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Experiments on Krushinskii—Molodkina rats with hereditary predisposition to audio-
genic seizures showed that chronic consumption of aqueous solution of melatonin (50
mg/liter) had no effect on the pattern of seizures induced by 20-fold acoustic stimulation.
Sodium valproate (50 mg/liter) insignificantly decreased the seizure response. Combined
treatment with sodium valproate and melatonin produced a potent anticonvulsant effect,
i.e. increased the latency and decreased the severity of audiogenic seizures. However,
myoclonus in animals receiving combined treatment with these drugs developed much
more rapidly compared to rats receiving melatonin or sodium valproate monotherapy.

Key Words: melatonin; sodium valproate; seizures; hereditary epilepsy

*Laboratory of Experimental Neurobiology, Institute of Experimental
and Theoretical Biophysics, Russian Academy of Sciences; **Pu�
shchino State University. Address for correspondence: neurochem@
mail.ru. T. A. Savina

Valproic (diprylacetic) acid and its salts are used in
clinical practice as the gold standard for antiepi-
leptic therapy. High effectiveness of valproate in
the therapy of various seizures is determined by its
effect on several targets controlling the balance
between excitation and inhibition in the central ner-
vous system. Binding of valproate to potential-de-
pendent sodium channels is followed by a decrease
in the frequency of action potential generation [8]
and GABA accumulation in the brain due to chan-
ges in activity of enzymes for its synthesis (glu-
tamate decarboxylase) and degradation (GABA
aminotransferase) [6]. The anticonvulsant effect of
pineal gland melatonin results from initiation of
GABAergic inhibition through G-protein-coupled
membrane receptors for this hormone (Mel1) [13,
14]. Previous studies showed that modulation of
brain excitability under the influence of melatonin
is closely related to the phase of the circadian

cycle. In the nighttime this hormone decreases
seizure threshold and produces a proconvulsant
effect [13]. Combined treatment with melatonin and
anticonvulsants carbamazepine, phenytoin, and
phenobarbital potentiated the effectiveness of these
drugs [1,5].

Here we compared the anticonvulsant effects
of chronic treatment with sodium valproate and
melatonin in low doses in rats with hereditary audio-
genic seizures.

MATERIALS AND METHODS

Experiments were performed on 3-month-old Kru-
shinskii—Molodkina (KM) rats obtained from the
Laboratory of Behavioral Physiology and Genetics
(M. V. Lomonosov Moscow State University). The
animals were maintained under standard conditions
and 12:12-h light/dark cycle and had free access to
water and food.

Some rats received aqueous solution of sodium
valproate (50 mg/liter, Sigma-Aldrich) or melatonin
(50 mg/liter, Sigma-Aldrich). Other animals recei-
ved both anticonvulsants (50 mg/liter each). These
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agents were dissolved in tap water (pH 5.0) and the
solutions were replaced 2 times a week (sodium
valproate) or daily (melatonin). Control rats re-
ceived water. The drugs were given after the first
acoustic stimulation.

The rats were exposed to daily acoustic stimu-
lation (80 dB, 12-15 kHz, 6 days a week) for 20
days until the development of persistent myoclonic
seizures (audiogenic kindling). The severity of sei-
zures was scored as follows: 0, no response to sound
for 90 sec; 1, running around the chamber; 2, start
of clonic seizures, fall on the abdomen; 3, clonic
seizures of forelimbs and hindlimbs on the side; 4,
tonic forelimb seizures, hindlimb clonus; 5, tonic
seizures of forelimbs and hindlimbs. Acoustic sti-
mulation was stopped after the start of clonic sei-
zures and fall on the floor. Non-responding animals
were exposed to acoustic stimulation for 90 sec.
The total evaluation of seizures was performed by
the severity of seizures (score), latency of the 1st
and 2nd stage of seizures (sec), and appearance of
an additional stage in seizure (tic-like contractions
of muscles, myoclonus). Parameters of seizures
were recorded at 18.00-20.00.

The results were analyzed by ANOVA for multi-
ple comparisons (Scheffe test) and Newman—Keuls
test. Intergroup differences in the seizure response
to audiogenic kindling were evaluated by regres-
sion analysis. Intergroup differences were significant
at p<0.05. The data are presented as means and
standard errors.

RESULTS

The imbalance between GABAergic and glutamat-
ergic transmission in the inferior collicular nuclei
of the quadrigeminal plate and other structures of
the forebrain in KM rats leads to neuronal hyper-
excitability in response to acoustic stimulation
[3,12]. Brainstem structures play a key role in the
induction of audiogenic seizures. Repeated acous-
tic stimulation over 15-35 sec results in the spread
of epileptiform activity in forebrain structures (neo-

Fig. 1. Severity of seizures in KM rats after chronic consumption
of melatonin and/or sodium valproate under conditions of audio-
genic kindling.

TABLE 1. Persistent Myoclonus (%) in KM Rats after Chronic Consumption of an Aqueous Solution with Melatonin and/or
Sodium Valproate

Days of treatment
1�12 0 0 0 0

13 0 0 0 11

14 13 10 0 67

15 38 40 14 67

16 75 70 29 78

17 88 90 57 78

18 100 90 86 78

19 100 100 86 89

20 100 100 86 89

Mortality (number of animals) 2 0 3 1

Number of animals with myoclonus
(survived animals in group) 8 10 6 8

Note. n, initial number of animals in group.

Parameter
valproate+mela�

tonin (n=10)
valproate

(n=10)
melatonin

(n=10)
control
(n=10)

Group
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cortex and hippocampus), which is accompanied
by myoclonic seizures. They are similar to face and
forelimb seizures during electrical kindling [2].
Comparative study of audiogenic seizures in KM
rats showed that sodium valproate has no effect on
the severity of this disorder during electrical kind-
ling (Fig. 1), but we revealed a minor, but statisti-
cally significant increase in the latency of running
(F=15.66, p<0.01) and clonic seizures (F=4.34,
p<0.05, Fig. 2). Chronic consumption of melatonin
did not modulate the severity and latency of sei-
zures (Figs. 1 and 2).

The test drugs were administered in extremely
low doses. The mean daily consumption of water
in rats is 15 ml. Hence, the doses of the test drugs
are incompatible with those used in systemic treat-
ment to stop seizures. As distinct from melatonin,
sodium valproate had a minor anticonvulsant ef-
fect. These differences are probably related to va-
rious half-life periods of sodium valproate and me-
latonin (2.5 h and 40 min, respectively) [7,14].

Combined treatment with sodium valproate and
melatonin had a potent anticonvulsant effect, which
manifested in longer seizure latency during elec-
trical kindling. The severity of audiogenic seizures
in these rats was lower compared to animals of the
sodium valproate group (Figs. 1 and 2). However,
myoclonus in these rats developed more rapidly
compared to animals of other groups (Table 1). On
day 14 of acoustic stimulation, persistent myo-
clonus was observed in 67% animals receiving both
drugs. Myoclonus developed much less frequently

Fig. 2. Latency of seizures in KM rats after chronic consumption of melatonin and/or sodium valproate under conditions of audiogenic
kindling. (a) Latency of stage 1; significant differences between groups of “valproate” and “control” (F=15.66, p<0.01), “valproate+melatonin”
and “control” (F=73.29, p<0.01), and “valproate” and “ valproate+melatonin” (F=45.30, p<0.01). (b) Latency of stage 2; significant
differences between groups of “valproate” and “control” (F=4.36, p<0.05), “valproate+melatonin” and “control” (F=44.13, p<0.01), and
“valproate” and “ valproate+melatonin” (F=20.60, p<0.01).

in controls and animals receiving melatonin or so-
dium valproate.

Published data show that 24-h incubation of
glioma C6 cells with 3-5 mM sodium valproate
increased the synthesis of melatonin Mel1 receptor
mRNA. These changes are accompanied by an in-
crease in the concentration of receptor protein [10].
There are 2 subtypes of membrane Mel1 receptors
for melatonin, Mel1a and Mel1b receptors. Both
subtypes of receptors are coupled to G-proteins, but
have various effects on function of the GABAA

receptor [15]. There is no general agreement about
melatonin signal transduction through these sub-
types of Mel1 receptors. The ratio of Mel1 receptors
in various brain structures remains unknown. Ad-
ministration of luzindole (antagonist of Mel1a and
Mel1b receptors) abolishes the anticonvulsant effect
of melatonin [9,13]. Therefore, these subtypes of
receptors play a key role in the anticonvulsant ef-
fect of melatonin. It can be hypothesized that so-
dium valproate-induced expression of Mel1 recep-
tors contributes to the anticonvulsant effect of me-
latonin in low dose. Experiments on mice with
acute seizures induced by electroshock showed that
the anticonvulsant effect is more pronounced after
long-tern treatment with drugs. For example, single
systemic administration of melatonin (25 mg/kg) in
combination with sodium valproate (250 mg/kg)
did not potentiate the anticonvulsant effect of these
drugs [1].

Myoclonic seizures during audiogenic kindling
are accompanied by an increase in hippocampal
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excitability and appearance of epileptiform activity
[11]. Myoclonus develops more rapidly in animals
receiving sodium valproate and melatonin, which
is associated with the ability of valproates to induce
synthesis of melatonin Mel1 receptors. Administra-
tion of 4-phenyl-2-propionmidotetralin (antagonist
of melatonin Mel1b receptors) in the hippocampus
has a strong anticonvulsant effect on rats only in
the night phase of the circadian cycle [13]. In our
study seizure parameters were recorded in the night-
time, when melatonin exhibits the highest anticon-
vulsant activity [4]. Probably, binding of melatonin
to Mel1b receptors during the night phase of the
circadian cycle contributes to the increased spread
of epileptiform activity from the stem to forebrain
structures. These changes are accompanied by ra-
pid development of myoclonus in animals recei-
ving the mixture of anticonvulsants.

We conclude that a great deal of attention should
be paid during replacement therapy and combina-
tion therapy of epileptiform seizures with sodium
valproate and melatonin.

This work was partially supported by the Rus-
sian Foundation for Basic Research (grant No. 03-
04-48787-a).
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