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Abstract:

Although melatonin is approved only for the treatment of jet-lag syndrome and some types of insomnia, clinical data suggest that it is

effective in the adjunctive therapy of osteoporosis, cataract, sepsis, neurodegenerative diseases, hypertension, and even cancer.

Melatonin also modulates the electrical activity of neurons by reducing glutamatergic and enhancing GABA-ergic neurotransmis-

sion. The indoleamine may also be metabolized to kynurenic acid, an endogenous anticonvulsant. Finally, the hormone and its me-

tabolites act as free radical scavengers and antioxidants. The vast majority of experimental data indicates anticonvulsant properties

of the hormone. Melatonin inhibited audiogenic and electrical seizures, as well as reduced convulsions induced by pentetrazole, pi-

locarpine, L-cysteine and kainate. Only a few studies have shown direct or indirect proconvulsant effects of melatonin. For instance,

melatonin enhanced low Mg��-induced epileptiform activity in the hippocampus, whereas melatonin antagonists delayed the onset

of pilocarpine-induced seizures. However, the relatively high doses of melatonin required to inhibit experimental seizures can in-

duce some undesired effects (e.g., cognitive and motor impairment and decreased body temperature).

In humans, melatonin may attenuate seizures, and it is most effective in the treatment of juvenile intractable epilepsy. Its additional

benefits include improved physical, emotional, cognitive, and social functions. On the other hand, melatonin has been shown to in-

duce electroencephalographic abnormalities in patients with temporal lobe epilepsy and increase seizure activity in neurologically

disabled children. The hormone showed very low toxicity in clinical practice. The reported adverse effects (nightmares, hypoten-

sion, and sleep disorders) were rare and mild. However, more placebo-controlled, double-blind randomized clinical trials are needed

to establish the usefulness of melatonin in the adjunctive treatment of epilepsy.
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GABA – �-aminobutyric acid, icv – intracerebroventricular, ip

– intraperitoneal, iv – intravenous, po – per os, PTZ – pentylenetetra-

zole, QOL – quality of life, QUIN – quinolinic acid, sc – subcutaneous

Introduction

Melatonin (N-acetyl-5-methoxytryptamine; Fig. 1),

an indoleamine derivative of serotonin, was first iso-

lated in the late 1950s by Aron Lerner and coworkers

[14, 45]. The hormone is produced in the pineal

gland, a part of the epithalamus, and remains one of

the most mysterious substances produced by the hu-

man body. How melatonin works and its exact role in

humans are not yet fully understood. Multidirectional

research has been conducted to determine all of the

medical implications of the administration of exoge-

nous melatonin.

The pineal gland is the major, but not the only,

source of melatonin in humans [26], which is also

synthesized in multiple cells and organs, including the
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retina, gastrointestinal tract, and bone marrow. Fur-

thermore, the hormone is measurable in the cerebro-

spinal fluid and blood [13, 63, 83, 84]. Because no

pineal storage of melatonin seems available, plasma

hormone concentrations reflect the pineal activity

[30]. Melatonin production is heavily dependent on

circadian rhythms generated by the light/dark cycle.

The endogenous rhythm is characterized by a low

daytime level, ascending after the onset of darkness to

high output during the night (with a peak between 3

and 4 a.m.), and then falling sharply before sunrise

[16, 30, 97]. Therefore, it is often described as the

“hormone of darkness” or “dark force”. The biologi-

cal rhythm of secretion is generated by the suprachi-

asmatic nuclei. The photic information is transmitted

from the retina to the pineal gland via the hypothalamus

and superior cervical ganglion to control the timing of

melatonin synthesis [48]. Finally, norepinephrine re-

leased during darkness acts on adrenergic receptors to

promote the nocturnal synthesis of melatonin [70].

The melatonin concentration in blood may vary

among individuals depending on their sex, age and

co-morbid diseases. The peak of the hormone secre-

tion corresponds closely to the nadir of body tempera-

ture [6]. In humans, melatonin is first measurable in

babies of 3–6 months. Its production reaches the

maximal level at 1–5 years and starts to decrease

around the beginning of puberty. It is interesting that

elderly women show higher levels of melatonin than

do elderly men [14, 40, 82].

The melatonin half-life in serum varies between

less than 30 minutes and 60 minutes. It is metabolized

primarily in the liver, and secondarily in the kidney

[11, 35]. Circulating melatonin is primarily hydroxy-

lated by the microsomal cytochrome P��� monooxyge-

nases (isoenzymes CYP1A2, CYP1A1 or CYP1B1)

to 6-hydroxymelatonin, and then excreted in urine as

sulfate and, to a lesser extent, glucuronide conjugates.

Only about 1% of melatonin remains unchanged [15].

It is interesting that the cerebral pool of melatonin

may be metabolized to kynurenic acid, a natural sub-

stance with anticonvulsant properties [57].

According to Reiter et al. [70], melatonin is not, in

the strictest sense, a hormone because it does not fulfill

the criteria of the conventional definition. It is rather

a tissue factor, an antioxidant, an autacoid, or a paracoid

depending on where and how it acts [83]. Although

melatonin is produced in many different tissues and or-

gans, its main action refers to the central nervous sys-

tem (CNS). This indoleamine derivative has multiple

receptor-mediated and receptor-independent actions.

Its binding sites and receptor messenger RNA have

been detected in the hypothalamus, pituitary, retina,

thalamus, hippocampus, and neocortex in a variety of

mammalian species, including humans [25, 48]. Mela-

tonin acts via two receptors, designated as the MT1 (al-

ternative nomenclature: Mel1a, ML1a) and MT2

(Mel1b, ML1b) subtypes. The effector systems in-

volved in MT1 and MT2 receptor signaling through

high-affinity G-protein coupling include adenyl cy-

clase, phospholipase C, phospholipase A2, potassium

channels, and possibly guanylyl cyclase and calcium

channels. Activation of these receptors causes dissocia-

tion of G-proteins into � and �� dimers, which then in-

teract with various effector molecules. MT1 receptors

are more prevalent than MT2 receptors in the hippo-

campus [25, 55, 58, 70]. Third, a low-affinity mem-

brane receptor named MT3 is less known. It modulates

calcium and calmodulin activity, thereby evoking a de-

crease of intraocular pressure [61, 65].

Undoubtedly, melatonin plays a role in many be-

havioral processes. At physiological concentrations, it

regulates the endogenous clock function [5, 41]. In

fact, the sleep/wake cycle is synchronized with the

24-h blood melatonin cycle [23]. Administration of

melatonin at pharmacological doses improved sleep

initiation and continuity throughout the night in chil-

dren with sleep disorders. Studies that included blind

children and children with neurodevelopmental dis-

abilities have reported significant improvements in

sleep patterns [24, 32]. Melatonin may be a new well-

tolerated treatment option for children with Asperger

disorders suffering from chronic insomnia [62]. It also
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Fig. 1. Structure of melatonin (N-acetyl-5-methoxytryptamine)



enhanced the total time asleep in children with Atten-

tion Deficit Hyperactivity Disorder (ADHD) [86].

Exogenous melatonin is able to influence endoge-

nous secretion of the hormone according to a phase

response curve. There are some therapeutic implica-

tions for this property in situations when biological

rhythms are disturbed (jet-lag syndrome, delayed

sleep phase syndrome, insomnia in the blind or eld-

erly people, shift-work) [16].

Melatonin is also a potent scavenger of both Reac-

tive Oxygen Species (ROS) and Reactive Nitrogen

Species (RNS). It also stimulates the activity of anti-

oxidative enzymes that convert ROS to innocuous

molecules [68]. Moreover, melatonin decreases elec-

tron leakage from mitochondria, thereby diminishing

free radical generation [39]. All of these processes re-

duce lipid and protein peroxidation, as well as DNA

damage. For instance, melatonin (1.5 mM) com-

pletely abolished lipid peroxidation and mitochon-

drial damage triggered by kainic acid in mice brain

homogenates [53, 94, 95]. Additionally, melatonin

may also exert a neurobiologically relevant action by

interacting with nuclear receptors [12, 53, 66, 95]. It

should be noted that other antioxidants, like ascorbate

or tocopherol, may function under certain circum-

stances as pro-oxidants. In contrast, melatonin has not

been shown to present such properties [68]. The fact

that melatonin easily passes the blood-brain barrier

makes it of major importance in protecting the brain

and reducing neuron excitability [71]. However, it

was also reported to attenuate free radical damage in

the course of cataract, hyperthyroidism, sepsis, and

septic shock [69]. In animals, melatonin prevented

caerulein-induced pancreatitis (AP) in rats through

the activation of the antioxidative defense mecha-

nisms in pancreatic tissue [37]. There is evidence that

melatonin secretion significantly declines during

menopause. Several reports indicate that this hormone

is involved in the regulation of bone metabolism and

increases total bone density. Therefore, it may be

beneficial in reducing the severity of postmenopausal

osteoporosis [72, 81]. In animals, melatonin influ-

ences the endocrine reproductive axis [22]. In hu-

mans, these relationships are less clear. The rhythms

of melatonin and reproductive hormones are closely

related in infancy and reciprocally correlated during

puberty. Melatonin receptors have been demonstrated

in reproductive organs, whereas sexual hormone re-

ceptors have been discovered in the pineal gland.

However, it is not known whether these two are func-

tionally related [47].

According to data in the literature, melatonin

shows some in vitro antiproliferative effects realized

through the MT1 and MT2 receptors. Beneficial ac-

tion has been observed in various cancer types

(breast, lung, metastatic renal cell carcinoma, hepato-

cellular carcinoma, brain metastases from solid tu-

mors, ovarian carcinoma, human neuroblastoma cells,

bladder carcinoma, and erythroleukemia) [14, 67].

Melatonin affects the immune response. Its immu-

nomodulatory effects were observed in patients with

bronchial asthma. The nocturnal rise in blood mela-

tonin levels was associated with an increased produc-

tion of interleukins (IL-1, IL-2, IL-6, IL-12), thymosin

1a, thymulin, and TNF� [51]. The hormone acts on

immunocompetent cells (monocytes, B-lymphocytes,

natural killer lymphocytes, T-helper lymphocytes, cy-

totoxic T-lymphocytes), and enhances cytokine pro-

duction/secretion, cell proliferation and oncostasis

[46]. On the other hand, the immune system regulates

pineal gland functions via cytokines produced by acti-

vated immune cells [77].

Manev et al. [49] reported that resection of the pin-

eal gland enhanced neurodegeneration evoked in two

models of focal brain ischemia/stroke and in gluta-

mate receptor-mediated experimental seizure. This may

suggest that endogenous melatonin acts as a neuropro-

tective factor, and its deficiency might be involved in the

pathogenesis of neurodegenerative diseases [49].

Although accumulating evidence suggests that

melatonin modulates the electrical activity of neu-

rons, its role in the CNS is still poorly understood.

Melatonin (at concentrations corresponding to its noc-

turnal peak) may inhibit calcium influx into the neu-

rons and bind to the calcium-calmodulin complex,

thus inhibiting neuronal nitric oxide synthase (nNOS)

activity, diminishing NO production, and therefore re-

ducing the excitatory effect of N-methyl-D-aspartate

[44, 57]. According to Acuña-Castroviejo [2], mela-

tonin specifically inhibits the NMDA subtype of exci-

tatory glutamatergic receptors in rat striatum. Moreo-

ver, the indoleamine increases brain GABA concen-

trations and receptor affinity [4, 60], and potentiates

brain inhibitory transmission via GABA-ergic syn-

apses [80, 88]. Several data suggest the involvement

of calcium ions in the effects of indoles, and it seems

that melatonin acts as an antagonist of L-type calcium

channels [1]. The physiological effects of melatonin

may also involve a reduction of striatal dopaminergic

�����������	��� 
����
�� ����� ��� ���� 3

Melatonin and epilepsy
������ �����	 
� ��




activity via the dopamine D� and D� receptors, which

in turn inhibit glutamate release [79, 82]. Finally,

melatonin may be metabolized not only to kynurenic

acid, as mentioned above [57], but also to N�-acetyl-

N�-formyl-5-methoxykynuramine (AFMK), and N�-

acetyl-5-methoxykynuramine (AMK). These metabo-

lites are very powerful antioxidants and cyclo-

oxygenase-2 inhibitors. Therefore, they are consid-

ered as potential selective anti-inflammatory agents

[39, 51]. All of these mechanisms are suggested to be

associated with the sedative, hypnotic, anxiolytic, an-

ticonvulsive, and analgesic effects of melatonin [19,

31]. In light of the cited data, it seems interesting that

GABA� and benzodiazepine receptor activity in the

cerebral cortex of rats exhibits a circadian rhythm that

depends on the existence of an intact pineal gland [3].

Clinical data have indicated that the peak of the cir-

cadian seizure profile falls for the nocturnal period

[66]. This refers to more than 60% of seizures [50].

Although the exact mechanism responsible for seizure

periodicity remains unknown, a diurnal rhythm in

convulsive sensitivity would relate to a time-

dependent biological signal that is generated by in-

trinsic neural oscillators. Interestingly, a normal cir-

cadian pattern of melatonin secretion is observed in

active epilepsy, with the exception that nocturnal se-

cretion is two-fold higher in untreated epileptic pa-

tients than in healthy control subjects. Elevated and

reduced melatonin levels at various stages of the re-

productive cycle may account for the fact that epilep-

tic women experience an increase in seizure activity

during menstruation and pregnancy, as well as a signifi-

cant reduction in seizure episodes during menopause

[66]. Our knowledge of melatonin function in epilepsy

has greatly increased in recent years, but still remains

controversial. Questions regarding the anticonvulsive

activity of melatonin have not yet been fully answered.

Currently, melatonin and ramelteon (an agonist

for melatonin receptors) are approved by the US

Food and Drug Administration (FDA) only for the

treatment of insomnia characterized by difficulty

with sleep onset. Despite the fact, it has been re-

leased for public use by the FDA and is available

over the counter nationwide, information on the toxi-

cology of melatonin seems to be insufficient. Atten-

tion should be paid to the possible side effects of
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Tab. 1. Effects of melatonin in animal models of epilepsy

The effects of melatonin in animal models of epilepsy

Model of seizures Dose and type of treatment Mode of action [ref.]

seizures induced by maximal electroshock in mice 25 mg/kg, ip anticonvulsant [10]

penicillin-induced epileptiform activity in rats 40 and 80 µg, icv anticonvulsant [96]

seizure induced by pilocarpine in rats 10–50 mg/kg, ip anticonvulsant [17]

seizure induced by PTZ (iv) (NO pathway) in mice 40–80 mg/kg, ip anticonvulsant [91]

seizure induced by PTZ (icv) in mice 10.0 µg, icv anticonvulsant [42]

seizure induced by PTZ (ip) in mice 10.0 µg, icv ineffective [42]

induced by PTZ (iv) clonic seizure (with morphine) 40, 80 mg/kg, ip
and 10 mg/kg, ip

anticonvulsant and proconvulsant –
depending on doses of melatonin [92]

seizure induced by PTZ (ip) in guinea pigs 10 mg/kg, ip anticonvulsant [78]

seizures induced by kainite and QUIN 5.0–10.0 µg, icv
and 12.5–100.0 mg/kg, ip

anticonvulsant [42]

amygdala kindling in rats �75 mg/kg, ip anticonvulsant [52]

pineal gland removal on kindling model – anticonvulsant [20, 36]

pinealectomy in the pilocarpine model of epilepsy in rats – anticonvulsant [21]

inhibition of a specific subtype of melatonin receptor – proconvulsant [80]



melatonin, such as nightmares, hypotension, sleep

disorders, and abdominal pain. Ramelteon may in-

duce headache, dizziness, somnolence, and nausea.

However, the vast majority of studies document the

very low toxicity of melatonin and its derivatives over

a wide range of doses [9, 33].

Melatonin in animal models of epilepsy

Anticonvulsant properties

Animal models of epilepsy play a fundamental role in

our understanding of the basic physiological and be-

havioral changes associated with human epilepsy and

its relationship with melatonin. Much of the available

literature suggests anticonvulsant effect of melatonin.

Only few works report a proconvulsant role of this

hormone in experimental epilepsy (Tab. 1).

The results obtained from in vitro experiments did

not show any anticonvulsant properties of melatonin.

However, the majority of data were received from ex-

periments conducted in vivo. Mevissen et al. [52] re-

ported that melatonin, applied at doses 75 mg/kg or

higher, significantly increased the afterdischarge

threshold, and suppressed generalized seizures in

amygdala kindled rats, the established model for tem-

poral lobe human epilepsy. According to the authors,

seizure susceptibility seems to not depend on the cir-

cadian variation of endogenous melatonin, because the

highest thresholds were found in the morning, when

endogenous melatonin levels are low [52]. It is likely

that changes in the levels of other endogenous sub-

stances, like glucocorticoids, might be responsible for

the increase of seizure susceptibility at night [89]. The

lack of any protective effects of endogenous melatonin

may suggest that its physiological concentrations are

too low to affect seizure susceptibility in the brain. Jan-

joppi and colleagues [36] examined the influence of

pineal gland removal on the kindling model. The pin-

ealectomy exerted a significant influence on amygdala

kindling development by reducing the number of

stimulations needed to reach stage 5. This suggests that

endogenous melatonin may act as a neuroprotective

factor [36]. Another study revealed that a physical ex-

ercise program reversed acceleration of the kindling

process in pinealectomized animals [20]. However, the

mechanisms of this phenomenon remain unknown.

Experiments conducted in mice showed that mela-

tonin (50 mg/kg) significantly raised the electrocon-

vulsive threshold, and when administered at a subpro-

tective dose of 25 mg/kg, it enhanced the anti-

electroshock activity of carbamazepine and phenobar-

bital. This effect was reversed by bicuculline, amino-

phylline, and picrotoxin used at subconvulsive doses,

which may suggest that the anti-electroshock efficacy

of melatonin depends on purinergic and GABA-ergic

neurotransmission. Unfortunately, melatonin adminis-

tered alone or in combination with antiepileptics sig-

nificantly impaired long-term memory in mice [10].

Costa-Lotufo and co-workers [17] demonstrated

that subchronic (10–50 mg/kg, ip for a week at 8.30 h

or 17.00 h) but not acute treatment with melatonin in-

creased the latency of pilocarpine-induced convul-

sions in rats. The authors suggested that this effect

seemed to be more intense at the light-dark transition.

However, the differences were not significant; thus, in

our opinion, this conclusion was rather premature.

Moreover, melatonin increased the number of

[�H]GABA binding sites in animal hippocampal

slices. This in turn may suggest that the revealed ac-

tion of melatonin may be due to positive modulation

of GABA-ergic transmission [17].

Pinealectomy in the pilocarpine model of epilepsy

in rats reduced the latency for the first spontaneous

seizures and increased the number of spontaneous sei-

zures during the chronic period. However, supple-

mentation of melatonin during the status epilepticus

(acute) period was able to reduce the number of

TUNEL-positive (apoptotic) cells in several limbic

areas. This may suggest that epileptogenic facilitation

induced by pilocarpine can be partially reverted by

the simultaneous administration of melatonin [21].

Yildirim and Marangoz [96] observed anticonvul-

sant effects of melatonin on penicillin-induced epilep-

tiform activity in rats. Melatonin administered in-

tracerebroventricularly (icv) (40 and 80 µg) prolonged

the latency of epileptiform activity as analyzed by

electrocorticogram. Furthermore, melatonin signifi-

cantly decreased the spike frequency and spike-wave

activity, whereas the amplitude of spikes remained

unchanged [96]. The proconvulsant action of penicil-

lin used to be explained by its non-competitive an-

tagonism towards GABA� receptors [18]. Positive

modulation of GABA receptors and increased GABA

concentrations induced by melatonin can explain its

anticonvulsant activity in this model of epilepsy [4].

�����������	��� 
����
�� ����� ��� ���� 5

Melatonin and epilepsy
������ �����	 
� ��




In the study of Yahyavi-Firouz-Abadi et al. [92], it

was revealed that acutely administered melatonin (40

and 80 mg/kg) significantly elevated the clonic

threshold of convulsions induced by intravenous (iv)

injection of pentetrazole (PTZ) in mice. Moreover,

a combination of melatonin, applied at subprotective

doses (10 and 20 mg/kg), with L-arginine also re-

sulted in a potent anticonvulsant action. On the other

hand, pretreatment with non-specific NOS inhibitors

attenuated the effect of melatonin. These findings

may imply involvement of the L-arginine/NO path-

way in the melatonin-induced modulation of seizure

susceptibility in mice [91]. In fact, melatonin (applied

at 10–40 mg/kg) counteracted PTZ-induced gluta-

mine and aspartate increases, whereas at higher doses

(40–160 mg/kg), it decreased nitrite content in several

brain areas, including the hippocampus [8]. Pretreat-

ment (icv) with melatonin (1.25–10 µg) reduced (in

descending order of potency) the convulsant action

of icv administered kainate, quinolinate, glutamate, N-

methyl-D-aspartate, and PTZ. Intraperitoneal (ip) in-

jections of melatonin (12.5–100.0 mg/kg) attenuated

the convulsant activity of quinolinate but not the re-

maining substances. A possible explanation is that the

brain concentrations of melatonin after systemic in-

jection are too low to reach significant anticonvulsant

levels [43]. According to Yamamoto and co-workers,

melatonin at a dose of 20 mg/kg, sc prevented L-

cysteine-induced seizures and brain lipids peroxida-

tion in mice. The authors concluded that the anticon-

vulsant effect of melatonin may be, at least partially,

due to its antioxidative action [95].

Uz et al. [85] tested the in vivo efficacy of mela-

tonin in preventing kainate-induced DNA damage in

the hippocampus of adult rats. They suggested that

melatonin might reduce the extent of cell damage me-

diated through kainate receptors [85].

Other authors have observed that the simultaneous

ip administration of melatonin (20 mg/kg) and kainic

acid completely abolishes kainate-induced seizures in

mice and mitochondrial DNA damage in the mouse

brain cortex [53, 95]. The scavenging of hydroxyl

radicals may contribute to both the anticonvulsant and

protective effects of melatonin [53]. On the other

hand, a number of substances with antioxidant prop-

erties, like vitamin E, vitamin C, �-lipoic acid, and

melatonin (20 mg/kg, ip), failed to affect kainate- or

PTZ (sc)-induced convulsions in rats [90]. This may

suggest that antioxidative properties are not efficient

in terms of seizure inhibition.

Solmaz et al. [78] reported that melatonin (10 mg/kg)

pretreatment before PTZ (ip) administration lowered

the mortality rate, attenuated seizure severity, and in-

creased seizure latency in guinea pigs.

In another study, melatonin (10 mg/kg) potentiated

both the anticonvulsant and proconvulsant effects of

morphine, applied at low and high doses, respectively,

on the PTZ-induced clonic seizures in mice [92]. In

addition, this effect was reversed by L-NAME (a ni-

tric oxide synthase inhibitor). This may indicate that

melatonin modulates opioid neurotransmission via the

nitric oxidergic pathway. Because there is also evi-

dence that opioid peptides regulate pineal function

[87], this relation may be bidirectional. Moreover, it

should be noted that the anticonvulsant effect of both

melatonin [80] and morphine [42, 56] was associated

with increased central GABA-ergic transmission. It

cannot be excluded that melatonin indirectly stimulates

GABA transmission via the opioid system activation.

Savina et al. [74] reported that combined treatment

with sodium valproate (po) and melatonin (po, 50 mg/l)

produced a potent anticonvulsant effect, i.e., increased

the latency and decreased the severity of audiogenic

seizures in Krushinskii-Molodkina rats.

Additionally, the icv injection of antimelatonin an-

tibody in rats induced paroxysmal neural discharges,

suggesting that melatonin may normally act as an en-

dogenous inhibitor of neural excitability [27].

Proconvulsant properties

Only a few studies have shown proconvulsant effects

of melatonin. Stewart and Leung [80] provided evi-

dence that endogenous melatonin may decrease the

seizure threshold in rats. Intrahippocampal injection

of 4-phenyl-2-propionamidotetralin, a specific Mel1b

melatonin receptor antagonist, delayed the onset of pilo-

carpine seizures during the dark phase, but not the light

phase. This effect was blocked by co-administration of the

GABA� antagonist bicuculline. The mixed Mel1a/Mel1b

receptor antagonist luzindole also increased seizure latency

but to a lesser degree than 4-phenyl-2-propionamidotetralin.

This may suggest that the Mel1b receptors attenuate

GABA� receptor-mediated inhibition [80].

In another study, melatonin, when administered in

a near-physiological concentration of 10 nM/l, ex-

erted no effect on epileptiform potentials elicited in

hippocampal slices by low Mg�� or bicuculline. On

the other hand, pharmacological concentration of

1 µmol/l enhanced the frequency of epileptiform ac-
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tivity in experiments performed during the day. This

effect was suppressed through simultaneous admini-

stration of the melatonin receptor antagonist luzindole

(10 µM/l). In contrast, melatonin did not affect epilep-

tic activity in slices prepared at night. Additionally, in

the bicuculline model, the hormone did not affect epi-

leptiform discharges elicited either during the day or at

night. This may suggest that melatonin affects epilepti-

form discharges in a diurnal manner and that this action

is dependent on the type of epilepsy model [59].

Human studies (melatonin effects

in clinical studies)

Anticonvulsant properties

Currently, only a few small scale trials of adjunctive

melatonin administration in humans have indicated

that melatonin may decrease the incidence of sei-

zures. Clinical observation demonstrated improve-

ment in seizure activity in five of six children with in-

tractable seizures who were treated with 3 mg of oral

melatonin as a supplement to their conventional AED

treatment regimen. Seizure activity has been reported

to return to pretreatment levels after discontinuing

melatonin treatment in all patients [64].

Some studies have shown that melatonin may be ef-

fective in counteracting drug-resistant seizures in chil-

dren. Molina-Carballo [54] observed a female child

who began to have convulsive seizures at the age of 1.5

months, and was diagnosed as having severe myo-

clonic epilepsy. She was unsuccessfully treated with

different combinations of anticonvulsants, including

valproic acid, phenobarbital, clonazepam, vigabatrin,

lamotrigine, and clobazam. After 1 month of melatonin

(50 mg nightly) plus phenobarbital therapy and for

a year thereafter, the child’s seizures were under con-

trol. Reduction of the dose of melatonin led to destabi-

lization of the patient’s condition, which was in turn

re-stabilized after restoring melatonin [54].

Another double-blind, placebo-controlled study in epi-

leptic children assessed the effects of add-on melatonin ad-

ministration on their quality of life. Improved physical

function, emotional well-being, cognitive function, social

function, and behavior suggested that melatonin might be

an advantageous adjunctive drug in epileptic patients [34].

Bazil et al. [7] reported that patients with intracta-

ble epilepsy have low baseline salivary melatonin lev-

els, which increase significantly following seizures.

A lack of sufficient concentrations of melatonin in

such individuals could thereby facilitate seizures.

Moreover, an increased melatonin level after seizures

may be protective against repetitive seizures [7].

Adaptational changes in melatonin concentrations

have also been confirmed by other authors. They ob-

served increased excretion of urinary melatonin me-

tabolites in a 24-h period following seizures in pa-

tients with active epilepsy. It is interesting that treat-

ment with carbamazepine decreased the urine

concentration of melatonin metabolites [75].

Yalyn and co-workers [93] showed no differences

in the daily rhythms of melatonin between patients

with diurnal complex partial epilepsy, nocturnal com-

plex partial epilepsy, and a control group. All patients

were treated with carbamazepine. These results suggest

that endogenous melatonin does not contribute to the

occurrence of nocturnal complex partial seizures [93].

According to Jones et al. [38] melatonin can allevi-

ate sleep disturbances in young epileptic patients, al-

though without effect on seizures. In another study,

six of ten children with sleep disturbances and

therapy-resistant epilepsy showed a clear decrease in

their seizure frequency under treatment with mela-

tonin (five children received 10 mg and one child re-

ceived 5 mg). The authors concluded that the ob-

served improvement could be due to both a reduction

of sleep deprivation consequences and the anticonvul-

sant action of melatonin.

Fauteck et al. [28, 29] suggested that melatonin can

suppress neuronal epileptic activity via specific neo-

cortical melatonin receptors. Additionally, the indo-

leamine increases the release of prolactin, which in

turn enhances GABA neurotransmission [5, 28].

Proconvulsant properties

Sandyk [73] reported that melatonin may also exert

proconvulsant effects in humans. It was previously

stated that melatonin at low doses increases hypotha-

lamic and cortical GABA levels, accounting for its

anticonvulsant action, but that at higher doses it de-

creases GABA concentrations in these structures. In

humans, treatment with melatonin increased � rhythm

and induced electroencephalographic abnormalities in

patients with temporal lobe epilepsy and intractable

epilepsy. According to the author, the proconvulsive

properties of melatonin may explain the increased oc-

currence of seizures at night, when melatonin plasma
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levels are 5 to 8-fold higher than during the day [73].

However, these conclusions were not confirmed by

other researchers.

In another study, Sheldon [76] showed proconvul-

sant effects of oral melatonin (5 mg) in neurologically

disabled children. Increased seizure frequency was

noted 13 days after the onset of therapy and returned im-

mediately to baseline after discontinuing treatment [76].

Conclusions

The majority of data indicate anticonvulsant proper-

ties of melatonin when applied at pharmacological

doses in both animal models and clinical investiga-

tions. However, the studies described in the review

were conducted in different animal models, with dif-

ferent melatonin doses and routes of administration.

Therefore, it is difficult to reach unambiguous conclu-

sions. It is also too early to recognize melatonin as

a potential drug candidate for add-on therapy in epi-

leptic patients. More reliable double-blind, placebo-

controlled studies are needed to confirm such a sup-

position. Presently, melatonin application may be

considered when epilepsy co-exists with insomnia.

References:

1. Acuña-Castroviejo D, Escames G, Leon J: Interaction

between calcium ionophore A-23187 and melatonin in

the rat striatum. J Physiol Biochem, 1997, 53, 119.

2. Acuña-Castroviejo D, Escames G, Macias M, Munoz-

Hoyos A, Molina-Carballo A, Arauzo M, Montes R:

Cell protective role of melatonin in the brain. J Pineal

Res, 1995, 19, 57–63.

3. Acuña-Castroviejo D, Lowenstein PR, Rosenstein RE,

Cardinali DP: Diurnal variations of benzodiazepine bind-

ing in the rat cerebral cortex: disruption by pinealectomy.

J Pineal Res, 1986, 3, 101–109.

4. Acuña-Castroviejo D, Rosenstein RE, Romeo HE,

Cardinali DP: Changes in gamma-aminobutyric acid

high affinity binding to cerebral cortex membranes after

pinealectomy or melatonin administration to rats. Neuro-

endocrinology, 1986, 43, 24–31.

5. Arent J: Melatonin. Clin Endocrinol, 1998, 29, 205–229.

6. Arendt J: Melatonin and human rhythms. Chronobiol Int,

2006, 23, 21–37.

7. Bazil CW, Short D, Crispin D, Zheng W: Patients with

intractable epilepsy have low melatonin, which increases

following seizures. Neurology, 2000, 55, 1746–1748.

8. Bikjdaouene L, Escames G, León J, Ferrer JMR,

Khaldy H, Vives F, Acuña-Castroviejo D: Changes in

brain amino acids and nitric oxide after melatonin ad-

ministration in rats with pentylentetrazole-induced sei-

zures. J Pineal Res, 2003, 35, 54–60.

9. Borja NL, Daniel KL: Ramelteon for the treatment of

insomnia. Clin Ther, 2006, 28, 1540–1555.

10. Borowicz KK, Kamiñski R, G¹sior M, Kleinrok Z,

Czuczwar SJ: Influence of melatonin upon the protective

action of conventional anti-epileptic drugs against maxi-

mal electroshock in mice. Eur Neuropsychopharmacol,

1999, 9, 185–190.

11. Brown EN, Choe Y, Shanahan TL, Czeisler CA:

A mathematical model of diurnal variations in human

plasma melatonin levels. Am J Physiol, 1997, 272, E506–516.

12. Brzeziñski A: Melatonin in humans. N Engl J Med,

1997, 336, 186–195.

13. Bubenik GA: Localization of melatonin in the gastroin-

testinal tract of the rat: effect of maturation, diurnal

variation, melatonin treatment and pinealectomy. Horm

Res, 1980, 12, 313–323.

14. Chowdhury I, Sengupta A, Maitra SK: Melatonin: Fifty

years of scientific journey from the discovery in bovine

pineal gland to delineation of functions in human. Indian

J Biochem Biophys, 2008, 45, 289–304.

15. Claustrat B, Brun J, Chazot G: The basic physiology and pa-

thophysiology of melatonin. Sleep Med Rev, 2005, 9, 11–24.

16. Claustrat B, Geoffriau M, Brun J, Chazot G: Melatonin

in humans: a biochemical marker of the circadian clock

and an endogenous synchronizer. Neurophysiol Clin,

1995, 25, 351–359.

17. Costa-Lotufo LV, de Fonteles MM, Lim ISP, de Oliveira

AA, Nascimento VS, de Bruin VM, Viana GS: Attenuat-

ing effects of melatonin on pilocarpine-induced seizures

in rats. Comp Biochem Physiol C, 2002, 131, 521–529.

18. Curtis DR, Game CJ, Johnston GA, McCulloch RM,

MacLachlan RM: Convulsive action of penicillin. Brain

Res, 1972, 43, 242–245.

19. Dawson D, Encel N: Melatonin and sleep in humans.

J Pineal Res, 1993, 15, 1–12.

20. De Lacerda AFS, Janjoppi L, Scorza FA, Lima E, Amado

D, Cavalheiro EA, Arida RM: Physical exercise program

reverts the effects of pinealectomy on the amygdala kin-

dling development. Brain Res Bull, 2007, 74, 216–220.

21. De Lima E, Soares Jr JM, del Carmen Sanabria Garrido

Y, Gomes Valente S, Priel MR, Chada Baracat E, Abrão

Cavalheiro E et al.: Effects of pinealectomy and the

treatment with melatonin on the temporal lobe epilepsy

in rats. Brain Res, 2005, 1043, 24–31.

22. Díaz López B, Díaz Rodríguez E, Urquijo C, Fernández

Alvarez C: Melatonin influences on the neuroendocrine-

reproductive axis. Ann NY Acad Sci, 2005, 1057, 337–364.

23. Dijk DJ, Duffy JF, Riel E, Shanahan TL, Czeisler CA:

Aging and the circadian and homeostatic regulation of

human sleep during forced desynchrony rest, melatonin

and temperature rhythms. J Physiol, 1999, 516, 611–627.

8 �����������	��� 
����
�� ����� ��� ����



24. Dodge NN, Wilson GA: Melatonin for treatment of sleep

disorders in children with developmental disabilities.

J Child Neurol, 2001, 16, 581–584.

25. Dubocovich ML: Melatonin receptors: are there multiple

subtypes? Trends Pharmacol Sci, 1995, 16, 50–56.

26. Erlich SS, Apuzzo MLJ: The pineal gland: anatomy,

physiology and clinical significance. J Neurosurg, 1985,

63, 321–325.

27. Fariello RG, Bubenic GA, Brown GM, Grota LJ: Epilep-

togenic action of intraventricular injected anti-melatonin

antibody. Neurology, 1977, 27, 567–570.

28. Fauteck JD, Bockmann J, Bõckers TM, Wittkowski W,

Kõhling R, Lücke A, Straub H et al.: Melatonin reduces

low-Mg�� epileptiform activity in human temporal

slices. Exp Brain Res, 1995, 107, 321–325.

29. Fauteck JD, Schmidt H, Lerchl A, Kurlemann G, Witt-

kowski W: Melatonin in epilepsy: first results of replace-

ment therapy and first clinical results. Biol Signal Re-

cept, 1999, 8, 105–110.

30. Geoffriau M, Brun J, Chazot G, Claustrat B: The physi-

ology and pharmacology of melatonin in humans. Horm

Res, 1998, 49, 136–141.

31. Golombek DA, Pevet P, Cardinali DP: Melatonin effects

on behavior: possible mediation by the central GABAer-

gic system. Neurosci Biobehav Rev, 1996, 20, 403–412.

32. Gordon N: The therapeutics of melatonin: a paediatric

perspective. Brain Dev, 2000, 22, 213–217.

33. Guardiola-Lemaitre B: Toxicology of melatonin. J Biol

Rhythms, 1997, 12, 707–708.

34. Gupta M, Aneja S, Kohli K: Add-on melatonin improves

quality of life in epileptic children on valproate mono-

therapy: a randomized, double-blind, placebo-controlled

trial. Epilepsy Behav, 2004, 5, 316–321.

35. Harderland R, Poeggeler B: Non-vertebrate melatonin.

J Pineal Res, 2003, 34, 233–241.

36. Janjoppi L, Silva de Lacerda AF, Scorza FA, Amado D,

Cavalheiro EA, Arida RM: Influence of pinealectomy

on the amygdala kindling development in rats. Neurosci

Lett, 2006, 392, 150–153.

37. Jaworek J, Zwirska-Korczala K, Szklarczyk J, Nawrot-

Por¹bka K, Leja-Szpak A, Jaworek AK, Tomaszewska

R: Pinealectomy aggravates acute pancreatitis in the rat.

Pharmacol Rep, 2010, 62, 864–873.

38. Jones C, Huyton M, Hindley D: Melatonin and epilepsy.

Arch Dis Child, 2005, 90, 1203.

39. Kabuto H, Yokoi I, Ogawa N: Melatonin inhibits iron-

induced epileptic discharges in rats by supressing preoxi-

dation. Epilepsia, 1998, 39, 237–243.

40. Karasek M: Melatonin, human aging, and age-related

diseases. Exp Gerontol, 2004, 39, 1723–1729.

41. Kennaway DJ: Programming of the fetal suprachiasmatic

nucleus and subsequent adult rhythmicity. Trends Endo-

crinol Metab, 2002, 13, 398–402.

42. Kuriyama K, Yoneda Y: Morphine induced alterations of

�-aminobutyric acid and taurine contents and L-glutamate

decarboxylase activity in rat spinal cord and thalamus:

Possible correlates with analgesic action of morphine.

Brain Res, 1978, 14, 163–179.

43. Lapin IP, Mirzaev SM, Ryzov IV, Oxenkrug GF: Anti-

convulsant activity of melatonin against seizures induced

by quinolinate, kainate, glutamate, NMDA, and pentyle-

netetrazole in mice. J Pineal Res, 1998, 24, 215–218.

44. León J, Macias M, Escames G, Camacho E, Khaldy H,

Martin M, Espinosa A, Gallo MA, Acuña-Castroviejo

D: Structure-related inhibition of calmodulin-dependent

neuronal nitric-oxide synthase activity by melatonin and

synthetic kynurenines. Mol Pharmacol, 2000, 58, 967–975.

45. Lerner AB, Case JD, Takahashi Y: Isolation of mela-

tonin, the pineal gland factor that lightens melanocytes.

J Am Chem Soc, 1958, 80, 2587.

46. Liu F, Ng TB, Fung MC: Pineal indoles stimulate

the gene expression of immunomodulating cytokines.

J Neural Transm, 2001, 108, 397–405.

47. Luboshitzky R, Lavie P: Melatonin and sex hormone

interrelationships – a review. J Pediatr Endocrinol

Metab, 1999, 12, 355–362.

48. Malpaux B, Migaud M, Tricoire H, Chemineau P: Biology

of mammalian photoperiodism and critical role of the pin-

eal gland and melatonin. J Biol Rhythm, 2001, 16, 336–347.

49. Manev H, Uz T, Kharlamov A, Joo JY: Increased brain

damage after stroke or excitotoxic seizures in

melatonin-deficient rats. FASEB J, 1996, 10, 1546–1551.

50. Martins da Silva A, Binnie CD, Heinardi H: Biorhythms

and Epilepsy. Raven Press, New York, 1985.

51. Mayo JC, Sainz RM, Tan DX, Hardeland R, Leon J,

Rodriquez C, Reiter RJ: Anti-inflammatory action of melatonin

and its metabolites, N-acetyl-N-formyl-5-methoxykynuramine

(AFMK) and N-acetyl-5-methoxykynuramine (AMK) in

macrophages. J Neuroimmunol, 2005, 165, 139–149.

52. Mevissen M, Ebert U: Anticonvulsant effects of melatonin

in amygdala-kindled rats. Neurosci Lett, 1998, 257, 13–16.

53. Mohanan PV, Yamamoto H: Preventive effect of mela-

tonin against brain mitochondrial DNA damage, lipid

peroxidation and seizures induced by kainic acid. Toxi-

col Lett, 2002, 129, 99–105.

54. Molina-Carballo A, Munoz-Hoyos A, Reiter RJ,

Sanchez-Forte M, Moreno-Madrid F, Rufo-Campos M,

Molina-Font JA, Acuña-Castroviejo D: Utility of high

doses of melatonin as adjunctive anticonvulsant therapy

in a child with severe myoclonic epilepsy: two years ex-

perience. J Pineal Res, 1997, 23, 97–105.

55. Morgan PJ, Barrett P, Howell HE, Helliwell R: Mela-

tonin receptors: localization, molecular pharmacology

and physiological significance. Neurochem Int, 1994,

24, 101–146.

56. Moroni F, Cheney DL, Peralta E, Costa E: Opiate recep-

tor agonists as modulators of gamma-aminobutyric acid

turnover in the nucleus caudatus, globus pallidus and

substantia nigra of the rat. J Pharmacol Exp Ther, 1978,

207, 870–877.

57. Muñoz-Hoyos A, Molina-Carballo A, Macías M,

Rodríguez-Cabezas T, Martín-Medina E, Narbona-López

E, Valenzuela-Ruiz A, Acuña-Castroviejo D: Compari-

son between tryptophan methoxyindole and kynurenine

metabolic pathways in normal and preterm neonates and

in neonates with acute fetal distress. Eur J Endocrinol,

1998, 139, 89–95.

58. Musshoff U, Riewenherm D, Berger E, Fauteck JD,

Speckmann EJ: Melatonin receptors in rat hippocampus:

Molecular and functional investigations. Hippocampus,

2002, 12, 165–173.

�����������	��� 
����
�� ����� ��� ���� 9

Melatonin and epilepsy
������ �����	 
� ��




59. Musshoff U, Speckmann EJ: Diurnal actions of mela-

tonin on epileptic activity in hippocampal slices of rats.

Life Sci, 2003, 73, 2603–2610.

60. Niles LP, Pickering DS, Arciszewski MA: Effect of

chronic melatonin administration of GABA and diazepam

binding in rat brain. J Neurol Transm, 1987, 70, 117–124.

61. Nosjean O, Ferro M, Coge F, Beauverger P, Henlin JM,

Lefoulon F, Fauchere JL et al.: Identification of the

melatonin-binding site MT3 as the quinone reductase 2.

J Biol Chem, 2000, 275, 31311–31317.

62. Paavonen EJ, Nieminen-von Went T, Vanhala R, Aronen

ET, von Wendt L: Effectiveness of melatonin in the treat-

ment of sleep disturbances in children with Asperger disor-

der. J Child Adolesc Psychopharmacol, 2003, 13, 83–95.

63. Pang SF, Allen AE: Extra-pineal melatonin in the retina:

its regulation and physiological function. Pineal Res Rev,

1986, 4, 54–96.

64. Peled N, Shorer Z, Peled E, Pillar G: Melatonin effect

on seizures in children with severe neurologic deficit

disorders. Epilepsia, 2001, 42, 1208–1210.

65. Pintor J, Martin L, Pelaez T, Hoyle CH, Peral A: In-

volvement of melatonin MT� receptors in the regulation

of intraocular pressure in rabbits. Eur J Pharmacol, 2001,

416, 251–254.

66. Reiter RJ: Functional pleiotropy of the neurohormone

melatonin: antioxidant protection and neuroendocrine

regulation. Front Neuroendocrinol, 1995, 16, 383–415.

67. Reiter RJ: Mechanisms of cancer inhibition by mela-

tonin. J Pineal Res, 2004, 37, 213–214.

68. Reiter RJ: Melatonin: lowering the high price of free

radicals. News Physiol Sci, 2000, 15, 246–250.

69. Reiter RJ, Korkmaz A: Clinical aspects of melatonin.

Saudi Med J, 2008, 29, 1537–1547.

70. Reiter RJ, Tan DX, Manchester LC, Pilar Terron M,

Flores LJ, Koppisepi S: Medical implications of mela-

tonin: receptor-mediated and receptor-independent ac-

tions. Adv Med Sci, 2007, 52, 11–28.

71. Reiter RJ, Tan DX, Manchester LC, Tamura H: Mela-

tonin defeats neurally-derived free radicals and reduces

the associated neuromorphological and neurobehavioral

damage. J Physiol Pharmacol, 2007, 58, 5–22.

72. Sandyk R, Anastassiades PG, Anninos PA, Tsogas N:

Is postmenopausal osteoporosis related to pineal gland

function? Int J Neurosci, 1992, 62, 215–225.

73. Sandyk R, Tsagas N, Anninos PA: Melatonin as a pro-

convulsive hormone in humans. Int J Neurosci, 1992, 63,

125–135.

74. Savina TA, Balashowa OA, Shchipakina TG: Effect of

chronic consumpton of sodium valproate and melatonin

on seizure activity in Krushinskii-Molodkina rats. Bull

Exp Biol Med, 2006, 142, 601–604.

75. Schapel GJ, Beran RG, Kennaway DL, McLoughney J,

Matthews CD: Melatonin response in active epilepsy.

Epilepsia, 1995, 36, 75–78.

76. Sheldon SH: Pro-convulsant effects of oral melatonin in

neurologically disabled children. Lancet, 1998, 351, 1254.

77. Skwar³o-Soñta K, Majewski P, Markowska M, Ob³ap R,

Olszañska B: Bidirectional communication between the

pineal gland and the immune system. Can J Physol Phar-

macol, 2003, 81, 342–349.

78. Solmaz I, Gurkanlar D, Gokcil Z, Cuneyt G, Ozkan M,

Erdogan E: Antiepileptic activity of melatonin in guinea

pigs with pentylenetetrazol-induced seizures. Neurol

Res, 2009, 31, 989–995.

79. Stewart LS: Endogenous melatonin and epileptogenesis:

facts and hypothesis. Intern J Neurosci, 2001, 107, 77–85.

80. Stewart LS, Leung LS: Hippocampal melatonin receptors

modulate seizure threshold. Epilepsia, 2005, 46, 473–480.

81. Suzuki N, Somei M, Seki A, Reiter RJ, Hattori A: Novel

bromomelatonin derivatives as potentially effective drugs

to treat bone diseases. J Pineal Res, 2008, 45, 229–234.

82. Sweis D: The uses of melatonin. Arch Dis Child Educ

Pract Ed, 2005, 90, 74–77.

83. Tan DX, Manchester LC, Hardeland R, Lopez Burillo S,

Mayo JC, Sainz RM, Reiter RJ: Melatonin a hormone,

a tissue factor, an autocoid, a paracoid, and an antioxi-

dant vitamin. J Pineal Res, 2003, 34, 75–78.

84. Tan DX, Manchester LC, Reiter RJ, Qui WB, Zhang M,

Weintraub ST, Cabrera J et al.: Identification of highly

elevated levels of melatonin in bone marrow: its origin

and significance. Biochim Biophys Acta, 1999, 1472,

206–214.

85. Uz T, Giusti P, Franceschini D, Kharlamov A, Manev H:

Protective effect of melatonin against hippocampal DNA

damage induced by intraperitoneal administration of ka-

inite to rats. Neroscience, 1996, 73, 631–636.

86. Van der Heijden KB, Smits MG, Van Someren EJ,

Ridderinkhof KR, Gunning WB: Effect of melatonin

on sleep, behavior, and cognition in ADHD and chronic

sleep-onset insomnia. J Am Acad Child Adolesc Psy-

chiatry, 2007, 46, 233–241.

87. Vuolteenaho O, Vakkuri O, Leppaluoto J: Wide distribu-

tion of beta-endorphin-like immunoreactivity in extrapi-

tuitary tissues of rat. Life Sci, 1980, 27, 57–65.

88. Wan Q, Man, HY, Liu F, Braunton J, Niznik HB, Pang

SF, Brown GM, Wang YT: Differential modulation of

GABA� receptor function by Mel�� and Mel�� receptors.

Nat Neurosci, 1999, 2, 401–403.

89. Weiss, G, Lucero K, Fernandez M: The effect of ad-

renalectomy on the circadian variation in the rate of kin-

dled seizure development. Brain Res, 1993, 612, 354–356.

90. Xu K, Stringer JL: Antioxidants and free radical scaven-

gers do not consistently delay seizure onset in animal mod-

els of acute seizures. Epilepsy Behav, 2008, 13, 77–82.

91. Yahyavi-Firouz-Abadi N, Tahsili-Fahadan P, Riazi K,

Ghahremani MH, Dehpour AR: Involvement of nitric

oxide pathway in the acute anticonvulsant effect of mela-

tonin in mice. Epilepsy Res, 2006, 68, 103–113.

92. Yahyavi-Firouz-Abadi N, Tahsili-Fahadan P, Riazi K,

Ghahremani MH, Dehpour AR: Melatonin enhances the

anticonvulsant and proconvulsant effects of morphine in

mice: Role for nitric oxide signaling pathway. Epilepsy

Res, 2007, 75, 138–144.

93. Yalyn O, Arman F, Erdogan F, Kula M: A comparison of

the circadian rhythms and the levels of melatonin in pa-

tients with diurnal and nocturnal complex partial sei-

zures. Epilepsy Behav, 2006, 8, 542–546.

94. Yamamoto H, Mohanan PV: Ganglioside GT1B and

melatonin inhibit brain mitochondrial DNA damage and

seizures induced by kainic acid in mice. Brain Res, 2003,

964, 100–106.

10 �����������	��� 
����
�� ����� ��� ����



95. Yamamoto H, Tang H: Preventive effect of melatonin

against cyanide-induced seizures and lipid peroxidation

in mice. Neurosci Lett, 1996, 207, 89–92.

96. Yildirim M, Marangoz C: Anticonvulsant effects of

melatonin on penicillin-induced epileptiform activity in

rats. Brain Res, 2006, 1099, 183–188.

97. Zawilska JB, Skene DJ, Arendt J: Physiology and phar-

macology of melatonin in relation to biological rhythms.

Pharmacol Rep, 2009, 61, 383–410.

Received: January 23, 2010; in the revised form: May 31, 2010;

accepted: June 9, 2010.

�����������	��� 
����
�� ����� ��� ���� 11

Melatonin and epilepsy
������ �����	 
� ��



	1	Review Œ Melatonin in experimental seizures and epilepsy.
	Monika Banach, Elwira Gurdziel, 
Marian Jêdrych, Kinga K. Borowicz

	12	Review Œ Caffeine and the anticonvulsant potency of antiepileptic drugs: experimental and clinical data.
	Magdalena Chroœciñska-Krawczyk, 
Ma³gorzata Jargie³³o-Baszak, Magdalena Wa³ek, Bo¿ydar Tylus, Stanis³aw J. Czuczwar

	19	Review Œ Protein kinase Ce as a cancer marker and target for anticancer therapy.
	Ewa Totoñ, Ewa Ignatowicz, Karolina Skrzeczkowska, Maria Rybczyñska

	30	Review Œ IL-17-expressing cells as a potential therapeutic target for treatment of immunological disorders.
	Anna Strzêpa, Marian Szczepanik

	45	Differences between human wild-type and C23S 
variant 5-HT2C receptors in inverse agonist-induced resensitization.
	Jutta Walstab, Folkert Steinhagen, Michael Brüss, Manfred Göthert, Heinz Bönisch

	54	Ameliorative potential of sodium cromoglycate 
and diethyldithiocarbamic acid in restraint stress-induced behavioral alterations in rats.
	Rajneet K. Manchanda, Amteshwar S. Jaggi, Nirmal Singh

	64	Magnesium sulfate and sodium valproate block methylphenidate-induced hyperlocomotion, 
an animal model of mania.
	Francisco J. Barbosa, Bernardete Hesse, Rodrigo B. de Almeida, Irinéia P. Baretta, Roseli Boerngen-Lacerda, Roberto Andreatini

	71	Antidepressant-like activity of the phenylpiperazine pyrrolidin-2-one derivatives in mice.
	Jacek Sapa, Barbara Filipek, Katarzyna Kulig, Barbara Malawska

	79	Acquisition and expression of ethanol-induced conditioned place preference in mice is inhibited by naloxone.
	Ma³gorzata Wróbel

	86	Effects of carbamazepine and metabolites on IL-2, IL-5, IL-6, IL-10 and IFN-g secretion in epileptic 
patients: the influence of co-medication.
	Olivier Mathieu, Marie-Christine Picot, Philippe Gelisse, Hélène Breton, Pascal Demoly, Dominique Hillaire- Buys

	95	Lymphocyte-suppressing effect of simvastatin 
in mixed dyslipidemic patients but not impaired glucose tolerance patients.
	Robert Krysiak, Bogus³aw Okopieñ

	102	Noradrenaline release in rodent tissues is inhibited by interleukin-1b but is not affected by urotensin II, MCH, NPW and NPFF.
	Kirsten Schulte, Manush Kumar, Jean-Marie Zajac, Eberhard Schlicker

	112	Heme oxygenase/carbon monoxide-biliverdin 
pathway may be involved in the antinociceptive 
activity of etoricoxib, a selective COX-2 inhibitor.
	Niedja M. G. Grangeiro, Jordana A. Aguiar, Hellíada V. Chaves, Antonio A. R. Silva, Vilma Lima, Norma M. B. Benevides, Gerly A. C. Brito, José R. V. da Graça, Mirna M. Bezerra

	120	Evaluation of the irritating influence of carane 
derivatives and their antioxidant properties 
in a deoxyribose degradation test.
	Andrzej Moniczewski, Tadeusz Librowski, Stanis³aw Lochyñski, 
Daniel Strub

	130	Ejaculatory dysfunction in streptozotocin-induced diabetic rats: the role of testosterone.
	Davi A. Pontes, Glaura S. A. Fernandes, Renata C. Piffer, Daniela C. C. Gerardin, Oduvaldo C. M. Pereira, Wilma G. Kempinas

	139	Enhanced TRAIL-mediated apoptosis in prostate cancer cells by the bioactive compounds neobavaisoflavone and psoralidin isolated from Psoralea corylifolia.
	Ewelina Szliszka, Zenon P. Czuba, £ukasz Sêdek, Andrzej Paradysz, Wojciech Król

	149	Influence of anticancer therapy on oxidation 
phenotype and acetylation phenotype in patients with acute myeloblastic leukemia.
	£ukasz £apiñski, Krystyna Orzechowska-Juzwenko, Anna Wiela-Hojeñska, Dariusz Wo³owiec, Grzegorz Ganczarski, Krystyna G³owacka, Henryk Czarnik-Matusewicz, Kazimierz Kuliczkowski, Jacek G¹siorowski

	157	Induction of P450 3A1/2 and 2C6 by gemfibrozil in Sprague-Dawley rats.
	Aiming Liu, Julin Yang, Xin Zhao, Xiaolan Jiao, Weihong Zhao, Qing Ma, Zhiyuan Tang, Renke Dai

	SHORT COMMUNICATIONS
	165	Endocannabinoid system protects against cryptogenic seizures.
	Clementina M. van Rijn, Martin F. J. Perescis, Lyudmila Vinogradova, Gilles van Luijtelaar


	169	7-Nitroindazole, but not NG-nitro-L-arginine, enhances the anticonvulsant activity of pregabalin in the mouse maximal electroshock-induced seizure model.
	Jarogniew J. £uszczki, Anna Jaskólska, Wojciech Dworzañski, Dorota ¯ó³kowska

	176	Cytoprotective action of the potassium channel opener NS1619 under conditions of disrupted 
calcium homeostasis.
	Ludwika Chmielewska, Dominika Maliñska

	184	Atorvastatin affects the tissue concentration 
of hydrogen sulfide in mouse kidneys and other 
organs.
	Bogdan Wiliñski, Jerzy Wiliñski, Eugeniusz Somogyi, Joanna Piotrowska, Marta Góralska

	189	Combinatory effects of PBDEs and 17b-estradiol 
on MCF-7 cell proliferation and apoptosis.
	Patrycja Kwieciñska, Anna Wróbel, Ewa £. Gregoraszczuk

	195	Cell-penetrating peptides modulate the vascular action of phenylephrine.
	Ivan Kociæ, Jaros³aw Ruczyñski, Renata Szczepañska, Mariola Olkowicz, Brygida Parfianowicz, Izabela Rusiecka, Piotr Rekowski
	269	Note to Contributors


	content
	cont
	contents_3'2005
	contents

