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Abstract: The 5-HT-R is the most recent addition to the burgeoning family of serotonin receptors. Preliminary evidences
suggest that it may be involved in depression, control of circadian rhythms, and relaxation in a variety of vascular smooth
muscles, indicating the high potential of 5-HT;R ligands as new therapeutic drugs. During the last four years several
selective 5-HT-R antagonists have been discovered, and we have recently contributed to this field with the definition of a
pharmacophoric hypothesis for 5-HT;R antagonism and a computational model of ligand-receptor interaction of new
naphtholactam and naphthosultam derivatives acting at this receptor. This article will review the development of 5-HT;R
antagonists with an emphasis on selective antagonists, their structural requirements and ligand-receptor interactions, as
well as the potential therapeutic opportunities surrounding 5-HT7R ligands.
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INTRODUCTION

Serotonin (5-hydroxytryptamine, 5-HT) is an important
neurotransmitter discovered over 50 years ago and, at
present, it continues to generate interest as one of the most
attractive targets for medicinal chemist, due to its implication
in a large variety of behavioural and physiological processes
both in peripheral and central nervous systems [1-5].
Molecular cloning and gene expression techniques have led
to the characterisation of fourteen serotonin receptor
subtypes, which can be classified in seven subfamilies (5-
HT.;) [6-9] based on pharmacological properties, second
messenger coupling and sequence data. These receptors
belong to the superfamily of G protein-coupled receptors
(GPCRs) [10, 11], except the 5-HT3 subtype, which is a
ligand gated cation channel receptor.

The 5-HT is the most recent addition to the burgeoning
family of 5-HT receptors and was identified from cloning
studies before the corresponding endogenous receptor was
found [12, 13]. This receptor is positively coupled to
adenylyl cyclase through Gs when expressed in cell lines
[14]. The 5-HT+R has been cloned from mouse [15], rat [16,
17], guinea pig [18] and human [19] and exhibits a low
sequence homology with other 5-HT receptors. Splice
variants have been identified [20-22] in rat and human,
which  display  similar  tissue  distribution  and
pharmacological and functional characteristics. The binding
profile appears consistent across species and between cloned
and native 5-HT;Rs. The distribution of the 5-HT;R in rat
and guinea pig has been studied by autoradiography using
[*H]-5-CT and by mRNA localisation analysis, and high
levels of the receptor have been observed in the brain where
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it is localised in the thalamus, hypothalamus, brainstem and
hippocampus. In the periphery the highest levels of 5-HT;R
MRNA have been found in blood vessels of different species,
as well as in the human coronary artery and certain vascular
smooth muscle cells.

Although the biological functions of the 5-HT-R have not
been fully clarified, early pharmacological data suggest that
it may be involved in disturbance of circadian rhythms [23,
24], such as jet lag and delayed sleep-phase syndrome.
Therefore, a 5-HT;R ligand might be a useful therapeutic
agent for the treatment of sleep disorders. It is also believed
that a deregulated circadian rhythm could lead to mental
fatigue and depression. Thus, one of the consequent
mechanisms of antidepressant treatment could be the
modulation of a possible dysrhythmic circadian function in
depression, in which the 5-HT;R might be one of the key
players [25]. The fact that antipsychotic agents exhibit a high
affinity for the 5-HT;R leads to the speculation that this
receptor might provide a target for the treatment of psychotic
disorders [26-29]. In the periphery, the 5-HT-R plays a role
in smooth muscle relaxation in a variety of tissues [30-35]
and so it might be involved in diseases such as irritable
bowel syndrome [36] or migraine [37].

Clearly, the 5-HT;R may be of value as a novel
therapeutic target. Nevertheless, the clinical utility of 5-
HT,R agents awaits the development of selective ligands.
Despite intense research efforts in this area, very few
compounds with significant 5-HT-R antagonist activity and
selectivity have been reported to date. Information on the
structural properties of the 5-HT;R agents also remains
unknown and its determination represents a critical step for
developing specific compounds.

Within this field, the search for new ligands with high
affinity and selectivity for the 5-HTR is highly desirable
because of the potential to find new therapeutic drugs. This
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review covers the development of 5-HT;R antagonists with
an emphasis on the selective antagonists, their structural
requirements and ligand-receptor interactions, as well as the
potential therapeutic opportunities surrounding 5-HT;R
ligands.

5-HT;R ANTAGONISTS
Non-selective Antagonists

During the last years the lack of selective 5-HT-R ligands
has hampered the investigation of the (patho)physiological
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role of this receptor, which has been derived from
localization analyses and studies using non-selective ligands.

From a chemical structure standpoint, non-selective 5-
HT-,R antagonists can be classified in five classes: ergolines,
antipsychotic tricyclic analogues, piperidines, phenylpiper-
azines, and aporphine derivatives.

Ergolines
Compounds containing the tetracyclic ergoline skeleton

(Fig. 1), such as 2-Br-LSD [15], metergoline [17, 19, 38-40],
mesulergine [12, 17, 39-41], methysergide [12, 17, 39],
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Fig. (1). Structures of ergolines acting as non-selective 5-HT7R antagonists.
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amesergide [42], sergolexole [42], ergotamine [15, 43],
bromocriptine [39], LY215840 [42] and LY53857 [42],
exhibit moderate affinity for the 5-HT;R and a wide
spectrum of pharmacological activities, and find application
in the treatment of a variety of clinical conditions. Probably
the most important of their many indications [44] are post-
partum hemorrhage, migraine and other vascular headaches,
orthostatic hypotension, senile cerebral insufficiency, and
Parkinson’s disease.

Antipsychotic Tricyclic Analogues

Clozapine [17, 45] (Fig. 2) is an atypical antipsychotic
agent, which is effective in treating symptoms of
schizophrenia while maintaining lower risk of inducing
extrapyramidal side effects than classic neuroleptics [46, 47].
While it has been generally assumed that D, and 5-HT,a
receptors mediate clozapine’s antipsychotic activity, some
authors suggest the possibility that its high affinity for 5-HTg
and/or 5-HT receptors may participate in the mechanism of
action of this atypical antipsychotic agent [48].

Other antipsychotic tricyclic analogues (Fig. 2), such as
methiothepin [12, 17], (+)-butaclamol [15, 16], mianserin
[12, 16], cyproheptadine [12, 17], amitriptyline [17, 49-51]
and maprotiline [51], have also shown affinity for the 5-
HT;R.
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Piperidine Derivatives

Some piperidine derivatives (Fig. 3) can be considered as
non-selective 5-HT;R antagonists. For example, spiperone
[15, 16], a 5-HT4/5-HT, antagonist, and ritanserin [12, 17],
a 5-HT, antagonist, both exhibit 5-HT;R affinity.

Phenylpiperazines

Phenylpiperazines such as 1-(m-chlorophenyl)piperazine
(mCPP, and 1-(m-trifluoromethylphenyl)piperazine (TFMPP)
(Fig. 4) are classic serotonin ligands that display antagonist
activity at the human 5-HT;R, and low affinity and poor
selectivity for this binding site [17, 52, 53]. In this way
mCPP, which is the active metabolite of several psychotropic
agents, exhibits affinity for the 5-HT;R and for at least five
other 5-HT receptors (5-HTya, 5-HT 18, 5-HT 24, 5-HT 5c and
5-HT5).

Aporphine derivatives

A.M. Johansson et al. [54-56] have recently designed
aporphine derivatives as a new class of 5-HT;R ligands.
Some of them have appeared to be 5-HT-R antagonists with
moderate selectivity vs. serotonin 5-HT ;4 and dopamine Da
receptors (Table 1), and may be considered as valuable
structural leads in future efforts to obtain selective 5-HT;R
agents. Also, due to their rigid structure these aporphine
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Fig. (2). Structures of antipsychotic tricyclic analogues acting as non-selective 5-HT7R antagonists.



4 Curr. Med. Chem. — Central Nervous System Agents, 2004, Vol. 4, No. 3

%mw*@

Spiperone
pK; =772

“Ref. [16]. "Ref. [17].

Lopez-Rodriguez et al.

Y/

O

Ritanserin
pK; = 7.8

Fig. (3). Structures of piperidine derivatives acting as non-selective 5-HT7R antagonists.

derivatives can be useful template moieties as a complement
to other scaffolds available to medicinal chemists involved in

studies of GPCRs.
NH
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Fig. (4). Structures of phenylpiperazines acting as non-selective 5-
HT7R antagonists.

Selective Antagonists

The first selective 5-HT;R antagonist described is the
sulphonamide derivative SB-258719 [57-59], which was
identified in 1998 by high-throughput screening of the
SmithKline Beecham Compound Bank. SB-258719 showed
a modest affinity (pK; = 7.5) but was selective over a range
of other receptors (serotoninergic, adrenergic and
dopaminergic) (Table 2). One year later C. Kikuchi et al.
reported the identification, also by high-throughput
screening, of the tetrahydrobenzindole DR4004 [60, 61] as a
5-HT;R antagonist with high affinity (pK; = 8.7) but only
moderate selectivity over other serotonin receptors (Table 3).
More recently, it has been demonstrated that DR4004 also
has functional activity at the dopamine D, receptor that may
contribute to some of its in vivo effects [62].

SB-258719 and DR4004 were the starting tools to
elucidate the biological role of 5-HT;Rs in the CNS and the
periphery, and in the subsequent years both ligands have
been used by their inventors as leading compounds to obtain
more potent and selective 5-HT;R antagonists.

In this way optimisation of SB-258719 by
conformational restraint of the side chain has led to an
increase of affinity and selectivity for the 5-HT;R in
analogues SB-258741 [63] and SB-269970 [63] (Table 2).
The potential clinical interest of SB-258741 in the therapy of
various CNS disorders has been studied [64], in particular in
models of schizophrenia where it has demonstrated no

antipsychotic effect on its own [65]. SB-269970 is the 5-
HT,R antagonist with the highest affinity (pK; = 8.9) and the
best selectivity known to date (Table 2), and for this reason
this ligand has been tritiated [66, 67] to be used as
radioligand in the study of 5-HT-R localisation and in the
assessment of affinity of new ligands for this receptor. SB-
269970 is CNS penetrant and its potential utility for the
treatment of depression and/or circadian rhythm disorders
has been investigated [68], but its pharmakokinetic profile is
not optimum to be used in clinic, almost certainly due to the
presence of the phenolic hydroxyl group. Thus, a rational
SAR study around SB-269970 was carried out by the same
authors resulting in the identification of the structurally
related analogue SB-656104 [69], which retains high affinity
(pK; = 8.7) and selectivity for the 5-HT ;R (Table 2) but has a
greatly improved pharmacokinetic profile.

On the other hand, related analogues of DR4004 have
been recently described, which present a structural restriction
in the molecule. Among them DR4365 [70] exhibited high
affinity (pK; =8.45) for the 5-HT-R with high selectivity over
other 5-HT receptors but 5-HT14 (pK; = 6.89) (Table 3), and
was confirmed to display antagonist activity in a functional
model of 5-HT;R activation. In this tetrahydrobenzindole
derivative the phenyl ring is fixed to the tetrahydropyridine
ring by C-N bonds to form a tetrahydropyridoindole system,
and the authors suggest that this planar structure might be
important for the high selectivity of these compounds for the
5-HT;R. Other fused-ring tetrahydropyridine derivatives
were synthesised by the same authors. In particular, the
tetrahydrothienopyridine derivative DR4446 [71] (Table 3)
has been characterised as a potent and selective 5-HT;R
antagonist, and the "'CHa-labelled analogue is being used as
a in vivo radioligand for PET imaging of the 5-HT; site
distribution [72]. Also, chemical modifications of DR4004
were performed with the aim of improving its metabolic
stability. In this study, compound DR4485 was identified to
retain high affinity and selectivity for the 5-HT,R [73]
(Table 3), additionally showing oral bioavailability so it
should be useful for evaluating the therapeutic potential of 5-
HT-R antagonists.

During the preparation of this review, GlaxoSmithKline
has reported the identification of a novel series of selective
5-HT;R antagonists [74] structurally different from their
earlier aryl sulfonamides (Table 2) mentioned above. This
was accomplished by modification of an initial candidate
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Table 1.  Affinities of Aporphine Derivatives Acting as 5-HT;R Antagonists
Ki (nM)
Compound
5-HT; 5-HT3a D2a
18.0°* 355° 2250°
1.1° 16.9* 71.0°
3.79° 142° 498°

“Ref. [54]. "Ref. [56]

identified in high throughput screening. Among them
compound SB-691673, characterised as a potent 5-HT;R
antagonist (pK; = 8.65) with >100-fold selectivity over a
range of serotonin and dopamine receptors (Table 2), is the
most promising analogue of this series.

STRUCTURE-AFFINITY RELATIONSHIP STUDIES
OF 5-HT;R ANTAGONISTS

The ability to bind 5-HT;Rs selectively represents a goal
with both theoretical and clinical significance. Development
of compounds to achieve this goal and an understanding of
the regulation of the 5-HT;R can proceed more effectively if
the molecular bases for ligand interactions with the 5-HT;R
are understood. However, few quantitative structure-activity
relationship (QSAR) studies or computational models have
been carried out using 5-HT+R ligands.
3D-QSAR: Comparative Molecular
(CoMFA)

Recently, a CoMFA of a training set of 17 compounds
with affinity for the 5-HT;R was performed [75], using R-
lisuride (Fig. 5a) as the template. However, this model does
not discriminate between agonist and antagonist ligands. The
final cross-validated model accounted for >85% of the
variance in the compound affinity data (mean values: g° =
0.779 £ 0.015 and SEP = 1.249 + 0.043). The contour map
derived from the CoMFA model illustrated several

Field Analysis

potentially important aspects of drug interactions at the 5-
HT;R (Fig. 5b). Steric bulk was highly favoured over most
regions of the receptor for high-affinity drug-receptor
interactions; particularly a sterically favoured region that lies
near the cationic nitrogen is of some importance in
differentiating ligand-binding affinity. A second important
characteristic is that hydrogen-bonding regions are highly
significant predictors for high affinity 5-HT;R ligands. The
regions in which positive charge is favoured include the
vicinity of the hydrogen-bonding nitrogen and the regions
near the five- and six-membered rings. Furthermore, 3D-
chemical database search queries derived from this model
yielded all four of the highest affinity compounds of the
training set. These results offer possibilities for identifying
new ligands for the 5-HT+R.

Pharmacophore Model

In a contribution of our group, an initial pharmacophore
model for 5-HT;R antagonism has been reported using
compounds belonging to different chemical classes (selective
and non-selective) [76]. This model represents the first
approach to the rational design of agents acting at this
serotonin receptor. Recently, we have carried out an
optimisation and validation of this preliminary hypothesis
[77] with the incorporation of new 5-HT-R antagonists using
CATALYST 4.5 programme. The essential structural
requirements for selective 5-HT;R antagonism consist of a
basic nitrogen atom (PI), a H-bonding acceptor group (HBA)
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Table 2.  Affinities of Selective 5-HT7R Antagonists Developed by GlaxoSmithKline
pKi
Compound
5-HT; | 5-HTia | 5-HToa | 5-HTs | 5-HTsa | 5-HTe as D,
o I
W_N N
O/’S \‘/\/ O\
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<
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“Ref. [57]. °Ref. [63]. °Ref. [69]. ‘Ref. [74]

and three hydrophobic regions (HYD), at the distances
represented in Fig. 6a. To validate this model, a series of
new naphtholactam and naphthosultam derivatives of general
structure | [76, 77] were designed to interact with any or all
pharmacophoric features simultaneously (Fig. 6b). In this
series, compounds with an optimum length of 4-5 methylene
units in the spacer mapped in an efficient way the
pharmacophore model (Fig. 6c), as revealed by the
conformational analysis performed with CATALYST 4.5

programme. A systematic structure-affinity relationship
study on this class of compounds has allowed us to confirm
that the model incorporates the essential structural features
for 5-HT,R antagonism, thereby illustrating how it can be
used in the discovery of new classes of 5-HT+R ligands. The
iterative refinement of this pharmacophore by addition of
new antagonists to the former training set may be used in the
future to generate better affinity models for the design of
novel 5-HT-R ligands.
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Table 3.  Affinities of Selective 5-HT7R Antagonists Developed by Kikuchi et al. (Meiji Seika Kaisha Ltd)
pKi
Compound
5-HT; 5-HTia 5-HT, 5-HT, 5-HTs D,
©_</:\/N_(‘[; > ; 8.67% 6.77% 7.01° <6.0° 6.28% 6.98%
NH
O
DR4004
%N
o NH 8.45 6.89" <6.0° 6.31° <6.0°
O
\ N
H
DR4365
/
S / N c c C C C
4 N 8.01 6.11 6.02 <6.0 <6.0
°" N\
DR4446
Cl
8.14d
4 8.14° 6.5 <6.0° <6.0° <6.0°
Cl N
NH
O
DR4485

“Ref. [60]. "Ref. [70]. °Ref. [71]. °Ref. [73].

Molecular Model of Ligand-Receptor Interactions

In order to help rationalise the structure-affinity
relationship observations made for 5-HT;R ligands, a
computational model (Fig. 7) of the transmembrane domain
of the receptor complexed with the naphtholactam derivative
I (pK;j=7.1; X=CO,n=5,Y =N, R = phenyl; see Fig. 6b)
has recently been constructed [77] from the crystal structure
of rhodopsin. This 3D model has permitted to approach the
molecular details of the ligand-receptor interaction. The NH
group of the protonated piperazine ring of the ligand forms
the frequently proposed ionic interaction with the O, atom of
Asp®*#. The carbonylic oxygen of the ligand is interacting
with the hydroxyl groups of Ser>#*and Thr>*. The extensive
naphtholactam ring favours the p-s aromatic-aromatic
interaction with the side chain of Phe®*? in the face-to-edge
orientation (T-shaped). Finally, the phenyl ring attached to

the piperazine ring expands between transmembrane helices
3and 7, and interacts with the aromatic side chains of Phe®?
and Tyr"® (Fig. 7).

Remarkably, the independent generation of a 3D model
of ligand-5-HT;R interaction has provided similar
conclusions than that from the proposed pharmacophore
model for 5-HT;R antagonism [77]: i) the HBA feature of
the pharmacophore model binds Ser**? and Thr®*; ii) the
HYD1 feature interacts with Phe®%?; iii) the PI feature forms
an ionic interaction with Asp>%; and iv) the HYD3 feature
interacts with a set of aromatic residues (Phe®?, Tyr"#).

Taken together, these results may provide the tools for
predicting the affinity of related compounds and for guiding
the design and synthesis of new ligands with predetermined
affinities.
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(@)

(b)

Fig. (5). (a) 2D structure of R-lisuride, compound used as template for the alignment of the molecules included in the CoMFA study. (b)
Contour map relating compound affinity at 5-HT;Rs to electrostatic and steric intermolecular interaction fields using lisuride. Positive
electrostatic charge is favored (blue) or not favored (red) for high-affinity (80:20). Steric bulk is favored (green) or not favored (yellow) for

for high-affinity (80:20). See reference [75].
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Fig. (6). (a) Pharmacophore model for selective 5-HT;R antagonists. (b) Designed naphtholactam and naphthosultam derivatives of general
structure 1. (c) Designed compound | (X =CO, n=4, Y =N, R = phenyl) mapped on the hypothesis generated for 5-HT;R antagonists.

POTENTIAL THERAPEUTIC OPPORTUNITIES
SURROUNDING 5-HT7R LIGANDS

Little is known about the regulation and function of the
5-HT-R since the pharmacological evaluation of this novel
GPCR has been hampered by the lack of selective ligands.
However, studies combining non-selective agents with
molecular biological techniques have substantiated the
evidence that the 5-HT-R has a significant physiological and
pathophysiological relevance. In addition, the recent
discovery of the selective antagonist SB-269970 (Table 2)
represents a major advancement in the determination of the

biological functions of this receptor. Therefore, although the
development activity surrounding 5-HT-R ligands is still in
its infancy, this situation is expected to change soon.

Sleep Disorders

The central circadian pacemaker in mammals is located
in the suprachiasmatic nuclei (SCN) of the hypothalamus
[78]. These nuclei generate an endogenous circadian signal
that controls the daily timing of multiple secondary
oscillators that are dispersed throughout the mammalian
system. The timing of the circadian pacemaker is adjusted
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Fig. (7). Detailed view of the molecular model of the complex
between compound | (X = CO, n=5,Y =N, R = phenyl) and the
transmembrane helix bundle of the 5-HT;R constructed from the
crystal structure of rhodopsin.

each day by exposure to external light-dark cycles and by
non-photic signals. In humans, the biological clock
governing circadian rhythms plays a critical role in jet lag,
work shift performance, sleep-wake cycles, and
manifestation of certain psychiatric disorders. The
neurotransmitter 5-HT has been shown in vivo and in vitro to
reset or phase shift circadian rhythms of neural activity in the
SCN [79, 80]. In this way, the 5-HT+R is a strong candidate
for mediating these in vivo effects of the 5-HT on the activity
of light-sensitive SCN cells, and the possible function may
be the regulation of the interaction between photic and non-
photic stimuli received in the circadian pacemaker [14, 23,
24, 81, 82]. Additionally, the decrease of 5-HT;Rs in the
dorsal raphe nuclei with the aging suggests that these
receptors play an important role in the aging of the circadian
timing system [83, 84]. Therefore, selective 5-HT;R ligands
could be useful in the treatment of circadian rhythm
disorders such as jet lag and sleep disorders, and this
hypothesis is supported by the preliminary pharmacological
studies carried out with the 5-HT;R antagonist SB-269970
[68].

Depression

It is believed that a disregulated circadian rhythm can
lead to mental fatigue and depression. Recent studies suggest
that antidepressants produce functional effects in a
hypothalamic region associated with phase-shift responses,
during the appropriate circadian time, and consistent with
activation of the 5-HT-R [85]. Moreover, the downregulation
of the 5-HT;R in response to chronic treatment with
antidepressants supports the role of this receptor in
depression [86, 87]. Likewise, chronic exposure to
antidepressants elicits the enhancement of 5-HT7R mediated
adenylyl cyclase activation in rat frontocortical astrocytes
[88]. Thus, the modulation of 5-HT;R activity may

Curr. Med. Chem. — Central Nervous System Agents, 2004, Vol. 4, No.3 9

contribute to the therapeutic effects of antidepressants.
Nevertheless, further studies with selective 5-HT;R ligands
are awaited to elucidate the possible involvement of this
receptor in depression and in the antidepressant therapeutic
response.

Schizophrenia

Expression of mRNA for 5-HT;Rs in midline, thalamic
and limbic structures suggests a possible involvement of this
receptor in psychiatric disorders, such as schizophrenia, for
which a role of limbic structure dysfunction has been
described [29, 89]. The fact that the 5-HT,R is targeted by
several antipsychotics of second generation, such as
risperidone and clozapine, led to the speculation that this
receptor could be implicated in their mechanism of action
and may mediate the therapeutic actions of these compounds
[90, 91]. Recently, the 5-HT;R antagonist SB-258741 has
been tested in several animal models of schizophrenia, and
preliminary results indicate that this specific antagonist is not
expected to have an antipsychotic effect on its own in clinic
[65]. However, the possibility that a combination of 5-HT;R
antagonism with a dopaminergic D, and/or 5-HT,a receptor
antagonist, such as risperidone, may have beneficial effect in
the treatment of schizophrenia can not be discarded.

On the other hand, the above mentioned role of the 5-
HT-R in the regulation of circadian rhythm phase shifts may
be interesting, considering that some people afflicted with
schizophrenia experience a reversal of the sleep-wake cycle
accompanied by severe insomnia [92].

Cardiovascular Diseases

The complexity of cardiovascular effects produced by 5-
HT has been explained by its capacity to interact with
specific receptors. Abundant evidences sustain the
hypothesis that the 5-HT-induced late depressor response is
mainly mediated by vascular 5-HT;Rs [93]. The hypotension
induced via activation of this receptor is almost exclusively
caused by vasodilatation of the systemic vasculature,
confined to skeletal muscle, carcass, mesentery/pancreas and
adrenal vascular beds [94]. These findings reveal an
interesting role for the 5-HT,R in the regulation of arterial
blood pressure, and this novel receptor may therefore
represent a target for antihypertensive therapy.

Migraine

Migraine is a disturbance of high incidence nowadays
and its effect on quality of life is significant. Currently
available drugs for migraine attacks consist in acute
therapies of aborting an attack once it has started rather than
preventing it. In this respect, 15% of migraine sufferers
would benefit from prophylactic treatment; however, the
availability of molecules that effectively prevent migraine
attacks with an acceptable tolerability profile is extremely
limited. The development of migraine prophylactics
therefore represents an unmet clinical need with considerable
commercial potential.

The complex neurological alterations implicated in the
pathogenesis of migraine are still poorly understood.
Nevertheless, abnormalities of serotoninergic function
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during a migraine attack have been documented [95], and
evidence implicating 5-HT receptors (5-HTg, 5-HTip, 5-
HT3F) in the etiology of migraine is convincing. The 5-HT;R
mediated vasodilatador mechanism operates in vascular
structures that have been implicated in migraine, such as the
middle cerebral and the external carotid arteries [37, 96, 97].
In addition, increasing data support the concept that 5-HT;R
activation is responsible for the initial dilatation of cerebral
vessels, and the subsequent activation of sensory pathways,
consequent neurogenic inflammation around the meningeal
vessels, neural sensitization and the activation of pain
pathways. 5-HT;R antagonists therefore stand to offer an
effective approach to the unmet field of migraine
prophylaxis, a finding supported by clinical observations.

Since most of the compounds that show prophylactic
effect against migraine, such as methergoline, methysergide,
dihydroergotamine, LY215840, sergolexole, lisuride,
mianserin, amitriptyline, chlorpromazine and cyprohepta-
dine, display relatively high affinity for the 5-HT;R [98, 99],
vascular and neural 5-HT,Rs might be important targets of
these drugs. Clinical trials with selective 5-HT;R antagonists
will be awaited with interest so the potential involvement of
this receptor in migraine pathogenesis and preventive
treatment is elucidated.

Other Therapeutic Possibilities
Cognitive Disorders

The 5-HT;R shows a regional distribution in brain areas
implicated in cognitive disorders, such as hippocampus,
amygdala and cortex, and some studies have suggested that
this receptor might play a role in learning and memory
processes [100, 101]. In this way, a recent report
demonstrates that the 5-HT;R antagonist DR 4004 might be
useful to restore poor learning consolidation conditions and
deficient memory [102].

Nociception

The drugs currently used to treat pain and inflammation,
have well-known side effects. It is therefore important to
pursue alternative drug therapies to inhibit nociceptive and
inflammatory processes. The 5-HT-R is positively linked to
CAMP and it is thought to be involved in mediating 5-HT
induced hyperalgesia [103]. Although the mechanisms
undertaking the facilitation of nociception by this receptor
are unclear, one of the possibilities is that the increased
expression of these receptors on pre-terminals neurons might
increase substance P or glutamate releasing from primary
afferent fibers in the spinal cord to facilitate nociception
[104]. On the other hand, the 5-HT;R expressed in lumbar
dorsal root ganglia might also be involved in antinociception
[105]. Therefore, evidence is accumulating to suggest that
the 5-HT;R may be involved in pain, hyperalgesia and
neurogenic inflammation by mediating excitatory responses
in the neural system.

Irritable Bowel Syndrome (IBS)

The irritable bowel syndrome (IBS) constitutes a major
health problem with gastrointestinal (GI) symptoms. Thus,
IBS is a functional bowel disorder in which abdominal
discomfort or pain is associated with altered bowel habits
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and with features of disordered defecation. The rationale for
investigations on 5-HT-R ligands in IBS rests mainly on the
fact that serotonin has a number of well documented motor
effects on the GI tract and can produce hyperalgesia in
several experimental models [36]. Preliminary evidence
suggests that 5-HT;Rs mediate smooth muscle relaxation at
least in the human colon. Hypomotility remains an attractive
therapeutic target in IBS and the new generation of
prokinetics includes several non-selective 5-HT;R ligands
[33]. For this reason the 5-HT-R is now emerging as possible
target of drug action in the treatment of functional IBS
disorder.

Immune system

The immune system, like the nervous system, has long
been considered to be a self-regulated system. There are,
however, interactions between these two systems, with
several pathways linking them, and one of these mediators is
5-HT. The 5-HT;R is present in a variety of peripheral
tissues including constituents of the immune system [106].
Thus, this receptor might be involved in the bidirectional
communication of the nervous and immune systems.
Moreover, lesions of the brain, especially of the
hypothalamus and limbic system, where 5-HT;R mRNA is
highly expressed, have influence in immune system
parameters.

Neuroendocrine Role

A putative regulatory neuroendocrine role for 5-HT;Rs
has been suggested in hypothalamic neurones, where they
were directly involved in the 5-HT-induced release of
luteinizing hormone-releasing hormone (LHRH) [107]. It
was also shown that the effect of 5-HT on
adrenocorticotropin hormone (ACTH) secretion is mediated
by 5-HT-,Rs [108]. Otherwise, a recent report suggests that 5-
HT stimulates aldosterone secretion through 5-HT-Rs due to
the presence of mMRNA in the adrenal cortex [109].

There is now evidence that the 5-HT;R has a significant
physiological and pathophysiological relevance and it
represents a novel therapeutic target. Nevertheless, the
clinical utility of 5-HT;R agents awaits the development of
new selective ligands. Although the development activity
surrounding 5-HT;R ligands is still in its infancy, this
situation is expected to change soon, and continuing research
of this serotonin receptor subtype provides a promising
future for a variety of diseases.
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ABBREVIATIONS

ACTH = Adrenocorticotropin hormone
5-CT =  5-Carboxamidotryptamine
CNS =  Central nervous system

mCPP = 1-(m-Chlorophenyl)piperazine
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CoMFA = Comparative Molecular Field Analysis

GPCR = G protein-coupled receptor

Gl =  Gastrointestinal

HBA =  H-bonding acceptor

HYD = Hydrophobic region

5-HT =  5-Hydroxytryptamine (serotonin)

IBS = Irritable bowel syndrome

LHRH = Luteinizing hormone-releasing hormone

Pl =  Positive ionizable

QSAR = Quantitative structure-activity relationship

SCN = Suprachiasmatic nuclei

TFMPP = 1-(m-Trifluoromethylphenyl)piperazine
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