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Summary. To characterize the pineal response to pyridoxine, plasma melato-
nin was measured in one hundred and twenty children 3 hours after vitamin B,
administration. The children, aged between 1.5 and 8 years, were divided in
four groups as follows: a) control day group, grouping 27 children sampled at
9:00 and at 12:00: b) control night group, grouping 29 children sampled
at 21:00 and at 24:00; ¢) pyridoxinc day group, grouping 30 children sampled
at 9:00, then intravenously (i.v.) injected with 3mg/kg of pyridoxine, and
sampled at 12:00; and d) pyrnidoxine night group. grouping 34 children sampled
at 21:00, 1.v. injected with 3mg/kg of pyridoxine. and sampled at 24:00. Mcla-
tonin concentration was measured by radioimmuno assay. The data obtained
showed a significant increase in melatonin levels after pyridoxine administra-
tion in the pyridoxinc night group (39.87 = 8.02 pg/ml basal vs 88.45 = 9.21 pg/
ml after pyridoxine, p < 0.001). The other groups did not showed significant
differences in melatonin concentrations. Statistical analysis shows that the
administration of pyridoxinc during the nocturnal hours represents a stimulat-
ing factor (o increase the pineal production of melatonin in children.

Keywords: Melatonin, pyridoxine, children, pineal function test. circadian
rhythms

Introduction

Melatonin production by the pineal gland displays a circadian rhythm peaking
at night in alJl animal species studied including man (Cardinali, 1981: Reiter,
1986; Vivien-Roels and Pevet, 1993). This rhythm is under photoperiodic
regulation (Humlovd and Illnerovd, 1992), with light decreasing and dark
increasing N-acetyltransferase activity, the hmiting enzyme of melatonin syn-
thesis in the pineal gland (Klein, 1978). Pinecalocyte uses tryptophan as sub-
strate for mclatonin synthesis, and melatonin levels change as a function of
tryptophan availability. In sheep, Namboodiri (1983) reported an increase in
pineal melatonin production after hydroxytryptophan administration. More
recently, Huether et al. (1992) and Yaga et al. (1993) showed that tryptophan
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loading increases daytime serum melatonin levels in rats, either from pineal
and extrapincal origin. Huether et al. (1993) also showed an elevation in
serum melatonin levels after serotonin-releasing drugs administration in rats.

The relationships between vitamin B, and endocrine system have
been previously showed (Rose, 1978). 1t is well known the activity of
pyridoxine as a coenzyme in the tryptophan metabolism, both in the
kynurenine and in the methoxyindole pathways (Klein et al., 1980; Quay,
1980). In the methoxyindole pathway. pvridoxine acts as coenzyme of the
S5-hydroxytryptophan decarboxylase. The enzyme decarboxylates 5-
hydroxytryptophan, yielding 5-hydroxytryptamine (serotonin), the immediate
precursor of melatonin (Klein el al., 1980; Quay, 1930). Thus, the vitamin B,
deficicnce may induce important metabolic alterations that involve pyridox-
inc-dependent enzymes. Coenzymatic activity of pyridoxine exerts important
roles not only in tryptophan metabolism but also in neurotransmitter biosyn-
thesis (Dolina et al., 1993). In this respect the convulsive manifestations that
appear during pyridoxine deficiency are well known (Acufia et al., 1994;
Bessey et al.. 1957; Hellstrom and Vasella, 1962: Sherman, 1954). Moreover,
the pincal hormone melatonin increuses brain pyridoxal phosphokinase activ-
ity (Anton-Tay and Sepdlveda, 1970) and exerts important inhibitory effects
on the CNS activity. These inhibitory effects of melatonin involve an increase
GABA-benzodiazepine receptor complex activity and an inhibition of
glutamatergic neurotransmission (Acufa-Castroviejo et al., 1986a,b, 1990,
1993. 1994, 1995). The effects of melatonin may explain the relation between
melatonin and convulsions supported by the literature (Anton-Tay. 1974;
Champney and Petterson, 1993; Molina et al., 1994a.b). Thc cxistence of the
relationships between tryptophan metabolism, melatonin synthesis and rhyth-
micity, and brain activity, prompt us to evaluate the participation of pyridox-
ine in the dirunal and nocturnal melatonin production.

Subjects and methods
Subjects

The study was carried out in 120 children at the University of Granada Hospital
(Granada, Spain). Informed consent was obtained from all parents and from the
hospital’s Ethical Committee, in accordance with the declaration of Helsinki of 1975, as
revised in 1983. The study was done in pediatric patients aged between 1.5 and 8 vears. All
sclected children satisfied the following criteria: a) lack of familiar antecedents of con-
genital illness; b) absence of known personal organic illness antecedents. excepting the
typical infanule diseases with favourable cvolution; ¢) the children were in the hospital
because of non endocrine and non psyvchological or neurological diseases. This banal
pathology included acute gastroenteritis. upper airway respiratory afections with bad oral
tolerance and minor surgery. all of them with favourable progression: d) short hospital
stay, between 2 and 3 days: e) normal psychomotor and somatometric development; f)
normal clinical and routinc biochemical findings and absence of medication during the
stucy. which was done just one day before the patient lcaves the hospital.

Study protocol

The children were divided in two groups. namely control and pyridoxine-treated ones.
Furthermore, each of these groups was divided in two subgroups, diurnal and nocturnal
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groups, to study the daily melatonin changes in these periods. Diurnal groups consisted of
patients sampled at 9:00 and 12:00, and nocturnal groups consisted of patients sampled at
21:00 and 24:00. The inclusion of a patient in the respective subgroup only depended on
the time of sample.

I'e control group (C) contained 56 children (47% of the total). This group was
divided into two subgroups: a) control day group, comprising 27 children sampled at 9:00
(C9) and at 12:00 (CI12), and b) control night group. comprising 29 children sampled at
21:00 (C21) and at 24:00 (C24).

The pyridoxine-treated group (P) contained 64 children (53% of the total). This
eroup was divided into two subgroups: a) pyridoxine-treated day group, comprising 30
children sampled at 9:00 (P9). In this group a 15 ml isotonic saline solution containing
3 mo/kp body weight of pyridoxine was slowly (20min) intravenously injected. The injce-
don started immediately after 9:00 sampling. This group was newly sampied at [2:00
(P12): b) pyridoxine-treated night group, comprising 34 children, sampled at 21:00 (P21)
and, after the samc pyridoxine protocol as the P9 group, the children were sampled at
24:00 (P24).

The antecubilal vein was cannulated in all children, and blood samples were taken to
do routine biochemicul analysis. The antecubital intravenous cannula was also used in our
study 1o inject the pyridoxine dose. Two blood samples were obtained from cach child. i.c.
basal and three bours after. After blood centrifugation at 3,000 <<g for 10 min, plasma was
separated and frozen a¢ —20°C until assay. The study was carried out along the year, and
a similar number of sampies were obtained for each scason. Due Lo the geographic area
in which the study was done (Granada, in the south of Spain), high intensity of daylight
(when the children were sampled) is common along the year (3>2,500-3,000 lux), whereas
during the night light intensity was less than 200 lux always. Environmental stress was
minimal due to both the banal pathology of the studicd children and the time in which the
samplcs were taken, i.e., betforc to withdraw the intravenous cannula.

The concentration of plasma mclatonin was determined by radioimmupo assay
(WHB, Bromma, Sweden). The method was validated for the direct measurement of
melatonin in Lhe human plasma by quality control studies (Fernandez et al., 1990). Pooled
human plasma scrially diluted with assay buffer gave displacements parallel to those of
melatonin standards. The intra- and interassay coefficients of variation were 11.3% and
16.3%, respectively. Recovery ol melatonin, as assessed by the standard addition method,
gave a valuc of 84.4% and sensitivity was 5 pg/mt.

Statistical analysis

All results are expressed as mean = SEM. Plasma melatonin i1s expressed in pg/ml. The
statistical analysis of the results included mean comparisons, Pearson’s regression and
correlation analysis, and Fisher's transformation.

Results

Figurc 1 shows the mean = SEM of the melatonin values in the differcnt
studied groups. In the control day group, melatonin levels oscillate from 40.39
+ 1126 pg/ml at 9:00 (C9 group) to 36.82 = 9.01pg/ml at 12:00 (C12 group)
(n.s.). These results are similar to those found in the pyridoxine-treated day
group, which show melatonin valucs of 42.29 = 9.94pg/mi at 9:00 (P9 group)
and 36.70 = 9.23pg/ml at 12:00 (P12 group) (n.s.).

During the nocturnal period, therc are not significant changes in melato-
nin levels in the control night group, changing from 51.25 % 10.54pg/ml at
21:00 (C21 group) to 54.37 = 10.17 pg/ml at 24:00 (C24 group) (n.s.). However,
in the pyridoxine-treated night group, there is a significant increase in melato-
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Fig. 1. Melatouin levels before and after pyridoxine administration. See Materials and
methods for the legends. *P < (.001

nin concentrations, raising from 39.87 = 8.02pg/ml at 21:00 (P21 group) to
88.45 = 9.21 pg/ml at 24:00 (P24 group) (p < 0.001).

An interesting analysis in this experimental design was to compare the
melatonin values obtained in the basal sample with those obtained 3 hours
after for each group (Table 1). The results of this statistical analysis suggest
the following statements: a) in the control day group there is a statistically
significant correlation between melatonin levels found at 9:00 and at 12:00,
with both significant correlation (r = 0.66, p < 0.001) and determination (R =
0.44, p < 0.05) coefficients. This significant correlation disappeared in the
pyridoxine-treated day group (r = 0.15. n.s.). Moreover. during the nocturnal
period there arc statistically significant relationships both in the control night
group (r = 0.82, p < 0.001) and in the pyridoxine-treated night group (r =
(.41, p < 0.05). The Fisher’s z transformation of the correlation coefficients
demonstrates different population of data, both in the day groups (z = 7.2,
p < 0.001) and in the night groups (z = 9.12, p < 0.001) (Table 2).

Table 1. Correlation and regression studies between melatonin levels before and after
pyridoxine administration. R determination cocfficient

Group r/p R/p Regression equation
Control day group 0.66%* 0.44* y = x/(0.66 + 0.17x)
Control night group .82 0.67%% y =123 + 0.99
Pyridoxin-treated day group 0.15 0.02 —
Pyridoxin-treated night group 041%* 0.17 y =642 + 0.38x

*p < 0.05: % p < 0.001
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Table 2. Correlation coefficient analysis by ['isher’s z transformation of the control group
and pyridoxin-treated group

Group Z, 2, SDz z p
Day 0.80 0.15 0.09 72 o
Night 1.16 0.43 0.08 9.12 o
# p < 0,001
Discussion

Although the pyndoxinc requirements are not exactly known, it is accepted
that doses between 0.5 and 1.5mg/day are enough to basal nccessities
(Horwitt. 1986: Otto ct al., 1957). These amounts of vitamin B, are found in
normal diet. However, during the treatment of vitamin B, deficiency or in
some status such as neonatal seizures. sideroacresic anemias, homocystinuria
or [amiliar xanturenic aciduria, the doses of pyridoxine required to counteract
these processes arce between 10 and 100mg/day (Cruz and Rodriguez, 1973:
Escriver, 1960; Snyderman et al., 1961; Yess et al., 1964).

The absence of clinical manifestations of vitamin B, deficiency and the
normality ol the biochemical analysis support normal pyridoxine levels in
the children included in our study. To perform the pyridoxine test to evaluate
the pineal function. we chose a therapeutic vitamin B, dose. However. due
to the large difference between lower and higher doses of pyridoxine used
in clinic, we used a calculated dosc rclated to body weight (3mg/kg body
weight). The dose of pyridoxine was intravenously administered in a continu-
ous infusion during 20min. This way of administration avoids the retard of
intestinal absorption and hepatic metabolisation of pyridoxine typical of oral
administration. Moreover. because the children had an antecubital intrave-
nous cannula routinely putted in place at their admission in thc hospital, we
used this venous way to inject the pyridoxine dose and to take the blood
samples elsewhere. Consequently, we avoid any extra stressful situation to
children. Although the span of ages of patients included in the study is rather
wide, we leel that this factor did not affected to the results here described. In
fact, all children had finished their breast milk feeding period and thus they
had the typical melatonin rhythmic sccretion. Moreover, all the children were
in prepubertal status, when the melatonin secretion is maximal and the regu-
latory mechanisms werc not affected by hormones of the hypothalamus-
hypophyseal-gonadal axis (Attanasio et al., 1985). Thus, the circadian rhythm
of melatonin in the studied children was similar in all of them.

There are many data regarding relationships between vitamin B, and
central ncrvous system, and between vitamin B, and several physiological
processes such as nutrition, development and endocrine system (Coburn,
1994; Otto et al., 1957; Rose, 1978). However, [ew studies involving vitamin By
apnd melatonin exist to date (Amords, 1994). Vitamin B,-dependent enzymatic
systems, including those involved in neurotransmitter biosynthesis (Dolina et
al.. 1993) and tryptophan metabolism (Klein et al., 1980; Quay, 1980). use
pyridoxal-5-phosphate (the biologically active form of vitamun B,) from the
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general organic pool. In a situation of pyridoxal deficience. cach enzyme will
consume this cofactor according to its dissociation constant, thus allowing a
variable use of the vitamin.

Koskiniemi ct al. (1985) have studied the effect of an oral dose of 2g of
tryptophan on patients with different neurologic pathology, including 7 cases
of progressive myoclonic epilepsy. The authors measured the cephalospinal
ventricular and lumbar fluid content in tryptophan. 5-hydroxytryptopban, 5-
hydroxytryptamince and 5-hydroxyindoteacetic acid. Koskiniemi et al. (1985)
reported an iereased avadability of brain 5-hydroxytryptamine, and an in-
creased synthesis ol several kynurenines including quinolinic acid. This
kynurenine is a neurotoxin involved in several neurologic alterations such as
temporal lobe epilepsy, and it might exert its toxic effcets acting as a potent
exitatory amino acid agonist. In sheep, intraperitoneal administration of
S-hydroxytryptopban is followed by an important rise in melatonin
(Namboodiri et al., 1983). The increase in melatonin levels was significantly
lower after administration of tryptophan than S5-hydroxytryptophan
(Namboodiri et al.. 1983).

These data suggest the posible use of S5-hydroxytryoptophan as a test for
pineal function in humans. However, Cavallo et al. (1987) did not found
significant changes in melatonin levels 3 hours after a morning (8:00) or
afternoon (14:00) oral administration of a low dose of 5-hydroxytryptophan to
health children (Smg/kg body weight) and adults (10mg/kg body weight). In
a previous study. we found a significant increase in melatonin levels 3 hours
after a night (21:00) but not after a morning (9:00) oral administration of
20mg/ky body weight of L-5-hydroxytryptophan to normal chifdren (Morcno,
1994). The above results suggest that both thc dose and time of day of
tryptophan admunistration are critical to induce significant changes in melato-
nin production. Moreover, a significant increase in urinary kynurenine me-
tabolites was found after tryptophan administration to healthy newborns at
9:00 but not at 21:00 (Narbona et al., 1994). Our results show an increased
melatonin secretion when vitamin By was administercd during the night hours.
but it was without effect when this compound was given during the day. These
results must be analysed in the light of the circadian variation in the factors
involved in the production of melatonin N-acetyltransferase. hydroxy-indol-
O-methyltransferase, pineal f3-adrenoccptors) and in the melatonin rhythm
itself (Cardinali. 1981). Nevertheless, the differences between nocturnal and
diurnal pincal responses to pyridoxine suggest the existence of intracel-
lular mechanisms not well known, but clcarly related to the induction of
pytidoxine-dependent enzymes acting on tryptophan metabolism. Adminis-
tration of tryptophan (Narbona et al., 1994), S-hvdroxytryptophan (Morcno,
1994) or pyridoxine { Amords, 1994) increase kynurenine metabolites when
they are given at morning, and increased melatonin production after their
administration at night. These effects may be explaincd by the increase of
substrate availability and/or the activation of pyridoxine-dependent enzymes
involved on tryptophan metabolism. The resutts also suggest that the diurnal
low activity of pineal N-acetyltransferase does the pineal gland unable to
synthesize mclatonin during the morning hours. In this situation. tryptophan
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or pyridoxine load deviate tryptophan metabolism to kynurenine pathway.
However, during the night, when the pineal N-acetyltransterase activity is
increasing, the pineal gland 1s able to synthesize melatonin, thus potentiating
the tryptophan metabolism towards mclatonin production.

It is important to consider that whereas tryptophan administration in-
creascs the substrate availability to synthesize serotonin and mclatonin. also
might induce a status of pyridoxine deficience due to pyridoxine use by the
enzymes. Some pynidoxine-dependent enzymes. mainly the enzymes acting on
the last steps of these metabolic pathways, may then be inactive due to the
excessive consumption ol pynidoxine m the first steps of the metabolism.
Regarding with this possibility, it would be very intcresting to do a stimulating
test with pyridoxine plus tryptophan to study their effect on pineal mctabo-
lism during a more long time.

Our data further support the earlier suggestion of Bessey et al. (1957)
regarding the usctul of the daily administration of 5-10mg of pyridoxin in
children with idiophatic convulsive pathology. Moreover, data from our labo-
ratory have demonstrated an increase in melatonin secrction during a seizurc
episode (Molina et al., 1994a.b). and rcpetitive seizures may lead to a
pyridoxin deficiency. The increased melatonin secretion in epileptic patients
treated with therapcutical doses of pyridoxin may improve the convulsive
pathology. This possibility is supported by a recent report demonstrating the
useful of melatomin administration in two cases ol untreatable epilepsy
(Champney et al., 1995). The anticonvulsant properties of melatonin may
involve its recently demonstrated antioxidant effect (Reiter et al.. 1995), and
eflect that might be potentiated with the pyridoxin administration. Thus.
melatonin may delays the clinical appearence of the oxidative stress patholo-
gies (Reiter ct al., 1994).

Our results also may explain the effectiveness of several pyridoxin-
based compounds used in the treatment of behavior alterations such as physi-
cal and/or psychological [atigue, mcmory deficits and school delay. All of
these alterations may be due Lo a bad sleepness quality. and at least in onc
case, the school dclay was counteracted by sunetatonin circadian rhythm
normalisation (Tomoda et al., 1994). Recently it was showed that the sleep/
wake cycle is mainly regulated by melatonin, being this indole more umportant
than serotonin to this function (Dollins et al.. 1994). Consequently, due to
the sleep-induced effects of melatonin, and the melatonin-induced role of
pyridoxin, the pyridoxin-based medication must be administered only before
to sleep.

Lee et al. (1988) found an increased brain serotonin after tryptophan load
in animals; this effect was potentiated by pyridoxin coadministration. How-
ever, pyridoxin was without effect when it was coadministered with a diet with
basal tryptophan requirements. Since high tryptophan doses are used in some
phsychiatric diseases, the effectivencss of these treatments may improve with
the coadministration of pyndoxin. The coadministration of pyridoxin plus
tryptophan will incrcased the levels of serotonin and then the levels ol mela-
tonin, that may be the responsibles for the therapeutical benefits of thesc
treatment.
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