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ABSTRACT

Serotonin (5-HT) is a neurotransmitter that acts both in the central nervous system (CNS) and peripherally, and affects
cell proliferation and migration. 5-HT plays a role in psychiatric diseases where it is deficient. 5-HT acts on smooth
muscles where it can cause contraction or dilation and can also act on sensory nerve endings, causing pressor or depressor
reflexes. 5-HT can cause contrasting biological effects. For example, 5-HT causes strong vasoconstriction in blood
vessels, while in skeletal muscle vessels, it causes vasodilation. In the CNS, 5-HT participates in numerous functions such
as the regulation of mood and sleep, the modulation of body temperature, sexuality, cognitive functions, and appetite.
There are 4 classes of 5-HT receptors: slow-acting 5-HT2R which releases calcium ions (Ca**), 5-HT4R, 5, 6, and 7,
which increase CAMP, 5-HT1/5R which decreases cAMP, and fast-acting 5-HT3R that promotes the flow of Na* or K**.
The 5-HT1AR receptor binds the 5-HT and is involved in the regulation of stress and tissue defence, while the 5-HT2AR
receptor is a mediator of stress in the active phase. A more in-depth study on 5-HT and its reuptake, could lead to the
discovery of new drugs for treating depression and neuropsychiatric diseases. Pharmacological treatment of neurological
disorders due to changes in 5-HT levels can certainly improve the patient's quality of life.
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INTRODUCTION

Serotonin is a biogenic amine that is produced by both the plant and animal kingdoms, including humans (1). In 1930,
the Italian researcher Erspamer reported that tissue extracts from the gastrointestinal system contained particular cells
called enterochromaffin, which caused the contraction of smooth muscles (2). The substance responsible for these
biological effects was first called enteramine (3). Subsequently, Rapport, Green, and Page isolated a vasoconstrictor
molecule similar to enteramine which they gave the name ‘serotonin’ or 5-hydroxytryptamine (5-HT) (4).

The biosynthesis of endogenous 5-HT derives from tryptophan, an essential amino acid that is introduced into the
body through the diet and excreted in the urine. Tryptophan is converted into 5-hydroxytryptophan thanks to the action
of tryptophan hydroxylase. Only 1% of introduced tryptophan is converted to 5-HT through a hydroxylase enzyme that
adds a hydroxyl group to tryptophan at position 5 to form 5-hydroxytryptophan (5). Subsequently, the decarboxylase
enzyme removes the carboxyl group to form 5-HT (6). The synthesis of 5-HT varies by species and tissue type, and in
humans, 5-HT is mostly concentrated in platelets and brain and intestinal mucosa (7). Human immune cells, such as mast
cells (MCs), do not contain 5-HT, while those of rodents, such as rats and mice, do contain it and it is stored in granules

(8).
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5-HT is ubiquitous in the organism and is a neurotransmitter peptide along with other hormones such as substance P,
somatostatin, and vasoactive intestinal polypeptide. Platelets in human blood contain the majority of 5-HT, which is
degraded by the tissue enzyme monoamine oxidase (MAO) by removing the amino group and converting 5-HT into
5HIAA excreted in the urine (9). 5-HT mediates intestinal tissue contraction and peristalsis, coagulation, vasoconstriction,
and many neurological functions (10). Macrophages treated in vitro with 5-HT are stimulated to phagocytosis, an
important effect in the inflammatory process that could also be extended to brain microglial cells.

DISCUSSION

5-HT is a neurotransmitter implicated in psychiatric diseases. Most studies on this topic indicate that there is decreased
availability of the 5-HT transporter in patients with psychiatric disorders (11). These studies suggest new avenues for
anti-depressant treatment to elucidate response mechanisms to selective 5-HT reuptake inhibitors (SSRIs) and provide a
basis for pharmacological treatment (12).

5-HT is stored in neurons, platelets, enterochromaffin cells, and MCs of rodents. The cytoplasmic granules of platelets
contain 5-HT, whereas in neurons, 5-HT is synthesized locally in the synaptic vesicles of serotonergic nerves (13). When
injected experimentally into the bloodstream, 5-HT does not reach the CNS because it is blocked by the blood-brain
barrier (BBB) (14). However, when the BBB is disrupted, the brain, and other organs of the body, absorb 5-HT from the
bloodstream and body fluids, while platelets, which do not synthesize 5-HT, only take it from the blood. The effectiveness
of the biological contractive effect of 5-HT is verified ex-vivo through the contraction of strips of stomach or heart tissue
of experimental animals (15). However, this effect depends on 5-HT concentrations.

The biological effects of 5-HT are variable and differ between animal species, between human individuals, and in
different tissues. For example, 5-HT can cause vasoconstriction or vessel dilation on the smooth muscle of the cardiac
vessels depending on the type of vessel on which it acts (16). At a cerebral level, 5-HT acts on nerve sensory endings
where it can cause pressor or depressor reflexes (17). 5-HT causes strong vasoconstriction on denervated blood vessels
(an effect which is not dependent on the CNS), while on skeletal muscle vessels, including cardiac ones, it causes
vasodilation (18).

The intravenous effects of 5-HT on blood pressure initially show a short phase of vasodepression, and subsequently,
a phase with increased pressure, and finally, there is a depressive phase with vasodilation. An increase in 5-HT can cause
flushes on the skin due to venous constriction and blood deposited in dilated capillaries, while the lack of 5-HT can be
the cause of headaches (19). 5-HT injected subcutaneously causes pain, erythema, and cyanosis, effects which are not
caused by histamine, and which can be inhibited with a 5-HT antagonist (20). 5-HT mediates anaphylactic reactions, renal
necrosis through vasoconstriction, and in some animals, shock caused by bacterial endotoxins (21). In rodents, 5-HT
causes placental degeneration and abortion, and tissue destruction when injected into a tumor site (22). In addition, it can
also cause tachycardia, palpitation, epigastric discomfort, and diarrhea.

5-HT plays a protective role for the human body against radiation and has a positive effect on wound healing. In fact,
experiments on tissue lesions in rats have shown that 5-HT deficiency delays skin healing (23). Histamine, bradykinin,
and angiotensin also belong to the 5-HT family. These substances, like 5-HT, have broad-spectrum biological activities
with different functions at both a physiological and pathological level.

In the mouse, 5-HT binds to various receptors consisting of 7 gene families, with approximately 14 distinct subtypes
participating in various transduction pathways (24). The 5-HT receptor 5-HT1AR is implicated in moderating stress and
defending the brain against insults, while the 5-HT2AR receptor mediates active stress. In fact, antidepressants could
improve the biological activity of 5-HT1AR by blocking the reuptake of 5-HT, while 5-HT2AR is increased by agonist
substances (25).

5-HT that is released by the brain activates neurons through a complex process, which is dependent on an increase in
5-HT receptors. Most research regarding the involvement of 5-HT in psychiatric diseases suggests there is decreased
availability of the 5-HT transporter in patients. 5-HT concentrations are important because at different concentrations
neurons can respond differently, even in opposite ways. For example, at low to moderate concentrations, 5-HT can inhibit
pyramidal neurons, while at higher concentrations, 5-HT enhances the effects on the firing of pyramidal neurons (26).
Therefore, 5HT requires high concentrations to perform its biological effect on 5-HT1AR, while on 5-HT2AR, it requires
lower concentrations. In the brain, 5-HT receptors are divided into four classes: a) slow-acting 5-HT2R which releases
calcium ions (Ca*™), b) 5-HT4R, 5, 6, and 7, which increase CAMP, c¢) 5-HT1/5R which decreases cAMP, and d) fast-
acting 5-HT3R that promote the flow of Na* or K**. Thus, at low or moderate concentrations, 5-HT reduces the pyramidal
activity of neurons, while at higher concentrations, there may be a recruitment of fast-acting, disinhibitory 5-HT3Rs that
are expressed on y-Aminobutyric acid (GABA)ergic neurons in the cerebral cortex.
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CONCLUSIONS

5-HT is an important neurotransmitter that can act on both migration and cell proliferation. This neurotransmitter is
ubiquitous in the human body and is stored by neurons, platelets, and enterochromaffin cells. 5-HT can cause both the
contraction and release of smooth muscles, depending on the type of target tissue and its concentration. 5-HT, which is
degraded by MAO, by binding its receptors 5-HT1AR or 5-HT2AR, can be a mediator of stress and psychiatric disorders.
Depression can be treated pharmacologically with serotonergic drugs that improve the patient's cognitive phase and
quality of life. However, future studies are necessary to illuminate more precisely the true biological role of 5-HT.

Conflict of interest
The author declares that they have no conflict of interest.

REFERENCES

1. Mohammad-Zadeh LF, Moses L, Gwaltney-brant SM. Serotonin: a review. Journal of Veterinary Pharmacology and Therapeutics.
2008;31(3):187-199. doi:https://doi.org/10.1111/j.1365-2885.2008.00944.x

2. Erspamer V, Boretti G. Identification and characterization, by paper chromatography, of enteramine, octopamine, tyramine,
histamine and allied substances in extracts of posterior salivary glands of octopoda and in other tissue extracts of vertebrates and
invertebrates. Archives internationales de pharmacodynamie et de thérapie. 1951;88(3):296-332.
Sirek A, Sirek OV. Serotonin: a review. Canadian Medical Association Journal. 1970;102(8):846-849.

4. Rapport MM, Green AA, Page IH. Crystalline Serotonin. Science. 1948;108(2804):329-330.
doi:https://doi.org/10.1126/science.108.2804.329

5. Sundin A, Eriksson B, Bergstrom M, et al. Demonstration of [11C] 5-hydroxy-L-tryptophan uptake and decarboxylation in
carcinoid tumors by specific positioning labeling in positron emission tomography. Nuclear medicine and biology. 2000;27(1):33-
41. doi:https://doi.org/10.1016/s0969-8051(99)00085-2

6. Zhou Y, Liao L, Liu X, et al. Crystal structure of Oryza sativa TDC reveals the substrate specificity for TDC-mediated melatonin
biosynthesis. Journal of Advanced Research. 2020;24:501-511. doi:https://doi.org/10.1016/j.jare.2020.06.004

7. Adayev T, Ranasinghe B, Banerjee P. Transmembrane Signaling in the Brain by Serotonin, A Key Regulator of Physiology and
Emotion. Bioscience reports. 2005;25(5-6):363-385. doi:https://doi.org/10.1007/s10540-005-2896-3

8. Wu H, Denna TH, Storkersen JN, Gerriets VA. Beyond a neurotransmitter: The role of serotonin in inflammation and immunity.
Pharmacological Research. 2019;140:100-114. doi:https://doi.org/10.1016/j.phrs.2018.06.015

9. Abeling NG, van Gennip AH, van Cruchten AG, Overmars H, Brunner HG. Monoamine oxidase A deficiency: Biogenic amine
metabolites in random urine samples. Journal of neural transmission  Supplementum.  1998;52:9-15.
doi:https://doi.org/10.1007/978-3-7091-6499-0_2

10. Vanhoutte PM, Cohen RA, Van Nueten JM. Serotonin and Arterial Vessels. Journal of Cardiovascular Pharmacology.
1984,6:5421-S428. doi:https://doi.org/10.1097/00005344-198406002-00017

11. Spies M, Knudsen GM, Lanzenberger R, Kasper S. The serotonin transporter in psychiatric disorders: insights from PET imaging.
The Lancet Psychiatry. 2015;2(8):743-755. doi:https://doi.org/10.1016/s2215-0366(15)00232-1

12. Walter HJ, Bukstein OG, Abright AR, et al. Clinical practice guideline for the assessment and treatment of children and adolescents
with anxiety disorders. Journal of the American Academy of Child & Adolescent Psychiatry. 2020;59(10):1107-1124.
doi:https://doi.org/10.1016/j.jaac.2020.05.005

13. Shad KF, Saeed SA. The metabolism of serotonin in neuronal cells in culture and platelets. Experimental brain research.
2007;183(3):411-416. doi:https://doi.org/10.1007/s00221-007-1133-7

14. Baker MW, Croll RP. Modulation of in vivo neuronal sprouting by serotonin in the adult CNS of the snail. Cellular and Molecular
Neurobiology. 1996;16(5):561-576. doi:https://doi.org/10.1007/bf02152057

European Journal of Neurodegenerative Diseases 2022; 11(S1) July-December: S15-518 www.biolife-publisher.it



C.E. Gallenga 518

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ito K, Kawachi M, Matsunaga Y, et al. Acotiamide Hydrochloride, a Therapeutic Agent for Functional Dyspepsia, Enhances
Acetylcholine-induced Contraction via Inhibition of Acetylcholinesterase Activity in Circular Muscle Strips of Guinea Pig
Stomach. Drug research. 2015;66(04):196-202. doi:https://doi.org/10.1055/s-0035-1564084

MacLean MR, Dempsie Y. Serotonin and pulmonary hypertension—from bench to bedside? Current Opinion in Pharmacology.
2009;9(3):281-286. doi:https://doi.org/10.1016/j.coph.2009.02.005

Spencer NJ, Hu H. Enteric nervous system: sensory transduction, neural circuits and gastrointestinal motility. Nature Reviews
Gastroenterology & Hepatology. 2020;17(6):338-351. doi:https://doi.org/10.1038/s41575-020-0271-2

Mylecharane EJ. Mechanisms Involved in Serotonin-Induced Vasodilatation. Journal of Vascular Research. 1990;27(2-5):116-
126. doi:https://doi.org/10.1159/000158802

Uchida M, Kobayashi O. Novel effect of a-lactalbumin on the yohimbine-induced hot flush increase of the tail skin temperature in
ovariectomized rats. Bioscience, biotechnology, and biochemistry. 2018;82(5):862-868.
doi:https://doi.org/10.1080/09168451.2018.1444976

Tsao D, Wieskopf JS, Rashid N, et al. Serotonin-Induced Hypersensitivity via Inhibition of Catechol O-Methyltransferase Activity.
Molecular Pain. 2012;8:1744-80698-25. doi:https://doi.org/10.1186/1744-8069-8-25

Eum SY, Norel X, Lefort J, Labat C, Vargaftig BB, Brink C. Anaphylactic bronchoconstriction in BP2 mice: interactions between
serotonin and acetylcholine. British Journal of Pharmacology. 1999;126(1):312-316. doi:https://doi.org/10.1038/sj.bjp.0702304
Marinescu IP, Foarfa MC, Pirlog MC, Turculeanu A. Prenatal depression and stress - risk factors for placental pathology and
spontaneous abortion. Romanian journal of morphology and embryology. 2014;55(3 Suppl):1155-1160.

Sadig A, Menchetti I, Shah A, et al. 5-HT1A Receptor Function Makes Wound Healing a Happier Process. Frontiers in
Pharmacology. 2018;9. doi:https://doi.org/10.3389/fphar.2018.01406

Okaty BW, Commons KG, Dymecki SM. Embracing diversity in the 5-HT neuronal system. Nature Reviews Neuroscience.
2019;20(7):397-424. doi:https://doi.org/10.1038/s41583-019-0151-3

Carhart-Harris RL, Nutt DJ. Serotonin and brain function: a tale of two receptors. Journal of Psychopharmacology.
2017;31(9):1091-1120. doi:https://doi.org/10.1177/0269881117725915

Dale E, Pehrson AL, Jeyarajah T, et al. Effects of serotonin in the hippocampus: how SSRIs and multimodal antidepressants might
regulate pyramidal cell function. CNS Spectrums. 2015;21(2):143-161. doi:https://doi.org/10.1017/s1092852915000425

European Journal of Neurodegenerative Diseases 2022; 11(S1) July-December: S15-518 www.biolife-publisher.it



