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The review article presents materials on the metabolism of the most
common vitamins of group D ergocalciferol (D,), cholecalciferol (D,), as
well as essential macronutrients Ca and Phosphorus and their disorders in
goats. Since the primary forms of vitamin D (D, and D,) are biologically
inactive and must undergo several stages of hydroxylation to be activated,
the biological role and importance for the body of active metabolites of
vitamin D, 250H D, (synthesised mainly in the liver under the influence
of hepatic cytochromes P450) and 1, 25(0OH), D, and 24,25(OH), D, (their
synthesis occurs via 1a-hydroxylase in the mitochondria of proximal cells
of the convoluted tubules of the kidneys).

It is believed that the liver, while playing an important role in the
metabolism of vitamin D and its metabolites and producing 250H D,, is
also the only organ that synthesises DBP, which transports 250H D, to
tissues and maintains its concentration in the circulatory system.

Vitamin D becomes biologically active only after the second stage
of hydroxylation is completed. Renal la-hydroxylase (CYP27B1),
regulated by parathyroid hormone (PTH), plays an important role in
the transformation of the extracellular substrate 250H D, to 1,25(OH),
D,, which exerts its effect on target cells and tissues by binding to the
nuclear vitamin D receptor. Alternatively, 1,25(OH), D, can bind to the
plasma membrane VDR and induce non-genomic actions, in particular,
stimulation of intestinal calcium transport.

Vitamin D is a steroid substance that is essential for all vertebrates
to maintain calcium and phosphorus metabolism within optimal limits, a
healthy skeleton, muscle contraction, modulation of cell growth and neu-
romuscular function. Calciferol also regulates the immune system, inhib-
its the development of pathological cells, angiogenesis and inflammatory
reactions. The active form of vitamin D, 1,25(0OH), D,, stimulates intes-
tinal absorption and renal Ca reabsorption and maintains its minimum
physiological level in the blood.

Vitamin D deficiency in goats leads to a decrease in productivity, causes
a decrease in intestinal and renal calcium reabsorption, which leads to the
increase in parathyroid hormone levels. This process leads to activation of
osteocytes and, as a result, accelerates bone demineralisation, causing the
development of many diseases in adults, including nutritional and fibrous
osteodystrophy, secondary osteodystrophy, endocrine dysfunction), as well
as rickets in young animals. The development of non-skeletal pathologies,
in particular, inflammatory, neoplastic and autoimmune diseases, is also as-
sociated with cholecalciferol deficiency in the body. In addition, disorders
of D-vitamin and calcium-phosphorus metabolism in goats cause the devel-
opment of postpartum hypocalcaemia and postpartum hypophosphatemia.

In the animal body, calcium and phosphorus homeostasis is main-
tained by a coordinated interaction of absorption and reabsorption
through the gastrointestinal tract and kidneys, as well as by storage and
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mobilization from bone tissue and is regulated mainly by biological-
ly active cholecalciferol metabolites - 250H D,, 1,25(0OH), D,, as well
as parathyroid hormone (PTH; synthesised by the pineal glands) and
calcitonin (CT; produced by sparafollicular (light) thyroid C cells) and
fibroblast growth factor-23 (FGF23).

In contrast to monogastric animals, small ruminants do not modulate
renal calcium excretion in response to calcium limitation in the diet. The
mobilization of Ca and P from the skeleton is stimulated by PTH through
osteoclast activation mediated by receptor activator of nuclear factor-xB
(RANK). Vitamin D maintains Ca (by stimulating CaZB) and P homeosta-
sis (the direct rapid action of 1,25(OH), D, has been proven to have a direct
effect on the absorption of these vital elements in the intestine, reabsorption
of these cations in the renal tubules and their mobilization from bone tissue).

Phosphorus is a component of adenosine triphosphate (ATP) and nu-
cleotides. Macroergic phosphate compounds, among which the main one
is adenosine triphosphate acid, provide both the accumulation of energy
reserves and its consumption (ATP, ADP, creatine phosphate), affecting
protein, lipid, carbohydrate, mineral, and energy metabolism. An interac-
tion between vitamin D and fibroblast growth factor 23 (FGF23), a bone
hormone that causes the development of phosphaturia and reduces the
synthesis of 1,25(OH), D,, has been identified.

Despite the multidirectionality of etiological factors, common to all
forms of osteodystrophy is a disruption of the processes of bone forma-
tion and renewal, which is manifested by increased mobilization of cal-
cium, phosphorus and other elements from bone tissue, so the pathology
is accompanied by osteomalacia, osteoporosis and osteofibrosis, and a
violation of the mechanism of maintaining their homeostasis.

The main factors of osteodystrophy in animals are feeding disorders
and physical inactivity, and the leading links in its pathogenesis are the
imbalance between bone formation and resorption.

The main methods for diagnosing disorders of D-vitamin and calci-
um-phosphorus metabolism in goats are clinical, physical, biochemical,
enzyme-linked immunosorbent assays and pathological and morphologi-
cal studies. Biochemical analysis in goat serum determines the content of
total calcium, inorganic phosphorus, activity of alkaline phosphatase and
its isozymes, and immunoassay the concentration of 250H D, 1,25(OH),
D,, calcitonin and parathyroid hormone.

Keywords: goats, vitamin D, metabolites, metabolism, calcium,
phosphorus, liver, kidneys.

Problem statement and analysis of recent
research. Over the past decade, the number of
scientific publications on the biological role of
vitamin D, methods of diagnosis, treatment and
prevention of D-vitamin metabolism disorders
in animals has increased significantly [1]. New
knowledge about the biological and clinical
importance of the steroid hormone 1,25-dihy-
droxyvitamin D,, 1,25(OH), D,, and its vitamin
D receptor (VDR) has made a significant contri-
bution to bone strengthening. At the same time,
various diseases associated with vitamin D defi-
ciency in goats have been reported worldwide.
Cholecalciferol deficiency is an important ani-
mal health problem that can cause a decrease in
bone density and lead to osteoporosis and frac-
tures [2-3].

The main physiological role of vitamin D is
thought to be in the development and mainte-
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nance of skeletal health. Almost a century ago,
it was proven that vitamin D deficiency is the
cause of rickets in goats, but over the past few
decades, numerous studies have linked vitamin D
deficiency to the development of a wide range of
non-skeletal pathologies, including inflammato-
ry, neoplastic and autoimmune diseases [4—5].
Calciferol also regulates the immune system,
suppresses the development of pathological cells,
angiogenesis and inflammatory reactions [6]. The
active form of vitamin D, 1,25(0OH), D,, is nec-
essary to stimulate intestinal absorption and renal
reabsorption of Ca, as well as to maintain its min-
imum physiological level in the blood. A signif-
icant decrease in vitamin D during pregnancy in
goats leads to impaired calcium metabolism and
the development of hypocalcaemia [7].

The most common macronutrient in the body
of animals is Ca*". About 99% of calcium in the
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body performs structural functions as a compo-
nent of bones and teeth, and only about 1% is
found in tissues and extracellular fluids. Calcium
is crucial for the regulation of various processes
in the body, including blood clotting, muscle con-
traction, cell signalling, membrane permeability,
enzyme stabilisation, and hormone activation and
release [8]. In goat blood plasma, the total calci-
um content ranges from 2,0 to 3,0 mmol/l, and
calcium deficiency can lead to growth and devel-
opmental delays and pathological risks, including
osteoporosis, rickets, osteochondrosis and hypo-
calcaemia in goats [7, 9, 10].

Phosphorus is an important macronutrient
with a wide range of vital biological functions.
Phosphorus plays a structural role at the tissue,
cellular and molecular levels of any living organ-
ism. The integrity of the cell depends on phos-
phorus, which is an integral part of phospho-
lipids that form cell membranes. Phosphorus is
also a component of DNA and RNA molecules.
Hypophosphatemia in goats can lead to a num-
ber of clinical signs and conditions, loss of ap-
petite, anorexia, impaired growth and reproduc-
tive function, muscle weakness, intravascular
hemolysis; bone fractures are common, as well
as rickets in young animals and osteomalacia in
adults [11-12].

The purpose of the research is to analyse a
wide range of international and domestic scientif-
ic publications on the metabolism of vitamin D,
its active metabolites, as well as essential macro-
nutrients calcium and phosphorus and their dis-
orders in goats.

Material and methods of the study. Data
collection, analysis, and synthesis of the system-
atic review were performed in accordance with
the PRISMA guidelines for writing systematic
reviews [13].

The English language sources were searched
in the Web of Science Core Collection (apps.we-
bofknowledge.com), the Europe Pub Med Cen-
tral database (europepms.org/), and the domestic
sources were searched in the Scientific Periodi-
cals of Ukraine database (www. irbis-nbuv.gov.
ua/cgi-bimn/irbis nbuv/cgiirbis 64.exe).

At the first stage of the search, we used the
search and filtering tools of scientometric data-
bases of scientific literature.

The keywords used for the search were:
goats, vitamin D, metabolites, metabolism, cal-
cium, phosphorus, liver, kidneys. For each search
query, refinement filters were applied in accor-
dance with the purpose of the search criteria, arti-
cles published in the period 2010-2023. The stud-

ies were conducted in the EU and Ukraine and
belonged to the category of veterinary medicine.
The sources that remained after the refinement
filters were examined by the authors in two stag-
es. At the first stage, they studied the abstracts
and selected studies that met the questions and
criteria of the systematic review. At the second
stage, the selected articles were studied in detail,
and the data were systematised and analysed.

Results and discussion. Biological role of
vitamin D. It is known that vitamin D (250H D,)
plays an important role in the health and diseas-
es of the musculoskeletal system of animals, and
its deficiency is widespread in the world [14-15].
The study of issues related to the impact of vary-
ing degrees of supply of goats with fat soluble
vitamins, in particular vitamin D, on certain links
of their metabolism is in the focus of attention of
domestic and foreign researchers [16—18].

Vitamin D is essential for humans and ani-
mals, and its deficiency causes rickets in children
and osteomalacia in adults. Vitamin D deficiency
causes a decrease in intestinal and renal calci-
um reabsorption, which leads to an increase in
parathyroid hormone (PTH) levels. This process
causes activation of osteocytes and, as a result,
accelerates bone demineralisation [19].

Vitamin D is widely known as an anti rickets
factor. It acts as a steroid hormone in maintaining
optimal serum calcium and phosphorus levels.
These effects are well known and are achieved
by enhancing the absorption of the above macro-
nutrients in the intestine, increasing bone resorp-
tion and reducing urinary excretion of calcium
and phosphorus [20]. Recently, an interaction
between vitamin D and fibroblast growth factor
23 (FGF23), a bone hormone that causes the de-
velopment of phosphaturia and reduces the syn-
thesis of 1,25(0OH), D,, has been identified. The
main systemic stimuli of FGF23 secretion are an
increase in the level of 1,25(OH), D, and an in-
crease in the intake of phosphorus from feed [21].
According to Al. Mheid 1., A.A. Quyyumi [22],
FGF23 is associated with vascular dysfunction,
ventricular hypertrophy and cardiovascular dis-
ease, and it is considered one of the factors re-
sponsible for the negative cardiovascular effects
of vitamin D deficiency.

Vitamin D, in particular, has other important
functions in the body, including the reduction of
inflammation, as well as the modulation of cell
growth, neuromuscular and immune function,
and glucose metabolism. Many genes encoding
proteins that regulate cell proliferation, differen-
tiation and apoptosis are partially modulated by
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vitamin D. Many tissues have vitamin D recep-
tors, and some convert 25 OH D, to 1,25(0OH),
D, [23-25].

However, there are still questions about the
optimal doses of vitamin D to maintain animal
health, as well as recommendations for the daily
requirement of vitamin D. The body of goats is
supplied with vitamin D in two ways exogenous
(from feed of plant and animal origin) and endog-
enous (synthesis of cholecalciferol in the skin un-
der the influence of ultraviolet irradiation) [26].
According to M. Kohler, F. Leiber et al. [17], the
content of vitamin D, and its metabolites in the
blood serum of Alpine goats is in the range of:
a) 250H D, — 130 nmol/I; b) 1,25(0H), D, - 116,0
pmol/l; ¢) 25(OH), D, — 43,5 nmol/l; d) 25(OH),
D, - 103,5 nmol/l, and according to the results of
studies by Kovacs S., Wilkens M. R. [26], the con-
tent of 25(OH)D, in goats aged 18-20 weeks was
108,8 nmol/l, and 1,25(OH), D, —211,6 pmol/I.

Vitamin D is available to animals from two
sources: 1) the isomerisation of 7-dehydrocholes-
terol (7-DHC) in the skin to vitamin D, after expo-
sure to UVB irradiation; 2) the intake of vitamin
D, or D, in the feed. Only some foods, such as cod
liver oil and oily fish (salmon and sardines) nat-
urally contain high concentrations of vitamin D..
Vitamin D, is present in some plants due to the
conversion of ergosterol to vitamin D, under the
influence of ultraviolet light. Ultraviolet light in
the range of 270 to 315 nm is necessary for the
conversion of 7-DHC in the skin to provitamin D,
which is further thermally isomerised into vita-
min D, within three days [27].

A number of authors [24-28] point out that
the primary forms of vitamin D (D, and D,) are
biologically inactive and must undergo several
hydroxylation steps to be activated. The primary
transformation of calciferol (25-hydroxylation)
occurs mainly in the liver. A number of hepatic
cytochromes P450 are thought to perform 25-hy-
droxylation of vitamin D, including CYP27Al,
CYP3A4, CYP2R1 and CYP2J3, and this step
in vitamin D metabolism is largely unregulated
[28]. The liver plays an important role in vitamin
metabolism by synthesising bile for the absorp-
tion of fat-soluble vitamins (A, D, E, K) [29].
Deficiency of 25 OH D, is associated with the
development of hypertension, autoimmune dis-
eases, and cancer, and its optimal level is a means
of maintaining bone density. Thus, vitamin D can
inhibit bone resorption and promote bone miner-
alisation and regeneration [30-31].

The liver not only produces 25 OH D,, but is
also the only organ that synthesises DBP, which
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transports 25 OH D, to tissues and maintains its
concentration in the 25 OH D, circulation. The
liver is believed to play an important role in the
metabolism of vitamin D and its metabolites [32].

The next step in the transformation of vi-
tamin D into biologically active metabolites,
la-hydroxylation, occurs via la-hydroxylase in
the mitochondria of proximal renal convoluted
tubule cells with the subsequent formation of
1,25(0OH), D, and 24,25(0OH), D,. Vitamin D be-
comes biologically active only after the second
stage of hydroxylation is completed [1]. Renal
la-hydroxylase (CYP27B1), which is regulated
by parathyroid hormone (PTH), plays an import-
ant role in vitamin D endocrinology. In particular,
CYP27BI1 plays arole in the transformation of the
extracellular substrate 25 OH D, to 1,25(0OH), D,
which subsequently activates the VDR [33-34].
1,25(0OH), D, exerts its effect on target cells and
tissues by binding to the nuclear vitamin D recep-
tor (VDR) and heterodimerising with the retinoid
X receptor (RXR). This complex exerts genomic
action as a transcription factor to regulate target
genes containing a vitamin D response element in
their promoter. Alternatively, 1,25(OH), D, can
bind to the plasma membrane VDR and induce
non-genomic effects, in particular, stimulation of
intestinal calcium transport [32, 35].

Calcium and phosphorus metabolism. Cal-
cium is actively involved in skeletal mineralisa-
tion, muscle contraction, transmission of nerve
impulses, blood clotting and hormone secretion
[36]. In animals, it is essential for maintaining
the nervous system. At neuromuscular synaps-
es, Ca?" ions promote the release of acetylcho-
line and its binding to the cholinergic receptor,
and in the presence of excess acetylcholine, they
activate cholinesterase, an enzyme that breaks
down acetylcholine. Ca’" ions contained in the
sarcoplasmic reticulum promote the interaction
of actin and myosin to ensure the contraction of
muscle fibres in the presence of magnesium ions.
In smooth muscle cells, as well as in the myo-
cardium and cardiac conduction system, calcium
ions are directly involved in the generation of
nerve impulses [37].

Calcium compounds are found in various
forms in the blood. Out of 10—12 mg/100 ml of to-
tal plasma calcium, about 4 mg is bound to blood
proteins, 5-7 mg is contained in ionised form,
and 2-3 mg is in non-ionised form (2,5-3,0, 1,0,
1,25-1,75, and 0,5-0,75 mmol/l, respectively).
Ionised calcium is involved in metabolism, ac-
tivates the reticuloendothelial system, maintains
the sympathetic nervous system's tonus, and
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reduces the permeability of blood vessels and cell
membranes. In addition, this vital macronutrient
activates trypsin, promotes the conversion of pro-
thrombin to thrombin, stimulates the phagocytic
function of leukocytes, etc. [38].

The calcium content in the blood plasma is
regulated by calcitonin, whose activity depends
on the physiological state of animals (pregnancy
and lactation). For example, postpartum hypocal-
caemia occurs as a result of a disturbance in cal-
cium homeostasis in the body [39].

Phosphorus also plays an important role in
metabolic processes. It is a part of many met-
abolic intermediates and, most importantly, is
a component of adenosine triphosphate (ATP)
and nucleotides. Macroergic phosphate com-
pounds, among which adenosine triphosphate is
the main one, are universal energy accumula-
tors and donors, present in all cells of the body
and ensure both the accumulation of energy re-
serves in the body and its consumption (ATP,
ADP, creatine phosphate). That is, all types of
metabolism: protein, lipid, carbohydrate, min-
eral, energy, etc. [40].

Phosphorus is one of the main structural el-
ements of the body. All synthesis processes as-
sociated with skeletal formation, muscle gain,
synthesis of milk components, and hair growth
are carried out with the participation of phos-
phate acid. In particular, phosphorus is part of the
structure of nucleic acids, which are carriers of
genetic information and regulate protein biosyn-
thesis and immunity. Phosphoric acid salts are
involved in the construction of buffer systems in
the skin [41].

It has been established that vitamin D main-
tains the homeostasis of Ca (by stimulating CaZB)
and P (the direct rapid action of 1,25(OH), D, has
been proven), realising itself through direct influ-
ence on the absorption of these vital elements in
the intestine, reabsorption of these cations in the
renal tubules and their mobilisation from bone
tissue [33].

According to Oriana M. Koéhler and Walter
Griinberg [42], calcium and phosphorus homeo-
stasis is maintained by a coordinated interaction
of absorption and reabsorption through the gas-
trointestinal tract and kidneys, as well as by stor-
age and mobilisation from bone tissue, and is reg-
ulated primarily by parathyroid hormone (PTH),
1,25 dihydroxycholecalciferol (1,25(OH), D,)
and calcitonin (CT) and fibroblast growth factor
23 (FGF23). The release of PTH from the pitu-
itary gland is controlled by the concentration of
ionised calcium in the blood plasma, mediated by

the Ca?'-sensing receptor (CaSR). Within min-
utes, a decrease in blood Ca’* causes the release
of PTH from the pituitary gland, which stimu-
lates the mobilisation of Ca and P from the skel-
eton [12, 43, 44]. In the kidneys, PTH stimulates
the expression and activity of la-hydroxylase
(CYP27B1), an enzyme key to the synthesis of
1,25(0OH), D, [45].

In contrast to monogastric animals, small ru-
minants do not modulate renal calcium excretion
in response to calcium restriction in the diet. It
has been shown that goats have a greater ability
to compensate for calcium homeostasis problems
than sheep [46]. Abdullah Ben-awadh et al. [47]
found that the mobilisation of Ca and P from the
skeleton is stimulated by PTH through osteoclast
activation mediated by receptor activator of nu-
clear factor-xB (RANK) [48].

Disorders of D-vitamin and calcium-phos-
phorus metabolism in goats. Vitamin D is an
essential vitamin for humans and animals, and
vitamin D deficiency in goats causes significant
economic losses to owners due to the develop-
ment of nutritional osteodystrophy, fibrous os-
teodystrophy, secondary osteodystrophy and
rickets, which leads to reduced productivity and
the development of various metabolic diseases,
especially in young animals. The most common
disorders of calcium and phosphorus metabo-
lism are nutritional osteodystrophy, postpartum
hypocalcaemia, and postpartum hypophos-
phaemia [49].

Alimentary osteodystrophy is a chronic dis-
ease that occurs with impaired phosphorus and
calcium metabolism and is characterised by sys-
temic bone dystrophy due to insufficient intake
of calcium, phosphorus, energy, protein, and vi-
tamin D from the diet [50].

In addition to nutritional osteodystrophy, sec-
ondary osteodystrophy is diagnosed as a conse-
quence of other diseases (ketosis, liver disease,
endocrine dysfunction) and enzootic osteodystro-
phy, which occurs due to an imbalance of macro-
and microelements (recorded in endemic areas
depleted in cobalt, zinc, copper, manganese). De-
spite the diversity of etiological factors, all forms
of osteodystrophy are characterised by impaired
bone formation and renewal, which is manifested
by increased mobilisation of calcium, phospho-
rus and other elements from bone tissue. Mineral
losses are not compensated for in a timely man-
ner. They are accompanied not only by osteoma-
lacia, but also by osteoporosis and osteofibrosis,
and disruption of the mechanism of maintaining
calcium and phosphorus homeostasis. A decrease
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in calcium concentration in the blood and tissues
results in a decrease in skeletal and smooth mus-
cle tone, muscle cramps, hypotension and atony
of the fore stomach. The animals' taste is distort-
ed, the skeleton becomes thinner, the thorax is
deformed, and lying down occurs [51].

A number of authors have reported that the
25(0OH)D, content is significantly affected by
skin pigmentation in sheep and goats [52-54]. It
has been demonstrated that heavy fleece and pig-
mented skin reduce the biosynthesis of vitamin D
in the skin compared to sheared sheep with light
pigmentation [55].

The main factors of osteodystrophy in an-
imals are feeding disorders and physical inac-
tivity, and the leading links in its pathogenesis
are the imbalance between bone formation and
resorption. The role of the nutritional factor is
played by unbalanced and insufficient feeding
of animals. Of particular importance is the insuf-
ficient intake of calcium and phosphorus in the
feed and the disturbance of the ratio of these ele-
ments in the diet, as well as vitamin D. There are
clinical, histological, physical and biochemical
methods for diagnosing osteodystrophy. Physical
examinations (dual-energy X-ray absorptiometry
and computed tomography) require expensive
special sophisticated equipment [56].

According to Yu. Maslak [51], among the
clinical signs of more severe osteodystrophy in
goats were tuberosity and partial lysis of the last
pairs of ribs, shakiness of incisor teeth, and liv-
er tenderness during palpation. The level of total
calcium in goats with clinical signs of the disease
was in the range of 2,58-3,08 mmol/l (optimal —
2,3-3,0 mmol/1), phosphorus — 1,15-1,34 mmol/l
(1,6-2,6 mmol/l), Ca:P ratio, respectively —1,98—
2,49; an increase in the activity of ALP and its
bone isoenzyme was observed. Among the con-
nective tissue biopolymers, there were high lev-
els of CHT, GAG and their fractions, which is ex-
plained by the involvement of not only bones but
also liver and intervertebral discs in the patholog-
ical process of connective tissue.

According to the results of a study by Paulo
Bandarra, Saulo Pavarini et al. in goats [57], the
symptoms of osteodystrophy were characterised
by an increase in the upper and lower jaws, shaky
incisors, tongue protrusion, shortness of breath,
and chewing disorders in goats. In the blood
serum, the calcium content was in the range of
0,99-2,92 mmol/l, phosphorus 1,27-2,16 mmol/l,
alkaline phosphatase activity — 387 U/l (normal -
up to 85 U/I). Microscopically, intensive prolifer-
ation of loose connective tissue around the bone
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trabeculae was observed, many of which were
partially or completely demineralised.

According to Y. Maslak, O. Mitrofanov,
A. Sobakar [58], clinical signs of osteodystrophy in
goats were characterised by thinning and humping
of the ribs, and loose incisor teeth. In some goats,
partial lysis of the last pair of ribs was observed.
The biochemical parameters of the blood serum of
goats with clinical signs of osteodystrophy were
as follows: ALT activity — 28,5+1,04 U/l, ACAT
— 38,9+1,56 U/, total calcium 2,8+0,05 mmol/l,
inorganic phosphorus 1,2+0,02 mmol/l, chondroi-
tin sulfate 0,24+0,04 g/1.

Rickets is a metabolic bone disease of young
animals due to a deficiency of calcium, phospho-
rus, and vitamin D in the diet. The pathogenesis
of rickets lies in the impaired mineralisation of
the physis and epiphyseal cartilage during endo-
chondral ossification and newly formed osteoid
[27, 59]. The pathological picture of rickets is
based on primary bone growth retardation with
impaired metabolism of vitamin D, calcium,
phosphorus and lagging of the mineralisation
process from the physiological needs of the body
[60].

According to the results of the Mona. S.
Zaki [61], goats under 8 months of age were di-
agnosed with rickets with pronounced clinical
signs: anorexia, growth retardation, scoliosis,
joint enlargement and curvature of the thoracic
limbs. A biochemical analysis of blood serum re-
vealed hyperphosphatemia, hypocalcaemia, and
decreased alkaline phosphatase activity against a
background of a significant increase in cortisol
concentration.

Sharma D. K., Sonawane G. G. [62] de-
scribed the clinical signs of lambs with rickets:
curvature of the thoracic limbs, joint swelling,
stiff gait, lameness, and growth retardation.
Among the biochemical changes in the blood se-
rum, an increase in the level of alkaline phospha-
tase (458,10 + 27,98 U/1), hypocalcaemia (2,28
+ 0,10 mmol/l), and hypophosphatemia (1,34 +
0,08 mmol/l) were diagnosed. For the treatment
of lambs, the CFS-II feed additive was used,
which contains vitamins A, D,, E, nicotinamide,
minerals — calcium, manganese, iron, copper and
cobalt. According to the results of the tests on the
45th day after the use of the CFS-II feed addi-
tive, the affected animals did not show any clini-
cal symptoms of rickets and were in satisfactory
condition.

Thompson K., K. Dittmer, H. Blair [63] re-
ported the development of syndromes in lambs
characterised by growth retardation, limb defor-
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mities and lordosis. Affected lambs appeared nor-
mal at birth, but clinical signs usually appeared
at 2 months of age and progressed. Initially, the
animals were stunted, and with the progression of
the disease, they were more laid back.

Lambs with rickets had significantly lower
average serum concentrations of calcium and
inorganic phosphorus. The activity of total ALP
was significantly increased in affected animals.
There was no significant difference between af-
fected lambs and control lambs in the mean con-
centration of 25-hydroxyvitamin D in the blood
serum, but the diseased animals had higher con-
centrations of 1,25-dihydroxyvitamin D [63].

Metabolic bone diseases are relatively com-
mon in goats and include osteomalacia and fi-
brous osteodystrophy. Osteoporosis can result
from calcium and phosphorus deficiencies or
chronic debilitating diseases, such as gastrointes-
tinal diseases. The vertebrae, skull bones, shoul-
der blade, and ilium are most often affected and
prone to fractures.

According to the results of the study by
U. Braun, S. Ohlerth, A. Liesegang [64], goats
aged 3-6 years were diagnosed with osteoporo-
sis: curved back, lameness, lying down, general
depression, weight loss and reduced milk pro-
duction. On radiographs, the decrease in mineral-
isation was most noticeable in the vertebrae and
pelvic bones. In one goat, the ribs were soft and
flexible, which is characteristic of osteoporosis.
All goats had severe hypophosphatemia with in-
organic phosphorus concentration of 0,18-0,86
mmol/l, hypomagnesemia (0,80 to 0,87 mmol/l),
hypocalcaemia (2,08-2,2 mmol/l), total liver
function test was within normal limits, and cre-
atine kinase was elevated (518-1721 U/l, with a
normal range of 86-206 U/1).

The main methods of diagnosis of disorders
of D-vitamin and calcium-phosphorus metabo-
lism in goats are clinical, physical, biochemical,
enzyme-linked immunosorbent and pathological
morphological methods of research. Many au-
thors have highlighted the most common clin-
ical signs in sick goats, such as: tuberosity and
partial lysis of the last pairs of ribs, loose incisor
teeth, liver tenderness during palpation, enlarge-
ment of the upper and lower jaws, tongue protru-
sion, shortness of breath, and chewing disorders.
In rickets, curvature of the thoracic limbs, joint
swelling, stiff gait, lameness, growth retardation
and lordosis.

During the biochemical examination of goat
blood, it is important to determine total calcium,
inorganic phosphorus, alkaline phosphatase ac-

tivity and its isozymes in the blood serum, and
in the enzyme-linked immunosorbent assay —
25-hydroxycholecalciferol, 1,25-dihydroxycho-
lecalciferol, calcitonin and parathyroid hormone.

Conclusions. 1. The materials for the review
article were collected, analysed, and a systemat-
ic review was prepared in accordance with the
PRISMA guidelines for writing systematic re-
views.The search for English language sources
was conducted in the Web of Science Core Col-
lection, the Europe Pub Med Central database
of scientific articles, and the search for domestic
sources was conducted in the Scientific Periodi-
cals of Ukraine database.

2. The article presents materials on the me-
tabolism of D vitamins: ergocalciferol (D,),
cholecalciferol (D,), as well as essential macro-
nutrients Calcium and Phosphorus and their dis-
orders in goats. The primary forms of vitamin D
(D, and D,) are biologically inactive and must
undergo several hydroxylation steps in the liver
and kidneys to become active. The first biologi-
cally active metabolite of vitamin D,, 250H D,,
is synthesised mainly in the liver under the influ-
ence of hepatic cytochromes P450, while the oth-
er two metabolites, 1,25(OH), D, and 24,25(OH),
D,, are synthesised in the mitochondria of the
proximal cells of the renal convoluted tubules by
la-hydroxylase. The liver is also the only organ
that synthesises DBP, which transports 250H D,
to the tissues and maintains its concentration in
the circulation.

3. Vitamin D is a steroid substance that is es-
sential for all vertebrates to maintain calcium and
phosphorus metabolism within optimal limits, a
healthy skeleton, muscle contraction, modulation
of cell growth and neuromuscular function. Cal-
ciferol also regulates the immune system, inhibits
the development of pathological cells, angiogen-
esis and inflammatory reactions. One of the ac-
tive forms of vitamin D, 1,25(OH), D,, stimulates
intestinal absorption and renal reabsorption of Ca
and maintains its minimum physiological level in
the blood.

4. Calcium and phosphorus homeostasis in
animals is maintained by the coordinated inter-
action of absorption and reabsorption through the
gastrointestinal tract and kidneys, as well as by
storage and mobilisation from bone tissue, and is
regulated mainly by the biologically active me-
tabolites of cholecalciferol -250H D, 1,25(0OH),
D,, as well as parathyroid hormone, calcitonin
and fibroblast growth factor-23 (FGF23).

5. Vitamin D supports Ca (through stimula-
tion of CaZB) and P homeostasis (proven direct
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fast action of 1,25(OH), D, through direct influ-
ence on the absorption of these vital elements in
the intestine, reabsorption of these cations in the
renal tubules and their mobilisation from bone
tissue).

6. Phosphorus is a component of adenosine
triphosphate (ATP) and nucleotides. Macroergic
phosphate compounds, among which adenosine
triphosphate is the main one, ensure both the ac-
cumulation of energy reserves and its consump-
tion (ATP, ADP, creatine phosphate), affecting
protein, lipid, carbohydrate, mineral, and energy
metabolism.

7. Vitamin D deficiency in goats causes a de-
crease in intestinal and renal calcium reabsorp-
tion, which leads to an increase in parathyroid
hormone levels. This process causes activation
of osteocytes and, as a result, accelerates bone
demineralisation, causing the development of
many diseases in adult animals, including nu-
tritional and fibrous osteodystrophy, secondary
osteodystrophy, postpartum hypocalcaemia and
postpartum hypophosphataemia, rickets in young
animals, and endocrine dysfunction.

8. Common to all forms of osteodystrophy
is a disruption of bone formation and renewal,
which is manifested by increased mobilisation
of calcium, phosphorus and other elements from
bone tissue. The pathology is accompanied by
osteomalacia, osteoporosis and osteofibrosis, and
disruption of the mechanism of maintaining their
homeostasis. The main factors of osteodystrophy
in animals are feeding disorders and physical in-
activity, and the leading links in its pathogenesis
are the imbalance between bone formation and
resorption.

9. Clinical and special studies (physical, bio-
chemical, immunoassay and pathological and
morphological studies) are informative methods
for diagnosing disorders of D-vitamin and calci-
um-phosphorus metabolism in goats. Biochemi-
cal analysis of goat serum determines the content
of total calcium and its isoenzymes, inorganic
phosphorus, alkaline phosphatase activity and its
isoenzymes, and immunoassay - the concentra-
tion of 250H D,, 1,25(0OH), D,, calcitonin and
parathyroid hormone.
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Metaboaizm BiTaminy D, Kaasuiro i ®ocdopy
Ta iX MOpyLeHHs Yy Ki3

Caxniok B.B., T'onyasik M.M.

B omsioBii HayKoBiif cTaTTi BUKJIAZACHO Marepi-
aJy 11010 METaboJIi3My HAMOLIBII PO3MOBCIOIKEHUX
BiTaMiHiB rpynu D — eprokansuudepony (D,), xomne-
kanpiudepony (D,), a Takok eCeHIiaTbHUX Makpo-
enementiB Kamemiro i @ocdopy Ta iX mopymeHs y
Ki3. Ockinbku nepeunHi popmu Bitaminy D (D, i D,)
¢ 0i0JOTIYHO HEaKTUBHUMHM 1 Ui akTHUBALii MaroTh
NPOMTH KiJIbKa €TamiB TipOKCHIIOBAHHS, BHCBITIE-
HO OioJIOriyHe 3HAaYeHHs JUIS OpPraHi3My aKTUBHHX
MeTabomnitie Bitaminy D, — 250H D, (cunTtesyeTbes
TIEPEBAXXHO B IEUIHII i/ JI€FO0 MEYiHKOBUX IIUTOXPO-
miB P450) ta 1,25(0H), D, i 24,25(0OH), D, (ix cunres
Bi/10yBa€THCS B MITOXOH/IPISIX TPOKCUMATIbHUX KITITHH
3BUBUCTUX KaHAIbBIIB HUPOK 3a JOMOMOTow la-ria-
pokcuiasn).

BBakaeThcs, M0 TEUiHKA, BiIrparoud BasKIU-
By poiib B 0OMiHi BiTamiHy D Ta #oro metaboIiTiB i
nponykytoun 250H D,, € Takok €IMHEM OpraHom,
o cuntesye DBP, sxuit tpancnoprye 250H D, no
TKaHUH 1 30epirae HOro KOHIIEHTPAIIIF0 B CHCTEMI KPO-
BOOOITY.

Biramin D ctae 6i010Ti9HO aKTHBHHAM JIMIIE TTic-
751 3aBEpIICHHS JAPYTOTO €Tally TipPOKCHIIIOBAHHS.
HupkoBa lo-rigpokcmmaza (CYP27Bl), mo pery-
moeTsesl maparropmonoM (ITTT), mae BaknuBe 3Ha-
YeHHs1 y TpaHcdopMalii mo3aKkiIiTHHHOTO cyOcTpary
250H D, o 1,25 (OH), D, sixuit 3xilicHIOE CBOIO Mit0
Ha KJIITUHHU-MIIIEH] 1 TKaHWHU 4Yepe3 3B’s3yBaHHS 3
SIIEPHUM PELenTopoM BiTaMiHy D. AnbTepHaTHBHO
1,25(0OH), D, moxe 3B’sa3yBarucs 3 VDR rurasmarud-
HOT MEeMOpaH| Ta IHIIyKyBaTH HEreéHOMHI Jii, 30kpema,
CTUMYJISIIIFO KUIIIKOBOTO TpaHcmopty Kambitiro.

Bitamin D € crepoinHoI0o pe4oBHHOIO, IO HEOO-
XiJTHa BCIM XpeOCTHUM TBapHHAM IS MiIATPUMKH
meTabomizmy Kampmito i @ocdopy B onTumMaIsHAX
MeXXaX, 3J0pOBOTO CKeleTa, CKOPOYEHHS M’ S3iB,
MOJYJIALIT POCTY KIIITUH Ta HEPBOBO-M's130BOT (DyHK-
1ii. Kanbiudepon Takox perystoe JisuTbHICTb iIMyH-
HOI CHUCTEMH, NPUTHIYY€E DPO3BUTOK IMATOJIOTTYHHUX
KJIITHH, aHTIOTCHE3 Ta 3alaibHi peakiii. AKTHBHA
¢dopma Bitaminy D — 1,25 (OH), D, ctumynroe kum-
KOBE BCMOKTYBaHHS, HHUPKOBY peadOcoporito Ca i
MiATPUMY€E HOro MiHIMaNbHO (i3i0NOTIYHHI piBEeHBb
Y KpOBI.

Hedinur Bitaminy D y Ki3 CIpUYMHIOE 3HMKEH-
Hsl KMIIKOBOI Ta HUPKOBOI peabcopbuii KasebIiro, mo
TIPU3BOANTH JI0 MiABHMIICHHS PiBHS IapaTUPEOiIHOTO
ropmony. Lle#l mporec 3yMOBIIIOE aKTHBAIIO OCTEO-
LUTIB 1, K HACIIIOK, MPUCKOPIOE AEMiHEpaTi3aIliio
KiCTKOBOT TKaHWHH, CIPUYMHIOIOYM PO3BUTOK Oara-
THOX 3aXBOPIOBaHb y JOPOCIIOTO TOTOJIB’sI, 30KpeMa,
aniMeHTapHOI Ta (hi6po3HOi ocTeoaucTpodii, BTOPHH-
HOI ocTeonucTpodii, TUCHYHKIIIT 325103 BHYTPIIIHBOT
CEeKpeIlii, a TAaKOX paxiTy y MOJIONHSKY. PO3BHTOK He-
CKEJIETHHX IaTOJIOTIH, 30KpeMa, 3analibHIX, Heorac-
TUYHUX Ta ayTOIMYHHHUX 3aXBOPIOBaHb TAKOX ITOB’sI-
3yIOTh 13 Je(iUTOM X0JIeKaIbIH(epory B OpraHi3mi.
Oxpim TOrO, MOpyIIeHHs D-BiTaMiHHOTO Ta Kaibli-
eBo-(hocopHOrOo MeTabomi3My y Ki3 € MPHIUHOIO
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PO3BUTKY MICISIPOIOBOI TITOKAIBIIEMIT Ta MiCISAPOIO-
Boi rinogocdaremii.

B opranismi TBapuH romeocra3 Kansuito i doc-
(hopy HiATPUMY€ETHCS B3a€EMOIEI0 BCMOKTYBaHHS Ta
peabcopOriero Yepe3 MUTYHKOBO-KUIIIKOBUN KaHAM i
HUPKH, a TaKOX 3a 30epiraHHs Ta MOOLTI3aIlio 3 Ki-
CTKOBOI TKAaHUHH 1 PEryIIIO€ThCs, IEPEeBaXKHO, 010710~
TYHO aKTHBHHUMH METa0OIITaMH XOJIeKaIbIIn(epory
—250H D,, 1,25 (OH), D,, a Takox mapaTrropMOHOM
(IITT"; cuHTE3y€ETHCS MPHUIUTONONIOHUMH 3aJI03aMH)
i xanpruToHiHOM (KT; yTBOproerscsi crapadoiky-
napauMu  (cBiTAMA) C-KITITHHAMH ITATOMIONIOHOT
3a5103M) i pakTopoM pocty ¢ibpodmacti-23 (FGF23).

Ha BiaMiHy BiJ MOHOTaCTPHUYHHMX TBapuH, JPiOHI
JKYHHI HE MOJYJIOIOT HMPKOBY eKkckpewiro Kaiplito y
BIJIMOBi HA ioro oOMexeHHs B KopMmi. MoOimizamis
Ca i P i3 ckenery crumymoetscest I[1TIN uepe3 akTuBanito
OCTEOKJIACTIB, OMOCEPEAKOBAaHY 4Yepe3 pPeLenTOPHUH
aktuBarop saepHoro ¢akropa (RANK). Bitamin D mizg-
TpuMmye romeocta3 Ca (3apasaku ctumyinii Ca3b) i P
(noBenena npsama msuaka ais 1,25 (OH), D, uepes Ges-
Hocepe/IHii BIUIMB Ha MpoLecH abcopOIii IUX KUTTEBO
BOXJIMBUX CIIEMEHTIB y KUIICYHHKY, peabcopOIiro mux
KaTiOHIB Y HUPKOBHX KaHAIBIMX Ta MOOLTi3amito ix i3
KiCTKOBOT TKaHWHH).

®dochop € ckramoBow ameHosuHTpHbOChary
(AT®) ta nykneoruaiB. Makpoepriuni pocdarhi cro-
JIYKH, Cepe]l IKUX OCHOBHOIO € aJeHO3HHTpUochaT-
Ha KHUCJIOTa, 3a0e3MeuyoTh K HaKOIMYCHHS 3aIaciB
eHeprii, Tak i ii Burparu (ATD, AAD, kpearurdoc-
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(at), BIIIMBarOUn Ha OINKOBHIH, JIIIiTHIIA, ByTJIEBOI-
HUll, MiHEpaJlbHUIl, EHEePreTHYHHH MeTa0oIiI3MH.
BusieneHo B3aeMoiit0o Mixk BiTamiHOM D i ¢akTopom
pocty ¢idbpoodnacrie 23 (FGF23), kicTkoBUM TOpMO-
HOM, IO CHPUYMHSE PO3BUTOK (hocdarypii 1 3HIKYE
cunres 1,25 (OH), D,.

He3sBaxkaroun Ha pi3sHOBEKTOPHICTH €TiONOTIYHUX
(dakTopiB, 3aranbHUM ISl YCiX (OPM OCTEOTUCTPO-
¢bii € mopyIIeHHsI MPOLECIB YTBOPEHHSI Ta OHOBJICHHS
KICTKOBOT TKaHWHH, SKE IPOSIBISIETHCS IMOCHIICHOIO
MoOinizamiero 3 Hei Kambmito, @ocdopy Ta iHmmx
€JIEMEHTIB, TOMY HAaTOJIOTISl CYyNPOBOMKYETHCS OCTE-
OMAJISIIIIEI0, OCTEOTIOpPO30M Ta ocTeodibpo3oMm, mo-
PYLICHHSIM MEXaHi3My MiITPUMaHHS iX TOMeocTasy.
OCHOBHUMH YMHHHKAMH OCTEOAUCTPOdil y TBapuH
€ TIOPYIIICHHS TOMIBIIl Ta TiMOJUHAMIS, a IPOBITHUMU
JaHKaMH i maToreHe3y — nucbananc Mix (GopMyBaH-
HSM 1 pe30pOIi€r0 KiCTKH.

OCHOBHUMH METOIaMH IiarHOCTHKU MOPYIICHb
D-BiTaMiHHOTO Ta KaJbllieBO-hochopHOro Meradbo-
J3My Y Ki3 € KIiHi4Hi, ¢i3u4Hi, 6i0XiMivHi, iIMyHO-
(epMeHTHI Ta NaTo10ro-MopOIOTiuHI JOCIIHKESHHSI.
3a 610XIMIYHOTO aHaJIi3y B CHPOBATIIi KPOBI Ki3 BU3HA-
YaloTh YMICT 3araibHOTO KajbIlifo, HEOpraHigHOTO
®Docdopy, akTHBHICTh Tyx)HOi (hocarazn Ta ii i30-
(bepMeHTiB, a 32 IMyHO(QEPMEHTHOTO — KOHILIEHTPAIIII0
250H D,, 1,25(0OH), D,, kanbuuToHiny i napaTupeo-
iTHOTO TOPMOHY.

KurouoBi cioBa: xo3u, Bitamin D, MetabomiTH,
MetabomizMm, Kanpmiit, @ocdop, nedinka, HIPKH.
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