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The intestinal microbiota interacts with several aspects of gastrointestinal function that may
affect the expression or progression of disease. For example, a role for bacterial metabolism
of bile acids and food has been linked to colorectal cancer development. Studies have also
shown a potential role of the intestinal microbiota in the modulation of inflammation in the
intestine and joints. Normal gut physiology is molded by the interaction between the
intestinal microbiota and the host’s gastrointestinal tissues, including motility, absorption and
secretion, and intestinal permeability. Early studies in axenic mice demonstrated gross
morphological abnormalities and gut motor dysfunction related to the absence of a normal
microflora, raising the possibility that shifts in commensal bacterial populations could play a
role in the development of altered motility states including functional disorders of the gut.
This chapter concentrates on the experimental evidence for a role of intestinal microbiota
and the potential therapeutic value of probiotics in functional diseases such as irritable
bowel syndrome.
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IS THE INTESTINAL MICROBIOTA ALTERED IN IRRITABLE
BOWEL SYNDROME?

There are limitations to the study of the gastrointestinal flora by conventional
microbiological techniques as most resident bacteria cannot be cultured. There is,
however, evidence that the intestinal microbiota is altered in patients with irritable
bowel syndrome (IBS) when compared to normal individuals. A number of studies have
reported lower numbers of lactobacilli and bifidobacteria in IBS patients, and a shift
from the dominant anaerobic species such as Bacteroides spp and Bifidobacterium spp to
Clostridium spp.1,2 It has been suggested that the differences in the intestinal microbiota
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between healthy subjects and patients with IBS may underlie symptom generation by
promoting abnormal colonic fermentation.3 It is possible that some symptoms in IBS
patients are caused by fermentation by an altered intestinal microbiota. Following an
exclusion diet, thereby modifying substrates for fermentation, patients with IBS had a
decreased rate of gas production, which correlated with an improvement in
symptoms.4 Although this may be true for a subset of patients with IBS, we must
bear in mind the multifactorial essence of IBS. discusses some of the possible
mechanisms through which alteration of the intestinal microbiota can affect gut
function.

MECHANISMS LEADING TO IBS: IS THE INTESTINAL
MICROBIOTA THE LINK?

IBS comprises an heterogeneous group of patients and is multifactorial in its
pathogenesis and pathophysiology. The role of bacterial infection in the initiation of
IBS has recently received much attention and the clinical entity referred to as post-
infective IBS (PI-IBS) is now widely accepted. Since the large retrospective analysis of an
association between a history suggestive of an acute gastroenteritis and the subsequent
development of IBS5, several prospective studies have shown that acute bacterial
gastroenteritis leads to IBS in 7–30% of patients.6,7 These studies, however, lacked
control groups and estimates of relative risks were not provided. A recent cohort study
comparing the incidence of IBS in a large sample of patients without gastroenteritis and
patients with diagnosed gastroenteritis has shown a relative risk of IBS after bacterial
gastroenteritis of 11.9.8 Thus, bacterial gastroenteritis is a major independent risk
factor for IBS. Studies in non-selected IBS patients have suggested that IBS patients may
be genetically susceptible to inflammatory stimuli9–11 and may exhibit low-grade
inflammatory signals or cells.12 A retrospective study has shown that the risk of PI-IBS is
largely independent of the bacterial species that caused the initial gastroenteritis
episode.7 This suggests that a common mechanism triggered by infection and
inflammation, possibly in a genetically predisposed host, may also lead to PI-IBS.
Moreover, it opens the possibility that other causes of gastroenteritis such as virus and
parasites may also lead to PI-IBS. Figure 1 depicts the multiple mechanisms that may
underlie symptom generation in PI-IBS.

It is well known that antibiotics disrupt the intestinal microbiota. Antibiotic use leads
to diarrhoea and patients treated with antibiotics for non-gastrointestinal complaints
have been shown to be three times more likely to report functional bowel symptoms.13

This raises the possibility that qualitative or quantitative changes in resident bacterial
populations by antibiotic use or infection may be involved in the generation of chronic
gut dysfunction. Interestingly, there are other studies supporting a beneficial role of
antibiotics in IBS. In particular, antibiotic treatment was associated with improvement of
IBS symptoms in patients with bacterial overgrowth syndrome.14 Taken together, these
studies indicate that perturbation of the delicate balance between commensal bacteria
and host tissue can influence gastrointestinal physiology and promote the expression
and maintenance of chronic functional disorders.

During infection and inflammation, mucosal permeability is enhanced, and bacterial
translocation is increased. As a result, it is possible that the state of altered physiology is
maintained, at least in part, by luminal content through a permeable epithelium and
could involve the microbial flora either in the development and/or maintenance of IBS.
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This is also a potential basis for the development of IBS in patients in remission from
inflammatory bowel disease.15

Finally, the intestinal microbiota can affect gut motor function, which in turn can alter
the intestinal microbiota composition. This was demonstrated in physiological studies
showing that germ-free animals exhibit profound altered motility patterns that are
normalized upon reconstitution with normal flora.16 Interestingly, the influence of the
intestinal microbiota on small intestinal myoelectric activity was species-dependent.17

On the other hand, motility disorders frequently result in bacterial overgrowth.18,19

The precise mechanism through which the intestinal microbiota modulates this
variety of gastrointestinal functions remains unknown. Under normal conditions,
bacteria interact with the gastrointestinal tract through receptors on the epithelial cell
such as Toll-like and NOD receptors, and bacterial translocation, defined as passage of
viable bacteria to mesenteric lymph nodes or other organs, is minimal.20 However,
secreted products of bacteria normally gain access to the submucosa to stimulate the
mucosal immune system. Moreover, even in normal individuals, passage of bacteria to
the submucosa occurs periodically without consequences for the individual, because
bactericidal mechanisms are in place.21 However, this penetration may be sufficient to
induce changes in intestinal immunity and physiology that are independent of bacterial
interaction with the epithelial cell. Bacteroides thethaiotaomicron, a common gut
commensal in mice and humans, was recently found to alter expression of genes
involved in smooth-muscle function and neurotransmission.22 To what extent this
altered gene expression can affect intestinal function, and its precise pathway, remains
unclear. Our laboratory has pioneered the concept that an interplay between the
mucosal immune and intestinal motor systems exists. The possible interface between
the immune and motor or sensory systems, and between luminal antigens and
inflammation, has not been recognized until recently. Because intestinal inflammation is
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Figure 1. Symptom generation in post-infective IBS.
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affected by the presence of bacterial flora and can be modulated by probiotics, we
hypothesized that intestinal function is highly sensitive to changes in intestinal
inflammation, and consequently changes in gut function can be modulated by probiotics.

CLINICAL EVIDENCE OF THE EFFECTIVENESS OF PROBIOTICS
IN IRRITABLE BOWEL SYNDROME

Conclusions drawn from clinical studies on the effect of probiotics in IBS are conflicting.
Differences in probiotic composition and the heterogeneous and multifactorial nature
of patients with IBS may account, in part, for this. Abnormal colonic fermentation may
be greater in a subset of patients with IBS.4 However, a double-blind, placebo-
controlled, cross-over trial using Lactobacillus plantarum 299v did not show
improvement of symptoms or of colonic fermentation in patients with IBS.23 Another
study using L. plantarum and oat flour in patients with IBS showed a reduction in the
number of days with flatulence with respect to placebo-treated patients, but no
improvement in bloating. Interestingly, abdominal pain was reduced both in patients
that had received L plantarum or placebo.24 A number of clinical studies have
investigated the presence of functional abdominal symptoms after antibiotic therapy.
Although a clear beneficial role of antibiotics remains controversial, these studies
indicate a potential relationship between a perturbed bacterial flora by antibiotic
therapy and functional abdominal symptoms.14,15

A controlled, double-blind study, randomized 20 patients with IBS to L. plantarum 299v
in liquid suspension or placebo for 4 weeks. It was concluded that L. plantarum decreased
abdominal pain and tended to normalize stool frequency in constipated patients.25 On
the other hand, Lactobacillus casei GG, administered as entero-coated tablets to patients
with IBS and bloating symptoms, seemed to improve stool consistency in patients with
IBS and diarrhoea.26 Finally, a randomized controlled trial using the probiotic formulation
VSL#3 improved abdominal bloating in patients with diarrhoea-predominant IBS,
although no differences in gastrointestinal transit measurement, bowel function scores
or satisfactory global symptom relief were shown.27

In order to rationalize the use of probiotics in IBS, an understanding of the effects of
different strains and formulations of probiotics on gut function, including neuromus-
cular function, is required.

INSIGHT FROM STUDIES IN A MOUSE MODEL OF PI-IBS:
MODULATION OF NEUROMUSCULAR FUNCTION
BY PROBIOTIC BACTERIA

Previous work from our laboratory, using the Trichinella spiralis infection mouse model,
has shown increased muscle contractility and decreased excitatory neurotransmission,
which persists after infection has resolved.28 In this model, gut dysfunction is initiated
by Th2 cytokines induced by the T. spiralis infection, and is maintained, at the post-
infective state, by production of mediators such as COX-2, PGE2 and TGFb1 in the
muscular layer.29,30

In order to investigate whether administration of probiotic bacteria influences post-
infective dysfunction, T. spiralis-infected mice were given unfermented growth medium
as control, or the probiotic spent culture media (SCM) containing 109 Lactobacillus
paracasei, Lactobacilllus johnsonii, Bifidobacterium longum or Bifidobacterim lactis from day
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10 to day 21 after T. spiralis infection. Contractility of whole-muscle strips showed that
T. spiralis-infected mice that had received L. paracasei in SCM displayed significantly
lower maximal contraction when compared to control mice. B. lactis and B. longum
tended to attenuate post-infective hypercontractility but this did not achieve statistical
significance. L. johnsonii did not attenuate post-infective hypercontractility. These results
suggest that the effect of probiotic bacteria on post-infective gut dysfunction is strain-
specific.

To determine whether normalization of hypercontractility was induced by the
bacteria or their fermentation metabolites, groups of T. spiralis-infected mice were given
live L. paracasei in their SCM, the filtered SCM free of live organisms (L. paracasei-free
SCM) or heat-inactivated L. paracasei in SCM from day 10 to 21 after infection. Oral
administration of L. paracasei or L. paracasei-free SCM significantly attenuated post-
infective hypercontractility. This was accompanied by a decrease in mediators in the
muscularis externa that have been shown to perpetuate muscle dysfunction in the T.
spiralis mouse model of PI-IBS. Fourteen days post-infection, mice receiving L. paracasei
or L. paracasei-free SCM had lower protein levels of IL-4 and message for COX-2. On
day 21 post-infection, mice treated with L. paracasei or L paracasei-free SCM had
reduced protein TGF-b1, PGE-2, COX-2 and message for COX-2 and TGF-b in the
muscularis externa. Because administration of both live bacterium, and L. paracasei-free
SCM, led to attenuation of post-infective hypercontractility, it is possible that a heat-
labile factor released by the bacterium is responsible for the observed effect.31

SUMMARY AND CONCLUSION

A delicate balance exists in which intestinal microbiota interact with host tissues to
determine gut physiological function under normal conditions. Factors that perturb this
equilibrium, such as infections or antibiotic treatment, will promote gut dysfunction and
are likely to be involved in symptom generation in IBS. Primary motility disturbances
can induce changes in the intestinal bacterial content and thereby further perturb
intestinal physiology. Although patients with IBS appear to have quantitative differences
in the intestinal microbiota when compared to normal individuals, it is still unclear
whether a causal relationship exists, or whether the altered flora is a consequence of
the gut dysfunction. Also, the precise pathways through which the intestinal microbiota
modulate gut function, in particular neuromuscular and sensory function, remain largely
unknown. Using a mouse model of post-infective IBS, we have demonstrated the
potential value of probiotic bacteria in restoring normal gut function, and that this is a
strain-dependent effect. This supports the hypothesis that disruption of the intestinal
microbiota may be involved in IBS and that restoration of this equilibrium may be of
therapeutic benefit.

Practice points

† IBS is one of the most common diseases encountered by gastroenterologists
and family physicians

† gastroenteritis is the most important environmental risk factor identified to
date for the development of IBS

† there is emerging evidence of abnormal flora composition in IBS
† probiotics may be useful in the treatment of IBS
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