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Improvements in neonatal care for premature babies have led to significant improvements in survival rates for low and very
low birth weight infants. Due to the characteristics of calcium-phosphorus homeostasis and bone metabolism, neonatologists
often encounter skeletal system pathology in premature newborns. This condition is a metabolic disease of premature infants’
bones based on a deficiency of calcium, phosphorus, and vitamin D, resulting in impaired growth and mineralization of the
growing skeleton. Vitamin D is one of the most important regulators of bone metabolism. On the one hand, it stimulates
the absorption of Ca2+ and P3- in the small intestine, and on the other hand, it has a direct effect on bone tissue cells (osteo-
blasts, osteocytes, osteoclasts, and chondrocytes) through the vitamin D receptors located in them. Risk factors for developing
bone metabolism disorders in term and premature newborns, as well as the correlating role of vitamin D in skeletal formation
and maintaining homeostasis, were considered.
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CoBepLUeHCTBOBaHME HEOHATAIbHOM MOMOLLM HEQOHOLWEHHbLIM OETSM NMPUBENO K 3HAYUTENIbHOMY MOBbILLEHUIO BbIXKN-
BAaeMOCTM MJIaZIEHLEB C O4EHb HU3KOW 1 3KCTPeMasnbHO HU3KOM Maccol Tena. M3-3a ocobeHHocTen kanbuuii-pochopHOro
roMeocTasa 1 KOCTHOro Mmetabonnama Bpaim-HeoHaTONOrn Hepeako CTankmuBaloTCs C NaToNIorMein KOCTHOW CUCTEMbI Y He-
[OHOLLEHHbIX HOBOPOXAEHHbIX. JaHHOE COCTOsIHME npeacTasnseT cobon metabonnyeckoe 3aboneBaHmne KOCTeNn HeAOHO-
LUEHHbIX AETEeN, B OCHOBE KOTOPOro nexut gedununt kanbums, ocdopa n sButammHa D, 4TO NpUBOANT K HAPYLLUEHUIO pOCTa
1N MUHepanu3aummn pacTyLiero ckeneta. ButamuH D aBnsgeTcs o4HUM M3 BaXHENLINX PErynsaTopoB KOCTHOro Metabonnama.
C 0[HOW CTOPOHBI, OH CTUMYnMpyeT abcopbumio Ca2* n P38~ B TOHKOM KMLLIEYHUKE, a C APYroii — Oka3blBaeT HENOCPeACTBEH-
HOe BO3[EeNCTBME Ha KNeTKM KOCTHOM TKaHu (ocTeobnacTbl, OCTEOLUMTbI, OCTEOKIACTbl U XOHOAPOLNTLI) Yepe3 pacrnonoXeH-
Hble B HUX peuenTopbl BUuTamuHa D. B 063ope npencraBneHbl 0COOGEHHOCTU MUHEpanmM3auum KOCTHOM TKaHWN Yy AIOHOLLEHHbIX
N HEeOOHOLUEHHbIX HOBOPOXAEHHbIX. PaccMoTpeHbl dakTopbl prucka pasBUTUS HapyLleHns MeTabonnama KOCTu, a Takxke
KoppenupytoLas posnb ButammHa D B ckenetoobpasoBaHun 1 NogaepXaHny romeocTtasa.

Knto4eBble c/i0Ba: KOCTHasl TKaHb, KOCTHbI MeTaboIn3m, HOBOPOXAEeHHble, HeJOHOLLeHHble AeTu, BUTaMWH D, rapar-
FOPMOH, KaJlbLUUTOHUH
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Ca?* - calcium

CT - calcitonin

FGF - fibroblast growth factor
OB - osteoblasts

OC - osteoclasts

OPG - osteoprotegerin

P3- - phosphorus

PTH - parathyroid hormone

and the study of the role of 25(OH)D in human

health remains in the spotlight. The relationship
between hypovitaminosis D and impaired bone min-
eralization has long been established [1].

Given the steadily increasing survival rate of
premature babies, who are more likely to develop skeletal
abnormalities, diagnosing vitamin D deficiency-related
diseases is essential. Newborns, including preterm
infants, constitute a high-risk group for developing
25(0OH)D deficiency [2-4].

From the 5th week of intrauterine development, there is
the laying of bone tissue followed by the gradual replace-
ment of the cartilage skeleton with bone, which lasts se-
veral years after birth [5, 6]. The bone tissue of the new-
born has a coarse fibrous structure, contains a lot of wa-
ter and little dense substance, and is therefore easily de-
formed. In addition, it is reconstructed from a rough fiber
structure into a plate [6, 7]. During this period, bone tissue
is characterized by increased sensitivity to adverse effects,
especially the lack of calcium and other essential micronu-
trients (phosphorus, magnesium, zinc, etc.) [5-8].

The skeletal system undergoes constant self-renewal
due to two multidirectional but co-occurring processes:
bone formation by osteoblasts (OB) and resorption of
existing bone tissue by osteoclasts (OC) [5, 9].

In the mineral composition of bone, calcium is the
most important, 99 % of which is in the bones. The
calcium residue circulating in the blood regulates the
most essential functions of the body [10, 11].

Along with Ca?*, phosphorus (P3") is also a particularly
significant macronutrient. Eighty-five percent of it is
concentrated in bone tissue, which regulates several
metabolic processes [10, 12].

In the period of intrauterine development, Ca?* and
P3- actively accumulate in the fetus’s body only after
33-34 weeks of pregnancy [13-15]. Thus, premature
newborns are more likely to disrupt bone mineralization
than children [16, 17].

Bone is a target organ for many hormones (PTH,
calcitonin, sex hormones, D-hormone, and others)
that regulate bone metabolism [18-20]. In addition, it
performs an endocrine function, producing at least two
hormones, osteocalcin and fibroblast growth factor 23
(FGF23) [21, 22].

Osteoblasts synthesize osteocalcin, the most essen-
tial, vitamin K-dependent, and non-collagenous bone
protein. Not all the produced osteocalcin is deposited
into the bone matrix, some entering the bloodstream.
This is the level of circulating osteocalcin, which is the
primary marker of bone formation. However, when the
bone is destroyed, it is released and enters the blood, but
in this case, it will serve as a resorption marker [21, 23].

Osteocytes produce FGF23 and are responsible for
phosphorus metabolism. Its main action is to reduce
the concentration of P®~ in the blood by inhibiting
the reabsorption of phosphates and the synthesis of
1,25(0H)2D in the kidneys. Thus, high levels of FGF23
circulating in the blood lead to hypophosphatemia and
pathology of the skeletal system, while a deficiency
leads to hyperphosphatemia and tissue calcification.
However, under physiological conditions, this protein
acts according to the body’s phosphate needs [24, 25].

Bone tissue, together with the intestines and kidneys,
is part of the central systems that maintain a constant
calcium concentration in the blood serum [26, 27].

Vitamin D deficiency is a global problem today,

Vitamin D provides bone mineralization by stimulating
the absorption of Ca?* in the small intestine and maintaining
calcium and phosphate levels in the blood necessary
for the body. The lack of 25(OH)D leads to a decrease
in the expression of the CALB1 and TRPV6 genes, which
contributes to a significant reduction in the absorption of
Ca?* and P3-in the intestine (Fig. 1) [27, 28].
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Fig. 1. The role of vitamin D in the active and passive transport
of phosphate and calcium in the small intestine [27, 28]

It also takes part in osteosynthesis in another way —
through VDR, itdirectly affects chondrocytes, osteocytes,
OB, and OC [28, 29].

OBs are the main target for 1,25(0OH)2D [9, 30].
According to studies, these cells can independently
synthesize 1,25(0H)2D under the control of interleukin-
1b, interferon-y, and TNF-a [30, 31].

The primary regulator of OB differentiation is Cbfal,
the nuclear binding factor-a1, which regulates genes
involved in producing bone proteins such as osteopontin,
sialoprotein, type 1 collagen, and osteocalcin [32].

Calcitriol, acting on OB, enhances their secretion
of FGF23. In addition, it affects the renal tubules and
enhances the production of the Klotho protein [33].
This protein is present in two forms: extracellular
(performs an endocrine function in the extracellular
space) and membrane (a co-receptor for FGF23, is
involved in stimulating renal excretion of phosphates and
suppressing the synthesis of 1,25(0H)2D) [34]. Thus,
FGF23 is a factor aimed at suppressing the activity of
vitamin D by increasing its catabolism due to the inhibition
of 1-a-hydroxylase [25, 34].

In utero, 25(0OH)D passes from mother to child
through the placenta in a facilitated or passive way. From
the 24th week of gestation, the fetus in the kidneys begins
to metabolize 25(0OH)D to 1,25(0H)2D (Fig. 2) [35, 36].

In the postnatal period, the synthesis of 1,25(0H)2D
increases, probably due to the need to stimulate intestinal
absorption of Ca®* [37]. Due to the immaturity of the
expression of 24-hydroxylase CYP24A1, insufficient
conversion of vitamin D to the form 24,25(0H)2D is noted in
premature newborns. Perhaps due to this, the concentration
of 1,25(0H)2D is maintained at a high level, which is
necessary for premature babies to develop the skeletal
system rapidly [37, 38].
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The regulation of phosphorus-calcium homeostasis of
PTHinresponsetohypocalcemiaconsistsinstrengthening
the intestinal and renal reabsorption of Ca?* and in
increasing the excretion of P3- [39]. PTH, stimulating
OB, increases RANKL expression, leading to osteoclast
differentiation [40]. However, osteoprotegerin (OPG)
produced by OB prevents their interaction, which is why
the rate of preosteoclast differentiation depends on the
RANKL/OPG ratio [41, 42]. As a result of the interaction of
RANKL with RANK, transcription factors such as NFATc1
(nuclear factor of activated T-lymphocytes), c-fos, NF-kB,
TRAF-6 (the sixth factor associated with the TNF receptor)
are activated, which stimulates osteoclastogenesis
[43]. PTH regulates the transcription of many genes in
osteoblasts. One such gene is Mmp13, which is involved
in remodeling and the early stages of endochondral bone

formation [44].
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Fig. 2. Placental transport and the role of 25(0OH)D3
and 1,25(0H)2D in placental function and fetal development
[35]

In addition, PTH affects the TC, releasing serum calcium
from the bone [45]. In the kidneys, PTH stimulates 1-a-hyd-
roxylase for the synthesis of active vitamin D. However, in pre-
mature infants, despite increased PTH synthesis, hypocalce-

mia may persist for a long time due to incomplete implemen-
tation of its effects, as tissues experience transient resistance
to this hormone [46-48]. Under normal conditions, bone for-
mation predominates over bone decay, including through the
action of PTH, which is aimed at increasing the production of
OPG-L on the surface of the OB and suppressing the synthe-
sis of OPG [48, 49].

In turn, calcitonin is the primary antihypercalcemic
and hypophosphatemic hormone [50]. In response to an
increase in calcium levels above normal, CT in the kidneys
reduces the absorption of Ca2* and P3- and in parallel,
reduces intestinal absorption, also has a suppressive effect
on osteoclasts and, thereby, reduces bone resorption [50,
51]. Premature newborns are characterized by increased
secretion of CT due to the need to conserve already
reduced calcium stores [46, 49, 51].

The immaturity of renal tissue characteristic of
premature children reduces glomerular filtration and
leads to impaired reabsorption of phosphates and cal-
cium. This is also a prerequisite for the vulnerability of
calcium-phosphorus metabolism, on which adequate
bone mineralization depends [52, 53]. The leading role of
25(0OH)D in the formation of the skeletal system has been
convincingly proven, and the most important mechanisms
ofthebiological effects of vitamin D mediating osteogenesis
and bone remodeling have been studied [54-56].

Insufficient intake of calcidiol to the fetus during the
prenatal period may disturb the mineralization of bone
tissue, further hindering the normal development and
formation of the skeleton [57, 58]. Genetically determined
mineral density of bone is programmed already in the
period of intrauterine growth. Its achievement depends
on a sufficient number of endogenous and exogenous
factors [59, 60].

Conclusion. Early detection of risk factors and
effective prevention of vitamin and mineral deficiency in
pregnant women and premature children will significantly
reduce the incidence of bone metabolic disease in
children. Due to the correlative role of vitamin D, it has
a complex effect on skeletal formation and homeostasis
maintenance in newborns.
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TEPANEBTUYECKUE HAYYHbIE MEAULLUHCKME LLIKOAbI KYBAHM:

K BOMPOCY CTAHOBAEHUA U PA3BUTUA B MEPBOU MNMOAOBUHE XX BEKA
A. H. Peabko, A. B. BeceaoBaq, B. B. PomaHu0B, K. O. beaoeBa, A. O. UoHoB

Ky6aHCKUM roCyAQPCTBEHHbIM MEAULLMHCKUK YHUBEpPCUTET, KpacHoaap,
Poccunckas Peaepaums

The article deals with the formation of therapeutic scientific directions and the further development of scientific schools in
the Kuban Region in the first half of the 20th century. Historiographic, biographical, problem-chronological, descriptive, and
comparative methods are applied within the framework of social and cultural, and axiological approaches. The contribution
of professors N. N. Nizhibitsky, K. M. Rutkevich, E. M. Zhadkevich, P. |. Budarina, V. L. Einis, K. A. Patsevich, and others is
considered in the implementation of scientific research on a wide range of nosologies related to the clinical course of internal
diseases that were widespread among the population at that time. It is revealed that the first half of the 20th century in the
Kuban Region was a period of formation of specific areas of research activities in internal diseases. These areas were
the forerunners of the building and development of scientific therapeutic schools of the Kuban, as well as the allocation of
other independent scientific areas in the framework of introducing new medical specialties.

Keywords: history of Kuban medicine, therapeutic research areas, scientific medical schools, Kuban State Medical
University, socio-cultural environment

PaccmoTpeH npouecc GopMrpoBaHns TepaneBTUHECKUX HAYYHbIX HaNpaBieHWi 1 Pa3BUTUS Hay4HbIX KO Ha KyGaHu B nep-
BOM nonosuHe XX ctonetus. NprMeHeHbl nctopuorpaduyecknii, buorpaduyeckniai, Npo6aeMHO-XPOHONOMMYECKUIA, OnncaTesb-
HbI U CPABHUTENbHBIV METObI B PAMKax COLMOKYIbTYPHOIO U akCUONOrMYeCckoro noaxoaos. YCTaHOBAEH BKNaa Npodeccopos
H. H. Huwxnbuukoro, K. M. PytkeBuua, E. M. XXaakesnua, M. W. BynapuHa, B. J1. OiiHuca, K. A. MaueBnya 1 opyrvx B peannsaumio
Hay4HbIX UCCNENOBaHMI N0 6OMLLIOMY CNEKTPY HO30J0MMiA, OTHOCKMMbIX K KIIMHWUKE BHYTPEHHUX BONEe3Hel 1 LUMPOKO pacnpocTpa-
HEHHbIX Cpeaun HaceneHns B 3T0 BpeMsi. YCTaHOB/EHO, YTO nepBasi nosioBuHa XX ctonetus Ha KybaHu ctana neprnoaom GopmMmnpo-
BaHWS B PEMMOHE KOHKPETHbIX HAaNpPaBieHWI Hay4YHO-NCCNEeA0BaTENbCKOV AEATENbHOCTM B 061aCTU BHYTPEHHMX 6onesHei. [JaHHble
HanpaeieHns BbICTYNWAM NPEALIECTBEHHNKAMM NPOLECCa CTAHOB/IEHNS N PA3BMTUS Hay4HbIX TepaneBTuYeckmx wkon Kybaxu, a
TakXe BblAENEHNS APYrMX CAMOCTOSTENbHbBIX HAYYHbIX HANPaBAEHNA B paMKax NOSIBAEHNSA HOBbIX MEONLMHCKNX CNELManbHOCTEN.

Knioyessbie crioBa: nctopusi MeavumHbsl KybaHu, TepaneBTn4eckmne Hay4Hble HarpasieHusl, Hay4Hble MeaNLNHCKNE LLKO-
7ibl, Ky6aHckuii rocygapCTBEeHHbIV MEANLIMHCKUI YHUBEPCUTET, COUMOKYIbTYPHas cpeaa
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