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Abstract:

Vitamin D, a secosteroid hormone pivotal to numerous physiological processes, has garnered extensive
attention due to its dual origin from sunlight exposure and dietary intake. Structurally characterized by its
cholesterol-derived backbone, vitamin D exists primarily as ergocalciferol (D2) and cholecalciferol (D3), with
serum 25-hydroxyvitamin D [25(OH)D] levels between 30-100 ng/mL considered optimal for health. Beyond
its classical role in calcium homeostasis and bone mineralization, emerging research underscores its
immunomodulatory, anti-inflammatory, and metabolic functions. Deficiencies, prevalent globally, correlate
with pathologies ranging from osteoporosis to cardiovascular diseases, while toxicity, though rare, poses risks
of hypercalcemia. This review synthesizes current knowledge on vitamin D’s synthesis, mechanisms,
diagnostic approaches, and therapeutic strategies, offering a comprehensive perspective on its indispensability
in human health.
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1. Introduction: Structure and Normal Range 20 ng/mL indicating deficiency and levels exceeding

100 ng/mL posing toxicity risks (3).
Molecular Architecture of Vitamin D g P g y )

o . . . Historical Context and Evolution
Vitamin D comprises two bioequivalent forms:

ergocalciferol (D2), derived from plant ergosterol,
and cholecalciferol (D3), synthesized in human skin
or obtained from animal sources (1). Both forms
share a secosteroid structure, characterized by a
broken steroid B ring, enabling conformational
flexibility critical for receptor binding (2). The
prohormone 7-dehydrocholesterol in epidermal
keratinocytes undergoes UVB-mediated cleavage to
form previtamin D3, which isomerizes to D3 (1).
Serum 25(OH)D, the primary circulating metabolite,
reflects vitamin D status, with concentrations below

The discovery of vitamin D traces back to the early
20th century, when rickets, a bone-deforming
disease, was linked to sunlight deprivation and
dietary insufficiency (4). Elucidation of its hormonal
activity in the 1970s revealed roles beyond skeletal
health, including immune regulation and cellular
differentiation (5). Contemporary studies emphasize
its pleiotropic effects, reshaping clinical guidelines
to address suboptimal levels in chronic diseases
(3,6).
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2. Synthesis of Vitamin D
Endogenous Photochemical Synthesis

Cutaneous synthesis accounts for 80-90% of
vitamin D in humans. UVB radiation (290-315 nm)
penetrates  the  epidermis, converting  7-
dehydrocholesterol to previtamin D3, which
thermally isomerizes to D3 over 48 hours (1).
Latitude, season, skin pigmentation, and sunscreen
use critically influence synthesis efficiency. Melanin
competes for UV photons, reducing previtamin D3
production in darker-skinned individuals (7). Aging
further diminishes cutaneous capacity, exacerbating
deficiency risks (8).

Dietary and Supplemental Sources

While fatty fish (e.g., salmon, mackerel), egg yolks,
and fortified foods provide D2 and D3, dietary
intake alone rarely suffices to maintain optimal
levels (9). Supplements, available as D2 (plant-
based) or D3 (animal-derived), exhibit comparable
efficacy in raising serum 25(OH)D, though D3
demonstrates longer half-life and potency (3).

3. Methods of Vitamin D Synthesis
Industrial Production

Pharmaceutical-grade vitamin D2 is synthesized via
UV irradiation of ergosterol from yeast or fungi,
whereas D3 is produced by irradiating 7-
dehydrocholesterol extracted from lanolin (1).
Microencapsulation technologies enhance stability
in fortified foods, addressing global deficiency.

Laboratory Techniques

Modern synthesis employs photochemical reactors
to simulate UVB exposure, optimizing yield for
research and clinical use7. Advances in CRISPR-
Cas9 gene editing enable microbial production of 7-
dehydrocholesterol in yeast, promising sustainable
alternatives (1).

4. Role of Vitamin D in the Human Body

Skeletal Health and Calcium Homeostasis
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Vitamin D enhances intestinal calcium absorption by
upregulating TRPV6 and calbindin proteins,
mineral  availability for  osteoid
Parathyroid hormone (PTH)
synergizes  with  1,25-dihydroxyvitamin D
[1,25(0OH)2D] to mobilize bone resorption during
hypocalcemia, maintaining serum calcium within
narrow limits (10). Deficiency precipitates rickets in
children and osteomalacia in adults, characterized by
hypocalcified bone matrix (1).

ensuring
mineralization.

Immune Modulation and Anti-Inflammatory
Effects

1,25(0OH)2D binds vitamin D receptors (VDR) on
immune cells, inducing antimicrobial peptides like
cathelicidin and defensins, which combat bacterial
and viral pathogens (11). In autoimmune conditions
such as systemic lupus erythematosus (SLE),
vitamin D suppresses Th17 responses and promotes
regulatory T-cell differentiation, attenuating disease
activity (11). COVID-19 studies associate low
25(0H)D with severe outcomes, hypothesizing that
vitamin D mitigates cytokine storms by
downregulating NF-«xB and IL-6 (12,13).

Cardiovascular and Metabolic Regulation

Vitamin D deficiency correlates with left ventricular
diastolic dysfunction and hypertension, potentially
via renin-angiotensin system modulation (6,14). In
metabolic syndrome, it enhances insulin sensitivity
by upregulating GLUT4 transporters and inhibiting
hepatic gluconeogenesis. Adipose tissue VDR
activation reduces lipogenesis, addressing obesity-
related inflammation (6).

Role of vitamin D in diabetes

Diabetes Mellitus (DM) is a chronic, progressive
metabolic disorder characterized by persistent
hyperglycemia, arising from defects in insulin
secretion, insulin action, or both (15). Vitamin D
deficiency causes reduced insulin secretion, and
1,25(0OH)2D3 B-cell  function and
consequently glucose tolerance (16), Improvement
in action of insulin may be mediated by vitamin D

improves
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directly through the presence of VDRs in skeletal
muscles (17), Specifically to insulin insensitivity,
vitamin D was demonstrated to under-regulate the
activation of nuclear factor-kB, which plays a
regulatory role for genes of cytokines of pro-
inflammation implied in resistance of insulin (18).

Reproductive and Neurological Functions
Experimental models link vitamin D to prostate
health, where it inhibits inflammatory cytokines in
prostatitis. Hippocampal VDR expression supports
neurogenesis and myelination, with cholecalciferol
ameliorating stress-induced neuronal damage in rats
(19).

5. Laboratory Diagnosis of Vitamin D Status

Serum 25-Hydroxyvitamin D Assays
Immunoassays (ELISA, chemiluminescence) and
chromatographic methods (HPLC, LC-MS/MS)
guantify 25(0OH)D, the gold-standard biomarker (3).
LC-MS/MS superior  accuracy by
distinguishing D2 and D3 metabolites, crucial for
monitoring supplementation (3).

offers

Clinical Interpretation

Levels <20 ng/mL necessitate intervention, while
20-30 ng/mL indicate insufficiency (3). Populations
at high latitudes or with dark skin require routine
screening due to prevalent deficiency (20).

6. Vitamin D Deficiency

Etiology and Risk Factors

Inadequate sun exposure, malabsorption syndromes
(e.g., Crohn’s disease), and obesity (sequestration in
adipose tissue) drive deficiency (3). Elderly
individuals and institutionalized populations exhibit
heightened susceptibility due to reduced cutaneous
synthesis and dietary intake (20).

Clinical Manifestations

Beyond skeletal pathologies, deficiency exacerbates
periodontal disease by impairing dentin calcification
and antimicrobial defense. Prospective studies link
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low 25(OH)D to type 2 diabetes, cardiovascular
mortality, and colorectal cancer (6,14).

7. Vitamin D Toxicity

Pathogenesis and Symptoms

supplementation  (>10,000 1U/day)
overwhelms vitamin D-binding protein capacity,
causing free 1,25(0OH)2D to induce hypercalcemia.
Symptoms include nephrolithiasis, confusion, and
arrhythmias, necessitating hydration and
glucocorticoids (3).

Excessive

8. Dietary Sources of Vitamin D

Natural and Fortified Foods

Wild-caught salmon provides 600-1000 IU per 3.5
0z, whereas fortified milk and cereals contribute
100-150 IU per serving. Mushrooms exposed to UV
light synthesize D2, offering plant-based
alternatives (1).

9. Treatment of Vitamin D Deficiency

Supplementation Strategies

Daily dosing (20004000 IU D3) effectively restores
levels in most adults, while obese patients may
require doubled doses (3,6). Stoss therapy (50,000
IU weekly for 8 weeks) rapidly corrects severe
deficiency, with maintenance doses preventing
relapse (3).

Adjunctive Therapies

Co-administration ~ with  calcium  (1000-1200
mg/day) optimizes bone health in osteoporotic
patients. Monitoring serum calcium and 25(OH)D

every 3—6 months ensures safety and efficacy (3).

Conclusion

Vitamin D’s pleiotropic roles extend far beyond
skeletal integrity, encompassing immune resilience,
metabolic homeostasis, and neuroprotection. While
deficiency remains a global health burden, judicious
supplementation tailored to individual risk profiles
offers a safe, cost-effective preventive strategy.



Future

research must clarify optimal dosing

thresholds and explore vitamin D’s therapeutic
potential in chronic inflammatory and neoplastic
diseases.
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