Vitamine D

Vitamin D is a group of substances (calciferols) that belong to the fat-
soluble vitamins and play an irreplaceable role in calcium phosphate
metabolism , as they are necessary for proper bone mineralization . It was
first identified as a substance in yeast and classified as a vitamin.[1! Since
it is converted (double hydroxylation) into an active metabolite in the
body, it can be called a hormone. Thus, according to recent findings,
vitamin D is a pleiomorphic steroid hormone that plays a fundamental
role in the development and maintenance of bone tissue, muscles,
immunity, regulation and protection against heart and oncological
diseases. [2]

Ergocalciferol (D2) is of vegetable origin and cholecalciferol (D3) of animal
origin. The main source of vitamin D3 is endogenous production in the
skin, where it is produced from the provitamin 7-dehydrocholesterol under
the action of UVB ultraviolet radiation . To a lesser extent, the source of
vitamin D is plant and animal food or foods supplemented with vitamin D.
Due to the insufficient intake of vitamin D through natural food, many
countries (outside the Czech Republic) fortify selected foods (milk, butter,
margarines, yogurts, some cereals) with the addition of vitamin D2 or
D3.[1]
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Vitamin D2 or D3 (endogenous or from the diet) is hydroxylated twice in the body, first in the liver and then in the
kidneys, to form calcitriol - an active metabolite of vitamin D. It is transported in the blood bound to vitamin D-
binding protein (DBP) formed in the liver . Calcitriol then acts via the intracellular vitamin D receptor (VDR). It has a

short metabolic half-life (approx. 4 hours).
Importance of vitamin D

= maintenance of calcium and phosphorus homeostasis by direct
effect on intestine, kidney and bone:
= increases calcium absorption in the small intestine and kidney
tubules by actively acting on calcium channels;
= regulates osteoblast differentiation ;
= stimulates the expression of alkaline phosphatase in the bone matrix;
= stimulates the formation of osteoclasts (osteoclastogenesis) through
cellular interaction with osteoblasts and cellular precursors of
osteoclasts;
= promotes bone mineralization;
= inhibits parathyroid hormone , which induces bone resorption; [2]
= it also has a number of extraskeletal effects - receptors for vitamin
D (VDR) are present in most tissues of the human body and at the
same time a number of (extra-renal) cells and tissues are able to
hydroxylate 25-OHD to calcitriol, however, many extraskeletal effects
of vitamin D have not yet been detailed clarified;
= the presence of VDR in macrophages , dendritic cells, T and B
lymphocytes supports the assumption of the importance of
vitamin D for the immune system;[3] experimental studies have
shown that a complete deficiency of vitamin D leads to severe
immunopathologies; [4! a reduced level of vitamin D is
associated with a higher incidence of viral infections of the
upper respiratory tract;[31617]
= calcitriol acts on muscle cell receptors and at low concentrations
(below 30 nmol/l) muscle strength decreases significantly and
the risk of falls increases in older women and men;!8!

The daily requirement here varies between 200-2000 IU, this value should
not be exceeded according to the recommendation. The need for vitamin
D is significantly increased during pregnancy. An overdose of vitamin D is
very rare and practically always caused by the artificial administration of
drugs, varying in values of daily intake of 5,000-10,000 IU. In an
inappropriate combination with the diet, it can already be a value of
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around 4,000 IU, when the clinical and laboratory picture is dominated by significantly increased calcium in the
blood and urine.[?] Excessive supplementation of vitamin D can lead to the development hypercalcemia,

nephrocalcinosis and formation kidney stones.[3!]

A deficiency of vitamin D is then manifested by a mineralization disorder, i.e. rickets in a growing organism,
respectively osteomalacia in adults. A smaller degree of vitamin D deficiency leads to reduced absorption of
calcium with a subsequent decrease in the concentration of calcium in the circulation (mainly ionized) and a
subsequent rise in the concentration of parathyroid hormone (secondary hyperparathyroidism). An increased
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concentration of parathyroid hormone in the circulation intensifies the activity of 1-a hydroxylase with a
subsequent rise in the active form of vitamin D and simultaneously stimulates bone resorption. During childhood
and adolescence, even a subclinical lack of vitamin D has negative consequences, as it prevents the full
development of the skeleton (i.e. reaching peak bone mass) and the consequence is a more frequent occurrence of
fractures and osteoporosis. [1]

Breast milk has a low vitamin D content, therefore supplementation with vitamin D3 is recommended for
newborns , which is not only better absorbed, but also has better pharmacokinetic and pharmacodynamic
properties than vitamin D2. It seems that vitamin D could also influence the immune function of the newborn. [11(9]

Source and metabolism

The main source of vitamin D3 is endogenous production in the skin, where it is produced from 7-
dehydrocholesterol (provitamin) under the action of UVB ultraviolet radiation (with a wavelength of 290-315 nm ).
The amount of vitamin D3 synthesized in the skin depends on the availability of 7-dehydrocholesterol and on
exposure to UV radiation (season, latitude, air pollution, use of sunscreen, covering the body). Melanin competes
with 7-dehydrocholesterol in the skin for photons of UV radiation, which therefore reduces the production of vitamin
D3. Therefore, people with dark skin need longer exposure to sunlight to create adequate amounts of vitamin D. In
areas above 40 degrees north and below 40 degrees south latitude in the winter months, the sun moves above the
horizon at such an unfavorable angle that vitamin D is practically not produced in the skin. With long-term sun
exposure, vitamin D intoxication does not occur due to the photolytic conversion of provitamin D3 into tachysterol
and lumisterol, which are inactive metabolites. [41[10]

Vitamin D can also be obtained to a lesser extent from the diet . Vitamin D3 is contained in fish liver oil, fatty fish
or egg yolk. Vitamin D2 can be synthesized by plants and fungi by the action of UVB on ergosterol (a provitamin).
Vitamin D is absorbed from the diet in the small intestine (in the duodenum and jejunum) in the form of
chylomicrons, which enter the bloodstream via the lymphatic system via the superior vena cava. (3]

Both D2 and D3 are biologically inactive and are activated in two steps (two-step hydroxylation): in the liver they
are changed (by the enzyme 25-hydroxylase) to biologically inactive 25-hydroxycholecalciferol (25-OHD, calcidiol,
calcifediol), which is further changed mainly in the kidneys but to a lesser extent also in other tissues (by the
enzyme la-hydroxylase) to the active form of vitamin D 1,25-dihydroxycholecalciferol (1,25(0OH) 2 D, calcitriol ).
The main regulatory factors of hydroxylation are the level of parathyroid hormone, phosphorus and calcium. This
active reconstruction that makes the vitamin de factohormone, takes place mainly in the kidneys, but many other
tissues have the necessary enzyme equipment, which can "locally produce" active vitamin D for the needs of their
own metabolic processes. [11 Local production of calcitriol occurs, for example, inside macrophages, lymphocytes,
placenta, keratinocytes, hair follicles, pancreas, endothelium, adrenal glands, colon, prostate, brain, mammary
glands. [10] Calcidiol and calcitriol circulate in the blood mainly bound to vitamin D binding protein (DBP). Calcitriol
triggers metabolic processes through the intracellular vitamin D receptor (VDR).

The influence of individual hormones on the level of Ca 2+ and phosphates in the blood!11112]
Vitamin D Parathyroid hormone Calcitonin

; 2+ ; ; 2+
kidneys | 1 reabsorption ca2* and phosphates T reabsorption Ca“™ and excretion of phosphates, | T excretion of Ca“<™,

stimulates the production of calcitriol T excretion of phosphates
. N . A inhibition of osteoclasts,
bone mineralization; bone resorption (osteoclast activation), o 24
bone ) . N A deposition of Ca“™ in
high levels, on the other hand, decalcify calcemia and phosphatemia rise bones
timulat i £ Ca 2+ and stimulates the production of calcitriol
intestine | SUMu'ates resorption orta an - stimulates the resorption of Ca2* and -

phosphates phosphates

Conversion of vitamin D3 units in sources: 1 ug = 40 IU .

Daily recommended dose: According to DACH 2000131 | from 1 to 65 years is 5 jug, over 65 years is 10 ug. A
new revision of the American recommended doses (IOM 2011) assumes a minimum exposure to sunlight
(recommended prevention of skin malignancies by sun protection) recommends 15 pg from 1 to 70 years, 20 ug
over 70 years .[14],

The daily loss of calcium from the body is about 200 mg (mainly through urine and the skin surface) and this must
be supplemented daily with a balanced metabolism. If the transport in the intestinal wall were completely passive,
the daily intake of calcium would have to be at least 2,500 mg in order to (passively) absorb the necessary 200 mg.
With active transport, ensured primarily by sufficient vitamin D, approx. 16% of the received dose is absorbed,
which mea[ns] that to replace the 200 mg loss, the daily intake of calcium through food must be at least 1,000-
1,200 mg. [1

Determination
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Saturation of the body with vitamin D is evaluated using the serum concentration of 25-OHD , which has a
relatively long half-life (2 to 3 weeks).[4]

Determination of the active form of vitamin D (1,25(0OH) 2 D) is performed only in case of nephropathy, otherwise it
is not recommended due to its short half-life (4 to 7 hours) and because its serum concentration is significantly
influenced by, for example, parathyroid hormone . [4]

The gold standard is the LC-MS/MS ( Liquid chromatography-mass spectrometry ) method, but immunochemical
methods are more commonly used due to its economic, equipment and personnel demands . [4]

Conversion of 25-OHD units in plasma: 2.5 nmol/l = 1 ng/ml
Deficit

A serum 25-OHD concentration <50 nmol/l is most commonly defined as
vitamin D deficiency, but there is no unequivocal agreement regarding

this value. This value was determined based on the analysis of the effect N
of 25-OHD on markers of bone metabolism, especially in relation to Yo

parathyroid hormone (PTH). (Clinically significant vitamin D deficiency
leads to PTH elevation after some time.) [4]

- ®
Normal plasma values of Ca, P, alkaline phosphatase (ALP) and V1gant0]
parathyroid hormone also indicate an adequate supply of vitamin D. In the [l
case of vitamin D deficiency, little calcium is absorbed, PTH is secreted — cholelalciferol |
osteoclasts are activated —» ALP in the serum rises. Increased values of colecalciferolum

parathyroid hormone (secondary parathyroidism) appear at a 250H D

concentration of 10-25 nmol/l, with insufficient calcium intake up to 50 P
nmol/I[13] '
perordlne kvapky
-
With a lack of vitamin D, the deposition of calcium in the newly formed i o

bone is disturbed and the bones become deformed. Clinical manifestations

of vitamin D deficiency are rickets in children (deformities of the long

bones of the lower limbs, craniotabes, caput quadratum, Harrison's MerckSerono
groove) and osteomalacia in adults (mainly deformities of the long bones ' L 1
of the lower limbs and pelvic bones). Vitamin D deficiency in later life also _
contributes to osteoporosis . Unlike osteomalacia, in osteoporosis the

normally mineralized bone mass is reduced, the bones are brittle and
break easily, but do not deform. Can be differentiated on x-ray.

Vigantol®, a mass-produced medicinal
Clinical manifestations of vitamin D deficiency occur on all continents, pLOd}JFt with cholecalciferol for oral
the risk group is especially children under 30 months, mostly infants - administration

there is little vitamin D in mother's milk, they are not exposed to much

sunlight and their growth is very intense (great need).

In recent years, subclinical deficiency (low level of 250HD) has been described in a significant percentage of the
population both in North America and in Europe, but the IOM [14] points out the lack of a general consensus on the
adequate level of plasmatic 250HD, and thus there is a possibility of overestimating the prevalence of deficiency in
the population.

Prevention: In the Czech Republic, the administration of vitamin D is recommended from 2 weeks during the
entire first year and in the winter months of the second year of life.

Excess

Hypervitaminosis occurs with an overdose of food supplements. It leads to hypercalcemia and eventually to soft
tissue calcification - damage to the heart and kidneys.

Most often, hypervitaminosis occurs in infants during improper prevention of rickets. Symptoms appear after 1-3
months of administration of excessive amounts of vitamin D: hypotonia, anorexia, irritability, polyuria, polydipsia —»
dehydration, constipation, palpable skyballs in the abdomen, thirst, pallor, vomiting.

The upper limit of daily long-term tolerable intake of vitamin D for adults is 50 ug according to DACH 2000
and 100 pg according to I0M [14],

Note

From an evolutionary point of view, vitamin D is one of the oldest hormones, which is also produced by some of the
first forms of life - phytoplankton. [3]

In recent years, considerable attention has been paid to the possible additional roles of vitamin D in the human body. Vitamin D receptors
(VDR) are present practically everywhere in the body, even in tissues that are not related to calcium and phosphorus homeostasis, and
genetic studies show that calcitriol affects the transcription of several hundred genes - 5% of the human genome . On this basis, some experts
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hypothesize a potential preventive and therapeutic role of vitamin D in connection with a whole range of diseases (tumor and autoimmune
diseases including type 1 diabetes, type 2 diabetes, cardiovascular diseases, hypertension, infectious diseases, neuropsychiatric disorders
and preeclampsia).

However, the American Institute of Medicine (1OM) [14lin 2011, after an exhaustive analysis, stated that the current evidence on the
extraskeletal role of vitamin D is inconsistent and inconclusive.

Links

Related articles

= Vitamins ¢ Fat Soluble Vitamins ¢ Vitamins in diet
= Calcium phosphate metabolism ¢ Disorders of Calcium And Phosphate Metabolism
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