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Recently, melatonergic agents have been gaining much interest in the treatment of mood disorders. The elucidation of
the underlying biological mechanisms related to the melatonergic system in mood disorders is warranted to ensure the
proper use of melatonergic agents. Changes of the melatonergic system have been investigated in several studies of
patients with bipolar disorder (BP) and depression. Accumulating evidence has indicated that patients with BP might
exhibit abnormal melatonin secretion patterns, increased light-induced melatonin suppression, altered pineal gland
volume, genetically abnormal melatonin synthesis enzyme, and modified melatonin receptors. In this review, the findings of studies performed to explore the association between the melatonergic system and BP are discussed. Moreover, the interpretations and limitations of these findings are described.
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INTRODUCTION
Melatonin is a neurohormone that is nocturnally secreted in the pineal gland to regulate circadian rhythm
with light entrainment. In the pineal gland, melatonin is
synthesized into N-acetyl-serotonin by acetyl-serotonin
methyltransferase (ASMT) which is previously known
as 5-hydroxyindole-Ο-methyltransferease (Fig. 1) [1].
Serotonin is synthesized into N-acetyl-serotonin by arylalkylamine N-acetyltransferase (AANAT) that could
control the rate-limiting step (Fig. 1) [1]. Melatonin is
metabolized by cytochrome P450 1A1, 1A2, 1B1, and
melatonin deacetylase. Then it is excreted as urine
6-sulfatoxymelatonin and to a lesser extent, glucuronide
conjugates [1]. Melatonin modulates physiological functions related to circadian rhythms, such as sleep, core
temperature, and cortisol [2,3]. In addition, melatonin
has important relevance with the metabolic function,
immune system, antioxidative defense, and mitochondri-

al function [1,4]. Interestingly, the abnormality of circadian rhythm as well as metabolic syndrome, changes of
the immune system, oxidative stress and mitochondrial
dysfunction have been reported in bipolar disorder (BP).
Therefore, the changes of the melatonergic system might
be related to the pathogenesis of BP.
There have been many studies on changes of the
melatonergic system in major depression and seasonal
affective disorder (SAD) [2,3]. As such, patients with
major depression have shown significantly lower nocturnal melatonin secretion compared to healthy control
[2,3,5,6]. In contrast, some studies reported that there
might be higher melatonin levels in patients with SAD
[2,3,6]. There are several studies that both major depression and seasonal depression might be related to the
abnormal phase shifting of melatonin secretion, such
as phase delay and advance [2,3,6]. Meanwhile, there is
accumulating evidence on the melatonin system in BP.
Several studies reported the changes of melatonin secre-
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=5-hydroxyindole-O-methyltransferase
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Fig. 1. The pathway of melatonin synthesis and the enzymes of
each step. Serotonin was produced from L-tryptophan through
tryptophan 5-hydroxylase and aromatic L-amino acid decarboxylase. Serotonin is synthesized into N-acetyl-serotonin by
arylalkylamine N-acetyltransferase that could control the ratelimiting step. Melatonin is synthesized into N-acetyl-serotonin by
acetyl-serotonin methyltransferase that is previously known as
5-hydroxyindole-Ο-methyltransferease.

tion pattern, the hypersensitivity of light-induced melatonin suppression [6]. In addition, there are some studies on pineal gland volume, the genetic characteristics
related to melatonin synthesis, and melatonin receptors,
and the relationship between the changes of the melatonin system and clinical features [7-9].
Recently, there is an increasing interest in melatonergic agents in the treatment of mood disorder. In order
to explore the efficacy of melatonergic agents in BP,
it is needed to understand the underlying changes of
melatonergic system in BP. Therefore, this review aimed
to summarize the recent researches on changes of the
melatonergic system in BP.

THE CHANGES OF THE MELATONERGIC
SYSTEM IN BIPOLAR DISORDER
1. Patterns of melatonin secretion
Abnormal patterns of melatonin secretion were reported in several studies until now [10-14]. In a study with
remitted BP including unipolar disorder, the maximal
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level of melatonin and the area under the curve (AUC)
of melatonin levels in BP were relatively low compared
to those in acute depression and healthy control [10].
This study did not discriminate unipolar depression
(UP) and BP. However, in a study discriminating two
diseases, the baseline plasma melatonin level was also
significantly lower in bipolar patients than patients with
UP and healthy controls [11]. In a study of BP according
to the mood states, all types of euthymia, depression,
and mania were lower levels of melatonin and the AUC
of blood melatonin and salivary melatonin compared to
healthy control (HC) [12]. Especially, the nocturnal levels were significantly reduced, which indicates a blunted
amplitude of melatonin circadian rhythm. In a similar
study with adolescents and young adults with mood
disorders, the AUC of salivary melatonin concentrations
was also compared between bipolar depression and UP
[13]. This study reported that the nocturnal melatonin
level in bipolar depression was significantly lower than
UP. This study also showed that the decreased melatonin
level might be linked to the delayed phase of nocturnal
melatonin secretion. However, another study showed
different findings that 24-hour profiles of salivary melatonin in the manic state of BP were significantly higher
than the depressive state and HC, in maximal levels and
average afternoon melatonin levels, not in average 24hour levels and average nighttime levels [14]. These
findings were different from previous studies, but these
were partly similar in terms of the disrupted rhythm of
melatonin secretion.
Though all results were not consistent, most studies
showed that bipolar depression has an abnormal melatonin secretion pattern compared to UP and HCs. The
causes of abnormal melatonin levels in BP can be interpreted in several aspects. Firstly, BP could be types of
lower melatonin syndrome. Lower melatonin syndrome
was originally related to depression [5]. As previously
noted, several studies showed that melatonin levels in
bipolar depression were more similar or lower than those
of UP. In a case report of monozygotic twins being patient with bipolar I disorder (BP-I) and unaffected twin,
there was no difference in melatonin rhythm between
two twins, but the production of melatonin significantly
decreased in bipolar patient compared to unaffected
twin [15]. Even though lower melatonin syndrome cannot explain all types of BPs, there is some evidence that
melatonin in some patients of BP decreased compared to
unipolar depressive disorder and HC. Secondly, the dewww.moodandemotion.org
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creased melatonin level supports the hypothesis that bipolar patients might show the blunted circadian rhythm
of melatonin secretion. Especially, when the melatonin
secretion during the nocturnal period that generally
should be increased was blunted, the melatonin level
in BP could be lowered. Disrupted melatonin rhythm
that melatonin was not secreted according to circadian
rhythm also might change the melatonin levels [14].
Thirdly, the decrease of melatonin level might be the result caused by a phase shifting of the melatonin rhythm
[13]. Several reports support that circadian rhythm in BP
was delayed [16,17]. Melatonin circadian rhythm also
might be delayed, similarly to other circadian parameters. If melatonin was measured during the nocturnal
period, the melatonin level might be reduced due to the
delayed phase of melatonin secretion.
Current evidence suggests that abnormalities in melatonin secretion pattern in BP might exist, especially
decreased melatonin secretion. However, the causes of
abnormal melatonin secretion pattern should be explored
whether the decrease of melatonin level is due to the
lower melatonin syndrome, or due to the blunted melatonergic rhythm, or due to the result of a phase shifting.
Also, future studies should be performed to investigate
the clinical and biological factors associated with abnormal melatonin secretion patterns.

2. Light-induced melatonin suppression
It is well known that light can suppress melatonin.
Generally, melatonin is produced and secreted after
sunset and is suppressed for daytime after sunrise. During the nocturnal period when melatonin is secreted,
artificial light can suppress melatonin secretion. Exposure to 1,500 lux reduced melatonin levels into similar
levels during daytime (less than 10 pg/mL) [18]. Dim
light can even suppress melatonin secretion. Especially,
several studies reported that patients with BP showed
increased melatonin suppression induced by light since
4 decades ago. Patients with BP showed significantly supersensitive to 500 lux compared to normal controls and
showed about 50% suppression of melatonin levels [18].
Additionally, similar findings were reported in euthymic bipolar patients with no medication and in bipolar
offspring [19,20]. For these reasons, hypersensitivity to
light was suggested as a potential trait marker of BP.
However, some studies did not replicate the hypersensitivity to 500 lux light in euthymic BP [21,22]. In conwww.moodandemotion.org

trast, several studies supported hypersensitivity to light
in BP again [23,24]. When the study was performed at
200 lux, lower levels of light intensity compared to the
previous studies, BP showed a higher melatonin suppression induced by light compared to normal controls
[23]. Nurnberger’s study [22] suggests the possibility
that BP-I might be hypersensitive to light. In the followup studies, patients with BP-I having a score of less
than 16 on the Hamilton Depression Rating Scale had
significantly higher light-induced melatonin suppression
in the light levels of 200 lux, 500 lux, and 1,000 lux all
[24]. Hypersensitivity to light might be associated with
the genetic tendency. One case also reported that the
melatonin levels by light exposure largely suppressed
compared to unaffected twin identical to genetic characteristics [15]. Given that, hypersensitivity to light might
be a trait-marker in the subtype of BPs, especially, BPI. However, several factors, such as diagnostic subtype,
seasonality, melatonin phase, baseline melatonin levels,
and response to lower intensity light, should also be considered to confirm higher light-induced melatonin suppression in BP.

3. Pineal gland volume
As one of the causes of abnormal melatonin secretion pattern in BP, abnormalities of the pineal gland that
produce and secrete melatonin have been investigated.
There were some volumetric imaging studies of the pineal gland [7,25]. One study compared the pineal gland
volume between BPs and HCs [25]. Hypothesis in this
study was that the pineal volume in bipolar patients is
smaller than HCs, and abnormalities of melatonin secretion could be due to the reduction of the pineal volume.
However, there was no difference in the pineal volume
between bipolar patients and HCs. The other study also
reported that there was no difference in the volume
of the pineal gland between BP and HCs, similar to
the results of the previous study [7]. Given that the no
change of the volume of the pineal gland, abnormalities
in melatonin secretion pattern might not be caused by
the degeneration of the pineal gland. However, there are
only small studies for the final conclusion. Therefore,
additional studies are needed to confirm the relationship
between changes of the pineal gland volume and BP.
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Table 1. The summary of studies on changes of melatonergic system in BP
Author (year)

Subjects

Pattern of melatonin secretion
Beck-Friis et al.
BP and UP (n=24)
(1984) [10]
HC (n=33)

Design

Measurements of
melatonin system

Main findings in BP

Case-control study

Serum melatonin levels

Nocturnal melatonin level↓

Lam et al.
(1990) [11]

BP (n=8)
UP (n=7)
HC (n=15)

Case-control study

Plasma melatonin
concentrations

Baseline melatonin
concentration↓

Kennedy et al.
(1996) [12]

BP (n=9)
HC (n=12)

Case-control study

Serum melatonin levels
Urinary aMT6s

Serum melatonin level↓
No difference in aMT6s

Robillard et al.
(2013) [13]

BP (n=11)
UP (n=13)

Case-control study

DLMO
Melatonin AUC

Later DLMO
Smaller melatonin AUC

Nováková et al.
(2015) [14]

BP-m (n=12)
BP-d (n=22)
HC (n=19)

Case-control study

Saliva melatonin levels

Maximal melatonin levels
(BP-m>HC)
Average afternoon melatonin
levels (BP-m>BP-d, HC)

Light-induced melatonin suppression
Lewy et al.
(1981) [18]

BP (n=4)
HC (n=6)

Case-control study

Melatonin suppression to 500,
1,500, and 2,500 lux light

50% suppression to 500 lux
Almost suppression to 1,500 lux

Lewy et al.
(1985) [19]

BP (n=11)
HC (n=24)

Case-control study

Melatonin suppression to
500 lux light

Increased suppression to 500 lux

Nurnberger et al.
(1988) [20]

BP (n=18)
UP (n=7)
HC (n=20)

Case-control study

Melatonin suppression to
500 lux light

Increased suppression to 500 lux

Whalley et al.
(1991) [21]

BP (n=15)
UP (n=7)
HC (n=20)

Case-control study

Melatonin suppression to
500 lux light

No difference of suppression to
500 lux

Nathan et al.
(1999) [23]

BP (n=8)
UP (n=9)
SAD (n=6)
HC (n=63)

Case-control study

Melatonin suppression to
200 lux light

Increased suppression to 200 lux

Nurnberger et al.
(2000) [22]

BP (n=29)
UP (n=24)
HC (n=50)

Case-control study

Melatonin suppression to
500 lux light

No difference of suppression to
500 lux

Hallam et al.
(2009) [24]

BP-I MZ twin

Case report

Melatonin suppression to
200, 500, and 1,000 lux light

Increased suppression to 200,
500, and 1,000 lux light

Sarrazin et al.
(2011) [25]

BP (n=20)
HC (n=20)

Case-control study

Pineal gland volume measured BP: no change
by MRI

Fındıklı et al.
(2015) [7]

BP (n=17)
UP (n=16)
SPR (n=17)
HC (n=30)

Case-control study

Pineal gland volume measured SPR: decreased
by MRI
UD, BP: no change

Pineal gland volume

Genetic characteristics of melatonin synthesis
Kripke et al.
DSPD study (n=768)
Multi-center cohort 610 SNPs
(2011) [27]
Sleep clinic study
studies
(n=853)
MrOS study (n=2,540)
SOF study (n=1,731)
BP study (n=80)
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DSPD study: Significant
association of rs4446909 with
depressive symptoms
Other studies: No associations of
two AANAT SNPs with
depression
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Table 1. Continued
Author (year)
Etain et al.
(2012) [8]

Hukic et al.
(2016) [26]

Subjects

Design

Measurements of
melatonin system

Main findings in BP

French sample
BP (n=345)
HC (n=220)
German sample
BP (n=480)
HC (n=672)
BP (n=453)
HC (n=7,949)

Case-control study

The sequence of the
ASMT gene

Significant association
between rs4446909 and BP

Case-control study

MTNR1B

MTNR1B gene associated
with hyperglycemia

BP (n=9)
UP (n=4)
HC (n=14)

Case-control study

MT1 and MT2 immunoreactivity
by immunocytochemistry

Numbers of MT1-ir cells↑

Melatonin receptors
Wu et al.
(2013) [9]

Relationship between the changes of melatonergic system and clinical features
Wu et al.
(2013) [9]

BP (n=9)
UP (n=4)
HC (n=14)

Case-control study

MT1 and MT2 immunoreactivity
by immunocytochemistry

MT1-ir cells
- negatively correlated with
age at onset of depression
- positively correlated with
disease duration

Robillard et al.
(2013) [13]
Nováková et al.
(2015) [14]

BP (n=11)
UP (n=13)
BP-m (n=12)
BP-d (n=22)
HC (n=19)

Case-control study

DLMO
Melatonin AUC
Saliva melatonin levels

Diagnostic markers between
BP and UP
BP-m: more disrupted
melatonin rhythm

Case-control study

BP, bipolar disorder; UP, unipolar depression; HC, healthy control; BP-m, bipolar disorder with manic episode, BP-d, bipolar disorder
with depressive episode; SAD, seasonal affective disorder; BP-I, bipolar I disorder; MZ twin, monozygotic twin; SPR, schizophrenia;
DSPD, delayed sleep phase disorder; MrOS, osteoporotic fractures in men; SOF, study of osteoporotic fractures; aMT6s, urinary
6-sulphatoxymelatonin; DLMO, dim light melatonin onset; Melatonin AUC, melatonin area under the curve; MRI, magnetic resonance
imaging; SNPs, single nucleotide polymorphisms; ASMT, acetyl-serotonin methyltransferase; MTNR1B, rs10830963 in melatonin receptor
1B gene; MT1, melatonin receptor 1; MT2, melatonin receptor 2; AANAT, arylalkylamine N-acetyltransferase; MT1-ir, melatonin receptor
1-immunoreactive.

4. Genetic characteristics of melatonin
synthesis
There were three genetic association studies about the
relationship between single nucleotide polymorphisms
related to ASMT, AANAT, and BP. One study showed
the association between one frequent polymorphism of
the ASMT promoter (rs4446909) and BP [8]. Several
deleterious ASMT mutations were associated with low
ASMT activity [8]. Another study reported the association between rs10830963 in melatonin receptor 1B gene
(MTNR1B) and hyperglycemia in BP [26]. Another
study examined the association between MTNR1B
(rs4446909), depression and lithium response in BP, but
this study did not prove any association [27].

www.moodandemotion.org

The genetic defect might be the cause of the abnormality of the melatonergic system in BP. Genetic studies suggest that ASMT enzyme polymorphism might
be associated with BP. The polymorphism of ASMT
could reduce the synthesis of melatonin. Interestingly,
the polymorphism of MTNR1B was associated with
hyperglycemia. Given that there are great associations
between metabolic syndrome and BP, the polymorphism
of MTNR1B might be not only the abnormalities of
melatonin secretion but also the metabolic vulnerability
of BP.
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5. Characteristics of melatonin receptor 1 and 2
in bipolar disorder
In human and mammal, there are two melatonin receptors, which are melatonin receptor 1 (MT1), melatonin receptor 2 (MT2) [1]. Melatonin receptors are
distributed in several areas, such as brain, retina, cardiovascular system, gastrointestinal system, immune
system, adipocytes, skin, and kidney [28]. Especially,
the melatonin receptors in the brain were expressed
in the suprachiasmatic nucleus and pituitary gland [1].
Agomelatine, an MT1 and MT2 agonist and selective antagonist 5-HT2c, is one of the melatonergic agents [29].
Several studies reported that melatonergic agents might
be effective in major depression, seasonal depression,
and bipolar depression [3,30-32]. One study compared
MT1 and MT2 in the suprachiasmatic nucleus of postmortem brain between depressed patients including BP
and HCs [9]. In this study, the numbers of MT1-immunoreactive cells significantly increased in depressive patients compared to HCs, no difference in the numbers of
MT2-immunoreactive cells between depressive patients
and HCs [9]. In the comparison between major depression and bipolar depression, there was no difference in
the number of MT1 cells between two groups, but, there
was a significantly different number of MT2 cell. MT1
receptor might be more likely to be involved in depression than MT2 receptor. MT2 receptor might be related
to the pathogenesis of BP. However, because these results only were observed by one small study, these findings are needed to replicate.

6. Relationship between the changes of the
melatonin system and clinical features
There are few studies about the relationship between
the characteristics of melatonin and clinical features.
One study reported that the numbers of MT1-immunoreactive cells were negatively correlated with age at the
onset of depression, and the numbers of MT1-immunoreactive cells were positively correlated with the disease
duration [9]. Another study reported that there were no
associations between melatonin level and severity of
symptoms or sleep disruptions. One study evaluated the
potential of circadian measures, such as melatonin as
early markers for diagnosis of BP and unipolar disorder [13]. Patients with bipolar depression significantly
showed lower nocturnal melatonin levels and later onset
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of melatonin secretion than patients with UP. Studies according to the mood states suggest that the manic states
show the more disrupted melatonin rhythm compared to
other mood states [14]. Several studies suggest that the
changes in the melatonin system might be associated
with the clinical features in BP. However, there was a
lack of evidence to understand the relationship between
the changes of the melatonin system and clinical features.

CONCLUSION
This review summarized the results of previous studies on the melatonergic system in BP (Table 1) [7-14,1827]. Given that the previous studies, there might be
abnormalities of melatonin system in BP, such as melatonin level, light-induced melatonin suppression, genetic
defect of melatonin synthesis enzyme, and melatonin
receptor function. Simultaneously more evidence is a
warrant to conclude the association between melatonin
system and BP. Also, the possibility of a biomarker for
BP on differential diagnosis from UP should be explored. The changes of the melatonin system are needed
to importantly observe to understand the biological
mechanism in BP and applying the melatonergic agent
for the treatment of BP.
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