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Abstract

Serotonin is one of the most important Neurotransmitter and made up of 1. Cognitive Neuroscience Department, Institute
aminoacids. Including L-tryptophan, only the L-isomer is used in protein  of Cognitive Sciences Sudies, Tehran, Iran
synthesis and can pass across the blood-brain. Serotonin concentration in 2. Health Management Research Center,
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and potential cognitive aspects including CNS and PNS modulation of

serotonin. Major focus of paper isto review subtypes of serotonin receptors.
It’s gathered up-to-date information about other pharmacologic agents such

as agonist and antagonist of serotonin.
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I ntroduction

What isthe serotonin?

Serotonin  or  5-hydroxytryptamine (5-HT) is a
neurotransmitter. Serotonin is primarily found in the
gastrointestinal (Gl) tract, platelets, and in the central
nervous system (CNS) of animas and in al bilateral
animals [1]. It is popularly thought to be a contributor to
feelings of well-being and happiness[2].
Whereisserotonin in the human body?

Serotonin Pathway

Wher e does serotonin produce and r elease?

Serotonin is secreted by nuclei that originate in the median
raphe of the brain stem and project to many brain and spinal
cord areas, especially to the dorsal horns of the spinal cord
and to the hypothalamus [3].

Serotonin  secreted from the enterochromaffin cells
eventually finds its way out of tissuesinto the blood [3]. It
is actively taken up by blood platelets which store it [3].
When the platelets bind to a clot, they disgorge serotonin,
where it serves as a vasoconstrictor and helps to regulate
hemostasis and blood clotting [4, 5]. Serotonin also
performs like as a growth factor for some types of cells
which may giveit arole in wound healing [6].

Serotonin receptors

The 1987 edition of Psychopharmacology described only
four populations of 5-HT receptors: 5-HT1A, 5-HT1B, 5-
HT1C, and 5-HT2C. The 1995 edition appended the 5-
HT2A toitsreport. After that the most of the currently
known 5-HT receptor populations were identified in the
recent years. The last several years have witnessed an
extraordinary number of publications (about 3,000 per

year) in the 5-HT area; studies have reported the cloning of
several receptor populations previously known but not yet
cloned (e.g., 5-HT4, and 5-HT5). Nowadays occur
development of novel agonists and antagonists with
greater subpopulation selectivity, additional molecular
biologica studies (e.g., site-directed mutagenesis), and
additional pharmacological and clinical studies. Evidence
continues to mount in support of important roles for 5-HT
receptorsin various neuropsychiatric disorders. Anxiety,
depression, schizophrenia, migraine, and drug abuse are at
the top of the list. 5-HT receptors may also play important
roles in appetite control, aggression, sexual behavior, and
cardiovascular disorders. Asthe list of 5-HT receptors
grows, the number of serotonergic agents has also grown.
Today, we have many more selective, or semi-selective,
agents than ever before. Knowledge of amino acid
sequence data has allowed the construction of hypothetical
three-dimensional graphics models of various populations
of 5-HT receptors. Once appropriate models have been
identified, it may be possible to rationally design novel and
highly-selective serotonergic agents [4]. Tablel. Show this
progressive.

M echanisms: Function and Effects

Functions of serotonin

Serotonin acts as a both exciter and inhibitor pertaining to
location and its tasks. (Tablel) It is an inhibitor of pain by
its pathwaysin the spinal cord, and an inhibitor action inthe
higher regions of the nervous system. It is believed to help
control the mood of the person, perhaps even to cause sleep

(3].
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It seems that serotonin in hypothalamus release the
Enkephaline so it intervenesin biological rewards [5, 6].
Serotonin is particularly associated with punishment, rather
than reward-related processing, and that individual
sensitivity to  punishment-related information and
tryptophan depletion varies with genotype [7].

It mediates gut movements and the animals' perceptions of
resource availability [8].

In the simplest animals, resources are equivalent with food,
but in advanced animal s, such as arthropods and vertebrates,
resources also can mean social dominance. In response to
the perceived abundance or scarcity of resources, an
animal's growth, reproduction or mood may be elevated or
lowered [9].

Serotonin contributes in many functions include the
regulation of mood, appetite, and sleep [10].

Serotonin also has some cognitive functions, including
memory and learning [6]. (see also Tablel)

The Serotonin Affective Agents. Its agonists and
antagonists

The combination of ondansetron (a 5-HT3 antagonist) and
naltrexone (a mu opioid antagonist) appears to act
synergigtically at improving the drinking outcomes of early
onset alcoholics (EOA) [11].

Asondansetron, a5-HT 3 receptor antagoni st and modul ator
of cortico-mesolimbic dopamine function, has been shown
to reduce some of the rewarding effects of d-amphetamine
in animal and human laboratory studies[12].

the prototypic 5-HT 3 receptor antagonist, ondansetron does
not produce acute psychoactive effects when infused at
doses of up to 40 mg and has no rewarding effects with this
regime [13].

The propensity for naltrexone (a mu opioid antagonist) to
reduce alcohol's rewarding effects and drinking in humans
is greatest in individuals with high familia loading.
Predicated on the added knowledge that 5-HT3 receptors
may themselves mediate alcohol reward via activation of
the endogenous opioid system [14].

Some study try to test whether the inhibition of serotonin
neural activity by the local application of the 5-HT (1A)
receptor agonist 8-hydroxy-2-(di-n-propylamino) tetralinin
the dorsal raphe nucleus impairs rats' tolerance for delayed
rewards. Most of them emphasize that the activity of
serotonin neurons in the midbrain dorsal raphe nucleus
increased when a task is doing that required to wait for
delayed rewards. Although the causal relationship between
serotonin neural activity and the tolerance for the delayed
reward has remained unclear yet [15].

Agonists and Antagonists of serotonin

Fluvoxamine is a very potent SSRI compound and 5-HT3
antagonist as well as. On the other hand, depression has a
high rate of co-occurrence with acoholism and SSRIs are
very potent antidepressant compounds, justifying the use of
such agents in acoholic subjects. Design: Subjects were
recruited from the inpatients units and psychiatric outpatient
department of the Jebel Psychiatric Hospital.[16].
Citalopram also decreased neural responses to the aversive
stimuli conditions in key "punishment” areas such as the
lateral orbitofrontal cortex. Reboxetine produced a similar,
although weaker effect [17].

40

Selective agonists

5-HT 1A agonists

Azapirones such as buspirone, gepirone, and tandospirone
are 5-HT 1A agonists marketed primarily as anxiolytics, but
also recently as antidepressants [18].

5-HT 1B agonists

Triptans such as sumatriptan, rizatriptan, and naratriptan are
5-HT1B receptor agonists that are used to abort migraine
and cluster headache attacks [18].

5-HT1D agonists

Triptans are agonists at the 5-HT1D receptor which
contributes to their antimigraine effect caused by
vasoconstriction of blood vesselsin the brain [18].

5-HT1F agonists

LY -334,370 was a selective 5-HT 1F agonist that was being
developed by Eli Lilly and Company for the treatment of
migraine and cluster headaches. Development was halted
however due to toxicity detected in animal test subjects.
Lasmiditan has successfully completed Phase Il clinical
trialsin early 2010 [18].

5-HT2A agonists

Psychedelic drugs like LSD, mescaline, and 2C-B, act as 5-
HT2A agonists. Their action at this receptor is responsible
for their "psychedelic" effects. Some of these drugs act as
agonists for other 5HT receptor subtypes. Not all 5-HT2A
agonists are psychoactive [19].

5-HT2C agonists

Lorcaserin is a thermogenic and anorectic wei ght-loss drug
which acts as a selective 5-HT2C agonist [18].

5-HT4 agonists

Cisapride and Tegaserod are 5-HT4 partial receptor agonist
that were used to treat disorders of gastrointestinal motility.
Prucalopride is a highly selective 5-HT4 receptor agonist
that can be used to treat certain disorders of gastrointestinal
motility. Other 5-HT4 agonists have shown potential to be
nootropic type drugs via promoting acetylcholine release.
5-HT7 agonists

AS-19 (drug) isa5-HT7 receptor agonist that has been used
only in research.

Nonselective agonist

Fenfluramine is a serotonin agonist [20].

Psilocin and DMT are serotonin analogs found in certain
plants or mushrooms.

Antagonists

5-HT 3 antagonists

Ondansetron, a 5-HT 3 receptor antagonist and modul ator of
cortico-mesolimbic dopamine function [12].

Serotonin selective reuptake inhibitors (SSRIS) working in
alcoholism, are at least antagonists of 5-HT 3 receptor [16].
Fluvoxamine is a very potent SSRI compound and 5-HT3
antagonist as well as[16].

Conclusion

Many kinds of research have done in serotonin through the
recent decades but it has seen a behavioral studies by fMRI
can beinterpreted evidence from neuroimaging of serotonin
effects. It can represented by differential activation in
serotonergic brain pathway and acceleration of reaction
times. This can help to understand cognitive effects of
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serotonin  and the potential aspects in cognitive
neuroscience.

In the present overview, we will focus on the composition
and mechanism of serotonin. Unfortunately, length
restrictions preclude a discussion of many important papers

and issues in the field, and we apologize for the many
omissions | am bound to commit. Despite significant
progress, much about serotonin remains unknown, and we
will at the end of each section briefly discuss open questions
and magjor challenges.

Tablel. Serotonin Receptors. What, Where and How

What

Where

How

Type
5-HT:

5-HT:2

5-HT3

5-HT4

Subtype(year)
A (1987)
B (1992)
D (1991)
F (1992)
E (1993)

A (1988)
B (1992)
C (1988)

A (1993)
B (1993)
C (1993)
D (1993)
E (1993)

UNIQUE(1995)

Pathway
Blood
Vessls
CNS

Blood
Vessels
CNS

Gl Tract
Platelets
PNS
Smooth
Muscle

CNS
Gl Tract
PNS

CNS
Gl Tract
PNS

Potential
Inhibitory

Excitatory

Excitatory

Excitatory

Function
Addiction(21-23)
Aggression(24)
Anxiety(25-30)
Appetite(31)
Autoreceptor

Blood Pressure(32, 33)
Cardiovascular Function(34)
Emesis(35)

Heart Rate(32, 33)
Impulsivity(36)
Learning(37)
Locomotion(38)
Memory(37, 39)
Mood(28, 40)
Nausea(35)
Nociception(41)
Penile Erection(42)
Pupil Dilation(43)
Respiration(44)
Sexual Behavior(45)
Sleep(46)
Sociability(47)
Thermoregul ation(48)
V asoconstriction(49)
Addiction(potentially modulating)(50)
Anxiety(51-56)
Appetite(57)
Cardiovascular Function
Cognition

Gl Motility(58, 59)
Imagination

Learning

Locomotion

Memory
Mood[55][56]

Penile Erection(60, 61)
Perception

Sexual Behavior(62)
Sleep(63, 64)
Thermoregul ation(65)
V asoconstriction(66)
Addiction

Anxiety

Emesis

Gl Motility
Learning(67)
Memory(67)

Nausea

Anxiety(68, 69)
Appetite[ (70, 71)

Gl Motility
Learning(72, 73)
Memory(72-74)
Mood(75, 76)
Respiration(44, 77)

Mechanism
Decreasing
cellular levels
of CAMP.

Increasing
cellular levels
of IPzand
DAG.

Depolarizing
plasma
membrane.

Increasing
celluler levels
of CAMP.
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What Where How
5-HTs A (1994) CNS Inhibitory Autoreceptor Decreasing
B (1993) Locomotion(78) cellular levels
Sleep(79) of CAMP.
5-HTs UNIQUE(1993) CNS Excitatory Anxiety(80, 81) Increasing
Cognition(82) cellular levels
Learning(83) of CAMP.
Memory(83)
Mood(81, 84)
5-HT7 UNIQUE(1993) Blood Excitatory Anxiety(85, 86) Increasing
Vessels Autoreceptor cellular levels
CNS Memory(87, 88) of CAMP.
Gl Tract Mood(85, 86)
Respiration(89, 90)
Sleep(85, 89, 90)
Thermoregulation
Vasoconstriction
References 11 Ait-Daoud N, Johnson BA, Prihoda TJ, Hargita ID.
1 Eskow Jaunargjs KL, George JA, Bishop C. L-DOPA- Combining ondansetron and naltrexone reduces craving among

induced dysregulation of extrastriatal dopamine and serotonin and
affective symptomsin abilateral rat model of Parkinson's disease.
Neuroscience. 2012 Aug 30;218:243-56. PubMed PMID:
22659568. Pubmed Centra PMCID: PMC3393811. Epub
2012/06/05. eng.
2. Young SN. How to increase serotonin in the human
brain without drugs. Rev Psychiatr Neurosci. 2007;32(6):394-9.
Pubmed Centrd PMCID: PMC 2077351. PMID 18043762.
3. Guyton C., Hall E. Text Book of Medical Physiology.
Department of Physiology and Biophysics University of
Mississippi Medica Center Jackson, Mississippi Elsevier
Saunders; 2006.
4. Cools R, Robinson OJ, Sahakian B. Acute tryptophan
depletion in healthy volunteers enhances punishment prediction
but does not affect reward prediction. Neuropsychopharmacol ogy
official  publication of the American College of
Neuropsychopharmacology [Internet]. 2008; 33(9):[2291-9 pp.].
Available from:
http://onlinelibrary.wiley.com/o/cochrane/cl central/articles/390/C
N-00700390/frame.html.
5. ZARINDAST M, REZAYOF A. NEUROBIOLOGY
OF ADDICTION. ADVANCES IN COGNITIVE SCIENCE.
2002;4(1):1-5.
6. Hosseini M, Alael HA, Naderi A, Sharifi MR, Zahed R.
Treadmill exercise reduces self-administration of morphine in
male rats. Pathophysiology. 2009;16(1):3-7.
7. Blair KS, Finger E, Marsh AA, Morton J, Mondillo K,
Buzas B, et al. The role of 5-HTTLPR in choosing the lesser of
two evils, the better of two goods: examining the impact of 5-
HTTLPR genotype and tryptophan depletion in object choice.
Psychopharmacology [Internet]. 2008; 196(1):[29-38 pp.].
Available from:
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/258/C
N-00703258/frame.html.

8. Bolelj H. Emotional perceptions in mice: studies on
judgement bias and behavioural habituation. 2013.
9. Nosrati MRA, Babapour V, Nazeradl K. Effect of

dietary tryptophan on plasma growth hormone and thyroid
hormone in broiler chicks. European Journa of Zoologica
Research. 2013;2(4):67-70.

10. Naganawa M, Nabulsi N, Planeta B, Gallezot J-D, Lin
SF, Ngafzadeh S, et a. Tracer kinetic modeling of &Isqgb;
11C&rsgb; AFM, a new PET imaging agent for the serotonin
transporter. Journal of Cerebral Blood Flow & Metabolism. 2013
((December 2013)):1886-96

42

biologically predisposed acoholics: preliminary clinical evidence.
Psychopharmacology [Internet]. 2001; 154(1):[23-7 ppl].
Available from:
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/096/C
N-00347096/frame.html.

12. Johnson BA, Ait-Daoud N, Elkashef AM, Smith EV,
Kahn R, Vocci F, et a. A preliminary randomized, double-blind,
placebo-controlled study of the safety and efficacy of ondansetron
in the treatment of methamphetamine dependence. The
international journal of neuropsychopharmacology / officia
scientific  journa of the Collegium Internationae
Neuropsychopharmacologicum (CINP) [Internet]. 2008; 11(1):[1-
14 pp.] Available from:
http://onlinelibrary.wiley.com/o/cochrane/cl central/articles/227/C
N-00627227/frame.html.

13. Sullivan JT, Preston KL, TestaMP, Bell J, Jasinski DR.
5-HT3 receptor antagonism and psychoactivity. Journal of
Psychopharmacology [Internet]. 1996; 10(3):[182-7 pp.].
Available from:
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/653/C
N-00173653/frame.html.

14. Johnson BA, Ait-Daoud N, Prihoda TJ. Combining
ondansetron and naltrexone effectively treats biologically
predisposed alcoholics: from hypotheses to preliminary clinical
evidence. Alcoholism, clinical and experimental research
[Internet]. 2000; 24(5):[737-42 pp.]. Avalable from:
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/028/C
N-00297028/frame.html.

15. Miyazaki KW, Miyazaki K, Doya K. Activation of
dorsal raphe serotonin neuronsis necessary for waiting for delayed
rewards. JNeurosci. 2012 Aug 1;32(31):10451-7. PubMed PMID:
22855794. Epub 2012/08/03. eng.

16. Radu V. Preliminary findings on the role of fluvoxamine
in the treatment of alcoholism CONFERENCE ABSTRACT. 9th
European College of Neuropsychopharmacology Congress
Amsterdam, The Netherlands 21st-25th  September, 1996
[Internet]. 1996. Available from:
http://onlinelibrary.wiley.com/o/cochrane/cl central /articles/842/C
N-00283842/frame.html.

17. McCabe C, Mishor Z, Cowen PJ, Harmer CJ.
Diminished neural processing of aversive and rewarding stimuli
during selective serotonin reuptake inhibitor treatment. Biol
Psychiatry. 2010 Mar 1,67(5):439-45. PubMed PMID: 20034615.
Pubmed Central PMCID: PM C2828549. Epub 2009/12/26. eng.
18. Gonzéalez-Maeso J, Yuen T, Ebersole BJ, Wurmbach E,
Lira A, Zhou M, et a. Transcriptome fingerprints distinguish
hallucinogenic and nonhallucinogenic 5-hydroxytryptamine 2A

International Journal of Medical Reviews, Volume 1, Issue 1, Winter 2014



Zarindast MR. et d , A Mini Review of Serotonin and Its Receptors

receptor agonist effects in mouse somatosensory cortex. The
Journal of neuroscience. 2003;23(26):8836-43.

19. Aghganian GK., Marek GJ. Serotonin and
Hallucinogens. Neuropharmacology 1999;21(2):16.
20. Luciana M, Collins PF, Depue RA. Opposing roles for

dopamine and serotonin in the modulation of human spatia
working memory functions. Cerebral cortex (New York, NY :
1991) [Internet]. 1998; 8(3):[218-26 pp.]. Available from:
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/305/C
N-00684305/frame.html.

21. Tomkins D, Higgins G, Sdllers E. Low doses of the 5-
HT1A agonist 8-hydroxy-2-(di-n-propylamino)-tetralin (8-OH
DPAT) increase ethanol intake. Psychopharmacology. 1994
1994/06/01;115(1-2):173-9. English.

22. Muller CP, Carey RJ, Huston JP, De Souza Silva MA.
Serotonin and psychostimulant addiction: focus on 5-HT1A-
receptors. Prog Neurobiol. 2007 Feb;81(3):133-78. PubMed
PMID: 17316955. Epub 2007/02/24. eng.

23. Harrison AA, Parsons LH, Koob GF, Markou A. RU
24969, a 5-HT1A/1B agonit, elevates brain stimulation reward
thresholds: an effect reversed by GR 127935, a 5-HT1B/1D
antagonist. Psychopharmacology (Berl). 1999 Jan;141(3):242-50.
PubMed PMID: 10027505. Epub 1999/02/23. eng.

24. de Boer SF, Koolhaas JM. 5-HT1A and 5-HT1B
receptor agonists and aggression: a pharmacological challenge of
the serotonin deficiency hypothesis. Eur J Pharmacol. 2005 Dec
5;526(1-3):125-39. PubMed PMID: 16310183. Epub 2005/11/29.
eng.

25. Parks CL, Robinson PS, Sibille E, Shenk T, Toth M.
Increased anxiety of mice lacking the serotoninlA receptor. Proc
Natl Acad Sci U SA. 1998 Sep 1;95(18):10734-9. PubMed PMID:
9724773. Pubmed Central PMCID: PMC27964. Epub 1998/09/02.
eng.

26. ChojnackarWojcik E, Klodzinska A, Tatarczynska E.
The anxiolytic-like effect of 5-HT1B receptor ligands in rats: a
possible mechanism of action. J Pharm Pharmacol. 2005
Feb;57(2):253-7. PubMed PMID: 15720791. Epub 2005/02/22.
eng.

27. Lin D, Parsons LH. Anxiogenic-like effect of
serotonin(1B) receptor stimulation in the rat elevated plus-maze.
Pharmacol Biochem Behav. 2002 Apr;71(4):581-7. PubMed
PMID: 11888549. Epub 2002/03/13. eng.

28. Tatarczynska E, Klodzinska A, Stachowicz K,
ChojnackarWojcik E. Effects of a selective 5-HT1B receptor
agonist and antagonists in anima models of anxiety and
depression. Behav Pharmacol. 2004 Dec;15(8):523-34. PubMed
PMID: 15577451. Epub 2004/12/04. eng.

29. Amital D, Fostick L, Sasson Y, Kindler S, Amital H,
Zohar J. Anxiogenic effects of Sumatriptan in panic disorder: a
double-blind, placebo-controlled study. Eur
Neuropsychopharmacol. 2005 May;15(3):279-82. PubMed PMID:
15820416. Epub 2005/04/12. eng.

30. Feuerstein TJ, Huring H, van Velthoven V, Lucking CH,
Landwehrmeyer GB. 5-HT1D-like receptors inhibit the rel ease of
endogenously formed [3H]GABA in human, but not in rabbit,
neocortex. Neurosci Lett. 1996 May 17;209(3):210-4. PubMed
PMID: 8736648. Epub 1996/05/17. eng.

31 Ebenezer IS, Arkle MJ, Tite RM. 8-Hydroxy-2-(di-n-
propylamino)-tetralin inhibits food intake in fasted rats by an
action at 5-HT1A receptors. Methods Find Exp Clin Pharmacol.
2007 May;29(4):269-72. PubMed PMID: 17609739. Epub
2007/07/05. eng.

32. Wouters W, Tulp MT, Bevan P. Flesinoxan lowers
blood pressure and heart rate in cats via 5-HT1A receptors. Eur J
Pharmacol. 1988 May 10;149(3):213-23. PubMed PMID:
2842163. Epub 1988/05/10. eng.

33. Horiuchi J, McDowall LM, Dampney RA. Role of 5-
HT(1A) receptors in the lower brainstem on the cardiovascular
response to dorsomedial hypothalamus activation. Auton
Neurosci. 2008 Nov 3;142(1-2):71-6. PubMed PMID: 18667366.
Epub 2008/08/01. eng.

34. Nalivaiko E, Ootsuka Y, Blessing WW. Activation of 5-
HT1A receptors in the medullary raphe reduces cardiovascular
changes dlicited by acute psychological and inflammatory stresses
in rabbits. Am J Physiol Regul Integr Comp Physiol. 2005
Aug;289(2):R596-R604. PubMed PMID: 15802554. Epub
2005/04/02. eng.

35. Lucot JB. Antiemetic effects of flesinoxan in cats:
comparisons with 8-hydroxy-2-(di-n-propylamino)tetralin. Eur J
Pharmacol. 1994 Feb 21;253(1-2):53-60. PubMed PMID:
8013549. Epub 1994/02/21. eng.

36. Winstanley CA, Theobald DE, Dalley JW, Robbins TW.
Interactions between serotonin and dopamine in the control of
impulsive choice in rats: therapeutic implications for impulse
control disorders. Neuropsychopharmacol ogy. 2005
Apr;30(4):669-82. PubMed PMID: 15688093. Epub 2005/02/03.
eng.

37. Eriksson TM, Madjid N, Elvander-Tottie E, Stiedl O,
Svenningsson P, Ogren SO. Blockade of 5-HT 1B receptors
facilitates contextual aversive learning in mice by disinhibition of
cholinergic and glutamatergic neurotransmission.
Neuropharmacology. 2008 Jun;54(7):1041-50. PubMed PMID:
18394658. Epub 2008/04/09. eng.

38. McCreary AC, Bankson MG, Cunningham KA.
Pharmacological studies of the acute and chronic effects of (+)-3,
4-methylenedioxymethamphetamine on locomotor activity: role of
5-hydroxytryptamine(1A) and  5-hydroxytryptamine(1B/1D)
receptors. J Pharmacol Exp Ther. 1999 Sep;290(3):965-73.
PubMed PMID: 10454466. Epub 1999/08/24. eng.

39. Ogren SO, Eriksson TM, Elvander-Tottie E, D'Addario
C, Ekstrom JC, Svenningsson P, et a. The role of 5-HT(1A)
receptors in learning and memory. Behav Brain Res. 2008 Dec
16;195(1):54-77. PubMed PMID: 18394726. Epub 2008/04/09.
eng.

40. Yasuno F, Suhara T, Nakayama T, Ichimiya T, Okubo
Y, Takano A, et a. Inhibitory effect of hippocampa 5-HT1A
receptors on human explicit memory. Am J Psychiatry. 2003
Feb;160(2):334-40. PubMed PMID: 12562581. Epub 2003/02/04.
eng.

41. BardinL, Tarayre JP, MalfetesN, Koek W, Colpaert FC.
Profound, non-opioid analgesia produced by the high-efficacy 5-
HT(1A) agonist F 13640 in the formalin model of tonic
nociceptive pain. Pharmacology. 2003 Apr;67(4):182-94. PubMed
PMID: 12595749. Epub 2003/02/22. eng.

42. Millan MJ, Perrin-Monneyron S. Potentiation of
fluoxetine-induced penile erections by combined blockade of 5-
HT1A and 5-HT1B receptors. Eur J Pharmacol. 1997 Mar
5;321(3):R11-3. PubMed PMID: 9085055. Epub 1997/03/05. eng.
43. Prow MR, Martin KF, Heal DJ. 8-OH-DPAT-induced
mydriasis in mice: a pharmacological characterisation. Eur J
Pharmacol. 1996 Dec 12;317(1):21-8. PubMed PMID: 8982715.
Epub 1996/12/12. eng.

44, Meyer LC, Fuller A, Mitchell D. Zacopride and 8-OH-
DPAT reverse opioid-induced respiratory depression and hypoxia
but not catatonic immobilization in goats. Am J Physiol Regul
Integr Comp Physiol. 2006 Feb;290(2):R405-13. PubMed PMID:
16166206. Epub 2005/09/17. eng.

45, Popova NK, Amstidavskaya TG. Involvement of the 5-
HT(1A) and 5-HT(1B) serotonergic receptor subtypes in sexual
arousal in male mice. Psychoneuroendocrinology. 2002
Jul;27(5):609-18. PubMed PMID: 11965359. Epub 2002/04/20.
eng.

International Journal of Medical Reviews, Volume 1, Issue 1, Winter 2014

43



Zarindast MR. et d , A Mini Review of Serotonin and Its Receptors

46. Monti JM, Jantos H. Dose-dependent effects of the 5-
HT1A receptor agonist 8-OH-DPAT on sleep and wakefulness in
the rat. J Sleep Res. 1992 Sep;1(3):169-75. PubMed PMID:
10607047. Epub 1992/09/01. Eng.

47. Thompson MR, Callaghan PD, Hunt GE, Cornish JL,
McGregor IS. A role for oxytocin and 5-HT(1A) receptors in the
prosocia effects of 3,4 methylenedioxymethamphetamine
("ecstasy"). Neuroscience. 2007 May 11;146(2):509-14. PubMed
PMID: 17383105. Epub 2007/03/27. eng.

48. Guddsky GA, Koenig J, Metzer HY.
Thermoregulatory responses to serotonin (5-HT) receptor
stimulation in the rat. Evidence for opposing roles of 5-HT2 and
5-HT1A receptors. Neuropharmacology. 1986 Dec;25(12):1307-
13. PubMed PMID: 2951611. Epub 1986/12/01. eng.

49, Ootsuka Y, Blessing WW. Activation of 5-HT1A
receptors in rostral medullary raphe inhibits cutaneous
vasoconstriction elicited by cold exposure in rabbits. Brain Res.
2006 Feb 16;1073-1074:252-61. PubMed PMID: 16455061. Epub
2006/02/04. eng.

50. Bubar MJ, Cunningham KA. Serotonin 5-HT2A and 5-
HT2C receptors as potentia targets for modulation of
psychostimulant use and dependence. Curr Top Med Chem.
2006;6(18):1971-85. PubMed PMID: 17017968. Epub
2006/10/05. eng.

51. Schreiber R, Melon C, De Vry J. The role of 5-HT
receptor subtypes in the anxiolytic effects of selective serotonin
reuptake inhibitors in the rat ultrasonic vocaization test.
Psychopharmacology (Berl). 1998 Feb;135(4):383-91. PubMed
PMID: 9539263. Epub 1998/04/16. eng.

52. Kennett GA, Bright F, Trall B, Baxter GS, Blackburn
TP. Effects of the 5-HT2B receptor agonist, BW 723C86, on three
rat models of anxiety. Br J Pharmacol. 1996 Apr;117(7):1443-8.
PubMed PMID: 8730737. Pubmed Centra PMCID:
PMC1909458. Epub 1996/04/01. eng.

53. Duxon MS, Kennett GA, Lightowler S, Blackburn TP,
Fone KC. Activation of 5-HT2B receptorsin the medial amygdala
causes anxiolysis in the socia interaction test in the rat.
Neuropharmacology. 1997 Apr-May;36(4-5):601-8. PubMed
PMID: 9225285. Epub 1997/04/01. eng.

54, Kennett GA, Trail B, Bright F. Anxiolytic-like actions
of BW 723C86 in the rat Vogel conflict test are 5-HT2B receptor
mediated. Neuropharmacology. 1998 Dec;37(12):1603-10.
PubMed PMID: 9886683. Epub 1999/01/14. eng.

55. Kennett GA, Wood MD, Bright F, Trail B, Riley G,
Holland V, et a. SB 242084, a selective and brain penetrant 5-
HT2C receptor antagonist. Neuropharmacology. 1997 Apr-
May;36(4-5):609-20. PubMed PMID: 9225286. Epub 1997/04/01.
eng.

56. Dekeyne A, Mannoury la Cour C, Gobert A, Brocco M,
Lejeune F, Serres F, et a. S32006, a novel 5-HT2C receptor
antagonist displaying broad-based antidepressant and anxiolytic
properties in rodent models. Psychopharmacology (Berl). 2008
Sep;199(4):549-68. PubMed PMID: 18523738. Epub 2008/06/05.
eng.

57. Kennett GA, Ainsworth K, Trail B, Blackburn TP. BW
723C86, a 5-HT2B receptor agonist, causes hyperphagia and
reduced grooming in ras. Neuropharmacology. 1997
Feb;36(2):233-9. PubMed PMID: 9144661. Epub 1997/02/01.
eng.

58. Borman RA, Tilford NS, Harmer DW, Day N, EllisES,
Sheldrick RL, et a. 5-HT(2B) receptors play a key role in
mediating the excitatory effects of 5-HT in human colon in vitro.
Br J Pharmacol. 2002 Mar;135(5):1144-51. PubMed PMID:
11877320. Pubmed Centra PMCID: PMC1573235. Epub
2002/03/06. eng.

59. Fujitsuka N, Asakawa A, Hayashi M, Sameshima M,
Amitani H, Kojimas, et a. Selective serotonin reuptake inhibitors

modify physiological gastrointestinal motor activities via 5-HT2¢
receptor and acyl ghrelin. Biol Psychiatry. 2009 May 1;65(9):748-
59. PubMed PMID: 19058784. Epub 2008/12/09. eng.

60. MillanMJ, Peglion JL, Lavielle G, Perrin-Monneyron S.
5-HT2C receptors mediate penile erectionsin rats: actionsof novel
and selective agonists and antagonists. Eur JPharmacol. 1997 Apr
23;325(1):9-12. PubMed PMID: 9151932. Epub 1997/04/23. eng.
61. Stancampiano R, MelisMR, Argiolas A. Penile erection
and yawning induced by 5-HT1C receptor agonists in male rats:
relationship with dopaminergic and oxytocinergic transmission.
Eur J Pharmacol. 1994 Aug 11;261(1-2):149-55. PubMed PMID:
8001637. Epub 1994/08/11. eng.

62. Popova NK, Amstislavskaya TG. 5-HT2A and 5-HT2C
serotonin receptors differentially modulate mouse sexual arousal
and the hypothal amo-pituitary-testicular response to the presence
of afemale. Neuroendocrinology. 2002 Jul;76(1):28-34. PubMed
PMID: 12097814. Epub 2002/07/05. eng.

63. Popa D, Lena C, Fabre V, Prenat C, Gingrich J,
Escourrou P, et a. Contribution of 5-HT2 receptor subtypes to
seep-wakefulness and respiratory control, and functiona
adaptations in knock-out mice lacking 5-HT2A receptors. J
Neurosci. 2005 Dec 7;25(49):11231-8. PubMed PMID: 16339018.
Epub 2005/12/13. eng.

64. Frank MG, Stryker MP, Tecott LH. Sleep and sleep
homeostasis in  mice lacking the 5-HT2c receptor.
Neuropsychopharmacology. 2002 Nov;27(5):869-73. PubMed
PMID: 12431861. Pubmed Central PMCID: PMC2452994. Epub
2002/11/15. eng.

65. Mazzola-Pomietto P, Aulakh CS, Tolliver T, Murphy
DL. Functional subsensitivity of 5-HT2A and 5-HT2C receptors
mediating hyperthermia following acute and chronic treatment
with 5-HT2A/2C receptor antagonists. Psychopharmacology
(Berl). 1997 Mar;130(2):144-51. PubMed PMID: 9106912. Epub
1997/03/01. eng.

66. Blessing WW, Seaman B. 5-hydroxytryptamine(2A)
receptors regulate sympathetic nerves constricting the cutaneous
vascular bed in rabbits and rats. Neuroscience. 2003;117(4):939-
48. PubMed PMID: 12654345. Epub 2003/03/26. eng.

67. Pitsikas N, BrambillaA, Borsini F. Effect of DAU 6215,
a novel 5-HT3 receptor antagonist, on scopolamine-induced
amnesiain therat in a spatia learning task. Pharmacol Biochem
Behav. 1994 Jan;47(1):95-9. PubMed PMID: 8115433. Epub
1994/01/01. eng.

68. SmrigaM, Torii K. L-Lysineactslike apartial serotonin
receptor 4 antagonist and inhibits serotonin-mediated intestinal
pathologies and anxiety in rats. Proc Natl Acad Sci U S A. 2003
Dec 23;100(26):15370-5. PubMed PMID: 14676321. Pubmed
Central PMCID: PMC307574. Epub 2003/12/17. eng.

69. Kennett GA, Bright F, Trail B, Blackburn TP, Sanger
GJ. Anxiolytic-like actions of the selective 5-HT4 receptor
antagonists SB  204070A and SB 207266A in ras.
Neuropharmacology. 1997 Apr-May;36(4-5):707-12. PubMed
PMID: 9225297. Epub 1997/04/01. eng.

70. Jean A, Conductier G, Manrique C, Bouras C, Berta P,
Hen R, et al. Anorexia induced by activation of serotonin 5-HT4
receptors is mediated by increases in CART in the nucleus
accumbens. Proc Natl Acad Sci U SA. 2007 Oct 9;104(41):16335-
40. PubMed PMID: 17913892. Pubmed Centra PMCID:
PMC2042207. Epub 2007/10/05. eng.

71. Compan V, Charnay Y, Dusticier N, Daszuta A, Hen R,
Bockaert J. [Feeding disordersin 5-HT4 receptor knockout mice].
J Soc Biol. 2004;198(1):37-49. PubMed PMID: 15146954. Epub
2004/05/19. Anomalies de la prise alimentaire chez la souris
depourvue de recepteur 5-HT4. fre.

72. Meneses A, Hong E. Effects of 5-HT4 receptor agonists
and antagonists in learning. Pharmacol Biochem Behav. 1997

International Journal of Medical Reviews, Volume 1, Issue 1, Winter 2014



Zarindast MR. et d , A Mini Review of Serotonin and Its Receptors

Mar;56(3):347-51. PubMed PMID: 9077568. Epub 1997/03/01.
eng.

73. Fontana DJ, Daniels SE, Wong EH, Clark RD, Eglen
RM. The effects of novel, selective 5-hydroxytryptamine (5-HT)4
receptor ligands in rat spatial navigation. Neuropharmacology.
1997 Apr-May;36(4-5):689-96. PubMed PMID: 9225295. Epub
1997/04/01. eng.

74. Galeotti N, Ghelardini C, Bartolini A. Role of 5-HT4
receptors in the mouse passive avoidance test. J Pharmacol Exp
Ther. 1998 Sep;286(3):1115-21. PubMed PMID: 9732367. Epub
1998/09/11. eng.

75. Lucas G, Rymar VV, Du J, Mnie-Filai O, Bisgaard C,
Manta S, et al. Serotonin(4) (5-HT(4)) receptor agonists are
putative antidepressants with arapid onset of action. Neuron. 2007
Sep 6;55(5):712-25. PubMed PMID: 17785179. Epub 2007/09/06.
eng.

76. Duman RS. A silver bullet for the treatment of
depression? Neuron. 2007 Sep 6;55(5):679-81. PubMed PMID:
17785173. Epub 2007/09/06. eng.

77. Manzke T, Guenther U, Ponimaskin EG, Haller M,
Dutschmann M, Schwarzacher S, et d. 5-HT4(a) receptors avert
opioid-induced breathing depression without loss of analgesia.
Science. 2003 Jul 11;301(5630):226-9. PubMed PMID: 12855812.
Epub 2003/07/12. eng.

78. Nelson DL. 5-HT5 receptors. Curr Drug Targets CNS
Neurol Disord. 2004 Feb;3(1):53-8. PubMed PMID: 14965244.
Epub 2004/02/18. eng.

79. Dietz BM, Mahady GB, Pauli GF, Farnsworth NR.
Valerian extract and vaerenic acid are partial agonists of the 5-
HT5a receptor in vitro. Brain Res Mol Brain Res. 2005 Aug
18;138(2):191-7. PubMed PMID: 15921820. Epub 2005/06/01.
eng.

80. Wesolowska A. The anxiolytic-like effect of the
selective 5-HT6 receptor antagonist SB-399885: the impact of
benzodiazepine receptors. Eur J Pharmacol. 2008 Feb
12;580(3):355-60. PubMed PMID: 18096153. Epub 2007/12/22.
eng.

81. Wesolowska A, Nikiforuk A. Effects of the brain-
penetrant and selective 5-HT6 receptor antagonist SB-399885 in
animal models of anxiety and depression. Neuropharmacology.
2007 Apr;52(5):1274-83. PubMed PMID: 17320917. Epub
2007/02/27. eng.

82. Hirst WD, Stean TO, Rogers DC, Sunter D, Pugh P,
Moss SF, et al. SB-399885 is a potent, selective 5-HT6 receptor

antagonist with cognitive enhancing properties in aged rat water
maze and novel object recognition models. Eur J Pharmacol. 2006
Dec 28;553(1-3):109-19. PubMed PMID: 17069795. Epub
2006/10/31. eng.

83. Perez-Garcia G, Meneses A. Oral administration of the
5-HT6 receptor antagonists SB-357134 and SB-399885 improves
memory formation in an autoshaping learning task. Pharmacol
Biochem Behav. 2005 Jul;81(3):673-82. PubMed PMID:
15964617. Epub 2005/06/21. eng.

84. Wesolowska A, Nikiforuk A. The selective 5-HT(6)
receptor antagonist SB-399885 enhances anti-immobility action of
antidepressants in rats. Eur J Pharmacol. 2008 Mar 17;582(1-
3):88-93. PubMed PMID: 18234190. Epub 2008/02/01. eng.

85. Hedlund PB, Huitron-Resendiz S, Henriksen SJ,
Sutcliffe JG. 5-HT7 receptor inhibition and inactivation induce
antidepressantlike behavior and sleep pattern. Biol Psychiatry.
2005 Nov 15;58(10):831-7. PubMed PMID: 16018977. Epub
2005/07/16. eng.

86. Wesolowska A, Nikiforuk A, Stachowicz K,
Tatarczynska E. Effect of the selective 5-HT7 receptor antagonist
SB 269970 in animal models of anxiety and depression.
Neuropharmacology. 2006 Sep;51(3):578-86. PubMed PMID:
16828124. Epub 2006/07/11. eng.

87. Gasbarri A, Cifariello A, Pompili A, Meneses A. Effect
of 5-HT(7) antagonist SB-269970 in the modulation of working
and reference memory in the rat. Behav Brain Res. 2008 Dec
16;195(1):164-70. PubMed PMID: 18308404. Epub 2008/03/01.
eng.

88. Liy-Salmeron G, Meneses A. Effects of 5-HT drugs in
prefrontal cortex during memory formation and the ketamine
amnesiamodel. Hippocampus. 2008;18(9):965-74. PubMed
PMID: 18570192. Epub 2008/06/24. eng.

89. Thomas DR, Melotto S, Massagrande M, Gribble AD,
Jeffrey P, Stevens AJ, et d. SB-656104-A, anovel selective 5-HT7
receptor antagonist, modulates REM sleep in rats. Br JPharmacol.
2003 Jun;139(4):705-14. PubMed PMID: 12812993. Pubmed
Central PMCID: PMC1573887. Epub 2003/06/19. eng.

0. Bonaventure P, Kelly L, Aluisio L, Shelton J, Lord B,
Gdici R, et a. Selective blockade of 5-hydroxytryptamine (5-
HT)7 receptors enhances 5-HT transmission, antidepressant-like
behavior, and rapid eye movement sleep suppression induced by
citalopram in rodents. J Pharmacol Exp Ther. 2007
May;321(2):690-8. PubMed PMID: 17314195. Epub 2007/02/23.
eng.

International Journal of Medical Reviews, Volume 1, Issue 1, Winter 2014

45



