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Pregnancy is accompanied by profound physiological and metabolic adaptations, among which calcium-phos-
phate metabolism plays a key regulatory role. Vitamin D; is essential for mineral homeostasis, immune regulation,
and placental function. Its deficiency during gestation may disturb bone remodeling and increase the risk of preg-
nancy complications.

Aim is to evaluate the effect of vitamin D3 deficiency on calcium—phosphate metabolism and the RANKL/OPG
system in pregnant rats.

Thirty-five female Wistar rats (8-10 weeks, 174+12 g) were divided into three groups: | —vitamin D -deficient diet
for 60 days before mating (n=14); Il — the same diet with oral cholecalciferol (1000 IU/kg/day, n=12); and control
(n=10) — standard diet. Serum calcium, phosphate, alkaline phosphatase (ALP), parathyroid hormone (PTH), RANKL,
and OPG were measured by spectrophotometric and ELISA methods. Statistical analysis was performed using one-
way ANOVA.

Vitamin D, deficiency caused a marked decrease in calcium (1.8640.02 mmol/L) and phosphate (1.7940.03
mmol/L) with compensatory hyperparathyroidism (PTH = 325.6+12.8 pg/mlL; p<0.05) and elevated ALP activity, indi-
cating increased bone resorption. The RANKL/OPG ratio rose to 0.09+0.007, reflecting activation of osteoclastogen-
esis. Cholecalciferol supplementation normalized biochemical parameters, reduced PTH by 18%, increased calcium
by 3-4%, and lowered ALP by 25-30%.

Vitamin Ds deficiency disrupts calcium-phosphate homeostasis and enhances RANKL-mediated bone resorption.
Correction with cholecalciferol restores mineral balance and osteoimmune regulation. These findings underscore
the pathogenetic significance of vitamin D, in maintaining skeletal metabolism and preventing gestational compli-

cations.

Key words: pregnancy, rats, vitamin Ds, calcium-phosphate metabolism, parathyroid hormone, alkaline phos-

phatase, RANKL/OPG.

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.

Pregnancy is characterized by complex physiological
and metabolic adaptations in the maternal organism
aimed at ensuring optimal intrauterine fetal develop-
ment, functional adjustment of maternal organs to ges-
tational load, and establishment of effective placental
circulation. The cardiovascular, respiratory, renal, and
endocrine systems experience a substantial increase in
functional load, which necessitates corresponding meta-
bolic adjustments to meet the elevated requirements of
both the mother and the fetus.

Among the critical components of these adaptations
is mineral metabolism, particularly the regulation of cal-
cium, phosphorus, magnesium, and vitamin Ds levels [1,
2]. These macro- and microelements play essential roles
in fetal skeletal formation, regulation of uterine contrac-
tility, maintenance of vascular tone, and preservation of
normal immune responsiveness, as well as in physiolog-
ical remodeling of placental vessels. Disruptions in their
balance may result in various adverse outcomes, ranging
from functional disorders to severe gestational compli-
cations that affect the course of pregnancy, labor, and
neonatal condition.

Particular attention has been drawn to vitamin D3 —
the biologically active form of vitamin D3 — which, be-
yond its classical role in facilitating intestinal absorption
of calcium and phosphorus, exerts numerous pleiotropic
effects. These include modulation of immune respons-
es, regulation of gene expression, and control of cel-
lular proliferation, apoptosis, and angiogenesis [3, 4].
Furthermore, vitamin Ds is involved in the regulation of
parathyroid hormone (PTH) secretion, which is crucial
for maintaining calcium—phosphate homeostasis. It is
well established that vitamin D3 enhances calcium and
phosphate absorption and contributes to the develop-
ment and function of bone tissue.

According to international studies, hypovitaminosis
Ds represents a global health concern, with more than
one billion individuals worldwide having suboptimal
serum 25(OH)D levels [5-7]. In pregnant women, this
condition is particularly critical due to increased micro-
nutrient demands, reduced sunlight exposure, dietary
changes, and hormonal alterations.

Disturbances in the vitamin Ds-calcium homeostat-
ic axis lead to destabilization of bone remodeling pro-
cesses, including activation of osteoclasts, decreased
osteoblastic activity, and reduced bone mineralization.
A key regulatory role in these processes is played by the
receptor activator of nuclear factor kB ligand/osteopro-
tegerin (RANKL/OPG) signaling system. RANKL promotes
osteoclast differentiation and accelerates bone resorp-
tion, whereas OPG acts as a soluble decoy receptor that
binds RANKL and prevents its interaction with osteoclast
receptors, thereby inhibiting bone resorption [8]. The
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RANKL/OPG ratio is considered a sensitive biomarker of
bone metabolic status: an elevated ratio indicates pre-
dominant resorptive activity, while a reduced ratio re-
flects enhanced bone formation.

These mechanisms acquire particular relevance
during pregnancy, when maternal requirements for cal-
cium and vitamin Ds markedly increase due to fetal skel-
etal development and functional adaptations in the ma-
ternal organism. Vitamin D3 deficiency during this period
may result in osteopenia or osteomalacia in the mother,
delayed ossification in the fetus, and an increased risk
of gestational complications such as preeclampsia, intra-
uterine growth restriction, and gestational diabetes mel-
litus [9]. Despite extensive clinical evidence underscor-
ing the importance of adequate vitamin D3 status during
pregnancy, the mechanisms underlying its effects — par-
ticularly the interactions between the vitamin D3 system,
the RANKL/OPG axis, calcium-phosphate metabolism,
and PTH regulation — remain insufficiently elucidated.

The aim of the study.

To evaluate the effect of vitamin D3 deficiency on the
RANKL/OPG ratio and its relationship with indicators of
calcium-phosphate homeostasis in pregnant rats.

Object and research methods.

The experimental study included 35 female Wis-
tar rats aged 8-10 weeks with a mean body weight of
174+12 g. To assess the effect of vitamin Ds deficien-
cy, the animals were divided into three experimental
groups. Group | (n=14): animals were maintained for 60
days prior to mating on a special diet completely devoid
of vitamin Ds to induce its deficiency. Group Il (n=12): on
the background of the same vitamin Ds-deficient diet,
the rats additionally received oral cholecalciferol supple-
mentation (1000 IU/kg body weight per day, dissolved
in sunflower oil; Sigma, USA) via gastric gavage, starting
14 days before mating. Control group (n=10): animals
were fed a complete standard diet without vitamin D3
restriction.

All animals were kept under standard laboratory con-
ditions in compliance with animal-care requirements:
temperature 22+2°C, relative humidity 55-60%, a 12-h
light/12-h dark cycle, and free access to food and water.

The study was conducted in accordance with inter-
national ethical standards for the care and use of lab-
oratory animals, particularly Directive 2010/63/EU. The
experimental protocol was approved in advance by the
Bioethics Committee of Bogomolets National Medical
University (Protocol No. 193, dated 24 March 2025) and
complied with the provisions of the European Conven-
tion for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
1986) and national bioethical guidelines (Kyiv, 2006).

To confirm the formation of vitamin Ds; deficiency in
the first group, blood sam-
ples were collected at the

was performed using GainData® software (arigo’s ELISA
Calculator).

After laboratory confirmation of hypovitaminosis D3,
the females were mated with males in a 2:1 ratio. Suc-
cessful mating was confirmed by microscopic examina-
tion of vaginal smears the next morning to detect sper-
matozoa; the day of sperm detection was designated as
gestational day 1.

For analysis of calcium—phosphate metabolism in
pregnant rats, blood samples were collected after the
animals were euthanized at the end of the experiment.
Serum concentrations of calcium (Ca), alkaline phospha-
tase (ALP), phosphorus (P), and parathyroid hormone
(PTH) were measured.

Serum calcium was determined spectrophotometri-
cally at 540 nm (Lachema Ca-test). The protein-bound
fraction was precipitated with 96% ethanol, hydrolyzed
with NaOH, and the ultrafiltrable calcium fraction was
calculated as the difference between total and bound
calcium. Inorganic phosphate was measured using the
Dyce method: precipitation with TCA followed by reac-
tion with ascorbic acid and ammonium molybdate and
absorbance measurement at 670 nm. ALP activity was
evaluated by hydrolysis of p-nitrophenyl phosphate (410
nm, Lachema kit). The bone isoform was calculated as
the difference between total and heat-inactivated ac-
tivity (56°C, 15 min), and the intestinal isoform as the
difference between total and activity inhibited by 5 mM
L-phenylalanine [11].

PTH concentrations were determined according to
the manufacturer’s protocol using the Rat PTH (Parathy-
roid Hormone) ELISA kit (RTFI00259, AssayGenie). Quan-
titative results were calculated with GainData® (arigo’s
ELISA Calculator).

Statistical analysis was performed using StatPlus soft-
ware (version 7.0, AnalystSoft Inc., USA). The normality
of data distribution was tested using the Shapiro-Wilk
test. Differences between groups were assessed by one-
way analysis of variance (ANOVA). Results are presented
as mean * standard deviation (M%SD). Statistical signifi-
cance was accepted at p<0.05.

Research results and their discussion.

In the present experimental study, alterations in key
biochemical parameters characterizing calcium-phos-
phate homeostasis, the activity of bone metabolism
markers, and the functional state of the RANKL/RANK/
OPG signaling system were analyzed in pregnant rats
with different vitamin D; statuses. The obtained results
are summarized in tables 1 and 2.

In rats with cholecalciferol deficiency (Group I) that
had been maintained on a vitamin Ds-free diet for 60
days, pronounced disturbances in the regulation of min-
eral metabolism were observed. Serum PTH concentra-
tion reached 325.6+12.8 pg/mL, which was significantly

Table 1 — Characteristics of calcium-phosphate metabolism
in pregnant rats with different vitamin D; statuses (M+m)

end of the 60-day period
for determination of serum

25(0OH)D; concentration by

enzyme-linked immunosor-

bent assay (General 25-Hy-
droxyvitamin Ds (HVD3)

ELISA kit, code UNDLO0047,

AssayGenie) [10]. Quanti-
tative processing of results

e G:;g:zl G:’:‘i’;" Contn:‘l=g1:)oup 11 p (ANOVA)
PTH levels pg/ml 325.6+12.8* | 265.8+8.6" 309.6+9.6 0.004
Total calcium, mmol/I 1.86+0.02* | 1.92+0.02% 2.30+0.04 <0.001
Inorganic phosphate, mmol/I 1.79+0.03* | 2.02+0.07* 2.15+0.03 0.003
Total alkaline phosphatase, umol/min-| 324.8+2.38% | 244.2+3.82% 208.5+1.6 <0.001
ﬁ‘;q"oel/i;"iﬁf‘lzyme of alkaline phosphatase, | 313 5.4 05+ | 236.2+3.96" | 197.3:3.04 | <0.001
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Table 2 — Serum levels of RANKL, OPG, and the RANKL/OPG
ratio in rats with different vitamin D3 statuses (Mxm)

tion of calcium status. Concurrently, calcium
(1.92+0.02 mmol/L) and phosphate (2.02+0.07

I aieator Al Gl g 5 mmol/L) concentrations gradually approached
n=14 n=12 n=10 (Anova) | control values. edl reduced
ALP activity was markedly reduced — to
RANKL/OPG 0.09+0.007 | 0.08+0.01 0.07+0.007 <0.05
OPG : I 1538.2+57.9|1634.1+150.9 | 1649.0+138.8 " 0.05 244.2£3.82 mmol/L (total) and 236.243.96
, pg/m el =220 Dr13e.8 | p>D. mmol/L (bone-specific) — indicating decreased
RANKL, pg/ml 149.2+10.0 143.4+8.7 115.3+12.4 p<0.05 osteoresorptive activity and stabilization of bone

higher than that in the control group (309.6+9.6 pg/mL;
p<0.05). This elevation is interpreted as compensatory
hyperparathyroidism developing in response to hypo-
calcemia. The underlying mechanism involves stimula-
tion of PTH secretion to maintain serum calcium levels
through activation of osteoclastic resorption and en-
hanced mobilization of minerals from bone tissue.

A concomitant marked reduction in total calcium
concentration was noted — 1.86+0.02 mmol/L versus
2.30+0.04 mmol/L in controls (p<0.001), correspond-
ing to only about 81% of the physiological level. This
finding indicates impaired intestinal calcium absorption
resulting from decreased synthesis of the active metab-
olite 1,25(0H),Ds. It is well known that vitamin Ds defi-
ciency reduces hepatic production of 25(0OH)D, thereby
limiting renal formation of calcitriol and decreasing the
expression of calcium-binding proteins in the intestinal
epithelium responsible for calcium transport across en-
terocytes.

Disruption of calcium balance was accompanied by
a decrease in inorganic phosphate to 1.79+0.03 mmol/L
compared with 2.1520.03 mmol/L in the control group
(p<0.01), indicating enhanced phosphaturia — increased
urinary phosphate excretion under the influence of el-
evated PTH, which inhibits phosphate reabsorption in
proximal renal tubules. Collectively, these changes re-
flect a disturbance of calcium-phosphate homeostasis,
one of the key biochemical hallmarks of vitamin Dz de-
ficiency.

Alterations in calcium and phosphate metabolism
were associated with increased enzymatic activity,
particularly total and bone-specific alkaline phospha-
tase (ALP), which are recognized biochemical mark-
ers of bone remodeling. Total ALP activity in Group
| reached 324.8+2.38 mmol/L, and its bone isoform
303.244.05 mmol/L, significantly exceeding control val-
ues (208.5%1.6 and 197.3+3.04 mmol/L, respectively;
p<0.001). The increased ALP activity reflects activation
of osteoblasts attempting to compensate for mineral
loss through intensified synthesis of matrix proteins.
However, under vitamin D deficiency, this process re-
mains ineffective because the osteoid fails to mineralize
properly. Thus, elevated ALP activity serves as a marker
of impaired osteogenesis against a background of en-
hanced bone resorption.

From a morphofunctional standpoint, these findings
indicate a shift in bone metabolism toward resorption,
consistent with previously published data [12-14]. Re-
cent studies have demonstrated that prolonged vitamin
D; deficiency induces secondary hyperparathyroidism,
increased ALP activity, and impaired bone mineralization
[15].

In Group I, following oral cholecalciferol supplemen-
tation, a pronounced improvement in the biochemical
profile was observed. PTH levels decreased to 265.8+8.6
pg/mL (p<0.05 vs. Group 1), indicating suppression of
parathyroid hypersecretion in response to normaliza-

remodeling. The decline in ALP activity following
cholecalciferol administration reflects normalization of
osteoid maturation and mineralization processes, serv-
ing as a biochemical indicator of the effectiveness of vi-
tamin D; repletion.

One-way analysis of variance (ANOVA) confirmed
statistically significant intergroup differences for all pa-
rameters, with more than 60% of the variance in ALP ac-
tivity explained by vitamin Dj status.

In parallel with disturbances in calcium-phosphate
metabolism, activation of the RANKL/RANK/OPG signal-
ing system — a key regulator of osteoimmune interac-
tions — was detected in Group | (table 2).

In the vitamin Ds-deficient group, serum RANKL lev-
els were elevated (149.2+10.0 pg/mL) compared with
the control group (115.3%12.4 pg/mL; p<0.05), while
OPG concentrations remained stable (1538.2+57.9 pg/
mL versus 1649.0+138.8 pg/mL; p>0.05). This resulted
in an increased RANKL/OPG ratio (0.09+0.007), indicat-
ing activation of osteoclastogenesis and enhanced bone
resorption.

Following cholecalciferol administration, the RANKL
concentration decreased to 143.4+8.7 pg/mL, and the
RANKL/OPG ratio declined to 0.08+0.01, suggesting par-
tial normalization of osteoimmune regulation. ANOVA
confirmed statistically significant intergroup differences
for both RANKL (F=5.12; p=0.011; n?=0.24) and RANKL/
OPG (F=4.87; p=0.015; n?=0.23).

Mechanistically, these findings can be explained by
the regulatory role of vitamin Ds in the expression of
RANKL and OPG genes through its binding to nuclear
vitamin Ds receptors (VDR) in osteoblastic lineage cells.
Under conditions of vitamin D deficiency, OPG synthe-
sis is suppressed and RANKL expression is upregulated,
leading to an imbalance between bone formation and
resorption. Restoration of vitamin D status by cholecal-
ciferol supplementation re-establishes this balance, as
demonstrated by our results.

The obtained data have important physiological and
clinical implications. Vitamin Ds; deficiency leads to a
complex dysregulation of two major regulatory axes: the
vitamin D-PTH-calcium-phosphorus axis, and the vita-
min D3-RANKL/OPG-osteoimmune axis.

As a result, compensatory hyperactivity of the para-
thyroid glands develops, bone mineralization becomes
impaired, and osteoclastic resorptive activity increases,
which may ultimately contribute to osteopenia, osteo-
malacia, and vascular calcification.

After cholecalciferol supplementation, systemic nor-
malization of metabolic processes was observed, includ-
ing a decrease in hyperparathyroid activity, stabilization
of calcium-phosphate balance, reduction in osteoclastic
activity, and restoration of osteoimmune homeostasis.

These results are consistent with contemporary lit-
erature data demonstrating that vitamin D3 functions
not only as a regulator of bone metabolism but also as
a pleiotropic hormone involved in endocrine, immune,
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and vascular regulation [16-19]. Its active form influenc-
es the expression of numerous genes, modulates inflam-
matory pathways, and contributes to the maintenance
of vascular and placental homeostasis during pregnancy.

Conclusions.

Vitamin Ds deficiency in pregnant rats leads to dis-
ruption of calcium—phosphate homeostasis, develop-
ment of compensatory hyperparathyroidism, and activa-
tion of bone resorption processes.

Increased alkaline phosphatase activity and a higher
RANKL/OPG ratio indicate stimulation of osteoclastogen-
esis and a shift in bone metabolism toward resorption.

Cholecalciferol supplementation promotes normal-
ization of PTH levels, stabilization of calcium—phosphate
balance, and reduction of osteoresorptive activity.

Vitamin Ds serves as a key regulator of mineral me-
tabolism and osteoimmune balance; its deficiency sig-
nificantly alters RANKL/OPG system activity, while sup-
plementation results in an 18% decrease in PTH, a 3-4%

DOI 10.29254/2077-4214-2025-4-179-178-186
YAK 612.015.6:615.356—-092.9(043.3)
Monaduu I. B., AepameHko C.0O.

increase in calcium, and a 25-30% reduction in alkaline
phosphatase activity, confirming effective restoration of
mineral homeostasis.

The obtained findings have essential pathogenetic
and practical significance for understanding the role of
vitamin D3 in the prevention of bone metabolism disor-
ders and pregnancy complications associated with its
deficiency.

Prospects for further research.

Future studies should aim to elucidate the molec-
ular mechanisms underlying the role of vitamin Ds in
the regulation of calcium—phosphate metabolism and
the RANKL/OPG system during pregnancy. Particularly
promising directions include investigation of the interac-
tions between 1,25(0OH),Ds, FGF23, PTH, and markers of
endothelial dysfunction. The results may form the basis
for developing effective strategies for prevention and
correction of vitamin D, deficiency in pregnancy.

BMN/IUB AEPILMTY BITAMIHY D3 HA KA/IbLIEBO-®OCHATHUA OBMIH
TA CNIBBIAHOLLUEHHA RANKL/OPG B EKCMEPUMEHTI

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

lepiod sazimHocmi cynposodxcyemosca 2aAUbOKUMU iziono2iyHUMU ma memaboniyHumu nepebydosamu,
ceped AKUX Kanbuyieso-gpocgpamHuli obMiH 8idiepae Kawyosy peaynamopHy posns. Bimamin Dz € HeobxioHUM 04
nidMpPUMaHHA MiHepanbHO20 20Meocmasy, iMyHHOT pe2ynauii ma HopManbHO20 PYHKUIOHYS8AHHSA naayeHmu. Mozo
degpiyum nid yac 2ecmayii Moxce CPUYUHAMU NMopPyWeHHA KiCMKo8o20 pemooento8aHHA ma niosuwyysamu pusuk
pPO38UMKY YCKAAOHEeHb 8az2imHocmi.

Mema — ouiHumu enaug degiuumy simamiHy Dz Ha Kanbuiego-ghocchamuuli 0bmiH i cucmemy RANKL/OPG y
8a2imHuX wypis.

Y 0ocnioxceHHsA 8Kato4eHo 35 camok wypie ninii Bicmap (8-10 muxcHie, 174412 2), po3nodineHux Ha mpu 2pynu:
| — wypu Ha degiyumHomy pauyioHi 6e3 eimamiHy Dz npomsazom 60 OHie 0o crnaprosaHHA (n=14); Il — aHanoziyHa
diema 3 nepopasnbHUM 88e0eHHAM xoneKanbyugeposny (1000 MO/ke/0oby; n=12); KoHMpPosab — cmaHAapmHe
xap4yeaHHA (n=10). ¥ cuposamui Kposi susHa4anu Kanvuil, gpocgop, nymHy gocgpamasy (/1®), napamaopmoH
(NTT), RANKL ma OPG memoodamu crniekmpogomomempii ma I®A. Cmamucmu4Hy o06pobKy euxkoHyeanu 3d
0onomo2oto 00HOGaKmMopHozo oucnepciltiHo2o aHanizy (ANOVA).

Jegiuum simamiHy Dz cyrnpo8ooxcysasca 3HUMEHHAM Kanbuito (1,86+0,02 mmorne/n) i ¢pocgpopy (1,79+0,03
MMOnb/n), KomneHcamopHum 2inepnapamupeo3om (MTI = 325,6+12,8 ne/mn; p<0,05) ma nidsuuieHHAM
akmueHocmi /1®, wjo cgidyuno npo akmueauito pe3opbuii kicmrkosoi mrkaHuHu. CriegioHoweHHA RANKL/OPG
nidsuwysanocsa 0o 0,09+0,007. Micna esedeHHsA xoneKanbyugepony piseHs MTI 3HU3USCA Ha 18%, Kanbuil 3pic Ha
3-4%, a /1® 3meHwunace Ha 25-30%.

Aegiyuum simamiHy Ds nopyuwye Kanvuiego-gpocchamHuli 2omeocma3s | nocuaoe RANKL-onocepedkosaHy
pe3opbuito Kicmkosoi mMKaHUHU. KopeKyia xoneKkanbyugeposiom 8iOHOB/HOE MiHEPAbHY pieHOB8A2Y MA 0CMEQiIMyHHY
pezynayito. OmpumaHi pesynbmamu niOKpecaoms rnamo2eHemuyHe 3HayeHHa simamiHy D3 y nidompumaHHi
Kicmkogozo memaboniamy U npoghinakmuyi 2ecmayiliHux yCKAa0HeHs.

Knwouoei cnoea: eazimHicme, wypu, simamiH Ds, Kansuyili-gpocpamHuli obMiH, NapaMaopMOH, AYIHHA
¢ocgpamasa, RANKL/OPG.

38’a30K ny6niKauii 3 n1aHOBUMK HAayKOBO-JoCAiA-
HUMU poboTamu.

Jocnif)KeHHA BMKOHAHO B paMKax HayKoBO-40-
cnigHoi poboTu Kadeapwu akyliepcrtsa i riHekonorii Nol
HauioHanbHoro meguyHoro yHisepcutety imeHi 0.0.
Boromonbua «36epeeHHA Ta BiAHOBAEHHA penpo-
OYKTUBHOIO 340pOB’A KIHOK B YMOBax LUBUAKUX Me-
OVKO-COLia/IbHUX 3MiH», HOMepP AeprKaBHOI peecTpau,i
0123U100920.

Bcryn.

Mepiog, BariTHOCTI CYyNPOBOAMKYETLCA KOMMIEKCHUMU
disionoriyHMMmn Ta metaboniuHumm nepebynosamu B
opraHi3mi *iHKu. Lli 3miHn cnpamoBaHi Ha 3abe3neyeH-
HSl ONTMMaZIbHUX YMOB A/1A BHYTPILWHbOYTPOBHOro Po3-
BUTKY N/1043, aganTalii MaTEpPUHCbKUX OpraHiB i cmctem
[0 recTauifHOro HaBaHTaXKEeHHA, a TakoX GopmMyBaHHSA
edeKTUBHOIO NaLeHTapHOro KPoBoOobiry. 3pocTae Ha-
BaHTA)KEHHA Ha CepueBO-CYAMHHY, AUXa/IbHY, HUPKOBY
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Ta €HOOKPWMHHY CUCTEMMU, LLO BUMArae BiAnoBigHOI ne-
pebyaosu meTabonismy ona 3a40BONEHHSA MiABULLEHNX
notpeb AK matepi, Tak i nnoga. OAHIED 3 KAOYOBUX
NIAHOK umx nepebynoB € MiHepanbHUIK 06MIH, 30Kpema
perynauia piBHiB Kanbuito, pochopy, marHio Ta BiTa-
MiHy D3 [1, 2]. Ui makpo- i mikpoenemeHTH BigirpatoTb
YKMTTEBO Bax/MBY posib y GOpMyBaHHI cKeneTta naoaa,
perynAauii CKOpoTAMBOI 34aTHOCTI MATKK, NIATPUMAHHI
CyAMHHOro TOHycy, 3abe3neyeHHi HOpManbHOI iMyHHOT
peakTMBHOCTI Ta cnpuatoTb disionorivHomy pemogaento-
BaHHIO CYAMH NaaueHTW. MopyleHHA iXHboro 6anaHcy
MOXKe MaTU HU3KY HeraTMBHWUX HACNiAKiB — Big QyHKLIO-
HA/IbHUX PO3N3AAIB A0 TAXKKUX recTaliMHUX YCKNaAHEHb,
AKi MOXKYTb MO3HAYMTUCL Ha Nepebiry BariTHOCTI, noso-
rax i CcraHi HOBOHapoOAXeHOoro.

Cepepn, UMX KOMNOHEHTIB 0cobaMBY yBary npusep-
Tae BiTamiH D3 — b6ionoriyHo akTMBHa dopma BiTamiHy
D,, AIKa, OKPiM KNacu4HOi poni y 3abe3neyeHHi KULWKo-
BOi abcopbuii Kanbuito i pocdopy, BUKOHYE LUIMPOKUIA
CNeKTp QYHKLUiN, BKAOYAIOUYM MOAYAALIKD iIMYyHHOT Big-
noBiAi, KOHTPOb EKCNPECIi reHiB, PerynaLito KAiTMHHOTO
pocTy, anonTo3y Ta aHrioreHesy [3, 4]. Kpim Toro, BiTa-
MiH D 6epe y4yacTb y KOHTPOJIi CEKpeLii napaTupeoigHo-
ro ropmoHy (MNTl), Wo € KPUTUYHUM ANA NiATPUMAHHA
romeocrtasy KanblLito i pocdopy B opraHiami. Bigomo,
Lo BiTamiH D cnpuse 36inbweHH0 abcopbuii KanbLiito i
docdopy, a TakoxK bepe yyacTb y pO3BUTKY Ta dYHKLiO-
HYBaHHI KiCTKOBOI TKaHMHMU.

3a faHMMU MiXKHAPOAHUX AOCAIAHULBKMX rpyn, Ti-
nositamiHo3 D, € rnobanbHoO Npobaemoto — NoHazd Mi-
NbApA, Nofei MaloTb HeaoCTaTHIN piBeHb 25(0H)D [5-7].
Y BariTHUX uel cTaH HabyBae we 6inblwoi KPUTUYHOCTI
Yyepes nigsuLLeHy notpeby B MiKPOHYTPIEHTAX, 3HUMKEH-
HA Yacy nepebyBaHHA Ha COHLL, 3MiHW Xap4yyBaHHA Ta
ropMoHasibHi nepebyaosu.

MopylweHHs piBHOBarM y cuctemi Bitamid D, — Kasb-
uieBMi romeocrtas Bege A0 Aecrtabinisauii npouecis
KICTKOBOrO pemofentoBaHHA, 30Kpema 40 aKTueauil
OCTEOKNAacCTiB, 3MeHLWeHHA ocTeob1acTMYHOI aKTUBHOC-
Ti Ta 3HM)KEHHA 3aranbHOi MiHepani3au,ii KicTKOBOI TKa-
HUHU. Tlpn LbOMY BaXXNMBY POAb Bifirpae cCurHanbHa
cuctema receptor activator of nuclear factor kB ligand /
osteoprotegerin (RANKL/OPG): 6inok RANKL ctumynioe
andepeHLjaLito ocTeoKNacTiB 1 NPUCKOPIOE pe3opbuito
KicTKM, Toai AK OPG BucTynae Ak «nactka» ana RANKL
i 6710Kye MoOro 3B’A3yBaHHA 3 peLenTopamu Ha OCTeo-
KnacTtax, Wwo iHribye pesopbuito [8]. CnieBigHOLWeEHHA
MiXK UMK BiKaMK po3rnagaeTbea K YyTIMBuiA Giomap-
Kep CTaHy KicTKoBoro metaboniamy: nigsuileHe cnis-
BiaHoweHHA RANKL/OPG cBiguuTh nNpo nepesakaHHsA
pe3opbuii, 3HMKeHe — NPOo NnepeBakaHHA KiCTKOYTBO-
peHHs.

Lli nuTaHHs HabyBatoTb 0COGAMBOI aKTyaNbHOCTI Y
nepiog, BariTHocTi, Konm notpeba B Kasblii Ta BiTamiHi D,
iCTOTHO 3pOCTaE B 3B’A3KY i3 PO3BUTKOM CKeneTa nnoaa
Ta PpyHKUIOHANbHOI NepebysoBOD MATEPUHCHKOTO Op-
raHismy. fediunt sitaminy D, B Lel nepiog moxe npu-
3BEeCTM A0 ocTeoneHii abo octeomanauji y maTepi, 3a-
TPUMKM YTBOPEHHA KICTKOBOI TKAHWHM Y NN043, @ TAKOXK
NiABULLYE PU3UK PO3BUTKY FecTaLiiHUX YCKNQAHEHb —
TaKWX AK NPeeKkNamncia, BHYTPIWHbOYTPOOHa 3aTpUMKa
pocTy, rectauiiHunin giabet [9]. Monpu YNCAEHHI KAiHIYHI
CNocTepekeHHn, WO NiATBEPANKYIOTb BaXK/IMBICTb afleK-
BaTHOrO pPiBHA BiTamiHy D, y nepiog sariTHOCTI, mexa-
Hi3MM 1Moro Aji — 30Kpema B3aEMO3B’SA30K i3 CUCTEMOLO

RANKL/OPG, KanbuieBo-pochopHum obmiHom Ta MTI —
33/IMLIAOTHCA HEAOCTAaTHLO BUBYEHUMMU.

MeTa gocnigeHHs.

OuinnTn Bname aediunTy BiTamiHy D, Ha cniBBig-
HoweHHA RANKL/OPG Ta 1Moro 38’A30K i3 MoKasHMKammn
KanbLieBo-pochaTHOro romeocTtasy y BariTHMX LLypiB.

O6’eKT i meTOAM AOCNIAKEHHS.

B ekcnepumeHTanbHe AocniaxKeHHA Byao BKAOYEHO
35 camok 6inux wypis NiHil Bictap Bikom 8-10 TUKHIB i3
cepenHboto Macoto Tina 174 £ 12 r. na ouiHK1 BNANBY
AediunTy BiTamiHy D, TBapuHK 6ynun posnogdineHi Ha Tpu
eKcnepumeHTanbHi rpynu. | rpyna (n=14) — npotsrom 60
[OHiB 10 CNAptOBAHHA TBAPUHU YTPUMYBAIUCh Ha chew,i-
aNbHIN [iEeTi 3 NOBHMM BUK/IOYEHHAM BiTamiHy D3 ana
mogentoBaHHaA noro aediymty. Il rpyna (n=12) — Ha i
aHanoriyHoro AediuMTHOro paLioHy LWypam A0AaTKO-
BO Npu3Havanu xonekanobumudepon nepopanbHo (1000
MO/Kr macu Tina Ha goby, y COHAWHMKOBIN onii; Sigma,
CLLUA) yepes 30HA, NOYMHatoUM 3a 14 gHiB A0 3anigHEeH-
HAA. KoHTponbHa rpyna (n=10) oTpumyBana NoBHOLiHHe
CTaHZapTHe XapyyBaHHA 6e3 0bmerkeHb BiTamiHy Ds.

Yci TBapuHM nepebyBanu B ymoBax, LLO BiAnoBiganu
BMMOram [0 YTPUMaHHA 1abopaTopHUX TPBAPWH: TeM-
nepatypHu pexxum 22 + 2°C, sonorictb 55-60%, cBitno-
BUI UMKN — 12 roguH ceitha/12 roamH Tempsasy, i3 BiNb-
HUM JOCTYNOM [0 KOPMY Ta BOAM.

MpoBeaeHHA eKCNepuMMeHTY 3A4iliCHIOBanoCa Biano-
BiAHO [0 Mi}KHAapOAHUX ETUYHUX HOPM LWOAO poboTn
3 nabopaTopHMMM TBapuUHaMK, 30Kpema sumor [u-
pektnsm 2010/63/€EC. MNpoToKkon AocniasKeHHa 6ys no-
nepeaHbo cxBaneHut ETMYHMM KomiteTom HMY imeHi
0.0. boromonbusa (Mpotokon Ne193 Big 24.03.2025), i3
OOTPUMAHHAM NoJI0XKeHb EBPONENCbKOI KOHBEHLT 3 Nn-
TaHb 3aXUCTY XPeBETHUX TBAPUH, L0 BUKOPUCTOBYHOTLCA
B HaykoBux Uinax (Ctpacbypr, 1986), Ta HaLiOHaNbHUX
6ioeTnyHMx Hopm (Kuis, 2006).

3 meToto nigTBepArKeHHA cdopmoBaHoro aediunty
BiTamiHy D3 B TBapWH nepLuoi rpynu, HanpukiHui 60-aeH-
HOro nepiogy NpoBoaMBcA 3abip KPOBi ANsA NoAanbllo-
ro BM3HayeHHa piBHA 25(0OH)Ds; meTogom imyHodep-
MeHTHOro aHanisy (Habip General 25-Hydroxyvitamin
D3 (HVD3) ELISA kit, kog, UNDLO0047, AssayGenie) [10].
KinbkicHa obpobka pesynbTaTiB 34jilicHIOBanach i3 BU-
KOPWUCTaHHAM NporpamHoro 3abesnevyeHHs GainData®
(arigo’s ELISA Calculator).

Micns nabopaTopHOro niaTBEpPArKEeHHS TinoBiTami-
HO3y TBApWH CMaploBaN 3 CaMUAMM Y CMiBBiAHOLIEHHI
2:1. Ona nigTBepAKeHHA aKTy 3annigHeHHA HacTyn-
HOTO AHSA MiCNA KOHTAKTY 3iACHIOBANM MiKPOCKOMIYHUI
aHani3 BariHanbHOro Ma3Ka 3 MEeTOK BUABNAEHHA crnep-
MaTo30i4iB. [leHb BUABNEHHA CNEPMM B MA3Ky BBaXKaBCA
nepwum AHem BariTHOCTI.

Ons aHanisy KanbuieBo-¢ochopHoro obmiHy y Ba-
riTHMX WypiB 3abip KpPoOBi NpoBOAUAN MiCNA BUBEAEHHA
TBAPWH 3 €KCNepuMeHTY. Y CMpOoBaTLi OLiHIOBA/M PiBHiI
Kasbujto (Ca), ny»kHoi pocdaTtasm (/1d), docdopy (P) Ta
napatropmony (MNTT).

BM3HAYeHHA Ka/bLito y CUpoBaTUi BUMiptOBanm
cnektpodoTomeTpmyHo npu 540 HM (Lachema Ca-test);
npoTteiHo3B’A3aHy ¢pakKLuilo ocagxKyBann 96% eTaHo-
nom, rigponisysanm NaOH i niapaxosyBanu ynbTpadinb-
TpoBaHuUl Ca AK PISHULIO MiXK 3ara/ibHUM i 3B’A3aHUM.
BusHaueHHA HeopraHiyHoro docdaty nposogunun 3a
Dyce: ocaaskeHHsA TCA, peaKuia 3 ackopbiHOBOW KucCo-
TOO Ta aMOHii—MmonibgaTom i BUMip npu 670 HM. AKTMB-
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HiCTb NyXKHOI docdaTasn OLiHIOBANM 33 PO3LLENJEHHAM
p-HiTpodeHindpocdaty (410 Hm, Lachema kit). KicTkoBy
i3opopmy OTpMMyBaNM AK PI3HULIO MiXK 3arasibHOMO Ta
Tena0Bo iHakTMBoBaHO (56°C, 15 XB) aKTUBHICTIO, KMLL-
KOBY — AIK Pi3HULIO MiXK 3ara/ibHOO Ta iHriboBaHoto 5 MM
L-dbeHinanaHiHom [11].

PiseHb MNTI BM3HAYanM 3rigHO NPOTOKO/Y A0 iMyHOe-
H3UMHOI cucTemu Rat Pth (PaRathyroid hormone) ELISA
kit (RTFI00259) AssayGenie. Po3paxyHOK KOHUEHTpaLii
PTH y pocnig»yBaHux 3pa3kax BUKOHYBa/M 33 JOMNOMO-
roto GainData® (arigo’s ELISA Calculator).

CTaTUCTMYHY 06PO6KY OTPUMAHUX AaHUX 34iMCHIOBa-
/11 32 LONOMOrot0 NporpamHoro 3abesneyeHHs StatPlus
(sepcis 7.0, AnalystSoft Inc., CWWA). Ona nepesipkn
HOPMaNbHOCTI po3noginy 3actocosyBanu Tect LWanipo—
Binka. MopiBHAHHA cepegHiX 3HaYeHb MPOBOAUAN METO-
O0M oHodaKTopHOro gucnepciiHoro aHanisy (ANOVA).
PesynbtaT nopaHi y BUMALi cepefHbOro 3HaYeHHsA
CTaHAapTHoro BiaxuneHHs (M £ SD). PiBeHb cTaTUCTUU-
HOI 3HAYYLLLOCTi BBAXKABCA AOCTOBipHUM npu p<0,05.

Pe3ynbTatu AocnigyKeHHA Ta ix 06roBopeHHs.

B xoai npoBeaeHOro eKcnepumeHTaNbHOro [0Chi-
OKEHHA NPOoaHasi3oBaHO 3MiHM OCHOBHMX BioXiMiYHMX
NMOKa3HMKIB, L0 XapaKTepM3yOTb CTaH KasbljieBo-poc-
¢daTHOro ob6miHy, aKTUBHICTb MapKepiB KiCTKOBOro meTa-
60ni3My Ta GyHKLiOHaNbHY aKTUBHICTb cucTtemm RANKL/
RANK/OPG y BariTHuUX LLypiB 3 Pi3HUM BiTamiH-D, craty-
com. OTpuMaHi AaHi y3aranbHeHo y Tabauuax 1 T1a 2.

Y TBapwuH i3 gediuntom xonekanoumdepony (I rpyna),
AKi npoTtarom 60 AHIB OTPUMYBanM paLioH 6e3 BiTamiHy
D,, BUABNEHO BMUPaXEHi 3MiHN B cuctemi perynsuii mi-
HepanbHoro obminy. PiseHb MTI ctaHosMB 325,6+12,8
nr/mMmAa, WO [OCTOBIPHO MNEpPeBMLLYBaNO MOKA3HWUKK
KoHTponbHOI rpynu (309,619,6 nr/mn; p<0,05). Take
NiABULLEHHA IHTEPNPETYETbCA AK KOMMEHCATOPHWUM Ti-
nepnapatMpeos, AKWMI PO3BMBAETbCA Y BiAMNOBiAb Ha
rinokanbuiemito. MexaHiam nondarae y ctumynaugii NTr
ceKpeLii 3 MeToo NiATPUMAHHA KOHLEHTpPALLT KanbLito B
KPOBIi 33 pPaxXyHOK aKTMBaL,ii OCTEOKNACTIB Ta NiABULLEH-
HA MOGini3auii miHepanis i3 KiCTKOBOI TKAHUHM.

MapanenbHo BiA3HA4YanocAa CYTTEBE  3HUMKEHHA
piBHA 3aranbHOro Kanbuito — 1,86+0,02 mmonb/n npotu
2,30+0,04 mmonb/n y KoHTponi (p<0,001). Lle craHo-
BUI0 Anwe 6amsbko 81% Bia ¢disionoriyHoi Hopmu, WO
CBiZYNTb NPO MOPYLUEHHS KMLLKOBOI abcopbuii Kanbu,ito
BHACNIAOK 3HUMXKEHHA YTBOPEHHA aKTMBHOro metaboni-
Ty 1,25(0H),Ds. Bigomo, wo aediumt 25(0H)D y neuin-
Li 3HUYKYE YTBOPEHHA Ka/ibLMTPIONYy B HUPKAX, a OTXKe,
0bOMEKYE eKCnpecito KanbLili3B'a3yBanbHUX binKiB y
KMLIKOBOMY eniTenii, AKki 3a6e3neyytoTb TPaHCNOPT iOHIB
KaNbL,ito Yepes eHTeEPOLMUTH.

MopylweHHA KanblieBoro 6anaHcy cynpoBOAMKYBa-
J10CA 3HUXKEHHAM HeopraHiyHoro ¢ocdaTy ao 1,79+0,03
Mmonb/n (npotu 2,15+0,03
MMOAb/A Yy KOHTpONi;
p<0,01). Ue cBigunTb npo

LLiEBOr0 romeocTtasy K OAHOr0 3 K/IKOYOBMX NPOABIB Ti-
nositamiHosy D..

MopyweHHs meTaboniamy Kanbuito Ta pocdopy cy-
NPOBOAKYBaANOCA NiABULLEHHAM (GEepMeHTaTUBHOI aK-
TMBHOCTI, 30Kpema 3arafibHoi nyxHoi ¢ocdartasm i ii
KiCTKOBOI i30popmu, fIKi € BioxiMmiyHUMK MapKepammu
pemoaentoBaHHA KiCTKOBOI TKaHWMHMU. PiBeHb 3aranb-
HOI aKTMBHOCTI Ny»KHOi docdaTtasm y | rpyni gocaras
324,8+2,38 mmonb/n, a kictkosoi isodpopmn—303,2+4,05
MMOJIb/N, WO 3HAYHO MepeBULLYBaNO KOHTPO/bHI 3Ha-
yeHHsa (208,5+1,6 Ta 197,3+3,04 mmonb/n BiANOBIAHO;
p<0,001). BMcoKa aKTMBHICTb NIy»KHOT docdaTasm nosc-
HIOETbCA aKTMBaLj€0 ocTeobnacTiB, AKi HamaratoTbes
KOMMEHCYBaTW BTPATy MiHEPaiB LWAAXOM iHTEHCMBHOTO
CMHTEe3y MaTpUKCHUX BinkKiB. OgHaK 3a gediunTy BiTami-
Hy D, Lieit npoLec 3a/1MWAEeTbCA HeePEKTUBHUM, OCKiNb-
KM OCTeOif, He MiHepani3yeTbCA HaANEKHMM YUHOM.
TaKMM YMHOM, NiABULLEHHS aKTUBHOCTI Ny»KHOT pocda-
Ta3n € MapKepoM HErMOBHOLHHOIO OCTeoreHesy Ha i
nocuaeHoi octeopesopbu;i.

3 To4KM 30py MopdodyHKLiOHaNbHOI disionorii, Taka
CUTyaLis CBIAYNTb MPO 3MileHHA PiBHOBArn KiCTKOBOro
meTabonisamy B b6iK pe3opbuii, Wo y3roaxKyeTbca 3 Aa-
HUMW niTepaTypu [12-14]. Tak, 3rigHO 3 OCTaHHIX gochi-
OyKeHeHb, TpuBanuii aediumt BiTamiHy D, npussoamuThb
[0 BTOPUHHOrO rinepnapatupeosy, NiABULLEHHA aKTUB-
HOCTi aKTMBHOCTI 1y»KHOT PpocdaTasm Ta 3HUKEHHA MiHe-
panisauii KicTkoBOi TKaHUHM [15].

Y Il rpyni nicna BBeAeHHs xoneKkanbumdepony cno-
cTepiranoca BWpa)KeHe MOKpalweHHA bBioximiyHoro
npoointo. Pisenb MTI 3meHwwnsca o 265,8+8,6 nr/mr
(p<0,05 nopiBHAHO 3 | rPyNot0), WO BKA3ye Ha NPUTrHIYEH-
HA rinepcekpeLii NapawmMToBUAHUX 33103 Y BiANOBIAb
Ha HOpMmasi3auilo Kanbuiesoro cratycy. [lapanenbHo
CrnocTepiranoca NocTynose BigHOBAEHHA KOHLEHTPALLM
Kanbuito (1,92+0,02 mmonb/n) i pocdopy (2,02+0,07
MMOAb/A), WO HabAUKaNUCA A0 KOHTPO/IbHMX PiBHIB.

AKTUBHICTb NyXHOi ¢ocdatasm CyTTeEBO 3HM3UNA-
ca — 0o 244,2+3,82 mmonb/n (3aranbHa) Ta 236,2+3,96
MMmonb/n (KicTkoBa). Lle cBigunMTb NPO 3MeHLIEeHHA oc-
Teope3opbuii Ta cTabinizauilo pemoaentoBaHHs KicTKo-
BOI TKaHWMHW. 3HUXKEHHA PepMeHTaTUBHOI aKTUBHOCTI
NnyxHoi docdaTtasm nicna Tepanii xonekanbumndeponom
BifLoOparkae Hopmaniszalilo npouecis ocTeoigHoro go-
3piBaHHA | MiHepanisau,ii, Wo € ogHMM i3 KpuTepiis edek-
TUBHOCTI KOpeKLii aediumnTy BiTamiHy D..

PesynbtaT 0fHOGAKTOPHOrO AMCNEpCiMHOro aHa-
nisy (ANOVA) niaTeBepannn A0CTOBipHI MiXKrpynosi Bia-
MIHHOCTI ANA BCiX NOKa3HMKIB. binblwe 60% BapiaLii aK-
TUBHOCTI NyXKHOi docdaTasm NOACHIOETLCA cCame CTaHOM
BiTamiH-D, 3abesneueHocri.

MapanenbHo 3 nopyweHHAM Kasnbuii-docpaTHOro
0bmiHy y Group | cnocTtepiranaca akTMBaLia cucTemu

Tabauusa 1 — OcobaunsocTi KanbuieBo-pocdhaTHOro 06MiHy y BariTHUX wypis
i3 pi3Hum BitamiH-D, cratycom (Mim)

nocuneHHa ¢ocoatypii —
nigsuLLeHe BMBEAEHHA

docdaris i3 ceyeto nig aieto
Haganwkosoro MTI, AKkun

NpUrHivye ix peabcopbuito

B MPOKCMMaNbHUX KaHa/b-

uAx HeppoHy. Y Komnnekci

i 3MiHM BigobpaxkatoTb no-
pylweHHs ¢ochopHO-Kanb-

I rpyna Il rpyna XTI
MoKasHuK Ey ;_)y rpyna lll p (ANOVA)
n=14 n=12
n=10
ATr, nr/mn 325.6+12.8*% | 265.8+8.6" 309.6%9.6 0.004
3arasibHUI KanbLiit, MMOb/N 1.86+0.02* | 1.92+0.02% 2.30+0.04 <0.001
HeopraHiuHuin docdop, mmonb/n 1.79+0.03* | 2.02+0.07*% 2.15+0.03 0.003
3aranbHa J1®, mmonb/n 324.8+2.38* | 244.2+3.82" 208.5+1.6 <0.001
KicTkoBuit ioeH3um /1O, mmonb/n 303.2+4.05* | 236.2+3.96" 197.3£3.04 <0.001
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Tabnuya 2 — Bmict RANKL, OPG Ta cniBsigHOWeHHA
RANKL/OPG y cupoBaTui KpoBi Wypis 3 pisHUM BiTamiH D,

cratrycom (Mzm)

uia Kanbui-dpochaTHoro 6anaHcy, 3MeHLWeEHHA
OCTEOKNACTUYHOI aKTUBHOCTI Ta BigHOBNEHHA
OCTEeO0iMYyHHOI piBHOBarw.

| rpyna I rpyna KonTponbHa o OTpurMaHi pe3ynbTaTi y3roaxyrTbca 3 cyyac-

MokasHuk " T rpyna lll HUMMU OAHUMU NiTepaTypu, AKi NiATBEPOXKYIOTDb,
n=14 n=12 i (ANOVA) 1 Adr :

n= o BiTamiH D, € He nnLLe perynATOpoOM KiCTKOBO-

RANKL/OPG 0.09+0.007 | 0.08+0.01 0.07+0.007 p<0.05 ro MET360ni3MV, a I'II'Iei;IOTpOHHMM FOPMOHOM,

OPG, nr/mn 1538.2+57.9|1634.1+150.9| 1649.0+138.8 p>0.05 Lo 6epe yyacTby perynﬂu'i]' €HAO0KPUHHMUX, iMyH'

RANKL, nr/mn | 149.2+10.0 | 143.4%8.7 115.3+12.4 p<0.05 | HUX Ta CyAMHHMX YHKL,i [16-19]. Moro akTMBHa

RANKL/RANK/OPG, fika € K/l04OBUM PErynaTopom ocTe-
oiMyHHOI B3aemogii (Tabn. 2).

Y pediuntHil rpyni piseHb RANKL 6yB nigsuuieHni
(149,2+10,0 nr/mn) nopiBHAHO 3 KOHTponem (115,3+12,4
nr/mn; p<0,05), Toai Ak piseHb OPG 3anuwasca ctabinb-
HUm (1538,2+57,9 nr/mn npotn 1649,0+138,8 nr/mn;
p>0,05). Lle npn3seno Ao nNigBULLEHHS CMiBBiLAHOLIEHHA
RANKL/OPG go 0,09+0,007, Wwo CBig41Th NP0 akTUBaLLit0
OCTeOKNacToreHesy Ta MocueHHA pe3opbuii KicTkosol
TKaHUHMN.

MicnAa BBEAEHHA xoneKanbumbepony KoHLEeHTpaLin
RANKL 3HM3uNaca go 143,4+8,7 nr/mA, a cniBBigHOLLEH-
Ha RANKL/OPG - 10 0,08+0,01, 110 CBiAYMTb MPO YaCTKO-
BY HOpManizauito octeoimyHHoI perynauii. ANOVA nig-
TBEPAMB CTAaTUCTMYHO 3HAYyLW,i BiamiHHOCTI ana RANKL
(F=5,12; p=0,011; n? =0,24) ta RANKL/OPG (F=4,87,
p=0,015; n?=0,23).

MeXaHiCTUYHO Ui 3MiHM MOXHa NOACHUTU TUM, LLO
BiTamiH D, peryntoe ekcripecito reHis RANKL i OPG yepes
3B8’A3yBaHHA 3 AgepHUMM peLenTopammn VDR y KAiTMHaX
ocTeobnacTMYHOro psaay. 3a aediunty BiTamiHy D, npu-
rHivyetbca cnHTe3 OPG i akTnByeTbcA ekcnpecia RANKL,
O NPM3BOAMUTb A0 AMcHanaHcy mix npouecamu ocre-
oreHesy Ta octeope3opbuii. BigHoBNEHHSA BiTamiH-D,
CTaTyCy 3a AOMNOMOroH Xo/eKanbLuudeposy Hopmanisye
uer 6anaHc, Wo NiaTBEpANXKYETbCA HAWMMM pe3ynbTaTa-
MU,

OTpumaHi paHi matoTb Baxaumee disionoriyvHe Ta
KNiHiYHe 3HayeHHs. Jediunt BiTamiHy D3 npu3BoanTb
[0 KOMMNJIEKCHOTO MOPYLUEHHA PEryaaTOPHUX ocen: “Bi-
Tamin D-MTr-Kanbuiii-pocpop” Ta “sitamin D,-RANKL/
OPG-ocTeoimyHiTeT”. BHacnigok LbOro aKTUBYETbCA
napawmToBMAHa 3an103a, NOPYLIYETLCA MiHepanilauia
KICTKOBOI TKaHWHW, 3pOCTaE Pe3opbTMBHA aKTUBHICTb
OCTEOK/ACTIB, W0 MOXe NPMU3BECTU 40 OCTEOoneHii, ocTe-
omanAuii Ta CYAUHHUX Kanbundikauin.

Micns BBEAEHHA X0NeKanbLMdeposy CnocTepiraeTb-
CA CUCTEMHa HopManisauia MeTaboniyHUX MNpoLecis,
3HUMKEHHA TinepnapaTMpeoigHoi akTUBHOCTI, cTabinisa-

dbopma BNIMBaE HA EKCMPECit0 YNCIEHHUX TEHIB,
MOZAY/IOE 3ananbHi Npouecu Ta CNPUAE NiATPUMAHHIO
CYAMHHOIO M NAaLeHTapHOro romeocTtasy nif Yac BariT-
HOCTI.

BucHoBKM.

JediunT BiTamiHy D3 y BariTHWUX WypiB Np1M3BOANUTD
00 TNOPYLWEHHA KanbLieBo-pochaTHOroO romeocrtasy,
PO3BUTKY KOMMEHCATOPHOrO rinepnapaTMpeonsy Ta akTu-
BaL,ii npoueciB KicTKOBOI pe3opbuii.

BcTaHOBNEHO NiABULLEHHA aKTUBHOCTI NYKHOI doc-
¢darasn Ta 3miuteHHs cnisBigHoweHHA RANKL/OPG, wo
CBiAYMTb NPO aKTUBALLO OCTeOKNacToreHesy i aucba-
JTAHC MiXK pe3opbuieto Ta GOpMyBaHHAM KiCTKOBOI TKa-
HUHMU.

Kopekuia xonekanbundeponom cnpmae Hopmanisa-
uii pisHs MNTT, cTabinizauii kKanbuii-pocdaTHoro 6anaHcy
Ta 3MeHLWeHHIo ocTeopesopbuii.

BiTamiH D3 € KAO4YOBUM perynatopom MmiHepasb-
HOro obMmiHy 11 OCTEOIMYHHOI piBHOBaru; Moro aediunT
CYTTEBO 3MIiHIOE aKTMBHIcTb cnuctemmn RANKL/OPG, a Ko-
pekKuisa 3abe3sneyye 3HMKeHHA NTI Ha 18%, NiaBULLEHHA
KanbLito Ha 3-4% i 3meHLWeHHA NyxHoi dpocdaTasmn Ha
25-30%, wo niaTBeparKye edeKTUBHICTb BiAHOBAEHHSA
MiHepasibHOro romeocTasy.

OTpMMaHi pe3ynbTaTM MalTb BaAXK/IMBE MaToreHe-
TUYHE Ta NPUKNagHe 3HAYeHHA ANA PO3YMIHHA poni Bi-
TamiHy D, y npodinaktuui nopyleHb KiCTKOBOro meTa-
60ni3my Ta ycKNagHEeHb BariTHOCTI, NOB’A3aHMX i3 Moro
aediumtom.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Mopanbli AOCNIgXKEHHA CNig CNPAMYBATM Ha YTOY-
HEHHA MONEKYNIAPHUX MEXaHi3miB y4acTi BiTamiHy D, y
perynauii Kanbuieso-pocdaTHoro obmiHy Ta cuctemu
RANKL/OPG nig, yac BaritTHOCTi. MepcnekTUBHUM € BU-
BYEHHA B3aEMO3B’A3KY Mix piBHem 1,25(0OH),Ds, FGF23,
MNTr Ta mapkepamu eHgoTenianbHoi ancdyHKuii. OTpu-
MaHi pe3ynbTaTM MOXKYTb CTaTW OCHOBOK ANA pPo3pob-
KN edEeKTUBHUX CxeM MpPodiNakTUKM N KopeKuii BiTa-
MiH-D,-aediumnTy y BaritHmx.
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BM/IUB AEPILUTY BITAMIHY D; HA KAJIbLIEBO-®OCHPATHUA OBMIH TA CrIBBIAHOLIEHHA RANKL/OPG B
EKCNEPUMEHTI

Monaauu I. B., ABpameHKo C. O.

Pestome. JediumT BiTamiHy Ds y nepioa BariTHOCTI € O4HMM i3 K/IKOYOBMX YNHHUKIB NOPYLUEHHA Ka/bLieBO-poC-
¢dbaTHOro romeocTasy Ta OCTe0iMyHHOI piBHOBaru. B ymoBax 3poctaHHsA meTaboniyHnx notpeb maTepi Ta nnoaa He-
[OCTaTHICTb XxoneKanbLumbepony cnpuumHioe gucbanaHc y cuctemi «BitamiH D3 — KasbLjieBo-dpocdaTHUI romeocTas
— RANKL/OPG», Wwo npn3soamuTb 40 KOMMEHCAaTOPHOTO rinepnapaTtnpeosy, akTMBaL,ii OCTEOKNACTOreHe3y Ta 3HUMKEH-
HA epeKTMBHOCTI MiHepasi3aLii KiCTKOBOI TKAHUHMU.

Merta: ouiHnTh Bnine gediunty sitamiHy Dz Ha cnissigHoweHHa RANKL/OPG Ta noKkasHuKM KasbuieBo-dpocoat-
HOrO roMeoCTasy y BariTHMX LLypiB.

EkcnepumeHT npoBeaeHO Ha 36 camkax LypiB NiHii BicTap, po3nogineHux Ha Tpu rpynu: | — gediumt BiTamiHy Ds,
Il — nediunT i3 HaCTYyNHOI KopeKLie xonekanbumpeponom, [l — KOHTPOAb. Y cMPOBaTL KPOBi BU3HAYaANM PiBHI Na-
pPaTropMOHY, KanbLiito, HeopraHiyHoro pocdopy, 3aranbHoi Ta KicTkoBOT NyKHOi pocdaTasm, RANKL Ta OPG meTozom
ELISA. CTaTUCTUYHMI aHaNi3 BUKOHAHO 3 BUKOpUCTaHHAM ANOVA.

Y rpyni aediumty D3 (I rpyna) 3adikcoBaHo goctosipHe nigsuileHHa pisHa MTI (325,6+£12,8 nr/mn; p<0,05), wo
CBiguYMTb NPO PO3BMTOK KOMMEHCATOPHOrO rinepnapaTnMpeosy Ha TAi rinokanbuiemii. KoHUeHTpayia 3aranbHOro
Kasblito 6yna 3HMxeHa o 1,86+0,02 mmonb/n (Ha 19% HMXKYEe KOHTPO/IbHMX 3HadYeHb; p<0,001), Toaji AK piBeHb
HeopraHiyHoro ¢ochaty smeHwumsca go 1,79+0,03 mmonb/n (p<0,01), wo sigobparkae bocdaTypruHmii edbexT Haa-
nnwkosoro MNTI. AKTUBHICTb 3aranbHOI Ta KicTKOBOT Ny*KHOI pocdaTasm nigsuwmnaca 8 1,5 pasa nopiBHAHO 3 KOHTpP-
onem (p<0,001), Wwo BKa3ye Ha aKTMBALLi0 0CTe06NACTiB NPU 3HUNKEHIN ePpeKTUBHOCTI MiHepanisauji. MNicna BBeaeHHSA
xonekanbumdepony (rpyna Il) cnoctepiranoca cyTreBe nokpalleHHA 6ioximiyHoro npodinto: piseHb MNTI 3HM3MBCA
Ha =18%, KOHLEeHTpaLia Kanblito 3pocna Ao 1,92+0,02 mmonb/n, a dochopy — Ao 2,02+0,07 mMmonb/n. AKTUBHICTb
NY*KHOI pocdaTasm 3meHLwwmnaca Ha 25-30%, Lo CBigYMTbL NPO 3HUMKEHHSA ocTeope3opbuii Ta cTabinisauyio pemoae-
NIOBaHHA KiCTKOBOI TKaHWHW. MNapanenbHO BCTaHOB/EHO AO0CTOBIpHI 3MiHKM y cucTemi RANKL/OPG: npu aediunti D3
piseHb RANKL 3pic 4o 149,2+10,0 nr/mn (p<0,05), Toai sk OPG 3anuwasca ctabinbHum (= 1,6 Hr/mn). Lie npusseno
[0 3poCTaHHA cnisBigHoweHHa RANKL/OPG ao 0,090,007 (npoTtu 0,07+0,007 y KOHTPOI), WO BKa3ye Ha NOCUIEHY
OCTEOKNACTUYHY aKTUBHICTb. [licna KopeKLii xonekanbumdeposom uj NoKasHUKK HopmanisyBananca: RANKL smeH-
wusca go 143,4+8,7 nr/mn, a RANKL/OPG — o 0,08+0,01, L0 CBiAYMTb NPO BiAHOBAEHHA OCTEOIMYHHOI piBHOBarw.

Oediumnt BiTamiHy D3 NpM3BOANTL [0 BUPaXKeHMX MeTaboiuHNX 3pyLueHb, akTusauii cuctemun RANKL/OPG Ta ri-
nepnapaTMpeOiAHOI BiANOBIAj, TOAI AK KOpeKLis xoneKkanbLmdeposom cnpmae HopmManisauii Kanbuieso-pocdaTHoro
6anaHcy, 3HMKeHHo NTT | pepmeHTaTMBHOI aKTUBHOCTI IY»KHOI pocdaTasn. OTpMMaHi pesynbTaTv NiATBEPANKYIOTb
perynaTopHy posb BiTamiHy D3 y MigTpMMaHHI MiHepasibHOro 06MiHy Ta MOXYTb C/IYryBaTU eKCnepuMeHTalbHUM
06r'pyHTYBaHHAM 418 PO3POOKM NPodinakTUUHNUX CTpaTeril recTaLimHUX YCKAaAHEHb.

KntouoBi cnosa: BariTHICTb, Wypu, BiTamiH Ds, KanbLii-pochaTHUN 06MiH, MapaTropmoH, NyxHa docdaTasa,
RANKL/OPG.

THE EFFECTS OF VITAMIN D3 DEFICIENCY ON CALCIUM-PHOSPHATE HOMEOSTASIS AND THE RANKL/OPG
REGULATORY SYSTEM: EXPERIMENTAL STUDY

Poladych I. V., Avramenko S. O.

Abstract. Vitamin D3 deficiency during pregnancy is one of the key factors disrupting calcium-phosphate homeo-
stasis and osteoimmune balance. Under conditions of increased metabolic demands of the mother and fetus, chole-
calciferol insufficiency induces an imbalance within the “vitamin Ds — calcium-phosphate homeostasis — RANKL/
OPG” system, leading to compensatory hyperparathyroidism, activation of osteoclastogenesis, and reduced efficien-
cy of bone tissue mineralization.

The aim is to evaluate the effect of vitamin Ds; deficiency on the RANKL/OPG ratio and the parameters of calci-
um—phosphate homeostasis in pregnant rats.

The experiment was conducted on 36 female Wistar rats divided into three groups: Group | —vitamin D3 deficien-
cy, Group Il — deficiency followed by cholecalciferol correction, and Group Ill — control. Serum levels of parathyroid
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hormone (PTH), calcium, inorganic phosphorus, total and bone alkaline phosphatase, RANKL, and OPG were mea-
sured using the ELISA method. Statistical analysis was performed using ANOVA.

In the vitamin D3 deficiency group (Group 1), a significant increase in parathyroid hormone (PTH) levels was
recorded (325.6+12.8 pg/mL; p<0.05), indicating the development of compensatory hyperparathyroidism against
the background of hypocalcemia. The total calcium concentration decreased to 1.86+0.02 mmol/L (19% lower than
control values; p<0.001), while the level of inorganic phosphate declined to 1.79+0.03 mmol/L (p<0.01), reflecting
the phosphaturic effect of excessive PTH. The activity of total and bone alkaline phosphatase increased 1.5-fold
compared with controls (p<0.001), suggesting osteoblast activation under conditions of reduced mineralization ef-
ficiency. Following cholecalciferol administration (Group 1l), a substantial improvement in the biochemical profile
was observed: PTH levels decreased by approximately 18%, calcium concentration rose to 1.92+0.02 mmol/L, and
phosphorus to 2.02+0.07 mmol/L. Alkaline phosphatase activity decreased by 25-30%, indicating reduced oste-
oresorption and stabilization of bone tissue remodeling. Simultaneously, significant alterations were detected in
the RANKL/OPG system. Under vitamin D3 deficiency, RANKL levels increased to 149.2+10.0 pg/mL (p<0.05), while
OPG remained stable (= 1.6 ng/mL). This resulted in an elevated RANKL/OPG ratio (0.09+0.007 vs. 0.07+0.007 in
controls), indicating enhanced osteoclastic activity. After cholecalciferol correction, these parameters normalized:
RANKL decreased to 143.4+8.7 pg/mL, and the RANKL/OPG ratio dropped to 0.08+0.01, reflecting restoration of
osteoimmune balance.

Vitamin Ds deficiency leads to pronounced metabolic disturbances, activation of the RANKL/OPG system, and a
hyperparathyroid response, whereas correction with cholecalciferol promotes normalization of calcium-phosphate
balance, reduction of parathyroid hormone levels, and decreased enzymatic activity of alkaline phosphatase. The
obtained results confirm the regulatory role of vitamin Ds; in maintaining mineral metabolism and may serve as
experimental evidence for the development of preventive strategies against gestational complications.

Key words: pregnancy, rats, vitamin D3, calcium-phosphate metabolism, parathyroid hormone, alkaline phos-
phatase, RANKL/OPG.
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IMMUNO-INFLAMMATORY INDICES IN PATIENTS WITH STABLE CORONARY ARTERY
DISEASE AND CONCOMITANT INTESTINAL DYSBIOSIS
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Disturbance of gut microbiota balance is considered an important factor capable of modifying the course of
cardiovascular diseases, particularly stable coronary artery disease (CAD). This paper presents the results of a study
aimed at determining the relationship between intestinal dysbiosis and key immuno-inflammatory indices that re-
flect the activity of low-grade chronic inflammation, which in turn is a provoking factor for the development and
progression of coronary atherosclerosis. The analysis included 49 individuals with stable CAD, among whom varying
degrees of dysbiotic changes were detected in a subset of patients. The evaluation was based on complete blood
count parameters with calculation of SIRI, NLR, and MLR, as well as assessment of gut microbiota composition. Com-
parison between groups demonstrated differences in systemic inflammatory response levels: patients with dysbiosis
had higher SIRI and NLR values. Moreover, a gradual increase in SIRI was observed with increasing severity of mi-
crobial imbalance, indirectly indicating a dose-dependent influence of dysbiosis on the activation of immuno-inflam-
matory mechanisms. An interesting finding was the higher prevalence of prior myocardial infarction among patients
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