
Vitamin C (ascorbic acid) appears to play a significant role in vitamin D metabolism and may

influence the activation of the vitamin D receptor (VDR), though the relationship is complex and

dose-dependent. This comprehensive analysis examines the interplay between these two

essential nutrients and the mechanisms through which vitamin C may affect vitamin D

functionality in the body.

The vitamin D receptor is a ligand-activated transcription factor that mediates the biological

effects of vitamin D, specifically its active form 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), also

known as calcitriol . VDR is expressed in most tissues of the body and regulates the

transcription of genes involved in calcium and mineral metabolism, as well as cellular

proliferation, differentiation, and immune function . When activated by 1,25(OH)2D3, the VDR

forms a heterodimer with the retinoid X receptor (RXR) and binds to vitamin D response

elements (VDREs) in the promoters of target genes, affecting their transcription .

The VDR-mediated effects of vitamin D extend far beyond calcium homeostasis and bone

metabolism. Research indicates that VDR activation influences hundreds of genes in the human

genome, including those responsible for regulating cellular proliferation, differentiation,

apoptosis, and angiogenesis . This broad impact underscores the importance of proper VDR

function for overall health.

Scientific evidence suggests that vitamin C plays a crucial role in vitamin D metabolism and may

affect VDR activation through several mechanisms:

Studies in guinea pigs have demonstrated that ascorbic acid deficiency significantly impairs

vitamin D metabolism and receptor function. When vitamin C is deficient, several adverse effects

occur:
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Vitamin C's Impact on Vitamin D Metabolism

Effects of Vitamin C Deficiency on Vitamin D Function

1. Serum calcium and bone calcium levels decrease moderately

2. 25-hydroxycholecalciferol (25(OH)D, the storage form of vitamin D) tends to decline

3. Renal 25-hydroxycholecalciferol-1-hydroxylase (1-OHase) activity, which is responsible for

converting 25(OH)D to the active 1,25(OH)2D3, decreases by approximately 50%



Additionally, vitamin C deficiency potentiates the effects of vitamin D deprivation and impairs the

restorative action of vitamin D supplementation . These findings strongly suggest that

adequate vitamin C is essential for normal vitamin D metabolism and receptor binding.

Human studies have revealed that vitamin C's influence on vitamin D metabolism is dose-

dependent. When administered at a moderate dose of 150 mg/day intravenously for 10 days,

ascorbic acid promotes a significant increase in serum 1,25(OH)2D3 levels . This suggests that

at physiologically relevant doses, vitamin C enhances the synthesis of the active form of vitamin

D.

However, this relationship becomes more complex at higher doses. When the same subjects

received 1,000 mg/day of intravenous ascorbic acid for 10 days, researchers observed a

significant decrease in serum 1,25(OH)2D3 levels . This biphasic effect indicates that vitamin C

promotes 1,25(OH)2D3 synthesis at moderate doses but may inhibit it at higher doses. The

researchers proposed that this inhibitory effect at higher doses might be mediated by calcium or

through a direct effect of ascorbate on the 1-alpha-hydroxylase enzyme responsible for the final

activation step of vitamin D .

The exact molecular mechanisms through which vitamin C influences vitamin D metabolism and

VDR activation are not fully elucidated, but several possibilities exist:

Vitamin C may serve as a cofactor for the hydroxylation reactions involved in vitamin D

metabolism. The conversion of vitamin D to its active form requires two hydroxylation steps: first

in the liver to form 25(OH)D and then in the kidneys to form 1,25(OH)2D3 . As a powerful

antioxidant, vitamin C could maintain the reduced state of iron in the hydroxylase enzymes,

supporting their optimal function .

The decrease in both VDR concentration and receptor occupancy observed in vitamin C

deficiency suggests that ascorbic acid may play a role in maintaining VDR protein stability or

enhancing the binding of 1,25(OH)2D3 to the receptor . This could occur through direct

effects on the receptor protein or indirectly through redox-dependent mechanisms.

4. 25-hydroxycholecalciferol-24-hydroxylase activity, which breaks down vitamin D

metabolites, increases 1.6-fold

5. VDR concentration in intestinal mucosa decreases by 20-30%

6. The percentage of occupied vitamin D receptors decreases from 12-15% to 6-8% [4]
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Vitamin C might also influence the expression of genes involved in vitamin D metabolism and

signaling. While specific details are limited, genomic analyses have suggested connections

between vitamin C and vitamin D pathways . For example, vitamin C might affect the

expression of key genes such as Cyp27b1 (encoding 1-alpha-hydroxylase), Cyp24a1 (encoding

24-hydroxylase), or VDR itself.

The relationship between vitamin C and vitamin D/VDR has important implications for health and

clinical practice:

Given the evidence that vitamin C deficiency impairs vitamin D metabolism, ensuring adequate

intake of both nutrients may be important for optimal health. This is particularly relevant in

populations at risk for deficiency of either vitamin, such as the elderly, those with limited sun

exposure, or individuals with restricted diets .

The dose-dependent effects of vitamin C on vitamin D metabolism suggest that careful

consideration of dosage is important when using these vitamins therapeutically. Moderate

vitamin C supplementation might support vitamin D function, while very high doses could

potentially interfere with the synthesis of active vitamin D .

In critically ill patients, both vitamin C and vitamin D deficiencies are common and associated

with poor outcomes. Understanding the interaction between these vitamins may inform more

effective supplementation strategies in this population . Current international guidelines state

that hypovitaminoses should be compensated, though uncertainty about optimal dosage, timing,

and indication exists in clinical practice.

The evidence indicates that vitamin C does influence vitamin D metabolism and potentially VDR

activation, though in a nuanced and dose-dependent manner. At physiological to moderate

supplementation levels, vitamin C appears to support vitamin D synthesis and function, while

deficiency impairs vitamin D metabolism and receptor binding. However, at high doses, vitamin

C may actually inhibit the synthesis of active vitamin D.

These findings highlight the complex interrelationships between different micronutrients in

human physiology. Future research should further elucidate the molecular mechanisms

underlying the vitamin C-vitamin D interaction and explore the clinical implications of this

relationship for health and disease management.
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