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Existing pharmacotherapeutic
options for the treatment of
patients with irritable bowel syn-

drome (IBS) target mechanisms consid-

ered to be linked to symptoms, including
dysmotility, visceral sensitivity, and
secretion. Different classes of agents are
used to treat IBS, including prokinetic
agents, antiperistaltic agents, visceral
analgesics, and centrally acting agents.
However, none of the available therapies
is effective in treating all of the symp-
toms associated with this disorder.

Various novel treatments are used or
being investigated for use in IBS. These
include antidepressants, such as low-
dose tricyclics and selective serotonin
reuptake inhibitors, as well as psychologi-
cal interventions. However, much investi-
gation recently has been centered on
agents that modulate the response to
release of serotonin (5-hydroxytrypta-
mine, or 5-HT). 

Serotonin-Mediated Effects
Serotonin has multiple effects in both

the central and enteric nervous systems
(ENS).1,2 In the ENS, serotonin acts as a
neurotransmitter. The 5-HT3 receptors
mediate physiological motor and secre-
tory actions in the gastrointestinal (GI)
tract.1 Thus, 5-HT3 receptor antagonists
may reduce certain symptoms of IBS
(eg, pain) by reducing the activation of
the visceral afferent neurons connecting
the gut to the brain, although this
remains to be proven in humans. The
5-HT4 receptors mediate the peristaltic
reflex and 5-HT4 agonists are therefore
prokinetic.1 The 5-HT4 antagonists may
reduce serotonin-induced nerve hyper-
sensitivity without notably affecting the
function of the normal bowel. These
agents may reduce IBS symptoms
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Presentation Summary 
Existing pharmacotherapeutic options for

the treatment of patients with irritable bowel
syndrome (IBS) are limited in treating the mul-
tiple symptoms associated with the disorder.
There is much interest in the use of serotonin
agents as new therapeutics. Acting primarily
through 5-HT3 and 5-HT4 receptors, sero-
tonin elicits changes in motor function and
possibly visceral sensation. Two serotonin
agents were developed specifically for IBS:
tegaserod, a 5-HT4 receptor partial agonist,
and alosetron, a 5-HT3 receptor antagonist
(which is no longer available).  Phase III
clinical trial data show that during a 12-week
treatment period with tegaserod, IBS patients
with abdominal pain and discomfort, bloat-
ing, and constipation experienced significant
global relief (ie, improvement in overall well-
being, abdominal pain, and bowel habit)
compared with placebo. Improvement in
bowel movement frequency and consistency
was achieved and pain was relieved by 1 week.
During 12 weeks of treatment, alosetron was
shown to elicit significant relief of abdominal
pain and discomfort compared with placebo
or mebeverine in female IBS patients with
diarrhea. Alosetron slowed colonic transit
and treatment efficacy was apparent after a
week of treatment. Another 5-HT4 receptor
agonist, prucalopride, which is being devel-
oped for chronic constipation, accelerates
colonic transit and increases stool frequency.
Therefore, this agent may be of benefit in IBS
patients with constipation. 
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directly by affecting motility and indi-
rectly by reducing rebound constipation
and the postprandial pain and discom-
fort associated with GI hyperreactivity.

Tegaserod
Tegaserod is a 5-HT4 partial agonist

that binds with high affinity to human 5-

HT4 receptors and stimulates the release
of neurotransmitters mediating the peri-
staltic reflex.3,4 It alters motility and pos-
sibly perception.  A number of studies
have documented the effects of tegaserod
on GI motility. This agent was shown to
significantly accelerate orocecal transit
time in IBS patients with constipation as

Figure 1. SGA of Relief with Tegaserod Therapy in IBS Patients

IBS = irritable bowel syndrome.
SGA = Standard Global Assessment.
*P <.05; †P <.01; ‡P <.1 (12 mg/day vs placebo).
Source: Reference 6.
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determined using a validated scintigraph-
ic technique.5 Tegaserod also accelerated
right colonic transit.5

Tegaserod has been shown to treat
abdominal pain and discomfort, bloat-
ing, and constipation.6 The efficacy of
tegaserod in relieving symptoms of IBS
has been preliminarily documented in 3
phase III trials.6 The 3 studies included
double-blind parallel groups involving a
total of 881, 799, and 1519 patients who
were diagnosed with abdominal pain,
bloating, and constipation associated
with IBS based on Rome I criteria. After
a 4-week baseline, patients were ran-
domized to receive tegaserod (4 mg/day
or 12 mg/day, twice daily regimen) or
placebo for 12 weeks. Primary efficacy
was based on the Subjects Global
Assessment (SGA) of relief, a 5-point
ordinal scale of relief ranging from
“completely relieved” to “worse.” 

Patients receiving tegaserod 12
mg/day experienced modest but statisti-
cally significant improvement in SGA of
relief over placebo (P <.05) at most week-
ly time points during the treatment phas-
es of the 3 studies (Figure 1).6 Pooled
abdominal pain data from 2 of the studies
indicate that patients receiving tegaserod
12 mg/day experienced rapid symptom
improvement (within 2 days) that was sta-
tistically superior to that seen with placebo
(P <.05) and was maintained throughout
the study period (Figure 2A). Figure 2B
shows weekly changes from baseline in
abdominal discomfort/pain scores in the
third study. A greater reduction in pain
scores was seen in the tegaserod group
compared with the placebo group for all
study weeks. No consistent effect on
bloating was noted and the efficacy
appeared to be confined to females.
Tegaserod 12 mg/day rapidly increased
the daily number of stools and improved
stool consistency within 1 day of admin-
istration. Frequency of stools tapered off
after the initial peak, but continued to be
statistically higher than with placebo
throughout the first 2 study periods
(Figure 3A), suggesting that diarrhea
should not be a significant complaint
with tegaserod therapy. Figure 3B shows

the weekly change from baseline in the
number of bowel movements in the third
study. As in the other 2 studies, there was
an initial increase in the number of
bowel movements in the tegaserod group,
and then the increase remained stable.
Overall, patients receiving tegaserod
therapy experienced an improvement in
overall well-being, and the adverse event
profile was excellent. 

Prucalopride
Another 5-HT4 agonist, prucalopride,

differs from tegaserod in that it is a
full agonist. (A partial agonist falls
between an agonist and antagonist; it
does not produce the full response of
which the tissue is capable.) Prucalopride
demonstrates prokinetic activity and
appears to have a greater effect on colonic
activity than its chemical cousin, cis-
apride.7 Prucalopride induces high-ampli-
tude propagative contractions in a dose-
dependent manner in animal models,
causing mass movement.7 Two small dou-
ble-blind, placebo-controlled crossover
studies in healthy volunteers show that
this agent accelerates upper gut and
colonic transit, increases stool frequency,
and improves stool consistency.7,8

Prucalopride did not appear to affect vis-
ceral sensitivity or sphincter function in
these studies. This agent is currently
being evaluated in patients with severe
chronic constipation, and preliminary
data are promising.7,8

Alosetron
Alosetron is a 5-HT3 antagonist that

was approved for use in the United States
for the treatment of IBS in women whose
predominant bowel symptom is diarrhea,
but has since been removed from the
market. Although 5-HT3 receptors are
found in the central nervous system and
periphery, alosetron appears to act pri-
marily at peripheral 5-HT3 receptors, sig-
nificantly prolonging whole gut and
colonic transit time.9 In one study, this
agent was shown to relax the left colon
and reduce the perception of volume dis-
tension in patients with IBS.10 However,
alosetron had no effect on pressure dis-
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tension sensory thresholds in these
patients.

The efficacy of alosetron in allevi-
ating pain and bowel-related symp-
toms was reported in a randomized,
placebo-controlled, phase III study.11

In this study, 647 female patients
with IBS underwent a 2-week screen-
ing period and were randomized to
receive alosetron (1 mg twice a day)
or placebo for a 12-week period, fol-
lowed by 4 weeks of posttreatment
follow up. The primary endpoint was
adequate relief of abdominal pain and

discomfort; secondary endpoints
included improvements in urgency,
stool frequency, and stool consisten-
cy. A greater proportion of alosetron-
treated patients than placebo-treated
patients reported adequate relief of
symptoms during the treatment
phase. The subgroup of patients who
had diarrhea demonstrated the
largest treatment effect, which was
modest but statistically significant (P
< .05) and was maintained through-
out the treatment phase, as illustrated
in Figure 4. Upon discontinuation of

therapy, symptoms reverted
to baseline levels. Bloating did
not improve.

Alosetron was shown to be
significantly more effective
than the smooth muscle
relaxant mebeverine in
improving symptoms in non-
constipated female IBS
patients in a recent compara-
tor trial.12 In this double-
blind, multicenter, random-
ized trial, 623 patients were
randomized to receive alos-
etron 1 mg twice daily or
mebeverine 135 mg 3 times
daily for 12 weeks, followed
by a 4-week posttreatment
period. The endpoints were
similar to those used in the
study just described. There
were significantly more
responders to alosetron com-
pared with mebeverine during
months 2 and 3 of treatment
(P < .05). Symptoms reverted
to baseline levels upon dis-
continuation of therapy.

After its introduction to the
market, there were 7 reports
of serious complications of
constipation with alosetron
therapy and 8 reports of
ischemic colitis in patients
taking alosetron.13 These
events prompted updated alos-
etron labeling in August 2000
and the development of a
Medication Guide (Food and

Figure 2. Improvement in Abdominal Pain Scores with Tegaserod Therapy
in IBS Patients with Constipation

Panel A contains pooled data from Studies 1 and 2; Panel B contains data from Study 3.
*P <.05 (12 mg/day vs placebo).
Source: Reference 6.
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Drug Administration [FDA]-approved
patient labeling) to help ensure patients
understand the rare but serious risks of
alosetron therapy. By November 2000 the
FDA had reviewed a total of 70 cases of
serious adverse effects associated with
alosetron therapy, including 49 cases of
ischemic colitis and 21 cases
of severe constipation.14 Thirty-
four of these cases resulted in
hospitalizations without sur-
gery; 10 resulted in surgical
procedures; and 3 resulted in
death. Consequently the manu-
facturer took the drug off the
market in the United States
(see footnote).*

New Therapeutic Approaches
to IBS

In addition to the 5-HT
receptor agents, there are a
number of other compounds
that have been under investi-
gation in IBS. One group of
promising compounds are the
cholecystokinin (CCK) recep-
tor antagonists.15 CCK is a
major gastrointestinal neu-
ropeptide that is secreted in
response to food ingestion. It
is involved in the feedback
regulation of gastric emptying
and also modulates food
intake. Blockade of CCKA

receptors is being investigated
as a means to stimulate GI
motility and transit. 

Loxiglumide and its dex-
troisomer, dexloxiglumide,
are selective CCKA receptor
antagonists that are being
evaluated clinically in IBS. In
pilot studies, loxiglumide has
been shown to accelerate gas-

tric emptying and colonic transit, there-
by increasing the number of bowel move-
ments in patients with chronic constipa-
tion.15 It also appears to reduce viscer-
al perception.15 A recent randomized,
placebo-controlled study demonstrated
that dexloxiglumide (200 mg 3 times

Figure 3. Frequency of Stools Following Tegaserod Therapy in IBS Patients
with Constipation

Panel A contains pooled data from Studies 1 and 2; Panel B contains data from Study 3.
IBS = irritable bowel syndrome.
*P <.05 (12 mg/day vs placebo).
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daily for 12 weeks) significantly
improved symptoms in IBS patients
with constipation.16 Symptom improve-
ment in patients with diarrhea was not
significant.

Other agents investigated in IBS that
have had less promising results include
octreotide, fedotozine, and zamifenacin.
The somatostatin analog octreotide
reduces GI secretion and doubles mouth-
to-cecum time.17 Although it has been
investigated in the treatment of IBS for
some time, data regarding its efficacy are
unavailable. In addition, it has numerous
side effects, and it is only available in
injectable form. Fedotozine, a potent
kappa opioid agonist, has been shown to
raise colonic distension perception
thresholds in humans.18 Other data in
humans have demonstrated its visceral
analgesic effects, but any clinical benefit
was small (albeit significant) in IBS,19

and future investigations of this drug
have currently been discontinued.
Zamifenacin is a potent muscarinic M3

antagonist that was previously under

study in IBS for its antispasmodic effect.
It has been shown to reduce gut motility
but has no significant anticholinergic
effects.15 Investigation for use of this
agent in IBS has also been discontinued. 

A class of drugs that may be helpful in
IBS patients with dyspepsia are the 5-
HT1 agonists. Data suggest that 5-HT1

receptors mediate fundic relaxation after
a meal.20 Failure of fundic relaxation is
strongly linked to the symptom of early
satiety, an inability to finish a normal
meal because of discomfort or bloating.
Several 5-HT1 agonists have been studied
as treatment for functional dyspepsia,
including buspirone and sumatriptan.
These agents promote fundic relaxation
and relieve early satiety and dysmotility-
like dyspepsia.20 Sumatriptan has been
found to be superior to placebo in the
relief of a number of symptoms following
a meal (eg, fullness, bloating, belching,
and nausea) in individuals with meal-
related dyspepsia.20

Conclusion
Serotonin may play an important role

in the pathophysiology of IBS. Acting
primarily through the 5-HT3 and 5-HT4

receptors, it elicits changes in motor
function and possibly visceral sensation.
There is much interest in the use of the
5-HT4 partial agonist tegaserod as a new
therapeutic approach for IBS patients
with abdominal pain, bloating, and con-
stipation. Other 5-HT4 agonists are being
studied for IBS patients with constipa-
tion. Among female IBS patients with
diarrhea, the 5-HT3 agonist alosetron
was of value but had unacceptable side
effects and has been withdrawn. It is
unlikely that other 5-HT3 antagonists will
become available because of the tolera-
bility issues.
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IBS = irritable bowel syndrome.
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