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Preeclampsia is a serious pregnancy complication that can have dangerous consequences for both the mother
and the fetus. It is associated with vascular dysregulation, hypertension, and the potential development of complica-
tions such as preterm birth and intrauterine growth restriction. One of the potential risk factors for preeclampsia is
vitamin D deficiency, as confirmed by our study involving 98 pregnant women at the Kyiv Perinatal Center.

It was found that low vitamin D levels (<20 ng/mL) were more frequently observed in younger women (28,86+0,67
years) with an increased body mass index (27,85+0,34 kg/m?). Analysis of placental tissue revealed reduced expres-
sion of the vitamin D receptor (VDR) gene (0,95 (0,91-1,08)) and CYP27B1 (1,04 (0,96—1,12)), as well as decreased
levels of the corresponding VDR (2,32 (1,11-2,52) ng/mL) and CYP27B1 (4,34 (4,20-5,15) ng/mL) proteins.

Vitamin D deficiency was associated with a more severe course of preeclampsia (58,3% of cases) and its early
onset (<34 weeks in 63,9% of women). The findings highlight the importance of regular monitoring of vitamin D
levels in pregnant women and timely correction of its deficiency to reduce the risk of preeclampsia and improve

pregnancy outcomes.
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Connection of the publication with planned re-
search work.

The study is performed like a part of a science pro-
gram of department of obstetrics and gynecology Nel
Bohomolets National Medical University “Preservation
and restoration of women'’s reproductive health in con-
ditions of rapid medical and social changes”, state regis-
tration number 0123U100920.

Introduction.

Preeclampsia (PE) is a specific pregnancy-related dis-
order that can have severe consequences, being a lead-
ing cause of maternal and fetal morbidity and mortality
[1, 2]. According to a systematic analysis conducted by
the World Health Organization (WHO) in 2022, hyper-
tensive disorders during pregnancy were the second
leading cause of maternal mortality after hemorrhage,
accounting for 14% of maternal deaths worldwide [3]. In
mothers with acute renal and hepatic dysfunction, pul-
monary edema and cerebral edema were observed [4].

Etiology of Preeclampsia and the Role of Vitamin D.
The etiology of preeclampsia is complex and not yet fully
understood. It is currently hypothesized that the disor-
der is primarily driven by abnormal placentation [5]. Nu-
merous studies have demonstrated a strong association
between low vitamin D (VD) levels and the development
of PE [6]. Furthermore, most scientific communities rec-
ommend vitamin D supplementation during pregnancy
due to its widespread deficiency in pregnant popula-
tions [7-9] and its potential link to obstetric complica-
tions [10, 11].

Placental tissues, particularly syncytiotrophoblasts,
exhibit gene expression related to the vitamin D met-
abolic pathway, including 25-hydroxylase (CYP2R1),
la-hydroxylase (CYP27B1), and 24-hydroxylase (CY-
P24A1), ensuring effective vitamin D metabolism in
pregnant women. These hydroxylases play a crucial role
in the conversion of cholecalciferol into calcitriol, the
active form of vitamin D (1,25(0OH)2D3, 1,25-D3). Al-
terations in the expression and activity of hydroxylases
may disrupt circulating vitamin D levels. During pregnan-
cy, plasma calcitriol concentrations increase 2-3 times

compared to pre-pregnancy levels, beginning at 10-12
weeks of gestation and persisting until term [12]. This
increase in VD is independent of parathyroid hormone
(PTH), which remains stable throughout pregnancy [13].

Vitamin D exerts pleiotropic effects on target organs
by binding to the vitamin D receptor (VDR). During preg-
nancy, VD plays a dual role, benefiting both the moth-
er and the fetus. Experimental studies have shown that
both 1,25(0OH)2D3 and its precursor 25(0OH)D enhance
trophoblast invasion in vitro [14]. In human syncytiotro-
phoblasts, calcitriol autocrinally regulates the synthesis
of human chorionic gonadotropin (hCG) [15], human
placental lactogen (hPL) [16], estradiol, and progester-
one [17].

The vitamin D receptor (VDR) belongs to the nucle-
ar steroid receptor family and functions as a nuclear
transcription factor by binding to the retinoid X recep-
tor (RXR). This VDR-RXR complex recognizes vitamin D
response elements (VDREs) within gene promoter se-
quences regulated by vitamin D [18]. The expression of
VDR is influenced by co-activators and co-repressors,
which either enhance or suppress gene expression.
Co-repressors bind to VDR in the absence of a ligand,
blocking its activity. Given vitamin D’s multifunctional
properties, VDRs have been identified in various human
tissues [19, 20].

It has been conclusively demonstrated that adequate
vitamin D levels during pregnancy and proper placental
expression of VD-related genes are essential for placen-
tal growth and function [21]. Conversely, multiple stud-
ies have indicated that vitamin D deficiency is strongly
associated with preeclampsia development [22]. This
may be linked to altered placental expression of VDR
and hydroxylases, which disrupt VD metabolism in pre-
eclamptic women. Additionally, abnormal trophoblast
invasion in early pregnancy and impaired placental an-
giogenesis are associated with PE development.

The aim of the study.

To evaluate the relationship between 25(0OH)D levels
and the expression of VDR and CYP27B1 genes in placen-
tal tissue of women with preeclampsia.
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Object and research methods.

To achieve this objective, a study was conducted be-
tween September 2022 and October 2024 at the Kyiv
Perinatal Center, a clinical base of the Department of
Obstetrics and Gynecology Ne 1 at Bogomolets Nation-
al Medical University. The study included 98 pregnant
women who were under observation and delivered at
this facility. Main group (n=75): Pregnant women di-
agnosed with preeclampsia, further subdivided based
on vitamin D status: Group | (n=36): Pregnant women
with vitamin D deficiency (25(0H)D < 20 ng/mL) and
preeclampsia. Group Il (n=32): Pregnant women with
normal vitamin D levels (25(0OH)D > 30 ng/mL) and pre-
eclampsia. Control group (n=30): Pregnant women with
a physiological pregnancy course and optimal vitamin D
levels.

The diagnosis of preeclampsia was established ac-
cording to the guidelines of the Ministry of Health of
Ukraine (Order No. 151, dated 24.01.2022) on Hyper-
tensive Disorders in Pregnancy [23].

Inclusion Criteria:

e Singleton pregnancy with confirmed preeclampsia.

¢ No intake of vitamin-mineral supplements contain-
ing calcium or vitamin D.

e Exclusion Criteria

¢ History of chronic hypertension.

e Multiple pregnancy.

e Comorbid cardiovascular or endocrine disorders.

¢ Vitamin D supplementation prior to conception or
during pregnancy.

The serum 25(0OH)D levels were measured at the
Kyiv Perinatal Center laboratory using an enzyme-linked
immunosorbent assay (ELISA) with Monobind (USA) re-
agents and a Sinnova ER 500 microplate reader (China).

Vitamin D levels were classified according to Mono-
bind’s recommendations: Deficiency: < 20 ng/mL, Insuf-
ficiency: 20-30 ng/mL, Optimal: > 30 ng/mL

Placental samples were collected immediate-

The levels of VDR (vitamin D receptor) and CYP27B1
(25-hydroxyvitamin D-1 alpha-hydroxylase) in placen-
tal tissue homogenates were measured using an en-
zyme-linked immunosorbent assay (ELISA). The follow-
ing ELISA kits were used: VDR ELISA Kit (sensitivity: 0,375
ng/mL; AssayGenie, Dublin, Ireland), CYP27B1 ELISA Kit
(sensitivity: 0,33 ng/mL; MyBioSource, San Diego, USA).
The analysis was conducted following the manufactur-
er’s instructions. After the reaction was completed and
blocking was performed, absorbance was measured
using an Infinite 200 microplate reader (TECAN, Méanne-
dorf, Switzerland). The concentrations of VDR and CY-
P27B1 proteins were determined using a standard curve
obtained by linear regression analysis.

Data analysis was performed using MedStat v.5.2
and EZR v.3.4.1 software. Shapiro-Wilk test was used to
assess the normality of data distribution. Quantitative
variables with a normal distribution were presented as
mean + standard deviation (SD), while non-normally dis-
tributed data were expressed as median and interquar-
tile range (IQR). Clinical characteristics between groups
were compared using: Student’s t-test for normally
distributed data, Fisher’s exact test for categorical vari-
ables. Non-parametric data, including gene and protein
expression levels, were analyzed using the Mann-Whit-
ney U-test. Spearman’s rank correlation analysis was
used to assess correlations. A p-value < 0.05 was consid-
ered statistically significant.

According to the conclusion of the Bioethics Com-
mission No. 76 of 20.08.2022, the study materials meet
the requirements adopted by the international commu-
nity and current regulations of Ukraine, as well as the re-
quirements of the Ethical Code of Physicians of Ukraine.
All participants provided written informed consent to
participate in the study.

Table 1 - List of Primers for gPCR Analysis

ly after delivery, regardless of whether vaginal

delivery or cesarean section was performed. Tis- e Forward 53’ Reverse 53’
sue fragments ("’1 cm3) were obtained from the | CYP27B1 | GCCCACCATAAGACCTACGA | AGATTGGAGAAGCTGGACGA
maternal side of the placenta, particularly from | ypr  |TGGCCCAGATCCTAACACATTT| GTCCGGGTCTTGGGTCTAACT
villous cytotrophoblast and decidual regions, in-
cluding both central and peripheral areas of the Table 2 - Clinical and laboratory characteristics
placental disk. Following removal of maternal and of study groups
fetgl-cgntacting tissues, samples were washed ndicat | group llgroup | Control group
twice in cold phosphate-buffered saline (PBS), e (e L2f n=36 n=32 n=30
frozen in liquid nitrogen, aqd stored at-80°C. Are. vears 28,86+0,67*| 29,31+0,73 | 31,27+0,99
Placental gene expression analysis was per- |A8€ Y (22-37) (23-38) (21-40)
formed using quantitative real-time polymerase
. i i 11,93+0,59*| 34,46+0,88 33,9+0,32
Cha}” rea;‘uoq (q';C_R)-I E\'ji‘ FF}NA E’_‘tra'\fé"ggE‘maEs 25(0H)D, ng/mL (7,48-19,55) |(20,45-42,82)| (31,33-39,75)
z
Bir qrm)eR’\L:ng r C:: i rep Kit ( d usi ! BMI, kg/m? 27,85+0,34*| 26,01+0,31 | 26,54+0,29
raine). concentration was measured using . ke (20,8-32,8) | (20,4-28,6) | (22,5-29,7)
the DS-11 spectrophotometer/fluorometer (De- Pregnancy
Novix, USA). cDNA synthesis was conducted using | e primigravida 20 (55,5%)* | 15 (46,9%) | 14 (46,7%)
the Maxima H Minus First Strand cDNA Synthesis | ¢ Multigravida 16 (44,5%)* | 17 (53,1%) | 16 (53,3%)
Kit (Thermo Fisher Scientific, USA) under stan- |Delivery
dard conditions (+50°C for 35 minutes). * First delivery 19(52,7%)* | 14 (43,8%) | 18 (45%)
. . * Subsequent delivery 17 (47,3%)* | 18 (56,2%) 22 (55%)
gPCR analysis was performed using a qTOW- Srea] —— . -
- . reeclampsia by time or onse
ER 2.0 Standard RT: PCR Thermgl Cycler (Analytik With an early onset 23 (63,9%)* | 15 (46,9%) i
Jena AG, Germany) .Wlth Maxmg SYBR -Grefe.n/ With a late onset 13 (36,1%)* | 17 (53,1%) }
ROX qPC'R Maste'r Mix (Thermo Fisher Scientific, Preeclampsia by severity
USA). Primer design for VDR and CYP27B1 genes |« Mild 15 (41,7%)* | 19 (59,4%) B}
was conducted using Primer BLAST software | Severe 21(58,3%)* | 13 (40,6%) -

(table 1).

Note: p<0,05 compared to the control group.
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Research results and their discussion.

The mean age of pregnant women in the vitamin D
deficiency group (28,86+0,67 years) was slightly lower
than in the control group (31,27+0,99 years). This sug-
gests that vitamin D deficiency is more frequently ob-
served in younger women. Rouhani P. et al. have noted
that maternal age is a significant risk factor for pregnan-
cy complications [24]. Young primiparous women (<30
years old) often exhibit less developed immunological
adaptation to pregnancy, and low vitamin D levels may
further exacerbate these impairments, reducing the
body’s ability to effectively undergo immune and vascu-
lar remodeling.

The difference in vitamin D levels between the
groups was highly significant: in Group | (11,93+0,59 ng/
mL), vitamin D levels were markedly lower than in the
control group (33,9+0,32 ng/mL). In Group Il, 25(0H)D
levels (34,46%0,88 ng/mL) were sufficient, contributing
to a less severe course of preeclampsia (table 2).

According to the literature, 25(0OH)D levels below 20
ng/mL are associated with impaired early trophoblast
invasion, leading to the formation of narrow spiral arter-
ies and increased resistance in the placental circulation
[25, 26]. This is a key mechanism in the development of
preeclampsia.

The BMI of women in Group | (27,85+0,34 kg/m?)
was significantly higher compared to the control group
(26,54+0,29 kg/m?), indicating a potential impact of
obesity or overweight as a synergistic risk factor.

Excess weight reduces vitamin D bioavailability due
to its accumulation in adipose tissue. Women with
obesity are at higher risk of gestational hypertension,
preeclampsia, and metabolic disorders. Zhou Q. et al.
suggested that elevated BMI combined with vitamin D
deficiency worsens vascular reactivity, increases pro-in-
flammatory cytokine levels, and decreases antioxidant
system activity [27].

In Group |, first pregnancies were more frequent
(55,5% of cases), a higher rate compared to the con-
trol group. Literature sources confirm that primiparous
women have a higher risk of preeclampsia due to the
lack of prior immunological adaptation to pregnancy.

Vitamin D deficiency in primiparous pregnant women
may further exacerbate complications by affecting the
activity of T-regulatory cells, which are responsible for
maintaining immune balance during pregnancy.

Early-onset preeclampsia (<34 weeks) was observed
in 63,9% of women in Group I, which was significantly
higher than in Group Il (46,9%). According to the liter-
ature, early-onset preeclampsia is a more severe condi-
tion as it is associated with primary placentation disor-
ders. Vitamin D in the placenta plays a role in vascular
remodeling regulation and oxidative stress reduction. Its
deficiency can lead to placental hypoxia, impaired feto-
placental circulation, and systemic endothelial dysfunc-
tion.

The severe form of preeclampsia was more common
in Group | (58,3%), whereas only 40.6% of cases in Group
Il were classified as severe. Severe preeclampsia is often
associated with elevated levels of pro-inflammatory cy-
tokines, which exacerbate endothelial dysfunction. Vita-
min D has strong anti-inflammatory properties, and its
deficiency may contribute to the severity of the disease.

Analysis of VDR mRNA expression in the placenta of
women with preeclampsia showed that in Group | (vita-

min D deficiency), the VDR mRNA expression level was
0,95 (0,91-1,08), which was significantly lower (p<0,05)
than in the control group (1.22 (1.15-1.29)). In Group Il
(normal vitamin D levels), VDR mRNA expression was
higher — 1,14 (0,96-1,12), though it did not significantly
differ from control values (table 3).

Table 3 — mRNA Expression of VDR
and CYP27B1 in the Study Groups (M+m)

Gen Group | Group Il Control group
n=36 n=32 n=30

VDR 0,95 (0,91-1,08)* |1,14 (1,04-1,26)| 1,22 (1,15-1,29)

CYP27B1 1,04 (0,96-1,12)*|1,16 (1,07-1,24) 1,06 (0,97-1,17)

Note: p<0,05 compared to the control group.

In Group |, CYP27B1 gene expression was 1,04 (0,96-
1,12), which was significantly lower (p<0,05) than in the
control group (1,06 (0,97-1,17)). Group Il demonstrated
an increased expression of CYP27B1 — 1,16 (1,07-1,24),
which was even higher than the control level; however,
the difference was not statistically significant.

These results indicate a reduced expression of VDR
and CYP27B1 in pregnant women with vitamin D defi-
ciency. This may suggest a functional insufficiency of
the vitamin D-dependent system, which plays a crucial
role in calcium homeostasis regulation and immune re-
sponse [28-30]. At the same time, in pregnant women
with normal vitamin D levels (Group Il), a partial com-
pensation of these markers was observed, reflecting a
more favorable state of vitamin D metabolism.

When analyzing VDR and CYP27B1 protein levels in
placental tissue, it was found that in Group |, the VDR
protein concentration was 2,32 (1,11-2,52) ng/mL,
which was significantly lower (p<0,05) than in the con-
trol group (3.41 (2,83-3,91) ng/mL). In Group Il, VDR
concentration was higher — 2,55 (1,91-2,78) ng/mL, but
still lower than in the control group (table 4).

Table 4 — Concentrations of VDR and CYP27B1
Proteins in the Study Group (Mtm)

Proteins Group | Group Il Control group

(ng/ml) n=36 n=32 n=30
VDR 2,32 (1,11-2,52)*| 2,55 (1,91-2,78) | 3,41 (2,83-3,91)
CYP27B1  |4,34 (4,20-5,15)*| 5,32 (4,68-5,59) | 5,23 (4,68-5,83)

Note: p<0.05 compared to the control group.

Regarding CYP27B1, in pregnant women with vi-
tamin D deficiency (Group 1), its concentration was
4,34 (4,20-5,15) ng/mL, which was significantly lower
(p<0,05) compared to Group Il (5,32 (4,68-5,59) ng/mL)
and the control group (5,23 (4,67-5,83) ng/mL). In preg-
nant women with normal vitamin D levels (Group 1), the
CYP27B1 concentration was comparable to the control
group.

The reduced concentrations of VDR and CYP27B1
proteins in pregnant women with vitamin D deficiency
indicate a disruption of the vitamin D system in these pa-
tients. This may explain the more severe course of pre-
eclampsia in this group. Conversely, in pregnant women
with optimal vitamin D levels (Group Il), the parameters
were closer to normal, confirming the importance of ad-
equate vitamin D levels in maintaining normal pregnan-
cy physiology.

Pregnant women with vitamin D deficiency exhibited
a significant decrease in the expression levels of VDR and
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CYP27B1 genes, which may be associated with impaired
functionality of the vitamin D receptor system. The re-
duced levels of VDR and CYP27B1 proteins in Group |
further support the role of vitamin D deficiency in the
pathogenesis of preeclampsia. In contrast, pregnant
women with normal vitamin D levels had better gene ex-
pression and protein levels, highlighting the protective
role of vitamin D in pregnancy outcomes.

Conclusions.

Vitamin D deficiency was more frequently observed
in younger pregnant women (<30 years old), with an av-
erage age of 28,86+0,67 years, compared to 31,27+0,99
years in the control group. Women with vitamin D defi-
ciency also had a higher BMI (27,85+0,34 kg/m?) com-
pared to the control group (26,54+0,29 kg/m?).

A low 25(0OH)D level (11,93+0,59 ng/mL in Group |
vs. 33,910,32 ng/mL in the control group) was associat-
ed with placental blood flow abnormalities, early-onset
preeclampsia (<34 weeks in 63,9% of women in Group |

DOI 10.29254/2077-4214-2025-1-176-288-297
YAK 618.3/.5-06:616.12-008.331.1-07-085:577.161.2
Monaduy I. B., loecees [. O.

vs. 46,9% in Group Il), and a more severe disease course
(58,3% in Group | vs. 40,6% in Group Il).

Pregnant women with vitamin D deficiency had lower
expression levels of VDR (0,95 (0,91-1,08)) and CYP27B1
(1,04 (0,96-1,12)) compared to the control group (1,22
(1,15-1,29) and 1,06 (0,97-1,17), respectively).

VDR and CYP27B1 protein levels in the placenta were
also significantly lower: VDR: 2,32 (1,11-2,52) ng/mL in
Group | vs. 3,41 (2,83-3,91) ng/mL in the control group.
CYP27B1: 4,34 (4,20-5,15) ng/mL in Group | vs. 5,23
(4,67-5,83) ng/mL in the control group.

These findings emphasize the necessity of monitor-
ing and correcting vitamin D levels in pregnant women
to prevent complications such as preeclampsia.

Prospects of further research.

Investigating the role of vitamin D in the pathogen-
esis of preeclampsia contributes to the development of
new preventive and therapeutic approaches aimed at
reducing maternal and perinatal risks.

AEDILUT BITAMIHY D AK ®AKTOP PU3UKY MPEEKNAMNMCII: PO/Ib PELLENTOPA
BITAMIHY D TA LUTOXPOMY P450 POAUHU 27 YNEH NIAPOAUHU B 1

HauioHanbHuii meauuHmii yHiBepcutet imeHi 0.0. boromonbusa (m. Kuis, YKpaiHa)
iren.poladich@gmail.com

lpeeknamricia € ceplio3HUM YCKAAOHEHHAM 8a2imHOCMI, AKe Moxe Mmamu Hebe3rneyHi Hacnioku 019 mamepi
ma naoda. BoHa noe’s3aHa 3 MopyuweHHAMU CyOUHHOI pe2ynsayil, 2inepmeH3ielo ma MOMCIUBUM PO38UMKOM
YCKAAOHeHb, MaKux AK nepedvdcHi nosno2u ma 3ampumMKa 8HympiwHL0ympobHo20 po3sumky naoda. OOHUM i3
nomeHyiliHUx ¢hakmopie pusuKy po3eumky npeexknamncii € degiyum eimamiHy D, wo niomeeporeHo HAWUM
docnionceHHAM 3a yyacmio 98 sazimHux ¥iHoK y lepuHamasnsHomy yeHmpi m. Kuesa.

Byn0 ecmaHoeseHo, Wo HU3bKuli piseHs gimamiHy D (<20 He/Ms) yacmiwie crnocmepi2aemsCa y #iHOK M0a00Wo20
8iKky (28,86+0,67 pokis) i3 nidsuweHum iHdekcom macu mina (27,85+0,34 k2/mM?). AHaAni3 naayeHmapHoi MKAHUHU
MOKA3a8 3HUMCEeHY eKcrpecito eeHie peyenmopa eimaminy D (VDR) (0,95 (0,91-1,08)) ma CYP27B1 (1,04 (0,96—-1,12)),
0 MAKOM 3MeHWEeHHA pigHie 8idnosioHux binkie VDR (2,32 (1,11-2,52) He/mn) i CYP27B1 (4,34 (4,20-5,15) He/mn).

Aegbiyum simaminy D 6ye acoyitiosaHuli i3 maxyum nepebicom npeekaamncii (58,3% sunadkie) ma ii paHHim
noyamkom (<34 muxxHie y 63,9% xiHok). OmpumaHri pe3ysbmamu ceidyams MpPo 8aMHAUBICMb pe2yrnspHO20
MOHIMopuUH2y pigHa simamiHy D y ea2imHuUx #iHOK ma c80€YACHOI KopeKUii io2o deghiyumy 015 3HUHCEHHSA PU3UKY

pPO3BUMKY NpPEEKAAMIICIi Ma MOKPAWEHHA pe3yabmamie 8a2imHocmi.
Knrouoei cnoea: simamiH D, degpiyum eimaminy D, npeeknamncid, nnayeHma, VDR, CYP27B.

3B’A30K ny6nikauii 3 nhaHoBMMM HayKoBO-goCNig-
HUMK poboTamum.

Jocnif)KeHHA BMKOHAHO B pamMKax HayKoBO-40-
cnigHoi pobotn Kadenpu akylwepcTsa i riHekonorii Nel
HauioHanbHOro megmyHoro yHisepcutety imeHi 0O.0.
Boromonbua «36epeeHHA Ta BiAHOBAEHHA penpo-
AYKTUBHOIO 340pOB’A KIHOK B YMOBax LUBUAKUX Me-
OMKO-COLiaNbHMX 3MiH», HOMEpP AEpPrKaBHOI peecTpayii
0123U100920.

Bcryn.

Mpeeknamncis (MNE) € cneumdivHMM 3aXBOPIOBAHHAM
nig, yac BariTHOCTI, AKe MOXe MaTW Cepiro3Hi Hacnig-
KK, 6yAy4nm OCHOBHOK MPUYMHOK 3aXBOPHOBAHOCTI Ta
cMepTHOCTI MaTepi Ta nnoaa [1, 2]. 3a aaHMMM cuctema-
TUYHOrO aHasi3y BcecBiTHLOI OpraHisauii OXxopoHu 340-
pos’a (BOO3), npoBeaeHoro y 2022 poui, rinepTeH3ms-
Hi po3naam nig Yac BariTHOCTi 6yn Apyroto NPUYMHOK
MaTePUHCbKOI CMePTHOCTI NiCAA KPOBOTEYi, CTAaHOBAAYM
14% Takunx BUNagKis y Bcbomy cBiTi [3]. Y maTepis i3 ro-

CTPOIO AMCOYHKLLIED HUPOK i NEYIHKK Mir cnocTepiraTu-
¢ HabpAK nereHis i HabPAK ronoBHOro MO3Ky [4].

Etionoria npeeknamncii ckfnagHa i 4O KiHUA He BU-
BYeHa. B gaHuWi yac npmnyckatoTb, WO B OCHOBI LbOrO
NOPYLUEHHA NeXKaTb MpoLecu, AKi nNnpusBogATb 4O MNo-
pyLUeHHs npouecy naaueHTauii [5]. barato gocnigskeHb
NOKasa/n, Wo BUHMKHEHHA ME nos’a3aHe 3i 3HMKEHUM
pieHem BiTamiHy D (VD) [6]. Binble Toro, 6inbluicTb Ha-
YKOBMX CMiJIbHOT PEKOMEHAY0Tb gogasaHHA VD nig vac
BariTHOCTi Yepes 1oro nowmpeHunii gediunt y nonynsuii
BariTHUX [7-9] i noTeHuiHWMi 38’a30kK aediumTty VD 3 BU-
HUMKHEHHAM aKylLlepCcbKMX ycKknagHeHb [10, 11].

Y nnaueHTi, 0cobanBo B cMHUUTIOTpOodobBANACTi, onu-
CaHa eKCnpecisi reHiB, NOB’A3aHMX i3 LWIAXOM BiTamiHy
D, Takux Ak 25-riapokcunasa (CYP2R1), la-riapokcuna-
3a (Cytochrome P450 family 27 subfamily B member 1
— CYP27B1) i 24-rinpokcunasa (CYP24A1), wo rapaHTye
epeKTBHUIN meTaboniam BiTamiHy D y BariTHux. Li rig-
pOKCUNa3un BigirpaloTb BaXKNMBY PO/b Yy MEPETBOPEHHI
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xonekanbumbepony B KanbUUTPION, AKMI € aKTUBHOMO
dopmoto sitamiHy D (1,25(0H),D, , 1,25-D , ). 3minu B
eKcnpecii Ta aKTMBHOCTI FiZPOKCMIA3 MOXKYTb NOPYLLUUTU
LMPKytOYNi piBeHb BiTamiHy D. KoHUeHTpauia Kanb-
LMTPioNy B NAa3Mi NiIABULLYETLCA Y BAriTHUX KiHOK y 2—3
pasu NOPIBHAHO 3 piBHEM A0 BAriTHOCTI, MOYMHAKOYN 3
10-12 TUKHA BariTHOCTIi M 36epiratoum A0 KiHUA BariT-
HocTi [12]. 36inbweHHA VD He 3aneXuTb Bif napartrop-
MOHY, PiBEHb AKOrO 3a/IMLWIAETLCA HE3MIHHMM NPOTATOM
Bciei BariTHocTi [13].

Y noguHu BiTamin D mae nneioTponHy oyHKLito i aie
Ha opraHu-miweHi, cneundiyHo 38’A3yOYNCH 3 peLenTo-
pom BiTamiHy D (VDR). BasxknuBa gja sitamiHy D nig vac
BariTHOCTi Mae KOMBIHOBAHMI BN/MB AK HA MATIp, TaK i
Ha naig. EKcnepyMmeHTanbHi AOCNIAMKEHHA MOKasanwm,
wo Ak popma 1,25(0H),D,, Tak i ii nonepeaHnk 25(0H)
D nocuatotoTs iHBasito TpodobnacTa in vitro [14]. Y cun-
uuTioTpodobnacTi NOANHU KanbLUTPION ayTOKPUHHUM
YUHOM PErY/HOE CUMHTE3 XOPIOHIYHOro rOHaZOTPOMiIHY
noanHun (Xr) [15], nnaueHTapHOro NakToreHy AlanuHu
(n) [16], ectpagiony Ta nporectepoHy [17].

PeuenTtop BiTamiHy D Hanexutb Ao cimelicTea agep-
HUX CTEPOIAHMX PeLLenTopiB i AK AAepHUI GaKTop TpaH-
CKpUMLii 3B’A3YETbCA 3 PETUHOIgHMM peuenTopom X
(RXR). Llelt KomnaeKc po3ni3Hae YyTamsi Ao BiTamiHy D
e/IeMeHTUN y NPOMOTOpPHIl nocaigosHocTi AHK reHis, aki
peryntotoTbes 6e3nocepenHbo BitamiHom D [18]. Ha ekKc-
npecito VDR BNAMBatOTb KOAKTMBATOPM Ta KOPENpecopu,
AKi nocuatolTb abo NPUrHIYYOTL eKCNpecito reHiB Bia-
nosigHo. KopeuenTtopu 38’a3ytoTbca 3 VDR i 6/10Ky0Tb
MOro aKkTMBHICTb 3a BigCyTHOCTI iraHay. BignosigHo ao
MY/IBTUNOTEHLiMHOI Aii BiTamiHy D, Hasitb VDRs 6ynu
po3TaloBaHi B 6araTbox TKaHMHaxX NACbKOro Tina [19,
20].

By/10 OCTAaTOYHO NPOAEMOHCTPOBAHO, LLLO HANEXHUM
piseHb VD nig, yac BariTHOCTI Ta BignoBigHA naaueHTap-
Ha eKcnpecis reHis, nos’asaHux i3 waaxom VD, € Bupi-
WaNAbHUMW ANs POCTy Ta OYHKUiIOHYBAHHA NAaLEHTU
[21]. 3 iHworo 60Ky, Kifbka AOCAIAMKEHb NOKa3aau, Lo
aediumt BiTamiHy D MmoxKe ByTU CUAbHO NOB’A3aHUI 3
po3BMTKOM npeeknamncii [22]. Lei dakT moxe 6yTn
noBs’A3aHUM 3i 3MiHaMK B NiaueHTapHil ekcnpecii VDR
Ta rigponasu, Aki nopywytoTe meTaboniam VD y KiHOK
3 npeeknamncieto. Kpim Toro, aHomanbHa iHBasiA Tpo-
¢dobnacta Ha paHHiX TepMiHax BariTHOCTI Ta NOPYLUEHHA
NAaLeHTapHOro aHrioreHesy nNos’A3aHi 3 po3suTkom [E.

MerTa gocniaeHHs.

OUiHMTM B3aEMO3B’ 30K MiXK piBHem 25(0OH)D Ta ekc-
npecieto reHiB VDR ta CYP27B1 y nnaueHTapHil TKaHWUHI
JKIHOK i3 NnpeeKknamncieto.

O6’eKT i meTOAU AOCNiAMKEHHSA.

BignosigHo oo noctaBneHoi meTu, 3 BepecHa 2022
no »oBTeHb 2024 poky y KHIM «[MepuHaTanbHUI LEHTP
M. K1iB», 1o GyHKLiOHYE K KNiHiuHa 6a3a Kadeapu aky-
wepcTBa Ta riHekonorii Ne1l HauioHanbHOro meanYyHOro
yHiBepcuTeTy imeHi 0.0. boromonbusa, 6yno nposeseHo
OOCNIAXKEHHSA 3a ydyacTi 98 BariTHUX KiHOK, siKi nepeby-
Ba/IN Nig, HAarNA40M i HAPOAXKYBANWU Yy LLbOMY 3aKnagi.
OcHOBHa rpyna BK/Yana 75 BariTHUX i3 miaTBepaxe-
HO NpeeKnaMMCieto, AKMX 3aN1eXHO Bif, 3abe3neyeHo-
CTi opraHiamy BiTamiHom D po3gainnnu Ha gBi niarpynu:
| rpyna — 36 BariTHWX i3 gediuntom BiTamiHy D (piBeHb
25(OH)D Huxkue 20 Hr/mn) Ta npeeknamncieto. |l rpyna —
32 BariTHUX i3 HOpManbHUM piBHEM BiTamiHy D (piBeHb
25(OH)D noHag, 30 Hr/mn) Ta npeeknamnciero.

KoHTponbHa rpyna cknaganacsa 3 30 XkiHOK i3 disiono-
riYHUM nepebirom BariTHOCTI Ta ONTUMaAbHUM PiBHEM
BiTamiHy D. [liarHo3 npeeKknamncii BCTAaHOBAOBANU Big-
noBigHO A0 HaKaza MO3 YkpaiHu Nel51 Big 24.01.2022
«Mpo 3aTBepAKeHHA YHIPIKOBAHOro K/iHIYHOrO NMpPOTO-
KoMy MeanyHoi gonomorn “linepTeH3nBHI po3nagu nig
yac BariTHocTi”» [23].

KpuTepii BKIOYEHHA A0 AOCNIAXKEHHA:

e OgHonnigHa BariTHICTb i3 NiATBEPAKEHUM AiarHO-
30M npeeknamncii.

e BigcyTHiCTb npuiomy BiTaMiHHO-MiHEpanbHUX
KOMMIEKCIB, LLLO MIiCTATb KanbLi Ta BiTamiH D.

e Kputepii BUKIOYEHHA:

e HasaBHiCTb apTepianbHOI rinepTeHsii B aHamHesi.

e baratonnigHa BariTHICTb.

e CynyTHi cepueBO-CYANHHI YM eHAOKPUHHI 3axBo-
pHOBaHHA.

e MMpwuiiom BiTamiHy D Ha nperpasigapHomy eTani
abo nig yac BariTHoCTI.

BusHaueHHna piBHsA 25(0OH)D y Kposi npoBoaunun B
nabopatopii KHMN «MepuHaTtanbHUit ueHTp M. Knie» me-
ToAOM iMyHObepMeHTHOro aHanisy (IPA) 3 BUKopuUCTaH-
HAm peareHTiB Monobind (CLUA) Ta mikponnaHWweTHOro
3umTyBaya Sinnova ER 500 (Kutan).

PiBHi 25(OH)D oujiHtoBanKX BiANOBIgHO A0 PEKOMEH-
[auiv BupobHmnka Monobind: JediumTt — KOHUEHTpaLisA
meHwe 20 Hr/mn. HepgocTaTHicTb — Big 20 Ao 30 Hr/maA.
OnTUMmanbHUiA piseHb — noHag, 30 Hr/ma.

3paskM nnaueHTM 6ynm 3ibpani 6e3nocepeaHbo
nicaa nNonoris, He3aNeXHO Bifg, cnocoby Po3poaKeHH:A —
NPUPOAHOro YK LWAAXOM onepaLii Kecapis po3TuH. Ona
[ocniaxKeHHA 6panu GparmeHTH po3mipom npuban3HO
1 cm® 3 MaTEPUHCHKOI CTOPOHM MAALEHTKM, 30Kpema 3
OiNAHOK BopcuHYacToro umtotTpodobnacta Ta geumay-
aNbHOI 0BO/IOHKM, BK/IOHMAKOUM LEHTPaNbHY i KpalioBy
YaCTMHW NJIAUEHTAapPHOro Ancka. licna BuaaneHHA TKa-
HWH, AKI KOHTAKTyBa/iM 3 MaTip’to Ta NJIOLOM, 3PasKu
NPOMMBaAM ABidi oxonogxeHum ¢ocdaTHO-6ydbepHUM
CONbOBUM po34MHOM (PBS), 3amoporkyBanu B piakomy
as3orTi Ta 36epiranu npu TemnepaTypi -80°C.

AHani3 eKkcnpecii reHiB NaaLeHTapHOI TKAHWMHW 34i1-
CHIOBA/IN 33 AOMOMOrOK MEeTOAY KiNIbKiCHOI nonimepas-
HOI NaHLIOroBOI peakuii y peanbHomy yaci (real-time
polymerase chain reaction — qPCR). BuaineHHs ToTtanb-
Hoi PHK BMKOHYBanoCh i3 3pa3kiB TKAHMH, NnonepeaHbo
noapibHeHMX y pifAKoMy a30Ti, BUKOPUCTOBYHOUM criewi-
anisoBaHi Habopw: 414 NNaUeHTapHOT TKAHMHM 3aCTOCO-
ByBanu Trizol RNA Prep kit (NEOGENE, YkpaiHa).

Bu3HaveHHA KoHueHTpauii mPHK nposogunu Ha
cnektpodoTtometpi/dnyopumerpi  DS-11  (DeNovix,
CLUA). CuHTe3 komnnemeHTapHoi AHK (KOHK) BUKOHY-
Ba/IN BiANOBIAHO A0 CTAaHAAPTHOrO MPOTOKO/Y, BMKO-
puctoBytoum Habip Maxima H Minus First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, CLLA), 3a Temne-
patypu +50°C npoTarom 35 XBUAUH.

CuHTe3oBaHa KOHK cnyryBana matpuueto gnsa no-
panbworo nposeaeHHs qPCR Ha Tepmoumknepi gTOWER
2.0 Standard RT-PCR Thermal Cycler (Analytik Jena AG,
HimeuunHa) i3 3actocyBaHHsM Habopy Maxima SYBER
Green/ROX gPCR Master Mix (Thermo Fisher Scientific,
CLUA). AunsaliH npalimepiB AN1A KOXKHOTO reHy 3AilicHIo-
BaBCA 3a gonomoroto nporpamum Primer BLAST (tabn. 1).

3a gonomoroto iMyHopepMeHTHOro aHanisy BU3Ha-
yanu pisHiB VDR (peuentopa BitamiHy D3) Ta CYP27B1
(25-rigpokcuBitamiHy D-1 anbda-rigpokcunasu) y ro-
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MOreHaTax MJaueHTapHOI TKAHMHU BUKOPUCTOBYHOUM
Habopwu ELISA (Habip ans BM3HaueHHs ntoacbkoro VDR
(uytnmsicte: 0,375 Hr/mn; AssayGenie, [y6niH, Ip-
naHgis), Habip ana CYP27B1 (uytausicte: 0,33 Hr/mn;
MyBioSource, Can-Aiero, CLUA). AHanis npoBoaunu Big-
noBiAHO A0 IHCTPYKLiN BUPOBHMKIB. Micia 3aBepLIeHHA
peakuii 6110KyBaHHA abcopbuito BUMiptoBaan 3a gono-
MOTOl MiKponaHweTHoro pigepa Infinite 200 (TECAN,
Mannedorf, Leenuyapisa). KoHueHTpauii 6inkie VDR Ta
CYP27B1 BM3Ha4anm 3a JOMNOMOIOK CTAaHAAPTHOI Kpu-
BOi, OTPUMaHOT WAAXOM NiHilHOT perpecii.

CTaTUCTMYHUI aHani3 AaHWX NPOBOAMBCA 3a AOMO-
MOrol nporpamHoro 3abesneyeHHa MedStat v.5.2 Ta
EZR v.3.4.1. OnAa nepeBipKM HOPMANbHOCTI po3noginy
OaHux BuKopuctoByBanu TecT LWanipo-Binka. Kinbkic-
Hi 3MiHHI 3 HOPMaZibHUM PO3MOAINOM NPEeACTaBAANMN Y
BUIMNAAI CepefHbOro 3HaYeHHA = CTaHAAPTHE BiAXMNEH-
HA (SD), a 3a BigCyTHOCTI HOPMaNbHOTO PO3NoAiNy — fK
MefjaHy Ta iHTepKBapTWU/IbHUI Aiana3oH. MNopiBHAHHA
KNIHIYHUX XapaKTEPUCTMK MiX rpynamu BUKOHYBa/aW 3a
aonomoroto t-kputepito CTblogeHTa Ansa AaHWX i3 Hop-
MaNbHMM PO3NoAinom i Kputepito Piwepa aAna kateropi-
aNbHUX 3MiHHMX. INA aHani3y HenapameTpUYHUX SAHUX
LWoAo eKcnpecii reHis i 6inkiB 3actocoByBann U-tecT
MaHHa-YiTHi. KopensuiiHi 38’s3KM ouiHOBanM 3a meTo-
OOM PAHroBoro aHanisy CnipmeHa. 3HaYeHHA P MeHLi
HiX 0,05, BBaXKaaIM CTAaTUCTUYHO 3HAUYLLMMMU.

3a BMCHOBKOM KoMmicii 3 6ioetukn No 76 Big
20.08.2022 poKy maTepianu 4oCiaKeHHs BigNoBigatoTb
BMMOraM, MPUAHATUM MiXKHAPOAHMM CMiBTOBAaPUCTBOM
Ta YUHHUM HOPMATMBHO-MPABOBMM aKTaM YKpaiHu, BU-
moram ETMYHOro Kogekcy nikapa YKkpaiHu. Bci yyacHMKK
HaZanu nMcbmoBy iHGOPMOBAHY 3rogy Ha y4acTb y A0-
CNiaMXKeHHi.

Pe3ynbTatv gocnig)KeHHA Ta ix o6rosopeH-
HA.

IMT y »iHoK | rpynu (27,85+0,34 kr/m?) 6ys Oo-
CTOBIPHO BWLLMM MOPIBHAHO 3 KOHTPOJ/IbHOK TPYMoto
(26,5440,29 Kr/m?). Lle BKa3ye Ha MOX/MBMI BMIVB
OXMPiHHA abo HaaMIpHOT Baru AK cUHepriyHoro dakTo-
pa pU3nKy.

HaamipHa Bara 3HUMMKye 6iogocTynHicTb BiTamiHy D
yepes MOro HaKOMUYEHHS B YKMPOBIN TKaHUHI. Y KiHOK
3 OXKMPIHHAM CNOCTEPIraeTbCA BiNbLUMIA PU3MK FrecTaLin-
HOI rinepTeH3ii, Nnpeeknamncii Ta meTaboniyHmMx nopy-
WweHb. Zhou Q. Ta cniBaBTOPM, BBAXKAIOTb, WO MNiABULLE-
HUI IMT y KombiHauii 3 gediunTom BiTamiHy D noripye
CYAVHHY PEaKTUBHICTb, NiABULLYE PiBEHb NPO3anaabHUX
LIMTOKIHIB | 3MEHLUYE aKTUBHICTb aHTUOKCUOAHTHUX CUC-
Tem [27].

Y | rpyni neplwa BariTHICTb YacTiwe 3ycTpivyanaca y
55,5% Bunagkis, WO € BULLMM NOKA3ZHUKOM MOPIBHAHO
3 KOHTPONbHOLO rpynoto. JliTepaTypHi gepena nigTsep-
OXKYIOTb, LLLO MEePBOPOAALLI KiHKM MatoTb BULLMIA PUSUK
npeeknamncii Yepes BiACYTHICTb MONepeAHbOI iIMyHONO-
riYHoi aganTay,ii 4O BariTHOCTI.

OediumT BiTamiHy D y nepLioHapoaKyoUmx BariTHUX
MOKe [0AaTKOBO MOripLyBaTh CTaH i CNPUATU PO3BUT-
Ky YCK/MagHeHb Yyepes MOro BMJMB Ha aKTUBHICTb T-pe-
rYNATOPHUX KANITWH, AKi BiANOBIAAOTb 33 NiATPUMAHHA
iMmyHHOro 6anaHcy nig yac BariTHoCTi.

PaHHil noyaToK npeeknamncii (<34 TUKHIB) cnocTe-
pirasca y 63,9% »iHOK | rpynu, WO 3HaYHO NepeBULLYE
nokasHuku Il rpynu (46,9%). 3rigHo 3 niTepaTypoto,
PaHHIM NoYaToK NpeeknamMncii € BiNbLL TAXKMM CTaHOM,
OCKIiZIbKM aCOL,IOETbCA 3 MEPBUHHUMWU MOPYLUEHHAMM
nnaueHTayii. Bitamin D y nnaueHTi cnpuae perynauii cy-
OVHHOTO pemofeitoBaHHA Ta 3HUMKEHHIO OKCUAATUBHO-
ro ctpecy. Moro gediunt Moxe NpuU3BOANUTY A0 FiNoKcii

Ta6bnuua 1 — MNepenik npalimepis gna NpoBeAeHHA

KinbKicHoi MNJIP y peanbHomy yaci (qPCR)

. Cepep,mm BIK BarTHMX y. rpyni 3 Aediuntom leH Forward 5—3’ Reverse 53’
BiTamiHy D (28,86+0,67 poKiB) € AELLO HUKYNM

NOPIBHAHO 3 KOHTPOMLHOK rpynoto (31,27+0,99 | CYP27B1 | GCCCACCATAAGACCTACGA | AGATTGGAGAAGCTGGACGA
pokiB). Lle moxke cBiguntn npo Te, wo aediunt VDR TGGCCCAGATCCTAACACATTT| GTCCGGGTCTTGGGTCTAACT

BiTamiHy D yacTiwe 3yCTPiYaeTbCca y MOAOALINX
’KiHOK. Rouhani P. Ta cniBaBTOpM 3a3HayaloThb,
O BiK € BaXK/MBUM HAKTOPOM PU3MNKY YCKAAL-

Tabnuusa 2 — Knidiko-nabopaTtopHa xapaKreputuka

[OCNigXKyBaHUX rpyn

HeHb BariTHocTi [24]. Monioai neplwoHapoaKytoyi KoHTponbHa
iHKM (<30 POKiB) 4acTO MaloTb MeHL cHOPMO- MoKa3HMK ';E‘g’;a ”;Eg;a rpyna
BaHYy iMYHO/IOTYHY aZanTalilo A0 BariTHOCTI, a n=30
HU3bKWUI piBeHb BiTaMiHy D moe e b6inbwe no- | . 28,86+0,67* 29,31+0,73 | 31,27+0,99
X X BiKk, poku
CUNIOBATM L MOPYLIEHHA, 3HUXKYIOUM 34aTHICTb (22-37) (23-38) (21-40)
opraHiamy Ao epeKTUBHOrO iMyHHOrO Ta CyAWH- 25(0H)D, Hr/mn 11,93+0,59*| 34,46+0,88 | 33,9%0,32
HOro pemoaeNtoBaHHS. ’ (7,48-19,55)|(20,45-42,82)| (31,33-39,75)
PisHMuA B piBHAX BiTamiHy D Mmix rpynamm € IMT, ki/m 27,85+0,34*| 26,01+0,31 | 26,54+0,29
ay»e BupaxkeHoto: y | rpyni (11,9310,59 Hr/mn) ’ (20,8-32,8) | (20,4-28,6) | (22,5-29,7)
piBeHb BiTamMiHy D 3HaYHO HMXUMIA, Hi3K y KOH- |BariTHicTb e . .
TponbHiN rpyni (33,9+0,32 wr/mn). Y Il rpyni pi- :HsgiapHa ig Eiigo//";* 1‘3 gg?;‘)) 1‘; ggg;é’;
. ;270 ,170 ,270
BeHb 25(0OH)D (34,46+0,88 Hr/mn) € AocTaTHIM, -
WO CRPUAE MEeHL TAXKOMY nepebiry npeexknam- _?_I’;%r;i 19(52,7%)* | 14 (43,8%) | 18 (45%)
ncii (tabn. 2). « MosTopHi 17 (47,3%)* | 18 (56,2%) | 22 (55%)
NiTepaTypa BKasye, wWo piBeHb 25(OH)D [Tipeeknamncia
HUKYe 20 HI/MA acOLtOETHCA i3 MOPYLUEHHSAM |32 4aCOM BUHWUKHEHHA (63.9%)" (46.9%)
o ® 3 paHHIM NOYaTKOM 23 (63,9% 15 (46,9% -
PanHbol 1HBasll Tp°¢°6"aCT.y’ Wo NPUIBOANTE | - iakim noaTkom 13 (36,1%)* | 17 (53,1%) -
80 dopmyBaHHA BY3bKMX CMipanbHUX apTepin i, - -
. . . . I'IpeeKnamcm 3a TAXKKICTHO:
BIANOBIAHO, NIABNLUEHHA PEIUCTEHTHOCTI B M1~ | 4 omipwa 15 (41,7%)* | 19 (59,4%) }
LEeHTapHOMY KpoBoTol,i [25, 26]. Lle € KNOYOBUM | o TaskKa 21 (58,3%)* | 13 (40,6%) -

MeXaHi3MOM PO3BUTKY NpeeKNamncii.

Mpumitka: * p<0,05 NOPIBHAHHO 3 KOHTPOJILHOO FPYMOIO.
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Tabnuusa 3 — Ekcnpecia mPHK VDR T1a CYP27B1
y o6cTexxyBaHux rpynax (Mzm)

Ta6bnuusa 4 — KoHueHTpau,ii 6inka VDR 1a CYP27B1
y obcTexxyBaHux rpynax (Mm)

I rpyna Il rpyna ol P LA
leH n=36 n=32 rp_yna
n=30
VDR 0,95 (0,91-1,08)* |1,14 (1,04-1,26) 1,22 (1,15-1,29)
CYP27B1 1,04 (0,96-1,12)*|1,16 (1,07-1,24)| 1,06 (0,97-1,17)

Mpumitka: * p<0,05 NOpiBHAHHO 3 KOHTPO/ILHOO rPYNOtO.

NAALEeHTH, NOpyWweHHA deTonnaLeHTapHOro KPOBOTOKY
Ta CUCTEMHOI eHAoTeN IaNbHOT ANCHYHKLT.

Taxkka dopma npeeknamncii 6yna yactiwoto B | rpyni
(58,3%), Togi Ak y Il rpyni TAXKI BUNAAKM CKNaganu nuiue
40,6%. Taxka popma npeeKkNamMncii HacTo acoL,itoETbCA 3
niABULLEHMM pPiIBHEM MPO3ananbHUX LIMTOKIHIB, AKi no-
CUNIOITL eHAoTenianbHy ancoyHKUito. BitamiH D mae
NOTY)XHi NpOTM3ananbHi BAACTMBOCTI, TOMy loro aedi-
LUT MOXKE CNPUATU TAXKKOMY nepebiry.

AHani3 ekcnpecii MPHK VDR B nnaueHTax »KiHOK 3
npeeKkNamcielo NoKasas, WO Y rpyni BaritTHUX i3 gedi-
umTom BiTamiHy D (I rpyna) piseHb ekcnpecii MPHK VDR
ctaHoswmB 0,95 (0,91-1,08), wo 6yn0 CTaTUCTUYHO HUMKYE
(p<0,05), HixK y KOHTpOAbHIM rpyni (1,22 (1,15-1,29)). Y
Il rpyni, AKa BK/IOYana BariTHUX i3 HOPMaANbHUM pPiBHEM
BiTamiHy D, ekcnpecis mPHK VDR 6yna suuwpow — 1,14
(0,96-1,12), ane He3Ha4HO BiApi3HANACA Bif NOKA3HMKIB
KOHTpOAbHOI rpynu (Taba. 3).

Ekcnpecia reHa CYP27B1, y | rpyni Moro ekcnpecis
cknana 1,04 (0,96-1,12), wo Takox byna 3HAYHO HUNK-
Yot (p<0,05), Hix y KoHTponbHi rpyni (1,06 (0,97-
1,17)). Il rpyna AemoHCTpyBana MifBULLLEHY eKCnpecito
yboro reHa — 1,16 (1,07-1,24), Aaka 6yna HaBiTb BULLOO
33 KOHTPO/IbHUI PiBEHb, a/e CTaTUCTUYHO 3HauyL,i Bia-
MiIHHOCTI He BUABNEHO.

OTpuMaHi pe3ynbTaTh CBigYaTb NPO 3HUMKEHHA eKC-
npecii VDR 1a CYP27B1 y BariTHMx i3 aediuntom BiTa-
MiHy D. Lle moxe BKasyBaTV Ha yHKUiOHaNbHY Heao-
CTaTHiCTb BiTamiH D-3anexHoi cuctemu, fAKa Bigirpae
BaXK/IMBY PO/b Y perynauii KaJbLieBoro romeocrasy Ta
imyHHOI Bianosiai [28-30]. BogHo4ac y BariTHUX i3 HOp-
ManbHUM piBHem BiTamiHy D (Il rpyna) cnocrtepiranaca
YaCTKOBA KOMMEHCALLifA LMX MOKa3HUKIB, WO Bigobparkae
6inblU CNPUATANBUIA CTaH meTaboiamy BiTamiHy D.

BusHauatoum pisHi 6inkis VDR i CYP27B1 B nnaugeH-
TapHil TKaHWHI, Byno BMUABAEHO, WO Y | rpyni KOHLUEeH-
Tpauis 6inka VDR craHosuna 2,32 (1,11-2,52) Hr/mn, wo
6yna 3Ha4yHO HUMKYOH0 (P<0,05), HiXK Y KOHTPOALHIM rpyni
(3,41 (2,83-3,91) Hr/mn). Y Il rpyni KoHueHTpauia VDR
6yna suwoto — 2,55 (1,91-2,78) Hr/mn, ane Bce Lie no-
CTynanacs KOHTPOAbHIN rpyni (taba. 4).

Woao CYP27B1, y BariTHux i3 aediuntom BitamiHy D
(I rpyna) Moro KoHueHTpauia cknagana 4,34 (4,20-5,15)
Hr/mn, Wo 6yna CTaTUCTUUYHO HUKYO (p<0,05) nopisHA-
Ho 3 Il rpynoto (5,32 (4,68-5,59) Hr/Mmn) i KOHTPONBHO
rpynoto (5,23 (4,67-5,83) Hr/mn). Y BariTHWX i3 HOpMmasb-
HUM piBHem BiTamiHy D (Il rpyna) KoHueHTpauia CYP27B1
6yna Ha piBHI KOHTPOJIbHOI rpynu.

. KoHTponbHa
Binok | rpyna Il rpyna .
(Hr/mn) n=36 n=32 np!30
VDR 2,32 (1,11-2,52)*| 2,55 (1,91-2,78) | 3,41 (2,83-3,91)
CYP27B1  |4,34 (4,20-5,15)*| 5,32 (4,68-5,59) | 5,23 (4,68-5,83)

MpumiTka: * p<0,05 NOPIBHAHHO 3 KOHTPOJILHO FPYNOHO.

3HUMKEHHA KOHUEeHTpaLii 6inkis VDR i CYP27B1 y Ba-
riTHUX i3 gediuntTom BiTamiHy D CBiZUMTb MPO NOPYLLEH-
HA QYHKLIOHYBAaHHA CUCTEMM BiTaMiH D y LIMX NaLLiIEHTOK.
Lle MmorKe nosicHIOBATU TAXYMIA Nepebir npeeknamncii B
Ui rpyni. HaTomicTb y BariTHUX i3 oNTMMaAbHUM PiBHEM
giTamiHy D (Il rpyna) nokasHuku 6ynu 6AMKYMMU 00
HOPMW, IO NIATBEPAXKYE BaXK/IMBICTb 3abe3nedyeHocTi
BiTamiHom D ans nigTpMaHHA HOpMmanbHOI ¢isionorii
BariTHOCTI.

Y BariTHuX i3 gediumtom BiTamiHy D cnoctepiranoca
3HaYHe 3HMXKeHHA piBHA eKcnpecii reHis VDR i CYP27B1,
LLLO MOXKe ByTK NoB’sI3aHO 3 NopyweHHAM GyHKLioHab-
HOCTi peL.enTopHOi cucteMu BiTamiHy D. 3HMXKeHUI pi-
BeHb 6inkiB VDR Ta CYP27B1 y | rpyni niaTBEpAXKYE poOb
aediumTy BiTamiHy D y naToreHesi npeeknamncii. BariTHi
3 HOPMa/IbHUM piBHEM BiTaMiHy D maan Kpalli NOKasHKU-
KM eKcnpecii reHis i piBHA 6iNKiB, WO BKA3y€e Ha 3aXMCHY
ponb BiTamiHy D y nepebiry BariTHOCTi.

BucHoBKM.

JediuuT BiTamiHy D yacTiwe cnoctepiraerbca y mo-
noamx saritHux (<30 pokiB), cepeaHiit BiK AKMX CTaHOBUB
28,8610,67 pokis, nopisHAHO 3 31,271+0,99 poKiB y KOH-
TponbHin rpyni. KiHku 3 gediunTom BiTamiHy D Takox
Manu suwmii IMT (27,85+0,34 Kr/m?) NOPIBHAHO 3 KOH-
TPOAbHOIO rpynoto (26,54+0,29 Kkr/m?).

Hu3bKui1 piseHb 25(0H)D (11,93+0,59 Hr/ma y | rpyni
npotu 33,9+0,32 HIr/MA y KOHTPO/bHI FPYNi) acoLitOETb-
CA 3 NOPYLUEHHAM NALEHTAPHOrO KPOBOTOKY, pPaHHIM
noyatkom npeeknamncii (<34 TUKHIB y 63,9% KiHOK |
rpynu npotv 46,9% vy Il rpyni) Ta ii TAXKKMM nepebirom
(58,3% y | rpyni npoTn 40,6% vy Il rpyni).

Y BariTHuX i3 gediuntom BitTamiHy D cnocTtepira€etb-
€A 3HMKeHa ekcnpecia redis VDR (0,95 (0,91-1,08)) Ta
CYP27B1 (1,04 (0,96-1,12)) nopiBHAHO 3 KOHTPO/bHOMO
rpynoto (1,22 (1,15-1,29) Ta 1,06 (0,97-1,17) sianosia-
Ho). PiBeHb 6inkiB VDR i CYP27B1 y nnaueHTi TakoxK byB
3HaYHO HMKYMM: 2,32 (1,11-2,52) ur/mn Ta 4,34 (4,20-
5,15) vr/mn y | rpyni npotv 3,41 (2,83-3,91) Hr/mn Ta
5,23 (4,67-5,83) HF/MA Yy KOHTPOAbHIN rpyni.

TakMM YMHOM, Pe3ynbTaTh MNiLKPEeCcaoTb Heobxia-
HICTb MOHITOPUHIY Ta KOpeKL,ii piBHA BiTamiHy D y BariT-
HUX AN5 3an06iraHHA PO3BUTKY YCKAAAHEHb, TaKUX AK
npeeknammncis.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

BuBuyeHHA BiTamiHy D y natoreHesi npeeknamncii
Ccnpuse po3pobui HOBUX MiAXOAiB A0 NPOdiNaKTUKK 1
NiKYBaHHA N5 3HUKEHHS MAaTEPUHCbKUX | MepuHaTaib-
HUX PU3UKIB.
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DE®ILUUT BITAMIHY D K ®AKTOP PU3UKY NPEEK/IAMNMCII: POJ/Ib PELLENTOPA BITAMIHY D TA LUTOXPOMY
P450 POAWHU 27 YNEH NIAPOAUHU B 1

Monaaunu I. B., loscees A. O.

Pestome. Mpeeknamncia (ME) 3aNMWAETLCA OAHUM i3 HAaNCEPNO3HILLMX YCKAaAHEHb BariTHOCTI, O 3HAYHO Nia-
BULLYE PU3MK MATEPUHCBLKOI Ta NepMHATaNbHOI CMepPTHOCTI. 3a gaHmmun BOO3, rinepTeH3UBHI po3naam BariTHOCTI
CcNpUYMHAOTL 14% MaTepUHCbKUX cmepTeit y cBiTi. ETiosioris 3axBoptoBaHHA cKAaAHa i 6aratodakTopHa, ase oaHieto
3 K/II0YOBMX JIAHOK MaTOreHesy € NopylleHHA NaaueHTauil Ta cynyTHin gediunt BitamiHy D (VD). Bitamin D 6epe
y4acTb y perynauii iMyHHUX, eHAOKPUHHUX Ta CYAMHHUX NPOLLECIB, AKI € KPUTUYHO Ba*KANUBUMMK AN HOPMAbHOTO
nepebiry BaritHocTi. Jediumt VD nos’s3aHMi i3 NOpyLEHHAM pPaHHbOI iHBa3ii TpodobnacTy, Wo Npus3BoaUTb 40
rinokcii nnaueHTn, eHgoTenianbHOi AMchyHKLIT Ta popMyBaHHA Npeeknamncii. OgHak 38’A30K mixK piBHem VD i ekc-
NPeciero KAYOBUX FeHIB Y NAaLLEeHTapPHIN TKaHWHI, Takux AK VDR i CYP27B1, noTpebye Nnofanblioro BUBYEHHS.

Mema. OuiHMTK B3aeEM03B’A30K MixK piBHem 25(0OH)D y KpoBi Ta ekcnpecieto reHis VDR (peuenTtop BiTamiHy D) i
CYP27B1 (1la-rigpokcnnasa) y nnaueHTapHil TKAHWHI BariTHUX i3 NpeeKkIaMnCielo gaa BU3HAYeHHsa iX posi y naTtore-
Hes3i 3aXBOPOBaHHA.

06’ekm | MemoOu docnioreHHsA: JocniaxeHHa 6yno nposegeHe y KHM «MepuHatanbHuii ueHTp M. Kuiey i3 Be-
pecHna 2022 poky Mo *koBTeHb 2024 poky. [1o Hboro 3a/y4eHo 98 BariTHUX XKiHOK, AKi nepebyBanu nig cnocrepekeH-
HAM Yy LeHTpi. OCHOBHa rpyna ckaaganaca 3 75 »iHoK i3 npeeknamncieto. [x 6yno nogineHo Ha ABi Niarpynu 3anexHo
Big pisHA 25(0OH)D y kposi: | rpyna (n=36) — BariTHi 3 aediymtom sitamiHy D (<20 Hr/mn). Il rpyna (n=32) — BariTHi 3
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HOPManbHMM piBHem BiTamiHy D (>30 Hr/mn). KoHTposbHy rpyny cknanu 30 BariTHUX i3 ¢isionoriyHnm nepebirom
BariTHOCTi Ta onTUManbHUM pisHem VD. BusHauyeHHs pisHa 25(0OH)D nposBogunoca metogom iMyHopepmMeHTHOro
aHanisy (IPA). 3pasku naaueHTapHOT TKAHWMHKU A0CAiAXKYBanW 3a gonomoroto qPCR ans ouiHKkK ekcnpecii reHis VDR
Ta CYP27B1. KoHueHTpauis 6inkis VDR Ta CYP27B1 BusHayanacs metogom ELISA. CTaTUCTUYHMI aHani3 BUKOHYBaA-
v 3a gonomoroto nporpam MedStat v.5.2 Ta EZR v.3.4.1. [laHi nopisHioBann 3a gonomoroto U-tecty MaHHa-YiTHi,
t-kpuTepito CTblogeHTa Ta paHroBoro aHanidy CnipmeHa. 3HayeHHA p<0,05 BBaXKaAM CTaTUCTUYHO 3HAYYLLMMM.

Pe3ynemamu ma ix 062oeopeHHA. Y rpyni 3 aediuntom VD (I rpyna) cepeaHii piseHb 25(0OH)D cknas 11,93+0,59
HI/MA, WO CYTTEBO HUMKYUE, HiXK Y KOHTPOAbHIN rpyni (33,910,32 Hr/mn). Y Il rpyni cepeaHin piseHb 25(0OH)D craHo-
B1B 34,46+0,88 Hr/mn. CepeaHiit Bik BariTHMX y | rpyni 6y8 HUXKUMM (28,8610,67 poKiB), HisK Y KOHTPO/bHIN rpyni
(31,27+0,99 pokis). IMT BariTHux i3 gediuutom VD 6y Bumm (27,85+0,34 Kr/m?), NOPIBHAHO 3 KOHTPOILHOIO rpy-
noto (26,54+0,29 kr/m?). PaHHiin noyatok (<34 TUXKHIB) cnocTepirasca y 63,9% Bunaakis y | rpyni npotv 46,9% vy Il
rpyni. Taxkka dopma npeeknamncii yacTiwe giarHocTysanaca y BaritHux i3 aediymtom VD (58,3% npotun 40,6% vy Il
rpyni). Ekcnpecia reHis VDR Ta CYP27B1 y nnaueHTapHill TKaHUHI Byna 3Ha4YHO HUXKYOK Y BariTHUX i3 aediymtom
VD: VDR: 0,95 (0,91-1,08) y | rpyni npotw 1,22 (1,15-1,29) y KoHTponbHil. CYP27B1: 1,04 (0,96-1,12) y | rpyni npoTtu
1,06 (0,97-1,17) y KoHTpoAbHin. PiBHi 6inkis VDR Ta CYP27B1 Takox 6ynm Huxummm y | rpyni: VDR: 2,32 (1,11-2,52)
Hr/mn y | rpyni npotu 3,41 (2,83-3,91) Hr/mn y KoHTponbHin. CYP27B1: 4,34 (4,20-5,15) Hr/mn y | rpyni npotu 5,23
(4,67-5,83) HF/MA1 Y KOHTPOJIBHIA.

BucHosKu. OediunT BiTamiHy D yacTilwe cnoctepiraetbca y monoamux BaritHux (<30 pokis) i3 nigsuweHum IMT.
Hunsbkuit piseHb 25(0H)D (<20 Hr/mn) acoLiloeTbeA 3 TAXKUYMM nepebirom npeeknamncii, 30kpema ii paHHimM noyart-
KOM (<34 TUKHIB) i TAXKKOI dopmoto. 3HMKeHHA ekcnpecii reHiB VDR i CYP27B1 Ta KoHLeHTpaL,ii BianoBigHMX 6inkis
y NNaLeHTapHIN TKaHWHI BariTHWX i3 gediunTtom VD niaTBEpAKYE X posb y naTtoreHesi npeeknamncii. MoHiopuHr Ta
KopekKL,ia piBHA BiTaMiHy D y BariTHUX € HEOOXiAHUMM AN1A 3HUMKEHHA PU3UKY YCKNAAHEHDb, MOB’A3aHMX i3 NpeeKknam-
ncieto. OTpUMaHI AaHi NiAKPECNIOTb BaXKAUBICTb BKAOYEHHA BiTamMiHy D A0 NpOTOKOAiIB NpodiNaKTUKK Ta NiKyBaH-
HA NpeeKknamncii.

Knrouosi cnosa: BitamiH D, sediuunTt BiTamiHy D, npeeknamncis, nnaueHTa, VDR, CYP27B .

VITAMIN D DEFICIENCY AS A RISK FACTOR FOR PREECLAMPSIA: THE ROLE OF VITAMIN D RECEPTOR AND
CYTOCHROME P450 FAMILY 27 SUBFAMILY B MEMBER 1

Poladych I. V., Govsieiev D. O.

Abstract. Preeclampsia (PE) remains one of the most serious pregnancy complications, significantly increasing
the risk of maternal and perinatal mortality. According to the WHO, hypertensive disorders in pregnancy account for
14% of maternal deaths worldwide. The etiology of PE is complex and multifactorial, but one of the key pathogenic
links is impaired placentation and the associated deficiency of vitamin D (VD). Vitamin D plays a crucial role in regu-
lating immune, endocrine, and vascular processes essential for normal pregnancy. VD deficiency is associated with
impaired early trophoblast invasion, leading to placental hypoxia, endothelial dysfunction, and the development of
preeclampsia. However, the relationship between VD levels and the expression of key placental genes, such as VDR
and CYP27B1, requires further investigation.

Aim. To evaluate the relationship between serum 25(0OH)D levels and the expression of VDR (vitamin D receptor)
and CYP27B1 (1la-hydroxylase) genes in placental tissue of pregnant women with preeclampsia to determine their
role in the pathogenesis of the disease.

Object and research methods. The study was conducted at the Kyiv Perinatal Center from September 2022 to
October 2024 and included 98 pregnant women under observation. The main group consisted of 75 women diag-
nosed with preeclampsia. They were divided into two subgroups based on serum 25(OH)D levels: Group | (n=36) —
pregnant women with vitamin D deficiency (<20 ng/mL). Group Il (n=32) — pregnant women with normal vitamin D
levels (>30 ng/mL). The control group included 30 pregnant women with an uncomplicated pregnancy and optimal
VD levels. Serum 25(0H)D levels were determined using an enzyme-linked immunosorbent assay (ELISA). Placental
tissue samples were analyzed via qPCR to assess the expression of VDR and CYP27B1 genes. Protein concentrations
of VDR and CYP27B1 were measured using ELISA. Statistical analysis was performed using MedStat v.5.2 and EZR
v.3.4.1. The Mann-Whitney U test, Student’s t-test, and Spearman’s rank correlation analysis were used for data
comparison, with p<0.05 considered statistically significant.

Research results and their discussion. In the VD-deficient group (Group I), the mean 25(0OH)D level was 11.93+0.59
ng/mL, significantly lower than in the control group (33.940.32 ng/mL). The mean 25(0OH)D level in Group Il was
34.46%0.88 ng/mL. Pregnant women in Group | were younger (28.86+0.67 years) than those in the control group
(31.27+0.99 years). The BMI of VD-deficient pregnant women was higher (27.85+0.34 kg/m?) compared to the
control group (26.54+0.29 kg/m?). Early-onset PE (<34 weeks) occurred in 63.9% of cases in Group | versus 46.9%
in Group Il. Severe preeclampsia was more frequently diagnosed in VD-deficient women (58.3% vs. 40.6% in Group
I1). The expression of VDR and CYP27B1 genes in placental tissue was significantly lower in VD-deficient pregnant
women:VDR: 0.95 (0.91-1.08) in Group I vs. 1.22 (1.15-1.29) in the control group.CYP27B1: 1.04 (0.96-1.12) in Group
I vs. 1.06 (0.97-1.17) in the control group. Protein levels of VDR and CYP27B1 were also lower in Group I: VDR: 2.32
(1.11-2.52) ng/mL in Group | vs. 3.41 (2.83-3.91) ng/mL in the control group. CYP27B1: 4.34 (4.20-5.15) ng/mL in
Group | vs. 5.23 (4.67-5.83) ng/mL in the control group.

Conclusions. Vitamin D deficiency is more common in younger pregnant women (<30 years) with an elevated
BMI. Low 25(OH)D levels (<20 ng/mL) are associated with a more severe course of preeclampsia, including early
onset (<34 weeks) and severe forms. Reduced expression of VDR and CYP27B1 genes and lower protein concentra-
tions in placental tissue of VD-deficient pregnant women confirm their role in PE pathogenesis. Monitoring and cor-
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recting vitamin D levels in pregnant women is necessary to reduce the risk of preeclampsia-related complications.
The obtained data emphasize the importance of including vitamin D in preeclampsia prevention and treatment
protocols.

Key words: vitamin D, vitamin D deficiency, preeclampsia, placenta, VDR, CYP27B.
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PROOXIDANT STATE OF RAT LUNG TISSUE UNDER CONDITIONS OF CADMIUM

CHLORIDE INTOXICATION AND CORRECTION WITH MELATONIN
Petro Mohyla Black Sea National University (Mykolaiv, Ukraine)
2Mykolayiv National Agrarian University (Mykolaiv, Ukraine)
pshychenko85@gmail.com

Heavy metals are the most common environmental pollutants and pose a serious threat to public health. Cadmi-
um compounds are particularly dangerous because they have a long half-life in the body. Today, in the conditions of
military operations taking place on the territory of Ukraine, cadmium enters the body in quantities that can signifi-
cantly exceed the maximum permissible standards. Accumulating in the body, cadmium stimulates the development
of oxidative stress and can lead to diseases of vital organs, including the lungs, a decrease in their function, and
death. Therefore, a pressing issue is the search for effective ways to correct pathological changes caused by the toxic
effects of cadmium and oxidative stress. To correct disorders that arise as a result of oxidative stress, drugs with
antioxidant properties are used. One of the antioxidants that absorbs free radicals well and has a wide range of ther-
apeutic effects is the pineal gland hormone melatonin. The aim of the work was to study the features of changes in
the functional state of the prooxidant system of the lungs of rats under conditions of cadmium chloride intoxication
and to substantiate the possibility of their correction with melatonin.

The studies were conducted on 36 sexually mature white male Wistar rats, which were divided into six groups
—a control group and five experimental groups. Animals of the first (control) group were kept in standard vivarium
conditions without the influence of additional factors. Animals of the second, third, fourth, and fifth groups were in-
traperitoneally administered a 0.029% aqueous solution of cadmium chloride at a rate of 1.2 mg/kg of animal body
weight, which would cause lung damage. For the purpose of comparative analysis of biochemical parameters, rats
from the experimental groups were withdrawn from the experiment at different times during the study. Metabolic
changes were examined on the 7th, 14th, 21st, and 28th days of the study. Rats of the sixth group were administered
1.2 mg/kg of body weight of the animal with a solution of cadmium chloride for 28 days and, in order to correct
pathological changes caused by cadmium, melatonin was administered intraperitoneally at a dose of 3.0 mg/kg of
body weight for 10 days (from the 19th to the 28th day of the study).

It was found that the administration of cadmium chloride was accompanied by an intensification of lipoperoxi-
dation processes, which was manifested by an increase in the content of diene conjugates and malondialdehyde in
lung homogenates at all study periods. The introduction of exogenous melatonin contributed to a decrease in the
content of primary and secondary products of lipid peroxidation, which indicates a slowdown in free radical process-
es. Therefore, melatonin is a potentially useful drug for reducing the manifestations of oxidative stress caused by
cadmium chloride exposure in lung tissue.

Key words: cadmium chloride, rats, lungs, diene conjugates, malondialdehyde.
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