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Abstract

Irritable bowel syndrome (IBS) is a highly prevalent
functional disorder that reduces patients’ quality of life.
It is a chronic disorder characterized by abdominal pain
or discomfort associated with disordered defecation in
the absence of identifiable structural or biochemical ab-
normalities. IBS imposes a significant economic burden
to the healthcare system. Alteration in neurohumoral
mechanisms and psychological factors, bacterial over-
growth, genetic factors, gut motility, visceral hyper-
sensitivity, and immune system factors are currently
believed to influence the pathogenesis of IBS. It is pos-
sible that there is an interaction of one or more of these
etiologic factors leading to heterogeneous symptoms
of IBS. IBS treatment is predicated upon the patient’s
most bothersome symptoms. Despite the wide range of
medications and the high prevalence of the disease, to
date no completely effective remedy is available. This
article reviews the literature from January 2008 to July
2013 on the subject of IBS peripherally acting pharma-
cological treatment. Drugs are categorized according to
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their administration for IBS-C, IBS-D or abdominal pain
predominant IBS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Irritable bowel syndrome (IBS) is a highly
prevalent functional disorder that reduces patients’
quality of life and imposes a significant economic bur-
den to the healthcare system. This article extensively
reviews the literature from January 2008 to July 2013
on the subject of IBS peripherally acting pharmacologi-
cal treatment. Pathophysiology background and mode
of action in IBS of each substance are also discussed.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a highly prevalent
(10%-20% of the United States adult population)llJ func-
tional disorder that reduces patients’ quality of life. IBS
is defined in the Rome I criteria as a chronic disorder
characterized by abdominal pain or discomfort associated
with disordered defecation [either constipation (IBS-C),
diarrhea (IBS-D), or mixed/ alternating symptoms of
constipation and diarrhea (IBS-M)]"”. Symptoms should
begin at least 6 mo before and abdominal pain or dis-
comfort should be present at least 3 d per month for 3
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1018 papers

Antidepressants 15

Behavioural treatment 88

Case report 1

Food modifications/ allergy/ herbal
medication 46

Foreign language 73

Irrelevant 97

Probiotics 54

Basic and clinical research 233
Reviews/ editorials/ letters 299

112 papers

Animal models 24

88 papers

Figure 1 Flowgram of the selected studies for the review.

mo during last 6 mo and should be associated with two
or more of the following: improvement with defecation,
onset associated with a change in stool frequency and/or
change in stool form. Bloating and abdominal distention
are also frequently reported by IBS patients reflecting
sensitivity to normal amounts of intestinal gas. By defini-
tion, no disease that could explain the symptoms should
be present"”.

IBS represents important costs for the healthcare
system. One should look carefully for alert signs |[i.e.,
anemia, unintentional weight loss, gastrointestinal (GI)
bleeding, nausea/vomiting, family history of cancer] of
a serious undetlying disorder to differentiate functional
symptoms from organic disorders. Thus, for younger
patients who meet criteria for IBS with normal physical
examination and no “red flags”, an extensive laboratory
work up should not be considered"’.

It is likely that the definition of IBS represent an
auspice of different conditions/disease states for which
we lack specific biomarkers. Alteration in neurohumoral
mechanisms and psychological factors, bacterial over-
growth, genetic factors, gut motility, visceral hypersensi-
tivity, and immune system factors are currently believed
to influence the pathogenesis of 1BS™ . Tt is possible that
there is an interaction of one or more of these etiologic
factors leading to heterogeneous symptoms of IBS.

Since IBS is not a single disease entity, but rather likely
consists of several different disease states, IBS treatment
is predicated upon the patient’s most bothersome symp-
toms. Specifically, our treatment strategy seems to target
constipation, diarrhea, bloating or painm. A wide range
of medications (prokinetiks, antispasmodics, sedatives,
tranquilizers, laxatives, fecal bulking agents, probiotics
and antibiotics) along with life style and diet modifica-
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tions have been proposed for this highly prevalent condi-
tion; however to date there is no definite effective cure
for this state!”.

In the present review, we report the results of our
search in PubMed, Scopus, and Google Scholar databases
from January 2008 to July 2013 on the subject of IBS
peripherally acting pharmacological treatment. MeSH
terms “irritable bowel syndrome treatment” and “IBS
treatment” were used as search terms. English-written
articles only were included. Data from metanalysis and
clinical studies were included. Abstracts, case reports,
comments/reviews, iz vitro studies, animal studies and
pharmacogenetic studies were excluded from the review.
The search resulted in 1018 papers after omission of du-
plicate articles; finally 86 papers were included after omis-
sion of non-relevant articles. Flowgram of the search is
presented in Figure 1. Drugs are categorized according to
their administration for IBS-C, IBS-D or abdominal pain
predominant IBS.

IBS-C

The evaluated studies in each category are reported in
Table 1. Below is a list of available treatment methods

based on the findings.

Laxatives

Several clinical observations have reported a decrease in
bowel motility and a prolonged transit time in patients
with IBS-C compared with controls™®”. Also, some
IBS-M patients report an alternation in bowel habits with
extended periods with small, hard bowel movements
or no bowel movement followed by periods with loose
stools. Osmotic agents, stimulants, and stool softeners are
all comprised in the category of laxatives. Polyethylene
glycol (PEG) is the only laxative that has been evaluated
in the treatment of IBS. The first study published in
2006 assessed the effects of PEG 3350 in patients with
IBS-C (Rome I criteria)"”. Mean bowel movement fre-
quency was significantly increased; however, there was no
change in mean pain level for the group with the PEG
therapy. In the last 5 years 2 new studies evaluated the
efficacy of PEG in IBS-C. The first study'", a random-
ized, double-blind, placebo-controlled trial used fasting
and postprandial (PP) perception of rectal distension as
measurements. Symptoms were also recorded. Forty two
patients with IBS-C (Rome 1II criteria) and with a pain
threshold of < 32 mmHg patticipated. Patients received
either oral PEG, 3.45 ¢ t.i.d. orally for 30 d or placebo.
PEG improved consistency of faeces. Both, PEG and
placebo increased bowel movements per week (P < 0.001),
and relieved symptoms without significant side-effects.
However, there were not significant differences in fast-
ing and PP rectal tone and thresholds for first sensation,
gas sensation, urge to defecate, and pain between PEG
and placebo. The investigators concluded that changes in
rectal tone and sensation wete not related to PEG 3350
and placebo effects. Patients with IBS-C gained some
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Table 1 Pharmacological treatment irritable bowel syndrome-C studies and clinical efficacy during last 5 years

Category/No. of studies/ No. of vs Placebo Abdominal distention/ SBMs Stool consistency Recommendation vs

Ref. patients pain placebo

Laxatives/2

Awad et al"" 2010 Yes NS NS ss Equal

Chapman et al"? 2013 Yes NS ss ss Equal

Linaclotide/5

Johnston et al™ 2010 Yes SS SS) SS Superior

Chey et al® 2012 Yes SS SS) - Superior

Rao et al® 2012 Yes SSs Ss - Superior

Quigley et al® 2013 Yes SS Superior

Videlock et al® 2013 Yes Ss Ss Ss Superior

5-HT4 agonists

Renzapride/2

Lembo et al*” 2010 Yes Ss ss ss Superior but AE

Ford et al®2009 726 Yes NS NS NS Equal

Cisapride/1

Ford et al®™ 2009 726 Yes NS NS NS Equal

Lubiprostone/4

Johanson et al™ 2008 Yes SS (16/32/48 pg) SS (16/32/48 pg) SS (16/32/48 pg) Superior

Fukudo et al® 2011 Yes SS (48 ug) SS (48 ug) SS (48 ug) Superior(48 ug)

Drossman et al™ 2009 Yes SS (16 ug) SS (16 ug) SS (16 ug) Superior

Chey et al'™ 2012 No, extention ss ss ss Favourable profile
study, comparison of effectiveness,

to inclusion safety, tolerability
CDCA/1
Rao et al* 2010 Yes - Ss Ss Superior

SBMs: Spontaneous bowel movements; SS: Statistically significant; NS: Not significant; 5-HT: 5-hydrodytryptamine; CDCA: Chenodeoxycholic acid.

relief from their symptoms both with PEG and placebo.
In the second study'”, following a 14-d run-in period
without study medication, 139 adult patients with IBS-C
were randomized to receive PEG 3350+E or placebo for
28 d. The primary endpoint was the mean number of
spontaneous bowel movements per day in the last treat-
ment week. In both groups there was an increase in mean
bowel movement frequency compared to run-in. The
difference between the groups in week 4 from 4.40 (PEG
3350+E) to 3.11 (placebo) was statistically significant
(95%Cl: 1.17- 1.95; P < 0.0001). However, although mean
severity score for abdominal discomfort/pain was signifi-
cantly reduced compared with run-in with PEG 3350+E,
there was no difference #s placebo. Spontaneous bowel
movements (SBMs), responder rates, stool consistency,
and severity of straining also showed superior improve-
ment in the PEG 3350+E group over placebo in the
fourth week. The authors concluded that PEG 3350+E
was superior to placebo for relief of constipation but re-
sulted in no improvement to abdominal discomfort/pain
compared to placebo in spite of the presence of a statis-
tical significant improvement in abdominal discomfort/
pain that was observed compared with baseline.

Guanylate cyclase-c receptor agonists

Linaclotide is a guanylin peptide. Guanylin peptides are
a family of peptides with similar structure to the heat-
stable enterotoxin produced by Escherichia coli and other
enteric bacteria that cause secretory diarrhea. They have
a conformation to bind with guanylate cyclase-c (GC-C)
receptors. Binding of GC-C receptors, which are abun-
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8869

dantly expressed on enterocytes lining the intestine, stim-
ulates production of cyclic guanosine monophosphatem.
This leads to a cascade of intracellular events resulting in
the activation of the cystic fibrosis transmembrane con-
ductance regulator (CFTR) and the subsequent transepi-
thelial chloride (Cl) and potassium (K) ion efflux from
enterocytes, with secondary passive water secretion into
the intestinal lumen"". Linaclotide is minimally absorbed
and therefore believed to act locally™. In animal models
linaclotide has been shown to stimulate intestinal secre-
tion, accelerate GI transit time and reduce visceral pain
through GC-C dependent activation!”.

Clinical studies have investigated linaclotide in pa-
tients with IBS-C and chronic constipation (CC). In an
earlier phase Ila study[mJ 36 women with IBS-C that
received a 5-d course of linaclotide 1000 mg. The result
was a significantly accelerated ascending colon (P = 0.004)
and total colonic transit time at 48 h (P = 0.01). Lina-
clotide had no effect on gastric emptying or small bowel
transit time; however, it accelerated the time to first bow-
el movement, decreased stool consistency, and enhanced
ease of stool passage. Data from CC studies have dem-
onstrated improvement of weekly SBMs and various oth-
er constipation-related clinical parameters, including stool
consistency and straining in a dose-dependent fashion.
In addition, patients treated with linaclotide experienced
improvements in abdominal discomfort, bloating, and
constipation severity. Constipation symptoms tended to
return to baseline, without evidence of a rebound, after
discontinuation of linaclotide ™. The overall frequency
of adverse events reported with linaclotide and placebo
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were similar™®| with diarrhea the most common adverse
event (AE) reported with linaclotide.

In the recent years 4 studies and 1 meta-analysis were
published regarding linaclotide efficacy in IBS. Specifi-
cally, a phase IIb study"” published in 2010 the efficacy,
safety, and dose response of linaclotide administered at
75, 150, 300, and 600 pug once daily for 12 wk. Four hun-
dred twenty patients with IBS-C were assessed. The study
recorded changes from baseline in daily bowel habits
and daily abdominal symptoms. There were also weekly
global assessments. All doses of linaclotide significantly
improved the frequency of SBMs and complete sponta-
neous bowel movements (CSBM). They also improved
the severity of straining, stool consistency and abdominal
pain compared with placebo. Mean changes in abdomi-
nal pain (assessed on a 5-point scale) from baseline were
-0.71, -0.71, -0.90, and -0.86 for linaclotide doses of 75,
150, 300, and 600 pg, respectively, compared with -0.49
for placebo. Other abdominal symptoms and global
measures of IBS-C were also improved compared with
placebo. The drug presented effect within the first week
that sustained during the 12 wk of treatment. Diarrhea
was the only dose-dependent adverse event and was usu-
ally of mild or moderate severity. Although all linaclotide
doses were associated with a statistically significant im-
provement compared with placebo for most end points,
the higher doses of linaclotide (7.¢., 300 and 600 pg) were
generally more effective across most parameters. Because
the 300 and 600 pg doses provided comparable efficacy
and the higher dose was associated with an increase in
side effects, a dosage of 300 pg per day was selected for
continued evaluation in phase I trials. In 2012, 2 stud-
ies were published together. The first, a phase Il trial®’
included 804 patients with IBS-C (Rome II criteria).
Participants were randomized to linaclotide 290 ug orally
or placebo once daily for 26 wk. The study had the rigozr-
ous end point to be a “responder” as recommended for
IBS-C in the Food and Drug Administration guidelines
for IBS clinical trials (May 2012); the percentage of re-
sponders was 33.7% in the linaclotide group compared
with 13.9% in the placebo group (P < 0.0001). Significant
differences in favor of linaclotide (P < 0.0001) were also
observed for an even more rigorous end point which
required that patients meet the = 30 % of improvement
in worst abdominal pain and both = 3 CSBMs/wk and
an increase of = 1 CSBM/wk from baseline for a mini-
mum of 9 out of 12 wk. The effects of linaclotide on
abdominal and bowel symptoms were manifested within
the first week of treatment and sustained over the entire
26-wk treatment period. The second study”" randomized
800 patients with IBS-C to 290 pg linaclotide orally or
placebo once daily, for 12 wk. This was followed by a 4-wk
withdrawal period after randomization. The same FDA
end points that were used in the former trial were used
as primary end points. In the linaclotide group 33.6% of
patients compared with 21% of patients in the placebo
group (P < 0.0001) [number needed to treat (NNT) = 8.0,
95 %CI: 5.4-15.5] met the FDA end points. A statistically
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significant percentage of patients treated with linaclotide
vs placebo met the rest of end points (primary and sec-
ondary, P < 0.05 and P < 0.001 respectively). During the
withdrawal period, after randomization, patients remained
improved as long as they were receiving linaclotide where-
as those that were re-randomized to placebo presented
relapse of symptoms. Symptoms did not become worse
relative to baseline. In both studies AEs were generally
comparable between linaclotide and placebo groups, with
the exception of diarrhea, which occurred more com-
monly with linaclotide than with placebo, and was mostly
mild or moderate in severity. Recently further analysis on
the data of these 2 trials was performed[zz]. Overall, 803
and 805 patients were randomized. A significantly greater
proportion of patients in the linaclotide group #s placebo
patients presented improvement in abdominal pain/dis-
comfort during the 12 wk treatment period. Similarly,
significantly more linaclotide-treated patients compared
to placebo-treated patients were responders for = 13 wk
(abdominal pain/discomfort: 53.6% »s 36.0%; IBS de-
gree-of-relief: 37.2% vs 16.9%; P < 0.0001). The propor-
tion of sustained responders was also significantly greater
with linaclotide #s5 placebo in both trials (P < 0.001). In
these trials, treatment-emergent AEs were reported by
more than half of those receiving linaclotide, with the
most noteworthy being a greater incidence of diarrhea
in one of five subjects. These observations are obviously
related to the secretagogue mechanism of the drug;

Finally a meta-analysis to determine the efficacy of
linaclotide, compared with placebo, for patients with
IBS-C or CC was published in 2013, The search identi-
fied seven trials of linaclotide in patients with IBS-C or
CC with six finally included in the analysis. The relative
risk (RR) for the response to treatment with 290 mg
linaclotide, compared with placebo, was 1.95 (95%CI:
1.3-2.9), and the NNT was 7 (95%CI: 5-11). Linaclotide
also improved the stool form and reduced abdominal
pain, bloating, and overall symptom severity in patients
with IBS-C or CC.

Therefore, linaclotide has the potential to offer relief
for the multiple symptoms from which patients with
IBS-C suffer.

Serotonin receptor modulators

Serotonin (5-hydrodytryptamine; 5-HT) is predomi-
nantly (90%-95% of the body’s 5-HT) produced in the
enterochromaffin (EC) cells in the intestinal mucosa, and
also by a subpopulation of enteric neurons””. Acting as
a signaling molecule through the intrinsic and extrinsic
afferent nervous system of the GI tract, 5-HT plays an
important role in various aspects of GI sensory, secre-
tory, absorptive, and motility function”™. Abnormal levels
have been shown in individuals with IBS. Several studies
describe increased serotonergic activity in association
with IBS-DP*. Similarly, a decrease in serotonergic ac-
tivity has been observed in IBS-C”**". Pharmaceutical
agents acting on 5-HT receptors have, therefore, evolved
to ameliorate the smooth muscle spasm, abdominal

July 21, 2014 | Volume 20 | Issue 27 |



pain, and change in bowel habit that IBS patients experi-
ence. Of the identified serotonin-receptor subtypes, the
5-HT1p, 5-HT3, 5-HT4, and 5-HT7 receptors seem to
play an important role in GI tract functioning[zgl. Intralu-
minal distension of the intestine (translated to abdominal
pain in IBS patients) stimulates 5-HT release from EC
cells and activates 5-HT3 receptors of primary afferent
neurons. 5-HT3 receptors activation results in the release
of various neurotransmitters, such as acetylcholine. This
induces colonic transit acceleration and abnormal water
transport, which in turn leads to defecation abnormali-
ties. Receptor antagonists of 5-HT3 have been reported
to slow small bowel and colonic transit, decrease intesti-
nal secretion and colonic tone™. Of great relevance to
IBS-C and CC are the 5-HT4 receptors. In the gastroin-
testinal tract, 5-HT4 receptors are located on enteric neu-
rons and smooth muscle cells, and their stimulation leads
to acetylcholine release causing prokinetic effects. Based
on biochemical structure, 5-HT4 agonists can be broadly
categorized as benzamides (metoclopramide, cisapride,
renzapride, mosapride, clebopride, and ATI-7505), carba-
zimidamides (tegaserod), benzofurancarboxamides (pru-
calopride), and other agonists such as velusetrag'”.

5-HT4 agonists

Tegaserod is a selective 5-HT4 receptor partial agonist
with promotility effects in the small and large intes-
tine™*? and modulation of visceral sensation”¥. The
efficacy and tolerability of tegaserod in the treatment of
women with IBS-C was initially reported in 2 multicenter,
double-blind, placebo-controlled trials. More than 2000
patients from the Western hemisphere were involved”*.
These clinical trials consistently reported the superiority
of tegaserod over placebo in improving IBS symptoms
(abdominal pain, stool frequency, stool consistency,
straining, and bloating). Later, other trials have confirmed
the safety and tolerability of tegaserodm‘m. Side effects
included headache, abdominal pain and diarrhea. Al-
though there were no reports of ischemic colitis in the
clinical trials, 26 events of possible colonic ischemia were
identified during postmarketing surveillance. This was
translated to an estimated incidence of 7 cases of colonic
ischemia per 100000 patient-years of tegaserod use*',
Cardiovascular and cerebrovascular events in the group
receiving tegaserod were also reported laterin a pooled
analysis'” cardiovascular ischemic events in 11614 pa-
tients receiving tegaserod compared with 1 out of 7031
patients in the placebo group (0.1% »s 0.01% respectively,
P = 0.02)]. A pathogenetic mechanism that was pro-
posed was that tegaserod may induce platelet aggregation
through 5-HT4 receptors located on plateletsw. Later
retrospective studies found no relationship between tega-
serod and cardiovascular events; however the drug was
definitely withdrawn from the market in 2009.

Mosapride has stimulatory effects on gastric and co-
lonic motility™!. Unlike cisapride, mosapride does not
bind to K1 channels or D2 dopaminergic receptors. Mo-
sapride was primarily developed for upper GI tract con-
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ditions, such as functional dyspepsia, gastroesophageal
reflux disease, and nausea and Vomitingw. Data from
animal models show that mosapride accelerates colonic
transit time*
tal colon in a dose-dependent manner

, augments motility in the proximal and dis-

"1 and has a stimu-

46,47
U4 Th humans a

latory effect on the defecatory reflex
study showed that mosapride changes rectosigmoid mo-
tility and perception in patients with IBS"*,

In 2010, the efficacy and safety of renzapride were
assessed in a study of 1798 women with IBS-C. Patients
were randomized to a 4 mg daily dosage of renzapride, 2
mg bid. or placebo for 12 wk™, The primary end point
was global relief of IBS symptoms. A subset of patients
(n = 971) were enrolled in a 12-mo, open-label study of
oral intake of renzapride 4 mg daily. Relief of overall
IBS symptoms was achieved at (mean = SD) 0.55 £ 0.04,
0.60 £ 0.04 and 0.44 £ 0.04 in the renzapride 4 mg daily,
2 mg b.i.d. and placebo groups (P = 0.027 and P = 0.004
respectively). Stool consistency and frequency were sta-
tistically significantly improved in the renzapride group,
as well as bloating and abdominal distension. Three
episodes of ischemic colitis were reported. The authors
concluded that due to the limited benefit of renzapride
over placebo and the reported cases of ischemic colitis,
no further study with renzapride as possible treatment of
IBS-C should be conducted.

Lubiprostone (chloride channel stimulators)
Lubiprostone is a bicyclic fatty acid derivative of prosta-
glandin E1. The underlying mechanism of lubiprostone
is stimulation of electrogenic chloride secretion by acti-
vating chloride channel type-2 (C1C-2)"" and CFTR®" in
the intestinal epithelial cells apical membrane. Primary
functions of CIC-2 channels include maintenance of the
membrane potential of the cell, regulation of pH and cell
volume, and regulation of chloride ion channel transport
and fluid secretion. Dose-dependent CIC-2 activation of
CIC-2 channels or CFTR chloride channels in intestinal
epithelial cells produces an active secretion of chloride
ions from cells into the intestinal lumen followed by a
passive secretion of electrolytes and water which in-
creases the liquidity of the luminal contents. The luminal
distension increased by intestinal fluid promotes the GI
tract motility which in turn increases the intestinal and
colonic transit!*"!. Besides this mechanism, lubiprostone
enhances and stimulates contraction in colonic as well as
gastric muscles through prostaglandin E receptors (EP1
or EP4)P suggesting the modulatory effects of lubipro-
stone on GI motility through the activation of prosta-
glandin receptors.

Previous work has demonstrated that lubiprostone ac-
celerates small bowel and colonic transit and increases the
frequency of bowel movement in healthy adults”™; how-
ever, the thresholds for pain do not seem to be affected
by lubiprostone. Multiple randomized controlled trials
(RCTs) have demonstrated the efficacy of lubiprostone
in idiopathic CCP*™. In these trials, lubiprostone was
consistently found to be superior to placebo at increasing
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the number of weekly SBMs as well as improving stool
consistency, straining, constipation severity, bloating, and
treatment effectiveness. The most commonly reported
side effects included nausea, headache, and diarrhea. A
pooled analysis of 91 patients meeting diagnostic criteria
for IBS-C from the 2 phase IIl constipation trials revealed
significant improvements in constipation symptoms as
well as abdominal symptoms due to lubiprostone as com-
pated to placebo. This observation led to further evalua-
tion of lubiprostone in the treatment of 1BS-C*.

The efficacy and tolerability of lubiprostone have
been assessed in several RCTs. First, 195 IBS-C patients
received daily doses of 16 (8 ug twice daily), 32 (16 pg
bi.d) or 48 ug (24 ug b.i.d) lubiprostone or placebo for
3 mo"". In the lubiprostone group mean abdominal
discomfort/pain scores were significantly improved
compared to placebo after 1 and 2 mo (P = 0.023 and P
= 0.039, respectively). All 3 doses of lubiprostone were
supetior to placebo with regard to frequency of SBM (P
= 0.0499), constipation severity (P = 0.0056), stool con-
sistency (P < 0.0001), and straining (P = 0.0094) in each
of the 3 mo of treatment. Treatment with lubiprostone
showed significantly higher rates of GI AEs (P = 0.020),
especially diarrhea and nausea. The 16 pg/ d dose dem-
onstrated the optimal combination of efficacy and safety
and was therefore the dose selected for further study
in subsequent phase Il clinical trials. Another Japanese
trial™ studied adequate dosing of lubiprostone for the
treatment of constipation in CC or IBS-C patients. One
hundred seventy patients (128 without IBS and 42 with
IBS) randomly received a placebo or 16 ug, 32 pg, or
48 ng of lubiprostone daily for two weeks. There was a
dose-dependent increase in weekly average number of
SBM compared to baseline in the first week (placebo:
1.5; 16 pg: 2.3, 32 pg: 3.5; and 48 pg: 6.8, per week, P
< 0.0001). The 32 and 48 ng dosage treatments had a
significantly higher primary efficacy endpoint than the
placebo treatment (P = 0.0017, P < 0.0001, respectively).
The 16 pg treatment showed no significant increase in
change in SBMs during the first week over placebo. The
primary endpoint was significantly better only in patients
with IBS treated with 48 pg of lubiprostone than those
treated with placebo (P = 0.0080).

There was a combined analysis of two phase-1II RCTs
of lubiprostone 8 pg twice daily »s placebo for 12 wk
that reported data of 1171 patients with IBS-C [Rome II
criteria]™. Patients responded with respect to relief of
IBS symptoms over the past week. Patients were charac-
terized monthly responders (moderate relief in 4/4 wk
or significant relief in 2/4 wk) or overall responders (a
monthly responder in 2/3 mo of the trial). The primary
efficacy endpoint was the percentage of overall respond-
ers. Significantly more patients in the lubiprostone group
were considered overall responders compared with the
placebo group (17.9% »s 10.1%, P = 0.001). Lubipros-
tone was also superior to placebo in improving individual
IBS symptoms (abdominal discomfort/pain, stool con-
sistency, straining, constipation severity), and quality of
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life (QOL). A similar incidence of AEs to those treated
with placebo and lubiprostone was observed. Another
recent study™ evaluated the long-term safety, tolerability
and patient outcomes of lubiprostone in patients with
IBS-C. This was an extension study analyzing the data of
476 IBS-C patients who had completed one of two ran-
domized phase I studies. Patients received placebo or
lubiprostone orally for 36-wk (8 ug, twice daily). Those
receiving lubiprostone during the initial 12-wk phase I
trial experienced an increase in response from 15% to
37% and those initially receiving placebo experienced an
increase in response from 8% to 31% at the conclusion
of the 36-wk extension period. The overall safety pro-
file of lubiprostone during this study was similar to that
observed in the preceding phase Il studies. AEs were
diarrhea (11.0%), nausea (11.0%), urinary tract infection
(9.0%), sinusitis (9.0%) and abdominal distention (5.8%).
Diarrhea and nausea were the most common treatment-
related AEs.

An evidence-based systematic review was performed
by the ACG IBS Task Force that evaluated lubiprostone
in the treatment of IBS-C*" concluding that “Lubipros-
tone in a dose of 8mg twice daily is more effective than
placebo in relieving global IBS symptoms in women with
IBS-C.” Regarding men with IBS-C, the ACG task force
suggested a need for further studies before a recommen-
dation for use in this population. Lubiprostone is contra-
indicated in patients with mechanical bowel obstruction
and should be avoided in patients with preexisting diar-
rhea; there have also been postmarketing reports of dys-
pnea (typically resolves over several hours but sometimes
reoccurs with subsequent dosing) e,

Bile acid modulators

Bile acids have been used in the treatment of patients
with gallstones and cholestatic liver diseases. Longterm
treatment is generally well tolerated other than the
consistent side effect of diarrhea®, which mimics the
chronic loose stools observed in patients with a disrupted
enterohepatic circulation from ileal disease resulting in
spillage of bile acid into the colon'™. In the setting of
bile acid-related diarrhea after ileal resection or disease,
high concentrations of bile acids decrease net colonic
fluid and electrolyte absorption and induce secretion™.
The mechanisms involved in promoting secretion include
intracellular activation of adenylate cyclase, increased mu-
cosal permeability, and inhibition of apical CI'/OH ex-
changel“]. Furthermore, instillation of bile acids directly
into the colon increases intracolonic pressure and motility
index®.

Chenodeoxycholic acid (CDCA), a primary bile acid
previously used for dissolution of gallstones, elicited diar-
thea at dosages of 750 to 1000 mg/ d“". CDCA (with hy-
droxyl groups in the 3a, 7o positions) promoted colonic
secretion in compatison to its 3a, 73 epimer, ursodeoxy-
cholic acid®™. Previous studies in healthy volunteers® and
in patients with gallstones who had CC receiving CDCA
demonstrated a significant increase in the frequency of
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Table 2 Pharmacological treatment irritable bowel syndrome-C studies and clinical efficacy during last 5 years

Category/No. of studies/Ref. n vs Placebo Abdominal QOL/patient satisfaction/  Stool consistency/ Recommendation
distention/pain global improvement bowel habits vs placebo

5-HT3 antagonists

Alosetron, cilansetron/4

Cremonini et al™ 2012 705 Yes - Ss - Superior

Rahimi et al'™ 2008 417 Yes Ss ss - Superior
Metanalysis

Andresen et al'™ 2008 7487 Yes or ss Ss - Superior
Metanalysis mebeverine

Ford et al** 2009 7216 Yes Ss Ss - Superior
Metanalysis

Ramosetron/3

Matsueda et al™ 2008 418 Yes SS (5/10 pg) SS (5/10 pg) - Superior

Matsueda et al™! 2008 539 Yes SS (5 ug) SS (5 ug) SS (5 ng) Superior

Lee et al™ 2011 343 Mebeverine NS(5 ug) NS (5 ug) NS(5 ug) Equal

135 mg t.i.d
LX-1031/1
Brown et al®” 2011 155 Yes SS only the 1% week - =) Superior
(1000 mg 4 times/d) (1000 mg 4 times/ d)

Crofelemer/1

Angel et al™ 2008 246 Yes 85500 mg b.i.d ss ss Superior

Antibiotics

Rifaximin/2

Pimentel et al*® 2011 1260 Yes ss Ss ss Superior

Menees et al™ 2012 1803 Yes ss Ss - Superior
Metanalysis

5ASA compounds, mesalazine/3

Corinaldesi et al™ 2009 20 Yes NS Ss NS Equal

Andrews et al"® 2011 12 No ss ss - -

Comparison
to baseline
Tuteja et al™” 2012 17 Yes NS NS NS Equal

QOL: Quality of life; ASA: Aminosalicylic acid; SS: Statistically significant; NS: Not significant.

bowel movements and loosening of stools'”. CDCA also
accelerated colonic transit time resulting in ease of stool
passage, and sense of complete evacuation”’,

Recently a double-blind placebo-controlled study
evaluated pharmacodynamics (colonic transit, bowel
function) and pharmacogenetics of CDCA in 36 female
patients with IBS-C. Participants were randomized to
treatment with delayed-release oral formulations of pla-
cebo, 500 mg CDCA, or 1000 mg CDCA for 4 d. Colon-
ic transit and ascending colon emptying were significantly
accelerated in the CDCA group compared to the placebo
group (P = 0.005 and P = 0.028, respectively). Looser
stool consistency (P = 0.003), increased stool frequency
(P =0.018), and greater ease of passage (P = 0.024) were
noted with CDCA compared with placebo. The investi-
gators also found a correlation between fasting serum 7
alpha-hydroxy-4-cholesten-3-one (7aC4), a biomarker of
bile acid synthesis, and colonic transit time in the placebo
group: subjects with an increased 7aC4 showed a faster
overall colonic transit time. In the CDC group, 7aC4
showed a modest influence on colonic transit at 24 h (P
= 0.055) and 48 h (P = 0.019).

[65]

IBS-D

The evaluated studies in each category are reported in
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Table 2. Below is a list of available treatment methods
based on the findings.

Antidiarrheals

As mentioned above alterations in bowel habits in IBS
are in part a result of altered GI motility. Accelerated
small bowel and colon transit times as well as exagger-
ated motility patterns have been demonstrated in those
with IBS-D compared with controls™”. Consequently,
antidiarrheals remain among the more commonly used
gut-acting agents used in the treatment of patients with
IBS-D.

Among the class of antidiarrheals, loperamide is the
only substance that has been evaluated in RCTs for the
treatment of IBS. In total, four studies have been pub-
lished” ™ showing an improvement in the number of
bowel movements and stool consistency compared to
placebo in IBS-D patients; however results were rather
disappointing regarding pain. The ACG Task Force re-
cently performed a systematic review of antidiarrheals in
the treatment of IBS and concluded that “The antidiar-
rheal agent loperamide is not more effective than pla-
cebo at reducing abdominal pain or global symptoms of
IBS, but is an effective agent for treatment of diarrhea,
improving stool frequency and stool consistency. RCTs
with other antidiarrheal agents have not been performed.
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Safety and tolerability data on loperamide are lacking”[m].

5-HT3 antagonist (alosetron, cilansetron, ramosetron)
As already mentioned receptor antagonists of 5-HT3
have been reported to slow colonic and small bowel tran-
sit and decrease intestinal secretion and colonic tone'™”.
Early, rigorous, large clinical trials with alosetron 1 mg
b.i.d. have all demonstrated the efficacy of alosetron in
the global and individual symptoms of IBS-D in women.
Alosetron decreases urgency, reduces stool frequency, and
increases stool consistency. Improvement is seen within
1 wk of therapy, which persists throughout the treat-
ment periodps‘m. The use of alosetron also demonstrated
improvement in 3 QOL domains (including food/diet,
social functioning, and role-physical on the validated ge-
neric QOL instrument, the SF-36 75)"" and in the global
IBS symptomsm]. Recently a total of 705 women (severe
IBS-D, Rome II criteria) were randomized to alosetron
0.5 mg ¢.d., 1 mg ¢.d., 1 mg bi.d, or placebo for 12wk
IBSQOL, treatment satisfaction, daily activities, and
lost workplace productivity were evaluated. The authors
concluded that in women with severe IBS-D, alosetron
treatment, including 0.5 mg ¢.4., resulted in statistically
significant and clinically relevant improvements in health-
related QOL, restriction of daily activities and treatment
satisfaction over placebo.

During the last 5 years 3 metanalyses have been pub-
lished on this subject. The first™ included 8 multicenter,
randomized, placebo-controlled, 12-wk clinical trials
with 4170 patients with IBS randomized to receive ei-
ther alosetron or placebo. Alosetron was significantly
more effective in global improvement in symptoms than
placebo (RR = 1.60; 95%CI: 1.44-1.76; P < 0.001), in
adequate relief of IBS pain and discomfort (RR = 1.31;
95%CI: 1.20-1.43; P < 0.001). In the alosetron group,
there were 4 cases of ischemic colitis (0.16%) and 2 cases
of serious complications of constipation (0.08%). The
second™ trial collected data from 14 RCTs [alosetron (#
= 3024) or cilansetron (# = 1116) »s placebo (# = 3043)
or mebeverine (7 = 304)]. 5-HT3 antagonists were more
effective than mebeverine and placebo in achieving global
IBS symptoms improvement (pooled RR = 1.60; 95%CI:
1.49-1.72), abdominal pain and discomfort relief (pooled
RR = 1.30; 95%CI: 1.22-1.39). Superiority of both agents
was demonstrated in patients of either sex. Nine patients
(0.2%) in the 5-HT3 antagonists group were reported
with possible ischemic colitis #s none in control groups.
The third meta-analysis™ pooled the data from eight
clinical trials of alosetron and three clinical trials of cilan-
setron. This analysis, which included a total of 7216 pa-
tients with IBS, found 5-HT3 antagonists more effective
than placebo in treating IBS-D. The RR of IBS symp-
toms persisting with 5-HT3 antagonists was 0.78 (95%CI:
0.71-0.86) compared to placebo.

Severe complications of constipation and ischemic
colitis have emerged as significant side effects with alos-
etron use and this led to the drug’s withdrawal from
the United States marketplace in 2000. An expert panel
reviewed the postmarketing data® reporting similar in-
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cidence rates for ischemic colitis and constipation (0.95
and 0.36 cases per 1000 patient-years, respectively) to
rates during the postmarketing cycle before alosetron
withdrawal. No mesenteric ischemia, surgeries, transfu-
sions, or deaths occurred in patients with ischemic colitis
and no cases of contipation were associated with toxic
megacolon, perforation, surgeries, transfusions, or deaths.
AEs were typically of short duration and all improved on
prompt withdrawal of alosetron.

Ramosetron, is also a selective serotonin 5-HT3-recep-
tor antagonist that possesses a specific three dimensional
chemical conformation able to bind long lastingly to
5-HT?3 receptors. Traditionally it has been used in oncol-
ogy as a medication for hyperemesis due to chemother-
apy™. The first double-blind, RCT"™ randomized 418
IBS-D patients to ramosetron 5 pg, 10 pg or placebo.
Significantly higher rates of patients treated with both
doses of ramosetron reported relief of IBS symptoms
compared to placebo; the outcome measure was “global
assessment of relief of IBS symptoms” in a monthly ba-
sis with similar benefits in men and women. The second
study was also double-blind RCT. Five hundred thirty
nine IBS-D patients received 5 ug ramosetron or placebo
once daily. Ramosetron was shown effective for discom-
fort, altered bowel habits (44% »s 24%, for ramosetron vs
placebo respectively, P = 0.001) and abdominal pain (46%
vs 33%, for ramosetron vs placebo respectively, P = 0.005),
without any serious AEs™. Overall 47% of individuals
treated with ramosetron reported a positive response to
treatment compared to 27% of placebo-treated patients
(P = 0.001). Ramosetron was compated to mebeverine in
another study with male IBS-D patients[sﬂ. Patients (» =
343) were randomized to receive 5 pg ramosetron once
daily or 135 mg mebeverine t.i.d for four weeks. Ad-
equate relief of IBS symptoms at the last week of treat-
ment was the primary end point and this was measured as
the proportion of patients reporting relief in an intention
to treat analysis. Both in the ramosetron and mebeverine
groups, responder rates for global IBS symptoms, altered
bowel habits and abdominal pain significantly increased
during treatment. Although abdominal pain/discomfort
and urgency (severity scores), the stool form score, and
the stool frequency in both treatment arms significantly
improved compared to baselines, statistical significance
was not reached. Furthermore, in the comparison be-
tween ramosetron and mebeverine groups, the responder
rates were similar (37% »s 38% on ITT analysis) as well
as AEs. Events of severe constipation or ischemic colitis
were not reported. When the oral administration of 5 ug
ramosetron was prolon data analysis of the postmarket-
ing survey[gg]. Further RCTs studies ged for a minimum
of 28 wk (up to 52 wk) the responder rate was increased
as well as the overall improvement of IBS symptoms.
The rate was further increased subsequently in the to
evaluate ramosetron are needed.

LX-1031
As already mentioned 5-HT is an important neurotrans-
mitter in the GI tract released from EC cells and inter-
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neurons”!, 5-HT is synthesized through the actions of
the rate-limiting enzyme tryptophan hydroxylase (ITPH),
of which 2 different types, TPH1 and TPH2, are ex-
pressed by EC cells and neurons. After release of 5-HT
from EC cells or neurons, it is inactivated by uptake
into enterocytes or neurons through the 5-HT reuptake
transporter, followed by metabolization to 5-hydroxyin-
dole acetic acid (5-HIAA), which is excreted in the urine.
Abnormalities of serotonergic signaling, including altered
expression of TPH-1 and 5-HT reuptake transporter,
and altered release of 5-HT, have been implicated in IBS
pathogenesis[24’89]. Specifically, patients with IBS-D have
increased platelet-depleted 5-HT concentrations dur-
ing fasting and postprandial conditions compared with
healthy volunteers and patients with IBS-C*”.

LX-1031 is an orally administrable, TPH inhibi-
tor, with poor systemic absorption and low penetration
through the blood-brain barrier that decreases serotonin
synthesis”"". Among healthy volunteers, LX-1031 was
well tolerated and dose dependently inhibited 5-HIAA
levels, supporting the potential of the drug to inhibit
5-HT synthesis in the human GI tract upon oral admin-
istration”". Brown e# a/™” reported the results of a phase
IIa study with 1.X-1031 in patients with non-constipating
IBS. A total of 155 patients wete randomized to a 4-wk
treatment with placebo or 250 mg or 1000 mg 1.X-1031
g.d. After 1 wk, a significantly greater number of patients
obtained adequate relief of IBS symptoms with the
high dose of L.X-1031 compared with placebo (48% us
22%, P = 0.02). In weeks 2-4, the response to LX-1031
was higher compared with placebo, but no statistical
significance was reached. As a result, the therapeutic
gain (adequate relief) decreased from 25% to 10%. Stool
consistency measured with the Bristol Stool Form Scale
improved significantly with the high dose compared with
placebo during weeks 1, 2, and 4. In a subset of patients,
urinary 5-HIAA was measured as a marker of 5-HT syn-
thesis before and after 4 wk of treatment with LX-1031.
Overall, the high dosage decreased 5-HIAA excretion by
approximately 25%. In this subgroup, a significant corre-
lation was found between the percent decrease in urinary
5-HIAA excretion and the adequate relief response at
the end of the treatment, indicating that decreased 5-HT
synthesis is the mechanism underlying the symptomatic
benefit. This is supported further by a post hoc analysis
that showed a significantly higher symptomatic benefit in
those who achieved a > 15% decrease in urinary 5-HIAA
excretion during treatment. 1.X-1031 was well tolerated
and no safety issues were observed; however, more stud-
ies are needed to e{g;abh'sh fully the safety and tolerance

profile of this drug” .

Crofelemer

Crofelemer is a proanthocyanidin oligomer. Crofelemer
acts through an antisecretory mechanism by reducing
excess intestinal chloride ion secretion. It exerts an anti-
secretory action on two distinct chloride channel targets
on the luminal membrane of intestinal epithelial cells,
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namely the CFTR and calcium-activated chloride chan-
nel™. The drug is being investigated for the treatment
of acute infectious diarrhea, chronic diatrhea associated
with human immunodeficiency virus/acquired immuno-
deficiency syndrome, and IBS-D.

A randomized, double-blind, placebo-controlled,
phase lla 12-wk treatment study evaluated crofelemer for
IBS-D. A total of 246 patients with IBS-D received either
placebo or crofelemer at dosages of 125, 250, or 500 mg
twice dailyw. The primary end point was improvement
in stool consistency. The study found that none of the
doses of crofelemer improve d stool consistency, stool
frequency, or urgency, or provided adequate relief of IBS
symptoms. However, the 500-mg twice-daily dosage of
crofelemer significantly increased pain- and discomfort-
free days especially in women with IBS-D. Large clinical
trials are necessaty to evaluate the effectiveness and safety
of crofelemer.

Antibiotics

The potential utility of antibiotics in IBS treatment has
been supported by a growing body of evidence demon-
strating the important role of bacteria in IBS pathogen-
esis. It has been proposed that small intestinal bacterial
overgrowth (SIBO) might explain the physiological
hallmarks of altered gut motility, visceral hypersensitiv-
ity, abnormal brain-gut interaction and immune activa-
tion seen in IBS". This is supported by multiple lines
of evidence; first, gas analysis is abnormal in 10%-84%
of IBS patients undergoing lactulose breath testing[%’gﬂ;
second, the distribution of inflammatory mediators and
/ot inflammatory cells have been shown to be disturbed
in some patients with 1BS™. Tt is thought that SIBO may
contribute to many of the clinical manifestations of IBS
through bacterial fermentation and stimulation of a gut
immune response, characterized by release of inflamma-
tory mediators, such as interleukins and tumour necrosis
factor-q, which may affect motility, secretion and sensa-
tion”””. Postinfectious IBS, which occurs in 4%-31%
of individuals assessed up to 12 mo after an episode of
acute gastroenteritis' ", also supports an aetiological role
of bacteria in IBS.

In eatlier studies”™"" the systemic antibiotic neomy-
cin has been evaluated and was found to improve global
symptoms compared with placebo. The non-absorbed
(< 0.4%), oral antibiotic rifaximin is the most thoroughly
studied antibiotic for the treatment of IBS. Rifaximin ap-
pears to be well suited for the treatment of IBS because
of its broad-spectrum bactericidal activity 7 vifro, its effi-
cacy for SIBO in vivo, its favorable tolerability profile and
its lack of association with clinically relevant resistance
or Clostridium difficile colitis”'""”. Rifaximin has demon-
strated its efficacy in RCTs evaluating IBS patients“m’m].
IBS trials utilized high doses of rifaximin: 400 mg three
times daily for 10 d"™, 400 mg twice daily for 10 d"",
and 550 mg twice daily for 14 d"™!. Rifaximin, at these
high doses, demonstrated statistically significant improve-
ment in symptoms whereas patients reported at signifi-
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cantly greater rate global improvement in IBS symptoms
and/or bloating compared to patients treated with place-
bo. Pimentel ¢z /'™ evaluated rifaximin as treatment for
IBS in TARGET 1 and TARGET 2 studies. These were
phase III, double-blind, placebo-controlled trials, identi-
cally designed. Patients who suffered from IBS without
constipation were included in the studies and were ran-
domized to receive for two weeks 550 mg rifaximin or
placebo, three times daily. Patients were then followed
for an additional period of 10 wk. The study measured
(weekly assessments) the proportion of patients that
responded reporting adequate relief of global IBS symp-
toms and IBS-related bloating. A significantly higher rate
of patients in the rifaximin group reported adequate re-
lief of global IBS symptoms and bloating during the first
4 wk after treatment compared to patients in the placebo
group (40.7% vs 31.7%, P < 0.001 and 40.2% »s 30.3%, P
< 0.001, respectively). AEs were similar between the two
groups. A metanalysis'* that included 5 trials reporting
data from 1803 patients was published in 2012. Rifaximin
was found to be more efficacious than placebo for global
IBS symptom improvement (OR = 1.57; therapeutic
gain = 9.8%; NNT = 10.2). Rifaximin was significantly
more likely to improve bloating than placebo (OR = 1.55;
therapeutic gain = 9.9 %; NNT = 10.1). The authors
noticed that studies with older patients and more females
demonstrated higher response rates, which was consis-
tent regardless of treatment group. Although therapeutic
gain offered by rifaximin is modest, it was similar to that
yielded by other currently available therapies for IBS.

The American Task Force systematic review®" con-
cludes that rifaximin has shown improvement of global
IBS symptoms and bloating in trials included in their
analysis. Rifaximin has mostly been offered in patients
with IBS-D; therefore it seems as a reasonable option for
IBS patients with bloating and patients with IBS-D. The
suggested dose is 400 mg three times a day for 10-14 d;
however symptoms may recur over three to nine months.

5ASA compounds

Mesalamine is an anti-inflammatory agent, effective in
the treatment of inflammatory bowel disease. It has been
proposed for IBS-D on the basis of treatment of the un-
detlying chronic inflammation. Bowel infections, bacterial
overgrowth syndrome, antibiotics, stress and unfavor-
able dietary habits can precede visceral hypersensitivity
and lead to a clinical manifestation of IBS. Although
there is no specific morphologic correlate of IBS, these
predictors can affect the colon microbiota and the local
immune system, decrease the protective properties of
the bowel mucosa, impair mucus production, and may be
caused by only minimal alterations on the cellular level.
The detection of minor lesions is often accompanied by
a decrease of proliferation and enhanced apoptosis of
colonocytes'"”. Progression of the disease leads to more
pronounced morphological changes of the colon mucosa
epithelium: reduced frequency of serotonin-producing
cells and mast cells and increased frequency of second-
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ary cells and increasing number of cellular infiltrations
by eosinophils, neutrophils, lymphocytes, plasmocytes
and fibroblasts of stroma'’”. These morphological cri-
teria are signs of inflammatory processes and activation
of immune mechanisms. In this context mesalazine has
been evaluated in a RCT trial in 20 IBS patients“os]. Pa-
tients received 800 mg mesalazine or placebo three times
daily for eight weeks. The primary outcome measure was
changes in the number of colonic immune cells on bi-
opsies obtained at baseline and at the end of treatment.
Symptom severity, changes in subsets of immune cells
and inflammatory mediators were also evaluated. In the
group of mesalazine the total count of immune cells
and specifical the mast cells were reduced as compared
with placebo (P = 0.0082 and P = 0.0014, respectively).
General well-being was also improved in the group of
mesalazine (P = 0.038), but did not seem to have an
impact on abdominal pain (P = 0.084), bowel habits or
bloating (P = 0.177). The drug was well tolerated with
no serious AEs reported. In another studylm()J 12 women
with diarrthoea-predominant IBS received oral mesalazine
(1.5 g b.id) for four weeks followed by a 4-wk washout
phase. Molecular profiling of stool bacterial communities
and IBS symptoms wete assessed before, during and after
mesalazine treatment. Qualitative and quantitative effects
of mesalazine on stool microbiota, mucosal proteolytic
activity and IBS symptoms were assessed. Faecal bacteria
decreased by 46% on mesalazine treatment (P = 0.014),
but returned to baseline during washout. Eight of 12
(67%) patients responded favorably to mesalazine based
on a global relief questionnaire, with significant decreases
in the number of days with discomfort and increases
in bowel movement satisfaction. In a recent trial""
17 patients who developed IBS-D after gastroenteritis
were randomized to receive mesalamine 1.6 gm b.id. or
placebo for 12 wk. Mesalamine was not associated with
significant improvement in global symptoms, abdominal
pain, bloating, stool urgency, frequency, or consistency (all
P = 0.11) or QOL (P = 0.16). At this point, data from
all these studies seem inconclusive. Further study of the
bacteriological and anti-inflammatory properties of me-
salazine in IBS is necessary.

ABDOMINAL PAIN

Antispasmodics

Exaggerated motility response of the small bowel and
colon to environmental stimuli may be responsible for
the symptoms, especially pain, expetienced in IBS"" ",
For this reason antispasmodics have been used for the
symptoms of IBS. Antispasmodics encompass several

different drug classes (smooth-muscle relaxants, antimus-
carinics, anticholinergics) and unique agents (pinaverium,
trimebutine). Given their mechanism of action, these
agents are directed at those subgroups of IBS, with a
predominant symptom of abdominal pain and stool pat-
terns that are either mixed or more diarrheal in nature.
The propensity of these agents to promote constipation
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makes them a less attractive option for patients with
IBS-C. The anticholinergic properties of these agents
restrict their usefulness in clinical practice. Common side
effects that often limit these drugs usefulness in the treat-
ment of IBS are dizziness, dry mouth, confusion (partic-
ularly in elderly patients), blurry vision, urinary retention,
and constipation".

A systematic review and meta-analysis of antispas-
modics as a class was performed by the ACG IBS Task
Force”'!. The Task Force identified 22 studies suitable for
inclusion in their systematic review. Most of these clini-
cal trials are dated, with only 3 of the studies performed
in the last 10 years. Studies evaluated hyoscine, hyoscya-
mine, otilonium, cimetropium, pinaverium, trimebutine,
alverine, mebeverine, pirenzipine, prifinium, propinox,
and a trimebutine/rociverine combination. The 22 trials
collectively included data from 1778 patients with IBS.
The pooled analysis of these studies revealed a RR of
symptoms persisting with antispasmodics compared with
placebo of 0.68 (95%CI: 0.57-0.81) and a NNT of 5.
The pooled analysis that was performed on the 13 stud-
ies, included 1379 patients in whom AEs were reported.
There was significant heterogeneity among these patients;
moreover these clinical trials were collectively fraught
with methodological flaws, including diagnostic criteria
used, inclusion criteria used, dosing schedule used, dura-
tion of therapy studied, study end points used to assess
response, and study size (only three studies enrolled more
than 100 patients). The review concluded that some
drugs in the antispasmodics class (cimetropium, hyoscine,
pinaverium) may be an option for relief of abdominal
discomfort and pain in IBS-patients. Older systematic re-
views have yielded mixed results regarding the efficacy of
antispasmodics for BS!+H

Mebeverine is an antispasmodic that has been suc-
cessfully used in the management of IBS for many years.
Mebeverine is a musculotropic agent that has antispas-
modic activity and regulatory effects on the bowel func-
tion!". During oral administration at doses of 135-270
mg £i.d., it shows no typical anticholinergic side effects.
There is no indication that the incidence of side effects
caused by mebeverine is higher than that of a placebo[m].
In 2010, a metanalysis was published on the efficacy and
tolerability of mebeverine in IBS in its usual dosages“m
Eight randomized trials including 555 patients with all
IBS subtypes, randomized to receive either mebeverine
or placebo, met the metanalysis criteria. The pooled RR
for clinical improvement of mebeverine was 1.13 (P =
0.7) and 1.33 (P = 0.12) for relief of abdominal pain.
The efficacy of mebeverine 200 mg compared to me-
beverine 135 mg indicated RRs of 1.12 (P = 0.168) for
clinical or global improvement and 1.08 (P = 0.463) for
relief of abdominal pain. Thus, mebeverine was shown
to be well tolerated with no significant AEs; however,
its efficacy in global improvement of IBS did not reach
statistical significance. Recently the results of an explor-
atory RCT of mebeverine, methylcellulose, placebo and
a self-management online (website) treatment method
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(cognitive behavior treatment) were published“m. One
hundred thirty-five patients, with IBS symptoms fulfilling
Rome III criteria were randomized to over-encapsulated
mebeverine, methylcellulose or placebo for six weeks and
to 1 of 3 website conditions. Mean IBS SSS (symptom
severity scale) decreased by 35 points from baseline to
12 wk of treatment. There was no significant differ-
ence in IBS SSS or IBS-QOL score between medication
and website groups. However, IBS SSS at six weeks was
lower in the No-website group than the website groups
(P = 0.037). In the end of the study, the global relief of
IBS symptoms was significantly improved in the website
groups compared to the non-website group at 12 wk of
treatment (Enablement and Subjects Global Assessment
of relief P = 0.001 and P = 0.035 respectively).
Otilonium bromide (OB) has been shown to reduce
the pain severity in IBS patients effectively[m]. OB is
an ammonium derivative with spasmolytic activity in
GI smooth muscle by inhibiting the calcium ion influx
through L-type voltage operated calcium channels. OB
pharmacologically has been demonstrated to inhibit
central/peripheral tachykinin-2 receptor; in this way it
reduces the sensory signals afferent transmission from
the periphery to central nervous system!"”. Additionally,
OB binds with high affinity to muscarinic receptor sub-
types M1, M2, M3, M4 and M5! M3 sub-receptor
1s located in human colonic crypt cells to mediate secre-
tion coupled with calcium channels. Due to its potent
muscarinic blockade of M3, OB exhibits its antisecretory
properties, thus improving stool consistency'”". Among
researches on the OB efficacy on IBS patients, early stud-
ies indicated that OB is effective for abdominal pain and
bloating but there was a difficulty in demonstrating effi-
cacy over placeboﬂzz’mﬂ. A review based on four OB trials
was eventually conducted in 2008. Various antispasmod-
ics were studied, but OB (four trials, 435 patients, RR of
persistent symptoms 0.55, 0.31 to 0.97) showed consis-
tent evidence of efficacy over placebo[m]. Subsequently,
two RCTs were published. The first multi-center phase IV
double-blind study"* randomized 356 patients with vari-
ous IBS subtypes to receive OB (40 mg %d.s.) or placebo
for 15 weceks, and follow-up was extended 10 additional
weeks. The effect of OB was significantly greater than
placebo in the reduction of weekly frequency of episodes
of abdominal pain at the end of treatment period (P =
0.03); similarly OB was superior to placebo in the reduc-
tion of abdominal bloating (P = 0.02) and in the global
efficacy by patient assessment (P = 0.047). However, no
difference between the effect of OB and placebo was
found in the intensity of abdominal pain, the proportion
of patient responders, and the safety and quality of life
scores. During follow-up, the therapeutic effect of OB
remained greater than placebo in terms of withdrawal
rate due to symptom relapse (P = 0.009), global efficacy
of treatment and relapse-free probability (P = 0.038).
Therefore, the study demonstrated superiority of OB
vs placebo in the reduction of pain and bloating, and in
protection from relapse as a result of the long-lasting
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effect. These symptoms improved progressively during
the study. It should be pointed out that IBS trials are sub-
jected to high placebo effect, typically between 30% and
60% thus making difficult to detect the therapeutic gain
and interpretation of the results'™, The second trial was
an Asian study™" which randomized 117 participants to
receive 40 mg OB or 100 mg mebeverine, thrice daily for
eight weeks. The abdominal pain/discomfort frequency
score (APDFS) and safety profile were assessed. Com-
pared to baselines, the APDFESs in OB and mebeverine
were significantly reduced (0.55; P = 0.011 and 0.37; P =
0.042 respectively). However, when the improved results
of the two treatments were compared between them,
statistical significance was not reached). One hundred
eighteen AEs were reported (OB = 65 and mebeverine =
53); these comprised mostly dry mouth in both arms, fol-
lowed by nausea and dizziness (particularly in OB).

Similarly, solifenacin, a muscarinic type 3 receptor an-
tagonist, that is used to treat overactive bladder in adults
has been evaluated in a recent study for the symptomatic
relief of diarrhea in 20 IBS-D parjentsllzsj. After a 2-wk
observation period, all participants received solifenacin
for six weeks. Subsequently, the administration of solife-
nacin was discontinued and ramosetron, a serotonin 3 re-
ceptor antagonist, was administered for four weeks. Two
weeks after initiation of solifenacin, an overall improve-
ment was observed in 16 out of 20 participants (80%).
The efficacy of solifenacin in the treatment of IBS with
diarrhea was not inferior to that of ramosetron. How-
evet, the study had the limitation of not being placebo-
controlled.

In recent years, increasing attention has been given
to the role of the nonadrenergic and noncholinergic
(NANC) nervous system for the regulation of colonic
motility. Nitric oxide (NO) has been identified as an im-
portant component of the NANC nervous system and
as an inhibitory neurotransmitter in the colon”. NO
mediates the relaxation of smooth muscle cells in the
GI tract by production of intracellular guanosine 3,5-cy-
clic monophosphate (cGMP)"* and is also involved in
nociception™. Sildenafil is an orally administered drug
that has been used to augment NO activity and is widely
used as a treatment for erectile dysfunction. In an eatlier
study”"! stimulation of the NO-cGMP pathway by silde-
naifil administration decreased rectal tone but did not in-
fluence rectal distensibility. Relaxation of the rectum was
accompanied by an increase in rectal volumes to reach
perception thresholds in healthy subjects and in patients
with IBS, but no ditect effect on rectal perception could
be demonstrated. Recently, another small study"* evalu-
ated the effects of sildenafil tone inhibition on rectal sen-
sitivity. Eight control subjects and 21 IBS patients (Rome
II) were enrolled in a double-blinded study, after dosing
with placebo or sildenafil (50 mg p.o.). Sildenafil increased
the first desire to defecate and the pain in the hypersensi-
tive IBS patients. It also increased rectal compliance, but
only in diarrhea-IBS. No trials regarding the effectiveness
of sildenafil on the relief of the IBS symptoms and the
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quality of life are available.

Opioid receptor agonists

Opioid receptors, including m, d, and k, are expressed
along the GI tract and play a key role in regulating GI
motility, secretion, and visceral sensation. Recently, ex-
ogenous opioids have been shown to reduce GI transit
through activation of m-opioid receptor (MOR) and
they can treat diarrhea in acute situations. Agents that
simultaneously activate MOR and antagonize d-opioid
receptor (DOR) have differential GI effects and can pos-
sess increased analgesic potency compared to pure MOR
agonists“m. Eluxadoline is a locally active, mixed MOR
agonist/DOR antagonist with low oral bioavailability that
is being developed for the treatment of IBS-D. In vitro,
eluxadoline reduces contractility in intestinal tissue and
inhibits neurogenically mediated secretion™. In a recent
phase 1I study™™ 807 patients were randomly assigned
to groups receiving twice daily 5, 25, 100, or 200 mg oral
eluxadoline or oral placebo for 12 wk. The primary end
point was clinical response at week four, defined by a
mean reduction in daily pain score of more than 30%
from baseline and of at least 2 points on 0-10 scale, as
well as a stool consistency score of 3 or 4 on the Bristol
Stool Scale (1-7) for at least 66% of daily diary entries
during that week. The authors concluded that patients
given eluxadoline were significantly more likely to be
clinical responders, based on a combination of improve-
ment in abdominal pain and stool consistency. Another
selective, potent k-opioid agonist, asimadoline, which has
been shown to improve pain and abnormal bowel func-
tion, has been evaluated in a trial ™. Asimadoline has low
permeability through the blood-brain barrier. In this trial,
596 patients with varying IBS subtypes were random-
ized to receive 0.15, 0.5, 1.0 mg asimadoline or placebo
b.i.d for twelve weeks. Asimadoline (0.5 mg) significantly
prolonged the total time (number of mo) with adequate
relief of IBS pain or discomfort (46.7% »s 20.0%), ad-
equate relief of IBS symptoms (46.7% s 23.0%). It also
significantly reduced pain scores (week 12: -1.6 »5 -0.7),
increased pain free days (42.9% »s 18.0%), and improved
urgency and stool frequency (-2.3 »s -0.3). These posi-
tive results were observed in IBS-D patients with at least
moderate pain in baseline. However, no significant dif-
ference was observed in the percentage of months with
adequate relief. Asimadoline failed to show a benefit in
IBS-C.

Drugs acting through the endocannabinoid system
have also been studied. Two types of G-protein- coupled
cannabinoid receptors, CB1 and CB2, have been identi-
fied and cloned™”. CB1-immunoreactivity is located on
the normal colonic epithelium, smooth muscle, and the
myenteric plexus. Dronabinol, a nonselective CB receptor
agonist, has been shown to inhibit and colonic motility
in healthy humans™. In a recent study"™, the effect of
dronabinol on colonic sensory and motor functions in 75
patients with mixed IBS subtypes who were cannabinoid
naive was assessed. Patients were randomly assigned to
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groups that were given a single dose of placebo or 2.5 mg
or 5.0 mg dronabinol. Single nucleotide polymorphisms
CNRI1 rs8006378, fatty acid amide hydrolase (FAAH)
1s324420, and MGLL rs4881 were also studied. In all
patients, dronabinol decreased fasting proximal left co-
lonic motility index compared with placebo and increased
the colonic compliance. The effects of dronabinol were
greatest in IBS patients with diarrhea or IBS alternating,
Dronabinol did not alter sensation ot tone but it affected
fasting distal motility index in patients, regardless of

FAAH 1324420 variant (CA/AA »s CC) (P = 0.046)

GLP-1 (Rose-10)

GLP-1(glucagon-like peptide 1) is normally released af-
ter food intake. It stimulates insulin release and reduces
gastric emptying and small intestinal motility"*”. GLP-1
has been reported to inhibits small intestinal motility in
IBS patients“m and to prolong colonic transit’ . The
initial use of GLP-1 analogues was to normalize blood
glucose levels in patients with diabetes; however, based
on the aforementioned observation,s are now being stud-
ied to treat abdominal pain attacks in patients with IBS.
The GLP-1 analog ROSE-010 has been demonstrated
to reduce acute IBS pain in a RCT involving 166 IBS pa-
tients'*). Participants were assigned to receive single sub-
cutaneous injections of ROSE-010 100 pg, 300 pg and
placebo in a cross-over design. Patient-rated pain relief
and intensity were evaluated with a visual-analog scale.
The primary outcome measure was the proportion of pa-
tients with a minimum 50% pain reduction from 10 to 60
min after treatment. A significantly higher proportion of
patients reported greater than 50% of the maximum total
pain relief response after 100 and 300 pg of ROSE-010
treatments than after placebo (23% and 24% »s 12%; P
=0.011 and P = 0.005, respectively). Times to meaning-
ful and total pain relief were shorter for both doses of
active drug »s placebo. A second single-center RCT evalu-
ated safety, pharmacodynamics, and pharmacokinetics
in women with IBS-C"*. Patients were administered
once daily 30, 100, or 300 pg ROSE-010 subcutaneously
or placebo for three consecutive days as well as a single
repetitive dose after 2-10 d. Validated scintigraphy was
used to measure GI and colonic transit. Single-photon
emission computed tomography was used to measure
gastric volumes. The primary outcome measures were
gastric emptying of solids half time, the colonic transit
geometric center at 24 h, and the gastric accommodation
volume. Gastric emptying was significantly retarded at
the doses of 100 and 300 ug ROSE-010. Gastric vol-
umes, small bowel or colonic transit at 24 h and bowel
functions were not significantly altered by ROSE-010.
Colonic transit at 48 h was accelerated with the 30 and
100 pg ROSE-010 doses. AEs were vomiting (P = 0.008)
and nausea nausea (P < 0.001). Based on the observation
that at the doses of 30 and 100 pg the drug accelerated
colonic transit time, the authors concluded that it could
be a candidate for relief of constipation in IBS-C. More
in-depth assessments of the IBS pain attack characteris-
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tics are ongoing and future clinical trials with ROSE-010
are being plannedm.

Ketotifen

Experimental studies have shown that mast cells play
an important role in IBS through visceral hypersensitiv-
ity"*!. Patients with IBS excibit an increased number of
mast cells in the small intestine!*", large intestine "
and rectum”. The number of mucosal mast cells and
their proximity to sensory nerves in colonic tissue has
also been studied and found positively correlated to
abdominal painms]. Mast cells activation results in de-
granulation; thus mediators pre-stored in vesicles such
as tryptase, histamine and several cytokines are rapidly
released inducing an inflammatory response. Sodium
cromoglycate and ketotifen are well known membrane
stabilizers that act by blocking mast cell degranula-
tion"". Klooker e a/'* conducted a RCT to assess the
effect of ketotifen on IBS. Sixty patients with various
IBS subtypes (Rome II criteria) were included in the
study. The idea was to evaluate whether increased num-
bet of mast cells and/or increased spontaneous mucosal
tryptase release is associated with visceral hypersensitiv-
ity and whether mast cell stabilization with ketotifen
had an impact on visceral perception; this was estimated
by measurements of rectal distension in hypersensi-
tive patients with IBS. Abdominal symptoms were also
monitored. The trial consisted of two weeks of screen-
ing/observation, then a treatment period of eight weeks
and a follow-up period of another two weeks. Barostat
measurements were performed at baseline and then af-
ter eight weeks of treatment with ketotifen or placebo.
Rectal biopsies were also collected before and after treat-
ment. Ketotifen was shown to be superior to placebo in
increasing the threshold for discomfort in patients with
IBS with visceral hypersensitivity; it also significantly im-
proved abdominal pain and quality of life. Mast cells and
spontaneous release of tryptase were lower in patients
with IBS than in healthy volunteers. However, ketotifen
did not histamine and tryptase release. Further studies
are needed to confirm the beneficial effect of ketotifen
in IBS symptoms and clarify its way of action.

CONCLUSION

IBS is a highly prevalent functional disorder that reduc-
es patients’ quality of life. IBS is not a single disease
entity, but rather likely consists of several different dis-
ease states; currently, treatment is predicated upon the
patient’s most bothersome symptoms. Various drug cat-
egories (antispasmodics, laxatives, dopamine antagonists,
5-HT3 antagonists and/or 5-HT4 agonists, sedatives,
antibiotics, probiotics), modifications in diet and lifestyle,
and complementary and alternative therapies have been
proposed as symptomatic treatment. It is difficult to draw
conclusions from previous studies since IBS trials are
subjected to high placebo effect, typically between 30%
and 60% thus complicating the detection of the thera-
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peutic gain and interpretation of the results. For IBS-C,
linaclotide and lubiprostone seem promising for the
relief of multiple symptoms from which patients with
IBS-C suffer. Regarding IBS-D, although the 5-HT3 an-
tagonist alosetron was shown to be superior than placebo
at relieving global IBS symptoms in male and female with
a high level of evidence, it was withdrawn from the mar-
ket due to complications (ischemic colitis). Newer 5-HT3
antagonists (cilansetron, ramosetron) have emerged;
however there is lack of consistent data demonstrating
whether the drug is superior over placebo. In the cat-
egory of antibiotics, rifaximin has been presented as ef-
ficacious in RCTs evaluating IBS patients. It has emerged
as a strong option for the treatment of IBS because of
its broad-spectrum bactericidal activity # vitro, its efficacy
for SIBO in vivo, its favorable tolerability profile and the
lack of association with clinically relevant resistance or
Clostridium difficile colitis. Among the antispasmodics,
OB showed consistent evidence of efficacy over placebo.
Other molecules, ze. NO donors, Opioid Receptor Ago-
nists, ketotifen, as well as GLP-1 have been proposed for
IBS treatment as well.
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