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ABSTRACT

Recently, series of 5-HT; receptor antagonists have been developed (24,29,36,68).
Among them SB-258741, R-(+)-1-(toluene-3-sulfonyl)-2-[2-(4-methylpiperidin-1-yl)ethyl]-
pyrrolidine, (compound “13” in 36,37) was one of the most potent and specific com-
pounds. Due to a lack of specific ligands the pharmacology of 5-HT; receptor antagonists
is still relatively unexplored. It has been suggested, however, that 5-HT, receptor ligands
could be useful in the therapy of various disorders such as sleep disorders, schizophrenia,
depression, migraine, epilepsy, pain, or memory impairment. Many of these conceivable
indications are not supported by pharmacological data. It is, therefore, of particular in-
terest to review the data generated from studies of one of these most potent and specific
5-HT; receptor antagonists, SB-258741, with a goal of testing the validity of the proposed
clinical indications. In this review, the author describes pharmacology of this compound in
order to define its potential clinical use. The available safety pharmacology data are dis-
cussed in an attempt to predict potential side effects of specific 5-HT; receptor
antagonists.

INTRODUCTION

SB-258741 is a potent and specific 5-HT; ligand. Recently, several series of 5-HT,
receptor antagonists have been developed (24,29,36). SB-258741 (R-(+)-1-(to-
luene-3-sulfonyl)-2-[2-(4-methylpiperidin-1-yl)ethyl]-pyrrolidine) (See compound “13”
in 36,37), SB-269970 ((R)-3-(2-(2-(4-Methylpiperidin-1-yl)-ethyl)pyrrolidine-1-sulfonyl)-
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Fig. 1. Chemical structure of SB-258741.

phenol) (29,36,68), and SB-258719 ((R)-3,N-Dimethyl-N-[1-methyl-3-(4-methyl-piperi-
din-1-yl)propyl]benzenesulfonamide) (24,69), being the most potent and specific among
them. The specificity of these three compounds is very similar. SB-269970 appears to be
the most specific for the 5-HT; receptor, although it demonstrates some affinity for the
5-HTs, receptor (36). SB-258741 has, however, been the subject of more intensive phar-
macological investigation. As such, it is better suited to allow a more thorough examina-
tion of the potential pharmacological and clinical interest in 5-HT receptor ligands (10).

The 5-HT receptor is well conserved across species, and is located centrally in humans
(6) and rodents (14,28,68,70,71), as well as peripherally (18). It has been suggested (see
10 for a review) that 5-HT; receptor ligands could be useful in the therapy of various
clinical disorders, such as sleep disorders (29,38), schizophrenia (54), depression (33,61),
cardio-vascular problems (65), pain (44), epilepsy (10), and migraine (67). Often these
suggestions have not been supported by appropriate pharmacological studies. We demon-
strated, for example, that in animal models of schizophrenia, the effects of the non-spe-
cific 5-HT; receptor antagonist, risperidone, were substantially different from those of the
specific 5-HT; receptor antagonist, SB-258741 (51). Thus, the antipsychotic action of
risperidone is probably not a consequence of its action at the 5-HT, receptor. Conse-
quently, it is of interest to review relevant pharmacological data generated with the spe-
cific and potent 5-HT, receptor antagonist, SB-258741 (36). This compound is the first
5-HT; receptor antagonist described to be highly selective for these receptors. In this ar-
ticle the author reviews pharmacological findings with this compound, and attempts to
relate them to the potential therapeutic efficacy. The available safety pharmacology data
are discussed in an attempt to predict the potential side effects of SB-258741 and of
similar specific and potent 5-HT receptor antagonists.

CHEMISTRY

SB-258741, R-(+)-1-(Toluene-3-sulfonyl)-2-[2-(4-methylpiperidin-1-yl)ethyl]-pyrroli-
dine (Compound “13” in 36,37), was synthesized in the laboratories of GlaxoSmithKline
Pharmaceuticals, from a SAR based on a piperidine structure. Its chemical structure is
shown in Fig. 1. It has a molecular weight of 350 (base) and it is water soluble. Its em-
pirical chemical formula is C;oH;,N,0,S.
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Originally, a series of sulfonamides has been identified from
a high-throughput screening (HTS) of the GlaxoSmithKline
Pharmaceuticals compound bank as ligands for the cloned
human 5-HT; receptors (37). The first HTS-identified selective
5-HT; receptor antagonist, SB-258719, had only a moderate af-
finity for the 5-HT; receptors (pK; = 7.5; Table 1) (24,37). Op-
timization of this lead compound led to a series of compounds
with a piperidine structure. SB-258741 (37) and SB-269970
(29,36,67) were among them. As compared with SB-258719,
both affinity (pK; = 8.5 and 8.9 respectively) and selectivity of
these compounds improved considerably.

IN VITRO PHARMACOLOGY

As shown in Table 1, SB-258741 is a high affinity 5-HT,
ligand with a pK; of 8.5. It has a 200-fold selectivity over a
large number of other 5-HT, dopaminergic, or adrenergic re-
ceptors (Compound “13” in 36,37). SB-258741 appears to be
more selective and potent than the formerly published ligand,
SB-258719 (24). It is also claimed to be more selective than
SB-269970, which has high affinity for the 5-HT;, receptors
(36). The affinity of SB-258741 for the 5-HT;, receptors was,
however, not determined, so that with the respect to these re-
ceptors, these two compounds cannot be compared.

It has been suggested that 5-HT receptor is an autoreceptor
at 5-HT neurons, and that it potentiates 5-HT efflux (53). These
claims were not confirmed, however, when the authors investi-
gated whether SB-269970 could inhibit 5-HT efflux induced by
unspecific 5-HT; agonist, 5-CT, or the partial agonist 8-OH-DPAT
(53).

IN VIVO PHARMACOLOGY

Sleep Disorders

The suprachiasmatic nucleus (SCN) of the hypothalamus is
a structure that is considered to be the primary site of regu-
lation of the mammalian circadian clock, and is known to be
under considerable control by the 5-HT system (52). The
5-HT; receptor is highly expressed in the SCN of the rat,
giving rise to the suggestion that an antagonist of this receptor
may alter the control of circadian rhythms (38,61,80). It has
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TABLE 1. Receptor binding profiles and selectivity of the three leading 5-HT, receptor antagonists. Adapted from (24,36,37)

Selectivity

3
54
5.9
5.6

2

D

Oy

5-HT,, 5-HT,, 5-HT,, 5-HT,; 5-HT, 5-HT,, 5-HT,; 5-HT,, 5-HT, 5-HT,, 5-HT, 5-HT,

Ligands
SB-258719
SB-258741
SB-269970

100
300

5.5 <48 <52 <48 <53 <48 <50 ND <48 7.5 <4.8 54
5.5 5.8
5.8

<53

<5.1

<5.5

8.5
8.9

5.8 <50 <50 <53 <56 <53 <50 ND ND
6.0

6.0

100

6.5

<5.0

5.2

7.2

5.9

<5.0

5.0

<55 <5.0

<5.2

<5.0

ND: No Data.
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also been recently reported that the non-specific 5-HT,,/5-HT; receptor agonist,
8-OH-DPAT, infused into the SCN of the hamster, induces phase advances in behavioral
circadian phase resetting, and that this effect can be antagonized by either non-specific or
specific 5-HT; receptor antagonists (22). Moreover, SB-269970, a 5-HT; receptor antag-
onist similar to SB-258741, has been shown to reduce the duration of paradoxical sleep in
rats (29). The authors of these studies have subsequently suggested that this receptor
might, therefore, control sleep, leading to the postulate that specific receptor ligands may
have the capacity to effectively treat sleep disorders. Moreover, as a consequence of im-
provement of sleep, it has also been suggested that 5-HT receptor antagonists might be
useful in the treatment of depression, a mental disorder characterized by a profound alter-
ation in sleep pattern (see below). Presently, there is a lack of preclinical and clinical in-
vestigations to support this postulate, but SB-258741 and similar compounds remain of
considerable interest for the treatment of sleep disorders (37) and depression.

Schizophrenia

The localization of the 5-HT receptor at the level of various limbic structures (14,28,
55,70,71,74) suggests that a ligand of this receptor might be of interest for the treatment of
schizophrenia (54). Functional assays utilizing SB-258719 have shown that the 5-HT re-
ceptor is positively coupled to adenylyl cyclase in the hippocampus of the guinea pig (70),
a limbic structure whose dysfunction has been associated with schizophrenia (12,30).

Moreover, it is known that the 5-HT, receptor is targeted by several second generation
antipsychotics such as clozapine, risperidone, and zotepine, and, with a lower affinity, by
olanzapine and sertindole (5,21,54). However, it should be noted that not all antipsycho-
tics have affinity for 5-HT; receptors (54), and that some compounds, that are devoid of
antipsychotic properties, have affinity for this receptor.

In order to clarify the potential role of specific 5-HT, receptor antagonists in the
treatment of schizophrenia, we tested SB-258741 in three animal models (51) related to
the positive (and negative) symptoms of schizophrenia, and which are considered pre-
dictive of antipsychotic action. We used d-amphetamine-induced hyperactivity (3,4), and
d-amphetamine- (23,47) or phencyclidine- (PCP) (7,8,39,78) antagonized prepulse inhi-
bition (PPI) in the models in rats. We also tested this compound in a putative model for
negative symptoms, PCP-disrupted social interaction (SIT) in rats (19,56-58). Induction
of side effects by this compound was evaluated by testing its potency to reduce sponta-
neous motility, and to induce catalepsy in rats (2). SB-258741 had a significant effect in
two models: d-amphetamine-induced hyperactivity in rats, and PCP-disrupted PPI.
However, in both cases this effect might be a consequence of a modification of locomotor
activity induced by SB-258741. SB-258741 dose-dependently antagonized d-amphe-
tamine-induced hyperactivity, but also reduced spontaneous activity of rats at similar
doses. Consequently, the effect of SB-258741 in this model is inconclusive. SB-258741
also dose-dependently normalized the effect of PCP in PCP-disrupted PPI in rats.
However, SB-258741 also normalized the reduction of startle amplitude induced by PCP.
This means that the positive effect of SB-258741 in this model is probably not related to a
sensory gating process (64). Consequently, the beneficial effect of SB-258741 in the
PCP-disrupted PPI model should be viewed with caution; it seems difficult to predict an
antipsychotic action for SB-258741 based on the activity in this model (51). In d-amphe-
tamine-disrupted PPI, SB-258741 did not reverse the effect of d-amphetamine. Thus, ac-
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cording to the results obtained in these three models, the probability that SB-258741 alone
can be effective in the treatment of positive symptoms in schizophrenic patients, seems
low. In the model indicative of an effect on negative symptoms of schizophrenia, i.e.
PCP-disrupted SIT in rats, SB-258741 had no beneficial effect. It even enhanced the dis-
ruptive effect of PCP on active social interaction instead of reducing it. At doses tested
SB-258741 did not induce any sign of catalepsy.

We cannot exclude the possibility that a combination of a 5-HT, receptor antagonist
and dopamine or an antagonist of another 5-HT receptor subtype would change the pattern
of results obtained in models predictive of antipsychotic action or models predictive of
side effects. We tested, therefore, SB-258741 in combination with the dopaminergic D, re-
ceptor antagonist remoxipride, and with the 5-HT,, receptor antagonist, MDL-100151, in
another model predictive of antipsychotic action, PCP-induced hyperactivity in mice (27).
We did not find any enhancement of the beneficial effect of these two compounds by
SB-258741 (H. Lundbeck A/S; unpublished data). These findings suggested that we
should not expect any antipsychotic action with SB-258741.

Depression

It has been proposed that the 5-HT receptor may be involved in the pathophysiology
of depression (33,61). This hypothesis has been based on various studies. Measurement of
c—Fos expression in the hypothalamus after acute treatment with antidepressants, and its
inhibition by a non-specific 5-HT; receptor antagonist (33), led the authors to suggest that
the 5-HT; receptor is implicated in the mechanism of action of antidepressants. Moreover,
the 5-HT; receptor is targeted by several antidepressants, like mianserin or amitriptyline
(21,45,62). The treatment of rats with fluoxetine (5 mg/kg/day, p.o.) for 21 days reduced
the number of hypothalamic 5-HT; receptor binding sites. This result led the authors to
suggest that hypothalamically-expressed 5-HT; receptor is downregulated as a result of
chronic elevation of synaptic 5-HT (63). This hypothesis would support an antidepressant
effect for a 5-HT, receptor antagonist. It has also been suggested that in the hippocampus,
the 5-HT, receptor is under the inhibitory regulation of circulating adrenal steroids
(32,79). This would indicate that the 5-HT receptor is to some degree dependent upon the
activity of the hypothalamic-pituitary-adrenocortical (HPA) axis, an axis that is widely ac-
knowledged to be involved in the etiology of depression (9). Finally, this receptor has
been implicated in the regulation of circadian rhythms (38). This finding further supports
the hypothesis that 5-HT, receptor antagonists may be useful potential antidepressants,
since disturbance of circadian rhythmicity is one of the recognized core symptoms of
clinical depression (DMSIV) (31,61,77). However, no preclinical study supporting this
hypothesis has been published with a specific 5-HT, receptor antagonist in a validated
animal model for depression.

In this context, it has been reported that by intracerebroventricular (i.c.v.) administ-
ration 5-HT; antisense oligonucleotide does not affect exploratory or locomotor activity of
rodents in the elevated plus-maze model (a predictive model for antidepressants/anxio-
lytics) (16). Moreover, preliminary investigations performed in our laboratories with
SB-258741 in a set of models predictive of antidepressant-like or anxiolytic-like effects
[reduced vocalization in rats (59,72), and forced-swimming test in mice (49,50)], did not
demonstrate a robust antidepressant property of this compound (H. Lundbeck A/S; un-
published data). On the other hand, SB-258741, at 2.3 mg/kg s.c., significantly inhibited
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isolation-induced aggressive behavior in mice (42). This effect was observed at 30 min,
but not at 2 h after pretreatment (H. Lundbeck A/S; unpublished data). The lack of infor-
mation on pharmacokinetic properties of SB-258741 prevented any firm conclusion re-
garding the therapeutic potential of this compound. However, the results may be explained
by only a weak effect of this 5-HT, receptor antagonist in this model.

In conclusion, the results of our own studies together with the results reported in the
literature, suggest that SB-258741 may have weak antidepressant, antiaggressive and/or
anxiolytic effects, but that further studies are needed to confirm this.

Vascular Effects

Since 5-HT; receptor is expressed in adrenal glomerulosa of rats, it could be expected
that a 5-HT receptor antagonist might also have peripheral effects (18). Since the zona
glomerulosa is the layer of adrenal cortex that is specifically involved in the synthesis of
mineralocorticoids such as aldosterone, it is reasonable to expect that 5-HT, receptor an-
tagonists may interfere in some way with the synthesis and/or release of this steroid
hormone. Altered synthesis and metabolism of aldosterone in the clinic is associated with
a variety of pathological symptoms, including changes in the Na* and/or K* excretion (1),
which can alter osmoregulation and produce concomitant cardiovascular abnormalities
(73). In addition, 5-HT; receptor is known to be expressed in the vascular smooth muscle
(21,34,60,75). The non-specific 5-HT, receptor antagonists are known to antagonize the
relaxing effect of 5-HT or 5-CT (20,65,67) suggesting a regulatory role in vasoconst-
riction. It has been subsequently postulated that this receptor could be an appropriate
target for the treatment of migraine (66,67,76) or heart disease (65). The localization of
this receptor in the brain as well as in the periphery suggests that a beneficial central
vasoconstrictor effect of a 5-HT; receptor antagonist could be associated with peripheral
side effects (see below).

Pain

The dorsal root ganglion is a relay for transmission of nociception (41). The 5-HT
system has been shown to be involved in the nociceptive activity of this structure and as-
cending pain pathways (11,41). Consequently, SB-258741 could also be of interest as an
analgesic due to the localization of the 5-HT; mRNA receptor in the dorsal root ganglion
in rats or humans (44,48). However, this hypothesis has, until now, never been confirmed
or contradicted in relevant animal models or clinical observations.

Epilepsy

Non-selective 5-HT, receptor antagonists were shown to protect DBA/2J mice from
intense auditory stimulation-induced seizures (13). These data suggest that antagonism of
5-HT; receptors may protect against audiogenic seizures (13), and it has been speculated
that 5-HT, receptor antagonists could be used for treatment of epilepsy (10). However,
preliminary studies performed in our laboratories with SB-258741, at doses up to 9 mg/kg
s.c., using the maximal electroshock (15) and pentetrazole (PTZ) (15,46) models in mice,
did not demonstrate any beneficial effect of this compound in these models (H. Lundbeck
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A/S; unpublished data). Consequently, on the basis of our investigations, we do not be-
lieve that SB-258741 should be expected to be of interest in treatment of epilepsy.

Cognition

Based on a study with non-specific ligands, it has been suggested that the 5-HT re-
ceptor could be involved in memory consolidation processes (43). These authors claimed
that blockade of this receptor may be beneficial “in reversing learning deficits associated
with decreased cholinergic and/or glutamatergic neurotransmission”. Thus, a 5-HT; re-
ceptor antagonist might be of interest in the treatment of cognitive dysfunction. In our
own studies, we observed that SB-258741 normalized PCP-disrupted PPI in rats (51). Al-
though the PPI model is not considered to be a classic model of cognition, there is no
doubt that SB-258741 normalized some aspects of the dysfunction induced by PCP. It can,
therefore, be hypothesized that, SB-258741 could reverse “cognitive dysfunction” asso-
ciated with glutamatergic hypofunction. To confirm this hypothesis, it would be of interest
to test SB-258741 or similar compounds, against scopolamine or a NMDA receptor anta-
gonist, in an appropriate model of cognitive function.

SAFETY PHARMACOLOGY

No toxicological studies have been published with SB-258741 or any other specific
5-HT; receptor antagonist. However, the localization of the 5-HT, receptor in the arteries
and veins (21,34,60,65,75), along with studies discussed earlier suggests that vascular side
effects may be associated with administration of the 5-HT; receptor antagonists. In ad-
dition, it has been suggested that the 5-HT, receptor may serve to modulate the direct
vasoconstrictor effects of the 5-HT,/;p and 5-HT,, receptor (75). To date, no appropriate
cardiovascular safety studies have been published with regards SB-258741 or similarly
specific ligands. Nevertheless, it has been suggested that the 5-HT, receptor could directly
or indirectly regulates cardiac rhythmicity (76).

CLINICAL POTENTIAL

The original patent (25) covering SB-258741, as well as patents covering other se-
lective 5-HT; receptor antagonists (26,35), claimed SB-258741 as a treatment of schizo-
phrenia, sleep disorders, depression, and, more generally, CNS disorders. With respect to
schizophrenia, the preclinical studies performed in our laboratories (51) suggest that
SB-258741, or compounds with a similar receptor profile, will not have antipsychotic
action in the clinic. We can not, however, exclude the possibility that SB-258741 might
enhance the antipsychotic action of compounds with a specific affinity for other 5-HT or
dopaminergic receptors. This conceivable add-on effect of SB-258741 in the treatment of
schizophrenia was not supported, however, by a preliminary study conducted in our labo-
ratory. When tested in combination with the dopamine D, receptor antagonist, remo-
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xipride, or the 5-HT,, receptor antagonist, MDL-100151, in a model predictive of
antipsychotic efficacy, SB-258741 did not enhance beneficial effects of either of these two
drugs. Consequently, the clinical antipsychotic potential of SB-258741 is not very strong.

According to the recent literature on the role of the 5-HT receptor in the regulation of
circadian rhythmicity, the indication for SB-258741 in the treatment of sleep disorders ap-
pears to be promising. Moreover, the recently discovered 5-HT, receptor antagonist,
SB-269970, has been shown to reduce the duration of paradoxical sleep (REM) in rats
(29). These authors have subsequently suggested that this ligand might be useful in the
clinical control of sleep. However, there is still a lack of clinical trials with SB-258741, or
similar compounds, in the treatment of sleep disorders.

With respect to the use of SB-258741 in the treatment of depression, there is no rel-
evant preclinical or clinical data to support this claim. The interest in a 5-HT receptor an-
tagonist in the treatment of depression is predominantly associated with the finding that
this receptor has been implicated in the regulation of circadian rhythms (38). As we have
discussed above, disturbance of circadian rhythms and sleep patterns are commonly ob-
served in depressed patients as well as in patients suffering from anxiety (31,61,77). It is
entirely feasible that SB-258741 or similar compounds might prove beneficial in amelio-
ration of the symptoms of depression as a consequence of improving sleep, and not by di-
rectly addressing the major underlying etiologies of the depressive disorder itself. This
could, nevertheless, be claimed as an important treatment paradigm in depression, espe-
cially when considering the evidence that various treatments known to selectively and
specifically affect sleep pattern (such as sleep deprivation) are at least acutely antide-
pressant (17,40). It can be concluded, therefore, that clinical studies with SB-258741
and/or other 5-HT, antagonists in the treatment of depression are warranted.

Acknowledgement. The author would like to thank Dr R. E. Blackburn-Munro and Dr J. Arnt for
their invaluable comments and assistance in preparation of this publication. The author would also
like to thank Dr R. Dancer for his assistance in the preparation of this manuscript and for synthesis of
SB-258741.

REFERENCES

1. Anderson WP, Evans RG, Malpas SC. Pressure natriuresis and long-term blood pressure control. J Cardio-
vasc Pharmacol 1995;26(Suppl 2):S17-S23.

2. Arnt J. Pharmacological specificity of conditioned avoidance response inhibition in rats: inhibition by
neuroleptics and correlation to dopamine receptor blockade. Acta pharmacologica et toxicologica 1982;51:
321-329.

3. Arnt J. Differential effects of classical and newer antipsychotics on the hypermotility induced by two dose
levels of D-amphetamine. Eur J Pharmacol 1995;283:55-62.

4. Arnt J. Screening models for antipsychotic drugs. In: Ellenbroek BA, Cools AR, eds. Atypical anti-
psychotics. Basel: Bikhéuser; 2000:99-119.

5. Arnt J, Skarsfeldt T. Do novel antipsychotics have similar pharmacological characteristics? A review of the
evidence. Neuropsychopharmacology 1998;18:63—101.

6. Atkinson PJ, Price GW, Hagan JI, et al. [°’H]-SB-269970 radiolabels 5-HT, receptors in human brain
menbrane homogenates. [Abstract] Br J Pharmacol 2000;131(Suppl):40P.

7. Bakshi VP, Geyer MA. Antagonism of phencyclidine-induced deficits in prepulse inhibition by the putative
atypical antipsychotic olanzapine. Psychopharmacology 1995;122:198-201.

8. Bakshi VP, Swerdlow NR, Geyer MA. Clozapine antagonizes phencyclidine-induced deficits in sensori-
motor gating of the startle response. J Pharmacol Exp Ther 1994;271:787-794.

CNS Drug Reviews, Vol. 8, No. 1, 2002



98

20.

21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.

35.

B. POUZET

. Barden N, Reul JM, Holsboer F. Do antidepressants stabilize mood through actions on the hypothalamic—pi-

tuitary—adrenocortical system. Trends Neurosci 1995;18:6-11.

. Barnes NM, Sharp T. A review of central 5-HT receptors and their function. Neuropharmacology 1999;38:

1083-1152.

. Blackburn-Munro G, Blackburn-Munro RE. Chronic pain, chronic stress and depression: coincidence or

consequence. J Neuroendocrinology 2001;13:1009-1023.

. Bogerts B. Basal ganglia and limbic system pathology in schizophrenia. Arch Gen Psychiatry 1985;42:

784-791.

. Bourson A, Kapps V, Zwingelstein C, Boess FG, Sleight AJ. Correlation between 5-HT, receptor affinity

and protection against sound-induced seizures in DBA/2J mice. Naunyn Schmiedeberg’s Arch Pharmacol
1997;356:820-826.

. Branchek TA, Gustafson EL, Durkin MM, Bard JA, Weinshank RL. Autoradiographic localization of 5-HT,

and its mRNA in rats CNS by radioligand binding and in sifu hybridization histochemistry. Br J Pharmacol
1994;112(Suppl):100P.

. Christensen AV, Larsen JJ. Antinociceptive and anticonvulsive effect of THIP, a pure GABA agonist. Pol J

Pharmacol Pharm 1982;34:127-134.

. Clemett DA, Cockett MI, Marsden CA, Fone KC. Antisense oligonucleotide-induced reduction in

5-hydroxytryptamine-7 receptors in the rat hypothalamus without alteration in exploratory behaviour or
neuroendocrine function. J Neurochem 1998;71:1271-1279.

. Compton MT, Nemeroff CB. The treatment of bipolar depression. J Clin Psychiatry 2000;61(Suppl):

957-967.

. Contesse V, Lenglet S, Grumolato L, et al. Pharmacological and molecular characterization of 5-Hydro-

xytryptamine-7 receptors in the rat adrenal gland. Mol Pharmacol 1999;56:552-561.

. Corbett R, Camacho F, Woods AT, et al. Antipsychotic agents antagonize non-competitive N-methyl-D-

aspartate antagonist-induced behaviors. Psychopharmacology 1995;120:67-74.

De Vries P, De Visser PA, Heiligers JPC, Villalon CM, Saxena PR. Changes in systemic and regional haemo-
dynamics during 5-HT, receptor-mediated depressor responses in rats. Naunyn Schmiedeberg’s Arch
Pharmacol 1999;359:331-338.

Eglen RM, Jasper JR, Chang DJ, Martin GR. The 5-HT, receptor: orphan found. Trends Pharmacol Sci
1997;18:104-107.

Ehlen JC, Grossman GH, Glass JD. In Vivo resetting of the hamster circadian clock by 5-HT, receptor in the
suprachiasmatic nucleus. J Neurosci 2001;21:5351-5357.

Feifel D, Reza T. Oxytocin modulates psychomimetic-induced deficits in sensorimotor gating. Psychophar-
macology 1999;141:93-98.

Forbes IT, Dabbs S, Duckworth DM, et al. (R)-3,N-Dimethyl-N-[1-methyl-3-(4-methyl-piperidin-1-yl)-
propyl]benzenesulfonamide: The first selective 5-HT, receptor antagonist. J Med Chem 1998;41:655-657.
Forbes IT, King FD, Rahman SK, inventors. Sulphonamide derivatives and their use in the treatment of CNS
disorders. GB. WO 97/48681.1997.

Forbes IT, King FD, Rahman SK, inventors. Heterocyclic sulfonamide derivates and their use in the
treatment of CNS disorders. WO 97/48681.1998.

Gleason SD, Shannon HE. Blockade of phencyclidine-induced hyperlocomotion by olanzapine, clozapine,
and serotonin receptor subtype selective antagonists in mice. Psychopharmacology 1997;129:79-84.
Gustafson EL, Durkin MA, Bard JA, Zgombick J, Branchek TA. A receptor autoradiographic and in situ hy-
bridization analysis of the distribution of the 5-HT} receptor in rat brain. Br J Pharmacol 1996;117:657-666.
Hagan JJ, Price GW, Jeffrey P, et al. Characterization of SB-269970-A, a selective 5-HT, receptor anta-
gonist. Br J Pharmacol 2000;130:539-548.

Kleinman JE, Nawroz S. Schizophrenia: postmortem studies. In: Watson SJ, ed. Biology of schizophrenia
and affective disease. Washington, DC: American Psychiatric Press, Inc ed., 1996;9:223-38.

Kupfer DJ. Sleep research in depressive illness: Clinical implications. Biol Psychiatry 1995;38:391-403.
Le Corre S, Sharp T, Young AH, Harrison PJ. Increase of 5-HT, (serotonin-7) and 5-HT,, (serotonin-1A)
receptor mRNA expression in rat hippocampus after adrenalectomy. Psychopharmacology 1997;130:
368-374.

Lena Mullins U, Gianutsos G, Eison AS. Effects of antidepressants on 5-HT, receptor regulation in the rat
hypothalamus. Neuropsychopharmacology 1999;21:352-367.

Leung E, Walsh LKM, Pulido-Rios MT, Eglen RM. Characterization of putative 5-HT, receptors mediating
direct relaxation in Cynomolgus monkey isolated jugular vein. Br J Pharmacol 1996;117:926-930.

Lovell PJ, inventor. Preparation of N-[2-piperazino (or piperidino) ethyl]benzenesulfonamides and thio-
phenesulfonamides as 5-HT, receptor antagonists. WO 2000056712.2000.

CNS Drug Reviews, Vol. 8, No. 1, 2002



36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

SB-258741 99

Lovell PJ, Bromidge SM, Dabbs S, et al. A novel, potent, and selective 5-HT, antagonist: (R)-3-(2-(2-
(4-Methylpiperidin-1-yl)-ethyl)pyrrolidine- 1-sulfonyl)phenol (SB-269970). J Med Chem 2000;43:342-345.
Lovell PJ, Dabbs S, Duckworth DM, et al. SB-258741: a novel, potent and selective 5-HT, receptor antag-
onist. [Abstract] 15" International Symposium on Medicinal Chemistry 1998:339.

Lovenberg TW, Baron BM, De Lecea L, et al. A novel adenylyl cyclase-activating serotonin receptor
(5-HT,) implicated in the regulation of mammalian circadian rhythms. Neuron 1993;11:449-458.
Mansbach RS, Geyer MA. Effects of phencyclidine and phencyclidine biologs on sensorimotor gating in the
rat. Neuropsychopharmacology 1989;2:299-308.

Manthey I, Richter G, Richter J, Dreves B, Haiduk A. Study approach and initial results of the effect of sleep
deprivation on the depressive syndrome. Psychiatr Neurol Med Psychol (Leipz) 1983;35:398-404.

Mason P. Central mechanisms of pain modulation. Curr Opin Neurobiol 1999;9:436—441.

McMillen BA, Chamberlain JK, DaVanzo JP. Effects of housing and muricidal behavior on serotonergic re-
ceptors and interactions with novel anxiolytic drugs. J Neural Transmission 1988;71:123—132.

Meneses A, Terron JA. Role of 5-HT,, and 5-HT, receptors in the facilitatory response induced by
8-OH-DPAT on learning consolidation. Behav Brain Res 2001;21:21-28.

Meuser T, Pierce PA. 5-Hydroxytryptamine, (5-HT,) receptor distribution in dorsal root ganglion. [Abstract]
Anaesthesiology 1997;87:A816

Monsma FJ, Shen Y, Ward RP, Hamblin MW, Sibley DR. Cloning and expression of a novel serotonin re-
ceptor with high affinity for tricyclic psychotropic drugs. Mol Pharmacol 1993;43:320-327.

Nutt DJ, Taylor SC, Little HJ. Optimizing the pentetrazol infusion test for seizure threshold measurement.
J Pharm Pharmacol 1986;38:697-698.

Paabel Andersen M, Pouzet B. Effects of acute versus chronic treatment with typical or atypical
antipsychotics on d-Amphetamine-induced sensorimotor gating deficits in rats. Psychopharmacology
2001;156:291-304.

Pierce PA, Xie GX, Meuser T, Peroutka SJ. 5-Hydroxytryptamine receptor subtype messenger RNAs in
human dorsal root ganglia: a polymerase chain reaction study. Neuroscience 1997;81(3):813—-819.

Porsolt RD, Bertin A, Jalfre M. Behavioral despair in mice: a primary screening test for antidepressants.
Arch Int Pharcodyn Ther 1977;229(2):327-336.

Porsolt RD, Jalfre M. Depression: a new animal model sensitive to antidepressant treatments. Nature
1977;266(5604):730-732.

Pouzet B, Didriksen M, Arnt J. Effects of the 5-HT, receptor antagonist SB-258741 in animal models of
schizophrenia. Pharmacol Biochem Behav 2001 (in press).

Prosser RA, Dean RR, Edgar DM, Heller HC, Miller JD. Serotonin and the mammalian circadian system.
1. In vitro phase shifts by serotonergic agonists and antagonists. J Bio/ Rhythms 1993;8:1-16.

Roberts C, Allen L, Langmead CJ, Hagan JJ, Middlemiss DN, Price GW. The effects of SB-269970, a 5-HT,
receptor antagonist, on 5-HT release from serotonergic terminals and cell bodies. Br J Pharmacol 2001;132:
1574-1580.

Roth BL, Craigo SC, Salman Choudhary M, et al. Binding of typical and atypical antipsychotic agents to
5-hydroxytryptamine-6 and 5-hydroxytriptamine-7 receptors. J Pharmacol Exp Ther 1994;268:1403-1410.
Ruat M, Traiffort E, Leurs R, et al. Molecular cloning, characterisation and localisation of a high affinity se-
rotonin receptor (5-HT,) activating cAMP formation. Proc Natl Acad Sci 1993;90:8547-8551.

Sams-Dodd F. Phencyclidine-induced stereotyped behaviour and social isolation in rats: a possible animal
model of schizophrenia. Behav Pharmacol 1996;7:3-23.

Sams-Dodd F. Effect of novel antipsychotic drugs on phencyclidine-induced strereotyped behaviour and
social isolation in the rat social interaction test. Behav Pharmacol 1997;8:196-215.

Sams-Dodd F. A test of the predictive validity of animal models of schizophrenia based on phencyclidine
and d-apomorphine. Neurophsychopharmacology 1998;18:293-304.

Sanchez C. Effect of serotonergic drugs on footshock-induced ultrasonic vocalization in adult male rats.
Behav Pharmacol 1993;4:269-277.

Schoeffter P, Ullmer C, Bobirnac I, Gabbiani G, Liibbert H. Functional, endogenously expressed 5-ht, re-
ceptor in human vascular smooth muscle cells. Br J Pharmacol 1996;117:993-994.

Schwartz WJ. A clinician’s primer on the circadian clock: Its localization, function and resetting. Adv Int
Med 1993;38:81-106.

Shen Y, Monsma FJ, Metcalf MA, Jose PA, Hamblin MW, Sibley DR. Molecular cloning and expression of
a 5-hydroxytryptamine , serotonin receptor subtype. J Biol Chem 1993;268:18200-18204.

Sleight AJ, Carolo C, Petit N, Zwingelstein C, Bourson A. Identification of 5-HT, receptor binding sites in
rat hypothalamus: Sensitivity to chronic antidepressant treatment. Mol Pharmacol 1995;47:99-103.
Swerdlow NR, Braff DL, Geyer MA. Animal models of deficient sensorimotor gating: what we know, what
we think we know, and what we hope to know soon. Behav Pharmacol 2000;11:185-204.

CNS Drug Reviews, Vol. 8, No. 1, 2002



100 B. POUZET

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

Terron JA. The relaxant 5-HT receptor in the dog coronary artery smooth muscle: pharmacological resem-
blance to the cloned 5-HT, receptor subtype. BrJ Pharmacol 1996;118:1421-1428.

Terrén JA. Involvement of the 5-HT, receptor in craniovascular vasodilatation: Potential in migraine. Proc
West Pharmacol Soc 1998;41:247-251.

Terrén JA, Falcon-Neri A. Pharmacological evidence for the 5-HT; receptor mediating smooth muscle re-
laxation in canine cerebral arteries. Br J Pharmacol 1999;127:609-616.

Thomas DR, Atkinson PJ, Ho M et al. [*H]-SB-269970 — A selective antagonist radioligand for 5-HT, re-
ceptors. Br J Pharmacol 2000;130:409—417.

Thomas DR, Gittins SA, Collin LL, et al. Functional characterisation of the human cloned 5-HT, receptor
(long form); antagonist profile of SB-258719. Br J Pharmacol 1999;128:258-164.

Thomas DR, Middlemiss DN, Taylor SG, Nelson P, Brown AM. 5-CT stimulation of adenyl cyclase activity
in guinea-pig hippocampus: evidence for involvement of 5-HT, and 5-HT,, receptors. Br J Pharmacol
1999;128:158-64.

To ZP, Bonhaus DW, Eglen RM, Jakeman LB. Characterisation and distribution of putative 5-HT, receptors
in the guinea-pig brain. Br J Pharmacol 1995;115:107-116.

Tonoue T, Ashida Y, Makino H, Hata H. Inhibition of shock-elicited ultrasonic vocalization by opioid pep-
tides in the rat: a psychotropic effect. Psychoneuroendocrinol 1986;11:177-184.

Torpy DJ, Stratakis CA, Chrousos GP. Hyper- and hypoaldosteronism. Vitam Horm 1999;57:177-216.

Tsou A, Kosaka A, Bach C, et al. Cloning and expression of a 5-HT, receptor positively coupled to adenylyl
cyclase. J Neurochem 1994;63:456—464.

Ullmer C, Schmuck K, Kalkman HO, Lubbert H. Expression of serotonin mRNAs in blood vessels. FEBS
Letts 1995;370:215-221.

Villaléon CM, Centurion D, Lujan-Estrada M, Terron JA, Sanchez-Lopez A. Mediation of the 5-HT-induced
external carotid vasodilatation in GR 127935-pretreated vagosympathectomized dogs by the putative 5-HT,
receptor. Br J Pharmacol 1997;120:1319-1327.

Wehr T, Wirz-Justice A, Goodwin F, Duncan W, Gillin J. Phase advance of the circadian sleep-wake cycle as
an antidepressant. Science 1979;206:710-713.

Yamada S, Harano M, Annoh N, Nakamura K, Tanaka M. Involvement of serotonin 2A receptors in
phencyclidine-induced disruption of prepulse inhibition of the acoustic startle in rats. Biol Psychiatry
1999;46:832-838.

Yau JLW, Noble J, Widdowson J, Seckl JR. Impact of adrenalectomy on the 5-HT, and 5-HT, receptor gene
expression in the rat hippocampus. Mol Brain Res 1997;45:182-186.

Ying SW, Rusak B. 5-HT, receptors mediate serotonergic effects on light-sensitive suprachiasmatic nucleus
neurons. Brain Res 1997;755:246-254.

CNS Drug Reviews, Vol. 8, No. 1, 2002



