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ABSTRACT Even though efficacy is often the most important consideration for patient preference in

migraine prevention, currently available medications do not meet patient expectation. Efficacy is in the
range of 50% reduction in migraine attacks in 50% of patients studied for the best medications. Therefore,
new options for migraine treatment are needed. Melatonin has been considered a good candidate for
migraine and other headaches prevention due to its favorable mechanisms of action and excellent
tolerability profile. In this article, we review the putative role of the pineal gland and melatonin in migraine

pathophysiology and treatment. Drug Dev Res 68:329-334, 2007.
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INTRODUCTION

Effective migraine management begins with a
good treatment plan. It is important to consider not
only patient diagnoses, symptoms, and any coexistent
or comorbid conditions, but also patient expectations,
needs, and goals [Peres et al., 2007]. Migraine prophyl-
axis is divided into a nonpharmacologic and a medica-
tion-based approach. Education, trigger avoidance,
lifestyle reformulation, and getting adequate sleep are
the main nonpharmacologic strategies [Holroyd and
Penzien, 1990]. Several medications are used in
migraine prevention, including antidepressants, P-
adrenergic blockers, anticonvulsants/neuromodulators,
and calcium channel antagonists [Bigal and Lipton,
2006]. Other categories are sometimes used including
serotonin type 2 blockers and angiotensin receptor
blockers. Even though efficacy is often the most
important consideration for patient preference in
migraine prevention, medications currently available
do not meet patient expectation. Efficacy is within the
range of 50% reduction in migraine attacks in 50% of
patients studied for the best medications. Therefore,
new options for migraine treatment are needed.

The pineal hormone melatonin is a remarkable
molecule, with a conserved time-keeping function
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across species [Arendt, 2006]. It is extensively used as
a self-administered remedy for sleep disturbance in
countries where it is freely available, and to some
extent when it is available by prescription.

Melatonin has been considered a good candidate
for migraine and other headaches prevention due to its
favorable mechanisms of action and excellent toler-
ability profile. In this article, we review the putative
role of the pineal gland and melatonin in migraine
pathophysiology and treatment.

MELATONIN AND THE PINEAL GLAND

Melatonin (N-acetyl-5-methoxytryptamine) was
characterized after its isolation from bovine pineal
tissue by Lerner et al roughly 50 years ago [Arendt,
2007]. This indolamine is now known to be the major
secretory product of the pineal gland in all mammals,
including man.
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Changes in behavior occurring on a 24-h basis to
match the 24-h changes in the physical environment
due to the rotation of the earth on its axis are a
hallmark of life on the planet Earth. The nervous
system of both lower and higher organisms has evolved
over millions of years to meet the demands changes in
the environment that occur in relation to the changes
in the light-dark cycle, optimizing the survival and
reproductive success of the organism [Turek and
Gillette, 2004]. A synchronization system to adapt the
internal to the external environment is one of the key
elements of the central nervous system to maintain life.
It has been clearly established that the 24-h nature
of life was not simply a response to the 24-h changes
in the physical environment imposed by celestial
mechanics, but instead was due to an internal time-
keeping system in the brain.

The pineal gland and melatonin are the main
elements in the synchronization of internal biological
events to the environment. Melatonin is absent during
the day in men, and its nocturnal secretion is the main
biological event signaling to the organism when it is night.

The pineal gland is a circumventricular organ
located behind the third ventricle, below the splenium
of the corpus callosum. Because of its pine-shaped
structure, the organ was coined the “pineal” gland. The
gland is usually 8 mm in diameter [Ackermann and
Stehle, 2006]. It is composed of two kinds of the cells:
pinealocytes and neuroglial cells. The pinealocytes are
the principal location of melatonin synthesis. Melatonin
is produced from tryptophan first by hydroxylation then
decarboxylation resulting in the formation of serotonin,
then n-acetylation, and finally methylation to form
melatonin [Macchi and Bruce, 2004]. Because melato-
nin is so lipophilic, once it is produced it is quickly
released into the blood stream and then readily crosses
all physiologic barriers, including the placenta and
blood—brain barrier [Barrenetxe et al., 2004].

The suprachiasmatic nucleus (SCN) of the hy-
pothalamus regulates the synthesis of melatonin. The
pathway from the hypothalamus to the pineal gland has
been established. Visual input passes along fibers from
the retinal ganglion cells to the SCN of the hypothalamus
forming the retinohypothalamic tract. The fibers then
pass through the paraventricular nuclei of the hypotha-
lamus and through the brainstem to the intermediolateral
cell column of the thoracic spinal cord. Connections are
made with the preganglionic cell bodies of the sympa-
thetic superior cervical ganglia. Noradrenergic fibers from
the superior cervical ganglia project to the pineal gland
and stimulate the production of n-acetyl transferase by
increasing intracellular cAMP [Macchi and Bruce, 2004].

There is marked individual variation in the
timing, duration, and amount of nocturnal melatonin
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produced. Photic stimulation and usual daytime light
suppresses melatonin production; however, even in
constant darkness, there is an endogenously driven
rhythm of release of melatonin. Melatonin levels start
to rise from detectability thresholds during the evening
and are at maximum levels at night [Ackermann and
Stehle, 2006].

Melatonin has substantial clinical implications
and is associated with effects on sleep, mood, sexual
maturation and reproduction, immune function, aging,
cancer, and the antioxidative defense system [Reiter,
2003].

It has been linked not only to the pathophysiology
of migraine and other headaches but also many
neurological disorders.

MELATONIN IMPLICATION IN NEUROLOGICAL
DISORDERS

Sleep is well known to play an important role as a
restorative function. In human beings, it has a circadian
rhythm, normally occurring at night, usually together
with the nocturnal melatonin secretion [Rodenbeck
et al., 1999]. This has led to the idea that melatonin is
an internal sleep facilitator in humans, and therefore
useful in the treatment of insomnia and the readjust-
ment of circadian rhythms. There is evidence that
administration of melatonin induces sleep when the
drive to sleep is insufficient; inhibits the drive for
wakefulness from the SCN; and induces phase shifts in
the circadian clock such that the circadian phase of
increased sleep propensity occurs at a new, desired
time [Cajochen et al., 2003b].

Many neurological disorders occur with a marked
rhythmicity, dependent on either the 24-h or the
seasonal cycle, thus probably linked to the pineal
function and melatonin secretion, including stroke
[Beloosesky et al., 2002], multiple sclerosis [Hutter and
Laing, 1996], facial paralysis [de Diego et al., 1999],
and seasonal affective disorder [Checkley et al., 1993].
Chronobiological disorders can be external and related
to life style and environment, as in shift workers,
individuals crossing time zones in the jet lag syndrome,
and in disadaptation to clock change for daylight
savings time; or they can be endogenous or internal,
including the delayed and advanced sleep phase
syndromes, and the non-24-h sleep-wake disorder with
free-running circadian rhythm. It has been proposed
that the endogenous type may underlie several
conditions including depression, chronic fatigue, fibro-
myalgia, and migraine [Gordijn et al., 1998].

The pineal gland is a photo-neuroendocrine
organ, converting external luminous stimuli into a
hormone secretion, being responsible for the synchro-
nization between the internal homeosthasis and the
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environment; therefore, an altered synchronization
system may interfere with all neurological diseases.
Sleep and circadian rhythms are often disrupted in
people with neurological disorders [Turek et al., 2001].
The symptoms associated with neurological diseases
may be due in part to disruption of the sleep—wake
cycle. In addition, various neurological disorders may
themselves disrupt the sleep-wake cycle, resulting in a
positive feedback loop whereby disrupted sleep and
waking exacerbate the neurological disorders, while the
disease itself has a negative effect on the sleep-wake
states [Cajochen et al., 2003a]. Symptoms associated
with those disorders may fluctuate according to a
specific rhythm (circannual, circamenal, circadian) and
are often related to either sleep or wake periods.
Epilepsy, dementia, movement disorders, multiple
sclerosis, cerebrovascular disorders, neuromuscular
disorders, and brain tumors have all been linked to
an altered chronobiology, melatonin dysfunction, or
benefit from melatonin treatment [Peres, 2004].

RELEVANCY OF MELATONIN MECHANISMS
OF ACTION IN HEADACHE DISORDERS

The role of melatonin in headache pathophysiol-
ogy is via several mechanisms. Melatonin has anti-
inflammatory effects. Melatonin prevents the translo-
cation of NF-kB to the nucleus and its binding to
DNA, thereby reducing the upregulation of a variety
of pro-inflammatory cytokines, interleukins, and tumor
necrosis factor-oo (TNF-o) [Cuzzocrea and Reiter,
2002]. Melatonin inhibits the production of adhesion
molecules that promote the sticking of leukocytes to
endothelial cells, attenuating transendothelial cell
migration and edema. Animal and cell culture models
of several inflammatory disorders have benefited from
the application of melatonin. The mechanisms under-
lying the neuroprotective properties of melatonin are
likely to involve activation of specific melatonin
receptors. This can lead to modulation of transcription
factors and consequent altered gene expression,
resulting in enhancement of antioxidant enzymes and
downregulation of basal levels of inflammation [Carrillo-
Vico et al., 2006].

By its ability to scavenge toxic free radicals directly
[Aydogan et al., 2006], it can reduce macromolecular
damage in all organs. Melatonin inhibits the activity of
nitric oxide synthase [Reiter et al., 2000], as well as
acting in membrane stabilization [Arendt, 2005b].

Inhibition of dopamine release by melatonin has
been demonstrated in specific areas of the mammalian
CNS (e.g., hypothalamus, hippocampus, medulla pons,
and retina) [Zisapel, 2001]. A growing body of
biological, pharmacological and genetic data supports

a role for dopamine in the pathophysiology of migraine
[Fanciullacci et al., 2000].

Melatonin has been implicated in both GABA and
glutamate neurotransmission [Malhotra et al., 2004] as in
headache pathophysiology, and it is thought that the
hypnotic activity of melatonin is mediated by the
GABAergic system [Arendt and Skene, 2005]. Melatonin
antagonistic effects on glutamate release and neurotoxicity
in cerebral cortex has also been reported [Arendt, 2005a].

A melatonin-immuno-opioid network has been
proposed as it has been found that melatonin induces
activated T lymphocytes to release opioid peptides with
immunoenhancing and antistress properties. Cytokines
named melatonin-induced opioids (MIOs) have been
found to act at an opioid-binding site. Because
melatonin may behave as a mixed opioid receptor
agonist/antagonist, it is possible to potentiate the opioid
analgesic efficacy [Potenza et al., 1999]. Melatonin is
also involved in cerebrovascular regulation; it potentiates
the vasoconstrictive effect of norepinephrine and the
modulation of 5-HT neurotransmission (spontaneous
efflux and evoked release) [Dubocovich et al., 2003].

MELATONIN LEVELS IN HEADACHE DISORDERS

Melatonin and migraines are linked in several
ways. Clinical symptoms of migraine may fluctuate, and
a circadian pattern may be reported by some patients.
Both episodic (55%) and chronic (62.5%) migraineurs
report waking up in the morning or being awakened
during the night by headaches [Galego et al., 2002]. A
distribution of migraine attacks according to the
estrous cycle is common and true menstrual migraine
occurs in 14% of migraineurs and menstrually asso-
ciated migraine occurs in 55% of cases [Silberstein,
2000]. A circannual variation is a hallmark in cyclic
migraine [Friedman, 1982].

In a study of chronobiological features in chronic
and episodic migraine patients, 46.5% reported head-
aches after changing their sleep schedule. A significant
shift was present in 54% of patients, ranging from —2.5
to +5 h. Most patients (69%) delayed the sleep phase
(went to bed too late), as opposed to those (31%) who
advanced it [Peres, 2005a,b].

Melatonin levels in plasma and urine are lower in
migraine patients [Claustrat et al., 1989; Brun et al,
1995] and nocturnal urinary melatonin decreased
throughout the ovarian cycle in patients suffering
from migraine without aura compared with controls
[Murialdo et al., 1994]. During the luteal phase (when
melatonin levels should normally increase), migraine
patients showed a less pronounced change compared
with controls and melatonin excretion was further
decreased when patients suffered a migraine attack.

Drug Dev. Res. DOI 10.1002/ddr

85U801 SUOWIWOD SAIERID 8 cedt|dde auy Ag peusenob ale oNe YO ‘8SN J0 S8|nJ 10} Aeiq1T8UlUO 8|1 UO (SUOTHPUOD-PUE-SLLIBI WD A8 | Im ARe.q U |Uo//Sdy) SUORIpUOD pue swie 1 8y} 88S *[5202/20/ST] Uo Ariqiaul|uo AB|IM ‘|1Zelg - oned 0es Jo AN Ad 96T0Z IPP/Z00T OT/I0P/W0D" A8 1M ARIq 1 BUIIUO'S [UNO BOUS 195 3 1A eue//:sdny Wouy papeoumoq *9 ‘2002 ‘6622860T



332 PERES ET AL.

The plasma melatonin nocturnal profile was
studied in chronic migraine patients and controls.
Lower melatonin levels were observed in patients with
insomnia compared to those without insomnia; there
was a phase delay in the melatonin peak in patients as
compared with controls, suggesting a chronobiological
dysfunction in chronic migraineurs [Peres et al., 2001a].

Melatonin has been suspected to be involved in
cluster headache genesis, primarily because melatonin
is a sensitive marker of endogenous rhythms, which are
disrupted in cluster headache [Peres et al., 2000].
Studies show a decrease in nocturnal melatonin
secretion and an abolished melatonin rhythm in cluster
headache patients both during and outside bouts
[Chazot et al., 1984; Waldenlind et al., 1987, 1994;
Leone et al., 1995].

MELATONIN THERAPY IN HEADACHE DISORDERS

Melatonin is an orphan drug; therefore, limited
studies are available in headache treatment. Claustrat
et al. [1997] studied melatonin infusion in six patients
with status migrainosis. Four patients reported head-
ache relief the morning after melatonin 20 mg infusion
began, and the remaining two patients did so after the
third night of infusion. In addition, three patients
described that there was a decrease in the pulsatility of
pain during the migraine attacks.

In a study investigating the effects of melatonin in
30 patients with delayed sleep phase syndrome (DSPS)
and their related headache disorders, attacks dramati-
cally decreased after the initiation of melatonin
treatment [Nagtegaal et al., 1998].

An open-label trial has been performed using
melatonin 3 mg for migraine prevention [Peres et al.,
2004]. A total of 34 patients (27 women and 5 men)
were included, and a significant headache relief was
found in 64.7% of the patients. Headache response was
observed in the first month of treatment and a
complete response (no headaches in the previous
month of treatment) was found in 25% of the patients.
Headache frequency, duration, intensity and analgesic
consumption decreased when baseline was compared
with the last month of treatment (P<0.001). The
medication was very well tolerated, with only two
patients dropping out the study.

Melatonin has been tested in trigemino-auto-
nomic cephalgias including cluster headaches, hemi-
crania continua, paroxysmal hemicranias, and other
headaches such as hypnic headache and idiopathic
stabbing headache.

In a double-blind, placebo-controlled trial [Leone
et al., 1996], there was a significant decrease in
cluster headache attacks in the melatonin-treated
group compared with placebo. A total of 20 patients
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(2 primary chronic and 18 episodic) received a single
evening dose of melatonin 10 mg po (n=10) or
placebo (n = 10) for 14 days. Of the 10 treated patients,
five had a decline in attack frequency 3-5 days after
treatment and experienced no further attacks until
melatonin treatment was discontinued. No side effects
were observed in either group. A total of two patients
with chronic cluster headache did not respond to
melatonin therapy, but Peres and Rozen [2001]
described two chronic cluster headache patients who
responded to melatonin 9 mg at bedtime. Melatonin
prevented both nocturnal and daytime cluster attacks.
Pringsheim et al. [2002] studied melatonin as an
adjunctive treatment for cluster headaches and showed
no significant benefit. Their methodology (1 month of
placebo, too many chronic clusters, and small sample
size) and the melatonin dose may explain the
discrepancies in the results.

In hypnic headache scarce reports have shown an
improvement with melatonin treatment and a good
response was detected in three patients; however, no
controlled trial has been conducted [Evers and
Goadsby, 2003]. The structural similarity of melatonin
to indomethacin could be one of the possible mechan-
isms of action that is involved in indomethacin-
responsive headaches [Peres et al., 2001b]. Rozen
[2006] reported hemicrania continua patients who
responded to melatonin, and described three idiopathic
stabbing headache patients treated with melatonin who
displayed an excellent clinical response and side effect
profile [Rozen, 2003].

Melatonin is a potential candidate for the
treatment of migraine and other headaches [Rozen,
2003]. Several melatonin analogues and other chron-
obiotic agents may be useful for headache treatment. A
new sleeping medication (ramelteon) is available in
certain countries stimulating both melatonin-type 1
and 2 receptors in the hypothalamus. It will be
interesting to know how it will affect various headache
disorders. Further studies are necessary for better
understanding the role of melatonin in the pathophy-
siology and treatment of headache disorders.
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