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ABSTRACT

Although the reproductive and metabolic dysfunctions associated with polycystic ovary syndrome are clearly known, the 
mechanisms between these dysfunctions are still unclear. One of the hypotheses put forward for these mechanisms is related 
to circadian rhythm. To date, many reproductive and metabolic dysfunctions have been associated with circadian rhythm 
disorders. Especially in women with polycystic ovary syndrome, the relationship between melatonin rhythm, which lasts 
until late in the morning and starts early at night, and metabolic dysfunctions has been revealed by recent studies. When 
the relationship between obesity and melatonin is examined, it is clearly seen that melatonin exhibits its effect on energy 
expenditure rather than energy intake. This hormone affects energy expenditure through adipogenesis, thermogenesis, 
mitochondrial functions and adipocytokines release, and shows anti-obesity effect. It is thought that this review will shed 
light on further studies on the therapeutic use of melatonin in obesity associated with polycystic ovary syndrome and 
contribute to the development of strategies for the prevention of obesity.
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ÖZET

Polikistik over sendromu ile ilişkili üreme ve metabolik disfonksiyonlar net olarak bilinmesine rağmen, bu disfonksiyonların 
arasındaki mekanizmalar halen net değildir. Bu mekanizmalar için öne sürülen hipotezlerden biri de sirkadiyen ritim ile 
ilişkilidir. Bugüne kadar birçok üreme ve metabolik disfonksiyon sirkadiyen ritim bozukluğu ile ilişkilendirilmiştir. Özellikle 
polikistik over sendromlu kadınlarda sabahları geç saatlere kadar süren ve geceleri erken saatlerde başlayan melatonin 
ritmi ile metabolik disfonksiyonlar arasındaki ilişki son zamanlarda yapılan çalışmalar ile ortaya konulmuştur. Obezite 
ve melatonin arasındaki ilişki incelendiğinde, melatoninin etkisini enerji alımından ziyade enerji harcaması üzerinden 
sergilediği net olarak görülmektedir. Bu hormon adipogenezis, termogenezis, mitokondriyal fonksiyonlar ve adipositokin 
salınımı aracılığıyla enerji harcamasını etkilemekte ve anti-obezite aktivite göstermektedir. Bu derlemenin polikistik over 
sendromu ile ilişkili obezitede melatoninin terapötik kullanımına yönelik daha ileriki çalışmalara ışık tutacağı ve obezitenin 
önlenmesine yönelik stratejiler geliştirmede katkıda bulunacağı düşünülmektedir.
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INTRODUCTION

Polycystic Ovary Syndrome (PCOS), one of the main 
causes of fertility disorders, is the most common 
metabolic disorder among women of reproductive 
age. This syndrome is defined as an endocrinopathy 
characterized by the morphological appearance 
of polycystic ovaries with anovulatory features 
(amenorrhea, oligomenorrhea, irregular menstrual 
cycle) and biochemical and/or clinical manifestations 
(acne, hirsutism, baldness) of hyperandrogenism 
(1). In addition to these reproductive dysfunctions 
present in PCOS, this syndrome is often accompanied 
by components of the metabolic syndrome such as 
obesity, atherogenic dyslipidemia, hypertension and 
insulin resistance. As a result, women with PCOS 
are at increased risk for some of the main causes of 
morbidity and early mortality. Therefore, there has 
recently been increased interest in new therapeutic 
targets for the prevention and treatment of this 
adverse health consequences in PCOS (2). The focus of 
some of these treatment targets is circadian rhythm 
disorders, which are suggested to be involved in the 
pathogenesis of the syndrome. In this regard, many 
studies have been conducted on melatonin, which is 
well known for its role in the regulation of circadian 
rhythms of many physiological and neuroendocrine 
functions (3). Melatonin has anti-oxidant, anti-
angiogenic, anti-inflammatory, anti-carcinogenic 
and neuroprotective effects. With these effects, it 
facilitates the control of chronic diseases such as 
obesity, diabetes and cardiovascular diseases (4). 
A recent study has shown that women with PCOS 
have impaired circadian melatonin rhythm and this 
is associated with metabolic dysregulations such as 
obesity (2). The aim of this review is to examine the 
relationship between melatonin and obesity, which is 
involved in the pathogenesis of PCOS and accompanies 
this syndrome, from an etiological point of view.

Melatonin Rhythm and Obesity in PCOS
It has recently been suggested that obesity, which often 
accompanies PCOS, may be associated with melatonin 
rhythm abnormalities, that is, it may be related to the 

time interval rather than melatonin secretion levels. 
The duration of melatonin secretion was significantly 
longer in women with PCOS, which means that 
melatonin secretion ends later in the morning and 
begins early at night (2). In an experimental study, 
it was shown that the difference between day and 
night melatonin levels was lower in the PCOS group 
compared to the control group, and the time to reach 
the peak level of melatonin was delayed (5). Based on 
these studies, it can be suggested that there is a shift 
and misalignment in melatonin rhythm in women 
with PCOS. This may be due to obesity and metabolic 
dysfunctions that often accompany PCOS. In a recent 
study, it was shown that melatonin secretion rhythm 
shifts towards the early morning hours in obese 
patients, similar to PCOS (6). In addition, the “Timing 
Model” put forward by Garaulet et al. (7) can also 
clarify this issue. According to this model, it has been 
suggested that high levels of melatonin secretion 
during the biological daytime when food consumption 
is active may lead to metabolic dysfunctions.

Studies on melatonin and PCOS generally 
aimed to evaluate the effects of melatonin on 
the reproductive dysfunctions, and its effect on 
metabolic functions remained in the background 
in this population (8). Tagliaferri et al. (9) showed 
that melatonin supplementation at bedtime for 
6 months (2 mg) in women with PCOS alleviated 
biochemical hyperandrogenism and improved 
ovulatory dysfunctions, but did not affect metabolic 
and anthropometric variables. Alizadeh et al. (10) 
showed that melatonin supplementation at bedtime 
for 2 months (6 mg) in women with PCOS improves 
the metabolic profile together with biochemical 
hyperandrogenism. It has also been shown to reduce 
waist circumference. In another study, Jamilian et al. 
(3) showed that 10 mg melatonin supplementation 
before bedtime for 3 months did not change 
anthropometric parameters and dietary intakes, 
but improved hyperandrogenism, inflammation 
and oxidative stress biomarkers. Genario et al. (11) 
reported that melatonin supplementation was given at 
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doses ranging from 1 to 20 mg/day and the application 
period varied between 3 weeks and 12 months in 
studies evaluating the effect of melatonin on obesity. 
In this review study, significant results on weight 
loss were not found despite these doses. This makes 
the proposed role and safety of melatonin in obesity 
controversial. In conclusion, although the effect of 
melatonin on reproductive dysfunctions has been 
clearly demonstrated at almost every supplementation 
dose, the effects of melatonin on obesity and metabolic 
profile in PCOS are contradictory.

Melatonin appears to be responsible for the 
synchronization of numerous physiological effects 
on the control of obesity and its complications (12). In 
an experimental study, it was shown that there was a 
significant increase in body weight in the experimental 
group exposed to continuous light compared to the 
control group adopting the light/dark cycle model. It 
has also been shown in this study that the phenotypic 
features accompanying continuous light exposure 
are improved by melatonin supplementation (13). 
Although it has been demonstrated that abnormalities 
in melatonin secretion may be involved in the 
pathogenesis of obesity, a systematic review and meta-
analysis on melatonin and body weight has revealed 
conflicting results. In all clinical trials reviewed in this 
study, melatonin was used as an adjunct therapy to 
a pharmacological agent that increases or decreases 
body weight. As a result, melatonin was hypothesized 
to have a buffering activity on fluctuations in body 
weight (14). It has been shown in many experimental 
studies that melatonin reduces body weight and 
improves metabolic profile regardless of food 
consumption. Melatonin exerts its reducing effect on 
body weight through energy expenditure rather than 
central feeding behavior mechanisms (energy intake) 
(12,15,16).

It has been suggested that melatonin, which has been 
known to have a key role in the regulatory steps of 
energy metabolism, is involved in each phase of 
energy balance components such as energy intake, 
energy storage and energy expenditure. Melatonin 
increases the volume and activity of brown adipose 

tissue, and it has been suggested that melatonin is a 
possible activator of brown adipose tissue. Possible 
effects of melatonin on brown adipose tissue are 
attributed to both its central and peripheral activity 
(17,18). The effects of melatonin on this tissue can 
be examined under the headings of adipogenesis, 
thermogenesis, adipocytokines secretion and 
mitochondrial biogenesis.

Adipogenesis

Adipogenesis is a well-programmed process consisting 
of a sequential series of transcription events. In 
the early phase of this process, two members of 
the CCAAT/enhancer-binding protein family (C/
EBPβ and C/EBPδ) are activated. These two factors 
directly activate the expression of two key regulators 
of terminal adipogenesis, peroxisome proliferator 
activator receptor gamma (PPARγ) and C/EBPα (19). 
Inhibition of the C/EBPβ factor results in decreased 
early adipogenic transcription and inhibition of 
the subsequent transcriptional cascade, thereby 
suppressing terminal adipogenic differentiation. 
Therefore, it can be considered as a potential target 
that can prevent or treat obesity. In addition, PPARγ, 
which is involved in the terminal adipogenesis 
process, regulates glucose and lipid metabolism and 
the inflammation process. Activation of this factor 
increases the number of small and insulin-sensitive 
adipocytes and increases adiponectin levels. With 
this aspect, it can be thought that PPARγ activation in 
the terminal phase of the adipogenesis process has a 
therapeutic potential for obesity (20).

The potential role of melatonin in adipogenesis 
has been extensively studied in pre-adipose (3T3-
L1 cell line, intramuscular preadipocytes, etc.) or 
adipose-derived stem cells (human adipose-derived 
stem cell and human mesenchymal stem cell, etc.), 
but conflicting results have been reported. Yang et 
al. (21) conducted an in vitro study to evaluate the 
potential effects of melatonin on the proliferation 
and differentiation of intramuscular preadipocytes. 
In this study, it was shown that melatonin increased 
the expression of PPARγ, C/EBPα and C/EBPβ, thereby 
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stimulating the differentiation of preadipocyte 
into adipocyte containing lipid droplets and high 
cellular triacylglycerol levels. On the other hand, 
melatonin has also been shown to activate the 
lipolysis pathway by upregulating the expression of 
lipolytic genes and proteins (21). In 3T3-L1 embryo 
fibroblast preadipocytes, it was shown that melatonin 
significantly increased the expression of the PPAR-γ 
gene and smaller lipid droplets were formed by over-
expressing many molecules associated with lipolysis 
(22). Melatonin has also been shown to increase gene 
expression of proteins associated with lipolysis and 
thermogenesis, such as hormone sensitive lipase (HSL), 
uncoupling protein 3 (UCP3), lipid droplet associated 
protein 1 (perilipin, PLIN), adipose triglyceride lipase 
(ATGL), primarily through the melatonin receptor 2 
(MT2) (21,23).

Against the stimulating effects of melatonin on 
adipogenesis, Alonso-Vale et al. (24) reported for the 
first time that melatonin acts as a negative regulator 
of adipogenesis in 3T3-L1 cells. Melatonin has been 
shown to reduce levels of PPARγ and C/EBPα, the 
known target of PPARγ, as well as late biomarkers of 
adipocyte differentiation adiponectin and perilipin 
(24). In a study examining the effects of melatonin on 
the activities of adipose tissue-derived mesenchymal 
stem cell, it was shown that melatonin exhibits anti-
adipogenic activity by reducing the gene expression 
of the CCAAT/enhancer-binding protein (25).

As a result, melatonin can have both adipogenesis 
activating and inhibitory action. It can exhibit anti-
obesity action by improving the metabolic profile and 
increasing the release of lipolysis-related proteins 
together with PPARγ when it activates adipogenesis or 
by reducing the number of mature adipocytes when it 
inhibits this processes.

Thermogenesis

Brown adipocytes, specialized to dissipate energy in 
the form of heat, are known for their important role 
in adaptive thermogenesis against environmental 
stimuli such as cold and diet. Shivering thermogenesis 

is defined as “increased metabolic heat production 
not associated with muscle activity but associated 
with metabolic events in brown adipose tissue”. 
Thermogenesis, which is the main determinant of 
energy expenditure, has an important place in the 
treatment of obesity (26).

It is well known that melatonin improves resistance 
to cold and increases the capacity of non-shivering 
thermogenesis, thus having important roles in 
thermoregulatory mechanisms (27). It was shown that 
the adaptive thermogenic capacity of brown adipose 
tissue was impaired against environmental stimuli 
such as cold in pinealectomized experimental animals 
and this situation was reversed with melatonin (28).

Adaptive thermogenesis is dependent on brown 
adipose tissue-specific uncoupling protein 1 (UCP1) on 
the mitochondrial membrane. This protein stimulates 
mitochondrial proton leakage and thus dissipates 
energy as heat. It has been suggested that melatonin 
may exert its action on thermogenesis in brown 
adipose tissue through the UCP1 protein. It has been 
shown that this protein expression is increased at the 
mRNA and protein level in preadipocytes treated with 
melatonin (22). In a study with an experimental model 
of metabolic syndrome, melatonin supplementation 
was shown to increase the browning of white adipose 
tissue in the inguinal region. The increase in browning 
is explained by the fact that melatonin increases the 
UCP1 protein expression by two times (29).

Melatonin also carries out its activity on adipose tissue 
through central pathways. Melatonin primarily exerts 
its central activity through one of its specific receptors, 
melatonin receptor 1 (MT1), in the suprachiasmatic 
nucleus. This melatonin receptor is expressed in the 
sympathetic nerve exit from the brain to the white 
adipose tissue. It has been reported that sympathetic 
activity in white adipose tissue increases due to the 
stimulation of the receptor in this region (30). Ryu et 
al. (31) hypothesized that melatonin activation via the 
MT1 receptor on the central sympathetic nerve outlet 
to white adipose tissue induces the lipolysis pathway.
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Adipocytokines secretion

Another effect of melatonin on energy balance 
is through the release of adipocytokines. In this 
regard, especially adiponectin, which is one of the 
adipocytokines, has been focused on. The relationship 
between adiponectin and melatonin may be based on 
the downregulation of these hormone receptors by 
prolonged light exposure. It has recently been shown 
that adiponectin expression is also controlled by a 
circadian clock, similar to melatonin (32).

It has been suggested that impaired adipocytokines 
synthesis and secretion in obesity may be involved 
in the pathogenesis of obesity comorbidities. In 
adipocytes hypertrophy, adiponectin secretion 
decreases, while the secretion of adipocytokines 
such as resistin and visfatin increases. However, this 
abnormal adipokine secretion profile is normalized 
by the binding of melatonin to its specific receptors 
in adipocytes (33). Despite decreasing adiponectin 
levels in obesity and diabetes, melatonin upregulates 
adiponectin levels. Agil et al. (34) showed that 
decreased adiponectin levels in experimental models 
of metabolic syndrome increased by 40% with 
melatonin supplementation. Although many clinical 
studies showing that melatonin increases adiponectin 
gene expression in individuals with metabolic 
syndrome, further studies are needed (12).

In fact, the relationship between melatonin and 
adiponectin can also be established through 
adipogenesis but experimental studies have 
revealed conflicting results. Melatonin decreases the 
expression of adiponectin mRNA by 30% at 36th hour 
of differentiation of 3T3-L1 preadipocyte cells (24). 
In contrast, melatonin has been shown to increase 
adiponectin secretion and receptor expression in 
mature adipocyte that have completely completed the 
differentiation (day 8) (22). This contradiction can be 
clarified by the knowledge that adiponectin secretion 
starts at a low level on the 3rd day of adipogenesis 
and reaches significant levels mainly in the late phase 
(day 6-7), known as the terminal differentiation 
period (35,36). In conclusion, it can be hypothesized 

that melatonin supports optimal maintenance of 
adiponectin rhythm in adipogenesis. In support of 
this hypothesis, the reversible effects of melatonin on 
the impaired 24-hour adiponectin rhythm in obesity 
have been clearly demonstrated (37).

Mitochondrial functions

Brown adipose tissue rich in mitochondria is 
an important site both for melatonin action and 
synthesis. The antioxidant action of melatonin is 
necessary for the protection of mitochondria from 
oxidative stress. Melatonin affects mitochondrial 
dynamics, supports mitochondrial fusion and inhibits 
mitochondrial fission, thus increasing ATP production 
(27). Mitochondrial fusion changes the structure of 
mitochondria from small to large, and mitochondrial 
fission changes from large to small. Mitochondrial 
fusion compensates for mitochondrial damage by 
binding damaged and healthy mitochondria, while 
mitochondrial fission helps maintain mitochondrial 
function by separating damaged mitochondria from 
healthy areas. Considering this mechanism, the 
knowledge that factors that inhibit mitochondrial 
fission and activate fusion increase mitochondrial 
respiration capacity becomes more plausible (38). 
On the contrary, the balance between mitochondrial 
fission and fusion in obesity shifts towards a decrease 
in fusion-related proteins and an increase in fission-
related proteins (39). Considering the effect of 
melatonin on reducing mitochondrial fission and 
increasing fusion, it can be predicted that it can 
compensate for this imbalance in obesity.

Mitochondrial biogenesis, a complex biological 
process, is known as the growth and division of 
mitochondria. It can be hypothesized that melatonin 
is protective against obesity through its effects on 
mitochondrial biogenesis and functions. Kato et al. 
(22) showed that melatonin promotes mitochondrial 
biogenesis by increasing citrate synthase activity 
in 3T3-L1 mouse embryo fibroblast cells. Citrate 
synthase, an enzyme of the tricarboxylic acid cycle, 
catalyzes the synthesis of citrate from oxaloacetate 
and acetyl coenzyme A. This enzyme activity has 
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been used as an indicator of mitochondrial content 
and function in mammals. It has been shown that 
citrate synthase enzyme activity in mitochondria 
isolated from adipose tissue in obese individuals is 
significantly lower (40). As a result, it can be thought 
that melatonin has an anti-obesity effect by increasing 
the citrate synthase enzyme activity.

CONCLUSION

Polycystic ovarian syndrome, which is characterized 
by many dysfunctions in the reproductive system, is 
also closely related to many metabolic dysfunctions. 
While hyperandrogenism, the main characteristic 
feature of this syndrome, is involved in the 
pathogenesis of metabolic conditions such as insulin 
resistance and obesity, it can often accompany these 
metabolic conditions. This vicious circle has triggered 
the introduction of many therapeutic agents for 
the management of metabolic conditions, such as 
obesity, whose global prevalence is increasing day by 
day. Melatonin, one of these, has recently attracted 
attention with its clinical use in the management 
of PCOS in terms of metabolic dysfunctions and 
infertility. In PCOS, there are abnormalities in the 
time intervals in which melatonin is released as well 
as the levels. Although it has been shown that there 
is a strong relationship between the complications of 
PCOS and melatonin, studies are limited in revealing 
the mechanisms underlying the relationship between 
obesity and melatonin in PCOS. According to the 
results of the studies, it has been suggested that 
melatonin exerts its anti-obesity effect by supporting 
thermogenesis through its local and central effects 
on brown adipose tissue, inhibiting adipogenesis 
in the early period or activating it in the terminal 
period, improving mitochondrial functions, and 
normalizing adipocytokines secretion. Although 
melatonin has been proven at various doses to be 
effective on reproductive dysfunctions, effective 
dosage information for obesity and its complications 
is still unclear. The contradictory results of the studies 
can be partially explained by the involvement of 

various factors in the pathogenesis of PCOS and the 
fact that it is characterized by different phenotypes. 
Different therapeutic perspectives may be necessary 
for a hyperandrogenism triggered by obesity and 
insulin resistance or an insulin resistance triggered 
by hyperandrogenism. Further studies are needed 
to clearly reveal this relationship and to generate 
recommendation-level evidence for the therapeutic 
use of melatonin.
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