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Vitamin B6, Magnesium, and Vitamin D: The Triple Play

Abstract
Vitamin B6, magnesium, and vitamin D are important antioxidants. Mg is a required cofactor for the synthesis of vitamin D and the 
active forms of vitamins B1,2,3,5,6,9,12 (seven of the eight B vitamins). Five of the seven (and magnesium) are critical to the methylation 
cycle, compromised by MTHFR (methylene tetrahydrofolate reductase) variants, present in the majority of Caucasians and Asians. 
Homocysteine (Hcy), a powerful pro-oxidant, is upregulated in these variants. Oxidative stress compromises mitochondrial function, 
required for the synthesis of the active form of vitamin D. Pyridoxal phosphate (P5P or PLP), the active form of B6, enhances the 
intracellular entry of magnesium and is required for the synthesis of the antioxidants melatonin and glutathione, oft called the “mother” 
of all antioxidants. Deficiencies of P5P and vitamin D are associated with decreased gut microbiota diversity and short chain fatty 
acids, e.g., butyrate, as seen in Long Covid (LC) and Chronic Fatigue Syndrome (CFS). This suboptimal gut microbiome reflects the 
continuing decline in the nutritional value of the Western diet. The interdependencies of and associations between P5P, magnesium, 
and 1,25(OH)2D, the active form of vitamin D, are explored.
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Introduction
Magnesium is a critical mineral in the human body and is 
involved in ~80% of known metabolic functions [1]. Vitamin D 
possesses invaluable antioxidant and anti-inflammatory properties. 
Approximately 75% of human immune system functions depend on 
maintaining a healthy, physiological serum 25(OH)D concentration 
[2]. P5P participates in over 4% of all known catalytic activities [3].

Vitamin C is probably the most widely discussed and touted of 
all vitamins, followed by vitamins D, B9 (folate), and B12. After 
magnesium and vitamins C/D, P5P is arguably the most important 
micronutrient but Vitamin B6 has languished in obscurity. The 
Western diet has not only seen a decline in nutritional value but it 
has also become imbalanced, as indicated by the ever increasing 
Ca:Mg. Deficiencies of P5P, Mg, and D have been primary victims 
of the deteriorating gut microbiome. The linkage between P5P, 
magnesium, 1,25(OH)2 D, and all of the B vitamins has also 

largely remained unexamined and has obscured the impact of the 
highly prevalent MTHFR variants.

The interrelationships between some nutrients can be leveraged to 
obtain synergistic effects using combinations [4]. P5P, magnesium, 
and 1,25(OH)2D3 are excellent examples of this.

P5P and Magnesium
P5P acts as cofactor for over 160 different enzymes, including many 
involved in the synthesis of neurotransmitters and collaborates 
with magnesium in many other enzymatic reactions [5]. All three 
forms of B6-pyridoxine (most common form in supplements), 
pyridoxal, pyridoxamine-are inactive and must be phosphorylated 
(ATP-Mg complex required) for activation. PNPO (pyridoxine 
phosphate oxidase) is the rate limiting step to reach the active 
form-P5P (see figure 1).
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Figure 1: Most B vitamin supplements contain B6 as pyridoxine that ironically competes with P5P for receptor sites 
and can lead to symptoms of B6 deficiency. 

 
According to a 2003-4 NHANES study by the NIH [6], 24% of Americans who do not supplement with B6 and 11% 
of those that do have deficient blood levels of P5P. This conforms to a report that pyridoxine, the inactive form and 
the most common form in B supplements, competitively inhibits P5P and causes a peripheral neuropathy [7]. B2 is 
a required cofactor for the synthesis of P5P (Figure 1). This means that if B2 is deficient without P5P 
supplementation, then B6 supplementation as pyridoxine can cause symptoms of B6 deficiency. 

 
Decreased gamma-amino-butyric acid (GABA) appears to mediate the peripheral neuropathy [8]. Conversion of 
glutamate to GABA requires a P5P-dependent decarboxylase. Magnesium bioavailability is increased by the 
concomitant intake of vitamin P5P [9]. Pyridoxal phosphate but not pyridoxine, appears to form a complex with 
magnesium and hence may enhance the transport or accumulation of magnesium in cells [10]. 

 
Several recent articles have challenged this beneficial effect of B6 on magnesium absorption [11,12]. But both 
employed Magne, which is 300 mg Mg and 30 mg pyridoxine. Another article claimed that B6 enhances erythrocytic 
Mg but only at high doses and that high doses risk peripheral neuropathy. This study also used Magne [13]. Even the 
NIH in its Aug 2023 update on B6 failed to acknowledge the efficacy differential between pyridoxine and P5P. 
Furthermore, taking P5P concomitantly with magnesium can potentially double [14] or triple [10] the absorption of 
magnesium. 

 
Not only does P5P enhance cellular uptake of magnesium but magnesium enhances that of P5P [15]. This impacts 
the P5P decarboxylases that produce serotonin, dopamine, and GABA. P5P even enhances libido in both sexes by 
inhibiting prolactin. In addition to these neurotransmitters, melatonin and glutathione synthesis also requires P5P. 

 
The combination of P5P and magnesium supersedes magnesium alone in alleviating PMS [16]. Additionally several 
studies have shown P5P to be more efficacious than pyridoxine in treating microcytic anemias [17,18]. In one [18] 
researchers found that a 50 mg/day dose of P5P was much more effective than a 300 mg/day dose of pyridoxine. 
Oral contraceptives and pregnancy can deplete P5P [19]. Estrogens compete with other P5P dependent enzymes for 
P5P [20]. This suggests that females in their reproductive years might be more susceptible to P5P deficiency. 
Magnesium deficiency in females is also more common during these years (Figure 2). Are these concomitant 
deficiencies linked? This raises a provocative question about the predilection for LC in this same gender and age 
range. 
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symptoms of B6 deficiency.

According to a 2003-4 NHANES study by the NIH [6], 24% of 
Americans who do not supplement with B6 and 11% of those that 
do have deficient blood levels of P5P. This conforms to a report 
that pyridoxine, the inactive form and the most common form in 
B supplements, competitively inhibits P5P and causes a peripheral 
neuropathy [7]. B2 is a required cofactor for the synthesis of 
P5P (Figure 1). This means that if B2 is deficient without P5P 
supplementation, then B6 supplementation as pyridoxine can 
cause symptoms of B6 deficiency.

Decreased gamma-amino-butyric acid (GABA) appears to 
mediate the peripheral neuropathy [8]. Conversion of glutamate 
to GABA requires a P5P-dependent decarboxylase. Magnesium 
bioavailability is increased by the concomitant intake of vitamin 
P5P [9]. Pyridoxal phosphate but not pyridoxine, appears to form 
a complex with magnesium and hence may enhance the transport 
or accumulation of magnesium in cells [10].

Several recent articles have challenged this beneficial effect of 
B6 on magnesium absorption [11,12]. But both employed Magne, 
which is 300 mg Mg and 30 mg pyridoxine. Another article 
claimed that B6 enhances erythrocytic Mg but only at high doses 
and that high doses risk peripheral neuropathy. This study also used 
Magne [13]. Even the NIH in its Aug 2023 update on B6 failed 

to acknowledge the efficacy differential between pyridoxine and 
P5P. Furthermore, taking P5P concomitantly with magnesium can 
potentially double [14] or triple [10] the absorption of magnesium.

Not only does P5P enhance cellular uptake of magnesium but 
magnesium enhances that of P5P [15]. This impacts the P5P 
decarboxylases that produce serotonin, dopamine, and GABA. 
P5P even enhances libido in both sexes by inhibiting prolactin. 
In addition to these neurotransmitters, melatonin and glutathione 
synthesis also requires P5P.

The combination of P5P and magnesium supersedes magnesium 
alone in alleviating PMS [16]. Additionally several studies have 
shown P5P to be more efficacious than pyridoxine in treating 
microcytic anemias [17,18]. In one [18] researchers found that a 50 
mg/day dose of P5P was much more effective than a 300 mg/day 
dose of pyridoxine. Oral contraceptives and pregnancy can deplete 
P5P [19]. Estrogens compete with other P5P dependent enzymes 
for P5P [20]. This suggests that females in their reproductive 
years might be more susceptible to P5P deficiency. Magnesium 
deficiency in females is also more common during these years 
(Figure 2). Are these concomitant deficiencies linked? This raises 
a provocative question about the predilection for LC in this same 
gender and age range.
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Figure 2: The lower intake in females during their reproductive years suggests a possible correlation with LC in this 
same age range. 

 
P5P and MTHFR 
Magnesium is a required cofactor for eight steps in the synthesis of active D (Figure 3). 1-alpha hydroxylase aka 
CYP27B1 activity, responsible for synthesis of 1,25(OH)2D3, is B2 and mitochondrial dependent [21,22]. 
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P5P and MTHFR
Magnesium is a required cofactor for eight steps in the synthesis of active D (Figure 3). 1-alpha hydroxylase aka CYP27B1 activity, 
responsible for synthesis of 1,25(OH)2D3, is B2 and mitochondrial dependent [21,22].

Figure 3: Mg++ is a required cofactor for numerous enzymes in the synthesis of the active form of vitamin D as well as parathormone, 
integral to maintaining adequate serum calcium.
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The B2,3,6,9,12 vitamins are vital to the methylation cycle (Figure 4), critical in those with MTHFR variants. The active forms of all of 
these B vitamins require magnesium for either phosphorylation (B2,3,6) or methylation (B9,12).
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Figure 4: Vitamins B2,3,6,9 (folate),12 are all required for proper function of the methylation cycle. 

 
P5P (and magnesium) is a required cofactor for the synthesis of glutathione (Figure 4) and melatonin (Figure 5), 
both of which are powerful antioxidants, often deficient in those with Covid-19 [23]. In their absence the resultant 
oxidative stress induces mitochondrial dysfunction. This restricts mitochondrial dependent CYP27B1 and 
1,25(OH)2D synthesis. LC and CFS further aggravate oxidative stress, trigger tryptophan steal with B2 and B6 
consumption (Figure 5). This compromises the methylation cycle and energizes MTHFR related difficulties, 
especially elevated Hcy. Hyperhomocysteinemia is associated with P5P deficiency independent of vitamins 
B1,2,9,12 or antioxidant status [24]. 
 

 

Figure 5: As oxidative stress mounts, tryptophan pivots from the serotonin pathway to the kynurenine pathway 
(tryptophan steal). Production of ATP reverts from mitochondrial based to fermentation, which utilizes NAD+ (B3). 

 
Figure 3: Mg++ is a required cofactor for numerous enzymes in the synthesis of the active form of vitamin D as 
well as parathormone, integral to maintaining adequate serum calcium. 

 
The B2,3,6,9,12 vitamins are vital to the methylation cycle (Figure 4), critical in those with MTHFR variants. The 
active forms of all of these B vitamins require magnesium for either phosphorylation (B2,3,6) or methylation (B9,12). 
 
 

 
 
Figure 4: Vitamins B2,3,6,9 (folate),12 are all required for proper function of the methylation cycle. 

 
P5P (and magnesium) is a required cofactor for the synthesis of glutathione (Figure 4) and melatonin (Figure 5), 
both of which are powerful antioxidants, often deficient in those with Covid-19 [23]. In their absence the resultant 
oxidative stress induces mitochondrial dysfunction. This restricts mitochondrial dependent CYP27B1 and 
1,25(OH)2D synthesis. LC and CFS further aggravate oxidative stress, trigger tryptophan steal with B2 and B6 
consumption (Figure 5). This compromises the methylation cycle and energizes MTHFR related difficulties, 
especially elevated Hcy. Hyperhomocysteinemia is associated with P5P deficiency independent of vitamins 
B1,2,9,12 or antioxidant status [24]. 
 

 

Figure 5: As oxidative stress mounts, tryptophan pivots from the serotonin pathway to the kynurenine pathway 
(tryptophan steal). Production of ATP reverts from mitochondrial based to fermentation, which utilizes NAD+ (B3). 

Figure 4: Vitamins B2,3,6,9 (folate),12 are all required for proper function of the methylation cycle.
P5P (and magnesium) is a required cofactor for the synthesis of 
glutathione (Figure 4) and melatonin (Figure 5), both of which 
are powerful antioxidants, often deficient in those with Covid-19 
[23]. In their absence the resultant oxidative stress induces 
mitochondrial dysfunction. This restricts mitochondrial dependent 
CYP27B1 and 1,25(OH)2D synthesis. LC and CFS further 

aggravate oxidative stress, trigger tryptophan steal with B2 and B6 
consumption (Figure 5). This compromises the methylation cycle 
and energizes MTHFR related difficulties, especially elevated 
Hcy. Hyperhomocysteinemia is associated with P5P deficiency 
independent of vitamins B1,2,9,12 or antioxidant status [24].

Figure 5: As oxidative stress mounts, tryptophan pivots from the serotonin pathway to the kynurenine pathway (tryptophan steal). 
Production of ATP reverts from mitochondrial based to fermentation, which utilizes NAD+ (B3).
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This underscores the significance of P5P sufficiency in Caucasians 
and Asians ⅓ of whom have the 677T allele and another ⅓ 
of which have the 1298C allele. Heterozygosity of 677T or 
homozygosity of 1298C is associated with a 35% reduction in 
MTHFR activity, predisposing them to elevated homocysteine. 
Furthermore magnesium and P5P are required to convert excess 
Hcy into glutathione, the master antioxidant (Figure 4).

P5P also improves the immune response and increases CD4 and 
CD8 T cells [25]. The stimulation of CD8 T cells by P5P supports 
its reported anti-tumor properties [26]. This increase in CD8 T 
cells suggests that P5P might prove beneficial in Covid-19, which 
targets CD8 cells and increases CD4:CD8. In contrast HIV targeted 
CD4 cells and lowered this ratio. P5P decreases inflammatory 
cytokines, including Tumor Necrosis Factor Alpha (TNF-α) and 
Interleukin 6 (IL-6) [27].

P5P and Vitamin D, the Gut Microbiome Connection
Gut microbiome studies of both LC [28] and CFS [29] report 
deficiencies in butyrate and GABA producing bacteria, e.g., 
Bacteroides [30], Bifidobacterium dentium [31], and Lactobacillus 
brevium [32]. Bacteroides not only drives gut microbiota diversity 
but also is one of only six known species that produces P5P. P5P 
deficiency alone reduces the relative abundance of Bacteroides 
in the microbiota and directly reflects microbiota diversity 
(depressed) [33].

Men with the highest compared to lowest 1,25(OH)2D and activation 
ratios, i.e., active form/storage form (1,25(OH)2D/25(OH)D), are 
more likely to possess butyrate-producing bacteria associated with 
favorable gut microbial health [34].

Vitamin D and Magnesium
Vitamin D efficacy diminishes as Ca:Mg exceeds 2.6 (mean from 
1977 NHANES II) for colorectal cancer [35], prostate cancer [36], 
esophageal cancer [37], cardiovascular disease [37], metabolic 
syndrome[37], total mortality [37], and cognitive function [38]. An 
elevated Ca++ and a depressed Mg++ (high Ca:Mg) are directly 
linked to Alzheimer’s Disease (AD) [39,40].

In the West as the wave of AD cases builds, it is important to note 
that Ca++ dysregulation plays a prominent role in both AD and 
amyloid β deposition [41]. AD predisposition is associated not only 
with an elevated Ca:Mg but also with an elevated homocysteine 
[42] and depressed Vitamin D[43]. Mitochondrial dysfunction 
due to oxidative stress triggers the tryptophan steal, leading to 
additional consumption of B2 and P5P (Figure 5).

Whether depending on solar exposure (10am to 2pm) or 
D3 supplements, the benefits of vitamin D are increasingly 
marginalized in the face of a magnesium deficiency (Figure 6). 
Magnesium is required for synthesis of the active form of B2.
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Figure 6: In the absence of adequate magnesium (and B2) the benefits of solar exposure diminish. Chronic inflammation and the induced 
tryptophan steal aggravate this (see figure 5).

Summary
Thus, deficiencies in P5P, magnesium, and vitamin D are 
inextricably linked to chronic inflammation and exacerbated by 
MTHFR variants. Depressed P5P and vitamin D further reflect the 
same gut microbiome seen in LC and CFS.

In chronic disease, e.g., LC, CFS, autoimmune disease, ROS 
accumulate due to the antioxidant shortfall, especially P5P 

dependent melatonin (see figure 5) and glutathione (Figure 3). 
The resultant oxidative stress overloads mitochondria, depressing 
1,25(OH)2D synthesis, consuming B2 and B6 (Figure 4), and 
further aggravating MTHFR related hypomethylation (see figure 
3). P5P directly reflects diverse gut microbiota, lacking in both LC 
and CFS.

Almost all B vitamins require magnesium for activation, either 
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phosphorylation or methylation. MTHFR variants dictate 
predominantly hypomethylation and increased Hcy. Hcy is highly 
influenced by B vitamin status, specifically status of B2,3,6,9,12 
(Figure 4). P5P deficiency restricts not only methylation and 
recycling of Hcy but also limits the synthesis of glutathione from 
Hcy in the trans-sulfuration pathway (Figure 4).

Conclusion
As described, many studies have challenged the enhanced efficacy 
of magnesium in combination with B6. But these are all seriously 
flawed, as detailed. Reports challenging the efficacy of vitamin D 
and magnesium. have also appeared on occasion [ 44] and multiple 
flaws revealed [45]. The RDA for many micronutrients are out of 
date or demonstrably in error, e.g., 25(OH)D3 [45].

Confounding factors in many of these challenging studies are 
insufficiently evaluated. Declining dietary nutrition, escalating 
oxidative stress, be it infectious or lifestyle related, and suboptimal 
gut microbiota make this triple play imperative. P5P appears to 
enhance cellular entry of magnesium (and vice versa), be they 
enterocytes, erythrocytes, or neurons. Vitamin, magnesium are the 
superstars, but P5P plays a strong supporting role. The domino 
effect of P5P on increasing intracellular magnesium, which then 
enables synthesis of vitamin D, cannot be overemphasized. 
But the distinction between P5P and its pretenders (pyridoxine, 
pyridoxamine) must not be overlooked.
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