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ABSTRACT 

 

Serotonin (5-HT) is a neurotransmitter that regulates different functions of the human body. 5-HT has 

immunomodulatory effects and plays an important role in the brain, regulating body temperature, mood, emotions, 

sexuality, sleep, appetite, and cognitive functions, amongst other functions. In the immune system, this neurotransmitter 

is produced by monocytes/macrophages, lymphocytes, and mast cells (MCs), and interacts with circulating immune cells 

in peripheral tissues. 5-HT production can be enhanced by increases of cytokines such as IL-1β, IL-33, and IL-13, and 

can have both inhibitory and stimulatory effects on innate immune cells. At physiological levels, 5-HT can stimulate the 

immune system, which can be helpful for the body, but at elevated concentrations, it can activate inflammation and be 

harmful. 
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INTRODUCTION 

 

Neurotransmitters are proteins that transmit information across synapses between neurons. They are contained in 

the synaptic vesicles of neurons that fuse to the neuronal membrane after a stimulus and release neurotransmitters into 

the synaptic cleft. These neuropeptides bind to their specific receptors and/or ion channels located on the postsynaptic 

neuron membrane and cause a biological response. Neurotransmitters can be derived from amino acids such as aspartic 

acid, glutamic acid, glycine, and γ-aminobutyric acid (GABA) (Table I). 
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Table I. Some of the most well-known neurotransmitters. 

Monoamine (from phenylalanine 

and tyrosine): 

dopamine, norepinephrine, epinephrine 

From tryptophan: serotonin (5-HT), melatonin, histidine, histamine 

Peptides and neuropeptides: neurotensin (NT), galanin, bombesin, gastrin-releasing peptide (GRP), 

neuromedin B 

neurohypophysis: vasopressin, oxytocin, neurophysin (type I and II), neuropeptide Y, pancreatic 

polypeptide, peptide YY 

Tachykinins: neurokinin A, neurokinin B, neuropeptide A, gamma neuropeptide, substance 

P 

Other neurotransmitters: acetylcholine, glucagon, vasoactive intestinal peptide (VIP), somatostatin, 

endorphin, enkephalin 

 

Serotonin or 5-hydroxy tryptamine (5-HT) (molecular formula: C10H12N2O) was discovered in 1935, when it 

was isolated in Pavia by Vittorio Erspamer (1) (Fig.1). 5-HT is a neurotransmitter that plays an important role in the brain. 

5-HT is synthesized from tryptophan, an amino acid produced in high quantities by the neurons of the central nervous 

system (CNS) and in the enterochromaffin cells of the gastrointestinal system (2). Levels of 5-HT are more concentrated 

in different areas of the brain; For example, the hypothalamus contains more 5-HT than the neopallium and cerebellum, 

where the quantity is lower. 5-HT levels depend on the amount of dietary tryptophan that enters the CNS (3). 

  

 
Fig. 1. The chemical structure of serotonin (5-HT).  

 

The precursor amino acid of 5-HT is tryptophan, which is converted to 5-hydroxytryptophan (5-HTP) from 

hydroxylated tryptophan. Subsequently, the 5-HTP is decarboxylated by the enzyme decarboxylase to form 5-HT (4) 

(Fig.2). 5-HT is stored in neurons as a neurotransmitter and cooperates with hormones including substance P and 

somatostatin. The degradation of 5-HT is carried out by the monoamine oxidase (MAO) pathway which produces 5-

hydroxyindole acetic acid (5-HIAA), and by the sulfotransferase enzyme that leads to the generation of tryptamine-O-

sulphate with a reduction of 5-HT.  
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Fig. 2. The biochemical cascade for serotonin (5-HT) synthesis, starting from tryptophan. 

 

5-HT is dispersed differently throughout the body, with some organs having a higher concentration. The walls of 

the small intestines and stomach possess enterochromaffin cells with high amounts of 5-HT, which regulates intestinal 

motility and secretion (5). Platelets are another source of 5-HT, which is released into the bloodstream, acts on the dilation 

of vessels, and helps regulate homeostasis and heal wounds (6). 5-HT is produced by nine brain nuclei In the CNS that 

extend to the spinal cord, and it performs various functions such as regulation of body temperature, mood, emotions, 

sexuality, cognitive functions, sleep, creativity, and appetite (7,8) (Table II). In mice, 5-HT causes pain if injected 

subcutaneously (9). Additionally, 5-HT plays an important role in the immune system where it is involved in interactions 

with T cells, mast cells (MCs), macrophages, dendritic cells, and platelets (10). 

 

Table II. Some functions of the human body that are regulated by serotonin. 

• Mood and emotions • Sexual health • Nausea 

• Sleep • Bone health • Cognitive functions 

• Digestion and appetite • Wound healing • Body temperature 

 

The role of serotonin (5-HT) in immunity and inflammation 

5-HT has immunomodulatory effects and interacts with circulating immune cells in peripheral tissues (11). It seems 

that cells such as monocytes/macrophages, lymphocytes, MCs, platelets, vascular smooth muscle cells, and adipocytes 

are all sources of 5-HT in the human body (12). However, 5-HT is mostly stored in and released by platelets after 

activation (13).  

5-HT that is synthesized in the brain and peripheral tissues causes various effects and represents a classic 

neurotransmitter with both autocrine and paracrine action. 5-HT is implicated in peristaltic motility and gastric disorders, 

and in intestinal secretion (14). 5-HT is involved in the immune response and is released by endothelial cells and then 

subsequently stored in platelet granules, which are a source of 5-HT for the cells of the immune system. 5-HT participates 

in innate and adaptive immunity after being secreted by macrophages, MCs, and T lymphocytes (15).  

In humans, there are 7 types of 5-HTR receptors, which are numbered from 1 to 7 (5-HTR1-5-HTR7) and are involved 

in different functions. For example, the 5-HTR1 and 5-HTR5 receptors downregulate the synthesis of cyclic adenosine 

monophosphate (cAMP) (16), and 5-HTR4, 6, and 7 activate adenylate cyclase and promote cAMP activity (17). The 

activation of 5-HTR2 stimulates inositol triphosphate and diacylglycerol and increases Ca2+ fluxes in the cell cytoplasm, 
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and 5-HTR3 causes the influx of Ca2+ and Na+ with the exit of K+, causing a depolarization of the cell membrane (18). In 

turn, 5-HTR1 includes 5 subtypes ranging from A to F (but not including C), 5-HTR2 has 3 subtypes (A, B, and C), while 

5-HTR3, 4, 5, 6, and 7 have no subtypes.  

5-HT that is produced by endothelial cells can exert an effect on circulating naïve lymphocytes, influencing the 

immune system (10). An increase in the cytokines IL-1β, IL-33, and IL-13 has been reported to enhance 5-HT production 

from endothelial cells (19)  

In animal experiments, it was noted that injecting 5-HT into the cerebral ventricles sharply elevated body temperature 

(probably by mediating IL-1 activation), while catecholamines lowered it, actions that are mediated by the hypothalamus 

(20). 5-HT can have both stimulatory and inhibitory effects on innate immune cells, such as macrophages, depending on 

the dose administered. With low concentrations of interferon gamma (IFN-) stimulation, 5-HT can increase 

phagocytosis, while with high concentrations of IFN- 5-HT inhibits phagocytosis (21). In in vitro studies, macrophages 

treated with 5-HT binding the 5-HTR1A receptor secrete more pro-inflammatory cytokines than untreated macrophages 

(19), an effect that involves the upregulation of nuclear factor kappa B (NF-kB) activation. In addition, 5-HT stimulates 

the production of tumor necrosis factor (TNF) and upregulates the expression of M2 polarization through the activation 

of 5-HTR2B and 5-HTR7 (22).  

By activating the 5-HTD1 receptors, 5-HT contracts blood vessels, including those in the brain which, when dilated, 

cause migraines (23). In addition, by binding to 5-HT3 receptors, 5-HT stimulates nociceptive sensory nerve endings and 

plays a key role in the excitation and inhibition of neurons and in the regulation of CNS functions (24). 5-HT elevates 

cortisol and prolactin levels, inhibiting gonadotropin-releasing factor and inhibiting ejaculation (25). In fact, low levels 

of 5-HT cause premature ejaculation (26). 5-HT dysfunction has been associated with neuropsychiatric disorders 

including bulimia and anorexia (27), anxiety (28), schizophrenia (29), and obsessive-compulsive disorder (30), although 

the mechanisms by which 5-HT causes these diseases is not yet clear, and it could be that targeting 5-HT may represent 

new therapeutic strategies (Table III).  

 

Table III. Neurological effects associated with low serotonin (5-HT) levels. 

• Anxiety • Obsessive-compulsive disorder 

• Sleep problems • Schizophrenia 

• Depression • Suicidal behavior 

• Panic disorders • Phobias 

• Bulimia • Post-traumatic stress disorder 

 

Sometimes 5-HT deficiency can provoke depression; in fact, it is called the “happiness hormone”. The effects of 5-

HT on depression were found to be conflicting in different studies (31). When administered through the diet, tryptophan, 

the essential amino acid precursor of serotonin, was seen to alleviate behaviors associated with depression and anxiety in 

mice (32). It was seen that the reduction of tryptophan introduced through the diet was not able to induce depression, 

although animal studies may not reflect those on man. 

Tryptophan is an essential aromatic amino acid and its metabolism is mediated by intestinal bacterial degradation that 

occurs through two pathways: 5-HT bioamine and kynurenine (19). Tryptophan metabolites are involved in the immune 

response and in brain functioning. Studies have reported that pharmacologically inhibiting tryptophan hydroxylase can 

cause depression in around 30% of cases. (33,34). 

The binding of 5-HT on the 5-HTR1A and 5-HTR2A receptors of natural killer (NK) cells has a stimulatory effect 

with increased cytotoxicity and IFN- secretion (35). 5-HT also has an anti-apoptosis action and an action against 

oxidative damage to NK cells. Furthermore, in depression patients treated with 5-HT inhibitors, increased cytotoxicity 

and proliferation of NK cells has been noted (36). All these effects strictly depend on the concentration of 5-HT used, 

which can give opposite results. 

 

CONCLUSIONS 

 

Therefore, in conclusion, the concentration of 5-HT seems to affect the actions of the immune system, even if the 

data in the literature appears to be conflicting. At physiological concentrations, 5-HT can stimulate the immune system, 

while at high concentrations, it can activate inflammation and be harmful to health. 
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