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Vitamin B6 Related Epilepsy during Childhood

Huei-Shyong Wang, MD; Meng-Fai Kuo1, MD, PhD

In some patients without vitamin B6 deficiency, epilepsy can not be controlled without
an extra supplement of vitamin B6. The therapeutic role of pyridoxal phosphate (PLP), the
active form of vitamin B6, may not be replaced with other forms of vitamin B6 sometimes.
Until now, four inborn errors of metabolism are known to affect vitamin B6 concentrations
in the brain. Three of them are hyperprolinemia type 2, antiquitin deficiency, and pyridoxine
phosphate oxidase deficiency. The fourth disorder occurs in neonates with hypophosphatasia
and congenital rickets. All patients with these conditions present with early-onset epilepsy
that is resistant to conventional antiepileptic medications. Patients with three of the condi-
tions respond to any form of vitamin B6. Only those with pyridoxine phosphate oxidase defi-
ciency respond to PLP instead of pyridoxine. Interestingly, the authors have successfully
treated many patients without the above four disorders using vitamin B6, and have found that
the treatment was more effective with PLP than with pyridoxine, though the mechanism is
not known. Since PLP is as inexpensive as pyridoxine, we suggest replacing PLP for pyri-
doxine when treating children with epilepsy. (Chang Gung Med J 2007;30:396-401)
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Vitamin B6 plays numerous roles in the human
body. They include transamination of amino

acids, decarboxylation reactions, modulation of the
activity of steroid hormones, and regulation of gene
expression. Vitamin B6 deficiency may cause γ-
aminobutyric acid (GABA) deficiency and seizures.
If left untreated, it can lead to permanent neurologi-
cal sequelae. Thus, it is important to know the nor-
mal mechanism for the metabolism of vitamin B6,
the role of alkaline phosphatases in the transportation
of vitamin B6 into the brain, and the disorders of the
metabolism of vitamin B6. Vitamin B6 has long been
used in many patients with epilepsy. Only a small
proportion of patients have been confirmed to have a
specific disorder in metabolizing vitamin B6. Most of
the remaining patients received vitamin B6 as adju-

vant to antiepileptic drugs. Some patients with
epilepsy or specific epileptic syndromes such as
infantile spasms were well controlled using ordinary
or mega- dosage of vitamin B6. Our recent experi-
ences suggest that the active form of vitamin B6 is
better than the prototype. A proper treatment strategy
for using vitamin B6 in patients with epilepsy should
be made.

Normal metabolism of vitamin B6

Vitamin B6 is a water soluble vitamin that is
present in the body as six vitamers: the alcohol pyri-
doxine (pyridoxol), aldehyde pyridoxal, amine pyri-
doxamine, and their respective 5’-phosphorylated
esters. Vitamin B6 is ingested from the diet and is
present in many kinds of food including meats, puls-
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es, cereals, vegetables and some fruits; a proportion
of vitamin B6 is derived from intestinal bacterial
flora. Animal-derived vitamin B6 consists mostly of
phosphorylated pyridoxal and pyridoxamine while
that from plants consists largely of free and bound
pyridoxine.(1) Phosphorylated B6 vitamers are con-
verted to their free bases by intestinal alkaline phos-
phatases and these are then absorbed from the upper
small intestine by a carrier-mediated system.(2)

Absorption is rapid and the vitamers pass into the
portal circulation and are taken up by the liver. Here,
pyridoxine, pyridoxamine and pyridoxal are phos-
phorylated by pyridoxal kinase to their 5’-phosphate
esters and pyridoxine phosphate and pyridoxamine
phosphate oxidized by pyridox(am)ine phosphate
oxidase (PNPO) to form pyridoxal phosphate (PLP).
PLP is released from the liver into the circulation
where it is bound by albumin and forms approxi-
mately 60% of circulating vitamin B6 with lesser
amounts of pyridoxine, pyridoxamine, and pyridoxal. 

Only free vitamer bases can cross the blood
brain barrier (BBB), mostly at the choroid plexi.(3) To
penetrate through the BBB, PLP is cleaved to pyri-
doxal by non-specific membrane associated alkaline
phosphatases and transported into cerebrospinal fluid
(CSF) by an active transport mechanism that can also
take up pyridoxine and pyridoxamine. Uptake of the
free vitamers from CSF into brain cells is via a simi-
lar mechanism. Hypophosphatasia is a rare inherited
metabolic disease characterized by rickets with
reduced plasma and tissue alkaline phosphatase
activity. It may be present during infancy, childhood,
or adulthood. Various clinical manifestations reflect
different forms of alkaline phosphatase gene expres-
sion. In one specific type of hypophosphatasia (MIM
171760), the defective transport of vitamin B6 causes
complicated seizures which respond to vitamin B6

but are resistant to all antiepileptics.(4,5)

In the brain cells, vitamin B6 is then trapped
after the pyridoxine kinase catalyze the phosphory-
lating reaction of the pyridoxal, pyridoxine, and pyri-
doxamine. Pyridoxine and pyridoxamine phosphate
are then oxidized by PNPO to form PLP.(6) PLP has
excellent electron sink properties that make it a ver-
satile organic catalyst. Except for glycogen phospho-
rylase, all enzymes that use PLP as a cofactor act
upon amino acids or amines. The aldehyde group of
PLP can undergo a Schiff base reaction with free
amine groups to form an aldimine double bond link-

ing the amino acids to the electron sinks. The unique
environment produced by the enzymes determine the
catalytic properties and the types and specificity of
the holoenzyme.(7) More than 100 apoenzymes are
known to require PLP as a cofactor and the holoen-
zymes catalyze diverse reaction specificities such as
transamination, decarboxylation, racemisation, elimi-
nation and replacement reactions.

In the brain, PLP-dependent enzymes are
involved in the metabolism of many amino acid and
amine neurotransmitters such as dopamine, sero-
tonin, glutamate, glycine, GABA, D-serine and tau-
rine. They are also important in the synthesis of neu-
roprotective compounds such as kynurenic acid.
Thus defects in the metabolism of PLP would be
expected to cause major neurological consequences,
such as vitamin B6 deficiencies have long been
known to induce epilepsy in human infants.(8)

Inborn metabolic disorders of vitamin B6

Until now, in addition to hypophosphatasia
(MIM 171760), three other disorders are known to
cause defective vitamin B6 metabolism. The first is
PNPO deficiency, which causes pyridoxine nonre-
sponsive, PLP-responsive neonatal epileptic
encephalopathy.(9) The second is type II hyperproline-
mia, which can cause pyridoxine responsive epilep-
sy.(10) The accumulation of pyrroline-5-carboxylic
acid resulting in inactivation and finally a picture of
PLP deficiency.(11) The third is pyridoxine dependent
epilepsy (PDE), which has long been considered as
an inborn error of vitamin B6 metabolism or trans-
port.(12) However, it was recently discovered that the
deficiency of α-aminoadipic semialdehyde dehydro-
genase may also cause inactivation of PLP.(13) It is
important that the PNPO deficiency and PDE have
been confirmed in their respective genetic defects
during recent years.

Pyridox(am)ine 5’-phosphate oxidase (PNPO) defi-

ciency (OMIM 610090)

To date, only five patients have been reported to
have had PNPO deficiency.(9) One other case reported
by the authors had pyridoxine nonresponsive, PLP
responsive epilepsy though there was no evidence of
PNPO in that patient.(14) The infants were born pre-
maturely with evidence of fetal distress and had
impaired postnatal adaptation resembling hypoxic-
ischemic neonatal encephalopathy. Seizures devel-
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oped during the first 12 hours of life and were resis-
tant to conventional antiepileptic medications.
Multiple seizure types developed and electroen-
cephalogram (EEG) evolved to a burst-suppression
pattern. There were no (or an incomplete) responses
to intravenous pyridoxine supplements. However,
two of the infants (including ours) responded
promptly to PLP in a dose of 10 mg/kg given every 6
hours.(15) This response might be associated with ini-
tial severe cerebral depression like that seen in a pro-
portion of cases with PDE.(9)

All five patients with PNPO deficiency in the
same series had characteristic biochemical findings
in the CSF, plasma and urine that were explicable as
a block in metabolic pathways caused by deficiency
of a PLP dependent enzyme.(9) In the CSF, there were
reduced homovanillic and 5-hydroxyindoleacetic
acids and raised 3-methoxytyrosine concentrations,
raised glycine and threonine concentrations. Similar,
but more variable changes were found in plasma.
Urine showed increased excretion of vanillactic acid.

Type II hyperprolinemia (OMIM 239510)

Two types of hyperprolinemia appear to exist. In
hyperprolinemia type I (OMIM 239500), the defect
involves the enzyme proline oxidase. Mental retarda-
tion is not a feature. In hyperprolinemia type II,
which is usually characterized by mental retardation
and convulsions, the enzyme defect involves ∆1-
pyrroline-5-carboxylate dehydrogenase (P5CDH)
due to mutation in the P5CDH gene. The P5CDH is
a mitochondrial matrix NAD(+)-dependent dehydro-
genase which catalyzes the second step of the proline
degradation pathway, converting pyrroline-5-car-
boxylate (P5C) to glutamate. P5CDH deficiency
causes the accumulation of proline and P5C in plas-
ma and excessive excretion of P5C in urine.(16) P5C
and PLP combine through a Claisen condensation or
Knoevenengal type of reaction of the activated C-4
carbon of the P5C pyrroline ring with the aldehyde
carbon of PLP. PLP is thus consumed and de-activat-
ed.(11) Generalized seizures occurred in approximately
half of the affected patients with type II hyperpro-
linemia.(17) One child with type II hyperprolinemia
developed seizures and patient with encephalopathy
associated with pneumonia was found to be PLP
deficient.(10) The seizures responded to pyridoxine 50
mg/day orally.

Pyridoxine-dependent epilepsy (PDE) (MIM 266100)

Pyridoxine-dependent epilepsy (PDE) has been
known since 1954.(18) However, it is rare with an inci-
dence of around one in 400000 births.(19) Patients
with PDE are classified into the early-onset, typical
group presenting within the first few days of life, and
later onset, atypical group presenting up to 3 years of
age.(20) Patients in the early-onset group may develop
prenatal seizures from around 20 weeks of gestation.
One third of the patients have neonatal encephalopa-
thy with hyper-alertness, irritability and stimulus
sensitive startle. This may be accompanied by sys-
temic features such as respiratory distress, abdominal
distension and vomiting, as well as metabolic acido-
sis. Multiple seizure types start within the first few
days of life and are resistant to conventional
antiepileptics. There may be structural brain anom-
alies such as hypoplasia of the posterior part of the
corpus callosum, cerebellar hypoplasia or hydro-
cephalus, and other cerebral complications such as
cerebral hemorrhage or white matter abnormalities.(21)

The seizure activity is promptly (within minutes)
responsive to 100 mg pyridoxine given intravenous-
ly. However, it has been reported that cerebral
depression occurred after the first dose of pyridoxine
in about 20% of infants with PDE. Usually the
infants become hypotonic and sleep for several
hours. Apnea, cardiovascular instability and isoelec-
tric EEG rarely occur. Cerebral depression often
occurs in infants who are also taking antiepileptics.
Interestingly, the authors never had this kind of com-
plication when using vitamin B6 in hundreds of chil-
dren with epilepsy.

In contrast, encephalopathy and brain structural
anomalies were not noted in the group with late-
onset PDE. Seizures may start anytime up to 3 years
of age.(22) Often the seizures occur in the context of a
febrile illness which may develop into status epilep-
ticus. There is usually an initial response to conven-
tional anti-epileptic drugs, however, the effects fade
with time. Pyridoxine in a dose of 100 mg/day orally
usually control the seizure activity within 1 to 2
days. Cerebral depression is not a complication of
late-onset PDE.

The only way to confirm a diagnosis of PDE
was to withdraw pyridoxine and demonstrate the
recurrence of seizures that again showed prompt
response to pyridoxine. The treatment is life long
and the dose of pyridoxine used is usually around 15
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mg/kg/day, and may be up to 500 mg/day. Learning
difficulties, particularly language learning skills,
seem to be a common complication of early-onset
PDE.(21) Delay in the treatment of these patients over
months or years causes severe motor disorders with
learning difficulties and sensory impairment. It has
been suggested that every neonate with seizures,
even if perinatal asphyxia or sepsis is suspected,
should be given a trial of intravenous vitamin B6.
Similarly, each child with the onset of epilepsy under
3 years of age should also be given a trial of oral vit-
amin B6.(22)

Recently, it was shown that the mutation of the
aldehyde dehydrogenase (ALDH) 7A1 gene, which
is located on chromosome 5q31, is the most common
cause of PDE. ALDH 7A1 gene encoding antiquitin,
have been shown to abolish the activity of antiquitin
as an α-aminoadipic semialdehyde dehydrogenase
which results in the accumulation of L-∆ 1-
piperideine-6-carboxylate (P6C).(13) α-Aminoadipic
semialdehyde dehydrogenase is part of the pipecolic
pathway of lysine catabolism. P6C has been shown
to condense with PLP and to presumably inactivate
it, causing PLP deficiency in brain.(13)

Which is better: pyridoxine or PLP?
In clinical practice, particularly in Taiwan and

Japan, pyridoxine and PLP have been used as
antiepileptic medications for patients with infantile
spasms and childhood generalized and focal epilepsy.
In the authors’ series, 94 children with ages ranging
from 8 months to 15 years were noted to have
intractable idiopathic epilepsy (both partial and gen-
eralized seizures). Ten percents of the patients
responded to PLP.(23) Of these, half responded to pyri-
doxine as well. The authors prefer using PLP as the
first choice in some children with intractable epilep-
sy since the seizures responding to pyridoxine
respond to PLP too, but not vice versa, in addition
PLP is as inexpensive as pyridoxine.
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