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Abstract Although the past few years have seen an exponential growth of compounds
of potential interest for the treatment of functional gastrointestinal (Gl) tract
disorders, the gap that still exists between basic and clinical research is easily
noticed if one considerstherel ative paucity of drugsthat havereceived marketing
authorisation for the treatment of irritable bowel syndrome (IBS). Traditional
efficacy outcomes in drug development for IBS include the ability of the compound
to affect Gl tract motility (i.e. to exert a prokinetic or an antispasmodic effect),
which isthought to be of importance if amotor disorder is the underlying patho-
physiological mechanism. Morerecently, altered visceral sensitivity to adistend-
ing stimulus has been suggested to be akey pathophysiological feature, at |east
in some patients, and has become atarget for therapeutic interventions. However,
there is now growing consensus that the primary outcome measure in the treat-
ment of functional disorders are those that reflect overall control of the patient’s
symptoms (pain, diarrhoea, constipation) in everyday situations such asthe clin-
ical global improvement scales. Although, in general, guidelines on the design of
treatment trials for functional Gl tract disorders advise against subcategorisation
of patients according to the main symptom (because of symptom instability), sub-
categorisation indeed makes sense especially in IBS (constipation- or diarrhoea-
predominant). Compounds with a specific indication for each subpopulation of
patients are now emerging.

The rationale for investigations on serotonin (5-hydroxytryptamine; 5-HT)
receptor ligands in IBS rests mainly on the fact that serotonin, which may be
released by enterochromaffin-like cells in the Gl tract as well as from other
sources, has a number of well documented motor effects on the Gl tract and can
produce hyperalgesia in several experimental models. Serotonin receptors be-
longing to the 5-HT3 and 5-HT4 subtype are the most extensively studied in
gastroenterology, although hitherto * orphan’ receptor subtypes, such asthe 5-HT7
and the 5-HT 1g/p receptors, are now emerging.

Among 5-HT3 receptor antagonists, alosetron was recently approved for the
treatment of diarrhoea-predominant IBS and is an example of a compound that,
at |east theoretically, may act at multiplelevels: by inhibiting visceral sensitivity,
by increasing compliance, and by inhibiting excitatory 5-HT3 receptors located
on both ascending and descending neuronal pathwaysinvolved in peristalsis. For
thisreason, 5-HT3 receptor antagonists may slow transit, hence the specificindi-
cation of alosetron in diarrhoea-predominant IBS. However, alosetron has been
recently withdrawn by the manufacturer because of safety concerns.

Hypomotility remains an attractive therapeutic target in IBS and the new gen-
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eration of prokineticsincludes several partial agonistsat the 5-HT 4 receptor, such
as tegaserod (HTF-919) and prucalopride (R0-93877). In addition, preliminary
evidence suggests that 5-HT4 receptors may aso be involved in the modul ation
of visceral sensitivity. Second-generation 5-HT4 receptor agonists seem to be
devoid of the QT-prolonging effects observed in someclinical circumstanceswith
cisapride and may be more active at the colonic level. Piboserod (SB-207266A)
isa5-HT4 receptor antagonist under development for the treatment of diarrhoea-
predominant IBS.

Finally, interest in 5-HT7 and 5-HT1g/p receptor subtypes stems from the
observation that the former receptors mediate smooth muscle relaxation (at least
inthe human colon), whereas sumatri ptan (a5-HT1g/preceptor agonist) can affect

Gl tract motility and viscera sensitivity.

1. Irritable Bowel Syndrome (IBS): A
Functional Disorder

The irritable bowel syndrome (IBS) constitutes a
major health problem with gastrointestinal (GI) symp-
tomsthat affect a substantial proportion (10 to 20%)
of the general populationin severa partsof theworld
(North America, Europe, Japan and China).[%2 The
femal e preponderance among those who seek med-
ical attention is approximately 2 : 1.

The pathophysiology of IBS is multifactorial
and only partially understood. Diagnosis is made
after exclusion of organic disease, on the basis of
symptom clustering with criteriadevel oped viaex-
pert consensus conferences (seethe recent Romel |
criterial®). The extent of diagnostic evaluation to
rule out organic disease will depend on the charac-
teristics of the patient.[! Thus, IBSis afunctional
bowel disorder in which abdominal discomfort or
pain (the key symptom that must be present to make
thediagnosis) isassociated with altered bowel hab-
its (diarrhoea, constipation or alternating diarrhoea
and constipation), and with features of disordered
defecation.! It hasachronic relapsing course and,
accordingtotheRomell criteria, diagnosisismade
when the patient’s complaints are at least 12 weeks
(which need not be consecutive) in the preceding
12 months of abdominal discomfort or painthat has
2 of 3features: (i) relieved with defecation; and/or
(i) onset associated with a change in frequency of
stool; and/or (iii) onset associated with achangein
form (appearance) of stool .l For entry into clinical
trials, patients may be subclassified as having diar-
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rhoea-predominant or constipation-predominant
IBS. Symptoms that cumulatively support the di-
agnosis of IBS are summarised in table |14

1.1. Pathophysiology of IBS

The pathophysiological hypotheses proposed to
explain functional Gl tract disorders include the
following.

» Gl tract dysmotility (hypomotility or hypermo-
tility), which may lead to abnormal handling of
intraluminal contents and generate symptoms;
abnormal gas handling rather than presence of
excessive gas may also represent a problem in
some patients.[®! The hypothesis that a primary
motor disorder underlies most functional Gl

Table I. Symptoms supportive of irritable bowel syndrome (IBS):
subclassification of patients with predominant diarrhoea or consti-
pation for entry into clinical trials (adapted from Thompson et al.*l)

Supportive symptom of IBS

1. Fewer than 3 bowel movements a week

2. More than 3 bowel movements a day

3. Hard or lumpy stools

4. Loose (mushy) or watery stools

5. Straining during a bowel movement

6. Urgency (having to rush to have a bowel movement)

7. Feeling of incomplete bowel movement

8. Passing mucus (white material) during a bowel movement
9. Abdominal fullness, bloating or swelling

Diarrhoea-predominant IBS
One or more of 2, 4 or 6 and none of 1, 3 or 5

Constipation-predominant IBS
One or more of 1, 3 or 5 and none of 2, 4 or 6
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Table Il. Current and investigational therapeutic options in symptomatic patients with irritable bowel syndrome (IBS)

Therapeutic approach Main symptom

Constipation

Diarrhoea

Pain/gas/bloating

Traditional approach

Key therapeutic target

Review diet history
Increase roughage (may be

Review diet history
Antidiarrhoeal agent (e.g.

Review diet history
Antispasmodics/smooth muscle

poorly tolerated by some patients) loperamide) relaxants

Mild osmotic laxative
Hypomotility

Investigational 5-HT4 receptor agonists
pharmacological Neurotrophic factors (BDNF,
approaches NT-3)3l

Motility/secretion

5-HT3 receptor antagonists
5-HT4 receptor antagonists

Low-dose tricyclic antidepressants

Visceral sensitivity, visceral tone and
compliance

5-HT3 receptor antagonists
5-HT3/5-HT4 receptor dual antagonists
k-Opioid receptor agonists
Tachykinin receptor antagonists (NKz,
NK2 and NK3)

Ms-Muscarinic receptor antagonists
Bs-Adrenoceptor agonists (?)
Somatostatin analogues
az-Adrenoceptor agonists

5-HT1 receptor agonists (?)

5-HT7 receptor agonists (?)

NMDA receptor antagonists (?)

BDNF =brain-derived neurotrophic factor; NMDA = N-methyl-D-aspartate; NT-3 = neurotrophin-3; (?) indicates debate about clinical potential.

tract syndromes directed therapeutic efforts to-
wards investigation of prokineticl® and anti-
spasmodic agents.[”]

Altered visceral sensitivity: in some patients,
symptoms (pain, bloating) may originate from
altered perception of normal motor events rather
than from a primary motor disorder. Variations
in sensory afferent activity could explain the
occurrence of Gl tract symptomsin the absence
of other pathophysiological abnormalities, orin
combination with other mechanisms in func-
tional bowel disorders.® This hypothesis, which
is supported by physiological and experimental
data, has stimulated the development of novel
pharmacol ogical agentstargeting visceral noci-
ception.[912 This is the area that has received
most attention recently, as can be noticed by
considering the number of investigational
agentslisted in table 1.

Altered compliance (capacity of ahollow viscus
to adapt its volume to imposed luminal pres-
sures): thisisan areaof intensive research, now
possible by resorting to Gl tract distension stud-

visceral perception may depend at least in part
on its ability to increase compliance.[1!
Minimal inflammation: a limited Gl tract in-
flammatory process, leading to minimal changes
at biopsy, may be the primary cause of disease
and trigger symptoms. This hypothesisreceives
some substantiation from the clinical observation
that a significant fraction of patients with IBS
experienced episodes of infectious enteritis,[16.17]
as well as from experimental evidence of in-
creased susceptibility to irritant-induced rein-
flammation. Mast cell activity and neural
modulation of GI tract immune system appear
to be involved.[18.19]

Psychological disturbances: this hypothesis
prompted the use of anxiolytics and antidepres-
sants for some functional disorders. Circum-
stantial evidence suggests that the latter agents
act independently of their antidepressant ac-
tion,[11.20 although controversy still exists on
putative anal gesic actions of antidepressantsfor
visceral vs somatic pain.[21-23]

Since the various mechanisms postul ated above

ies with the barostat technique.[! In some in-
stances, the ability of a compound to decrease

are not necessarily mutually exclusive and we do
not know their relation to the occurrence of symp-
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toms, drug evaluation in patients with functional
Gl tract disorders may sometimes dismiss poten-
tially useful agents as ineffective because of inap-
propriate selection among patients with the same
complaint, but with a different pathophysiological
base for symptom occurrence. In other words, the
lack of efficacy of a new drug should not be con-
fused with the inability of atrial to show its effi-
cacy.

1.2 Treatment of IBS

Treatment of IBS should be based on the nature
and severity of the symptoms (diarrhoea, constipa-
tion or pain), the degree of physiological disturbance
and functional impairment.[] Presently available
and investigational therapeutic optionsin IBS are
outlined in table 11.

2. Designing Clinical Trials for IBS

Although the past few years have seen an expo-
nential growth of the number of compounds of po-
tential interest for the treatment of functional Gl
tract disorders,!¥ the gap still existing between
basic and clinical research is easily noticed if one
considers the relative paucity of drugs that have
received marketing authorisation for the treatment
of IBS. Designing clinical trials of new therapeutic
agents for IBS indeed presents a considerable
challenge.[24.25]

First, since diagnosis is made on the basis of
symptom clustering, agreat effort was madein the
past decade to reach expert consensus on diagnos-
tic criteria (now, the Rome | criterial®). Standard-
isation of inclusion criteriainto clinicd trias allows
meaningful comparisons among multinational,
cross-cultural studies. Still, the variable perception
among practitioners of what constitutes a func-
tional disorder creates adichotomy between results
obtained in clinical trials and in practice manage-
ment. Moreover, the lack of a single coherent hy-
pothesis to explain all symptoms has lead investi-
gatorsin thefield to subcategorise patients, although,
in general, current guidelines?®! on the design of
treatment trialsfor functional Gl tract disordersad-
vise against doing so because of symptom instabil-
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ity. Subcategorisation makes sense especially in
IBS (constipation- or diarrhoea-predominant), al-
thoughit obviously createsaproblem with general -
isability of results of atrial (the same patient may
experience periodsof aternating bowel habitswith
diarrhoea and constipation).

Secondly, in spite of many promising pharma-
cological and non-pharmacological treatments, no
gold standard exists for comparison of efficacy/
effectiveness. Thus, the placebo control group (or
adequate control group) is an essential require-
ment, but the high placebo response (up to 70%) in
several functional disorders makes it difficult to
show superiority of a new treatment over placebo.

Finally, an aspect that needs careful consider-
ation is definition of the desired outcome.[2”] The
primary end-point when testing new drugs should
be symptom improvement rather than correction of
a given functional parameter (for instance, a fa-
vourable motility change), unless this parameter
clearly correlates with symptoms. Thus, the most
important outcomes in the treatment of functional
disorders are those that reflect the patient’s symp-
toms. Since they vary among patients and over
time, a measure of overall change in symptoms
(such astheclinical global improvement scales271)
should be a primary outcome criterion. Global as-
sessment of multiple symptomsis now feasible by
resorting to specifically designed scoring systems.[27]
A recent trial in IBS developed an electronic data
capture system using ‘adequate relief’ of IBS pain
and discomfort as end-points. Responders for ade-
quate relief were those patients who completed a
12-week study and responded that they had ade-
quate relief for at least 6 of the weeks.[28] This ap-
proach best reflects the current shift from physician-
oriented to patient-oriented scoring systemsallowing
global assessment of symptom severity or symptom
change by the patient. IBS-specific quality of life
questionnaires have also been applied,[2”] although
these remain secondary end-points, sincethey have
not been sufficiently validated as an outcome mea-
sure.

Ideally, a primary clinical end-point in clinical
trials of IBS should reflect a global improvement
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of al the IBS clinical symptomatology used for
inclusion criteria. Relief of constipation or diar-
rhoea without improvement of abdominal pain is
not appropriate. Physiological measurements (e.g.
motility studies) are important because they ad-
vance our understanding of the disorder and mech-
anism of drug action, but they should not be used
as primary outcome measures.

3. Modulation of Intestinal Functions
by Serotonergic Receptors

Therationa efor investigations on serotonin (5-
hydroxytryptamine; 5-HT) receptor ligandsin IBS
rests mainly on the fact that serotonin, which may
be released by enterochromaffin-like cells in the
Gl tract aswell asfrom other non-neuronal or neu-
ronal sources, has a number of well documented
motor effects on the Gl tract and can produce
hyperalgesiain several experimental models.[29 In
mammalian species, the Gl tract isindeed the larg-
est source of serotonin. Serotonin may enhance the
sensitivity of visceral neurones projecting between
the Gl tract and the central nervous system.

Serotonin receptors that are known to affect Gl
tract motor function are those belonging to the 5-
HT1, 5HT,, 5-HT3, 5-HT4[30] andi345-HT,[32]
subtype (for reviews, see ref.[3334), Among all se-
rotonin receptors, those belonging to the 5-HT3
and 5-HT, subtype are the most extensively stud-
ied in gastroenterol ogy.

The involvement of different serotonin recep-
tors in the regulation of GI tract motility isillus-
trated in figure 1. Neuronal serotonin receptors may
enhance or inhibit transmitter release and include
the 5-HT 1, (inhibitory!353¢l), and the 5-HT3 and
5-HT, subtypes (both excitatory). Smooth muscle
serotonin receptors may contract or relax the effec-
tor cellsand belong to the 5-HT 2 (mediating con-
traction), the 5-HT, and the 5-HT7 subtypes (both
mediating relaxation). In the human small bowel,
5-HT,a receptors mediating contraction and 5-
HT4-receptors mediating relaxation coexist on
smooth muscle cells.[37]

5-HT1g/p receptors are now emerging as possi-
ble targets of drug action in the treatment of func-
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tional Gl tract disorders.[38-42 A study carried out
in the human ileum suggested that, in the circular
muscle, 5-HT-induced contraction is mediated via
areceptor of the 5-HT;p subtype, whereas areceptor
of the 5-HT g subtype mediatesthe contractilere-
sponse to serotonin of longitudinal muscle layer.[40]
However, selective 5-HTp receptor antagonists
were not available at the time of this study to con-
firm the hypothesis.

Finally, besides these actions on Gl tract motil-
ity, serotonin receptors (mainly the 5-HT3 and 5-
HT 4 subtypes) al so affect secretory processesat the
mucosal level .[42-44]

3.1 5-HT3 Receptors

Both neurogenic contraction and relaxation can
beinduced in vitro by 5-HT3 receptor activation in
experimental animalg4>46l(fig. 1). In rodents, the
observation that serotonin- and restraint stress-
induced increasein faecal pellet output were antag-
onised by the 5-HT 3 receptor antagoni sts ondanset-
ron, granisetron, or YM-114 and by fabesetron
(FK-1052; amixed 5-HT3/5-HT,4 receptor antago-
nist) was suggestive for arole for 5-HT3 receptors
in modulating colonic transit.[4748] Autoradio-
graphic studies indeed detected high densities of
[1251](S)-iodozacopride (a5-HT 3 receptor ligand) in
the myenteric plexus of the human colon.[49:50]

From afunctional standpoint, in vitro studiesin
the isolated ileum have repeatedly shown that 5-
HT3 receptor antagonists do not affect peristalsis
when applied to the serosal side.!3¥ Conversely,
they exert an inhibitory effect when applied in-
traluminally, suggesting blockade of 5-HT3 recep-
tors on intrinsic sensory neurones (fig. 1).[5152 |n
vivo, more complex interactions seem to occur be-
cause of the multiple peripheral and central sites of
action (table I11).[9:34

In humans, ondansetron has no effect on small
bowel transit in healthy volunteers,5® or in pa-
tients with diarrhoea-predominant 1BS.[54 How-
ever, ondansetron slows colonic transit!>>56! and
inhibits the colonic motor response to ameal 57 in
healthy individuals. In a double-blind, placebo-
controlled study on 50 patientswith IBS, ondanset-
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Fig. 1. Modulation of intestinal motility by serotonergic receptors. Distension by intraluminal contents stimulates sensory neurones
(intrinsic primary afferent neurones), which trigger an ascending excitatory reflex (leading to contraction) and a descending inhibitory
reflex (leading to relaxation). Transmitters released by interneurones in the ascending reflex include acetylcholine (ACh) and sub-
stance P, whereas descending interneurones belonging to different subpopulations may use serotonin (5-hydroxytryptamine; 5-HT),
somatostatin (SOM), vasoactive intestinal polypeptide (VIP), nitric oxide (NO), ACh and other mediators as transmitters. Excitatory
motor neurones release ACh and tachykinins (TK) at the neuromuscular junction, whereas inhibitory motor neurones may release
NO, VIP or adenosine triphosphate (ATP) depending on the gastrointestinal tract level and on the animal species. 5-HT3 and 5-HT,4
receptors have an excitatory effect on enteric neurones, whereas 5-HT14 receptors inhibit transmitter release. Serotonergic receptors
may also directly contract or relax smooth muscle cells via 5-HT,a, 5-HT4 and 5-HT; receptors. + indicates stimulation; — indicates

inhibition; (?) indicates limited data.

ron reduced bowel frequency and improved stool
consistency in the diarrhoea-predominant sub-
group (28 patients).[58

Further evidence in favour of arole for 5-HT3
receptors in humans was provided by Prior and
Read, 59 who found a dose-dependent reduction of
postprandial colonic motility with granisetron, and
by von der Ohe et al.,[5% who reported a reduction
of the postprandial colonic hypertonic response in
carcinoid diarrhoea with ondansetron.

Recently, Sanger!61 reviewed the pros and cons
of selective 5-HT3 receptor antagonists for the
treatment of functional bowel disorders. Table Ill
provides a synopsis of putative actions of 5-HT3
receptor antagonistsin the Gl tract. Apart from the
well known involvement of 5-HT3 receptorsin me-
diating (centrally and peripherally) emesis of var-
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ious origin, several animal models point to their
role in modulating visceral sensitivity.[¥ Graniset-
ron and tropisetron (but not ondansetron) were
found to inhibit the fall in blood pressure and in-
tragastric pressure observed in rats after duodenal
distension.[%2 Whether the site of serotonin receptors
modulating afferent information is on peripheral
afferent nerve fibres or outside the GI tract, how-
ever, is unclear. For instance, alosetron, adminis-
tered either centrally or peripherally in dogs, seems
to modulate the visceral nociceptive effect of rectal
distension in dogs.l®®! In humans, reduced percep-
tion of colonic distension may also depend on an
increased compliance of the colon to distension.[15]

An important issue when evaluating different
studies with 5-HT3 receptor antagonists is that,
even in the same experimental model, differences
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among different compounds'®¥ are not easily ex-
plained on the basis of current pharmacological
knowledge. Granisetron wasfound to reducerectal
sensitivity in patientswith 1BS,[5° whereas ondan-
setron had no effect.l® Interestingly, however,
ondansetron reduced nausea and gastric sensitivity
todistension during intraduodenal lipid infusionin
healthy individuals.[¢!

Another important aspect is whether or not these
antagonists may affect normal bowel function. Re-
cent studies with alosetron have shown that this
compound delays colonic transit in patients with
IBS, while having no effect on orocaeca transit
time in healthy volunteers.[67-69

3.2 5-HT4 Receptors

5-HT 4 receptors mediate anumber of responses
in the GI tract (table 1V).[°] Prokinesia may result
fromincreased release of acetylcholine (and tachy-
kinins) from excitatory neurones (fig. 1) and may
operate in human small bowel and stomach,[70.71]
whereas this pathway does not seem to operate in
the human colonic circular muscle.[7273]

In addition, it should be noted that, in contrast
with what was observed in the one of the most
widely used models (the guinea-pig colon, where
neuronal 5-HT, receptors mediate contractile re-
sponses that are mainly cholinergic in naturel77),
human colonic circular muscle strips are endowed
with 5-HT, receptors located on smooth muscle
cells, where they mediate relaxation.[49.76.77] A
recent reportl’8l suggests the presence of 5-HT,
receptors on cholinergic neurons supplying the
longitudinal muscle in the human colon. All these
findings should be considered in the light of some
clinical studies reporting a colonic prokinetic ef-
fect of cisapride, whereas, in others, cisapride was
found to have no effect on stool frequency or tran-
sit time (for a review, see De Ponti and Malage-
ladal®). These conflicting results are not surpris-
ing, if one considers that the net in vivo response
to 5-HT4 receptor stimulation is the result of a
number of actionsat different levels(tablelV), that
cisaprideisamixed 5-HT,4 receptor agonist/5-HT3
receptor antagonist and, finally, that theunderlying
pathophysiology may strongly influence the clini-
cal effect. The use of selective 5-HT, receptor ago-

Table I1ll. Mechanisms by which serotonin 5-HT3 receptor antagonists may influence gastrointestinal tract function

Function/location of receptors Proposed mechanism

Expected effect

Motility
Excitatory enteric neurones

Inhibitory enteric neurones

Visceral sensitivity
Sensory neurones (intrinsic and extrinsic)

Absorption/secretion
Secretomotor neurones and
enterochromaffin cells

Emesis
Enteric and central nervous system
neurones; enterochromaffin cells

Reduced transmitter release (e.g.
acetylcholine, tachykinins)

Reduced transmitter release

Reduced transmitter release

Reduced transmitter/mediator release

Blockade of the effects of
chemotherapy-induced release of serotonin

Reduced ascending contraction (hence
inhibition of peristalsis)
Enhanced compliance?
Reduced descending relaxation (hence
inhibition of peristalsis)

Intrinsic neurones: peristalsis triggered at
higher threshold

Extrinsic neurones: reduced visceral
nociception and inhibition of reflex
behaviours (e.g. variations in blood
pressure) induced by intestinal distension

Increased absorption/reduced secretion;
inhibition of carcinoid-induced diarrhoea

Antiemetic effect

0 Adis International Limited. All rights reserved.
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Table IV. Mechanisms by which stimulation of serotonin 5-HT4-receptors may influence gastrointestinal tract function

Function/location of receptors

Proposed mechanism

Expected effect

Motility
Excitatory enteric neurones
tachykinins)

Inhibitory enteric neurones

Intrinsic primary afferent neurones

Smooth muscle cells Relaxation

Absorption/secretion
Enterocytes and secretomotor neurones

Enhanced transmitter release (e.g. acetylcholine,

Enhanced transmitter release

Enhanced transmitter release

Increased intraluminal fluid content

Facilitated contraction orad to an
intraluminal bolus (hence prokinetic
effect)

Facilitated relaxation anally to an
intraluminal bolus (hence prokinetic
effect)

Enteric reflexes triggered at lower
threshold (hence prokinetic effect)
Increased compliance; indirect
effect on visceral sensation

Loose stools; diarrhoea

nists devoid of affinity for 5-HT3 receptors will
help to clarify thisissue.

There are animal " and human(8 data suggest-
ing that serotonin released by mucosal stimulation
initiates a peristaltic reflex by activating 5-HT,4 re-
ceptors on sensory neurones containing calcitonin
gene-related peptide (CGRP). These effects are
mimicked by mucosal application of selective 5-
HT,4 receptor agonists (prucalopride and tegase-
rod).[81 However, experimental evidence for this
mechanism in humansis so far limited to the small
bowel.

4. Emerging Serotonergic Agents for IBS

New and investigational drugsfor the treatment
of IBSare outlined in table V.

4.1 5-HT3 Receptor Antagonists

Among 5-HT3 receptor antagonists, alosetron
was recently approved by the US Food and Drug
Administration (FDA) for the treatment of diar-
rhoea-predominant IBS in female patients. How-
ever, only a few months after receiving marketing
authorisation, alosetron wasvoluntarily withdrawn
by the manufacturer because of safety concerns.
Since the issue need extensive discussion, the reader
is referred to the FDA dedicated internet address:
http://www.fda.gov/cder/drug/infopage/l otonex/I
otronex.htm.

0 Adis International Limited. All rights reserved.

Alosetron is an example of a compound that, at
least theoretically, may act at multiple |evel 4482831
by modulating visceral sensitivity,[8¥ by increas-
ing compliance (i.e. increasing the ability of the
colon to adapt to distension),[*3! by blocking excit-
atory 5-HT3 receptors located on sensory, ascend-
ing and descending neuronal pathwaysinvolvedin
peristalsis (fig. 1) and by increasing jegjunal fluid
absorption.[82 For this reason, 5-HT3 receptor an-
tagonists may slow transit, hence the specific indi-
cation of alosetron in diarrhoea-predominant IBS.
Alosetron does not affect perception of gastric dis-
tension in volunteers,[8 but increases the compli-
ance of the colon to distension and thus contributes
to reduce perception of colonic distension and im-
prove IBS symptoms.[5 A recent study,88 which
failed to observe asignificant effect of alosetron on

Table V. Synopsis of new and investigational serotonergic drugs for
irritable bowel syndrome

Drug class
5-HT3 receptor antagonists

Examples

Alosetron (GR-68755), azasetron
(Y-25130), cilansetron (KC-9946),
dolasetron (MDL-73147)

Prucalopride (R0-93877),
tegaserod (HTF-919)

Piboserod (SB-207266A)

No selective compounds available
for human use

5-HT1a receptor ligands Buspirone (?)
5-HT1g/p receptor agonists ~ Sumatriptan (?)

5-HT4 receptor agonists

5-HT4 receptor antagonists
5-HT7-receptor agonists

(?) indicates debate about clinical potential.
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Table VI. Pharmacodynamic and pharmacokinetic data for some serotonergic agents

Parameter Alosetron Prucalopride Tegaserod

Pharmacodynamics 5-HT3 receptor antagonist!4487] 5-HT4 receptor partial agonist®! 5-HT, receptor partial agonist!®®!
Oral bioavailability (%) ~60/82 Not reported 11 (food reduces AUC by =50%)1%%
tmax (h) [oral] =1.5(62 2.9-3.31%1 1.2-1.81%4

tyyp (h) 1.5082 =24/°1 8-1892

Vq (L/kg) =182 Not reported 5.25[%

CL (L/h) 37182 Not reported 77193

AUC = area under the plasma concentration time curve; CL = total body clearance; ty,p = elimination half-life; tmax = time to reach maximum

plasma concentration; Vg = volume of distribution.

transit parameters, discusses important issues to
optimise experimental design of trials designed to
find mechanistic explanationsfor drug actionin IBS.
Pharmacocokinetic datafor a osetron are summar-
isedintable VI.

In adouble-blind, placebo-controlled, parallel-
group study,!? a 12-week treatment period was
carried out on atotal of 462 patientswith IBS (335
females) with twice daily doses of aosetron 0.1mg,
0.5mg and 2mg. In the total population and in the
female subpopulation (but not in the males), al-
osetron 2mg twicedaily significantly increased the
proportion of pain-free days and decreased the vi-
sual analogue scale score for diarrhoea. It also led
to asignificant hardening of stool and areduction
in stool frequency in the total population.

In another study,[%3 623 nonconstipated females
with IBS were randomised to receive alosetron
1mg twice daily or mebeverine 135mg 3 times
daily for 12 weeks. The primary efficacy end-point
was monthly respondersfor adequaterelief of IBS-
related abdominal pain and discomfort (defined as
patients reporting adequate relief on at least 2 out
of 4 weeks). There were significantly more re-
sponders in the alosetron group compared with
mebeverine at months 2 and 3 (p < 0.01).

A recently published trial (% studied 647 female
patients with IBS with diarrhoea-predominant or
alternating bowel patterns. 324 patients were as-
signed alosetron 1mg and 323 placebo orally twice
daily for 12 weeks. Once again, adequate relief of
abdominal pain and discomfort was the primary
end-point. Thedrop-out ratewas 24% in the al oset-
ron group and 16% in the placebo group: the dif-

0 Adis International Limited. All rights reserved.

ference was mainly due to a greater occurrence of
constipation in the alosetron group. Adequate re-
lief for all 3 months of treatment was reported in a
greater proportion of alosetron-treated patients
(difference 12%). Alosetron also decreased ur-
gency and stool frequency. Constipation occurred
in 30 and 3% of patients in the alosetron and pla-
cebo groups, respectively.

4.2 5-HT4 Receptor Agonists

The chemical structures of some partial 5-HT4
receptor agonists are illustrated in figure 2; avail-
able pharmacokinetic/pharmacodynamic data are
reported in table VI.

WEell known prokinetics such as cisapride are
classified among 5-HT 4 receptor agonists sincethere
isevidencethat the prokinetic effect,[31 and at | east
some of the adverse effects (e.g. urinary urgel®7.98)),
aremediated by thisreceptor subtype. Asregardsthe
cardiac adverse effects of cisapride, it iswell known
that the drug may induce ventricular arrhythmias
and prolongation of the QT interval through its
class Il antiarrhythmic properties®100 and not
through activation of 5-HT,4 receptors. These are
due to inhibition of a subset of K* channels in-
volved in cardiac repolarisation and become clini-
cally relevant especialy in patients with mutations
in the genes encoding cardiac cation channels (K*,
Nat101.102)) " or in patients receiving concomitant
medi cation with avariety of agentsinhibiting drug
metabolism (e.g. erythromycin, clarithromycin,
ketoconazole, itraconazole, etc.).[100.103.104]

Second generation 5-HT 4 receptor agonists such
astegaserod, mosapride and ML-10302 seem to be
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Fig. 2. Chemical structures of partial 5-HT, receptor agonists.
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devoid of class|I| antiarrhythmic properti eg100.105-108]
and at |east some of them (tegaserod,2%° prucalo-
pridel88.110.1111) may be more active at the colonic
level than cisapride. Interestingly, mosapride, whose
main metaboliteisa5-HT3 receptor antagonist,!112
displays little or no prokinetic activity in the co-
lon,[113] similar to what is observed with the mixed
5-HT, receptor agonist/5-HT3 receptor antagonist
cisapride (see section 3.2 above).

Among 5-HT 4 receptor agonists, tegaserod, pru-
calopride and mosapride have undergone clinical
trials.

Tegaserod hasbeen recently reviewed in Drugg®?
and is currently undergoing evaluation by regula-
tory agencies. Since publication of the above re-
view, afurther study has appeared on the effects of
tegaserod on gastric, small bowel and colonic tran-
sit in 24 patients with constipation-predominant
IBS, who were randomised to 1 week of tegaserod
(2mg twice daily) or placebo.l' Interestingly,
tegaserod accelerated orocaecal transit leaving
gastric emptying unaltered and also tended to ac-
celerate colonic transit. No serious adverse events
were reported.

Oral tegaserod 4 and 12mg daily was also eval-
uated using the Subjects Global Assessment of Re-
lief as the main efficacy variable in patients with
constipation-predominant IBS: it was found to re-
lieve key symptoms, with asustained effect over at
least 3 months.[115.116]

A recent study carried out in awake rats also
suggests an effect of tegaserod on col orectal sensi-
tivity not linked to alterations in compliance at the
doses of 0.1 and 0.3 mg/kg intraperitoneally:
tegaserod was found to increase pain threshold to
colorectal but not to gastric distension.[117]

Prucaloprideis being investigated for arange of
conditions including constipation-predominant
IBS and slow transit constipation. In a double-
blind, crossover study in 24 healthy volunteers,[118]
prucalopride 1 and 2mg for 1 week significantly
increased the number of stools and the percentage
of loose/watery stools compared with placebo.
These parameters returned to baseline within 1
week after stopping prucalopride. Prucaopride also
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significantly shortened mean colonic transit time
and total Gl tract transit time.

Administration of prucalopride 1 and 2mg for 1
week in healthy volunteers significantly increased
number of stools and the percentage of loose/wa-
tery stools.[119 Prucal opride accel erated orocaecal
and whole Gl tract transit, while having no effect
on Gl tract sensitivity to distension and electrical
stimulation.

In arandomised, double-blind study in 50 healthy
volunteers, prucalopride 0.5 to 4mg daily for 7
days significantly accelerated colonic transit at 4,
8, 24 and 48 hours and proximal colonic emptying,
while having no significant effects on gastric emp-
tying or small bowel transit.[88!

In amulticentre, randomised, double-blind study
in 251 patients with chronic constipation, prucal o-
pride 0.5 to 2mg twice daily for 12 weeks signifi-
cantly increased stool frequency and consistency
throughout the study period, with a dose-dependent
increase in the number of responding patients.[120

Diarrhoea is the most common adverse effect
reported with prucalopride in healthy volunteers
and in patients with constipation.

M osapride has been recently approved in Ja-
pan,[12 put it istargeted for the treatment of upper
Gl tract disorders, such as gastro-oesophageal re-
flux disease.[122

4.3 5-HT4 Receptor Antagonists

Because of the different locations of 5-HT 4 re-
ceptors in the Gl tract (table I11), it is difficult to
predict the net effect of a selective antagonist in
vivo. 5-HT,4 receptor antagonists do not seem to
affect normal bowel motility in animalg123 or hu-
mans,[124 although they may antagonise both the
ability of serotoninto sensitisethe peristaltic reflex
and 5-hydroxytryptophan-induced defecation/
diarrhoes, at least in animals.[61.123,125]

Clinical data on the possible role of selective
5-HT, receptor antagonists in the treatment of
functional gastrointestinal disorders are now be-
coming available. Piboserod (SB-207266A) isone
of the best characterised 5-HT,4 receptor antago-
nistsso far. It displays subnanomolar affinity (pKg
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value: 9.98) in the human intestinel’23 and, at single
oral dosesof 0.5to 5mg in healthy malevolunteers,
significantly and dose-dependently antagonised the
effects of cisapride in a pharmacodynamic model
of 5-HT,4 receptor activation (increase in plasma
aldosterone levels).[128] Dynamic modelling in this
study predicted that a dose of =1mg piboserod
would block 90% of the cisapride-induced aldoste-
rone response.

Piboserod prolongs orocaecal transit timein pa-
tients with diarrhoea-predominant IBS,[221 hence
the proposed indication in this subset of patients.
The ability of piboserod to affect visceral sensitiv-
ity is till under investigation. At variance with 5-
HT3 receptors, only limited data are available to
support a role for 5-HT4 receptors in controlling
visceral sensitivity.[19 Although oral piboserod 20mg
daily for 10 days tended to increase the distension
volumerequired to induce the sensation of discom-
fort in diarrhoea-predominant IBS patients, this
effect did not reach statistical significance.[!27]
Interestingly, in arat model of intestinal hyperal-
gesia,[128 piboserod per se had no effect, but poten-
tiated the effects of submaximal doses of graniset-
ron, suggesting that 5-HT 4 receptors may cooperate
with 5-HT 3 receptorsininhibiting intestinal hyper-
algesia. This observation poses a rationale for the
development of dual antagonists (5-HT3/5-HT 4 re-
ceptor antagonists)!8l

4.4 Other Serotonin Receptor Ligands

The observation that the antimigraine agent
sumatriptan, currently classified as a 5-HT1gp
receptor agonist, delays gastric emptyingl39129
prompted a number of studies which showed that
sumatriptan inhibits postprandial fundic tone and
antral motility (hence, the delay in gastric empty-
ing), inhibits meal-induced satiety in healthy hu-
mans, and reduces perception of gastric distension
in patients with functional dyspepsia.[41:139 |n ad-
dition, sumatriptan relaxes the descending colon
(without changing colonic compliance), thus allow-
ing larger volumes to be accommodated before
threshold for perception is reached.[*3U Interest-
ingly, buspirone (a5-HT 14 receptor agonist) isalso
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reported to decrease fundic tone, reducing percep-
tion of gastric distension in humans,[132 but it is
still premature to draw conclusions on receptors
and pathways involved in these responses. At the
present state of knowledge, involvement of 5-
HT1g/p receptors is assumed on the basis of the
action of sumatriptan, but no firm conclusions can
bedrawn until selective 5-HT,5 and 5-HT 1p recep-
tor antagonists (now available for preclinical stud-
ies) are specifically tested. In any case, gastric re-
laxation by sumatriptan is reversed in vivo by
GR-127935 (a 5-HT1g/p receptor antagonist), at
least in the dog.[133]

The same caveats hold true for the possible in-
volvement of 5-HTya receptors. Firstly, it is not
clear whether central or peripheral neuronal recep-
tors are involved.[34 In addition, after the discov-
ery of the 5-HT7 receptor (which mediates relax-
ation at least in human colonic smooth muscle),[32
some investigators suggest caution in ascribing a
responseto 5-HT 14 receptors, since 8-OH-DPAT, a
compound previously considered a selective 5-
HT1a receptor agonist, is also a partial agonist at
the 5-HT5 receptor.[13%] However, to the best of our
knowledge, no selective 5-HT- receptor ligands are
availablefor clinical use.

5. Conclusions

Inthe present review, we havefocused oninves-
tigational agents that target serotonin receptors for
the treatment of IBS. On the basis of currently
available information, 5-HT3 receptor antagonists
may indeed be a first-line approach for patients
with diarrhoea-predominant IBS, who may also
benefit from the reduction of visceral sensitivity.
Future studies will determine whether other func-
tional Gl tract disorders or symptom complexesare
responsiveto these agents. Because accel erated de-
livery of colonic contents into the rectum with re-
duced compliance is not specific for IBS (it may
occur in inflammatory conditions or radiation-in-
duced colonic damage), 5-HT3 receptor antago-
nistsmay turn out to be useful evenin someorganic
conditions with altered bowel habits and lower ab-
dominal pain.

0 Adis International Limited. All rights reserved.

Selective 5-HT, receptor agonists and antago-
nistsarelikely to become new classes of drugswith
colonic prokinetic or antiprokinetic effect. How-
ever, their role in IBS still needs to be fully char-
acterised, especially as regards the control of vis-
ceral sensitivity.

Finally, other possible candidate mediators of
motor derangement/altered visceral sensitivity are
being actively investigated (seetableIl). In partic-
ular, clinical trials are now under way with tachy-
kinin receptor antagonists (in particular, NK; re-
ceptor antagonists), which may affect concomitantly
colonic motor activity and visceral sensitivity.[136-138]
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