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1-1.74140.30 a.u., group 2 — 1.745+0.23 a.u. By day 14, cytokine levels did not differ significantly from baseline
physiological values in any of the experimental groups.

Conclusions. Local application of hydrogel films accelerated normalization of the IL-6/IL-10 balance, suggesting
their therapeutic potential in reducing the duration of inflammatory processes and promoting faster recovery.

Key words: hydrogels, inflammation, cytokines, interleukin-6, interleukin-10.
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FIBROBLAST GROWTH FACTOR 23 IN PREGNANT RATS WITH

DIFFERENT VITAMIN D3 STATUS
Bogomolets National Medical University (Kyiv, Ukraine)
iren.poladich@gmail.com

Vitamin D; deficiency during pregnancy is associated with impaired calcium-phosphorus homeostasis and the
development of gestational complications. Fibroblast growth factor 23 (FGF23), a peptide hormone that regulates
phosphate metabolism and active vitamin D3 synthesis, may play a critical role in these processes. However, its sys-
temic and placental activity during pregnancy remains poorly understood.

The aim is to investigate FGF23 levels in the serum and placenta of pregnant rats with different vitamin D3 sta-
tuses and to analyze its associations with key biomarkers of mineral metabolism.

This study included 36 pregnant Wistar rats divided into three groups: control, vitamin Ds-deficient, and Ds-cor-
rected with cholecalciferol. Serum and placental levels of 25(0H)Ds; and FGF23 were measured using ELISA. Statisti-
cal analysis was performed with ANOVA and correlation tests.

In rats with vitamin Ds deficiency, serum FGF23 levels were significantly increased (471.7 + 20.4 pg/mL) com-
pared to the control group (211.5 # 15.82 pg/mL; p<0.001). Correction with cholecalciferol reduced the level to
173.4 + 12.5 pg/mL (p<0.001). Placental FGF23 showed a slight increase in the deficiency group, though differences
were not statistically significant. FGF23 levels negatively correlated with 25(0OH)D3 (r=-0.75) and positively with PTH
(r=0.62).

FGF23 responds to vitamin D; deficiency by increasing systemic levels and may contribute to mineral imbalance
during pregnancy. Its normalization after D; correction suggests potential as a biomarker of gestational disturbances
linked to mineral metabolism.

Key words: pregnancy, rats, FGF23, vitamin Ds, phosphate metabolism, placenta, obstetric complications.

ditions of rapid medical and social changes”, state regis-
tration number 0123U100920.

Introduction.

Pregnancy involves profound physiological and met-
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abolic transformations that ensure the development
and growth of the fetus, maternal adaptation to the
new conditions, and the formation of a fully functional
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uteroplacental circulation. One of the important systems
affected during gestation is mineral metabolism, notably
involving calcium, phosphorus, magnesium, and vitamin
Ds. These elements participate in the processes of fetal
skeletal formation, regulation of myometrial contractili-
ty, endothelial function, immune tolerance, and placen-
tal vascular remodeling [1-6].

Vitamin D3 not only plays a classical role in facilitating
the intestinal absorption of calcium and phosphorus but
also modulates gene expression involved in the regula-
tion of immune response, apoptosis, angiogenesis, and
endothelial function. Current data indicate that vitamin
Ds insufficiency is a widespread condition among preg-
nant women globally, related to inadequate sunlight
exposure, lifestyle changes, nutrition, and endocrine
disorders [7-9]. Vitamin Ds deficiency, in turn, is asso-
ciated with several gestational complications, including
pre-eclampsia, intrauterine growth restriction (IUGR),
gestational diabetes, and disturbances in calcium-phos-
phorus metabolism [10-16].

A key mediator through which vitamin D; influenc-
es mineral homeostasis is fibroblast growth factor 23
(FGF23). This is a hormonal peptide synthesized by os-
teocytes and osteoblasts of bone tissue, responsible for
phosphate excretion via the kidneys and inhibition of
synthesis of 1,25(0OH),Ds — the active form of vitamin Ds
[17]. Elevated levels of FGF23 typically accompany con-
ditions of phosphate overload or decreased active vita-
min Ds. However, in the context of pregnancy, excessive
FGF23 production may have detrimental effects, disrupt-
ing phosphate transport to the fetus, reducing vitamin
D; synthesis, and deepening the calcitriol deficiency.

Studying FGF23 as a potential biomarker of patholog-
ical pregnancy is of particular scientific interest. Human
studies suggest that changes in FGF23 levels may be as-
sociated with pre-eclampsia, gestational hypertension,
angiogenic imbalance, and endothelial dysfunction [18,
19]. For example, elevated FGF23 in pregnant women
with pre-eclampsia is accompanied by increased pla-
cental apoptotic factors, altered thromboxane function,
and increased vascular resistance in the uteroplacental
circulation.

The aim of the study.

To investigate systemic and placental levels of FGF23
in pregnant rats with varying vitamin D3 status, in order
to clarify its role in the pathogenesis of gestational dis-
turbances associated with disrupted calcium-phospho-
rus homeostasis.

Object and and research methods.

The experimental study was conducted in 2024 at
the Department of Coenzymes and Vitamins, Palladin
Institute of Biochemistry, NAS of Ukraine. Thirty-six fe-
male Wistar rats, aged 8-10 weeks (mean body weight
174 + 12 g), were included and divided into three groups:
Group | (n = 15): received a vitamin Ds-deficient (rachito-
genic) diet for 60 days prior to mating. Group Il (n = 12):
received the same deficiency diet for 60 days, then start-
ed standard diet plus cholecalciferol supplementation
(0.2 ml/day sunflower oil, dose 1000 IU/kg body weight
via gavage) beginning two weeks before mating. Control
(n =10): standard vivarium diet without restrictions on
vitamin Ds.

All rats were housed under standard conditions
(22+2°C temperature, 55-60% relative humidity,
12-hour light/dark cycle, ad libitum food and water).

Procedures complied with international animal eth-
ics guidelines (EU Directive 2010/63/EU). The study
protocol (No. 193, 24 March 2025) was approved by the
Ethics Committee of Bogomoletz NMU in line with the
European Convention for the Protection of Vertebrate
Animals used in research (Strasbourg, 1986), and do-
mestic bioethical regulations (Kyiv, 2006).

To induce vitamin D; deficiency in Group I, dietary
vitamin D3 sources were completely eliminated for 60
days before mating. At the end, blood samples were
taken to measure serum 25(OH)Ds via ELISA (General
25-Hydroxyvitamin Ds kit, AssayGenie), with quantifica-
tion using GainData® (arigo’s ELISA Calculator).

After confirming deficiency, females were mated
with fertile males at a 2:1 ratio. The next day, microscop-
ic vaginal smear confirmed sperm detection; that day
was considered gestation day 1.

Serum and placental FGF23 content were measured
using Rat FGF23 ELISA kit (AssayGenie), with concentra-
tions calculated via GainData®.

Statistical analysis was done using StatPlus v7.0; Sha-
piro—Wilk test assessed normality, one-way ANOVA and
Bonferroni multiple comparisons were used. Results are
presented as mean * SD; p < 0.05 was considered signif-
icant.

Research results and their discussion.

Determination of FGF23 concentration in the blood
serum of pregnant rats revealed significant differences
among the three experimental groups. In the vitamin
Ds-deficient group (Group |), FGF23 levels were mark-
edly elevated, reaching 471.7 £ 20.4 pg/mL, which was
2.2 times higher than in the control group (211.5 + 15.82
pg/mL, p <0.001). At the same time, in the correction
group (Group Il), the FGF23 concentration was signifi-
cantly lower — 173.4+12.5 pg/mL, which statistically
differed from both the deficient and control groups.

These findings clearly indicate that vitamin D; defi-
ciency stimulates an increase in serum FGF23 levels. In
this context, the elevation of FGF23 represents a com-
pensatory response aimed at maintaining calcium-phos-
phate homeostasis, as FGF23 reduces renal phosphate
reabsorption and inhibits the production of the active
form of vitamin D3 — 1,25(0OH),D3 [20]. Due to vitamin D3
deficiency, this mechanism may contribute to a patho-
logical vicious cycle, where elevated FGF23 further sup-
presses calcitriol levels, exacerbating metabolic distur-
bances [17].

Correction of the deficiency with cholecalciferol sig-
nificantly reduced FGF23 levels, restoring systemic met-
abolic balance. The decreased FGF23 level in the correc-
tion group — even slightly lower than in controls — may
indicate the effectiveness of treatment and the recovery
of regulatory mechanisms. Similar findings were report-
ed by Saki F. (2019) and Bgllehuus Hansen L. (2020), who
noted a negative feedback relationship between vitamin
Ds and FGF23 levels [21, 22].

In addition to systemic FGF23 elevation, local chang-
es in this factor were also detected in placental tissue.
In the vitamin Ds-deficient group, placental FGF23 levels
were 11.9 + 0.8 pg/mL, significantly higher than those in
both the control and correction groups (10.9 + 0.4 pg/
mL each).

This increase suggests local activation of the FGF23
system in the placenta, likely as a response to system-
ic vitamin Ds deficiency and phosphate imbalance. The
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placenta is a complex organ with its own metabolic reg-
ulatory mechanisms, and increased FGF23 expression
may affect phosphate and calcium transport, as well as
vascular development and cellular metabolism [23].

Elevated placental FGF23 may aggravate local dys-
functions, including reduced trophoblast proliferation,
increased apoptosis, and heightened oxidative stress
— processes typical for placental pathology in vitamin
Ds-deficient states, which can contribute to pregnancy
complications such as preeclampsia [24].

In contrast, correction of vitamin Dz deficiency en-
abled normalization of placental FGF23 levels, highlight-
ing a close link between systemic vitamin Ds sufficiency
and local FGF23 expression.

Correlation analysis between FGF23 levels and key
biochemical indicators, such as 25(0OH)Ds, calcium, phos-
phorus, and parathyroid hormone (PTH), revealed strong
negative correlations between FGF23 and 25(OH)Ds
(r="-0.75, p<0.001), as well as positive correlations with
PTH (r=0.62, p<0.01). These findings align with known
pathophysiological mechanisms, where vitamin D defi-
ciency causes parathyroid hyperplasia and elevated PTH
levels, which, together with increased FGF23, contribute
to complex disturbances in calcium-phosphate balance
[24].

FGF23 is not only a regulator of phosphate metabo-
lism but also influences vascular tone, immune respons-
es, and oxidative stress, all of which are of particular
importance during pregnancy. Elevated FGF23 in both
serum and placenta may promote endothelial dysfunc-
tion, vascular growth abnormalities, and impaired pla-
cental perfusion — key pathogenic factors in preeclamp-
sia and intrauterine growth restriction [25].

Considering this, the obtained results emphasize the
potential of FGF23 as a biomarker of pregnancy compli-
cations, especially in women with vitamin Ds deficiency.

In our study, administration of cholecalciferol helped
normalize both systemic and local FGF23 levels. This
has significant practical implications, as it suggests the
possibility of pharmacological correction of disturbed
calcium-phosphate metabolism during pregnancy, and
potentially reducing the risk of placental insufficiency
and other complications.

According to the literature, vitamin Dz regulates
FGF23 expression through feedback mechanisms and ef-
fects on cellular receptors [19]. Thus, correcting vitamin
Ds deficiency is not merely nutritional support, but also a
regulatory intervention affecting key hormonal systems.

DOI 10.29254/2077-4214-2025-3-178-213-220
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Our findings are consistent with previous studies in
both animals and humans, demonstrating FGF23 eleva-
tion in vitamin D3 deficiency and complicated pregnan-
cies [21, 24]. For instance, the study by Maekawa A.S. et
al. (2024) showed that elevated FGF23 levels in pregnant
women were associated with more severe preeclamp-
sia. Experimental studies in rats also confirm the involve-
ment of FGF23 in impaired placental function [26].

Conclusions

Vitamin D3 deficiency is associated with a significant
increase in serum FGF23 levels in pregnant rats. In ani-
mals with induced vitamin D3 deficiency (Group 1), the
serum FGF23 concentration reached 471.7 +20.4 pg/
mL, which was significantly higher compared to the
control group (211.5%15.8 pg/mL, p<0.001) and
the group with post-deficiency vitamin Ds correction
(173.4 £12.5 pg/mL, p < 0.001).

Correction of vitamin Ds deficiency leads to normal-
ization of serum FGF23 levels. Administration of chole-
calciferol at a dose of 1000 IU/kg in pregnant rats with
previous vitamin D; deficiency resulted in a 2.7-fold de-
crease in FGF23 levels compared to untreated animals,
bringing it close to control values (p > 0.05).

FGF23 concentration in placental tissue does not un-
dergo significant changes under conditions of vitamin
Ds deficiency or correction. Placental FGF23 levels were
as follows: Group | — 11.9 £ 0.8 pg/mg protein; Group
Il — 10.9 + 0.4 pg/mg; Control — 10.9 + 0.4 pg/mg, with
no significant differences between groups (p > 0.05).
This indicates a limited responsiveness of local placen-
tal FGF23 expression to systemic changes in vitamin D3
status.

The elevation of circulating FGF23 may play a com-
pensatory role in maintaining phosphate homeostasis
during vitamin D; deficiency.

However, excessive FGF23 production may exert
pleiotropic effects on placental function, particularly
through dysregulation of angiogenic factors and calcium
transport.

FGF23 may be considered a potential biomarker of
phosphate metabolism disturbances in gestational vita-
min D3 deficiency.

Prospects for further research.

To better understand the role of FGF23 during preg-
nancy, it is advisable to explore its interactions with
other key placental proteins and assess its effects on
vascular function, immune regulation, and fetal devel-
opment. This may help identify potential health risks for
both the fetus and the mother.

POJ1b ®IBPOBJ/IACTHOIO ®AKTOPY POCTY 23 Y BATITHUX LLYPIB
3 PI3HAM BITAMIH-D3 CTATYCOM

HauioHanbHUit meguuHuit yHiBepcuteT imeHi 0.0. boromonbusa (M. Kuis, YKpaiHa)
iren.poladich@gmail.com

Aeghiyum simamiHy D3 y nepiod sazimHocmi € nowupeHum geuuiem i nos’azaHull i3 MopyuieHHAM Kasnblyiego-
gocpopHo2o 0b6MiHYy ma nidsUWEHUM PU3UKOM pPO38UMKY 2ecmauyiliHux ycKkaadHeHb. OOHUM i3 Ka4oeux
pezynamopis pocpamHo2o memabonizmy € gpibpobaacmHuli pakmop pocmy 23 (FGF23), akuli enausae Ha piseHb
¢occhamie ma akmueHoi popmu simamiHy D3 'y kposi. [Tpome pons FGF23 y saeimHocmi, 30kpema lio2o cucmemHa
ma naaueHMapHa aKMuUeHicme 3a pizHUx eimamiH-D3 cmamycis, 0ocnioxeHa HeOoCMamHbo0.
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Mema 0ocnioxeHHs — ouiHUumu pieHi FGF23 y cuposamui kposi ma rnaauyeHmi 8a2imHuUX Wypie 3 HOPMAsAbHUM,
3HUYKEHUM ma CKOpu2o8aHUM pisHeM eimamiHy Ds, @ makox npoaHanisysamu Uio2o 38°A30K i3 MapKepamu

MiHepasabHo20 06MiHY.

Y 0ocnidxceHHi 834su yyuacms 36 camuyb wypis aiHii Bicmap, po3nodineHux Ha mpu epynu. BusHayeHHs 25(0H)
Dz ma FGF23 nposodusnu 3a dornomoeoro ELISA, cmamucmuyHuli aHaniz — memodamu ANOVA ma kopenayii.

Y meapuH 3 degpiuumom D3 piseHb FGF23 y cuposamui 6ye 00cmogipHO nidsuWeHUM, 0 KOPEKYis 3HUXy8ana
lioeo 00 KOHMPObHO20 piBHA. Y naaueHmi criocmepi2anuca cxoxci, ase HedocmosipHi 3miHU. BcmaHoeneHo
obepHeHuli 38’a30K FGF23 i3 25(0H)D3 ma no3umusHy kopenayito 3 T,

FGF23 moxce b6ymu 4vymausum MapKepom Oegpiyumy eimamiHy D3 ma nomeHuiliHUM npo2HOCMUYHUM
MOKA3HUKOM MOopyuweHb MiHepaabHO20 06MiHy nid Yac eazimHocmi.

Knw4oei cnosa: sazimuicms, wypu, FGF23, eimamiH Ds, ¢pocpamHuli obmiH, naaueHma, aKywepcoki

YKCAAOHEHHSA.

3B8’A30K ny6niKauii 3 n1aHOBMMM HAayKOBO-A0CAIA-
HUMU poboTamu.

JocniayKeHHA BWMKOHAHO B paMKax HayKOBO-40-
cniaHoi poboTn Kadeapwu akylwepcTsa i riHekonorii Nel
HauioHanbHoro meguyHoro yHiBepcutety imeHi 0.0.
Boromonbusa «36eperkeHHA Ta BiAHOBMEHHA penpo-
OYKTMBHOIO 340pOB’A JKIHOK B yMOBax LUBWAKUX Me-
AMNKO-COLiaNbHUX 3MiH», HOMEpP Aep*KaBHOI peecTpauii
0123U100920.

Bcryn.

Mepiog, BariTHOCTI cynpoBOAXKYETbCA MMUBOKMMK bi-
3ionorivHMmMKu Ta metaboniuHMmM nepebynosamu, AKi
3abe3neyvytoTb PO3BUTOK i 3pOCTaHHA N10AA, aAanTaLito
OpraHiamy maTtepi 0 HOBUX YMOB, a TaKOX GOpmMyBaH-
HA NOBHOLIHHOTO MATKOBO-NJ1ALEHTAaPHOTO KPOBOODIry.
OpHi€o 3 BaXKAMBUX CUCTEM, LLLO 3a3HAE 3MiH y nepioa
rectauii, € miHepanbHWi 06MiH, 30Kpema 0bMiH Kanb-
uito, pocdopy, marHito Ta BitamiHy D,. Came Ui enemeHTH
6epyTb yyacTb y npouecax GopmyBaHHA CKeneTy Naoaa,
perynauii CKOpOT/IMBOI 34aTHOCTI MiOMeTpia, eHAaoTeNi-
aNbHOI YHKLIT, iIMyHHOT TONEPaHTHOCTI Ta pemoaento-
BaHHSA CyAWH naaueHTu [1-6].

BitamiH D, BUKOHYE He nLLe KNacu4Hy posiby 3abes-
neyeHHi KMwWwKoeoi abcopbuii KanbLito i pocdopy, ane
M MOZYNIOE EKCMpPECito reHis, 3any4eHux Ao perynauii
iMyHHOI BignoBigi, anonTo3y, aHrioreHesy Ta eHAoTeNi-
anbHOi QyHKLUii. 32 cydacHUMM AaHMMM, TiNoBiTaMiHO3
D, € NOWMPEHNM CTAHOM Y BariTHUX 3KIHOK y BCbOMY
CBiTi, IO NOB’A3aHO 3 HEAOCTAaTHbLOI iHCONALEND, 3Mi-
HaMM cnocoby KUTTA, XapuyyBaHHAM Ta EHAOKPUHHUMMU
nopyweHHamu [7-9]. Y ceoto uepry, Aediumt BitamiHy D,
ACOLLIOETLCA 3 PAAOM recTauiMHUX YCKAALHEHb, TaKUx
AK NpeeKkNaMnCia, 3aTPUMKa BHYTPILIHbOYTPO6HOrO
PO3BUTKY NnoAa, rectauiiHuii giabet Ta nopylieHHA
Kasbuieso-pochopHoro obmiHy [10-16].

OfHMM i3 K/IOUOBMX MEeAiaTopiB, Yepes ki BiTamiH D,
BM/IMBAE Ha MiHepanbHUN romeocTas, € ¢pibpobaacTHM
dakTop pocty 23 (FGF23). Lle ropmoHanbHUiM nenTua,
LLLO CMHTE3YETbCA OCTEOLMTAaMM | 0OcTeobnacTaMm KicTKo-
BOi TKAHWHW i BignoBigae 3a ekckpelito pochopy vepes
HUPKWK Ta iHribyBaHHA cuHTe3y 1,25(0OH),D; — akTMBHOI
dopmu sitaminy D, [17]. MigsuwenHa pisHa FGF23, ak
npaBu/io, CYNPOBOANKYE CTaHW 3 Haanuwkom docdopy
ab0 3HUMKEHHSAM aKTMBHOIO BiTamiHy D,. OfHaK y KoH-
TEKCTi BariTHOCTI HagaMwKoBa npoaykuia FGF23 moxe
MaTW OECTPYKTMBHI HacniAKW, MOpyLyloYM TpaHcnopT
docdopy [0 NNOAA, 3MEHLIYIOUM CUHTES BiTamiHy D, i
nornnbntotoum gediumnt KanbumuTpiony.

Ocobn1BY HayKOBY LiHHICTb CTAHOBUTb BWMBYEHHA
FGF23 aK noTeHuinHoro 6GiomapKepa MNaTONAOMYHOIO
nepebiry BaritHocTi. [JocaigKeHHs Ha Nasx CBigyaTtb,

Lo 3MiHM Y piBHi FGF23 moxyTb 6yTM nos’asaHi 3 npee-
K/IAMMCIi€0, TinepTeH3iel0 BariTHUX, AHTIOTEHHUM AMC-
6anaHcom Ta eHAoTenianbHow ancdyHKuieo [18, 19].
Hanpwuknag, nigsmweHHAa FGF23 y BariTHMX 3 NnpeeKknam-
MNCi€l0 CYnpOBOAMKYETbCA 36iNblUEHHAM KOHUEHTpaLl
nnaueHTapHUX GakTopis anonTo3y, NopyLeHHAM QyHK-
Lii TpoombOKcaHy Ta NiABULEHHAM CYAMHHOTO OMopy B
MaTKOBO-MJIALEHTAPHOMY pyC/ii.

MeTta gocnigeHHs.

BM3HaunTM 0CcO6AMBOCTI CUCTEMHOrO Ta NAALEHTap-
HOro pisHiB FGF23 y BariTHKX LypiB 3 pPi3HUM BiTamiH-D,
cTaTycom gns 3’scyBaHHA MOro posi y natoreHesi recta-
LiMHUX NOPYLUEHb, aCOLMOBaHMUX i3 MOPYLIEHHAM Ka/lb-
uieBo-pocdopHOro romeocrasy.

O6’eKT i meTOAM AOCNIAKEHHA.

EkcnepumeHTanbHe [OCAIAXEHHA NPOBOAUNOCH Y
2024 poui Ha 6a3i Bigainy kKobepMeHTiB Ta BiTamiHiB IH-
cTuTyTy Bioximii im. O.B. MannagiHa HAH Ykpainu. Y go-
CNiasKeHHA 6yno BKAOYEHO 36 camok Binux wypis NiHii
Bictap Bikom 8—10 TMMKHIB i3 cepegHbOK MACOMO Tina
174 £ 12 r. TeapuHM Byan pos3noAineHi Ha Tpwu rpynu:
lpyna | (n=15): wypwn oTpumMyBanmn paxiToreHHy AieTy,
AKa He micTuna BiTamiHy Ds, npoTtarom 60 gHiB go cna-
ptoBaHHA 3 meToto dopmMyBaHHA Aediunty BiTamiHy Ds.
Mpyna Il (n=12): aHanoriyHa AieTa 3aCcToCcOBYBanacs Npo-
TArom 60 gHiB, nicns Yoro TBapMHam BBOAWAWN 3BMYAN-
HWIM paLioH i3 AOAATKOBMM MepopasibHUM BBEAEHHAM
xonekanobumoepony (0,2 mn/poby B onii COHALWHMKA,
no3a— 1000 MO/kr macu Tina; Sigma, CLLA) yepes 30HA,
NMOYMHAKYM 33 ABa TUXKHI A0 cnaptoBaHHA. KOHTponbHa
rpyna (n=10): TBapuHKM nepebyBanu Ha cTaHAAPTHOMY
pauioHi BiBapito 6e3 obmerkeHb WoA0 BMICTy BiTaMiHy
Ds.

YCi wypu yTpumMmyBaancb B yMOBax, BiANOBigHUX A0
HOPMaTMBIB BiBapito: TemnepaTtypa — 22 * 2°C, BiAHOCHa
BOJI0TICTb 55—60%, CBiTN0BMI1 pexkum 12 roguH csitna/12
rOAWH TEMPSABMW, BiIbHUI AOCTYN 40 BOAWU Ta KOPMY.

Bci npoueaypy BUKOHYBAIUCD i3 AOTPUMAHHAM MiXK-
HapOAHWX CTAaHAAPTIB €TUKUM EKCMEepUMEHTIB Ha TBa-
puHax (Oupektmea €C 2010/63/EU). MpoTokon aocni-
[OKEeHHA 3aTBepAKeHUn ETMYHMM KomiteTom HMY imeHi
0.0. boromonbus (Mpotokon Nel93 Big 24.03.2025),
BiANOBiAHO A0 EBPONENCbKOI KOHBEHLLIT 3 OXOPOHMU Xpe-
6ETHUX TBAPWH, AKI BUKOPUCTOBYIOTHCA B HAYKOBUX [0-
cnigxkeHHaAx (Ctpacbypr, 1986), Ta BITYUM3HAHUX BUMOT 3
6ioetuku (Kuis, 2006).

Ona pocarHeHHa pediumnty BiTamiHy Ds y TBapuH
nepwoi rpynu 3 pauioHy 6yn0 NOBHICTIO BUKOYe-
HO A)Kepenia uboro BiTamiHy npotarom 60 aHiB nepen
cnaprtoBaHHAM. HanpuKiHLi LubOro nepiogy nposoAanau
3abip KpoBi AnA BU3HauyeHHA piBHA 25(0OH)Ds 3a go-
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nomoror imyHodepmeHTHOro aHanisy (Habip General
25-Hydroxyvitamin D; (HVD3) ELISA kit, UNDLO0O047,
AssayGenie). KinbKicHy OLiHKy MpoBOAMAN 3 BUKOPUC-
TaHHAM GainData® (arigo’s ELISA Calculator).

Micna niaTBepaxeHHa pediumty 25(0H)Ds camok
cnaptoBaan 3 NAIGHUMKU CaMUAMM Y CNiBBiAHOLWEHHI
2:1. HactynHOro AHA nicna cnaptoBaHHA BMKOHYBA/U
MIKPOCKONiYHe O0CNIAMEHHA BariHaNbHOrO MasKa Ana
BUABNIEHHA cnepmaTo30igis. [JeHb BUABNEHHA cnepmu
BBAXKaBCA NepLUIMM AHEeM recTauii.

Bu3aHaueHHs BmicTy FGF23 y cMpoBaTtLui KpoBi Ta nna-
LEeHTapHIM TKaHWHI BariTHMX LWypuUb NPOBOAUAN 3rig-
HO MPOTOKONY A0 iIMyHOEH3MMHOI cuctemmn Rat FGF23
(Fibroblast growth factor 23) ELISA kit (RTFI00086),
AssayGenie. Po3paxyHOK KoHueHTpauii FGF23 y po-
CNiAXKYBaHUX 3pa3Kax BWMKOHYBa/IM 33 A0OMNOMOIOH0
GainData® (arigo’s ELISA Calculator).

CtaTucTMYHy 06po6Ky pesynbTaTiB  34ilcHI0BaNM
3a Jonomoroto nporpamHoro 3abesneveHHa StatPlus
(Bepcia 7.0, AnalystSoft Inc., CLUA). Ona nepeBipku
HOPMaNbHOCTI po3noginy 3actocosysanu TecT LLanipo—
Binka. MNopiBHAHHA cepeaHiX 3HAa4YEeHb NPOBOANIN METO-
Aom ogHodaKTopHOro aucnepciiHoro aHanisy (ANOVA)
3 HACTYMHOK KOPEKLIE MHOMWMHHOIO MOPIBHAHHA 3a
BoHdeppoHi. Pe3ynbTat nogaHi y BUrnAa4i cepesHboro
3HaUYeHHn + cTaHAapTHOro BiaxuneHHaA (M £ SD). PiseHb
CTaTUCTUYHOI 3HAYYLWOCTi BBAXaBCA AOCTOBIPHMM NpU
p <0,05.

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

Bu3HauyeHHA KOHUeHTpaLii FGF23 y cupoBaTui Kposi
BariTHMX LLYypiB MNPOAEMOHCTPYBaNO CYTTEBI BiAMIH-
HOCTI MiX TpbOMa eKCnepumeHTaZbHUMK rpynamu. Y
rpyni 3 pediuutom Bitaminy D, (I rpyna) piseHb FGF23
6yB 3Ha4YHO NiaBULLEHUI | cTaHoBMB 471,7+20,4 nr/mn,
Wo y 2,2 pasu nepeBuLLYyBan0 MOKA3HUK KOHTPOAbHOI
rpynu — 211,5+15,82 nr/mn (p<0,001). BogHouac y rpyni
Kopekuii gediunty (Il rpyna) KoHueHTpauia FGF23 6yna
CYTTEBO HMXKUOK — 173,4+12,5 nr/mA, WO CTaTUCTUYHO
OOCTOBIPHO BiApi3HANOCA AK Big AediuMTHOI, Tak i Big,
KOHTPOAbHOI rpynu.

Lli pe3ynbTaTv YiTKO BKasylTb Ha Te, Wo gediumt
BiTamiHy D, cTUMyntO€ nigBuLLeHHn pisHa FGF23 y cu-
poBaTui Kposi. MNiasuweHHa FGF23 y Lbomy KOHTEKCTI
€ KOMMEeHCcaLUiiHo BiAMOBIAA OpraHiamy, crnpamo-
BaHOK Ha MiATPUMKY KanbuieBo-bochopHOro romeo-
cTasy, age FGF23 3HMkye peabcopbuito pocdopy y
HUpPKax i iHribye NpoAayKLito akTMBHOI GoOpMK BiTaMiHy
D — 1,25(0H);D; [20]. Yepes pediuut sitaminy D, ueit
MEXaHi3M MOXe NpM3BOAUTM 4,0 3aMKHEHOIO NATONOrY-
HOro Kona, Ae nigsuuieHnii FGF23 nocuaoe 3HUMXKEHHA
KanbLMTpiony, Nornnbaioymn nopyweHHs metabonismy
[17].

KopekKuia aediumty xonekanbumdeponom npusBo-
OVWTb [0 3HAYHOrO 3HUMKEHHA piBHA FGF23, BigHOBAOMO-
Yn CUCTEMHUIA MeTaboniuHMA BanaHc. 3HUKEHUN piBEHDb
FGF23 y rpyni KopeKuii, AKWI HaBiTb OYB AELLO0 HUKYUM
33 KOHTPOJIbHWUIN, MOXKe CBigYMTM Npo edeKTUBHICTb
NiKyBaHHA | BIAHOBAEHHA PeryiaATOPHUX MeXaHi3MiB.
AHanoriyHi aaHi HaBoaATbcA B AocniaskeHHAx Saki F.
(2019) ta Bgllehuus Hansen L. (2020), ae Bia3Ha4yeHo
HeraTMBHUI 3BOPOTHWUI 3B’A30K MiXK PIBHAMM BiTaMiHy
D, i FGF23[21, 22].

Okpim cuctemHoro niasuueHHs FGF23, byno 3adik-
COBAHO i IOKaNIbHi 3MiHM LibOro haKTopa B N1aLEeHTapHIN
TKaHwWHI. Y rpyni 3 aediumtom Bitamiy D, pieHb FGF23

y nnaueHTi ctaHosus 11,9+0,8 nr/mn, wo 6yno gocTosip-
HO BULLMM 33 MOKA3HMKU KOHTPONbHOI Ta KOpEeKLinHOi
rpyn —no 10,9+0,4 nr/mn.

Lie niasuLLeHHA CBIAYMTb NPO NIOKaNbHY aKTMBaLLitO
cuctemn FGF23 y nnaueHTi, AKa, MMOBIPHO, € peakLieto
Ha cucTeMHMIA AediumT BiTamiHy D, Ta nopylweHHs doc-
¢daTtHoro obmiHy. MnaueHTa — uUe CKNAAHWUIN OpraH i3
B/IACHUMM MeXaHismamu perynsuii o6miHy peyvyoBUH,
i 3pocTaHHA ekcnpecii FGF23 y Hi Mo)e BNAMBATK Ha
TpaHcnopT $ocdaTiB i KanbLilo, @ TaKOX Ha CYAUHHWI
PO3BUTOK i KNITUHHUI MeTabonism [23].

MigsnweHHA FGF23 y nnaueHTi moXKe nocmaoBaTtm
JNIOKaNbHi ANCPYHKLIT, NOB’A3aHi i3 3HUKEHHAM Npoi-
depauii Tpopobnactie, 36inblLIEHHAM anonTo3y Ta Mo-
CUNEHHAM OKCMOATUBHOIO CTPECY, L0 XapaKTepHo AnA
naToNorii NNaLeHTH Npu BitamiH-D,-AediunTHUX cTaHax
i MOXKe CnpuATK PO3BUTKY YCKNAZLHEHb BariTHOCTI, TaKMX
AK npeeknamncia [24].

HaTomicTb KopeKuisa aediunTy BiTamiHy D, no3sonse
BiAHOBUTU HOpPManbHUI piBeHb FGF23 y nnaueHTi, wo
CBiAYMTb NPO TICHUI 3B’A30K MiXK cucTeMHMM 3abesne-
YeHHsAM BiTamiHom D, i micuesoto ekcnpecieto FGF23.

AHani3z KopenauinHux 3B’A3KiB MixK piBHAMKM FGF23
Ta KA0YOBUMM BIOXIMIYHMMM NOKA3HMKaMM, TaKUMU AK
25(0OH)D,, kanbuiii, ocdhop Ta napaTMpeoigHNii ropMoH
(MTT), nokasaB cuAbHI HeraTMBHI Kopenauji mixk FGF23 i
25(0H)D, (r=-0,75, p<0,001), a TaKO NO3UTMBHI Kope-
nauii 3 NTT (r=0,62, p<0,01). Lle y3roayeTbcsa 3 naTo-
disionoriyHMMmM mexaHiamamu, Koam gediunTt BiTamiHy
D, cnpuunHse rinepnnasito napawmTonogibHmx 3an03
Ta nigsuweHHa MNTT, wo, pasom i3 nigsuweHmm FGF23,
dOpMyE KOMMIEKCHE MOpPYLEHHA Kanblieso-pocdop-
Horo 6anaHcy [24].

FGF23 € He aunwwe perynatopom metaboniamy pocdo-
py, a 11 BNIMBAE HA CYAUHHMI TOHYC, iIMyHHI npoLecH Ta
OKCUOATUBHUI CTpeC, WO Mae ocobanse 3HaYeHHA ANA
BaritHocTi. MNigsnweHHA FGF23 y cupoBaTyi Ta nAaueHTi
MOXe CNpUATU PO3BUTKY eHAoTenianbHoi AncdyHKU,
aHOManiM CygMHHOro POCTY i MopyLWweHb NAaueHTapHO-
ro KPOBOMOCTa4YaHHA, WO € NATOreHETUYHOK OCHOBOO
npeeKknamncii Ta 3aTPUMKM BHYTPILIHbOYTPOBHOro po-
3BUTKY noga [25].

BpaxoBytouun ue, oTpMMaHi pe3ynbTaT NigKpecnto-
10Tb noTeHuian FGF23 Ak mapKkepa pu3nKy YCKNa4HEHb
BariTHOCTI, 30KpPeMa y >iHOK i3 BiTamiH-D -fediyutom.

Y Hawomy A0CNiAMKEHHI 3aCTOCYBaHHA XONeKaNbLm-
depony cnpuano HopmanisaLii CUCTEMHOrO Ta J10Ka/b-
Horo piBHA FGF23. Leit paKT Mae Bark/1MBe NMpakTUYHe
3HAYEHHSA, OCKINIbKM CBIiAYMUTb NPO MOKAMBICTb dapma-
KOJIOFiYHOI KOopeKL;ii nopylweHoro metaboniamy KasbLiito
Ta dochopy B ymoBax BariTHOCTI, @ TaKOXK NPO MOTEH-
Lian 3HMXKEHHA PU3NKY NNALLEHTAPHOI HeAOCTATHOCTI Ta
iHLIMX YCKNAAHEHb.

[aHi nitepatypu nigTBEpAMKYIOTH, WO BiTaMiH D, KOH-
Tpontoe ekcnpecito FGF23 yepe3 mexaHi3amu HeraTMBHO-
ro 3BOPOTHOTO 3B’sI3KY Ta BM/IMB Ha KNITUHHI peLenTopu
[19]. Takum unHom, Kopekuis aediunTy BiTamiHy D, — Le
He AnLe 3abe3nedyeHHs HYTPIEHTA, ane M perynsaTopHuii
BM/IMB HA K/IIOYOBi FOPMOHA/IbHI CUCTEMM.

Hawi pe3synbTaT y3rogyKyTbCA 3 AAHUMMU iHLINX
JOCNiAXeHb Ha TBapWHax i N0AAX, AKi A4EMOHCTPYIOTb
niasuweHHs FGF23 npu gediunti BiTamiHy D, i sarit-
HOCTi 3 ycKnagHeHHsamu [21, 24]. Hanpuknag, aocnig-
»eHHA Maekawa A.S. et al. (2024) nokasanu, wWwo nigsu-
weHHA FGF23 y BariTHMX KiHOK acouitoeTbcs 3 HinbL

ISSN 2077-4214. Bicuuxk npo6nem Gionorii i meanuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 - Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

217



KNIHIYHA TA EKCMEPUMEHTAIbHA MEQULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

TAXKMM nepebirom npeeknamncii. EkcneprmeHTanbHi
po60TK Ha Wypax TaKoX MiATBEepAXKYTb posb FGF23 y
NOPYLLEHHSAX NAaLeHTapHOI GyHKLIT [26].

BucHoBKM.

[Oeodiumt BiTamiHy D3 cynpoBOAKYETbCA 3HAYHUM
nigsuweHHAmM pisHAa FGF23 y cMpoBaTLi KpOBi BariTHMX
Wwypis. Y TBapuH 3 iHAYKOBaHMM AediunTom BiTamiHy
Ds (I rpyna) KoHueHTpauia FGF23 y cupoBaTui gocarana
471,7 £ 20,4 nr/mA, Lo AOCTOBIPHO NepeBuLLlyBaio aHa-
NOriYHi NOKa3HWMKKU Yy KOHTPOAbHIN rpyni (211,5 + 15,82
nr/mn, p<0,001) Ta y rpyni 3 nicnagediunUTHOK KOpeK-
uieto BitamiHom Ds (173,4 £ 12,5 nr/mn, p < 0,001).

Kopekuia aediunty BitamiHy Dz npru3BoauTb 40 HOP-
manisauii pisHAa FGF23 y cupoBaTui KpoBi. 3acTocyBaHHA
xonekanbuudepony 8 £03i 1000 MO/Kry BariTHMX Wwypis
3 nonepegHim pgediumtom D3 3yMOBWMAO 3HUMKEHHA
piBHA FGF23 y 2,7 pa3a NOpiBHAHO 3 HENiIKOBAaHMMMU TBa-
pPUHAMM, HabAMKaYM MOFO A0 KOHTPOJSIbHUX 3HAYeHb
(p >0,05).

Y nnaueHTapHiM TKaHWHI KoHueHTpauis FGF23 He
3a3HAE 3HAYHMX 3MiH 33 ymoB AediumTy abo KopeKuii
BiTamiHy Ds. Moka3HunkM FGF23 y nnaueHTi cTaHOBUAM:

| rpyna—11,9 + 0,8 nr/mr 6inka, Il rpyna — 10,9 + 0,4 nr/
Mr, KoHTponb — 10,9 + 0,4 nr/mr, 6e3 AOCTOBIpHUX BiA-
MiHHOCTEl Mix rpynamu (p >0,05). Le cBiguntb npo
0bMmerKeHy peaKTUBHICTb SI0KanbHOI ekcnpecii FGF23 y
NAALEHTI 4O CUCTEMHUX 3MiH BiTamiH-D3 cTaTycCy.

MNiasnweHHA piBHA FGF23 y KpoBi MoXe Bigirpasatu
KOMMNEHCATOPHY PO/b Yy NiATPUMaHHI pocdaTHOro rome-
ocCTasy npu rinoBiTamiHo3i Ds.

Mpote HagnvwkoBe npogyKyBaHHA FGF23 moxke
MaTW NAEUOTPONHUIN BMNAMB Ha YHKLiIOHYBAHHA nna-
LEHTHM, 30KpemMa Yepes NopyLlleHHs perynauii paktopis
aHrioreHesy Ta Ka/ibLiEBOro TPAHCMNOPTY.

FGF23 po3rapaetbca AK MOTEHLiNMHMI Giomapkep
nopyweHHs ¢ochatHoro obmiHy npu rectauinHomy
aediuunTi BiTamiHy Ds.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

o6 Kpawe 3po3ymiti ponb FGF23 nig yac BariTHo-
CTi, BAPTO AOCAIANTU MOTO 3B'S30K 3 iHWMMWN BaXKINBU-
MW BiNKaMK NAALEHTH, @ TAKOXK OLLIHUTK, AK BiH BNNBAE
Ha CYAMHMW, iIMYHITET i po3BMTOK nnoga. Lle gonomoxke
BUABUTU MOXKINBI PU3MKK 417 340POB’A AUTUHU T Mal-
BbyTHbLOT MaTepi.
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POJ1b ®IBPOBJ/IACTOIO ®AKTOPY POCTY 23 Y BATTHUX LLYYPIB 3 PI3BHUM BITAMIH-D CTATYCOM

Monapunu I. B.

Pestome. JediuunTt BitamiHy D3 y BariTHMX € 06anbHO nowwmpeHoto Npoba1emoto, Lo aCoLFOETLCA 3i 3HUMKEHHAM
AKTUMBHOCTI Ka/bLMTPiONy, NOPYLIEHHAM KasbLjieBo-docdopHOro 06MiHy, eHAOKPUHHOI perynauii Ta niaBuWeHUM
PU3MKOM PO3BUTKY recTaLimHuX yckaagHeHb. Cepes MONERYAAPHUX MeAiaTopiB, siKi 6epyTb y4acTb y UUX NpoLecax,
3HayHy yBary npusepTtae FGF23 — docdaTypmnUHMN FOPMOH, L0 Perytoe piseHb ¢pocdopy B OpraHiami WAAXOM 3HU-
YKeHHA peabcopbLii y HUPKax Ta NPUrHIYEHHA CMHTE3Y akTUBHOI popmu BiTamiHy D (1,25(0OH).Ds). HesBakatoum Ha
KntoyoBy ponb FGF23 y miHepasibHOMY romeocTasi, 1oro AnHamika B ymoBax gediunty BitamiHy D nig yac BariTHOCTI
Ta IOKa/IbHa eKCMpecia B NNALEHTI 3a1MLLAI0TbCA MAIOBUBYEHUMMU.

Mema: oujiHnTtu piBHi FGF23 y cMpoBaTLi KpOBi Ta N1aueHTi BariTHUX LLYpPiB 3 pi3HUM BiTamiH-D ctatycom Ta npo-
aHani3yBaTM 3B'A3KM LLbOrO NMOKAa3HMKA 3 OCHOBHUMM BiomapKepamu MiHepaibHOro 06MiHy.

06’ekm | MemoOu 0ocnioreHHA. Y fOCNIAXKEHHI BUKOPUCTaHO 36 BariTHMX camuup LLypPiB NiHil BicTap, po3noa,i-
NIeHUX Ha Tpu rpynu: | — gediunt BiTaminy Ds; Il — aediymnT i3 HaCTyNHOK KopeKLieo xoneKanbundeposom (LVDs); I
— KOHTPO/b i3 HOPMaabHUM cTaTycom. KoHueHTpauito 25(0H)Ds Ta FGF23 BM3HaYanu B CMPOBATLL KPOBi Ta NAaLEeHTI
meToaom ELISA. CTaTUCTUYHMIA aHani3 34ilcHeHOo 3 BUKopucTaHHAmM ANOVA Ta KopensauiiHoro aHanisy MipcoHa.

Pesynemamu. Y rpyni aediumty Ds piseHb FGF23 y cuposarTui 6ys AocToBipHO niasuieHum (471,7 + 20,4 nr/mn),
L0 MaitKe BABIYI NepeBMLLYyBaso KOHTPObHI 3HaYeHHs (211,5 + 15,82 nr/mn; p<0,001). Micns kopekKuii BitamiHy D;
KOHUeHTpauia FGF23 3HuxyBanaca ao 173,4 + 12,5 nr/mn (p<0,001), wo cBig4MTb NPo epeKTUBHICTb BTPYyYaHHA.
Y nnaueHTi BUABNEHO /iMle TeHAeHuito Ao niasuueHHa FGF23 npu aediuuTi Ds, ogHak 6e3 cTaTUCTUYHO 3Hauy-
LLMX BiZLMIHHOCTEN MiXK rpynamu. BCTaHOBAEHO CUbHWUI 3BOPOTHUIM KOPenaLinHnii 38°a30K Mix FGF23 Ta 25(0H)D;
(r=-0,75; p<0,01), a TaKOX NO3UTMBHY KopensaL,jto 3 pisHem napaTtropmoHy (MTT) (r=0,62; p<0,01), wo niaTBEpAKYE
3a/y4yeHHa FGF23 y mexaHi3aMn KomneHcaTopHOI aganTaLii miHepanbHOro obminy.

BucHosKu. CuctemHa KoHueHTpauis FGF23 uytnmBo pearye Ha gediumnT BiTamiHy D3 y BariTHUX Wwypis, niareep-
OXKYH04M 1oro ponb y perynsauii dochatHoro obmiHy Ta eHAOKPUHHIN B3aEMOAT MiXK HUPKaMM, KiCTKaMM 1 NNaLeH-
Toto. Kopekuia aediunty D3 cnpusae Hopmanisauii pisHa FGF23. OTxke, FGF23 moxKe BUCTYNaTu AK YyTAUBUA MapKep
nediumTy BiTamiHy D3 Ta NOTEHLiMHUI NPOrHOCTUYHMIA BioMapKep PU3MKY recTauiMHUX YCKAaQHEeHb, acoLinoBaHNX
i3 NOpPYLUEHHAM MiHepanbHOro 06MmiHy.

KntouoBsi cnosa: BariTHicTb, wypu, FGF23, BitamiH D3, dochaTHMIM 06MiH, NNaLeHTa, akyLwepCbKi YKCNagHEHHS.

FIBROBLAST GROWTH FACTOR 23 IN PREGNANT RATS WITH DIFFERENT VITAMIN D3 STATUS

Poladych I. V.

Abstract. Vitamin D; deficiency in pregnant women is a globally prevalent issue associated with reduced cal-
citriol activity, disturbances in calcium-phosphate metabolism, endocrine dysregulation, and an increased risk of
gestational complications. Among the molecular mediators involved in these processes, fibroblast growth factor
23 (FGF23) has attracted considerable attention. FGF23 is a phosphaturic hormone that regulates phosphate ho-
meostasis by reducing renal phosphate reabsorption and suppressing the synthesis of the active form of vitamin D,
(1,25(0H).Ds). Despite its central role in mineral homeostasis, the dynamics of FGF23 under conditions of vitamin D,
deficiency during pregnancy and its local placental expression remain poorly understood.

The aim. To evaluate FGF23 levels in the serum and placenta of pregnant Wistar rats with different vitamin D,
statuses and to analyze the relationship between FGF23 and key biomarkers of mineral metabolism.

Object and research methods. The study included 36 pregnant Wistar rats divided into three groups: Group
| — vitamin Ds deficiency, Group Il — deficiency followed by cholecalciferol correction (LVDs), Group IIl — control with
normal vitamin D, status. Serum and placental concentrations of 25(0OH)Ds and FGF23 were determined using en-
zyme-linked immunosorbent assay (ELISA). Statistical analysis was performed using ANOVA and Pearson correlation
analysis.

Results. In the vitamin Ds-deficient group, serum FGF23 levels were significantly elevated (471.7 + 20.4 pg/mL),
nearly twice as high as in the control group (211.5 + 15.82 pg/mL; p<0.001). Following vitamin Ds correction, FGF23
levels decreased to 173.4 + 12.5 pg/mL (p<0.001), indicating the effectiveness of the intervention. In placental tis-
sue, only a trend toward increased FGF23 expression was observed in the deficiency group, without statistically
significant differences between groups. A strong inverse correlation was identified between FGF23 and 25(0OH)Ds
levels (r=-0.75; p<0.01), along with a positive correlation with parathyroid hormone (PTH) levels (r=0.62; p<0.01),
confirming the involvement of FGF23 in compensatory mechanisms of mineral metabolism regulation

Conclusions. Systemic FGF23 levels are highly responsive to vitamin D; deficiency in pregnant rats, underscoring
its role in phosphate metabolism and endocrine crosstalk between the kidneys, bones, and placenta. Correction of
vitamin D3 deficiency contributes to the normalization of FGF23 levels. Thus, FGF23 may serve as a sensitive marker
of vitamin D3 deficiency and a potential predictive biomarker of gestational complications associated with mineral
metabolism disturbances.

Key words: pregnancy, rats, FGF23, vitamin D3, phosphate metabolism, placenta, obstetric complications.
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THE ROLE OF INFLAMMATORY INDICES IN THE PROGRESSION OF ATRIAL FIBRILLATION
Ivano-Frankivsk National Medical University (lvano-Frankivsk, Ukraine)
serfed@i.ua

Atrial fibrillation (AF) is the most common clinically significant cardiac arrhythmia and accounts for a substantial
proportion of the cardiovascular disease epidemic in the 21st century. Over the past decades, along with traditional
factors of arrhythmia pathogenesis, the role of inflammation in atrial myocardial remodelling and the development
of electrical instability has been studied. The aim of the study was to evaluate the role of leukocyte inflammation
indices in the progression of atrial fibrillation. A total of 121 patients with AF were examined and divided according
to the form of the disease: paroxysmal, persistent, and permanent. Leukocyte inflammatory indices were calculated,
including the lymphocyte-monocyte ratio (LMR), neutrophil-monocyte ratio (NMR), systemic immune response index
(SIRI), neutrophil-lymphocyte ratio (NLR), systemic immune inflammation index (Sll), and platelet-to-lymphocyte
ratio. It has been noted that the most common comorbidities in AF, regardless of its form, are arterial hypertension
and chronic kidney disease. As AF progresses, a decrease in the number of leukocytes and an increase in the number
of platelets in the blood are observed. An increase in inflammation indices was observed as the disease progressed.
Thus, AF is characterised by the activation of chronic low-intensity inflammation. As the disease progresses and
transforms into a permanent form, indicators of inflammation increase, as evidenced by a rise in the mean values of

leukocyte inflammation indices.

Key words: atrial fibrillation, inflammation, leukocyte indices.
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Introduction.

Atrial fibrillation (AF) is the most common clinically
significant cardiac arrhythmia and accounts for a signif-
icant proportion of the cardiovascular disease epidem-
ic in the 21st century [1]. AF is known to be associated
with increased morbidity and mortality, placing a heavy
burden on the healthcare system. This arrhythmia car-
ries numerous risks, including a twofold increase in the
incidence of myocardial infarction, a fivefold increase
in the incidence of stroke and heart failure, as well as
dementia and other cognitive impairments. Moreover,
AF is associated with a 3.0-fold and 2.5-fold increase in
the risk of all-cause mortality and sudden cardiac death,
respectively [1].

The lifetime risk of developing AF is approximately 1
in 3—5 people after the age of 45. Over the last decade,
the global prevalence of arrhythmia has increased sig-
nificantly from 33.5 million to 59 million people [2]. The
burden of AF is projected to increase by >60% by 2050

[3].

Numerous studies have noted that AF and inflamma-
tion have a well-established bidirectional relationship:
inflammation can trigger and sustain AF, while AF itself
can also lead to inflammation, creating a vicious cycle.
Inflammation contributes to AF by causing structural
and electrical changes in the atria (remodeling), activat-
ing the blood coagulation system and increasing the risk
of thrombus formation. This relationship is confirmed by
elevated levels of inflammatory markers such as C-reac-
tive protein (CRP) and cytokines, as well as signs of im-
mune cell infiltration in cardiac tissue [4].

Understanding the relationship between inflamma-
tion and AF opens up new avenues for treatment. The
use of certain anti-inflammatory drugs, particularly col-
chicine, has shown promising results in preventing ar-
rhythmia recurrence after procedures such as catheter
ablation [5].

The aim of the study.

To evaluate the role of leukocyte inflammation indi-
ces in the progression of atrial fibrillation.

Object and research methods.

The study was defined as open-label, non-random-
ized, controlled, comparative in parallel groups. A total
of 121 patients with AF who were treated at the Central
City Clinical Hospital of the Ivano-Frankivsk City Council
were examined, including 21 patients with paroxysmal,
46 patients with persistent (long-term persistent) and
54 patients with permanent arrhythmia. The diagnosis
of the disease and its form were verified in accordance
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