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Abstract

v

Melatonin (N-acetyl-5-methoxytryptamine, aMT)
is an indoleamine produced by several organs and
tissues including the pineal gland. Melatonin
(aMT) modulates the activity of the brain, mainly
acting on both GABA and glutamate receptors.
Previous studies have shown the participation
of melatonin in the control of convulsive crises,
suggesting that aMT concentration increases
during seizures, and that patients with seizures
of diverse origins show an alteration of the aMT
rhythm. However, what is not known is the dura-
tion of the aMT response to seizures, and whether
aMT changes during seizures could be a marker
of the disease. For this reason, the serum levels of
aMT in 54 children with a convulsive crisis, febrile
and epileptic, were analyzed during the crisis, as

well as at 1h and 24 hours after the seizure. The
results show that aMT significantly increases
during the seizure (Day group, 75.64+45.91 and
Night group, 90.69+51.85pg/mL), with normal
values being recovered 1h later (Day group,
26.33+10.15 and Night group, 27.78+7.82 pg/
mL) and maintained for up to 24 hours, when the
circadian variation of aMT returns to the normal
acrophase. Due to the interindividual variation of
aMT levels among healthy people, a single deter-
mination of the indoleamine concentration is not
a suitable marker of the existence of a convulsive
crisis unless the circadian profile of aMT secre-
tion in the patient is known. The results obtained
also support the view that the stimulation of aMT
production by the convulsive crisis may partici-
pate in the response of the organism against the
seizures.

Introduction

v

Among the best known effects of melatonin
(aMT) is its capacity to modulate the central
nervous system [4]. The neuromodulatory activ-
ity of aMT arises from its two main actions, that
of rhythm synchronizer, involving the regulation
of the rhythms of both neurotransmitters secre-
tion and receptors, and that of antioxidant agent,
which contributes to the maintenance of biologi-
cal membrane fluidity by removing free radicals
[6]. In the CNS these properties reflect the inhibi-
tion of neuronal excitability [39]. The circadian
variation in convulsive phenomena [37], which
suggests the participation of a biological clock,
implies there is a temporal association between
the intensity and duration of some types of epi-
leptic seizures and the nocturnal production of
aMT. The biological clock is situated, at least in
part, in the suprachiasmatic nuclei (SCN) of the
hypothalamus, with GABA being the main neuro-
transmitter. The administration of GABAergic

modulators, including aMT itself and steroids,
may modify the phase of some biological rhythms
[11,27]. Moreover, increasing GABAergic neuro-
transmission is one of the most important action
mechanisms of antiepileptic drugs, including
benzodiazepines (BNZ) and valproic acid, which
in turn decreases circulating aMT levels [23,32].
In several experimental conditions it has been
shown that aMT administration increases GABA
levels in the brain [7,15], modulates the GABA-
BNZ receptor complex [12], and modulates mem-
brane permeability by modulating the activity of
the Na*,K*-ATPase of the brain [2,3]. All these
mechanisms confer on aMT a potentially impor-
tant degree of anticonvulsant activity. In fact,
pinealectomy has been associated with tonic-
clonic convulsions, which are counteracted in
pinealectomized animals after aMT administra-
tion [36,41]. Moreover, biochemical pinealec-
tomy, produced by the administration of an
anti-aMT antibody, also induces epileptogenic
seizures [17]. The anticonvulsant activity of aMT
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Table 1 Descriptive statistics of age and seizure duration of both study groups

Day group (n=34)

age (months)
mean (range) 43.71(2-168) 10.06 (1-45)
standard deviation 51.81 10.64

*No differences in seizure duration between groups

was further characterized in a recent model of pentylenetetra-
zole-induced epilepsy in rats [10].

The administration of aMT to normal subjects produces an
attenuation of the electroencephalographic (EEG) rhythm
together with sleep induction [46,48]. An increase in aMT levels
after convulsive seizures, whether febrile or epileptic, has also
been reported [29]. In pediatric patients, aMT administration
induces sleep [21], decreases seizures [30] and myoclonus [20],
which is in accordance with the role of aMT as a controller of the
motor circuits [14].

Taken together, these data suggest that seizures induce changes
in aMT levels, and that aMT administration decreases both the
intensity and the duration of seizures. However, the course of
aMT production during the hours following the convulsion is
unknown. Thus, we consider it worthwhile to examine the levels
of aMT up to 24 hours after the convulsion, to determine whether
there is any correlation between these changes in aMT and the
evolution of the disorder.

Materials and Methods

v

Patients

Fifty-four children ranging in age from 2 months to 14 years
were recruited at the University of Granada Hospital, Andalusia
(southern Spain), uniformly distributed throughout the year.
Informed consent was obtained from the parents and authoriza-
tion was received from the hospital’s Ethical Committee, in
accordance with the Helsinki Declaration. Convulsive seizures
were classified in accordance with the WHO's Epilepsy Diction-
ary and the WHO Commission on Classification and Terminol-
ogy (1989). The patients were divided into two subgroups: the
Day group, comprising 34 patients with the convulsive episode
occurring during the daytime (13 febrile convulsions, 21 epi-
sodes of epileptic convulsions), sampled between 09.00 and
21.00h, and the Night group, comprising 20 patients with the
convulsive episode occurring during the night (8 febrile convul-
sions, 12 epileptic convulsions), and sampled between 21.00 and
09.00h. This division into day and night subgroups was carried
out in order to compare the aMT concentrations in these peri-
ods, since this hormone presents a circadian rhythm in human
plasma with a peak between 02.00 and 04.00h and a nadir
between 14.00 and 16.00 h [24]. The hospital’s regular light-dark
schedule (lights on from 08.00 to 21.00 h was observed, with an
ambient luminance of 300 - 450lux when the serum samples
(one for each patient) were taken. The data obtained for each
patient included a complete clinical history, somatometric
development and clinical and routine biochemical data, includ-
ing age, sex, time and duration and type (febrile or epileptic) of
seizure. The descriptive statistic of the variables ‘age’ and ‘sei-
zure duration’ of both study groups is included in © Table 1. For
every patient, blood samples were obtained at the time of the
seizure (in the patients admitted to Hospital previously to the

seizure duration™ (minutes)

Night group (n=20)

age (months) seizure duration™ (minutes)
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Fig.1 Dayand night aMT levels in serum of patients during the

convulsive episode as well as 1 and 24 hours after the seizure.

convulsive episode) immediately after the administration of
diazepam, or prior to 5minutes after the convulsive episode in
the case of patients arriving to the Emergency Room Hospital)
and 1h and 24 hours later (+15minutes in both cases, from
insertion of the canula). As our study was based exclusively on
patients admitted to Hospital during a convulsive episode, the
mean duration of each one of these was prolonged. After 1h at
room temperature, the blood samples were centrifuged and the
serum was frozen to -20°C until the aMT assay was per-
formed.

Melatonin determination

Plasma aMT concentration was measured by a commercial radio-
immunoassay (WHB, Bromma, Sweden) as previously described
[19]. Intra-assay and inter-assay variations were 11.3 and 16.3 %,
respectively. Recovery of aMT was assessed by adding standard
aMT, which gave values of 84.4%. Serum aMT is expressed in

pg/mL.

Statistics

All results are expressed as mean +SD. Statistical analysis of the
results included comparison of the data with Bonferroni’s test,
and one-way ANOVA.

Results

v

© Fig. 1 shows the aMT values recorded in the study groups (Day
and Night groups) at different times after the convulsive period.
On the first of these occasions, aMT values were high and similar
in both groups (Day group, 75.64+4591 and Night group,
90.69+51.85pg/ml). These values had fallen significantly
(p<0.001) one hour later (Day group, 26.33+10.15 and Night
group, 27.78+7.82 pg/ml). Although 24 hours later, the aMT val-
ues in both groups were somewhat lower than 1h after the sei-
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zures(Daygroup,20.68 +5.13and Nightgroup,26.19+8.59 pg/ml),
the difference was not statistically significant.

Discussion

v

The results show time-dependent changes in aMT levels, associ-
ated with seizures. It is suggested that these changes are due to
neuronal hyperexcitation and/or seizure activity, since they dis-
appear soon after the convulsive episode. Both our group [30,31]
and others [9] have previously reported that aMT increases after
either febrile or epileptic seizures in children. We have also
demonstrated the existence of a linear correlation between aMT
concentration and the duration of the convulsive episode [28].
The increase in aMT after seizures may constitute an acute
response of the body to seizures, inhibiting neuronal excitability
[9,28,29,31]. Changes in aMT levels associated with epilepsy
have been analyzed in adult patients with intractable temporal
lobe epilepsy, with a very low aMT concentration being recorded
immediately before the seizure, this increases significantly dur-
ing the seizure [9]. Thus, the present study was designed to
determine the duration of the aMT increase in response to sei-
zures. For this reason, the experimental group comprised patients
with a convulsive pathology derived from diverse etiologies. The
untreated patients and those given anticonvulsants were ran-
domly and uniformly distributed among the Day and Night
groups. The first assay confirmed the aMT increase during the sei-
zures in both the Day and the Night groups, although the pineal
response was higher during the night. The assay at one hour after
the seizure showed an important decrease in aMT levels in the
Day and Night groups, which remained low until 24 hours later.
These results suggest that the mechanism(s) that stimulated
aMT production at the time of seizures, promptly ceased to have
any effect, and thus that aMT may acts as a transient endogenous
anticonvulsant mechanism [16]. It should be borne in mind that
the endogenous anticonvulsant systems may be primarily
(genetically) or secondarily (due to repetitive convulsive epi-
sodes) altered in epileptic patients. This transient increase in
aMT may also be responsible for the sleepiness that occurs dur-
ing the refractory postictial period, since aMT has hypnotic
properties [47]. The ethical limitations inherent to all research
involving pediatric patients prevented us from obtaining a base-
line sample (i.e., in the absence of a recent convulsive episode)
in the same patients, at the same time; although in this study, to
a certain extent each patient may be considered his/her own
control (e.g. the melatonin value of the sample obtained at 24
hours after the seizure). For the sake of illustration, let us note
that in a previous study by our group, in normal patients (con-
trol group) of comparable sex and age (and using the same RIA
method), the mean concentration of melatonin was 26.39+9.38
and 53.22+20.87 pg/ml, respectively in the day (09:00-21:00h)
and night groups (21:00-09:00h) [31]. These results in healthy
children reinforce our affirmation about time-dependent
changes in aMT levels associated with seizures. Assessing
changes in concentrations of melatonin associated with a con-
vulsive episode and determining the potential therapeutic util-
ity of the hormone should, logically, be done on the basis of
large, controlled trials. These, moreover, should make it possible
to define specific modifications associated with different types
of epilepsy. The anticonvulsant properties of aMT have been
demonstrated using aMT in the treatment of a child with pro-
gressive myoclonic epilepsy. For this clinical assay, 20 mg aMT at

09.00h and 100mg aMT at 21.00h were administered to main-
tain, albeit at pharmacological level, the circadian rhythm of
aMT. With this pattern of treatment, it was possible to obtain
clinical control of the seizures, associated with an improvement
of the psychomotor activity, with no side effects [30]. Another
report further supports the anticonvulsant properties of aMT
[18]. However, high doses of aMT, such as 500 mg/day, have been
associated with hyperexcitability and generalized myoclonus
[30]. Using electroencephalographic recordings, other authors
have also found proconvulsive electrical activity in humans after
pharmacological doses of aMT [43]. It has been suggested that
acute secretory episodes of aMT, such as those produced during
the night [33], may cause some proconvulsant activity [43].
Another study has reported generalized seizures in neurologi-
cally disabled children after low doses of aMT [44]. However,
these results are difficult to analyze due to the multiple altera-
tions showed by the children. Thus, one important point to con-
sider is the threshold dose of aMT for its proconvulsive activity.
This dose may vary significantly among different individuals, in
a similar way to pyridoxine-dependent seizures. The suggested
pro- and anti-convulsive duality of aMT brings to mind the pro-
and anti-gonadal effects of the hormone, which also depend on
the time of its administration [13,38].

The cellular mechanisms of the seizures are not totally under-
stood. Since a low activity of cerebral Na*,K*-ATPase has been
related with several types of human and experimental epilepsy
[1,40,45], and aMT increases the activity of this enzyme [1], the
physiological increase of aMT after seizures may be related to
the control of the sodium pump. The anticonvulsant effect of
aMT may also involve the reinforcement of the GABAA-BNZ neu-
rotransmission, which induces hyperpolarization [5, 14]. In some
epileptic models such as post-traumatic epilepsy, it is suggested
that the anticonvulsant activity of aMT may depend, at least in
part, on its antioxidant activity [22]. Future, large controlled tri-
als, should define the interrelations between epilepsy type, the
parameters of oxidative stress and melatonin concentration.
Besides the hypersecretion of aMT during seizures, studies have
reported an alteration in the metabolic pathways of tryptophan,
mainly in the kynurenine pathway [8], during seizures. These
changes include a shift in the metabolic pathway towards the
production of kynurenines with NMDA antagonistic properties
such as kynurenic acid during the day, and the production of
aMT during the night [34,35]. Our hypothesis is that during sei-
zures, the deviation of tryptophan metabolism towards hyper-
production of aMT not only elevates the levels of an
anticonvulsant, but decreases that of quinolinic acid, a procon-
vulsant endogenous compound [10,25,26].

In summary, a convulsive episode is capable of inducing aMT
production at any time in the day. This short-term response puts
a high concentration of this neuroprotective compound into cir-
culation [42], which may help to counteract excitability. The
amplitude of the pineal response displays a high level of interin-
dividual variability, which should be further analyzed in terms
of its anticonvulsant efficiency.
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