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INTRODUCTION
The serotonin brain circuits 5-hydroxytryptamine (5-HT) and of 

the circadian rhythm constitutes two of major regulatory networks 
that exert widespread influence on the functioning of the central 
nervous system. These brain networks present, each consisting of a 
localized neuronal population and with a highly ordered molecular 
signaling, reciprocal anatomical connections, and convergent 
functional association.  In the brain, 5-HT originates in the medial 
and dorsal raphe nuclei, with widespread projections throughout the 
brain, including for the circadian control center, the suprachiasmatic 
nucleus (SCN). The serotonergic system is composed of specific 
neurons secreting of 5-HT, with a network of genes that encode 
regulatory proteins, specific receptors transporters, and degrading 
enzymes. Deregulations of these networks have been associated with 
neurological disorders such as autism, depression, and anxiety (Zeitzer, 
2013, Ciarleglio et al. 2011). The circadian rhythm, in turn, controls 
the fluctuations of our physiological and behavioral activities within 
the period of 24 hours, which is extremely adjusted by self-regulated 
expression of the called CLOCK genes. Circadian rhythmicity is 
essential for the control of energy metabolism, cycle-wake, hormone 
production and cognitive performance (Versteeg, Serlie, Kalsbeek, & 
Fleur, 2015; Wang, et al. 2016; Zouabi et al. 2016).  The circadian 
rhythm is regulated by various brain regions, particularly mediated 
through 5-HT, which can be evidenced by the large number of 5-HT 
receptors such as the types 1A, 1B, 2A, 2C, 5A and 7 subtypes in 
SCN (Smith et al. 2015). Therefore, in different animal models, 
healthy volunteers and in patients with circadian dysfunctions, it is 
remarkable the importance of serotonergic neuromodulation in the 
maintenance of endogenous rhythms, and also in understanding 
how circadian dysfunction can influence the efficacy and function of 
the serotonergic neurotransmission (Matsumura  et al. 2015; Holst, 
Valomon, & Landolt, 2016).

Although the circadian rhythm has the ability to function 
autonomously, it is constantly adapting to our environment using 
external cues, called zeitgebers, the main one being the light (Wang, 
et al. 2016). In this context, 5-HT is an important regulator of 
circadian rhythm, by modulating responses to photic and non-photic 
zeitgebers (Smith et al. 2015; Versteeg, Serlie, Kalsbeek, & Fleur, 
2015). As with the serotonergic system of the brain, deregulation 
of the circadian system is associated with a range of disturbance of 
behavior and development, including depression, bipolar disorder, 
autism and disorders of the sleep-wake cycle (Ciarleglio et al. 2011; 
Cho et al. 2016; Schaufler et al. 2016). The non-photic serotonergic 
inputs in the SNC, for example, have activity influenced by nutrient 
intake, such a way, these inputs can stimulate the SCN at inappropriate 
times of the day due to poor eating habits, as overeating at night, 
which favors the development of the metabolic syndrome (Versteeg, 
Serlie, Kalsbeek, & Fleur, 2015).  Nevertheless, the levels of 5-HT 
also exhibit circadian rhythmicity in several brain regions, including 
SCN, Pineal gland, raphe nuclei and corpus striatum (Barassin et al. 
2002; Versteeg, Serlie, Kalsbeek, & Fleur, 2015). In experiments on 
mice, the disturbance of the circadian rhythm led to decrease in 5-HT 
expression in cell bodies (the dorsal and medial raphe nuclei) and 
projection areas (frontal cortex, caudate putamen, preoptic area and 
SCN), demonstrating a clear synergism between systems, which can 
contribute to the understanding of disorders (Matsumura et al. 2015). 

Both serotonergic system and circadian are extensively studied 
in their neuroanatomical and genetic levels. Genetic variations 
in circadian rhythm genes are significantly associated with a large 
variety of neuropsychiatric disorders, such as Major Depressive 
Disorder (MDD) (Levebratt et al. 2010; Hua et al. 2014), winter 
depression (Partonem et al. 2007), dysthymia (Kovanen et al. 
2013), anxiety (Sipila et al. 2010) and schizophrenia (Mansour 
et al. 2009). Polymorphisms associated with important genes 
of serotonergic transmission are also constantly associated with 
predisposing factors for such condition (Petito et al. 2016; Wang et 
al. 2016). Interestingly, the key molecules signaling of the network 
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Hamon, 2009; Gahr, 2014; De Berardis et al. 2015). Considering 
the study of pharmacological and genetic models that address the 
relationship of serotonergic transmission with biological rhythms 
and how it implies new treatments for various disorders, cannot rule 
out the pharmacogenetic importance of such findings. A CLOCK 
gene polymorphism (rs3736544) for example, exhibited a significant 
association with therapeutic response and remission to fluvoxamine 
in patients with major depression. These data support the importance 
of the internal CLOCK gene on the serotonergic manipulation in 
the treatment of depression (Kishi et al. 2009). As demonstrated by 
genetic, physiological and clinical evidence, the 5-HT and circadian 
system of the brain are connected to each other and converge to 
regulate affective behavior and pathologies (Ciarleglio, Resuehr, & 
McMahon, 2011). The study of the association between these two 
important systems becomes even more important when observed 
ever-increasing rates of use of SSRIs and other drugs classes of 
serotonergic influence by population (Matsumura et al. 2015), 
in addition to the increasing prevalence of circadian disorders, 
especially linked to sleep problems (Gooley, 2016).
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of serotonergic transmission, as the transporter gene and receptors 
are expressed in the SCN. In turn, the CLOCK gene network is 
also expressed in the serotonergic neurons of the raphe, regulating 
the key genes activity of the serotonergic transmission (Abe et al. 
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The most commonly prescribed drugs in the pharmacotherapy of 
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endogenous rhythms of the pathophysiology of depression (Barnard 
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promoted by chronobiological disorders are theoretically treatable 
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drugs and chronotherapy. However, for MDD, melatonin alone, the 
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