
Vitamin D plays a crucial role in maintaining the integrity and function of the blood-brain barrier

(BBB), a specialized structure that regulates the passage of substances between the

bloodstream and the central nervous system. Recent research has revealed that beyond its well-

known role in calcium homeostasis and bone health, vitamin D exerts significant neuroprotective

effects through its actions on the BBB, with important implications for various neurological

conditions.

Vitamin D exists in several forms, with its active metabolite calcitriol (1,25(OH)₂D₃) being

primarily responsible for its biological activities. Circulating 25(OH) vitamin D crosses the blood-

brain barrier and enters glial cells and neuronal cells where it is converted into its active form,

1,25(OH)₂D₃ . This active form mediates its effects by binding to the vitamin D receptor (VDR),

which is expressed throughout the central nervous system, including areas critical for cognition

such as the hippocampus, amygdala, hypothalamus, cortex, and subcortex .

The presence of VDRs in human brain microvascular endothelial cells (HBMECs), which are

essential components of the BBB, further emphasizes vitamin D's direct role in BBB function .

This widespread distribution of VDRs in the brain enables vitamin D to exert protective effects on

various aspects of BBB integrity and function.

Multiple studies have demonstrated that vitamin D helps maintain BBB integrity under various

pathological conditions:

The Importance of Vitamin D to the Blood-Brain
Barrier

Vitamin D Metabolism and the Brain

[1]

[2] [1]

[3]

Protective Effects of Vitamin D on BBB Integrity

Prevention of BBB Disruption

1. Ischemic Stroke: Vitamin D prevents BBB dysfunction following ischemic injury. Research

shows that vitamin D3 protects against BBB disruption after stroke, while vitamin D

deficiency worsens BBB damage, potentially increasing stroke severity and long-term

effects . Calcitriol reduces brain injury and attenuates vasogenic edema by upregulating

antioxidant enzymes activities, reducing cell apoptosis, and increasing Brain-Derived

Neurotrophic Factor (BDNF) protein in brain tissue .
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2. Traumatic Brain Injury (TBI): Vitamin D3 supplementation ameliorates neurological deficits

and cognitive impairments induced by TBI by reducing brain edema and impairments of the

BBB . This protection is associated with decreased inflammatory responses in the brain

following injury.
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Studies using mouse brain endothelial cell culture models have shown that 1,25(OH)₂D₃ prevents

the decrease in barrier function measured by transendothelial electrical resistance and

permeability following hypoxic injury . This protection is mediated through VDR signaling, as

blocking the interaction between vitamin D and VDR inhibits these protective effects.

Several mechanisms underlie vitamin D's protective effects on the BBB:

Vitamin D maintains BBB integrity by preserving tight junction proteins, which are essential for

BBB function:

Vitamin D exerts anti-inflammatory and antioxidant effects that contribute to BBB protection:

3. Multiple Sclerosis (MS): Vitamin D preserves BBB integrity at the spinal cord level in MS

models . The active form of vitamin D (1α,25-(OH)₂D₃) directly protects the BBB in multiple

sclerosis by maintaining tight junction proteins .
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4. Subarachnoid Hemorrhage: Intranasal administration of vitamin D3 attenuates BBB

disruption by upregulating osteopontin (OPN) and subsequent CD44 and P-gp glycosylation

signals in brain endothelial cells .[9]

Protection Against Hypoxic/Ischemic Injury
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Molecular Mechanisms of BBB Protection by Vitamin D

Regulation of Tight Junction Proteins

1. Upregulation of Tight Junction Proteins: Vitamin D upregulates the expression of tight

junction proteins including zonula occludens-1 (ZO-1), claudin-5, and occludin after ischemic

stroke . In multiple sclerosis models, vitamin D increases ZO-1 mRNA expression in the

lumbar spinal cord .
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2. Prevention of Tight Junction Degradation: Pretreatment of human brain microvascular

endothelial cells with 1α,25-(OH)₂D₃ attenuates the decrease of ZO-1 and claudin-5

following inflammatory stimulation .[3]

Anti-inflammatory and Antioxidant Actions

1. Inhibition of Inflammatory Pathways: Vitamin D prevents the activation of NF-κB, a key

regulator of inflammatory responses, and reduces the expression of matrix

metalloproteinase-9 (MMP-9), which can degrade BBB components .[10]

2. Reduction of Inflammatory Cytokines: Vitamin D inhibits inflammatory cytokines, which are

known to disrupt BBB integrity .[7] [8]

3. Enhancement of Antioxidant Defenses: Calcitriol upregulates antioxidant enzyme

activities, protecting the BBB from oxidative stress-induced damage .[5] [6]



Vitamin D promotes neuroprotection through various signaling pathways:

The protective effects of vitamin D on the BBB have significant clinical implications:

Vitamin D plays a crucial role in maintaining BBB integrity through multiple mechanisms, including

regulation of tight junction proteins, anti-inflammatory and antioxidant actions, and activation of

neuroprotective signaling pathways. Vitamin D deficiency may compromise BBB function,

potentially contributing to the pathogenesis and progression of various neurological disorders.

Conversely, vitamin D supplementation may protect the BBB and mitigate neurological damage

in conditions characterized by BBB disruption.

Given the widespread prevalence of vitamin D deficiency and its implications for brain health,

maintaining adequate vitamin D levels may be an important preventive measure for BBB-related

neurological conditions. Further research is needed to optimize therapeutic interventions with

vitamin D for the prevention and treatment of neurological disorders associated with BBB

dysfunction.

⁂

Neuroprotective Signaling

1. Upregulation of BDNF: Calcitriol increases the expression of Brain-Derived Neurotrophic

Factor (BDNF), a protein that supports neuronal survival and function .[5]

2. Reduction of Apoptosis: Vitamin D reduces cell apoptosis in brain tissue following ischemic

injury, contributing to BBB preservation .[5]

3. Amyloid Beta Clearance: Vitamin D increases brain-to-blood Aβ efflux across the BBB,

potentially reducing amyloid plaque formation in Alzheimer's disease .[2] [1]

Clinical Implications

1. Risk Factor for Vascular Diseases: Vitamin D deficiency is a risk factor for many vascular

diseases, including stroke . Maintaining adequate vitamin D levels may help prevent BBB

dysfunction associated with these conditions.

[10]

2. Therapeutic Potential: Vitamin D supplementation may be beneficial in neurological

conditions involving BBB disruption, such as stroke, traumatic brain injury, multiple sclerosis,

and potentially Alzheimer's disease. In animal models of ischemic stroke, vitamin D

supplementation reduced brain infarction volume, attenuated brain edema formation, and

improved BBB function .[5]

3. Cost-Effective Management Strategy: Intranasal vitamin D3 has been identified as a novel

strategy for the cost-effective management of subarachnoid hemorrhage by protecting the

BBB .[9]

Conclusion
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