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Introduction
The complex interplay between neurotransmitters is crucial for maintaining 

various physiological processes in the human body. Among these, serotonin 
(5-HT) and dopamine play significant roles in regulating mood, reward, 
and circadian rhythms. Understanding how serotonin deficiency influences 
circadian dopaminergic rhythms is essential, as it has profound implications 
for mental health, sleep disorders, and neurodegenerative diseases. This 
commentary aims to explore the mechanisms through which serotonin 
impacts dopaminergic activity within the circadian framework and discuss the 
broader implications for health and disease. Serotonin and dopamine are key 
neurotransmitters in the brain, each with distinct yet overlapping functions. 
Serotonin is primarily associated with mood regulation, sleep, appetite, and 
cognition, while dopamine is linked to reward, motivation, motor control, and 
circadian rhythms. 

Description
Neurotransmitters are synthesized from amino acid precursors: 

serotonin from tryptophan and dopamine from tyrosine. The serotonergic and 
dopaminergic systems interact at multiple levels, influencing each other’s 
activity. Serotonin can modulate dopamine release and receptor activity, 
and vice versa. These interactions are critical for maintaining the balance 
of neurotransmitter systems, which is essential for normal brain function. 
Circadian rhythms are endogenous, roughly 24-hour cycles in physiological 
processes, regulated by the circadian clock. This clock is primarily located 
in the suprachiasmatic nucleus of the hypothalamus but is influenced by 
peripheral clocks throughout the body. The circadian clock controls various 
functions, including sleep-wake cycles, hormone release, and neurotransmitter 
activity [1].

Dopamine plays a crucial role in regulating circadian rhythms, particularly 
in the regulation of arousal, motivation, and reward processing. Dopaminergic 
activity exhibits circadian variations, with peak levels typically occurring during 
the active phase of the circadian cycle. Serotonin also influences circadian 
rhythms, primarily by modulating the activity of the SCN and affecting sleep-
wake cycles. Serotonin deficiency can arise from various factors, including 
genetic predisposition, stress, dietary insufficiencies, and certain medications. 
When serotonin levels are low, it can lead to disruptions in the dopaminergic 
system through several mechanisms ,Serotonin receptors, particularly the 
5-HT1A and 5-HT2A receptors, are present on dopaminergic neurons in areas 
like the ventral tegmental area and substantia nigra. Serotonin binding to these 
receptors modulates dopamine release. A deficiency in serotonin reduces this 
modulation, leading to altered dopamine release patterns [2].

Serotonin influences the synthesis of dopamine by regulating the 

availability of its precursor, tyrosine. Serotonin deficiency may reduce the 
availability of tyrosine hydroxylase, the enzyme responsible for converting 
tyrosine to L-DOPA, the precursor to dopamine. Serotonin can affect the 
sensitivity and density of dopamine receptors. In the absence of adequate 
serotonin, changes in receptor expression and sensitivity can occur, impacting 
dopamine signaling. Serotonin has been shown to influence the expression 
of circadian clock genes, which in turn regulate dopaminergic rhythms. 
Serotonin deficiency can lead to dysregulation of these genes, resulting in 
disrupted circadian dopamine patterns. Both serotonin and dopamine are 
critical for regulating sleep-wake cycles. Serotonin deficiency can lead to 
insomnia, fragmented sleep, and altered sleep architecture. Dopaminergic 
dysregulation further exacerbates these issues, leading to poor sleep quality 
and sleep disorders [3].

The link between serotonin deficiency, dopaminergic dysregulation, 
and circadian rhythms has significant implications for understanding and 
treating mental health disorders. Depression, anxiety, bipolar disorder, and 
schizophrenia all involve disruptions in neurotransmitter systems and circadian 
rhythms. For instance, in major depressive disorder serotonin deficiency is a 
well-established factor. The resulting dopaminergic dysregulation can lead to 
symptoms such as anhedonia and reduced motivation. Treatments that aim to 
restore serotonin levels, such as selective serotonin reuptake inhibitors can 
also help normalize dopaminergic function and circadian rhythms, alleviating 
symptoms. Neurodegenerative diseases, such as Parkinson’s disease and 
Alzheimer’s disease involve significant disruptions in neurotransmitter 
systems. In PD, the primary pathology involves dopaminergic neuron loss, 
but serotonergic systems are also affected. Serotonin deficiency in PD can 
exacerbate motor symptoms and contribute to non-motor symptoms like 
depression and sleep disturbances.

Understanding the influence of serotonin on dopaminergic rhythms 
can lead to better therapeutic strategies for neurodegenerative diseases. 
For example, interventions aimed at restoring serotonin levels or directly 
modulating circadian rhythms could offer new avenues for treatment. The role 
of serotonin and dopamine in sleep regulation underscores the importance of 
these neurotransmitters in sleep disorders. Insomnia, restless legs syndrome, 
and other sleep disorders often involve disruptions in circadian rhythms and 
neurotransmitter imbalances. Addressing serotonin deficiency and its impact 
on dopaminergic rhythms can improve sleep quality and overall health. 
Given the intricate relationship between serotonin, dopamine, and circadian 
rhythms, therapeutic approaches should aim to restore balance within these 
systems [4].

Medications increase serotonin levels in the brain, helping to alleviate 
serotonin deficiency. By normalizing serotonin levels, SSRIs and serotonin-
norepinephrine reuptake inhibitors can indirectly modulate dopaminergic 
activity and circadian rhythms. Medications that directly target dopaminergic 
systems, such as dopamine agonists or reuptake inhibitors, can help restore 
dopaminergic function. These may be used in conjunction with serotonergic 
agents to address the multifaceted nature of neurotransmitter dysregulation. 
Chronotherapy involves the timing of medication administration to align with 
circadian rhythms. For example, administering dopaminergic medications at 
specific times of day can help normalize circadian dopamine patterns and 
improve symptoms. Exposure to bright light, particularly in the morning, can 
help reset circadian rhythms and improve mood. Light therapy is effective in 
treating seasonal affective disorder and may benefit other conditions involving 
circadian disruption.
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Improving sleep hygiene practices, such as maintaining a consistent 
sleep schedule, reducing exposure to screens before bedtime, and creating a 
conducive sleep environment, can help regulate circadian rhythms and improve 
sleep quality. A healthy diet rich in tryptophan and regular physical activity can 
support serotonin production and overall neurotransmitter balance. Exercise, 
in particular, has been shown to enhance both serotonergic and dopaminergic 
activity. Cognitive-behavioral therapy and other forms of psychotherapy can 
help address the psychological aspects of neurotransmitter dysregulation. 
CBT for insomnia for example, focuses on changing behaviors and thought 
patterns that contribute to sleep disturbances, thereby improving circadian 
rhythms [5].

Conclusion 
The influence of serotonin deficiency on circadian dopaminergic rhythms 

highlights the intricate interplay between neurotransmitter systems and 
circadian regulation. Disruptions in these rhythms have profound implications 
for mental health, sleep disorders, and neurodegenerative diseases. By 
exploring the mechanisms underlying these interactions and developing 
comprehensive therapeutic approaches, we can improve the quality of 
life for individuals affected by these conditions. Continued research and a 
multidisciplinary approach are essential for advancing our understanding and 
treatment of these complex disorders.
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