes and allows rapid release of a wide range
of intracellular components. However, the use of strong alkaline agents or detergents may lead
to complete protein denaturation, significantly reducing their functional value. An additional problem
is the possible retention of residual reagents in the extract matrix: detergents and other chemical
compounds are often toxic to cells, capable of modifying the surface of biomaterials, altering enzyme
activity, and affecting immunogenicity, which complicates further use of the obtained bioproduct.

3aranom npoBeaeHnn aHania cBigunTb, LLO BUGIp MmeToay
nisncy € BM3HaYarnbHUM YMHHUKOM (POPMYBaHHS MOIEKY-
NAPHOTO MPOMINI0 KPIOEKCTPaKTIB, OCKIMbKMA KOXEH Niaxif,
Mo-pi3HOMY BrNMBa€E Ha 36epexeHiCTb CTPYKTYPHUX Birnkis,
depMeHTIB, MeMOpaHHNX KOMMOHEHTIB, ninigie, nenTuais
Ta HW3bKOMOMEKYNAPHUX MeTaboniTiB. MexaHiyHi i kaBi-
TaUinHi TexHonorii 3abe3nedvyroTb BUCOKWIA BuXig Giomate-
piany, NpoTe CynpOBOMXYHTECA PU3NKaMU TEPMOMEXaHIY-
HOTO YLUKODKEHHS Ta reHepallii 3Ha4HOI KifTlbKOCTi JOMILLIOK.
PepmeHTaTVBHI Ta XiMiYHI METOAM AatoTb 3MOry npaLoBaTi
3a M'SIKILLMX YMOB, arne noTpedyoTb PeTeNnbHOr0 KOHTPOSI
nomiwok depMeHTiB abo 3anuvLLIKOBUX peareHTiB. Hato-
MICTb KPIOFEHHWI Mi3NC NPOAEMOHCTPYBaB HawbinbLL crpu-
SATAMBUIA NpodPinb Woao 36epesxeHHs 6ionoriyHO akTUBHMX
KOMMOHEHTIB, MiHimi3aLii aBToni3y Ta cTabinbHOCTI HATUBHOT
CTPYKTYPU MOReKyr, WO pobuTb MOro ontuMarnbsHUM Bapi-
aHTOM Ansl OTPUMaHHS BUCOKOSIKICHUX KPIOEKCTPaKTIB.

3 noawuui ctaHaapTusadii BUpoOHMLITBaA nepeBara Kpio-
reHHOro MeTofdy Monsrae B MOro 34aTHOCTI BiATBOPHOBAHO
dopmyBaTK CTabiINbHUIA Ta NPOrHO30BaHWUI CKINa EKCTPaKTY,
MiHiMi3ytoun BapiabenbHiCTb MK cepiaMmn Ta 3abeanevyoun
BMCOKY BIANOBIAHICTE A0 BUMOr OBiOaKTMBHOCTI, YMCTOTU
11 6e3neYHOCTi. [HLLi TeXHOMOTIT Ni3ncy MOXyTb 3aCTOCOBYBa-
TUca onsi cneumdivyHUX 3aBaaHb, NpoTe NoTpebyroT AoaaT-
KOBMX eTaniB ONTMMI3auil Ta KOHTPOSO, 30Kpema Lioao
[OMILLOK, LinicHOCTI GinkiB Ta perynsuii OKMCHUX NPOLIECIB.
TakMM 4YMHOM, BCTAHOBIEHI 3aKOHOMIPHOCTI niaTBEp-
DKyKOTb, IO KPIOreHHWM nigxig € HaninepcrneKkTUBHILLMM
3 nornsgy OTPUMaHHS CTaH4apTu3oBaHMX GionpenapariB
i3 BUCOKMM piBHEM BiONOriYHOT aKTUBHOCTI.

BUCHOBKH

CyyacHi meToam ni3ncy KNiTWH Ta KPIOreHHi TeXHororii
3a0e3neyvytoTb BUCOKOE(EKTVBHE BUBINIbHEHHSI BHYTPILL-
HBbOKITITUHHMX KOMMOHEHTIB i3 30epexkeHHsM ix GionoridHoi
aKTMBHOCTI. MexaHi3Mu KpionoLLKOAKEHHA — ¢ha3oBi nepe-
X04mn ninigiB, OCMOTUYHI Ta MeXaHiyHi 3MiHU — OOPMYHOTb
YMOBM [Ansi OTPUMAHHSI CTAHOAPTU30BAHUX TKAHWMHHMX
KpioekCTpakTiB. Taki eKCTpakTU MICTATb LUMPOKUMA CNEKTP
€HO0reHHUX PEerynsTopHMX MOMEeKyI, 34aTHUX MoZyrtoBaTu
penapaTtuBHi, iIMyHOIOrYHI Ta LMTONPOTEKTOPHI NPOLECH.

CvcteMHUIA aHami3a MexaHiuHMX, GI3NYHUX, XIMIYHKX,
depMeHTATMBHUX | MIKPOOMnoigHMX —cTpaTerin  nisucy
nokasye HeOOXiAHICTb IXHBOro TOYHOTO MiABOPY 3anNexHO BiA
TUMY TKaHVHW Ta YyTAMBOCTI LiNboBUX Monekyn. MNoegHaHHs
Pi3HMX TEXHOMOrYHMX MigxoaiB 3abe3nedye onTMManbHUN

In general, the analysis shows that the choice of lysis
method is a determining factor in the formation of the
molecular profile of cryoextracts, since each approach has
a different effect on the preservation of structural proteins,
enzymes, membrane components, lipids, peptides,
and low-molecular-weight metabolites. Mechanical and
cavitation technologies provide a high yield of biomaterial,
but are accompanied by risks of thermomechanical damage
and the generation of a significant amount of impuirities.

Enzymatic and chemical methods allow for milder
conditions, but require careful control of enzyme
impurities or residual reagents. Cryogenic lysis, on the
other hand, has demonstrated the most favorable profile
in terms of preserving biologically active components,
minimizing autolysis, and maintaining the stability of the
native structure of molecules, making it the optimal option
for obtaining high-quality cryoextracts.

From the standpoint of production standardization,
the advantage of the cryogenic method lies in its ability
to reproducibly form a stable and predictable extract
composition, minimizing variability between batches and
ensuring high compliance with bioactivity, purity, and
safety requirements. Other lysis technologies can be used
for specific tasks, but require additional optimization and
control steps, particularly with regard to impurities, protein
integrity, and oxidation control. Thus, the established
patterns confirm that the cryogenic approach is the most
promising in terms of obtaining standardized biological
products with a high level of biological activity.

CONCLUSIONS

Modern methods of cell lysis and cryogenic
technologies ensure highly efficient release of intracellular
components while preserving their biological activity.
Cryodamage mechanisms — phase transitions of lipids,
osmotic and mechanical changes — form conditions for
obtaining standardized tissue cryoextracts. Such extracts
contain a wide range of endogenous regulatory molecules
capable of modulating reparative, immunological, and
cytoprotective processes.

A systematic analysis of mechanical, physical,
chemical, enzymatic, and microfluidic lysis strategies
shows the need for their careful selection depending on the
tissue type and sensitivity of the target molecules. The
combination of different technological approaches provides
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GanaHc MK edeKTVBHICTIO pyWHyBaHHA MeMbpaHu
Ta 30epexeHHsIM HaTMBHOI CTPYKTYpu GiomMakpomoriekyr,
LLIO € KPUTUYHO BaXKINMBUM ANt POpMyBaHHS BUCOKOSKICHUX
TepaneBTUYHNX BEe3KMITUHHNX NPOAYKTIB.

[MOpIBHAHHA KPIOEKCTPaKTiB, CEKpPeToOMy Ta iHLMX
OeskMiTMHHKMX  npenapaTiB  OEMOHCTPYE  MepCnekTuB-
HICTb iXHBOrO BWKOPUCTaHHHA Yy pereHepatuBHii Meau-
UMHI sik 6e3neyHoi Ta cTaHOapTU30BaHOI anbTepHaTUBU
KNiTUHHIA Tepanii. BioakTVBHI Monekynu uUMx npenaparis
30aTHi KOMMNIEKCHO BMMMBATU Ha 3anarieHHsl, aHrioreHes,
peMofentoBaHHA TKaHWH Ta BiAHOBMNEHHS byHKUii micns
yLikomkeHHs. MoganbLui ocnigpKeHHA MatoTb OyTy cnpsi-
MOBaHi Ha CTaH4APTU3aLil0 METOAIB OTPUMAHHS, KOHTPOMb
cKkriagy v OuiHKY JOBrOCTPOKOBOI €(PEeKTUBHOCTI.

MeTon nisucy € BuM3HaYanbHUM YWMHHUKOM OOpPMY-
BaHHSI MOSEKYNSPHOI KOMMO3uLii Ta GionoriyHoi akTme-

HOCTi KpioekcTpakTiB. MexaHiyHi 1 KaBiTauiliHi TexHonorii
3abesnevyloTb BMCOKUWA BUXid, ane CynpOBOOAXKYHTbCS
pY3MKaMyM TEPMOMEXAHIYHOrO YLUKOMKEHHSA Ta Hako-
NMUYEHHs OoMmioK. depMeHTaTuBHI Ta XiMiuHIi mMeTogm
€ CENeKTUBHWMM, NpoTe MOTPEDOYTb KOHTPOM0 3anuil-
KOBMX peareHTiB i bepMeHTiB, HaTOMICTb KPIOreHHWUI Ni3nc
3abesnevye Halkpalle 36epexeHHs HaTUBHOI CTPYKTYpW,
MiHiMi3aLjito eHOoreHHOT Aerpagadii i BUCOKY CTabinbHICTb
KOMMOHEHTIB, L0 pobuTb MOro HanbinbLL NPUAATHUM Ans
OTPUMAHHS CTaH4APTU30BaHMX BUCOKOSIKICHUX KPIOEKCTP-
aKTiB i3 BigTBOPOBAHUMM BiONOriYHNUMN BNAacTUBOCTSIMM.
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an optimal balance between the efficiency of membrane
destruction and the preservation of the native structure
of biomacromolecules, which is critical for the formation
of high-quality cell-free therapeutic products.

A comparison of cryoextracts, secretions, and other
cell-free preparations demonstrates their promise
in regenerative medicine as a safe and standardized
alternative to cell therapy. The bioactive molecules
of these preparations are capable of comprehensively
affecting inflammation, angiogenesis, tissue remodeling,
and restoration of function after damage. Further research
should be aimed at standardizing methods of obtaining,
controlling the composition, and evaluating long-term
effectiveness.

The lysis method is a determining factor in the
formation of the molecular composition and biological
activity of cryoextracts. Mechanical and cavitation
technologies provide high yield but are accompanied
by risks of thermomechanical damage and accumulation
of impurities. Enzymatic and chemical methods are
selective, but require control of residual reagents
and enzymes, while cryogenic lysis provides the best
preservation of the native structure, minimization
of endogenous degradation, and high stability
of components, making it most suitable for obtaining
standardized highquality cryoextracts with reproducible
biological properties
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OBMEXEHHA AOCAIAXKEHHSA

ABTOpU pyKOMMCY CBIAOMO 3acCBiAYyOTb, LLO OOMEXEHHS LibOro
ornsay 3yMOBMeHi sik NonepeaHbo OKPeCNeHUMU pamMmkaMmn Tema-
TUKW, YacoBUX NepIioAiB i TUMIB JOCNIMKEHb, TaK i AOCTYMNHICTIO
mxepen. MNowykosa cTparteris oxonntosana PubMed, Clinical Key
Elsevier, Cochrane Library, eBook Business Collection Ta Google
Scholar i3 BM3HauyeHMMK gatamu iHgekcauii. BknroyeHi po6otu
Bigpi3HANNCS 3a AM3aiHOM | METOLOMONIYHOO SIKICTIO; Y YaCTUHU
OOCMifKeHb PU3MK ynepemxeHocTi ByB MiaBULLEHWUM, a MiXOo-
cnigHWLbKa BapiabenbHICTb NOKa3HWKIB 3anuanacs iCTOTHOLo,
O 3HWXYE BHYTPILIHIO BamigHICTb CyKYMHUX OLLIHOK i oBmexye
y3aranbHIOBaHICTb BWCHOBKIB Ha iHWI nonynsAuii Ta KniHivHi
KOHTEKCTW. [INA 3MeHLUEHHS 3a3Ha4YeHuX BMMVBIB 3aCTOCOBAHO
He3anexHui NoaBiHUIA BiABIP Ta BUNYYEHHS AaHWX, PO3LLUMPEHI
KOMOGiHaLii KNo4YoBMX CHiB i NOriYHUX onepaTopiB.

MepcnekTMBU NOAQABLLUMX AOCAIAXEHD

[MopanbLui AocnigXeHHs MaloTb OyTU CNPSIMOBaHI Ha YTOYHEHHS
MOMNEKYNSIPHUX MEXaHi3MiB KPIOreHHOro YLLKOAXKEHHS MeMbpaH
Ta IXHbOrO BMMUBY Ha BUBINIbHEHHS PErynsiTOpHUX MOMEeKyr.
[MoTpebye po3BuTKY CTaHgapTU3auiss MNPOTOKOMIB KpioreHHoro
ni3ncy " OTPMMaHHS KPIOEKCTPaKTIB i3 NPOrHO30BaHUM CKNagoM
Ta cTabinbHO Gi0AKTMBHICTIO. BaXXnMBUM € MOPIBHAHHS Pi3HMX
TEeXHOMNorin nisucy woao 30epexeHHs nentuaiB i NinigHux
CUrHanbHUX MOMEKYI, a TakoX ONTUMi3aLlis napamMeTpiB 3amopo-
XyBaHHS. [epcnekTMBHYM HaNPSIMKOM 3ar1LLAETbCA CTBOPEHHS
METOAIB KOHTPOIIO SIKOCTI Ta OUiHKa TepaneBTUYHOI edeKTuB-
HOCTi GE3KNITUHHMX KPIOKOHCEPBOBAHMX MPOAYKTIB HA MOAENsX
TKaHWHHOI penapaulii.

KoHAIKT iHTepecis

Bci aBTOpM noganu o pedakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHpNIKTY iHTepeciB MixHapoaHoOro KOmiTeTy pedak-
TopiB MeguyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigoMo 3acBia-
YylOTb BIACYTHICTb (PaKTUYHOrO abo MOTEHUIVHOrO KOHMMIKTY
iHTepeciB Woao pe3ynbTaTiB Liei poboTu 3 dapmaLeBTUHHUMU
KOMMaHisiMy, BUPOBHMKaMKU BioMeandHUX MPUCTPOIB, iHWKMMMK
opraHisauismu, 4ui NpoAyKTU, nocnyru, diHaHcoBa MiATPUMKa
MOXyTb ByTV noB’si3aHi 3 npeaMeToM HafaHux maTepianis abo
AKi COHCcopyBanv NpoBeAeHi AOCIKEHHS.
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Limitations of the study

The authors of the manuscript consciously acknowledge that the
limitations of this review are determined both by the previously
defined scope of topics, time periods, and types of studies, as well
as by the availability of sources. The search strategy covered
PubMed, Clinical Key Elsevier, the Cochrane Library, the eBook
Business Collection, and Google Scholar with specified indexing
dates. The included works varied in design and methodological
quality; in some studies, the risk of bias was elevated, and
substantial inter-study variability of indicators persisted, which
reduces the internal validity of the aggregated assessments and
limits the generalizability of the conclusions to other populations
and clinical contexts. To mitigate these influences, independent
double screening and data extraction were applied, along with
expanded combinations of keywords and logical operators.

Prospects for further research

Further studies should be directed toward clarifying the molecular
mechanisms of cryogenic membrane damage and their impact
on the release of regulatory molecules. The standardization
of cryogenic lysis protocols and the production of cryoextracts
with predictable composition and stable bioactivity requires
further development. It is important to compare different lysis
technologies regarding the preservation of peptides and lipid
signaling molecules, as well as to optimize freezing parameters.
A promising direction remains the development of quality-control
methods and the evaluation of the therapeutic efficacy of cell-
free cryopreserved products in tissue-repair models.
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AOTPUMOHHS €TUMHUX HOPM

ABTOpU pyKOMMCY CBIAOMO 3acBiAyyloTb, IO MiAFOTOBKA PyKO-
nucy 3aificHioBanachk BUKMOYHO Ha OCHOBI BigKpUTO ony6ni-
KOBaHVX HaykoBuX mxepen. Y poboTi He BMKOPMCTOBYBanucb
nepcoHidikoBaHi  AaHi  nmauieHTiB, pesynstatM  MepBUHHUX
KNiHIYHMX a0 AOKMIHIYHUX JochigXeHb. Y 3B’sI3Ky 3 LUM OTpu-
MaHHsi CXBaneHHs KOMicii 3 nuTaHb GiOeTMKM He BMMaranochb.
[ocnimpkeHHs BUKOHaHe 3 OOTPUMAHHSAM MPUHUMMIB HamnexHoi
HayKOBOI MpaKkTWUKW Ta BIAMOBIAHO A0 MiIKHAPOOHWUX ETUYHMX
cTaHfdapTiB, 3okpema pekomeHAauin Komitety 3 nybnikauiiHoi
etukn « COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpPM pyKOMUCYy CBIAOMO 3acBig4vyloTb, LUO Y MPOLECi npoBe-
[EHHS JOCMiAXKEHHS Ta NiATOTOBKM LIbOro PyKOMUCY He BUKOPUCTO-
BYBasM XOOHUX IHCTPYMeHTIB abo CepBiCiB reHepaTUBHOrO LLUTYY-
HOTO iHTENEKTY ANS BUKOHAHHS Oyab-SKUX 3aBAaHb, NeperniyeHnx
y TakcoHoMii generyBaHHs 3aBAaHb reHEpPaTUBHOMY LUTYYHOMY
iHTenekty «GAIDeT» (Generative Attificial Intelligence Delegation
Taxonomy, 2025 p.). Yci eTann poboTn — Big KoHUenTyanisawii
00 biHanbHOro pegaryBaHHs — BUKOHaHi 6e3 3anydeHHs1 reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOPaMK.

MepBUHHI AGHi Ta maTepiaAu

ABTOpPU pyKOnUCy CBIAOMO 3aCBigvyt0Tb, LLO NepPBMHHA MeanYHa
OokymeHTauis (icTopii xBopobu, amBynaTopHi kapTku, MPOTOKONM
obcTexeHb, pesynbTatm nabopaTopHUX Ta iHCTPYMEHTanbHUX
OOCHiMKeHb KOHKPETHMX MauieHTiB) Ta CTaTUCTUYHI 6a3n AaHnx
y poboTi He BUKOPWUCTOBYBanuCH. Yci TBEpOAXKEHHSA Ta y3aranb-
HEHHS MigKpINneHi NOCUNaHHAMM Ha nepLuopkepena, AOCTYMHi
y BigkpuToMy Aoctyni abo 4epe3 HaykoBi 6ibnioTeuHi pecypcu.
[opaTkoBi maTepianu, WO CTOCYHTLCSA NpoLecy Biabopy axepen
un getanisauii MeTofgonorii aHanidy, MoXyTb OyTW HapaHi aBTo-
POM-KOPECMOHAEHTOM 3@ O6r'PyHTOBaHUM 3amnMTOM.

IHdbopmaLis npo cbiHAOHCYBAHHSA

®iHaHcyBaHHA BuaaTkamyn [epxaBHoro Oromxety YKpaiHu.
CratTa € (hparMeHTOM MNMaHOBOI HayKoBO-A4OCHiAHOI poboTu
Kadeapw iHdeKUinHMX XBOpob Ta KniHiYHOI iMyHonorii Xapkis-
CbKOrO HauioHanbHOro yHiBepcuTeTy imeHi B.H. KapasiHa MiHic-
TepcTBa OCBITU i Haykun YKpaiHn «BrvBYeHHS poni iMyHHUX, aBTo-
iMyHHMX Ta meTaboniyHnx po3najiB y natoreHesi Ta Hacnigkax
iHbeKUinHOro npouecy, Wo BUKNMKaHWUN BakTepismu, Bipycamu,
BipycHo-6akTepianbHUMKM acoLjiauisiMy NPy roCcTPOMY, 3aTsBKHOMY
Ta XPOHiYHOMY nepebiry XBopobu Ta yAOCKOHaNEeHHs1 TaKTUKK
nikyBaHHs», HOMep AepxaBHoi peecTpauii 0123U105022,
TepMiH BUKOHaHHA: 2023-2028 pp., KepiBHUK — 3aBigyBayka
Kadeapv iHdeKLinHMX XBOpob Ta KriHi4YHOI iMyHonorii, KaHamaaT
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PE3IOME

AkKTyanbHicTb. JlicTepiod Hanexutb A0 CNiNbHUX ANS Nogen i TBapuH iHAEKLinHMX
3axXBOPIOBaHb, LWO CNpuUYMHAETbC  Listeria  monocytogenes. Mepuko-couianbHe
3HaYeHHs1 NiCTepio3y BU3HAYAETLCA BUCOKOK NeETanbHICTIO XBOPUX Ntodew, 30kpema
BariTHUX i HOBOHAPOMXEHWUX, OCI6 MOXWMOro BiKy i 3 iMyHOAEMILUMTHUMM CTaHaMW.
KoHTponb npobnemu nictepio3y y BeTepuHapii 3yMOBIOE 3HAYHI €KOHOMIYHI BMOATKM
Ha JofaTKoBi 3axoam 6e3neky xap4oBoro naHutora.

Meta po60TK — BUCBITIIUTY Cy4acHWI cTaH nNpobnemu nictepiody B po3pisi KoHUenLil
«EOuHe 300poB’A» 3 Ornsady OUIHIOBAaHHA PU3MKIB YPaXeHHs nogen, NpoaoBONbYOl
6e3neku.

Martepianu Ta Metoam. [lpoBeneHO MOWYK Yy HAyKOMETpUYHMX ©Gasax Scopus,
Web of Science, MEDLINE/PubMed, Google Scholar (1995-2025) 3a TepmiHamu:
«L. monocytogenes», «nicTepio3 NIOANMHW», «eKocucTema nictepiody», «nicTepii
B XapyoBOMY NaHLIOry», «JlicTepii y TBAPUHHMLUTBI», «KOHLUEeNUis «EOMHe 300POB’'si»».
[MpoaHanisoBaHo AepaBHi Ta MiKHAPOAHI AVPEKTUBHI OOKYMEHTW LOAO MiCTepiosy.
BurikopucTaHo aHaniTM4HWA NpUMOM ANst BUSHAYEHHS] MeNKO-BETEPUHAPHOTO 3HAYEHHS
nictepiody, nporpam i cTpareriii 3MeHLLIeHHS Tarapsi npobnemu.

Pe3ynbratn. CnocrepiraetbCsi TEHAEHUIA OO0 3pOCTaHHS MNOLUMPEHOCTI MicTepiosy,
PO3LUMPEHHS CMNEeKTPa YMHHWKIB TBAPUHHOIO i POCIIMHHOTO MOXOMKEHHSA nepedadi naTo-
reHa Ao nofen, Wo BuMmarae HeobxifgHOCTi MOCUIIEHHS KOHTPOMO CUPOBWMHU | MPOJYKTIB
XapyyBaHHS. |HTeHcudikauis Mikaep)KaBHOI TOpriBMi, Hey3rodXXeHICTb perrameHTIB
KOHTpOIto 6e3ne4HOCTi Xap4oBKX NPOAYKTIB Y Pi3HMX AepxkaBax 36inbLUye PU3NKN BUHKK-
HEHHS enigeMiyHuX ycknagHeHb, 3ymMoBreHux L. monocytogenes. BiocyTHiCTb BakumHM
ans niogen obmexye npodinakTuky nictepiody. MpoBigHOK NaHKo BMAMMBY Ha enige-
MiYHUIA Npouec nicTepiody € npogoBonbya 6esneka i MiHiMi3aUis pu3nKiB 3apakeHHs
nogen. MixcektopanbHa B3aemogis noTpebye ctaHaapTu3allii Ha AepXaBHOMY i MibKHa-
POAHOMY PIBHSAX, YAOCKOHANEHHS1 HOPMAaTUBHUX JOKYMEHTIB LLOAO OLHIOBAHHSI pU3MKIB
MDKOEPXaBHOro NOLUMPEHHS, 3AiNCHEeHHS po3cnifyBaHb cnanaxis Ta pearyBaHHs Ha HUX.
BucHoBku. OnTumisauis KOHTPOMO NPOAOBOMBYOI OE3MeKN | 3HKEHHS Taraps nicTe-
pio3dy 3 nosuuin KoHuenuii «EauHe 300poB’A» MOTPebYTh Y3rofXXeHHS AepXaBHUX
i MDXHapOAHWUX AVPEKTUBHUX JOKYMEHTIB, CTBOPEHHS BaKLVH.
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ABSTRACT

Background. Listeriosis belongs to infectious disease common to humans and animals,
caused by Listeria monocytogenes. The medical and social significance of listeriosis
is determined by its high mortality rate in affected people, including pregnant women
and newborns, the elderly, and persons with immunodeficiencies. Controlling listeriosis
in veterinary medicine leads to significant economic costs for implementing additional
food chain safety measures.

Purpose — the aim of the work is to highlight the current state of the listeriosis problem
in the context of the «One Health» concept with regard to risk assessment for human
infection and food safety.

Materials and methods. A literature search was conducted in the scient metric
databases Scopus, Web of Science, MEDLINE/PubMed, Google Scholar (1995-2025)
using the terms: «L. monocytogenes», «human listeriosis», «listeriosis ecosystemy,
«Listeria in the food chain», «Listeria in livestock», «One Health concept». National
and international regulatory documents on listeriosis were analyzed. Analytical methods
were used to determine the medical and veterinary significance of listeriosis, as well
as programs and strategies to reduce the disease burden.

Results. There is a growing trend in the prevalence of listeriosis, and expansion in the
range of animal- and plant-derived agents of pathogen transmission to humans, requiring
strengthened control over raw materials and food products. Intensification of international
trade and inconsistency of food safety regulations among countries increase the risk
of epidemics caused by L. monocytogenes. The absence of a human vaccine limits
the prevention of listeriosis. The key factors influencing the listeriosis epidemic process
are food security and minimizing human infection risks. Cross-sectoral collaboration
requires standardization at national and international levels, improvement of regulatory
documents for risk on assessment for transboundary spread, and implementation
of outbreak investigations and response mechanisms.

Conclusions. Optimization of food safety control and reduction of the listeriosis burden
from positions of the «One Health» concept require harmonization of national and
international regulation documents and vaccine development.

Vynograd NO, Stybel VV, Vasylyshyn ZP, Kozak LP. Listeriosis as a problem in the context of the «One Health»
concept. The Journal of V. N. Karazin Kharkiv National University. Series Medicine. 2026; 34(1(58):152-166.

DOI: https://doi.org/10.26565/2313-6693-2026-58-10

BCTYN

Jlictepio3 — canpo300aHTPONOHO3HE IH(EKLIIHE 3aXBO-
PIOBaHHS i3 MHOXWHHMMMK MexaHisaMamu nepegadi 30ya-
HUKa, fKe CnpuuuHsaloTb Listeria monocytogenes, 3pigka
y nogen — L. grayi, y TBapuH — L. ivanovii, WwWo MaHice-
CTyE MOMNIMOPMHNMM KNIHIYHUMW NPOSIBaMU 3 YpaXeH-
HAMW LieHTpanbHoi HepBoBoi cuctemun (LIHC), possutkom
cencucy. 3a BU3Ha4eHHsM BcecBiTHBOI opraHisaLii OXopoHU
3popoB’a (BOO3), € ogHWMM 3 HaraKTyanbHILLIMX KULLKOBMX
3axBOpIOBaHb Y Ui rpyni y 3B’s13Ky 3 BUCOKUMMW MOKa3HU-
KamMu netanbHOCTI Npy iHBa3nBHUX hopmax nictepiosy [1].

Listeria monocytogenes, L. grayi Ta L. ivanovii Hane-
Xatb o niarpynu Listeria sensu stricto. Lle rpamnosu-
TUBHI aCnopOreHHi BHYTPILUHBbOKITITUHHI Mann4yKonoAioHi
bakTepii, akynstatuBHi aHaepobu [2]. AHTUreHHa
CTPYKTypa npeacTaBneHa [JKryTUKOBMMM | coMaTuy-
HUMMW aHTUreHamu, Ha niacTasi Yoro BugineHo 14 cepo-
Tmnie [3]. CyyacHa knacudikauig 3a MOneKynspHo-
rEHETUYHMMMN XapakTepucTukammn ob’efgHye nicTepii umx
CepoTUNiB y YOTUPW €BOIIOLINHI NiHii Ta M'ATb reHETUYHNX
rpyn: lla (ceposapwu 1/2a i 3a), llb (ceposapu 1/2b i 3b),

INTRODUCTION

Listeriosis is a sapro-zoo-anthroponotic infectious
disease with multiple mechanisms of pathogen
transmission, caused by Listeria monocytogenes, and
less frequently by L. grayi in humans, and L. ivanovii
in animals. It manifests with polymorphic clinical features
involving the central nervous system (CNS) and the
development of sepsis. According to the World Health
Organization (WHO), it is the most relevant intestinal
diseases due to the high mortality rate of invasive forms
of listeriosis [1].

Listeria monocytogenes, L. grayi, and L. ivanovii
belong to the Listeria sensu stricto subgroup. These
are gram-positive, non-spore-forming rod-shaped,
intracellular bacteria, facultative anaerobes [2]. Their
antigenic structure includes flagellar and somatic antigens,
forming 14 serotypes [3]. Modern molecular-genetic
classification groups them into four evolutionary lineages
and five genetic groups: lla (serovars 1/2a and 3a),
Ilb (serovars 1/2b and 3b), lic (serovars 1/2c and 3c),
IVb (serovars 4b, 4d and 4e) and L (other serovars).
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llc (ceposapu 1/2c i 3c), IVb (ceposapu 4b, 4d i 4e)
Ta L (iHwi cepoapwu). [logatkoBo 3a gonomoroto Gara-
TOMNOKYCHOIO CEKBEHYBaHHS BUAINEHO KroHasnbHi KoMM-
nexkcn (CC) ta tunm nocnigosHocTen (ST) [4]. Yotupm
knoHn: CC1, CC2, CC4 ta CC6, — 3a3BMyal BUKMKAOTb
cnopagnyHuin abo cnanaxoBuii NICTEpio3 y 3aranbHin
nonynsuii, a CC9 ta CC121 — nepeBaxHO CNPUYMHSIOTb
3aXBOPIOBaHHS B iMyHOAediUMTHMX OCib y pasi cnoxu-
BaHHS HMMW KOHTaMiHoBaHOI Tki [5]. Y Bunagkax iHdi-
KyBaHHSA nogen 3aebinblie 3ycTpivalTbCa reHorpynu
IVb, lla Ta Ilb, aki cnpununHsaTe 90—-95% BepudikoBaHmX
BMMNagkiB nictepiody, npu upomy cepotun IVb yactiwe
noB’si3aHnI 3 rPyNnoBMMY 3aXBOPHOBaHHAMM [6].

Jlictepism npuTamaHHa BUCOKA PE3UCTEHTHICTb
[0 BMMMBY YMHHWKIB JOBKINMsS. BoHn 36epiratoTb Xutre-
OisanbHiCTb B gianasoHi Big — 1 go + 45°C, 3 onTumymMoMm
pocty + 30-37°C; 3a pH = 4,6-9,4; 0CMOTMYHOroO
rpagieHty — 0,9-0,99; NaCl — < 0,5-12. Y Ton xe 4ac
PO3MHOXEHHS 3yNUHSAETLCS, ane 6e3 3arnbeni Gaktepin,
3a Temnepatypu — 18°C, pH = 3,3—4,2; ocMOTU4HOrO
rpagieHTy < 0,90 i BmicTy NaCl > 20 [7].

BcTtaHoBneHo, o PE3UCTEHTHICTb nicrepin
00 YMHHUKIB OOBKINMS BM3HaAvaeTbca nnasmigamu [8],
a npodhar  MOXyTb  MPUCKOPHOBATM  €BOMIOLI0
L. monocytogenes 3 nepeBarold CrpPOMOXHOCTEN
0O apanTauii Ta BWMXMBaAHHSA UMX 30yOHWKIB Yy CTpe-
coBux ymoBax [9]. Cnig 3a3HaunMTu, WO BipyNEHTHICTb
LwTaMiB CyTTEBO PI3HUTBLCS B 3aNexHOCTi Bif [xepena
X BMAINEHHS i MOXe KOMMBaTKCS B LUMPOKOMY AianasoHi.
[Moka3zaHo, WO BipYNEHTHICTb nicTepii BU3HaYaeTbCsA
nnasmigHum npocpinem [10], oCTaHHIN TakoX 3yMOBIOE
CTiViKicTb 40 aHTUGIOTKKIB | AesiHdekTaHTiB [11, 12].

ExkocuctemHe nolumpeHHs nicTepii B abioTU4HMX
i GioTMYHMX oO’ekTax BM3HAYAETBCA X  CTIVKICTIO
[0 BMIVBY YMHHUKIB cepeaoBuLLa, CNPOMOXHICTIO 36epe-
XKEHHS | HarpoMapKeHHs MiKpoopraHiamy B [OBKiNMi
3 YyTBOPEHHAM 6ionniBoK Ha pi3HOMaHITHUX NpeamMmeTax.
OCHOBHi KOMMOHEHTU €eKOCUCTEMMU FiCTepio3y BKMO-
YyaloTb JOBKINMA sk pesepByap L. monocytogenes, 3Biaku
MIKpOOpPraHiaM MoXe MNOLMPUTUCS A0 No4en UM iHLWKX
6ioTnyHMx BUAIB (puc. 1).

Multilocus sequencing typing identified clonal complexes
(CC) and sequence types (ST) [4]. Four clones, CC1,
CC2, CC4 and CC8, typically cause sporadic or outbreak-
related listeriosis in the general population, while
CC9 and CC121 mainly affect immunocompromised
individuals through contaminated food [5]. Among human
isolates, genogroups IVb, lla and lIb account for 90-95%
of confirmed cases, with Vb frequently associated with
outbreaks [6].

Listeria species exhibit high environmental resistance.
They remain viable from — 1 to + 45°C, with an optimum
growth of + 30-37°C; at pH = 4.6-9.4; osmotic gradient —
0.9-0.99; NaCl — < 0.5-12. Growth ceases, but bacteria
persist at — 18°C, pH = 3.3-4.2; osmotic gradient
< 0.90 and NaCl > 20 [7].

Environmental resistance is plasmid-determined [8],
while prophages may accelerate L. monocytogenes
evolution, enhancing adaptaton and  survival
under stress [9]. Virulence varies widely depending
on isolation source. It has been shown that the virulence
of Listeria is determined by the plasmid profile [10],
them also determines resistance to antibiotics
and disinfectants [11, 12].

The ecosystem distribution of Listeria in abiotic and
biotic environments is facilitated environmental resilience
and biofilms formation. The main ecosystem components
of listeriosis include environmental reservoir of
L. monocytogenes, from which the pathogen can spread
to humans and other species (Fig. 1).

JIIOJU/HUMANS:
- gazimui MHciHKu/pregnant
women
- HoBOHapoOXHceHi/newborns

- noxunozo eixy/elderly
- i3 ocnabneHum
iMyHimemom/
immunocompromised

JOBKIJLJISA/

ENVIRONMENT:
- 1pyHm/soil
- sooa/water
- pocnunu/plants
- MEXHONO2IYHI KOMNOHEHMIU
Xapu06020 nanyo2a/
technological components of
the food chain

Listeria
monocytogenes
L. grayi
L. ivanovii

TBAPHUHMN/
ANIMALS

IITAXHW/BIRDS
PUBW/FISH

Puc. 1. EKOCUCTEMHI KOMMOHEHTW NiCTEpPIO3y NoAen i TBapuH
Fig. 1. Ecosystem components of human and animal listeriosis
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Ockinbkn napasutapHa cuctema npu  nicTepiosi
OXONnnoe GaratouncenbHi abioTU4Hi 06’eKTK [OBKINNS,
TBapwWH, nTaxie, pubd i nogen, To AnNs BUPILLEHHS HU3KK
MATaHb, WO MNOB’sI3aHi 3i 340POB’AM i MPOOOBOSBYOHD
0e3neKko  HacCereHHsl, 3acCTOCOBYKTbCS  MPUHLMMMU
BOOS3, saki 03HayeHi B KoHLUeNLii «€amMHe 300poB’'a».

Y pamkax OpraHizauii O6’eaHaHnx Hauii (OOH) cTeo-
peHa 4YOoTMPUCTOPOHHSA koaniuis 3a ydacti BOOS, lNpogo-
BOMbYOI Ta Cinbecbkorocnogapckkoi opraxisadii OOH (PAO,
wo Big aHesn. Food and Agriculture Organization), Mporpamu
OOH 3 HaekonuwHboro cepegosuwa (FOHEMM, wo Big
aHen. United Nations Environmental Programme) Ta Bcec-
BITHLOI OpraHi3auii oxopoHu 3gopos’s TBapuH (MEB, Big
aHen. World Organization for Animal Health) ana dpopmy-
MIOBaHHS | Y3roMKeHHs1 MiKCeKTopanbHUX Migxodis LWoao
3MEHLLUEHHS1 3arpo3 3040pPOB’I0 HA Mexi B3aemogii nogu-
Ha-TBapuHa-eKOCUCTEMA, BIAOMMX i HOBUX 3aXBOPHOBAHb
Ta po3pobneHHs JOBrOCTPOKOBOrO rnobansHOro nnaHy Aiv
Ans 3anobiraHHA cnanaxam Takux 3axesoptoBaHb. Cchopmy-
NbOBaHi B KOHLEMNLi NigX0AM OXOMNHOKTL CEKTOPU OXOPOHMU
3[0pOB’s,, BETEpMHapii Ta HaBKOMMLIHLOIO cepedoBULLa
Ha HaLioHanbHOMY, perioHanbHOMY i rmobanbHOMY PiBHSAX
woao 6e3nekn xapyoBMX MPOAYKTIB Ta BOOHUX PECYPCIB,
60opoTbOM i3 300HO3HUMM 3aXBOPKOBAHHAMM, CMINBHUMU
Ons nogen | TBapyH Ta HU3KY iHWKX npobnem [13].

MeTa po60TU — BUCBITNNTU Cy4acHWUiA cTaH npobnemu
nicTepio3y Kpisb Npu3amy KoHuenuii «EauHe 300poB’a»
3 OrMsiAy OLHIOBaHHSI PU3MKIB YpaXKeHHs Ntoaen, npoao-
BONbYOI Gesneku.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Ha nepwomy eTani npoBefeHO MOLIYK B Haykome-
TpuyHMx 6a3ax PubMed, Scopus, Web of Science, Google
Scholar 3a HacTynHmK TepmiHamu: «L. monocytogenesy,
«nicTepios NaNHNY, «NOLUMPEHICTb NICTEPIO3y», «eKOCK-
cTemMa nicTepiody», «nicTepii B XapyoBOMY naHLOry»,
«nicTepil 'y  TBApUMHHUUTBI»,  «KOHUenuis «EauHe
30opoB’siy. 3aranom Oyno 3HamgeHo 782 nepLuomke-
pena (ornsaau, cTaTTi), 3 AKUX MiCNS BUMBYEHHS pestome
Oynun BUKItOYEHI nyOnikauii, Wo He Bignosiganu MeTi
pocnigxeHHs. Ha gpyromy etani 6ynu obpaHi nepLuogxe-
pena Ans noganbLlIoro onpautoBaHHs, WO XapakTepuay-
Banu cyyacHi BiJOMOCTi NMpo TaKCOHOMIYHi 0COBnMUBOCTI
nicTepin, eKoCUCTEMHI KOMMOHEHTH, OLiHIOBAHHSA PU3NKIB
KOHTaMiHaujii JoBKiNns 1 iHGikyBaHHA nogen 3 ypaxy-
BaHHAM YMHHWKIB nepegadi natoreHy. Ha TpetboMy eTani
onpavboByBanu NOBHi TEKCTU 244 BifibpaHux 3a o3Have-
HAMMW KpUTEPIAMM nepLiomKepen Ha BiANOBIAHICTL A4S
BKIMIOYEHHA 40 Nepeniky nitepaTypu Ta ix peneBaHTHICTb.

OTpumaHa iHopmauiss byna onpauboBaHa aHari-
TUYHUMK  NpUAOMaMKM  KOMMSIEKCHOTO  enigemMionoriy-
HOro MeTody Ans BU3HAYEHHSA MEAMKO-BETEPUMHAPHOIO
3HAYeHHs1 nicTepiody, TeHOEHLUIN eni300TUYHO-enigemiy-
HOro npowecis, Nporpam i cTpaTterii 3MeHLUEeHHs Taraps
npobnemun y MeguumHi Ta BeTepuHapii.

PE3YABTATU TA iX OBrOBOPEHHS

AHani3 nitepaTypHuX nepLioaXepen 3acsiguus,
WO nicTepio3 MPOAOBXKYE 3anuaTuCs akTyarbHO
Mean4HO NPo6nemMor CbOrOAEHHs, OCKINbKM BXOOUTb
y TPiNKYy KULLIKOBMX 3axBOPIOBaHb Nioder 3 HaWBULLOK

Given the listeriosis parasitic system encompasses
numerous abiotic and biotic elements — environment,
animals, birds, fish and humans — the WHO principles
outlined in the «One Health» concept are applied
to address issues relating to human and food safety.

A quadripartite coalition formed under the United
Nations (UN), involving WHO, FAO (Food and Agriculture
Organization of the United Nations), UNEP (United
Nations Environmental Programme), and WOAH (World
Organization for Animal Health), was established
to coordinate cross-sectoral approaches to health threats
reduce at the human-animal-ecosystem interface.
This coalition develops a long-term global action plan
to prevent emerging and re-emerging diseases. The
concept integrates health, veterinary, and environmental
sectors at national, regional, and global levels regarding
food and water safety and zoonotic disease control [13].

Objective —to outline the current state of the listeriosis
problem through the prism the «One Health» framework,
focusing on risk assessment for human infection and food
security.

MATERIALS AND METHODS OF THE RESEARCH

At the first stage, a search was conducted in the scient
metricdatabases PubMed, Scopus, Web of Science, Google
Scholar using the following terms: «L. monocytogenesy,
«human listeriosis», «prevalence of listeriosis», «listeriosis
ecosystem», «Listeria in the food chain», «Listeria
in animal husbandry», «One Health concept». In total,
782 primary sources (reviews, articles) were found, from
which, after studying the abstracts, publications that did
not meet the research objectives were excluded. At the
second stage, primary sources for further processing were
selected that characterized modern information about
taxonomic features of Listeria, ecosystem components,
and assessing the risks of environmental contamination
and human infection, considering pathogen transmission
factors were selected. At the third stage, the full texts of
244 primary sources selected according to the specified
criteria were processed for suitability for inclusion in the list
of literature and their relevance.

The obtained information was processed using
analytical techniques of a comprehensive epidemiological
method to determine the medical and veterinary significance
of listeriosis, trends in epizootic and epidemic processes,
and programs and strategies for reducing the burden of the
problem in medicine and veterinary medicine.

RESULTS AND DISCUSSION

An analysis of literature sources has shown that
listeriosis continues to be a relevant medical problem, as it
is among the top of three intestinal diseases in humans
with the highest mortality rate. Listeriosis is detected in all
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netanbHicTiO. JTicTepios BUSABNAETLCH B YCiX KpaiHax CBITY,
0CO6MMBO B EKOHOMIYHO PO3BUHEHWX, A€ HanaromxeHa
noro nabopatopHa pgiarHocTuka. LLlopiyHO Ha nnaHeri
PeECTpPyETbCA AeKinbka TUCAY MiATBEPOXKEHUX BUMNAaZKIB
CropaanyHNX 3aXBOPHOBaHb, @ TAKOX cnanaxu. 3axBopro-
BaHiCTb ntogen konueaeTbed Big 0,1 oo 10 BMnagkie Ha
1 MrH ocib, B 3anexHoCTi Bif KpaiHu Ta perioHy [14].

Hanbinblwmn y cBiTi cnanax nictepiody B [NiBaEHHI
Adpuui B 2017-2018 pokax CNpUYNHUB YpaXKeHHs nogem
3 1060 nigTBepokeHMMM BUNagkamu Ta 216 Bunagkamu
cMepTi Ta OyB NOB’A3aHNI i3 BXXUBAHHAM Y XY KOHTaMi-
HOBaHUX M’ACHMX NpoaykTiB [15].

Jlictepios  ntogen BUSIBNSAETHCSA B KpaiHax
MiBHiyHOT Amepukn: y CLUA wWopivyHO peecTpyeTbea OO0
1600 BunagkiB (0,24 Ha 100 Tuc. HaceneHHs) Ha pik
3 netanbHicTio 0o 27% [16], a B KaHagi — Gnu3sbko
134 Bunagkis iHBa3vBHOrO nictepiosy [17].

Ha eBponencbkoMy KOHTWHEHTI Oinblue XBOPWX
peectpyetbca Yy ®paHuii, kpaiHax [liBHiYHOI €Bponu,
BenukobputaHii. OamH 3  HaWbinblwmx  cnanaxie
JaHoro  3axBoOptoBaHHs  3apeecTpoBaHo Yy  [aHil
(TpaBeHb—cepneHb 2014 poky), Ae 3axsopinu 92 noanHu,
3 gkux nomepno 12 ocib, a YMHHMKOM nepepadi Oynu
m’sicHi cocuckn [18]. Cnamnax nictepiody B €Bponi
y 2015-2018 pokax OyB noB’si3zaHWi i3 3aMOPOXEHOID
KYKYpyA30t0 Ta, MOXIMBO, iHWUMK LUBMAKO3AMOpPOXKe-
H/UMKU OBOYaMu, BMPOOMEHMMM Ha yropcbkii cabpui,
Wwo nocravanucs go noHag 100 kpaiH, i BpasvB 7 KpaiH,
BHacCMigoK 4oro 3axeopino 47 nogen, 3 SkMx OeB’dATb
nauieHTiB nomepnu (piBeHb netansHocTi 19%) [19].

LLlopiyHO KinbKiCTb BUMakiB nictepiody nogen y Benw-
kobpuTaHii konneanacs Big 192 no 160 y 2013-2017 pokax
(0,24-0,3 Bunagkm Ha 100 Tucad HacenenHs) [20], Togi
K y HimewumHi — 200-800 [21], Ae B OKpeMi poKM BUHMKaNM
cnanaxu. Tak, y 2018-2019 pokax cnanax oxonve 112 ntogen
i OyB CNPUYMHEHWN BXVMBAHHAM Yy 1KY KOHTaMIiHOBaHOI
KpoB’sHoi koBGacy [22]. B Icnanii y 2019 poui BUHWK cnanax
nicTepiody, HaWbiNbLUWIA B iCTOPIi KpaiHW, LU0 CMpUYMHMB
3axBoptoBaHHs noHag 200 nogen, TPoe 3 Akux nomepnn [23].

B VYkpaiHi nepeBaxHO BWSIBNSETbCA CrnopaguyHa
3aXBOPIOBaHICTb Ntogew Ha nictepios: 2010-2024 pokax —
94 Bunapgkw, i3 HUX HanbinbLue nogen 3axsopino y 2012,
2023, 2024 pokax (no 12 sunagkis), 11 —y 2017 pouj,
6 XBOpuMX MOMEpPSo, i3 HUX 4 — HOBOHAPOAXEHI AiTh
(pvic. 2). Crnig 3a3Ha4mnTK, LLO cnocTepiranacs 5-piyHa uykniv-
HICTb NepioaUYHOCTI enigemMidHOro NpoLecy NicTepiosy.

Y 2025 poui Ha BonuHi 3adikcyBanu cnanax nicre-
piody: 3axBopina monoga XiHka Ta ABOE ii nepegvacHo
HapOXEHWX AiTeN i3 HU3bKOK Macolo Tina; yci Tpoe Bynu
rocnitaniaoBaHi y TSHKKOMY CTaHi, 04Ha HOBOHapOAXeHa
OWTWMHa nomeprna y paHHbOMY nepiodi HOBOHapomxe-
HOCTI, a apyra — nisHiwe [24].

BignosigHo Oo pekomeHpauii BOOS, pospisHAaloTb
iHBa3VBHUI Ta HeiHBa3VBHWIA MnicTepio3 noauHn [14]. Cnig
3a3HauUTK, WO Y BINbLLOCTI KpaiH NepeBaXHO peecTpyBa-
nucsa iHBasmBHI hopMun nicTepiody nogen (cenTuuemis,
nicTepios BariTHUX 3i CMEPTIO HOBOHAPOOKEHMX, MEHIHTITH,
eHuedanitn), Todi Sk HeiHBasuBHI (camoobMeXyBanbHWN
hebpUnbHNIA racTPOEHTEPUT) He NOTPaNNANy A0 OMiLiiHOT
CTaTUCTUKM, LLO He OO3BOMAMNO OUiHUTK Tsrap npobnemu
i pauioHanbHO 3aNpoBaAMTX 3ax04M 3axMCTY Bif nicTepiody
nogen i TBapuH. PernameHTu wogo nictepiosy nogen
BVKNaZeHi y ranyseBux HOpMaTMBHUX JOKYMeHTax [25].

countries worldwide, especially in economically developed
ones, where laboratory diagnostic is established.
Annually several thousand confirmed cases of sporadic
disease, as well as outbreaks, are registered globally.
The incidence in humans ranges from 0.1 to 10 cases
per 1 million people, depending on the country and
region [14].

The world’s largest listeriosis outbreak in South Africa
in 2017-2018 caused illness in 1060 confirmed cases
and 216 deaths and was linked to the consumption
of contaminated meat products [15].

Human listeriosis is detected in North American
countries: the USA registers up to 1600 cases annually
(0.24 per 100 thousand population) with a mortality rate
of up to 27% [16], while Canada registers approximately
134 cases of invasive listeriosis [17].

On the European continent, more patients are
registered in France, Northern European countries, and
Great Britain. One of the largest outbreaks of this disease
was recorded in Denmark (May—August 2014), where
92 people fell ill, of whom 12 died, and the transmission
factor was meat sausages [18]. A listeriosis outbreak
in Europe in 2015-2018 was linked to frozen corn
and possibly other quick-frozen vegetables produced
at a Hungarian factory, supplied to over 100 countries,
and affected 7 countries, resulting in 47 cases of falling
ill, 47 people became ill, of which nine patients died (case
fatality rate 19%) [19].

Annually, the number of human listeriosis cases
in the UK ranged from 192 to 160 between 2013-2017
(0.24-0.3 cases per 100,000 population [20]), while
in Germany, it was 200-800 [21], where outbreaks
occurred in certain years. For example, in 2018-2019,
an outbreak affected 112 people and was caused
by consuming contaminated black sausage [22]. In Spain
in 2019, a listeriosis outbreak occurred, the largest in the
country’s history, causing illness in over 200 people, three
of whom died [23].

In Ukraine, predominantly sporadic human listeriosis
morbidity is detected: 94 cases between 2010-2024, with
the largest number of people falling ill in 2012, 2023, and
2024 (12 cases each year), and 11 in 2017. Six patients
died, 4 of whom were newborns children (Fig. 2). It should
be noted that a 5-year cyclical in the periodicity of the
listeriosis epidemic process was observed.

In 2025, a listeriosis outbreak was recorded in the
Volyn region, in which a young woman and her two
prematurely born, low-birth-weight infants fell ill; all three
were hospitalized in serious condition, one newborn died
in the early neonatal period, and the second one later [24].

According to WHO recommendations, invasive and
non-invasive human listeriosis are distinguished [14].
It should be noted that in most countries, predominantly
invasive forms of human listeriosis were registered
(septicemia, listeriosis in pregnant women with neonatal
death, meningitis, encephalitis), while non-invasive forms
(self-limiting febrile gastroenteritis) did not enter in official
statistics, which did not allow assessing the burden of the
problem and rationally implementing protective measures
against listeriosis in humans and animals. Regulations
regarding human listeriosis are outlined in industry
regulatory documents [25].
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Puc. 2. BaraTtopiyHa gnHaMika 3axBoptoBaHOCTI Ha NnicTepio3 B YkpaiHi Ha 100 Tucsy HaceneHHs (d. 1)
Fig. 2. Long-term dynamics of listeriosis incidence in Ukraine per 100,000 population (form 1)

Ocob6nmBy cTypbOBaHIiCTb  BMKNMKAOTL — Cnanaxu
nictepiody B 3aknagax OXOpOHM 300poB’'a [26, 27].
3a y3aranbHeHnMu gaHumn, mamke 10% BepudikoBaHUx
BMMaQKiB niCTepiody mngev BUSBMASNUCS Y BariTHUX
i HOBOHapoaxeHux. Mpu upomy y BariTHUX mManu micue
BUMKWAHI Ta MepTBOHapO[KYBaHICTb, 3 NeTanbHiCTio A0
30% (60% y imyHogediunTHMX ocCib), 54-90% — npwu
BPOMKEHOMY IiCTepiosi, a Ha paHHiX cTagisax rectauil
y 15-23% — nepepwuBaHHs BariTHoCTi. Jlnwe y 5% BariTHuX
i3 bakTepiemieto nnig He ypaxascs, Toai 9Ky 70% cnocTe-
piranncs 3axBoprOBaHHA HOBOHAPOMXKEHUX.

Enigemivni ycknagHeHHs 3i cnopagnyHnMm i rpynoBummn
3axXBOPIOBaAHHSIMM JHOAEN Ha NiCTepios, BUSBNEHHS «rinep-
BIPYMEHTHUX» KITOHIB NiCTepil, eKOHOMIYHI BTpaTW BHac-
nigoK nicTepiody B TBAPMHHULTBI Ta NTaxiBHULTBI, XapyoBin
NPOMUCITOBOCTI  3yMOBUIN iHTEHCUpikauito OOCnimpKeHb
OO BMBYEHHSI ekororii, enigemionorii Ta enisootonorii
nictepioay, NoLWyKy i 3anpoBafXeHHS HOBUX METO/B BUSB-
neHHs 30yaHWKIB, pOo3p0obneHHs cTpaTerii 3ax1cTy TBapuH
i Mtoen Big nicTepin. 3anpoBagkeHHS MOMNeKynsipHO-reHe-
TUYHMX METOZIB (MOBHOrEHOMHE CEKBEHYBaHHs1, baraTorno-
KyCHE CEKBEHYBAHHS TOLLO) AO3BOMNMIO MNOrMMOUTY 3HAHHS
LLOJO EKOCUCTEMHUX 3B’A3KIB i CTPYKTYpU napasvTapHOi
CMCTEeMM FiCTEPIO3Y, YNHHMKIB Nepedadi 36yaHuKa, pusmnkis
3apaxeHHs nogen i TBapuH, TEPUTOPIN Ta rpynu pusnky
LWOA0 LUbOro canpoHosy [28, 29]. Y Tabn. 1 npeacraeneHi
OCHOBHI enigeMionoriyHi Ta enidooTUYHI XapaKTepUCTUKK
nicTepiody nogen i TBapuH/NTaxis.

Listeriosis outbreaks in healthcare facilities are
of particular concern [26, 27]. According to generalized
data, almost 10% of verified human listeriosis cases were
detected in pregnant women and newborns. In pregnant
women, miscarriages and stillbirths occurred, with
a mortality rate of up to 30% (60% in immunodeficient
individuals), 54-90% in congenital listeriosis, and
in the early stages of gestation in 15-23% resulted
in pregnancy termination. In only 5% of pregnant women
with bacteremia was the fetus unaffected, while 70%
newborn diseases were observed.

Epidemic complications with sporadic and group
diseases human listeriosis cases, the detection of
«hypervirulent» Listeria clones, and economic losses due
to listeriosis in animal husbandry, poultry farming, and the
food industry have led to the intensification of research
into the ecology, epidemiology and epizootology
of listeriosis, the search and implementation of new
methods for detecting pathogens, and the development
of strategies for protecting animals and people from
Listeria. The introduction of molecular genetic methods
(whole-genome sequencing, multi-locus sequencing, etc.)
has allowed for a deeper understanding of the ecosystem
links and structure of the parasitic system of listeriosis,
the factors of pathogen transmission, the risks of infection
for human and animals, and the territories and risk groups
for this sapronosis [28, 29]. Table 1 presents the main
epidemiological and epizootic characteristics of humans
and animals/birds listeriosis.

Ta6nuusa 1. OCHOBHI enigemionoriyHi Ta eni3ooTUYHI XapaKTePUCTUKM NiCTepio3y NioAen | TBapuH/nTaxis
Table 1. Main epidemiological and epizootic characteristics of humans and animals/birds listeriosis

JlicTepio3 TBapuH/NTaxis
Animal/Bird Listeriosis

O3Haku/nposisu TicTepios nogen
Signs/Manifestations Human Listeriosis
Pesepsyap 36yaHuka I'pyHT, BOOA
Reservoir of the pathogen Soil, water

I'pyHT, BOOA
Soil, water

[xepena 36ygHuka
Sources of the pathogen

KoHTamiHOBaHi npopykTv i Bopa, mioauHa (pigko)
Contaminated products and water, humans (rarely)

KoHTamiHOBaHi pOCnWHM | KOPMU, ['PYHT,
BOAa, TBapUHW/NTaxu

Contaminated plants and feed, soil, water,
animal/bird
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lpodoexeHHs1 mabnuui 1/ Continuation of Table 1

MexaHi3mu nepefavi 36yaHuka
Mechanisms of transmission
of the pathogen

dekanbHO-opanbHUi, KOHTaKTHUMN,
BEPTUKANbHUIA TUN

Fecal-oral, airborne, contact, vertical route

NOBITPAHUNA,

dekanbHO-opanbHU, MNOBITPSAHWUIA, KOHTaK-
THWIA, TPAHCMICUBHWIA
Fecal-oral, airborne, contact, transmissive

LLinsixv nepenavi 36yaHuka

XapyoBuin, BOAHWN, NOBITPSAHO-NUNOBUNA,
THO-MoByTOBMI

KOHTakK-

Xap4yoBuin, BOAHWUIA, KOHTAKTHO-MOOGYTOBUM,
TpaHCMICUBHUI

Factors of transmission of the
pathogen

306epiraHHs, roToBi [0 BXWBaHHA 6e3 nopanbLioro
TepmidyHoro obpobneHHs (bytepbpoam), Hanoi; cepe-
nosulle BUPOBHWULTBA, TpaHCNOPTYBaHHS, 36epi-
raHHsi Ta peanisauii ixi; nun

Food products frozen for long-term storage, ready
to eat without further heat treatment (sandwiches),
drinks; environment of production, transportation,
storage and sale of food; dust

Routes of transmission of the | Foodborne, waterborne, airborne, dust borne, contact | Foodborne, waterborne, contact,
pathogen transmissive
YMHHUKM nepenavi 36yaHnka | XapyoBi NpomykTW, 3amopoxeHi Ans Tpusanoro | [pyHT, Boga, POCHWMHM, KOpMU  (cuUroc,

ciHO, 3epHo), nigcTunka, iHBeHTap, obnag-
HaHHSA (cTenaxi, KOHBeepw, anapatu Ans
Hapi3aHHs cunocy), ceyva, BUMOPOXHEHHS,
MOJSIOKO, HaBKononnigHa piguHa

Soil, water, plants, feed (silage, hay,
grain), litter, equipment, equipment (racks,
conveyors, silage cutting machines), urine,
feces, milk, amniotic fluid

BxigHi BopoTa 36yaHuka

Entrance gate of the pathogen

Mwrganukn, Cnv3oBi  O4en, MOPOXHUHU

OMXanbHUX LWMAXIB, KULWOK, MIKpOTpaBMU LLUKIpK
Tonsils, mucous membranes of the eyes, oral cavity,
respiratory tract, intestines, microtraumas of the skin

pora,

Mwurganukm, cnnsoBi o4en, NOPOXHUHK poTa,
AvXanbHUX LUNSXiB, KULWOK, MIKpOTpaBMu
LUKipK

Tonsils, mucous membranes of the eyes,
oral cavity, respiratory tract, intestines,
microtraumas of the skin

3axBoploBaHiCTb
Incidence

crnopaguyHa/enigemivyHa
sporadic/epidemic

crnopaan4Ha/eH300TUYHa
sporadic/enzootic

CnpuiHATAMBICTL

Susceptibility

o 20% ocib, Lo nignanu nig pusnk 3apaxeHHst
Bucoka B ocib rpyn pusmky

Up to 20% of people at risk of infection

High in people at risk groups

Buwa y monogoro noronie’s TBapuH/nTaxis

Higher in young livestock of animals/birds

Ce30HHicTb
Seasonality

JIuneHb—cepneHb—BepeceHb
July—August—-September

Bnpogosx poky
Throughout the year

IHKyBauinHui nepiog

Incubation period

3-70 pHiB (24 TWXHI);
iHdexuis — go 30 gHiB

3-70 days (2—4 weeks); intrauterine infection — up to
30 days

BHYTPILLUHBOYTPOGHa

7-30 pHiB

7-30 days

KniHiuHi dhopmun

Clinical forms

AHFIHO3HO-CeNnTUYHa (MOHOHYKIe030MoAiGHNI CUHAPOM)
Okyno-rpaHynsipHa

CenTunko-TnchosHa

Jlictepio3 LIHC (rHiHWIA MEHIHTIT, MeHiHroeHuedanir,
eHuedaniT, apaxHoiguT, iHTpamenynsipHi abeuecn)
JlicTepios BariTHUX

CenTuKo-rpaHynemaTosHa (Cencuc HOBOHapOMKEHUX)
Angin septic (mononucleosis-like syndrome)

JlicTepio3 HepBOBOI cucTEMM
CenTtnyHa

Atunosa

BescumntTomHa

Listeriosis of the nervous system

Mortality

Oculo-granular Septic

Septic typhoid Atypical

CNS listeriosis (purulent meningitis, meningoencephalitis, | Asymptomatic

encephalitis, arachnoiditis, intramedullary abscesses)

Listeriosis of pregnant women

Septic granulematous (neonatal sepsis)
Nictepios 6e3 kniHi4YHMX NposiBiB | 5—6% o 50%
Listeriosis ~ without clinical Up to 50%
manifestations
JleTanbHicTb 20-40% Mtnus — po 40%

Benuka porata xypnoba — go 30%
BiBui — 32,3%

Poultry — up to 40%

Cattle — up to 30%

Sheep — 32,3%

Mpynu pusnky

MeduyHi: BariTHi, HOBOHaPOMKEHI AiTM, 0cOOM Noxu-
10ro BiKY, XBOpi 3 iMyHOA4EeMILMTHUMMN CTaHaMK.
[MpogpecitiHi: hepmepu, BETEPUHAPW, NTaXiBHWKA, MpaLliB-
H1KV Naboparopivi nepepobHOI Xxap4oBOI MPOMMCIIOBOCTI.
CoujanbHo-MoeediHKogi: 0cobu 4Yomnosivoi cTaTTi
noHaz 60 pokiB, HeAOTPUMAHHS TiriEHIYHUX HAaBUYOK.
EmHiqHi: BXVBaHHA y Xy TepMiYHO HeobpobneHoro
m’sica, pubu

TBapuHW/NTaxu nig A€o roCTPUX i XPOHIYHNX
CTPECOBUX YNHHUKIB
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lpodoexeHHs1 mabnuui 1/ Continuation of Table 1

Risk groups

of hygiene skills.
Ethnic:
meat, fish

Medical: pregnant women, newborns, the elderly,
patients with immunodeficiency states. Occupational-
farmers, veterinarians, poultry farmers, laboratory
workers, food processing industry.

Socio-behavioral: males over 60 years old, lack

consumption and eating of uncooked

Animals/birds exposed to acute and chronic
stressors

YNHHWKN pU3KKY

Risk factors
strains, high
preparation/storage technology

HapseuyaiiHi cutyauii. 3apaxkeHHs BUCOKO BipyreHT-
HAMW LITamMaMu, BUCOKa iH(iKyBanbHa [o3a, nopy-
LUEHHSI TEXHOMOTIT NPUroTyBaHHs/36epiraHHs .

[MopylueHHA  TexXHOMNOoriYHNX napamMeTpiB
MikpokniMaTy Ta  300rifiEHiYHUX  HOpM
rodieni, HanyBaHHs Ta YTPUMaHHA TBapwH/
nTaxiB, HeAOTPUMaHHS TEPMiHIB Ta TEeXHO-
NOriYyHMX npovecis

Emergency situations. Infection with highly virulent | Violation of technological parameters of the
infectious dose, violation of food

microclimate and zoohygienic standards
of feeding, watering and keeping animals/
birds, failure to comply with deadlines and
technological processes

dyHOameHTanbHi  AOCHIOKEHHA TiCTEpiody TBapwH
B YKpaiHi npoBedeHi rpynok HayKoBUiB, siki 3’acyBanu
piBEHb MOro MOLUMPEHOCTI B TBAPUHHULTBI Ta OOBKiNMi.
3a pgaHuMuM MikpobionoriYyHOro MOHITOpUHry GionoriyHoro
i natonoriyHoro martepiany Bif TBapuH (Benuka porata
xynoba (BPX), aopibHa porata xypob6a (OPX), cBuHi),
XyTPOBUX 3BipiB, NTULi Ta KOPMiB Byno NMokasaHo LMPKy-
naujto nictepii 'y Xutomupcbkin, Kuiscbkin, CyMCbkin
Ta Yepkacbkin obnactsix cepepn cesuHen, BPX, OPX
i NTaxis, a Takox 30ygHuk Byno BuaineHo 3 kopmis [30].
3anpoBagkeHi B YkpaiHi HauioHanbHi cTaHgapTy LWoao
0opoTbOM 3 NiCTepio3oM B MTaxiBHULTBI, TBAPUHHULITBI
Y3TrO[KEHi 3 MPKHAaPOAHUMW OANPEKTUBHUMY AOKYMEHTaMM1
®AO, IOHEIN, MEB wopo uboro 3axeoptoBaHHA [31].
3MiHa 3HaHb LWOAO0 pe3epByapy MNicTepin, SAKUM
TpMBanuMM 4Yac BBaXanucs pi3Hi BUAM TBapuWH, Ha Te,
WO pe3epByapoM € 0O’eKTVM [OBKINNS: r'pyHT, Boda, —
BM3HaA4Mna HOBi NiOXOAM LWOAO 3MEHLUEHHS TdAraps
npobnemn B uinomy. [loctany HOBI 3aBOaHHs Anis
3anobiraHHs NOLWIMPEHHS LbOro naTtoreHy KOHTamMiHOBa-
HAMW POCINMHaMM, LIO BUKOPUCTOBYKTBHCS Y Xap4yOBUX
nNaHutorax nwogen, TeapuH, pub, Montockie. [oTpeby-
Banu BUPILLEHHSA MUTaHHSA LWOAO HOBWUX Miaxopis none-
pemkeHHs opMyBaHHs GionniBok L. monocytogenes
Ha ycTaTKyBaHHi 1 TEXHONOrYHOMY 06nagHaHHI Ha BCiX
eTanax BMpoOHMLTBA xap4oBux npoaykTie [32, 33].
KomnnekcHe  BUMBYEHHS  MicTepiody  pO3KpuUIo
3HaYeHHsI LMX 30yAHUKIB sik Nnpobnemu Ans 300poB’s CBilt-
CbKWX, AOMALLHIX, AVKUX TBAPWUH i NTaxiB, HOBUX acnekTiB
nartonorii niogen, a Takox npobrneM KoHTaMiHOBaHOro
JOBKINMs, WO cTano nigrpyHTsM y opMyBaHHI HOBUX
noniTvK i cTpaTerin Ha 30epexxeHHs1 NpupogHoro 6iopos-
MaiTTH, CTBOPEHHS | Y3rOMKEHHSA HaLiOHanbHUX i MibKHa-
pOOHWX cTpaTerii npogoBonbYoi 6e3neku [34].
KnioyoBuMM MOMEHTamMu 3axofiB 3axucTy 300pOB’s
nogen i TBapuH Oynu HanpauloBaHHS peKkomeHaaLlin
woao 6e3nekn Ha ycix TEXHOMOTYHMX eTanax Xap4yoBOro
naHutora. OCHOBHUMYK HanpsMKaMu CTano po3pobreHHst
MEeTOAIB, CNPsIMOBAHMX Ha HEOOMYLUEHHS KOHTaMiHauil
NpoayKkTiB  OOBroTpuBanoro 36epiraHHsi, 30Kpema, TuXx
Lo 36epiratoTbCs 3 BUKOPUCTaHHSAM XonoaunbHoro obnaa-
HaHHs. MpoBigHMMK Bynn BU3HaYeHi 3axoau, CnpsIMOBaHi
Ha MiKpOBIONOriYHNIA KOHTPOSb, 3 TUM, WOoOWM He Jony-
CTUTU NEepeBULLEHHA B MNPOAYKUii iHdiKyBanbHOI [03u

Fundamental studies of animal listeriosis in Ukraine
were conducted by a group of scientists who determined
the level of its prevalence in animal husbandry and the
environment. According to microbiological monitoring
of biological and pathological material from animals (cattle
(cattle), small cattle (small cattle), pigs), fur animals,
poultry and feed, the circulation of Listeria in Zhytomyr,
Kyiv, Sumy and Cherkasy regions among pigs, cattle,
small cattle and birds was shown, and the pathogen was
also isolated from feed [30]. National standards for the
control of listeriosis in poultry and livestock introduced
in Ukraine are consistent with international directive
documents of FAO, UNEP, WOAH on this disease [31].

Changing knowledge about the reservoir of Listeria,
which was long considered to be various animal species,
to the fact that the reservoir is environmental objects: soil,
water, — has determined new approaches to reducing the
burden of the problem as a whole. New tasks have arisen
to prevent the spread of this pathogen from contaminated
plants used in the food chains of humans, animals, fish,
mollusks. The issue of new approaches to preventing the
formation of L. monocytogenes biofilms on equipment and
technological equipment at all stages of food production
was required [32, 33].

A comprehensive study of listeriosis has revealed the
importance of these pathogens as a health problem for
domestic, domestic, wild animals and birds, new aspects
of human pathology, as well as problems of a contaminated
environment, which became the basis for the formation
of new policies and strategies for the preservation of natural
biodiversity, the creation and coordination of national and
international food security strategies [34].

The key points of measures to protect human
and animal health were the development of safety
recommendations at all technological stages of the
food chain. The main directions were the development
of methods aimed at preventing contamination of long-
term storage products, including those stored using
refrigeration equipment. The leading measures were
identified as those aimed at microbiological control
in order to prevent the infectious dose of Listeria
in products from exceeding (104 colony-forming units per
1 gram of product) and preventing contamination of work
surfaces in food industry production [35].
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nictepin (104 KOnNoHieyTBOPIOKOYMX OANHULL HA OAMH rpam
NPOAYKTY) Ta NonepemXeHHs KoHTamiHaLii pobovmx nosep-
XOHb Ha BUPOOHMLTBAX Xap4oBOi MPOMMUCOBOCTI [35].

OCHOBHMM  MpUHUMMOM  GE3MeYHOCTi  Xap4yoBUX
npoaykTiB 6yno BM3HAHO 3anpOBa)KEHHS KOHTPOSIO Bif
CUPOBWHMN [0 KiHLEBWX NPOAYKTIB CMOXMBAaHHS i 3a CTaH-
paptamn HACCP (Hazard Analysis and Critical Control
Points) [36]. CyyacHa cuctema ynpaeniHHs 6e3nekoto
XapyoBUX MNPOAYKTIB nependadyac BUKOPUCTAHHSA CTaH-
naprie ISO 22000, wo BKMoYaTb TPY HANPSIMKA: BU3HA-
YEHHS PUBKKIB | KPUTUYHUX KOHTPOIbHMX TOYOK, Mporpam
nonepegHix yMmoB (Firi€HiYHi pernameHTn) i HanexHoi
npakTukm BMpobHuuTBa (BUpobHMYe cepenosuLle) [37].

BaxnuBmMM KOMMOHEHTOM Yy 3axMCTi BiJ MOLUMPEHHS
KOHTaMiHOBaHOI NicTepisiMn NPOAYKLii CTano CTBOPEHHS
cuctemm RASFF (Rapid Alert System for Food and
Feed) — WwBMOKOro OMOBILLEHHS NPO Xap4yoBi MPOAYKTU
Ta KOpMU, NPO PU3NKN ANA 300POB’SA, NOB’A3aHi 3 Xap4o-
BMMU npoaykTamu abo kopmamu (puc. 3).

v B8 RASFF Window - Results x  +

§ European
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Soups, broths,
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2025.9444 Fish and fish ood affumicato ongln? Polonia//Listeria
products monocytogenes in smoked salmon 2025
from Poland
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The main principle of food safety was recognized
by the introduction of control from raw materials to final
consumer products and according to the standards of the
HACCP (Hazard Analysis and Critical Control Points) [36].
The modern food safety management system involves
the use of ISO 22000 standards, which include three
areas: identification of risks and critical control points,
programs of prerequisites (hygienic regulations) and good
manufacturing practices (production environment) [37].

An important component in protecting against the
spread of Listeria-contaminated products was the creation
of the RASFF (Rapid Alert System for Food and Feed)
system — a rapid notification of food and feed, of health
risks associated with food or feed (Fig. 3)
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Puc. 3. Cuctema LIBNAKOroO OMOBILLEHHSA NPO XapyoBi NnpodykTn Ta kopmu (RASFF)
Npo pU3MKK Ans 300pOB’s, NOB’si3aHi 3 XapyoBMMM NpodykTaMu abo kKopmamu npu nictepiosi [38]
Fig. 3. Rapid Alert System for Food and Feed (RASFF)
on health risks related to food or feed in listeriosis [38]

[OCSITHEHHS1 'y BUBYEHHI MONEKYNAPHO-FEHETUYHMX
ocobnuBocTelr 30yaHMKA, MaTOreHETUYHMX MeXaHi3MiB
3axXBOPHOBaAHHA 3 ypaxyBaHHSAM BipyJIEHTHOCTI NaToreHis
CTanu He MEHLU BaXXNMBUMMU 3 OTNAAY 3axXUCTy NOAen Big
ypaxeHHsi L. monocytogenes.

Tak, 6araTopidHi OOCHIOAXEHHA PO3LUMPUNN 3HAHHS
Lwoao KMiHiYHMX BapiaHTiB nicTepiody niogewn, 3okpema
BMSIBUNM B3aEMO3B’SI30K MiCTEpio3y y HeBariTHMX Ocib
XKIHOYOI CTaTi 3 MepeBaXHUM YpaXKeHHAM JlicTepisiMu
ceporpynu 1/2a Ta ST8, i npu UbOMy crocTepiranacs
BMCOKa netanbHicTb [39, 40].

CraHgaptusauia npavmepis  gna  [J1P-giarHoc-
TUKW, WO NIABUWMMO ii pe3ynbTaTMBHICTb, Ta ONTUMI-
3auisa NpPOTOKOMIB  KIiHIYHOI AiarHOCTMKM  iIHBa3MBHOIO
(cencuc, MeHiHriT, MeHiHroeHuedanit) Ta HeiHBa3nBHOIO
(dpokanbHi iHdekuii) nicTepiody [03BONMUAM ONTUMIY-
BaTU enigemionoriyHMn Harnag 3a UMM 3aXBOPHOBaHHAM
B kpaiHax €C i CLLA [16, 18, 41].

B YkpaiHi nictepios Tex nignsirae ogiuinHin peectpauii
3rigHo 3 HakazoM MO3 Ykpainu 28.12.2015 Ne 905, ane,

Achievements in the study of the molecular genetic
features of the pathogen, pathogenetic mechanisms of the
disease, taking into account the virulence of pathogens,
have become no less important in terms of protecting
people from infection with L. monocytogenes.

Thus, many years of research have expanded
knowledge about the clinical variants of listeriosis
in humans, in particular, they revealed the relationship
of listeriosis in non-pregnant women with a predominant
infection with Listeria serogroups 1/2a and ST8, and high
mortality was observed [39, 40].

Standardization of primers for PCR diagnostics, which
increased its effectiveness, and optimization of protocols
for clinical diagnostics of invasive (sepsis, meningitis,
meningoencephalitis) and non-invasive (focal infections)
listeriosis allowed to optimize epidemiological surveillance
of this disease in the EU and the USA[16, 18, 41].

In Ukraine, listeriosis is also subject to official
registration according to the order of the Ministry
of Health of Ukraine dated 28.12.2015 No. 905, but,
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Ha >anb, KpWUTepii, 3a SKMMU BU3HAYAKOTbCS BUMNALKU
nicTepio3y CTOCYTbCS NLLE iHBa3UBHUX hOpM XBOpobH,
i HaBiTb Ti He BigMOBiOalOTb BXE HOBMM 3HAHHSAM LLLOOO
LbOro 3axBoptoBaHHA [42]. Y pasi nepernsgy Hakaay,
Ha Hawy AymKy, Oyne HeobxigHO OHOBWTM iHbOpMaLiito
oo nicrepiody BianosigHo pekomeraauigm BOOS.

Tpusanun iHkyGaLUiiH1iA Nepiod Npu NicTepiosi 3Ha4YHO
YCKNaAHIOE 30iNCHEHHS enigeMionoriyHnx poscnigyBaHb
BMMNaKiB 3axBoptoBaHb Ntofen. Lle Takox He go3sonse
CBOEYACHO 3anpoBaanTh NPoTUEnigeMiyHi 3axoam i none-
peauTy HOBI BUNadku 3axBoptoBaHb. OgHak, Bepudikauis
BMMNAJKIB € BAXXNMBOK ANSA OUIHIOBaHHSA CTaHy npobnemu
i MOLYKYy HOBUX MNiAXOAiB y CTPMMaHHI HeratuBHUX
TeHAeHUin agnHaMikv enigemiyHoro npouecy.

AHania 129 cnanaxis y CLUA: 1517 xBopux, 1191 rocni-
Tanisauin, 217 cmepTen, LO3BOMMB BU3HAYUTU OCHOBHI
NpPoAYKTW PU3WKy MOLIMPEHHS L. monocytogenes — CBixi
OBOYi, MOMOYHI Ta M’'siCHI nNpoaykTu. Lle ctano niacraeoto
ONs 3anpOBaPKEHHs HOBWUX PErMamMeHTIB  KOHTPOSO
Xap4oBOro naHutora. 3po3ymino, Lo He MOXIMBO OMTU-
MarnbHO KOHTPOIOBATU MPWBATHWA NPOJOBOMBYNIA CEKTOP
SK Y TBAPUHHULTBI, TaK i B POCITMHHMLTBI. Arne po3paxyHOK
pV3VKiB, Y TakoMy pasi, CBiOYMTb MPO 3HAYHE 3HIDKEHHS
MMOBIPHOCTI rPyNoBMX 3aXBOPIOBaHb Ha NicTepios, 3i 36epe-
EHHSAM HU3bKOTO PU3UKY CrnopaanyHnx Bunagkis [43].

HarnpetanbHiwmn 3BiT npo nictepiod y 2023 poui
B kpaiHax €C/E€E3 0yB onybnikoBaHui y 2025 poui,
SKMA 3acBigYMB NPO TeHAEeHLUil 3poCTaHHs npobnemu.
[eTanbHO OxapaKkTepr3oBaHO KirbKiCHi Ta sIKiCHi xapakTe-
pucTukn 2993 BUNaaKiB 3axXBOpOBaHb Moaen, TeHaeHLUil
y pos3pi3i KpaiH, pos3nodin BunNagkiB 3a BiKOM/CTATTIO,
3a3HayeHO BUCOKI MOkKa3HukK rocnitanisadii (96,6%),
netanbHocTi (19,6%). TpMBOXHMM 3anuwiaeTbca dakT
BuasneHHsa 107 Bunagkis nictepiody BaritHuX [18].

3a gaHnmn odiginHoro 3eiTy EFSA/ECDC (rpyaeHb
2025) B kpaiHax €C y 2024 poui npoaoBxyBana 3pocratu
3aXBOPIOBAHICTb NIOAEN Ha MicTepios, SKu 3yMOBOBaB
HamBuLLYy YacTKy rocnitanisauivn (72%) Ta cmeptent (8%)
cepea xapyoBux iHgekuin [44].

Y yacu BiHW B HaLLiN AepXKaBi CKNagHO 3anpoBaguTu
CTaHAapTU MOHITOPVHTY i BUSIBITEHHS BUNAAKIB MicTepiosy,
0cob6nMBO HeiHBasnBHUX hopm xBopobu. OgHak BapTo
BM3HAUUTY, LIO LbOMY TaKOX MepeLuKogKae HeqoCTaTHS
006i3HaHICTb MeaMYHMX NpauiBHUKIB, OCKINbKM BXe Hana-
rof)keHa i JOCTynHa crneuundivHa giarHocTrka nictepioay.
MokpalLeHHIo cTaHy npobremu Morno 6u cnpusTy 3anpo-
Ba[)KEHHS 0O NPOTOKOMIB NiKyBaHHSA peKOMeHAaLin Woao
cneumdivyHoro obCcTexeHHsa nauieHTiB, 0cobnmeo i3 rpyn
pU3KMKY, 3@ CUHOPOMANbHUM MPUHLMIOM, LLO NPUTaMaHHI
nictepioay.

BUCHOBKH

3poCTaHHA B OCTaHHI [ecATupivds ysarm Ao nicte-
pio3dy siK MiKCeKTopanbHOI NpobrnemMn 4O3BOMUMO OLIHUTK
I MacwTtabu 3 no3uLii EKOHOMIYHUX, coLianbHUX
i eKOCUCTEMHUX BTPAaT Y Pi3HUX cdpepax (PyHKLiOHYBaHHS
OepxaB. 3pOCTaHHSA MOKa3HWUKIB 3aXBOPHOBAHOCTI Mroaew
Ha ficTepio3 NoB’A3aHe TaKoX i3 MOKpaLLEeHHsIM Bepudikauii
Y HUX iHCDEKLINHNX 3aXBOPIOBaHb 3a PaxyHOK BNPOBapKEHHS!
CTaHAapTM30BaHNX MeToAIB TabopaTopHOI AiarHOCTUKM.

YpaxeHHs nictepiaMn TBapuH, NTaxiB NpPU3BOAUTb
0O BUHWKHEHHSI €ni300Tih 3 BUCOKOK FeTarnbHICTHo,

unfortunately, the criteria by which listeriosis cases are
determined relate only to invasive forms of the disease,
and even those do not correspond to new knowledge
about this disease. [42]. In the event of the order revision,
in our opinion, it will be necessary to update information
on listeriosis in accordance with WHO recommendations.

The long incubation period for listeriosis significantly
complicates the implementation of epidemiological
investigations of cases of human diseases. This also
does not allow for the timely introduction of anti-epidemic
measures and the prevention of new cases of the disease.
However, case verification is important for assessing of the
problem state and finding new approaches to curbing
negative trends in the dynamics of the epidemic process.

Analysis of 129 outbreaks in the USA: 1517 patients,
1191 hospitalizations, 217 deaths, allowed us to identify
the main products at risk of spreading L. monocytogenes —
fresh vegetables, dairy and meat products. This became
the basis for the introduction of new food chain control
regulations. It is clear that it is not possible to optimally
control the private food sector in both animal husbandry
and crop production. But the calculation of risks in this
case indicates a significant decrease in the probability
of group diseases of listeriosis, while maintaining a low
risk of sporadic cases [43].

The most detailed report on listeriosis in 2023 in the
EU/EEA countries was published in 2025, which indicated
a growing trend in the problem. The quantitative and
qualitative characteristics of 2993 cases of human disease,
trends by country, distribution of cases by age/gender,
high hospitalization rates (96.6%), mortality (19.6%) are
described in detail. The fact that 107 cases of listeriosis
in pregnant women were detected remains alarming [18].

According to the official EFSA/ECDC report
(December 2025), in 2024 the incidence of listeriosis
in people continued to grow in EU countries, which
caused the highest share of hospitalizations (72%) and
deaths (8%) among food infections [44].

During the ongoing war in our country, it is difficult
to implement standards for monitoring and detecting
listeriosis cases, especially non-invasive forms of the
disease, However, it is worth noting that this is also
significantly hindered by insufficient awareness among
medical professionals, since specific diagnostics
of listeriosis are already established and available. The
improvement of the problem could be facilitated by the
introduction into treatment protocols of recommendations
for specific examination of patients, especially from risk
groups, according to the syndromic principle inherent
in listeriosis.

CONCLUSIONS

The increase in attention to listeriosis as a cross-
sectoral problem in recent decades has made it possible
to assess its scale from positions of economic, social and
ecosystem losses in various spheres of state functioning.
The increase in the incidence rates of listeriosis in humans
is also linked to the improvement of infectious diseases
verification in them due to through the introduction
of standardized laboratory diagnostic methods.

Listeria infections in animals and birds lead
to epizootics with high mortality rate, which causes
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LLIO 3YMOBIIIOE NPSMi EKOHOMIYHI 36UTKM ranysi. 3anposa-
[PKEHHS CTaHAAPTIB MiXKOEPXKaBHOMO KOHTPOSO Xap4oBoi
nNpoayKuii Ta MOBIAOMMEHHSA NPO Le 3 BUKOPUCTAHHAM
cuctemn RASFF fosBonsie cBoe4YacHO BUSABIIATU i norne-
pemxKyBaTv pU3UKX AN 300POB’A NOAEN | TBAPUH.

KnioyoBrM enemeHTOM 3axuCTy NOAEen i TBapuH Big
nompeHHs L. monocytogenes ctanv nporpamu MipKcek-
TOopanbHOi cniBnpadi 3 MeTo HeaonyLeHHS LUMPKynauii
UMX MaToreHiB Ha ob’eKTax BMCOKOrO puU3uKy, 3anpoBa-
[PKEHHS 3axofiB NpOTMENigeMIYHOro 3axucTy, 30Kpema
MIKpOGIONOriYHOro  KOHTPOMO  AOBKINNA i npogykuii
Xap4oBOi NPOMMCIOBOCTI Ha BCIX eTanax BMPOOHMUTBA.
Y yacu rnobanisauii NOTYXHUM CTPUMYIOYMM YUHHUKOM
CTano CTBOPEHHS MiXAep)XaBHUX Mporpam 3a cTaHaap-
Tamn HACCP, gupektuBHux fokymeHTiB BOO3, ®AO,
KOHET, MEB wopno npobnemu nictepiosy.

[ns 3anpoBagXeHHS B YKpaiHi HanexHoro MOHITO-
puHry nicTepiody ngen noTpedbytoTb YOOCKOHaNeHHSs
HOPMAaTUBHO-MPAaBOBi JOKYMEHTUN, L0 pPernamMeHTyiTb
CTaHAapTM KMiHIYHOT Ta enigemionorivyHoi AiarHOCTUKK,
a TaKoX MNiABULLEHHSI piBHSA oO6i3HaHOCTI 3 nicTepiody
MEeLMNYHUX NpaLuiBHUKIB.
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direct economic losses to the industry. The introduction
of standards for interstate control of food products and
reporting thereon using the RASFF system allows for
timely detection and prevention of risks to human and
animal health.

The key elements in protecting humans and animals
from the spread of L. monocytogenes have become
cross-sectoral cooperation programs aimed at preventing
the circulation of these pathogens at high-risk facilities,
the implementing anti-epidemic protection measures,
in particular, microbiological control of the environment and
food industry products at all stages of production. In the
era of globalization, the creation of interstate programs
under HACCP standards, and guiding documents from
the WHO, FAO, UNEP, and WOAH regarding the problem
of listeriosis has become a powerful deterrent.

To implement proper monitoring of human listeriosis
in Ukraine, it is necessary to improve regulatory
documents concerning the standards of clinical and
epidemiological diagnostics, and to increase the level
of awareness of listeriosis among medical professionals.
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Study limitations

The authors of the manuscript consciously acknowledge that
the limitations of our narrative review are due to the outlined
framework of the topic, time periods (1995-2025), and the
availability of sources. Sources that did not meet the criteria for
evidence and methodological quality, as well as those not related
to the intersectoral problems of listeriosis, were excluded.

We consider it appropriate to emphasize that independent
double control and an expanded combination of keywords were
used to reduce the risk of bias, since the primary sources differed
in design and methodological quality.

Prospects for further research

The results of the analysis of data from literary sources,
international and state regulatory documents, and statistical
forms of the Central Health Center of Ukraine determine the
need for further study of the problem of listeriosis as common
to humans and animals, the solution of which is an intersectoral
task within the framework of the One Health Program, especially
in the context of the war in Ukraine.

Conflict of interest

The authors of the manuscript consciously declare that there
is no actual or potential conflict of interest regarding the results
of this work with organizations that may be related to the subject
of the submitted materials.

Compliance with ethical standards

The authors of the manuscript consciously declare that the
preparation of the manuscript was carried out exclusively
on the basis of openly published scientific sources. The work
did not use personalized patient data, results of primary clinical

Ornspg nitepatypu

164

Literature review


https://doi.org/10.3390/ijms262110481
https://doi.org/10.4060/cc6246en
https://www.iso.org/standard/65464.html
https://food.ec.europa.eu/food-safety/rasff_en
https://doi.org/10.7717/peerj.19126
https://doi.org/10.1128/mBio.03126-20
https://doi.org/10.1038/s41572-025-006
https://zakon.rada.gov.ua/laws/show/z0379-16#Text
https://doi.org/10.1016/j.tifs.2024.104750
https://doi.org/10.2903/j.efsa.2025.9759
https://doi.org/10.3390/ijms262110481
https://doi.org/10.4060/cc6246en
https://www.iso.org/standard/65464.html
https://food.ec.europa.eu/food-safety/rasff_en
https://doi.org/10.7717/peerj.19126
https://doi.org/10.1128/mBio.03126-20
https://doi.org/10.1038/s41572-025-006
https://zakon.rada.gov.ua/laws/show/z0379-16#Text
https://doi.org/10.1016/j.tifs.2024.104750
https://doi.org/10.2903/j.efsa.2025.9759

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 152-166
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):152-166

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

KNiHiYHMX ab0 AOKMIHIYHMX AOCMigXeHb. Y 3B’A3Ky 3 LM OTpU-
MaHHS1 CXBaneHHs1 KOMicii 3 nMTaHb GioeTMKM He BuMaranochb.
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cTaHdapTiB, 3okpema pekomeHauin Komitety 3 nybnikauiiHoi
etukn « COPE» (Committee on Publication Ethics).
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wryyHoro iHTenekty (LUI) Ana BukoHaHHA Oyap-AKMX 3aBAaHb,
nepeniyeHnx y TakCoHOMIi AeneryBaHHs 3aBAaHb reHepaTuBHOMY
wTyyHomy iHTenekTy (GAIDeT, 2025 p.). Yci eTanu po6otu — Big
KOHUenTyanisauii Ao diHanbHOro pegaryBaHHs — BUKOHaHi 6e3
3anyyeHHsi reHepatveHoro LUI, Bukno4HO aBTopamu.

MepBUHHI AaHi Ta maTepiaan
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OOCTYMHI y BigkpuTOMy AocTtyni abo 4epe3 HaykoBi GibnioTeyHi
pecypcu.

IHcbopmauis Nnpo piHAHCYBAHHS

He 6yno BukopucTaHo gxepen ciHaHCyBaHHS B NpoLeci Hanu-
CaHHs cTaTTi.

BIAOMOCTI NMPO ABTOPIB

BuHorpaa Hatanis OnekciiBHa — JOKTOp MEAUYHMX Hayk,
npodgecop, 3asigyBadka kadedpu enigemionorii [epxaBHOro
HekomepuinHoro nignpuemctea «J1bBIBCbKUI  HaLUiOHaNbHUIA
MeauYHUI yHiBepcuTeT iMeHi [danuna Manuubkoro» MiHicTep-
CTBa OXOPOHM 3pd0poB’st Ykpainu; Byn. lekapcbka, 6yad. 69,
M. JlbBiB, YkpaiHa, 79010;

e-mail: vynogradno@ukr.net

Mo6.: +38 (067) 676-02-12

BHecok aemopa: hopmynoeaHHs1 KoHuenuyii pobomu,
36upaHHsi U aHanisyeaHHsi 0aHUX MOWYKY, HarnucaHHs
cmammi, pedazysaHHs ma 3ameepOXXeHHs ocmamoy-
HO20 sapiaHmy.

Ctnoens Bonogumup BonoaumupoBu4 — [OOKTOp
BETEPMHApPHUX Hayk, npodpecop, uneH-kopecnoHAeHT Hauio-
HanbHOI akagemii arpapHuxX Hayk YKpaiHu, 3acryxeHum gisd
Haykn i TexHikv YKkpaiHu, gupekTtop [epXaBHOro HaykoBoO-4o-
CMiHOTO KOHTPOSbHOMO HCTUTYTY BETEPVMHAapHUX npenaparis
Ta kopmoBuX AobaBok [epxaBHOi crnyx6u YkpaiHu 3 nuTaHb
6e3neyHOCTi Xap4yoBUX MNPOAYKTIB Ta 3axWCTy CMOXUBaYiB;
Byn. [loHeupbka, 6ya. 11, m. JlbsiB, Ykpaina, 79019;

E-mail: vstybel@ukr.net

Mo6.: +38 (095) 478-95-92

BHecok aemopa: 36upaHHs U aHarnisysaHHs OaHux
rnowyky, pedazysaHHsi ma 3ameepOXXeHHsI ocmamouy-
HO20 sapiaHmy.

BacunuwwuH 3opsiHa MeTpiBHa — kaHOMAAT MEANYHNX HayK,
noueHT kadedpu enigemionorii [lepxaBHOro HekoMepuinHoOro
nignpuemctea «J1bBIBCbKMIN HaLiOHaNbHUN MEAUYHWUIA  YHiBEp-
cuteT iMeHi JaHnna Manuubkoro» MiHicTepcTBa OXOPOHM 300POB’A
Ykpainu; Byn. MNekapcbka, 6ya. 69, m. JbsiB, YkpaiHa, 79010;

e-mail: Zoryana624@gmail.com

Mo6.: +38 (097) 465-85-80

BHecok aemopa: 36upaHHs U aHarnisysaHHs OaHux
MOWyKY, HarucaHHs i pedacysaHHs1 cmammi.

or preclinical studies. In this regard, obtaining approval from the
bioethics committee was not required. The study was performed
in compliance with the principles of good scientific practice and
in accordance with international ethical standards, in particular
the recommendations of the Committee on Publication Ethics
«COPE» (Committee on Publication Ethics).

Use of Generative Arfificial Intelligence

The authors of the manuscript consciously certify that in the
process of conducting the research and preparing this manuscript,
no generative artificial intelligence (Al) tools or services were
used to perform any tasks listed in the Taxonomy of Delegation
of Tasks to Generative Artificial Intelligence (GAIDeT, 2025). All
stages of the work — from conceptualization to final editing — were
performed without the involvement of generative Al, exclusively
by the authors.

Data availability statement

The authors of the manuscript consciously certify that all
statements and generalizations are supported by references
to primary sources, available in the open access or through
scientific library resources.

Funding Information

No funding sources were used in the process of writing the
article.

INFORMATION ABOUT AUTHORS

Vynograd Nataliya Oleksiivna — Doctor of Medical
Sciences, Professor, Head of the Department of Epidemiology
of the State Non-Profit Enterprise «Danylo Halytsky Lviv
National Medical University» of the Ministry of Health of Ukraine;
69 Pekarska Str., Lviv, Ukraine, 79010;

e-mail: vynogradno@ukr.net

mob.: +38 (067) 676-02-12
Author’s contribution: formulating the concept of the
work, collecting and analyzing search data, writing the
article, editing and approving the final version.

Stybel Volodymyr Volodymyrovych — Doctor of Veterinary
Sciences, Professor, Corresponding Member of the National
Academy of Agrarian Sciences of Ukraine, Honored Worker
of Science and Technology of Ukraine, Director of the State
Scientific-Research Control Institute of Veterinary Medicinal
Products and Feed Additives of the State Service of Ukraine
on Food Safety and Consumer Protection; 11 Donetska Str., Lviv,
Ukraine, 79019;

e-mail: vstybel@ukr.net

mob.: +38 (095) 478-95-92

Author’s contribution: collecting and analyzing search
data, editing, and approving the final version.

Vasylyshyn Zoriana Petrivna — Candidate of Medical
Sciences, Associate Professor of the Department of Epidemiology
of the State Non-Profit Enterprise «Danylo Halytsky Lviv
National Medical University» of the Ministry of Health of Ukraine;
69 Pekarska Str., Lviv, Ukraine, 79010;

e-mail: Zoryana624@gmail.com

mob.: +38 (097) 465-85-80

Author’s contribution: collecting and analyzing search
data, writing and editing the article.

Ornspg nitepatypu

165 Literature review


mailto:vynogradno@ukr.net
mailto:vstybel@ukr.net
mailto:Zoryana624@gmail.com
mailto:vynogradno@ukr.net
mailto:vstybel@ukr.net
mailto:Zoryana624@gmail.com

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa. ISSN 2313-2396 (Online)

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 152-166
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):152-166

ISSN 2313-6693 (Print)

Kosak Jllogmuna [leTpiBHa — kaHOMAAT MEOWMYHWUX Hayk,
noueHT kadpegpu enigemionorii  [lepxaBHOro HEKOMepLiHOro
nignpuemctea «J1bBIBCbKMI HaLOHANbHUN MEAUYHWUIA  YHIBEp-
cuTeT imeHi [lannna Manvupkoro» MiHicTepcTBa OXOPOHM 340POB’st
Ykpainu; Byn. MNMekapcbka, 6ya. 69, m. lbeiB, Ykpaina, 79010;

e-mail: kozaklyudmyla@ukr.net

mo6.: +38 (050) 371-25-02

BHecok aemopa: 36upaHHs U aHanidysaHHsi O0aHux
rowyKy, HanucaHHs1 i peda2ygsaHHs1 crmammi.

Kozak Liudmyla Petrivha — Candidate of Medical Sciences,
Associate Professor of the Department of Epidemiology of the
State Non-Profit Enterprise «Danylo Halytsky Lviv National
Medical University» of the Ministry of Health of Ukraine;
69 Pekarska Str., Lviv, Ukraine, 79010;

e-mail: kozaklyudmyla@ukr.net

mob.: +38 (050) 371-25-02

Author’s contribution: collecting and analyzing search
data, writing and editing the article.

Pykonuc HaginiwoB OTpumaHo nicnsi peLeH3yBaHHA [MpunHATo Oo Apyky Ony6nikoBaHo
Manuscript was received Received after review Accepted for printing Published
22.09.2025 15.12.2025 18.02.2026 27.02.2026
Ornsp nitepatypu 166 Literature review


mailto:kozaklyudmyla@ukr.net
mailto:kozaklyudmyla@ukr.net

HaykoBo-npakTuyHe BUAQHHS

BICHUK
XAPKIBCbKOIO
HALUIOHAAbBHOTIO YHIBEPCHUTETY
IMEHI B.H. KAPA3IHA.
CEPIA MEAULIUHA

TOM XXXIV
1(58) | 2026

BignosigansHun 3a Bunyck M.C. MameeeHKo

PepaxTop Bunycky @.B. Madkux
TexHiyHWI pegakTop K.B. Jleonmbesa
JlitepaTypHi pegakTtopu T.I. Ko63ap

H.M. BornowuHa
Komm’toTepHa BepcTka C.A. Tpemsk

MakeT BUrotoBA€HO

Ha MEAUYHOMY PAKyAbTETI

XapkiBcbKOro HaLiOHAABHOIO yHiBepcuTeTy
imeHi B.H. KapasiHa
MiHicTepcTBa ocBiTH i HOykn YKpdaium,
manaaH CBob6oanu, 6ya. 4,
M. XapkiB, YkpaiHa, 61022,
e-mail: journal. medicine@karazin.va

dopmat 60x84 1/8. Ym. gpyk. apk. 30,92.
Haknag 100 npum.

BuaaBeLb i BArOTOBAIOBAY
XapkiBCbKMM HALIOHAAbHMI YHiBepCHUTET
imeHi B.H. KapasiHa
MiHicTepcTBa ocBiTH | HAyKM YKpdiHK
MangaH Ceoboaw, 6ya. 4, m. Xapkis, YkpaiHa, 61022.
CBigouTBO Npo BHECEHHS Cy6’ekTa BUOABHUYOI CnpaBu
0o [lepxaBHOroO peecTpy BMAaBLiB, BUrOTOBIOBAYIB
i po3noBcloaXKyBaYiB BUAABHUYOT NPOAYKLii
OK No 3367 Big 13.01.2009 p.

Research and practice edition

THE JOURNAL
OF V.N. KARAZIN
KHARKIV NATIONAL UNIVERSITY.
SERIES MEDICINE

VOLUME XXXIV
1(58) | 2026

M.S. Matvieienko
F.V. Hladkykh
K.V. Leontieva

Responsible for edition
Issue Editor
Technical Editor

Literary Editors T.I. Kobzar
N.M. Voloshyna
Computer layout S.A. Tretyak

The mock-up made
at the School of Medicine
of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine,
4 Svobody $q., Kharkiv, Ukraine, 61022,
e-mail: journal. medicine@karazin.va

Format 60%84 1/8. Conventional printed sheets 30,92.
An edition of 100 copies.

Publisher and Manufacturer
V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine

4 Svobody Sq., Kharkiv, Ukraine, 61022.
Certificate of registration
in the State Register of publishers,
manufacturers and distributors of printed products
OK No 3367, 13/01/2009.



