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Review article

Non-nutritional uses of vitamin B6

David A. Bender
Department of Biochemistry and Molecular Biology, University College London, Gower Street, London WC1E 6BT, UK

(Received 16 April 1998 – Revised 21 August 1998 – Accepted 9 September 1998)

Vitamin B6 is a water-soluble vitamin, and is readily metabolized and excreted, so it has
generally been assumed to have negligible toxicity, although at very high levels of intake it can
cause peripheral nerve damage. Nutritional deficiency disease is extremely rare, although a
significant proportion of the population shows biochemical evidence of inadequate status, despite
apparently adequate levels of intake. The vitamin has been used to treat a wide variety of
conditions, which may or may not be related to inadequate intake. In some conditions use of
vitamin B6 supplements has been purely empirical; in other conditions there is a reasonable
physiological or metabolic mechanism to explain why supplements of the vitamin many times
greater than average requirements may have therapeutic uses. However, even in such conditions
there is little evidence of efficacy from properly conducted controlled trials.

Vitamin B 6: Carpal tunnel syndrome: Glucose tolerance: Premenstrual syndrome

In June 1997 the UK Department of Health Committee on
Toxicity proposed limits on the amounts of vitamin B6 that
may be supplied in supplements (Department of Health,
1997). The proposals can be interpreted as an attempt to
differentiate between levels of intake that may be consid-
ered to be nutritionally relevant and higher levels that can be
considered to be for pharmaceutical purposes, to treat a
disease or condition:

(1) up to 10 mg may be sold freely as a nutritional supple-
ment (this is some 6-fold higher than the reference
nutrient intake (RNI), although the value was derived
by extrapolation from toxicological data);

(2) 10–50 mg/d may only be sold in a pharmacy, where
professional advice is assumed to be available;

(3) over 50 mg/d may only be provided on prescription, since
at or above this level of intake there is considered to be a
risk of adverse effects, which therefore have to be balanced
against the benefits in treating a clinical condition.

The proposals generated very considerable controversy,
with arguments both from those who opposed all regulation
of nutritional supplements and those who did not oppose
regulation, but questioned the scientific evidence on which
the limits had been established. In July 1998 the proposed
legislation was put in abeyance, pending further examina-
tion of the evidence concerning toxicity of the vitamin.
Regardless of arguments concerning the safety of high

intakes of vitamin B6, there is a need to consider the
evidence for efficacy of the vitamin in treating the variety
of conditions for which it is widely recommended, often at
intakes of up to 250–500 mg/d (compared with the RNI of
1⋅2–1⋅5 mg/d). The aim of the present review is to examine
the evidence for the efficacy of vitamin B6 supplements in
treating a variety of conditions.

Metabolism and metabolic functions of vitamin B6

Six vitamers have vitamin B6 metabolic activity: pyridox-
ine, pyridoxal and pyridoxamine, and their 59-phosphates.
The metabolically active coenzyme is pyridoxal 59-phos-
phate (PLP). In the liver there is rapid oxidation of the other
vitamers to pyridoxal, and rapid phosphorylation to PLP,
which is the main circulating vitamer exported from the
liver bound to albumin. Uptake into peripheral tissues is by
extracellular dephosphorylation, followed by metabolic
trapping intracellularly as PLP. PLP that is not bound to
enzymes is rapidly dephosphorylated, and surplus pyridoxal
in tissues is oxidized to pyridoxic acid, which is the main
urinary metabolite of the vitamin.

In amino acid metabolism PLP reacts with thea-amino
group of the substrate; reactions of PLP-dependent enzymes
include:

(a) decarboxylation of amino acids to yield amines, which are
neurotransmitters or hormones, e.g.g-aminobutyrate,
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histamine, noradrenaline (and hence adrenaline),
serotonin;

(b) transamination of amino acids to yield their keto-acids
(oxo-acids), which are then oxidized as metabolic fuels;

(c) a variety of reactions involving the side-chains of amino
acids, including kynureninase (EC 3.7.1.3), cystathio-
nine synthetase (EC 4.2.1.22) and cystathionase (EC
4.4.1.1);

(d) decarboxylation of phosphatidylserine to phosphatidyl-
ethanolamine in phospholipid synthesis.

In glycogen phosphorylase (EC 2.4.1.1) PLP acts as a
phosphate buffer at the active site of the enzyme (Palmet al.
1990). Before this catalytic role was established, it was
assumed that muscle acted as a storage pool of vitamin B6;
however, PLP is not released from muscle in times of
deficiency, although it is released in prolonged fasting,
when glycogen reserves are depleted, and there is an
increased requirement for PLP in the liver for transamina-
tion of amino acids for gluconeogenesis (Blacket al. 1977,
1978).

PLP also acts to terminate the actions of steroid and other
nuclear-acting hormones, including vitamins A and D and
thyroid hormone. It binds to a lysine residue in the hormone
receptor protein, displacing it from binding to the hormone-
response element on DNA, and so ending the enhancement
of gene expression. Studies in experimental animals have
shown that various steroid hormones are accumulated in the
nucleus of target tissues to a greater extent, and for longer,
in vitamin B6 deficiency, with some evidence of enhanced
end-organ responsiveness to low doses of hormones (Symes
et al. 1984; Bowdenet al. 1986; Bender, 1987). Studies with
cells in culture have shown that acute vitamin B6 depletion
(addition of the antimetabolite 4-deoxypyridoxine) leads to
a twofold increase in hormone-stimulated rate of expression
of genes with a variety of hormone-response elements, and
conversely, addition of high concentrations of pyridoxal to
the culture medium results in a halving of the rate of gene
expression in response to the hormones (Allgoodet al.
1990; Allgood & Cidlowski, 1992; Tullyet al. 1994).

Maksymowychet al. (1993) reported that pyridoxal had a
cytotoxic effect towards melanoma cells in culture, prevent-
ing glucocorticoid action. Administration of vitamin B6 has
been demonstrated to prevent the development of fetal
abnormalities induced in experimental animals by the vita-
min A analogue, etretinate (Jacobsson & Granstrom, 1996),
and Keyet al. (1997) reported a potential protective effect
of vitamin B6 against prostate cancer, presumably due to
attenuation of steroid hormone responsiveness of target
tissues.

Requirements and reference nutrient intakes

Clinical deficiency of vitamin B6 is more or less unknown;
the only reported cases were in the early 1950s, associated
with infant milk formula that had been severely overheated
in manufacture, leading to the formation of pyridoxyllysine
by reaction between the vitamin and thee-amino groups of
lysine in protein (Coursin, 1954). Not only is pyridoxylly-
sine nutritionally unavailable as a source of the vitamin, but
it also has antivitamin activity (Gregory, 1980a,b).

Estimates of requirements and RNI are based on
depletion–repletion studies in which either the plasma
concentration of the vitamin or the ability to metabolize a
test dose of tryptophan or methionine was used as the index
of adequacy (Miller & Linkswiler, 1967; Kelsayet al.
1968a,b; Canhamet al. 1969). Coburn (1996) has shown
that although some 70–80 % of total body vitamin B6 is
associated with muscle glycogen phosphorylase, this pool
has a slow turnover; the remaining 20–30 % of the body
pool, largely associated with amino acid metabolism (and
steroid hormone action), has a more rapid turnover. There-
fore it is likely that protein intake, or the burden of amino
acids to be metabolized, will have a significant effect on
vitamin B6 requirements. Certainly the depletion–repletion
studies of Miller & Linkswiler (1967), Kelsayet al.
(1968a,b) and Canhamet al. (1969) demonstrated that
biochemical evidence of depletion developed more rapidly
during depletion in subjects fed on a high-protein diet, while
repletion required a higher intake of the vitamin than in
subjects fed on a low-protein diet. Current RNI are calcu-
lated on the basis of 15mg vitamin B6 /g protein intake
(Department of Health, 1991).

Average intakes of vitamin B6 in Britain are significantly
above the RNI, and even people in the lowest 2⋅5 centile
meet the RNI (Gregoryet al. 1990). However, several
studies show that a significant proportion of adults have
biochemical evidence of inadequate vitamin B6 nutrition by
one or other of the two criteria most commonly used:
plasma concentration of PLP or erythrocyte transaminase
activation coefficient (see Table 1). This suggests that
current estimates of vitamin B6 requirements may be too
low, although there is little evidence that marginal plasma
concentrations of PLP or marginally elevated transaminase
activation coefficients have any functional significance.

Kretsch et al. (1995) and Hansenet al. (1996) have
investigated a number of markers of status in vitamin B6

depletion–repletion studies in women; both studies suggest
that the requirement to meet the most sensitive criteria of
adequacy indicates an RNI of 20mg/g protein. It is not clear
whether this represents a sex difference (most of the earlier
studies were performed on men) or whether the more
recent studies were more sensitive in detecting marginal
inadequacy.

Potential benefits of higher levels of intake:
homocysteine metabolism

The identification of hyperhomocysteinaemia as an inde-
pendent risk factor in atherosclerosis and CHD (Verhoef &
Stampfer, 1995; Boers, 1997; D’Angelo & Selhub, 1997)
has led to suggestions that intakes of vitamin B6 higher than
are currently considered adequate to meet requirements may
be desirable. Homocysteine is an intermediate in methio-
nine metabolism, and may undergo one of two metabolic
fates, as shown in Fig. 1: remethylation to methionine (a
reaction that is dependent on vitamin B12 and folic acid), or
onward metabolism leading to the synthesis of cysteine
(trans-sulfuration).

The trans-sulfuration pathway has two PLP-dependent
enzymes: cystathionine synthetase and cystathionase, and
forms the basis of the methionine load test for vitamin B6
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status: measurement of homocysteine in plasma or urine
after a test dose of methionine (Linkswiler, 1981). It has
been considered to be less subject to artifacts and false
positive results than the tryptophan load test (Bender &
Wynick, 1981).

Selhubet al. (1993) reported measurements of plasma
homocysteine and vitamin B6 and folate status in 1160
elderly survivors (aged 67–96 years) of the Framingham
study cohort. Hyperhomocysteinaemia was most signifi-
cantly correlated with low folate status, but there was also
a significant association with low vitamin B6 status. Results
from the Nurses’ Health Study (Rimmet al. 1998) showed

that cardiovascular disease risk was lowest among those
women with the highest intakes of folate and vitamin B6.
Since the sources of both folate and vitamin B6 in those
people with the highest intakes were fortified breakfast
cereals and multivitamin supplements, the authors con-
cluded that it was not possible to distinguish between
potential protective effects of the two vitamins.

Ubbinck and coworkers (Ubbincket al. 1994; Ubbinck,
1997) showed that while folate supplements lowered fasting
homocysteine levels in moderately hyperhomocysteinaemic
subjects, 10 mg vitamin B6 /d had no effect. Dierkeset al.
(1998) similarly showed that while folate supplements
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Table 1. Evidence of inadequate vitamin B6 nutritional status in developed countries

n % Deficient Criterion Reference

Breast-fed infants 84 10 Pyridoxal phosphate Wilson & Davies (1984)
Preschool children 35 9 Pyridoxal phosphate Fries et al. (1981)
Young women embarking on contraceptive study 129 0⋅8 Pyridoxal phosphate Bender (1993)
Young women embarking on contraceptive study 129 13⋅2 Aspartate transaminase activation Bender (1993)
Adolescent girls 127 13 Alanine transaminase activation Kirksey et al. (1978)
Pregnant adolescents 122 17 Alanine transaminase activation Martner-Hawes et al. (1986)
Low-income pregnant women 127 68 Alanine transaminase activation Schuster et al. (1981)
Pregnant women 458 42 Aspartate transaminase activation Heller et al. (1973)
Hospital patients 650 25 Aspartate transaminase activation Lemoine et al. (1980)
Free-living elderly subjects 198 27 Pyridoxal phosphate Schrijver et al. (1987)
Free-living elderly subjects 198 26 Aspartate transaminase activation Schrijver et al. (1987)
Elderly men undergoing prostate surgery 94 4⋅3 Pyridoxal phosphate Bender (1993)
Elderly men undergoing prostate surgery 94 8⋅5 Aspartate transaminase activation Bender (1993)
Hospitalized elderly subjects 153 19 Aspartate transaminase activation Hoorn et al. (1975)
Hospitalized elderly subjects 102 28 Alanine transaminase activation Vir & Love (1978)
Men, various ages 617 25 Pyridoxal phosphate Rose et al. (1976)

Fig. 1. Methionine metabolism. Methionine synthetase, EC 2.1.1.13; methionine
adenosyltransferase, EC 2.5.1.6; cystathionine synthetase, EC 4.2.1.22; cystathionase,
EC 4.4.1.1.



reduced plasma homocysteine levels in people who were not
hyperhomocystinaemic, vitamin B6 supplements had no
effect. In Ubbinck’s studies, vitamin B6 supplements did
reduce the peak plasma concentration of homocysteine
following a test dose of methionine. This can probably be
explained on the basis of the kinetics of the enzymes
involved; the Km of cystathionine synthetase is 10-fold
higher than that of methionine synthetase (EC 2.1.1.13).
Under basal conditions, little homocysteine is metabolized
by way of the trans-sulfuration pathway; it is only after a
loading dose of methionine, when homocysteine rises to
high levels, that the activity of cystathionine synthetase,
rather than the concentration of its substrate, is limiting.

Thus it seems unlikely that intakes of vitamin B6 greater
than amounts that are adequate to prevent metabolic signs of
deficiency will be beneficial in lowering plasma concentra-
tions of homocysteine. This conclusion is supported by a
meta-analysis of intervention studies which demonstrated
no effect of vitamin B6 supplements on plasma homo-
cysteine (Homocysteine Lowering Trialists’ Collaboration,
1998).

Pharmacological uses of vitamin B6

A number of (rare) genetic conditions are known in which a
PLP-dependent enzyme has a defect in the coenzyme
binding site, and only has significant activity when the
tissue concentration of PLP is very much higher than
normal. For such conditions (listed in Table 2), supplements
of 200–1000 mg/d are required for life (Frimpteret al. 1969;
Mudd, 1971; Fowler, 1985).

Vitamin B6 has been reported to be effective in suppression
of lactation (Marcus, 1975; Gupta & Sharma, 1990), although
other reports have shown no difference from placebo (Mac-
donald et al. 1976). Because the vitamin suppresses the
increase in prolactin induced by treatment with the dopamine
receptor antagonist pimozide, and because lactation is also
suppressed by the dopamine agonist bromocriptine (Boes,
1980), it has been suggested that it acts to stimulate dopami-
nergic activity in the hypothalamus (Delitalaet al. 1977).
However, it is more likely that its action is by reduction in
target tissue responsiveness to steroid hormones that stimulate
prolactin secretion.

Supplements of vitamin B6 ranging from 25 to 500 mg/d
have been recommended for treatment of a variety of
conditions, discussed later, in which there is an underlying
physiological or biochemical mechanism to justify the use
of supplements, although in most cases there is little

evidence of efficacy. It has also been used empirically,
with little or no evidence of efficacy, in the treatment of a
variety of conditions, including: acute alcohol intoxication
(Mardelet al. 1994), atopic dermatitis (Mabinet al. 1995),
autism (Rimlandet al. 1978; Rimland, 1988; Lelordet al.
1982; Pfeifferet al. 1995; Findlinget al. 1997), dental caries
(Hillman, 1964), diabetic peripheral neuropathy (Levinet al.
1981; Cohenet al. 1984), Down’s syndrome (Pueschelet al.
1980; Colemanet al. 1985), Huntington’s chorea (Barr
et al. 1978), schizophrenia (Bucci, 1973), and steroid-
dependent asthma (Suret al. 1993).

Side-effects of oral contraceptives

The high-dose oral contraceptives of the 1960s had a variety
of side-effects, including depression of mood and impaired
glucose tolerance. A number of studies showed that supple-
ments of 100 mg vitamin B6 /d relieved the depression and
normalized glucose tolerance in women taking contracep-
tives (Benninck & Schreurs, 1975; Adamset al. 1976;
Spellacyet al. 1977). Villegas-Salaset al. (1997) showed
that the side-effects of low-dose combined oral contracep-
tives, such as nausea, vomiting, dizziness, depression and
irritability, showed no greater response to 150 mg vitamin
B6 /d than to placebo.

Rose (1966a,b) was the first to report apparent vitamin
B6 deficiency in women taking high-dose oestrogen–
progestagen contraceptives. He reported impaired meta-
bolism of tryptophan with increased urinary excretion of
xanthurenic and kynurenic acids after a test dose of the
amino acid (see Fig. 2). Since then there have been many
reports of abnormal tryptophan metabolism in women
taking both oral contraceptives and menopausal hormone
replacement therapy, which have generally been interpreted
as indicating oestrogen-induced vitamin B6 deficiency or
depletion.

In many cases tryptophan metabolism has been normal-
ized by supplements of 20–50 mg vitamin B6 /d, but not by
nutritionally relevant amounts. Furthermore, when indices
of vitamin B6 status other than tryptophan metabolism have
been assessed (e.g. the metabolism of a test dose of
methionine, plasma concentrations of B6 vitamers or the
activation of erythrocyte transaminases by PLP addedin
vitro), these have been normal, suggesting that the impair-
ment of tryptophan metabolism may be due to an effect
other than vitamin B6 depletion.

One explanation of the beneficial effect of vitamin B6

supplements on tryptophan metabolism in women taking
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Table 2. Vitamin B6-responsive inborn errors of metabolism

Enzyme affected EC number

Convulsions of the newborn Glutamate decarboxylase (↓ GABA synthesis) 4.1.1.15
Cystathioninuria Cystathionase (see Fig. 1) 4.4.1.1
Gyrate atrophy with ornithinuria Orninthine-d-aminotransferase 2.6.1.13
Homocystinuria Cystathionine synthetase (see Fig. 1) 4.2.1.22
Primary hyperoxaluria, type 1 Peroxisomal alanine-glyoxylate transaminase 2.6.1.44
Sideroblastic anaemia d-Aminolevulinate synthase (↓ haem synthesis) 2.3.1.37
Xanthurenic aciduria Kynureninase (see Fig. 2) 3.7.1.3

GABA, g-aminobutyric acid; ↓, reduced.



oestrogens, and indeed of the extreme sensitivity of trypto-
phan metabolism as an index of vitamin B6 status, may lie in
the enzymology of kynureninase. In common with a number
of other PLP-dependent enzymes, kynureninase catalyses
not only its normal reaction (cleavage of theb-C–g-C bond
of the substrate, releasing alanine and hydroxyanthranilic
acid), but also, slowly, cleavage of thea-C–amino bond, the
half-reaction of transamination (Meister, 1990). This results
in formation of pyridoxamine phosphate at the active site of
the enzyme, and loss of activity. The enzyme can only be
reactivated if there is a sufficiently high concentration of
PLP to displace pyridoxamine from the catalytic site and
reform the active holo-enzyme. Normally there is a con-
siderable amount of catalytically inactive kynureninase in
the liver, which is activated by addition of PLPin vitro; this
may be either true apo-enzyme or enzyme that has been
inactivated by transamination.

Another factor which may account for the reduction in
excretion of tryptophan metabolites after a test dose in
people receiving relatively high supplements of vitamin
B6 is the effect of PLP on enzyme induction by steroid
hormones. The rate of entry of tryptophan into the oxidative
pathway is limited by the activity of tryptophan dioxygenase
(EC 1.13.11.11), which is induced by glucocorticoid hor-
mones; high intakes of vitamin B6 would be expected to
reduce synthesis of the enzyme by terminating hormone
action, so reducing metabolic flux through the pathway.

It was noted earlier that there is little evidence that
oestrogens cause vitamin B6 deficiency or depletion, and
although the metabolism of a test dose of tryptophan is
abnormal, other indices of vitamin B6 status are not. Bender
& Wynick (1981) showed that oestrogen metabolites are
competitive inhibitors of kynureninase, and will impair
tryptophan metabolism, leading to results of a tryptophan
load test similar to those seen in vitamin B6 deficiency, but
by a different mechanism. They concluded that the trypto-
phan load test was not a useful indicator of vitamin B6

status for use in field studies, although it is still useful in
experimental depletion–repletion studies to determine
requirements.

Impaired glucose tolerance and diabetes mellitus

Wynn & Doar (1966) reported impaired glucose tolerance in
18 % of women taking (high-dose) oral contraceptives,
which returned to normal on withdrawal of the steroids.
Impaired glucose tolerance is also common in pregnancy,
and may be severe enough to be classified as diabetes
mellitus, so-called gestational diabetes, which usually
resolves on parturition. In women taking oral contraceptives
and in gestational diabetes, several studies have shown that
supplements of about 100 mg vitamin B6 /d result in
improved glucose tolerance (Benninck & Schreurs, 1975;
Adamset al. 1976; Spellacyet al. 1977). Roseet al. (1975)
reported that vitamin B6 deficiency impaired glucose toler-
ance in women taking oral contraceptive steroids, but not in
control women, and the abnormality was corrected by
vitamin B6 supplements.

There are derangements of tryptophan metabolism in
pregnancy. As discussed earlier, oestrogen metabolites
inhibit kynureninase, and Bender & Totoe (1984a)

showed that oestrogens lead to reduced activity of kynur-
enine hydroxylase (EC 1.14.13.9) and hydroxyanthranilate
oxidase (EC 1.13.11.6) although the mechanism is unclear.
In animals, Van-de-Kamp & Smolen (1995) showed that
pregnancy has effects on tryptophan metabolism that are
additive to those seen in vitamin B6 deficiency, and that are
resistant to modest supplements of the vitamin. As a result,
in pregnancy or in response to (high-dose) oral contra-
ceptives, tissue concentrations of kynurenine, hydroxy-
kynurenine and xanthurenic and kynurenic acids are
higher than normal.

Kotake et al. (1975) suggested that the impairment of
glucose tolerance was associated with high plasma concen-
trations of xanthurenic acid, which forms a biologically
inactive complex with insulin. The improvement following
high doses of vitamin B6 could then be explained by
activation of apo-kynureninase or reactivation of kynureni-
nase that had been inactivated as a result of transamination.
However, Cornish & Tesorio (1975) were unable to demon-
strate any effect of xanthurenic acid administration on
glucose tolerance in rats. Adamset al. (1976) suggested
that the effect of vitamin B6 on glucose tolerance in women
taking oral contraceptives was due to increased formation
of quinolinic acid as a result of relief of the impairment
of kynureninase activity; quinolinic acid is an inhibitor of
phosphoenolpyruvate carboxykinase (EC 4.2.2.31), one of
the key enzymes of gluconeogenesis. They demonstrated an
improvement in glucose tolerance in response to tryptophan
to increase the synthesis of quinolinic acid.

An alternative explanation of impaired glucose tolerance
in the presence of tryptophan metabolites that would be
reduced by high doses of vitamin B6 has been proposed by
Noto & Okamoto (1978). They reported that xanthurenic
and kynurenic acids inhibit the synthesis of pro-insulin in
isolated pancreatic islets, and hydroxykynurenine inhibits
the secretion of insulin, a finding confirmed by Rogers &
Evangelista (1985).

Spellacyet al. (1977) reported improved glucose toler-
ance in thirteen women with gestational diabetes in response
to supplements of 100 mg vitamin B6 /d. However, Gillmer
& Mazibuko (1979) reported that while a similar supple-
ment normalized urinary excretion of xanthurenic acid in
women with gestational diabetes, it resulted in improved
glucose tolerance in only two of their thirteen subjects, and
led to more impaired glucose tolerance in six subjects.

There are conflicting results on the effects of vitamin B6

status on glucose tolerance. Raoet al. (1980) reported no
effect of marginal vitamin B6 status on glucose tolerance or
insulin secretion in response to a glucose load in people with
non-insulin-dependent diabetes. Rao (1983) reported that in
a group of non-diabetic subjects with marginal vitamin B6

status glucose tolerance was in fact better than in those with
adequate status. The response of plasma insulin to the
glucose load was normal, suggesting enhanced sensitivity
to the hypoglycaemic action of insulin in marginal vitamin
B6 deficiency. Toyataet al. (1981) reported that in insolated
pancreatic islets from vitamin B6 deficient rats there was
impaired secretion of insulin, and plasma insulin was sig-
nificantly lower than normal in the deficient rats in response
to a glucose load. Rao & Mohan (1982) reported low plasma
concentrations of insulin in vitamin B6-deficient rats.
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There is some evidence that PLP may be beneficial in
overcoming some of the effects of poor glycaemic control in
diabetes. Hayakawa & Shibata (1991) reported thatin vitro
PLP inhibited the non-enzymic reaction between lysine and
glucose (the Maillard reaction). They also showed that
administration of PLP to genetically diabetic mice reduced
the thickening of the glomerular basement membrane,
which has been attributed to non-enzymic glycation of
connective tissue proteins. Solomon & Cohen (1989)
showed that supplements of 150 mg vitamin B6 /d led to a
significant reduction in glycated haemoglobin in men with
non-insulin-dependent diabetes, and hence improved O2

transport capacity, although there was no change in glycae-
mic control. While these results suggest beneficial effects of
vitamin B6 supplementation in diabetes, the reduced glyca-
tion of proteins is due to reaction between PLP and the
amino groups that would otherwise be glycated. Ganea &
Harding (1996) reported that PLP did indeed decrease the
binding of glucose and galactose to lens proteins, but bound
itself, causing changes in the absorbance and fluorescence
spectra, and inducing aggregation of the proteins.

Overall there is little convincing evidence either that
vitamin B6 supplements will be of any use in the treatment
of diabetes (possibly apart from gestational diabetes), or that
vitamin B6 deficiency is a significant factor in the develop-
ment of diabetes.

Depression

There is a great deal of evidence that deficiency of serotonin
(5-hydroxytryptamine) or the catecholamines (dopamine,
noradrenaline and adrenaline) is a factor in depressive
illness (Ashcroft et al. 1972), and many antidepressant
drugs act to decrease the catabolism of amines or enhance
their interaction with receptors. A key enzyme involved in
the synthesis of serotonin and the catecholamines is aro-
matic amino acid decarboxylase (EC 4.1.1.28), which is
PLP-dependent. Therefore, it has been suggested that vita-
min B6 deficiency may result in reduced formation of the
neurotransmitters, and so be a factor in the aetiology of
depression. Conversely, it has been suggested that supple-
ments of vitamin B6 may increase aromatic amino acid
decarboxylase activity, and so increase amine synthesis and
have a mood-elevating or antidepress-ant effect.

There is little evidence that vitamin B6 deficiency affects
the activity of aromatic amino acid decarboxylase (Eberle &
Eiduson, 1968; Eidusonet al. 1972). Perryet al. (1985)
reported that in patients with kidney failure, undergoing
dialysis, the brain concentration of PLP fell to about 50 % of
normal, with no effect on serotonin, catecholamines or their
metabolites. However, like kynureninase, aromatic amino
acid decarboxylase can undergo self-inactivation by cata-
lysing transamination (Meister, 1990), and it is likely that at
times of low availability of PLP, reactivation of the enzyme
may be impaired.

Dakshinamurtiet al. (1976) reported a low brain con-
centration of serotonin, but not catecholamines, in vitamin
B6-deficient rats, and Siow & Dakshinamurti (1985)
reported reduced decarboxylase activity towards 5-hydroxy-
tryptophan, but not dopa (3-hydroxytyrosine), in the brains
of vitamin B6-deficient animals. The decarboxylase

undergoes mechanism-dependent inactivation in the pre-
sence of serotonin, and may thus be more susceptible to
inactivation in serotoninergic neurones than in catechola-
minergic neurones. It is unlikely that this explains the
differential effect of vitamin B6 deficiency on serotonin
and catecholamine formation, since the inactivation is the
result of a covalent modification of the catalytic site, not the
coenzyme, and is not reversed by incubation with PLP
(Bertoldi et al. 1996).

Bender & Totoe (1984b) showed that in rats high doses of
vitamin B6 (10 mg/kg body weight) led to decreased oxida-
tive metabolism of tryptophan, an increased plasma con-
centration of tryptophan, and increased uptake of tryptophan
into the brain, leading to an increased rate of serotonin
turnover. They suggested that vitamin B6 supplements
might be a useful adjunct to tryptophan for the treatment
of depression. It is likely that the impairment of tryptophan
oxidation was the result of reduced induction of tryptophan
dioxygenase by glucocorticoid hormones in the presence of
high concentrations of PLP.

Overall, however, there is little or no evidence from
clinical trials that vitamin B6 is effective in the treatment
of depressive illness.

The premenstrual syndrome

The studies showing that vitamin B6 supplements were
effective in overcoming some of the side-effects of (high-
dose) oral contraceptives have led to the use of vitamin B6 in
treatment of the premenstrual syndrome, the condition of
nervousness, irritability, emotional disturbance, headache
and/or depression suffered by many women for up to 10 d
before menstruation. There is no evidence that women who
suffer from premenstrual syndrome have any lower vitamin
B6 status than do others (Ritchie & Singkamani, 1986; van
den Berget al. 1986; Miraet al. 1988), and the doses used
have been in the region of 50–200 mg/d, which is very much
higher than would be required to correct any deficiency of
the vitamin.

Kleijnen et al. (1990) reviewed twelve placebo-con-
trolled double-blind trials of vitamin B6 in the premenstrual
syndrome and concluded that the evidence for beneficial
effects was weak. In three of the studies cited there was a
significant beneficial effect of vitamin B6 supplements:
Abraham & Hargrove (1980) used a dose of 500 mg/d,
Hallman & Oreland (1987) 300 mg/d and Barr (1984)
100 mg/d. A further five studies yielded ambiguous results.
Doll et al. (1989) reported a significant beneficial effect of
50 mg/d on depression, irritability and tiredness, but none of
the other premenstrual symptoms. Kendall & Schnurr
(1987) reported that 150 mg/d led to some improvement in
dizziness, vomiting and behavioural changes, but consider-
able physical and affective symptoms remained. Williamset
al. (1985) showed an improvement for 82 % of subjects
receiving 100 mg vitamin B6 /d, and 70 % of those receiving
placebo. Smallwoodet al. (1986) reported a positive trend
but no statistical significance using 200 mg/d, and Stokes &
Mendels (1972) reported disappointing and ‘not clear’
results using 50 mg/d. The remaining four studies they
reviewed reported no beneficial effects of doses of between
100 and 500 mg/d.
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Hagen et al. (1985) found no significant difference
between vitamin B6 (100 mg/d) and placebo, but reported
that whichever treatment was used second in their double-
blind cross-over trial was significantly better than the
treatment used first.

Despite the lack of evidence of efficacy, the major use of
vitamin B6 supplements, either prescribed or self-pre-
scribed, is in the treatment of premenstrual syndrome.

Morning sickness

Doses of vitamin B6 of between 50 and 200 mg have an anti-
emetic effect, and the vitamin has been used to overcome
the nausea associated with radiotherapy. It was also been
used, empirically, since the 1940s to treat morning sickness
in pregnancy. It was included together with doxylamine
succinate in Bendectin (Debendox), which was prescribed
for treatment of morning sickness, and later withdrawn on
suspicion of teratogenicity. Brent (1995) concluded that
there was no evidence of teratogenic effects of the combined
formulation.

There is no evidence that women who suffer from severe
nausea and vomiting in pregnancy have any lower vitamin
B6 nutritional status than others (Schusteret al. 1985).
Leathem (1986) stated that vitamin B6 is considered safe
for use in pregnancy, but noted that its efficacy in treating
nausea and vomiting had not been established. Two studies
give some evidence of efficacy. Sahakianet al. (1991)
conducted a double-blind trial of vitamin B6 (25 mg every
8 h for 3 d); they reported a significant reduction in vomit-
ing, and an improvement in nausea in those who initially
reported severe nausea. By contrast, Vutyavanichet al.
(1995) reported that in their trial (30 mg/d for 5 d) there
was a significant decrease in nausea, with a non-significant
trend indicating a reduction in vomiting. They noted that as
morning sickness is a self-limiting condition, it is difficult to
perform well-controlled trials.

Carpal tunnel syndrome

Carpal tunnel syndrome (compression of the median nerve
as it passes through the carpal tunnel, the space between the
bones of the wrist and the connective tissue over the flexor
tendons) is a major source of occupational health problems.
A number of studies have suggested that inadequate vitamin
B6 status is an aetiological factor or that supplements may
relieve the condition, although there is no physiological
reason to expect vitamin B6 to have any effect on the
aetiology or progression of the condition. The early work
in this area, and indeed most of the reports of a beneficial
effect of vitamin B6, have come from Ellis and coworkers
(e.g. Ellis et al. 1976, 1977, 1982; Ellis, 1987; Ellis &
Folkers, 1990). These studies suggest that vitamin B6 defi-
ciency, as assessed by erythrocyte aspartate aminotransferase
(EC 2.6.1.1.) activity, is associated with carpal tunnel syn-
drome, and responds only slowly to administration of doses of
100–200 mg vitamin B6 /d. Ellis (1987) reported that 100–
200 mg vitamin B6 /d for 12 weeks proved curative for ‘a large
proportion’ of his patients with carpal tunnel syndrome.

Smith et al. (1984) found no evidence of inadequate
vitamin B6 status in a small group of patients with carpal

tunnel syndrome, and noted that although four out of six
patients treated with vitamin B6 reported some partial
symptomatic relief, there was no consistent improvement
in clinical findings or neurophysiological measurements.

Amadio (1987) reviewed a number of studies and con-
cluded that vitamin B6 deficiency was probably not asso-
ciated with occupational carpal tunnel syndrome. He also
noted that all studies published at that time were flawed by
the lack of scientific design. Franzblauet al. (1996) inves-
tigated 125 randomly selected workers, and found that
vitamin B6 status was unrelated to either self-reported
symptoms compatible with carpal tunnel syndrome or
electrophysiological measurement of nerve function.

Stranskyet al. (1989) reported that in a double-blind
controlled study vitamin B6 had no advantage over placebo
or no treatment at all. Spooneret al. (1993) performed a
randomized prospective trial of vitamin B6 or placebo, and
showed that there were no differences in electrophysiologi-
cal signs, clinical signs or symptoms between the two
groups. Bernstein & Dinesen (1993) similarly showed no
effect of vitamin B6 on electrophysiological measurements,
although they did report a significant improvement in pain
scores.

Thus it appears that while there is some suggestion of
symptomatic relief in open trials, there is no evidence from
double-blind placebo-controlled trials that vitamin B6 is
effective in treating carpal tunnel syndrome.

Hypertension

Dakshinamurti & Lal (1992) have shown that vitamin B6

depletion leads to the development of hypertension in
experimental animals, which is normalized within 24 h by
repletion with the vitamin. They have proposed three
mechanisms to account for this:

(a) Central effects on blood pressure regulation as a result
of decreased synthesis of braing-aminobutyric acid and
serotonin (5-hydroxytryptamine). Glutamate decarbox-
ylase (EC 4.1.1.15) activity in the nervous system is
especially sensitive to vitamin B6 depletion (Bayoumi
et al. 1972), possibly as a result of mechanism-depen-
dent inactivation by transamination (Meister, 1990).
There is no evidence that aromatic amino acid decar-
boxylase activity is reduced in vitamin B6 deficiency
(Eberle & Eiduson, 1968; Eidusonet al. 1972), but there
is reduced formation of serotonin in the central nervous
system (Dakshinamurtiet al. 1976).

(b) Increased sympathetic nervous system activity. There is
evidence of elevated plasma concentrations of adrena-
line and noradrenaline in vitamin B6-deficient animals
(Pauloseet al. 1988).

(c) Increased uptake of Ca by arterial smooth muscle,
leading to increased muscle tone, and hence increased
circulatory resistance and blood pressure. This could
reflect increased sensitivity of vascular smooth muscle
to calcitriol (vitamin D) action in vitamin B6 deficiency;
the membrane Ca-binding protein is regulated by vitamin
D and vascular tissue has calcitriol receptors (Viswanathan
et al. 1991; Lal & Dakshinamurti, 1993, 1995).

In addition to these mechanisms (which are not mutually
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exclusive), it is likely that vitamin B6 deficiency will result
in increased end-organ responsiveness to glucocorticoids,
mineralocorticoids and aldosterone; over-secretion of (and
presumably also enhanced sensitivity to) any of these
hormones can result in hypertension. Vitamin B6 supple-
mentation would be expected to reduce end-organ sensitiv-
ity to these hormones, and thus might have a hypotensive
action. Fregly & Cade (1995) showed that supplements of
300 mg vitamin B6/kg body weight per d attenuated the
hypertensive response of rats treated with deoxycorticoster-
one acetate. At a more realistic level of supplementation
(five times the usual amount provided in the diet), Lalet al.
(1996) showed that vitamin B6 prevented the development
of hypertension in the Zucker (fa/fa) obese rat. Withdrawal
of the vitamin supplement led to the development of
hypertension. Aybacket al. (1995) showed that supplements
of 5 mg/kg body weight per d led to reduced blood pressure
in patients with essential hypertension.

Drug interactions with vitamin B 6

The antituberculosis drug isoniazid (iso-nicotinic acid
hydrazide) reacts non-enzymically with PLP to form a
metabolically inactive hydrazone, resulting in functional
vitamin B6 deficiency (Vilter, 1964; Standalet al. 1974).

This is most commonly seen as secondary pellagra, due to
impaired activity of kynureninase (see Fig. 2), and hence
impaired synthesis of nicotinamide nucleotides from tryp-
tophan. The pellagra responds to supplements of vitamin B6

(Biehl & Vilter, 1954). Isoniazid also leads to the develop-
ment of peripheral neuropathy, which also responds to
vitamin B6 supplements (Gammonet al. 1953). This has
led to the belief that vitamin B6 deficiency causes peripheral
neuropathy (Jones & Jones, 1963), although there is no
evidence of this. The neuropathy seems to be an effect of
isoniazid intoxication; the response to vitamin B6 is the
result of removing isoniazid as the pyridoxal adduct, rather
than repleting vitamin B6-deficient tissues (Snider, 1980).
When relatively high doses of isoniazid were used to
treat tuberculosis, it was common to give vitamin B6

supplements; this had no effect on the therapeutic action
of the drug, but did prevent the peripheral neuropathy and
secondary pellagra (Biehl & Vilter, 1954). When lower
doses of isoniazid were introduced, in a therapeutic cocktail
with other medication, vitamin B6 supplementation became
less usual. However, cases of isoniazid-induced pellagra
have been reported among people taking low doses of
isoniazid; it is likely that many of those affected were
genetically slow acetylators of isoniazid, so that a low
dose was, for them, equivalent to a higher dose for a fast
acetylator (Bender & Russell-Jones, 1979). There have been
a number of reports of successful treatment of acute
isoniazid intoxication with vitamin B6 supplements
(Brent et al. 1990; Alvarez & Guntapalli, 1995; Shahet
al. 1995).

Other hydrazine derivatives can also cause vitamin B6

depletion by forming hydrazones, leading to the develop-
ment of secondary pellagra; these include the anti-
Parkinsonian drugs Benserazide and Carbidopa (Bender
et al. 1979; Bender, 1980a,b).

When dopa was first introduced for the treatment of
Parkinsonism, one of the most frequent side-effects was
persistent nausea and vomiting. Because of the (slight)
evidence that vitamin B6 has an anti-emetic and anti-
nauseant action, supplements were given together with
dopa. The result was a considerable reduction in the efficacy
of dopa in controlling Parkinsonian signs and symptoms; the
magnitude of the effect was related to the dose of pyridoxine
given (Hunteret al. 1970). The problem was due to the
formation of a stable tetrahydroisoquinoline adduct between
PLP and dopa (Evered, 1971) which not only reduced the
concentration of dopa available for uptake into the brain,
but also acted as an inhibitor of aromatic amino acid
decarboxylase (Fellman & Roth, 1971).

Theophylline therapy for asthma can cause seizures, appar-
ently as a result of reaction with PLP, leading to low plasma
concentrations, and hence reduced synthesis ofg-aminobuty-
ric acid in the central nervous system. Glennet al. (1995)
showed that the administration of vitamin B6 to mice
treated with theophylline reduced the number of seizures;
in rabbits, vitamin B6 reversed the changes in electro-
encephalogram caused by high doses of theophylline.

High doses of vitamin B6 may lower blood concentrations
of anticonvulsant medication such as phenytoin and pheno-
barbitone, apparently by increasing the rate of metabolism
of the drugs (Hansson & Sillanppaa, 1976).
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Fig. 2. Tryptophan metabolism. Tryptophan dioxygenase, EC
1.13.11.11; formylkynurenine formamidase, EC 3.5.1.9; kynurenine
hydroxylase, EC 1.14.13.9; kynureninase, EC 3.7.1.3; kynurenine
aminotransferase, EC 2.6.1.7 and EC 2.6.1.63.



Toxicity of vitamin B 6

Animal studies have shown that vitamin B6 is potentially
neurotoxic, causing peripheral neuropathy, with ataxia,
muscle weakness and loss of balance in dogs given
200 mg pyridoxine/kg body weight for 40–75 d (Phillips
et al. 1978), and the development of a swaying gait and
ataxia within 9 d at a dose of 300 mg/kg body weight
(Krinke et al. 1980). At the lower dose of 50 mg/kg body
weight there are no clinical signs of toxicity, but histologi-
cally there is loss of myelin in dorsal nerve roots. At higher
doses there is widespread neuronal damage, with loss of
myelin and degeneration of sensory fibres in peripheral
nerves, the dorsal columns of the spinal cord and the
descending tract of the trigeminal nerve. The clinical
signs of toxicity after 200–300 mg vitamin B6 /kg body
weight regress within 3 months after the withdrawal of
these massive doses, but sensory nerve conduction velocity,
which decreases during the development of the neuropathy,
does not recover fully (Schaeppi & Krinke, 1982).

At even higher doses (500 or 1000 mg/kg body weight by
intraperitoneal injection) pyridoxine has been shown to
cause a decrease in testis weight, histological changes in
the testes and reduced spermatogenesis and sperm motility
(Mori et al. 1992; Tsutsumiet al. 1995). The relevance of
this, in terms of either the route of administration or the
massive doses involved, to high oral intakes of the vitamin
in human beings is doubtful.

Schaumburget al. (1983) reported the development of
sensory neuropathy in seven patients who had been taking
between 2 and 7 g pyridoxine/d for several months (for a
variety of reasons). On withdrawal of the vitamin supple-
ments there was considerable recovery of neuronal function,
although there was some residual nerve damage in some
patients. In a later study, the same authors (Bergeret al.
1992) gave 1 or 3 g vitamin B6 /d to healthy volunteers, and
assessed both clinical signs and symptoms of sensory
neuropathy and also quantitative sensory thresholds and
other neurophysiology. Electrophysiological and clinical
abnormalities developed at the same time, and developed
sooner in subjects receiving the higher dose of the vitamin.
Symptoms continued to progress for 2–3 weeks after
cessation of the supplements before regressing, although
plasma concentrations of PLP had returned to normal.

McLachlan & Brown (1995) reported the development of
sensory neuropathy within 2 years of starting daily admin-
istration of 2000 mg/d to an infant with vitamin B6-depen-
dent seizures, but noted that over the following 16 years the
neuropathy did not progress. However, most reports of
patients with vitamin B6 dependency diseases do not men-
tion sensory neuropathy. Mpofuet al. (1991) reported
electrophysiological and neurological examination of
seventeen homocystinuric patients who had been treated
with 200–500 mg vitamin B6 /d for 10–24 years; they found
no evidence of neuropathy.

None of the studies in which there has been objective
neurological examination has shown any evidence of sen-
sory nerve damage at intakes of vitamin B6 below 200 mg/d,
and most have shown adverse effects only at considerably
higher levels of intake.

One study suggests that relatively modest doses of

vitamin B6 may cause sensory nerve damage. Dalton &
Dalton (1987) specifically asked patients who were taking
50–100 mg vitamin B6 /d for premenstrual syndrome to
report symptoms such as tingling in the fingers, which
might be interpreted as evidence of sensory neuropathy; a
significant number of women taking 50 mg/d reported such
symptoms. However, there was no neurological examina-
tion of any of the subjects, and no patients with similar
premenstrual symptoms but not taking vitamin B6 were
asked the same questions. By contrast, Brushet al. (1988)
conducted a retrospective examination of the records of
630 women who had received 40–200 mg vitamin B6 for
treatment of premenstrual syndrome, and noted that
no symptoms were reported that suggested peripheral
neuropathy.

The mechanism of nerve damage caused by vitamin B6

supplements is not known. It is likely that PLP itself is
responsible. In patients with hypophosphatasia (lack of
plasma alkaline phosphatase (EC 3.1.3.1)), plasma concen-
trations of PLP are very considerably higher than normal,
even at normal intakes of the vitamin (Whyteet al. 1985).
However, the On-line Mendelian Inheritance in Man data-
base (http://www3.ncbi.nlm.nih.gov/Omim/) lists seizures
as the only neurological sign in the (autosomal recessive)
infant and childhood forms of the disease, and no neuro-
logical signs at all in the (autosomal recessive) infant form
of the disease. Furthermore, plasma concentrations of PLP
do not rise above about 1000 nmol/l (10–15-fold higher than
normal) even at very high levels of intake of the vitamin.
However, plasma concentrations of pyridoxal and 4-pyri-
doxic acid do continue to increase with increasing intakes of
the vitamin (Coburnet al. 1983). Schaefferet al. (1995)
similarly showed that while plasma concentrations of pyr-
idoxal and 4-pyridoxic acid increased significantly in rats
fed up to 250 times the normal of 7 mg pyridoxine/kg diet,
for 10 weeks, PLP did not increase. There was no change in
the concentration of B6 vitamers in muscle, liver, kidney or
brain, and no evidence of overt toxicity.

Cheng & Mudge (personal communication) have found
that Schwann cells in culture grow less well when provided
with pyridoxal in the culture medium than when the vitamin
B6 source is pyridoxine. Indeed, in their hands the addition
of pyridoxal to the culture medium decreased cell survival
even in the presence of an adequate concentration of
pyridoxine. This suggests a possible neurotoxic action of
pyridoxal. It is not known whether pyridoxal is similarly
cytotoxic to other cell types in culture, although they stated
that other research groups had observed improved survival
of various cells in culture when pyridoxine rather than
pyridoxal was added to the culture medium.

While there is no doubt that vitamin B6 is neurotoxic in
gross excess, there is considerable controversy over the way
in which toxicological data have been translated into limits
on the amounts that may be sold freely as ‘nutritional
supplements’. This appears to have been achieved by the
application of standard toxicology safety margins, and
taking as the upper safe limit of intake 1% of the ‘no
adverse effect level’. While this is appropriate for setting
limits on additives and contaminants, it can be argued that it
is not appropriate as a basis for setting limits on a nutrient;
indeed for many nutrients an upper limit of intake
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established in this way would be below the average require-
ment to prevent deficiency. There is little evidence, apart
from the report of Dalton & Dalton (1987) of an uncon-
trolled study, that intakes of up to 200 mg (Bernstein, 1990)
or 500 mg (Cohen & Bendich, 1986) vitamin B6 /d for
prolonged periods, are associated with any adverse effects;
clinical signs of neuropathy are associated with higher
levels of intake, typically in excess of 1000 mg/d.

There is little convincing evidence that supplements of
vitamin B6 above levels to prevent deficiency have any
beneficial effects, although a considerable number of
women report or believe that supplements relieve the
symptoms of the premenstrual syndrome. Equally, there is
little convincing evidence that the levels of intake that are
suggested or believed to be beneficial in treating the
premenstrual syndrome are associated with any significant
toxic hazard.

References

Abraham GE & Hargrove JT (1980) Effect of vitamin B6 on
premenstrual symptomology in women with premenstrual ten-
sion syndromes, a double-blind cross-over study.Infertility 3,
155–165.

Adams PW, Wynn V, Folkard J & Seed M (1976) Influence of oral
contraceptives, pyridoxine (vitamin B6), and tryptophan on
carbohydrate metabolism.Lanceti, 759–764.

Allgood VE & Cidlowski JA (1992) Vitamin B6 modulates
transcriptional activation by multiple members of the steroid
hormone receptor superfamily.Journal of Biological Chemistry
267, 3819–3824.

Allgood VE, Powell Oliver FE & Cidlowski JA (1990) Vitamin B6
influences glucocorticoid receptor-dependent gene expression.
Journal of Biological Chemistry265, 12424–12433.

Alvarez FG & Guntupalli KK (1995) Isoniazid overdose: four case
reports and review of the literature.Intensive Care Medicine21,
641–644.

Amadio PC (1987) Carpal tunnel syndrome, pyridoxine, and the work
place.Journal of the Hand Surgeons of America12, 875–880.

Ashcroft GW, Eccleston D, Murray LG, Glan AIM, Crawford
TBB, Connechan J & Lonergan M (1972) Modified amine
hypothesis for the aetiology of depression.Lanceti, 879–904.

Aybak M, Sermet A, Ayyildiz MO & Karakilcik AZ (1995) Effect
of oral pyridozine hydrochloride supplementation on arterial
blood pressure in patients with essential hypertension.
Arzneimittelforschung45, 1271–1273.

Barr AN, Heinze W, Mendoza JE & Perlik S (1978) Longterm
treatment of Huntington disease withL-glutamate and pyridox-
ine. Neurology28, 1280–1282.

Barr W (1984) Pyridoxine supplements in the premenstrual syn-
drome.Practitioner 228, 425–427.

Bayoumi RA, Kirwan JR & Smith WRD (1972) Some effects of
dietary vitamin B6 deficiency and 4-deoxypyridoxine ong-
aminobutyric acid metabolism in rat brain.Journal of Neuro-
chemistry19, 569–576.

Bender DA (1980a) Inhibition in vitro of the enzymes of the
oxidative pathway of tryptophan metabolism and of nicotina-
mide nucleotide synthesis by benserazide, carbidopa and iso-
niazid.Biochemical Pharmacology29, 707–712.

Bender DA (1980b) Effects of benserazide, carbidopa and iso-
niazid administration on tryptophan-nicotinamide nucleotide
metabolism in the rat.Biochemical Pharmacology29, 2099–
2104.

Bender DA (1987) Oestrogens and vitamin B6 - actions and

interactions.World Review of Nutrition and Dietetics51, 140–
188.

Bender DA (1993) Lack of concordance between two biochemical
indices of vitamin B6 nutritional status.Proceedings of the
Nutrition Society52, 315A.

Bender DA, Earl CJ & Lees AJ (1979) Niacin depletion in
Parkinsonian patients treated withL-dopa, benserazide and
carbidopa.Clinical Science56, 89–93.

Bender DA & Russell Jones R (1979) Isoniazid-induced pellagra
despite vitamin-B6 supplementation.Lancetii , 1125–1126.

Bender DA & Totoe L (1984a) Inhibition of tryptophan metabo-
lism by oestrogens in the rat, a factor in the aetiology of pellagra.
British Journal of Nutrition51, 219–224.

Bender DA & Totoe L (1984b) High doses of vitamin B6 are
associated with inhibition of hepatic tryptophan metabolism and
increased uptake of tryptophan into the brain.Journal of
Neurochemistry43, 733–736.

Bender DA & Wynick D (1981) Inhibition of kynureninase (L-
kynurenine hydrolase,EC 3.7.1.3) by oestrone sulphate, an
alternative explanation for abnormal results of tryptophan load
tests in women receiving oestrogenic steroids.British Journal of
Nutrition 45, 269–275.

Benninck HJTC & Schreurs WHP (1975) Improvement of oral
glucose tolerance in gestational diabetes by pyridoxine.British
Medical Journaliii , 13–15.

Berger AR, Schaumburg HH, Schroeder C, Apfel S & Reynolds R
(1992) Dose response, coasting, and differential fiber vulner-
ability in human toxic neuropathy: a prospective study of
pyridoxine neurotoxicity.Neurology42, 1367–1370.

Bernstein AL (1990) Vitamin B6 in clinical neurology.Annals of
the New York Academy of Sciences585, 250–260.

Bernstein AL & Dinesen JS (1993) Brief communication: effect of
pharmacologic doses of vitamin B6 on carpal tunnel syndrome,
electroencephalographic results, and pain.Journal of the Amer-
ican College of Nutrition12, 73–76.

Bertoldi M, Moore PS, Maras B, Dominici P & Voltattorni CB
(1996) Mechanism based inactivation of dopa decarboxylase by
serotonin.Journal of Biological Chemistry271, 23954–23959.

Biehl JP & Vilter RW (1954) Effect of isoniazid on vitamin B6
metabolism, its possible significance in producing isoniazid
neuritis. Proceedings of the Society for Experimental Biology
and Medicine85, 389–392.

Black AL, Guirard BM & Snell EE (1977) Increased muscle
phosphorylase in rats fed high levels of vitamin B6. Journal of
Nutrition 107, 1962–1968.

Black AL, Guirard BM & Snell EE (1978) The behavior of muscle
phosphorylase as a reservoir for vitamin B6 in the rat.Journal of
Nutrition 108, 670–677.

Boers GHJ (1997) Hyperhomocysteinaemia as a risk factor for
arterial and venous disease. A review of the evidence and
relevance.Thrombosis and Haemostasis78, 520–522.

Boes EG (1980) Inhibition of puerperal lactation: a comparative
study of bromocriptine and pyridoxine.South African Medical
Journal57, 900–903.

Bowden JF, Bender DA, Coulson WF & Symes EK (1986)
Increased uterine uptake and nuclear retention of [3H]oestradiol
through the oestrous cycle and enhanced end-organ sensitivity to
oestrogen stimulation in vitamin B6 deficient rates.Journal of
Steroid Biochemistry25, 359–365.

Brent J, Vo N, Kulig K & Rumack BH (1990) Reversal of
prolonged isoniazid induced coma by pyridoxine.Archives of
Internal Medicine150, 1751–1753.

Brent RL (1995) Bendectin: review of the medical literature of a
comprehensively studied human nonteratogen and the most
prevalent tortogen litigen.Reproductive Toxicology9, 337–349.

Brush MG, Bennett T & Hansen K (1988) Pyridoxine in the
treatment of premenstrual syndrome, retrospective study in

16 D. A. Bender



630 patients.British Journal of Clinical Practice42, 448–452.
Bucci L (1973) Pyridoxine and schizophrenia.British Journal of

Psychiatry122, 240.
Canham JE, Baker EM, Harding RS, Sauberlich HE & Plough IC

(1969) Dietary protein – its relationship to vitamin B6 require-
ments and function.Annals of the New York Academy of
Sciences166, 16–29.

Coburn SP (1996) Modeling vitamin B6 metabolism.Advances in
Food and Nutrition Research40, 107–132.

Coburn SP, Schaltenbrand WE, Mahuren JD, Clausman RJ &
Townsend DW (1983) Effects of megavitamin treatment on
mental performance and plasma vitamin B-6 concentrations in
mentally retarded young adults.American Journal of Clinical
Nutrition 38, 352–355.

Cohen KL, Gorecki GA, Silverstein SB, Ebersole JS & Solomon
LR (1984) Effect of pyridoxine (vitamin B6) on diabetic patients
with peripheral neuropathy.Journal of the American Podiatry
Association74, 394–397.

Cohen M & Bendich A (1986) Safety of pyridoxine – a review of
human and animal studies.Toxicology Letters34, 129–139.

Coleman M, Sobel S, Bhagavan HN, Coursin D, Marquardt A,
Guay M & Hunt C (1985) A double blind study of vitamin B6 in
Down’s syndrome infants. Part 1: Clinical and biochemical
results.Journal of Mental Deficiency Research29, 233–240.

Cornish EJ & Tesoriero W (1975) Pyridoxine and oestrogen-induced
glucose intolerance.British Medical Journaliii , 649–650.

Coursin DB (1954) Convulsive seizures in infants with pyridoxine
deficient diets.Journal of the American Medical Association
154, 406–408.

Dakshinamurti K & Lal KJ (1992) Vitamins and hypertension.
World Review of Nutrition and Dietetics69, 40–73.

Dakshinamurti K, LeBlanq WD, Herchi R & Havlicek V (1976)
Non-parallel changes in brain monoamines of pyridoxal defi-
cient growing rats.Experimental Brain Research26, 355–366.

Dalton K & Dalton MJ (1987) Characteristics of pyridoxine over-
dose neuropathy syndrome.Acta Neurologica Scandinavica76,
8–11.

D’Angelo A & Selhub J (1997) Homocysteine and thrombotic
disease.Blood90, 1–11.

Delitala G, Masala A & Alagna S (1977) Suppression of pimozide
induced prolactin secretion by pyridoxine (vitamin B6).
Biomedicine27, 191–192.

Department of Health (1991)Dietary Reference Values for Food
Energy and Nutrients for the United Kingdom. Report on Health
and Social Subjectsno. 41. London: H. M. Stationery Office.

Department of Health (1997) Committee on Toxicity of Chemicals
in Food, Consumer Products and the Environment. Statement on
vitamin B6 (pyridoxine) toxicity. http://www.open.gov.uk/doh/
hef/B6.htm.

Dierkes J, Kroesen M & Pietrzik K (1998) Folic acid and vitamin
B6 supplementation in healthy young women.International
Journal of Vitamin and Nutrition Research68, 98–103.

Doll H, Brown S, Thurston A & Vessey M (1989) Pyridoxine
(vitamin B6) and the premenstrual syndrome, a randomized
crossover trial.Journal of the Royal College of General Practi-
tioners39, 364–368.

Eberle ED & Eiduson S (1968) Effect of pyridoxine deficiency on
aromatic amino acid decarboxylase in developing rat brain.
Journal of Neurochemistry15, 1071–1083.

Eiduson S, Yuwiler A & Eberle ED (1972) The effect of pyridox-
ine deficiency onL-aromatic amino acid decarboxylase and
tyrosine aminotransferase in developing rat brain.Advances in
Biochemical Psychopharmacology4, 63–80.

Ellis JM (1987) Treatment of carpal tunnel syndrome with vitamin
B6. Southern Medical Journal80, 882–884.

Ellis JM, Azuma J, Watanabe T, Folkers K, Lowell JR, Hurst GA,
Ho Ahn C, Shuford EH Jr & Ulrich RF (1977) Survey and new

data on treatment with pyridoxine of patients having a clinical
syndrome including the carpal tunnel and other defects.
Research Communications in Chemical Pathology and Phar-
macology17, 165–177.

Ellis JM & Folkers K (1990) Clinical aspects of treatment of carpal
tunnel syndrome with vitamin B6. Annals of the New York
Academy of Sciences585, 302–320.

Ellis JM, Folkers K, Levy M, Shizukuishi S, Lewandowski J,
Nishii S, Schubert HA & Ulrich R (1982) Response of vitamin
B-6 deficiency and the carpal tunnel syndrome to pyridoxine.
Proceedings of the National Academy of Sciences USA79,
7494–7498.

Ellis JM, Kishi T, Azuma J & Folkers K (1976) Vitamin B6
deficiency in patients with a clinical syndrome including the
carpal tunnel defect. Biochemical and clinical response to
therapy with pyridoxine.Research Communications in Chemi-
cal Pathology and Pharmacology13, 743–757.

Evered DF (1971)L-Dopa and its combination with pyridoxal 59-
phosphate.Lancetii , 46.

Fellman JH & Roth ES (1971) Inhibition of tyrosine aminotrans-
ferase activity byL-dihydroxyphenylalanine.Biochemistry10,
408–414.

Findling RL, Maxwell K, Scotese-Wojtila L, Huang J, Yamashita
T & Wiznitzer M (1997) High dose pyridoxine and magnesium
administration in children with autistic disorder, an absence of
salutary effects in double blind, placebo controlled study.
Journal of Autism and Developmental Disorders27, 467–478.

Fowler B (1985) Recent advances in the mechanism of pyridoxine
responsive disorders.Journal of Inherited Metabolic Disease8,
Suppl. 1, 76–83.

Franzblau A, Rock CL, Werner RA, Albers JW, Kelly MP &
Johnston EC (1996) The relationship of vitamin B6 status to
median nerve function and carpal tunnel syndrome among active
industrial workers.Journal of Occupational and Environmental
Medicine38, 485–491.

Fregly MJ & Cade JR (1995) Effect of pyridoxine and tryptophan,
alone and combined, on the development of deoxycorticosterone
acetate induced hypertension in rats.Pharmacology50, 298–
306.

Fries ME, Chrisley BM & Driskell JA (1981) Vitamin B6 status of
a group of preschool children.American Journal of Clinical
Nutrition 34, 2706–2710.

Frimpter GW, Andelman RJ & George WF (1969) Vitamin B6

dependency syndromes.American Journal of Clinical Nutrition
22, 794–805.

Gammon GD, Burge FW & King G (1953) Neural toxicity in
patients treated with isoniazid.American Medical Association
Archives of Neurology and Psychiatry70, 64–69.

Ganea E & Harding JJ (1996) Lens proteins changes induced by
sugars and pyridoxal phosphate.Ophthalmic Research28,
Suppl. 1, 65–68.

Gillmer MD & Mazibuko D (1979) Pyridoxine treatment of
chemical diabetes in pregnancy.American Journal of Obstetrics
and Gynecology133, 499–502.

Glenn GM, Krober MS, Kelly P, McCarty J & Weir M (1995)
Pyridoxine as therapy in theophylline induced seizures.
Veterinary and Human Toxicology37, 342–345.

Gregory JF (1980a) Effect of e-pyridoxyl-lysine and related
compounds on liver and brain pyridoxal kinase and liver
pyridoxamine (pyridoxine) 59-phosphate oxidase.Journal of
Biological Chemistry255, 2355–2359.

Gregory JF (1980b) Effects ofe-pyridoxyl-lysine bound to dietary
proteins on the vitamin B6 status of rats.Journal of Nutrition
100, 995–1005.

Gregory J, Foster K, Tyler H & Wiseman M (1980)The Dietary
and Nutritional Survey of British Adults. London: H. M. Sta-
tionery Office.

17Non-nutritional uses of vitamin B6



Gupta T & Sharma R (1990) An antilactogenic effect of pyridox-
ine. Journal of the Indian Medical Association88, 336–337.

Hagen I, Nesheim BI & Tuntland T (1985) No effect of vitamin B-
6 against premenstrual tension. A controlled clinical study.Acta
Obstetrica et Gynecologica Scandinavica64, 667–670.

Hallman J & Oreland L (1987) Therapeutic effect of vitamin B6 in
the treatment of premenstrual syndrome, a double-blind cross-
over study.Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine88, 1–15, as cited by Kleijnenet
al. (1990).

Hansen CM, Leklem JE & Miller LT (1996) Vitamin B-6 status of
women with a constant intake of vitamin B-6 changes with three
levels of dietary protein.Journal of Nutrition126, 1891–1901.

Hansson O & Sillanppaa M (1976) Pyridoxine and serum concen-
tration of phenytoin and phenobarbitone.Lanceti, 256.

Hayakawa M & Shibata M (1991) Thein vitro and in vivo
inhibition of protein glycosylation and diabetic vascular base-
ment membrane thickening by pyridoxal 59-phosphate.Journal
of Nutritional Science and Vitaminology37, 149–159.

Heller S, Salkeld RM & Korner WF (1973) Vitamin B6 status in
pregnancy.American Journal of Clinical Nutrition26, 1339–
1348.

Hillman R (1964) Effect of vitamin B6 on the dental caries
experience of pregnant women.Vitamins and Hormones22,
695–704.

Homocysteine Lowering Trialists’ Collaboration (1998) Lowering
blood homocysteine with folic acid based supplements: meta-
analysis of randomised trials.British Medical Journal316, 894–
898.

Hoorn RFH, Flickweert JP & Westrink D (1975) Vitamin B1, B2

and B6 deficiencies in geriatric patients measured by coenzyme
stimulation of enzyme activities.Clinica Chimica Acta61, 151–
162.

Hunter KR, Stern GM & Laurence DR (1970) Use of levodopa
with other drugs.Lancetii , 1283–1285.

Jacobsson C & Granstrom G (1996) Prevention of etretinate
induced craniofacial malformations by vitamin B6 in the rat.
European Journal of Oral Science104, 583–588.

Jones WA & Jones GP (1953) Peripheral neuropathy due to
isoniazid: report of two cases.Lanceti, 1073–1074.

Kelsay J, Baysal A & Linkswiler H (1968a) Effect of vitamin B6

depletion on the pyridoxal, pyridoxamine and pyridoxine content
of the blood and urine of men.Journal of Nutrition94, 490–494.

Kelsay J, Miller LT & Linkswiler H (1968b) Effect of protein intake
on the excretion of quinolinic acid and niacin metabolites by men
during vitamin B6 depletion.Journal of Nutrition94, 27–31.

Kendall KE & Schnurr PP (1987) The effects of vitamin B6

supplementation on premenstrual symptoms.Obstetrics and
Gynecology70, 145–149.

Key TJ, Silcocks PB, Davey GK, Appleby PN & Bishop DT (1997)
A case-control study of diet and prostate cancer.British Journal
of Cancer76, 678–687.

Kirksey A, Keaton K, Abernathy RP & Greger JL (1978) Vitamin
B6 nutritional status of a group of female adolescents.American
Journal of Clinical Nutrition31, 946–954.

Kleijnen J, Ter-Riet G & Knipschild P (1990) Vitamin B6 in the
treatment of the premenstrual syndrome – a review.British
Journal of Obstetrics and Gynaecology97, 847–852.

Kotake Y, Ueda T, Mori T, Igaki S & Hattori M (1975) Abnormal
tryptophan metabolism and experimental diabetes by xanthure-
nic acid.Acta Vitaminologica et Enzymologica29, 236–239.

Kretsch MJ, Sauberlich HE, Skala JH & Johnson HL (1995)
Vitamin B-6 requirement and status assessment: young women
fed a depletion diet followed by a plant or animal protein diet
with graded amounts of vitamin B-6.American Journal of
Clinical Nutrition 61, 1091–1101.

Krinke G, Schaumburg HH, Spencer PS, Suter J, Thomann O &

Hess R (1980) Pyridoxine megavitaminosis produces degenera-
tion of peripheral sensory neurons (sensory neuronopathy) in the
dog.Neurotoxicology2, 13–24.

Lal KJ & Dakshinamurti K (1993) Calcium channels in vitamin B6

deficiency induced hypertension.Journal of Hypertension11,
1357–1362.

Lal KJ & Dakshinamurti K (1995) The relationship between low
calcium induced increase in systolic blood pressure and vitamin
B6. Journal of Hypertension13, 327–332.

Lal KJ, Dakshinamurti K & Thliveris J (1996) The effect of
vitamin B6 on the systolic blood pressure of rats in various
animal models of hypertension.Journal of Hypertension14,
355–363.

Leatham AM (1986) Safety and efficacy of anti-emetics used to
treat nausea and vomiting in pregnancy.Clinical Pharmacology
5, 660–668.

Lelord G, Callaway E & Muh JP (1982) Clinical and biological
effects of high doses of vitamin B6 and magnesium on autistic
children.Acta Vitaminologica et Enzymologica4, 27–44.

Lemoine A, le Devehat C, Codaccioni JL, Monges A, Bermond P
& Salkeld RM (1980) Vitamin B1, B2, B6 and C status in
hospital inpatients.American Journal of Clinical Nutrition33,
2595–2600.

Levin ER, Hanscom TA, Fisher M, Lauvstad WA, Lui A, Ryan A,
Glockner D & Levin SR (1981) The influence of pyridoxine in
diabetic peripheral neuropathy.Diabetes Care4, 606–609.

Linkswiler HM (1981) Methionine metabolism as affected by a
vitamin B-6 deficiency. InMethods in Vitamin B-6 Nutrition:
Analysis and Status Assessment, pp. 373–382 [JE Leklem and
RD Reynolds, editors]. New York, NY: Plenum Press.

Mabin DC, Hollis S, Lockwood J & David TJ (1995) Pyridoxine in
atopic dermatitis.British Journal of Dermatology133, 764–767.

Macdonald HN, Collins YD, Tobin MJ & Wijayarathne DN (1976)
The failure of pyridoxine in suppression of puerperal lactation.
British Journal of Obstetrics and Gynaecology83, 54–55.

McLachlan RS & Brown WF (1995) Pyridoxine dependent epi-
lepsy with iatrogenic sensory neuronopathy.Canadian Journal
of Neurological Science22, 50–51.

Maksymowych AB, Robertson NM & Litwack G (1993) Efficacy
of pyridoxal treatment in controlling the growth of melanomas
in cell culture and an animal pilot study.Anticancer Research
13, 1925–1937.

Marcus RG (1975) Suppression of lactation with high doses of
pyridoxine.South African Medical Journal49, 2155–2156.

Mardel S, Phair I, O’Dwyer F & Henry JA (1994) Intravenous
pyridoxine in acute ethanol intoxication.Human Experimental
Toxicology13, 321–323.

Martner-Hawes PM, Hunt IF, Murphy NJ, Swendseid ME &
Settlage RH (1986) Vitamin B6 nutriture and plasma diamine
oxidase in pregnant Hispanic teenagers.American Journal of
Clinical Nutrition 44, 907–913.

Meister A (1990) On the transamination of enzymes.Annals of the
New York Academy of Sciences585, 13–31.

Miller LT & Linkswiler H (1967) Effect of protein intake on the
development of abnormal tryptophan metabolism by men during
vitamin B6 depletion.Journal of Nutrition93, 53–59.

Mira M, Stewart PM & Abraham SF (1988) Vitamin and trace
element status in premenstrual syndrome.American Journal of
Clinical Nutrition 47, 636–641.

Mori K, Kaido M, Fujishiro K, Inoue N & Koide O (1992) Effects of
megadoses of pyridoxine on spermatogenesis and male reproduc-
tive organs in rats.Archives of Toxicology66, 198–203.

Mpofu C, Alani SM, Whitehouse C, Fowler B & Wraith JE (1991)
No sensory neuropathy during pyridoxine treatment in homo-
cystinuria.Archives of Disease in Childhood66, 1081–1082.

Mudd SH (1971) Pyridoxine-responsive genetic disease.
Federation Proceedings30, 970–976.

18 D. A. Bender



Noto Y & Okamoto H (1978) Inhibition by kynurenine metabolites
of proinsulin synthesis in isolated pancreatic islets.Acta Diabe-
tologica Latina15, 273–282.

Palm D, Klein HW, Schinzel R, Beuhner M & Helmreich EJ
(1990) The role of pyridoxal 59-phosphate in glycogen phos-
phorylase catalysis.Biochemistry29, 1099–1107.

Paulose CS, Dakshinamurti K, Packer S & Stephens NL (1988)
Sympathetic stimulation and hypertension in the pyridoxine
deficient adult rat.Hypertension11, 387–391.

Perry TL, Yong VW, Kish SJ, Ito M, Foulks JG, Godolphin WJ &
Sweeney VP (1985) Neurochemical abnormalities in brains of
renal failure patients treated by repeated hemodialysis.Journal
of Neurochemistry45, 1043–1048.

Pfeiffer SI, Norton J, Nelson L & Shott S (1995) Efficacy of
vitamin B6 and magnesium in the treatment of autism: a
methodology review and summary of outcomes.Journal of
Autism and Developmental Disorders25, 481–493.

Phillips WE, Mills JH, Charbonneau SM, Tryphonas L, Hatina
GV, Zawidzka Z, Bryce FE & Munro IC (1978) Subacute
toxicity of pyridoxine hydrochloride in the beagle dog.
Toxicology and Applied Pharmacology44, 323–333.

Pueschel SM, Reed RB, Cronk CE & Goldstein BI (1980) 5-
Hydroxytryptophan and pyridoxine. Their effects in young
children with Down’s syndrome.American Journal of Diseases
of Childhood134, 838–844.

Rao KS & Mohan PS (1982) Plasma somatomedin activity, growth
hormone and insulin levels in vitamin B6 deficient rats.
Hormone and Metabolic Research14, 580–582.

Rao RH (1983) Glucose tolerance in subclinical pyridoxine defi-
ciency in man.American Journal of Clinical Nutrition38, 440–
444.

Rao RH, Vigg BL & Rao KS (1980) Failure of pyridoxine to
improve glucose tolerance in diabetics.Journal of Clinical
Endocrinology and Metabolism50, 198–200.

Rimland B (1988) Controversies in the treatment of autistic
children: vitamin and drug therapy.Journal of Childhood
Neurology3, Suppl., S68–S72.

Rimland B, Callaway E & Dreyfus P (1978) The effect of high
doses of vitamin B6 on autistic children: a double blind cross-
over study.American Journal of Psychiatry135, 472–475.

Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson
JE, Hennekens C & Stampfer MJ (1998) Folate and vitamin B6

from diet and supplements in relation to risk of coronary heart
disease among women.Journal of the American Medical Asso-
ciation 279, 359–364.

Ritchie CD & Singkamani R (1986) Plasma pyridoxal 59-phos-
phate in women with the premenstrual syndrome.Human
Nutrition: Clinical Nutrition 40, 75–80.

Rogers KS & Evangelista SJ (1985) 3-Hydroxykynurenine, 3-
hydroxyanthranilic acid, ando-aminophenol inhibit leucine
stimulated insulin release from rat pancreatic islets.
Proceedings of the Society for Experimental Biology and Med-
icine 178, 275–278.

Rose CS, Gyorgy P, Butler M, Andres R, Norris AH, Shock NW,
Tobin J, Brin M & Spiegel H (1976) Age difference in vitamin
B6 status of 617 men.American Journal of Clinical Nutrition29,
847–853.

Rose DP (1966a) Excretion of xanthurenic acid in urine of women
taking progesterone–oestrogen preparations.Nature210, 196–
197.

Rose DP (1966b) The influence of oestrogens on tryptophan
metabolism in man.Clinical Science31, 265–272.

Rose DP, Leklem JE, Brown RR & Linskwiler HM (1975) Effect
of oral contraceptives and vitamin B6 deficiency on carbohy-
drate metabolism.American Journal of Clinical Nutrition28,
872–878.

Sahakian V, Rouse D, Sipes S, Rose N & Niebyl J (1991) Vitamin

B6 is effective therapy for nausea and vomiting of pregnancy: a
randomized, double-blind placebo controlled study.Obstetrics
and Gynecology78, 33–36.

Schaeffer MC, Gretz D, Mahuren JD & Coburn SP (1995) Tissue
B-6 vitamer concentrations in rats fed excess vitamin B-6.
Journal of Nutrition125, 2370–2378.

Schaeppi U & Krinke G (1982) Pyridoxine neuropathy: correlation
of functional tests and neuropathology in beagle dogs treated
with large doses of vitamin B6. Agents and Actions12, 575–582.

Schaumburg H, Kaplan J, Windebank A, Vick N, Rasmus S,
Pleasure D & Brown MJ (1983) Sensory neuropathy from
pyridoxine abuse. A new megavitamin syndrome.New England
Journal of Medicine309, 445–448.

Schrijver J, Tolonen M, Westmark T, Halme M, Tuominen S,
Frilander A & Sarna A (1987) Vitamin B6 status of Finnish and
Dutch elderly. InBiochemistry of Vitamin B6, pp. 411–416 [T
Korpela and P Christen, editors]. Basel and Boston, MA:
Birkhauser Verlag.

Schuster K, Bailey LB, Dimperio D & Mahan CS (1985) Morning
sickness and vitamin B6 status of pregnant women.Human
Nutrition: Clinical Nutrition 39, 75–79.

Schuster K, Bailey LB & Mahan CS (1981) Vitamin B6 status of
low income adolescent and adult pregnant women and the
condition of their infants at birth.American Journal of Clinical
Nutrition 34, 1731–1735.

Selhub J, Jacques PF, Wilson PW, Rush D & Rosenberg IH (1993)
Vitamin status and intake as primary determinants of homo-
cysteinemia in an elderly population.Journal of the American
Medical Association270, 2693–2698.

Shah BR, Santucci K, Sinert R & Steiner P (1995) Acute isoniazid
neurotoxicity in an urban hospital.Pediatrics95, 700–704.

Siow YL & Dakshinamurti K (1985) Effect of pyridoxine defi-
ciency on aromaticL-amino acid decarboxylase in adult rat
brain.Experimental Brain Research59, 575–581.

Smallwood J, Ah-Kye D & Taylor I (1986) Vitamin B6 in the
treatment of pre-menstrual mastalgia.British Journal of Clinical
Practice40, 532–533.

Smith GP, Rudge PJ, Peters TJ (1984) Biochemical studies of
pyridoxal and pyridoxal phosphate status and therapeutic trial of
pyridoxine in patients with carpal tunnel syndrome.Annals of
Neurology15, 104–107.

Snider DE (1980) Pyridoxine supplementation during isoniazid
therapy.Tubercle61, 191–196.

Solomon LR & Cohen K (1989) Erythrocyte O2 transport and
metabolism and effects of vitamin B6 therapy in type II diabetes
mellitus.Diabetes38, 881–886.

Spellacy WN, Buhi WC & Birk SA (1977) Vitamin B6 treatment of
gestational diabetes mellitus: studies of blood glucose and
plasma insulin.American Journal of Obstetrics and Gynecology
127, 599–602.

Spooner GR, Desai HB, Angel JF, Reeder BA & Donat JR (1993)
Using pyridoxine to treat carpal tunnel syndrome. Randomized
control trial.Canadian Family Physician39, 2122–2127.

Standal BR, Kao Chen SM, Yang GY & Char DF (1974)
Early changes in pyridoxine status of patients receiving iso-
niazid therapy.American Journal of Clinical Nutrition27, 479–
484.

Stokes J & Mendels J (1972) Pyridoxine and premenstrual tension.
Lanceti, 1177–1178.

Stransky M, Rubin A, Lava NS & Lazaro RP (1989) Treatment of
carpal tunnel syndrome with vitamin B6: a double blind study.
Southern Medical Journal82, 841–842.

Sur S, Camara M, Buchmeier A, Morgan S & Nelson HS (1993)
Double blind trial of pyridoxine (vitamin B6) in the treatment of
steroid dependent asthma.Annals of Allergy70, 147–152.

Symes EK, Bender DA, Bowden JF & Coulson WF (1984)
Increased target tissue uptake of, and sensitivity to, testosterone

19Non-nutritional uses of vitamin B6



in the vitamin B6 deficient rat.Journal of Steroid Biochemistry
20, 1089–1093.

Toyota T, Kai Y, Kakizaki M, Ohtsuka H, Shibata Y & Goto Y
(1981) The endocrine pancreas in pyridoxine deficient rats.
Tohoku Journal of Experimental Medicine134, 331–336.

Tsutsumi S, Tanaka T, Gotoh K & Akaike M (1995) Effects of
pyridoxine on male fertility.Journal of Toxicological Science
20, 351–365.

Tully DB, Allgood VE & Cidlowski JA (1994) Modulation of
steroid receptor-mediated gene expression by vitamin B6.
FASEB Journal8, 343–349.

Ubbinck JB (1997) The role of vitamins in the pathogenesis and
treatment of hyperhomocyst(e)inaemia.Journal of Inherited
Metabolic Diseases20, 316–325.

Ubbinck JB, Vermaak WJH, van der Merwe A, Becker PJ, Delport
R & Potgieter HC (1994) Vitamin requirements for the treatment
of hyperhomocystinaemia in humans.Journal of Nutrition124,
1927–1933.

van de Kamp JL & Smolen A (1995) Response of kynurenine
pathway enzymes to pregnancy and dietary level of vitamin B-6.
Pharmacological and Biochemical Behaviour51, 753–758.

van den Berg H, Louwerse ES, Bruinse HW, Thissen JT &
Schrijver J (1986) Vitamin B6 status of women suffering from
premenstrual syndrome.Human Nutrition: Clinical Nutrition
40, 441–450.

Verhoef P & Stampfer MJ (1995) Prospective studies of homo-
cysteine and cardiovascular disease.Nutrition Reviews53, 283–
288.

Villegas-Salas E, Ponce de Leon R, Juarez-Perez MA & Grubb GS
(1997) Effect of vitamin B6 on the side effects of a low-dose
combined oral contraceptive.Contraception55, 245–248.

Vilter RW (1964) The vitamin B6–hydrazide relationship.
Vitamins and Hormones22, 797–805.

Vir S & Love AHG (1978) Vitamin B6 status of the hospitalized
aged.American Journal of Clinical Nutrition31, 1383–1391.

Viswanathan M, Bose R & Dakshinamurti K (1991) Increased
calcium influx in caudal artery of rats made hypertensive with
pyridoxine deficiency.American Journal of Hypertension4,
252–255.

Vutyavanich T, Wongtra-ngan S & Ruangsri R (1995) Pyridoxine
for nausea and vomiting of pregnancy, a randomized, double-
blind, placebo controlled trial.American Journal of Obstetrics
and Gynecology173, 881–884.

Whyte MP, Mahuren JD, Vrabel LA & Coburn SP (1985) Mark-
edly increased circulating pyridoxal 59-phosphate levels in
hypophosphatasia.Journal of Clinical Investigation76, 752–
756.

Williams MJ, Harris RI & Dean BC (1985) Controlled trial of
pyridoxine in the premenstrual syndrome.Journal of Interna-
tional Medical Research13, 174–179.

Wilson RG & Davis RE (1984) Vitamin B6 intake and plasma
pyridoxal phosphate concentrations in the first two weeks of life.
Acta Paediatrica Scandinavica73, 218–224.

Wynn V & Doar JW (1966) Some effects of oral contraceptives on
carbohydrate metabolism.Lancetii , 715–719.

q Nutrition Society 1999

20 D. A. Bender


