Jundishapur

Scientific Medical Journal

Review Paper a ‘ ‘i‘
Effects of COVID-19 on Serotonin and Dopamine Levels: A Review Study ok

Mohammad Hashemzadeh' , *Navid Jamali'

1. Department of Laboratory Sciences, Sirjan School of Medical Sciences, Sirjan, Iran.

Use your device to scan
and read the article online

Lo,

Ll

[®ETLTT Hashemzadeh M, Jamali N. [Effects of COVID-19 on Serotonin and Dopamine Levels: A Review Study (Persian)]. Jundishapur
Scientific Medical Journal. 2022; 21(5):610-627. https://doi.org/10.32598/ISMJ.21.5.2834

d | https:/doi.org/10.32598/JSMJ.21.5.2834

Received: 04 May 2022

ABSTRACT

Serotonin and dopamine are two main neurotransmitters in human body that
play an important role in regulating many activities in the body. Studies have shown that SARS-CoV-2
may affect the levels and metabolism of these neurotransmitters in various ways. Therefore, the present
study reviews the different mechanisms of the effect of COVID-19 on serotonin and dopamine levels and
the complications caused by these changes.

In this review study, a search was condcucted in Google Scholar, PubMed, Scopus
and Web of Science databases to find related articles using the following keywords: “COVID-19”, “SARS-
CoV-2”, “serotonin” and “dopamine”.

[{EENTE COVID-19 can alter the serotonin and dopamine levels through various mechanisms, such as re-
ducing the expression of angiotensin-converting enzyme 2, reducing the level of amino acids, increasing
the level of inflammatory cytokines, reducing the level of vitamins, and binding to monoamine oxidase
enzymes. The changes in the level of these neurotransmitters can play an important role in causing
some COVID-19 related complications, such as gastrointestinal problems (diarrhea, nausea, and vomit-
ing), mental disorders (anxiety, depression, and delirium), and increased inflammation. The use of some
drugs that modulate serotonin and dopamine levels can be effective in improving some of the COVID-19
complications.

[@TEIER Some of the complications of COVID-19 may be caused or exacerbated by changes in the
levels of serotonin and dopamine. More studies are needed to determine the relationship between
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Extended Abstract

Introduction

ARS-CoV-2 is an RNA virus belonging to

the beta-coronavirus family, and is respon-

sible for the COVID-19 disease, which was

first reported in Wuhan, China in December

2019 and rapidly spread to other countries.
COVID-19 is primarily a respiratory disease, but it can
affect other body organs, including the digestive, ner-
vous, and immune systems. The impact of COVID-19
on neurotransmitters and their complications is an im-
portant area of study. Serotonin and dopamine are two
important neurotransmitters in the human body that play
a vital role in regulating many activities in the digestive
and immune systems, emotions, and sleep. Serotonin is
stored in large amounts of platelets and is found in the di-
gestive and central nervous systems. Serotonin can reg-
ulate vascular volume, homeostasis, and clot formation
and has direct effects on the immune system function.
Dopamine plays a role in motivation and reward-seek-
ing. Dopamine imbalance has been seen in diseases such
as Parkinson’s, schizophrenia, and tumors such as neu-
roblastoma and pheochromocytoma. Some experiments
have also shown that dopamine may affect some parts
of the immune system. Disturbance of these neurotrans-
mitters and existance of some lesions can be considered
as the causes of COVID-19. Therefore, understanding
how COVID-19 affects the levels of serotonin and dopa-
mine is crucial for understanding the pathophysiology of
COVID-19 and developing effective treatment methods.
This reviw study aims to investigate the effect of CO-
VID-19 on serotonin and dopamine levels.

Methods

In this review study, a literature search was conducted
in Google Scholar, PubMed, Scopus, and Web of Science
databases using the keywords “COVID-19,” “SARS-
CoV-2,” “serotonin,” and “dopamine.”

Results

COVID-19 can affect the levels of serotonin and dopa-
mine and upset their balance different ways such as re-
duction in the expression of DOPA decarboxylase (DDC)
enzyme and causing a deficiency in the levels of some
amino acids such as tryptophan, phenylalanine, and tyro-
sine (which act as precursors of neurotransmitters), and in
the levels of some vitamins, especially vitamin D (which
is involved in the metabolic pathways of the monoaminer-
gic system as a hormone that activates neurons). Creating
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a cytokine storm by causing an increase in prolactin and
inflammatory cytokines such as IL-6 and TNF-a (which
have negative effects on dopamine homeostasis), binding
the virus to monoamine oxidase (MAO) enzymes (which
are responsible for the degradation of serotonin and dopa-
mine) and reducing the affinity of these enzymes to their
substrate, changes in intestinal microbiota, and induction
of oxidative stress (which can damage neurons and affect
the synthesis and release of neurotransmitters) are other
possible mechanisms of the effect of COVID-19 on sero-
tonin and dopamine levels.

Studies have shown that COVID-19 can cause dysbio-
sis, which refers to imbalance of microorganisms in the
gut. Dysbiosis can affect the production and function of
neurotransmitters. The changes in the level and function
of serotonin and dopamine due to COVID-19 can lead to
various physical and psychological complications. Psy-
chological complications such as anxiety, depression,
post-traumatic stress disorder, dizziness, restlessness, al-
tered state of consciousness, addictive behaviors, and bi-
polar disorder are the most common complications. Gas-
trointestinal symptoms such as diarrhea, vomiting, and
nausea are also observed in some cases. Furthermore, CO-
VID-19 can induce hyperthermia and increased inflam-
mation, which can lead to severe complications such as
acute respiratory distress syndrome and multi-organ fail-
ure. Considering the relationship of COVID-19 and some
of its symptoms with changes in the levels of serotonin
and dopamine, there are some medications that can help
adjust the levels of these neurotransmitters. These medi-
cations include antidepressants such as fluoxetine (which
can increase serotonin levels) and serotonin receptor an-
tagonists (which can modulate the function of serotonin
receptors). Vitamin supplements, especially vitamin D and
C, can compensate for the lack of amino acids and vita-
mins, and probiotic products can increase the production
and function of neurotransmitters. There are also some
herbal drugs such as curcumin that have been shown to
modulate the levels of serotonin and dopamine. In addi-
tion to these drugs, exercise and music therapy can have
a positive effect on the levels of serotonin and dopamine.

Conclusion

COVID-19 can affect the levels of neurotransmitters,
especially serotonin and dopamine in the following ways:
Decrease in the expression of DDC enzyme, decrease
in the levels of some amino acids including tryptophan,
increase in inflammatory cytokines, and binding of the
virus to MAO-A and MAO-B enzymes. These mecha-
nisms cause changes in the levels of serotonin and do-
pamine by affecting the synthesis, release, reabsorption,
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and activity of the receptors of these neurotransmitters.
The decline in the functioning of serotonin and dopamine
can lead to various physical and psychological compli-
cations, such as anxiety, depression, delirium, dizziness,
restlessness, apathy, and sleep disorders. Gastrointestinal
complications such as nausea, vomiting, diarrhea as well
as hyperthermia and increased inflammation are among
the most important physical consequences of COVID-19.
It should be noted that the drugs that can modulate the
amount or function of serotonin and dopamine are effec-
tive in improving or mitigating some of the complica-
tions of COVID-19. However, further research is needed
to fully understand the relationship between COVID-19
and neurotransmitter levels and to develop more effective
treatment methods.
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1. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
2. Central Nervous System (CNS)
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4. Dopa Decarboxylase (DDC)
5. Angiotensin-converting Enzyme 2 (ACE2)
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8. Selective Serotonin Reuptake Inhibitors (SSRIs )
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6. Angiotensin Il receptor type 1 (AT1R)
7. Angiotensin-converting enzyme (ACE)
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12. Phenylethylamine (PEA)
13. South African (SA)
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9. N-Methyl-D-aspartic Acid (NMDA)
10. Tumour Necrosis Factor o (TNF-a)
11. Psycho Neuro Endocrin Immune (PNEI)
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16. Post-traumatic stress disorder (PTSD)
17. Hypothalamic-Pituitary-Adrenal (HPA) axis
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14. P-cresol
15. Transient Receptor Potential Channels
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19. Selective Serotonin Reuptake Inhibitors (SSRIs)

20. Serotonin Antagonist and Reuptake Inhibitors (SARIs)

21. Serotonin and Norepinephrine Reuptake Inhibitors (SNRIs)
22, Tricyclic Antidepressants (TCAs)
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18. Hydroxy Indole Acetic Acid (HIAA)
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23. Dihydroorotate Dehydrogenase (DHODH)
24. Tryptophan Hydroxylase 2 (TPH2)
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