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ABSTRACT Irritable bowel syndrome (IBS) is a highly prevalent
Sfunctional gastrointestinal disorder affecting 3 to 15 % of the
general population. It is characterized by unexplained abdominal
pain, discomfort, and bloating in association with altered bowel
habits. The pathophysiology of IBS is not well understood, but
most likely involves multiple causes. IBS has been associated
with abnormal gastrointestinal motor function, visceral
hypersensitivity, psychosocial factors, autonomic dysfunction,

and inflammation. In a subgroup of patients, IBS develops after
an acute bacterial infection of the bowel. Increased numbers of
inflammatory cells, such as mast cells and lymphocytes in the
colonic mucosa of IBS patients suggest an ongoing state of
inflammation in these patients. Probiotics have been shown to

have a beneficial effect in acute infectious diarrhea and
inflammatory bowel disease and thus could presumably be of
potential benefit in postinfectious IBS. Another rationale for
using probiotics in IBS is their potential to influence

[fermentation processes and diminish gas production by changing
the colonic flora. Even though evidence from controlled clinical
trials supporting a beneficial role of probiotics in the treatment
of IBS is still limited, improvement of different IBS symptoms

and normalization of inflammatory cytokine levels have been

demonstrated. Small sample sizes and the use of different probiotic

preparations complicate the interpretation and comparison

between different studies. While preliminary results are

encouraging, the exact mechanism of action and their clinical
efficacy of Probiotics in ISB need to be studied in well designed
experiments and larger randomized, controlled trials.
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INTRODUCTION

Irritable bowel syndrome (IBS) is one of the most common
functional gastrointestinal disorders with a prevalence of 3 to
15% in the general population (Cremonini and Talley 2005;
Drossman, Li et al. 1993). IBS is characterized by abdominal
pain and discomfort in association with altered bowel habits, and
the symptoms cannot be explained by any structural abnormalities
using current standard diagnostic tests (Drossman, Camilleri et
al. 2002). In addition to abdominal pain, diarrhea or constipation,
typical symptoms include bloating, flatulence, stool urgency or
straining and the feeling of incomplete evacuation (Drossman,
Camilleri etal. 2002). Characteristic symptom patterns according
to the IBS consensus “Rome II” criteria (Table 1) and absence of
structural disease allow a positive diagnosis of IBS (Thompson,
Longstreth et al. 1999). The pathophysiology of IBS is still not
well understood. Several factors such as motor and sensory
dysfunction, immune mechanisms and psychological factors are
suggested to play a role (Camilleri 2005; Drossman, Camilleri et
al. 2002). Currently available IBS therapies are mainly symptom-
orientated (e.g. anti-diarrheals for diarrhea, laxatives for
constipation or smooth muscle relaxants for pain) and often are of
limited efficacy regarding the overall complaints. Other treatment
strategies, such as antidepressants for pain relief, are inadequate
for long term management due to their side effect profiles. Newer
medications targeting the gut nervous system, such as different
serotoninergic receptor modulators, are efficacious, but their
availability is very limited due to restricted drug approval in
selected countries, and some agents are suspected to have an
unfavorable safety profile.

Probiotics are preparations that contain viable commensal micro-

organisms, which have potential beneficial effects in the prevention
or in the treatment of various gastrointestinal and other disorders
(Sartor 2004). They are considered safe and are usually well
tolerated.
This review will discuss the potential role of probiotics in the
management of IBS focusing on how their currently known
benefits influence the pathophysiology of IBS. The evidence from
randomized, placebo-controlled trials is reviewed and new frontiers
for future research are identified.
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Table 1: Rome II Consensus Diagnostic Criteria for Irritable Bowel Syndrome (IBS) in the absence of
structural or metabolic abnormalities to explain the symptoms (Thompson, Longstreth et al. 1999)

(I)Relieved with defecation; and/or

e DPassage of mucus-

*  Bloating or feeling of abdominal distension

At least 12 weeks or more, which need not to be consecutive, in the preceding 12 months of abdominal

discomfort or pain that has two out of three features:

(IT) Onset associated with a change in frequency of stool;

(IIT) Onset associated with a change in form (appearance) of stool

Symptoms that cumulatively support the diagnosis of IBS

e Abnormal stool frequency (for research purposes “abnormal” may be defined as greater than 3 bowel
movements per day and less than 3 bowel movements per week)-
e Abnormal stool form (lumpy/hard or lose/watery stool)-

e Abnormal stool passage (straining, urgency, or feeling of incomplete evacuation)-

and/or

The potential influence of probiotics on different IBS
mechanisms

Immune mechanisms

There is a growing body of clinical and laboratory evidence
that IBS has an inflammatory component. Not only do
inflammatory bowel disease patients, particularly those with
Crohn’s disease experience IBS type symptoms following acute
flare-ups. These symptoms usually occur in the absence of
endoscopically detectable mucosal inflammation. IBS also affects
10-15% of patients after acute infectious enteritis (Spiller 2003).
Mucosal biopsies in patients with postinfectious (PI)-IBS indicate
a persistent, mild inflammatory state, defined by increased
numbers of inflammatory cells and serotonin-releasing
entero-endocrine cells in the mucosa (Spiller 2004; Spiller, Jenkins
et al. 2000). Since serotonin is one of the most important
neurotransmitters of the enteric nervous system, mucosal changes
in serotonin levels would affect both sensory and motor functions
possibly contributing to IBS symptoms (Borman 2001). Another
mucosal immune system-alteration found in IBS patients is an
increased number of activated mast-cells in the proximity of
colonic nerves in the lamina propria, where mast cell secreted
mediators such as tryptase and histamine may contribute to the
development of abdominal pain (Barbara, Stanghellini et al.
2004). Further evidence for a pro-inflammatory state in IBS
patients comes from a recent study reporting decreased 1L10/
IL12 ratios in IBS patients (O’Mahony, McCarthy et al. 2005).
To date, several studies have demonstrated protecting and anti-
inflammatory effects of probiotics in infectious diarrhea (Huang,
Bousvaros et al. 2002; Isolauri, Kirjavainen et al. 2002;

Resta-Lenert and Barrett 2003), antibiotic-associated diarrhea
(Cremonini, Di Caro et al. 2002) as well as in animal models and
human inflammatory bowel diseases (Baumgart and Dignass
2004; Kruis, Fric et al. 2004; Lammers, Vergopoulos et al. 2005;
Madsen, Doyle et al. 1999; Sartor 2004; Schultz, Strauch et al.
2004). Suggested mechanisms include restoration of the microbial
milieu by promoting colonization with strains of the commensal
flora following infection and shifting the host’s immune response
towards an anti-inflammatory state (Cremonini, Di Caro et al.
2002) (Sartor 2005). Probiotics may also serve as vehicles to
deliver anti-inflammatory cytokines such as a IL-10. The oral
administration of IL-10 secreting Lactococcus lactis which was
originally developed and tested in two murine models of
inflammatory bowel disease is currently being evaluated for
treatment human inflammatory bowel disease (Braat, Rottiers et
al. 2005; Braat, Steidler et al. 2005; Steidler, Hans et al. 2000).

Probiotics may therefore also have beneficial effects on altered
colonic immune-states that may be found in IBS patients. In
fact, promising evidence is provided by the recent study of
O’Mahony etal., in which treatment of IBS with Bifidobacterium
infantis normalized pro-inflammatory IL10/IL12-ratios towards
an anti-inflammatory state, which was associated with significant
improvement in IBS symptoms (O’Mahony, McCarthy et al.
2005).

Bacterial milieu and fermentation

The indigenous colonic microbial bacterial flora plays an
important physiologic role in the gut. First, the resident flora
contributes to enhance the intestinal barrier function, i.e.
preventing the adhesion of pathologic bacteria and inhibiting



the invasion of pathogenic agents into the body (Baumgart and
Dignass 2002; van der Waaij 1989; van der Waaij 1991). There
is evidence that postinfectious IBS patients may experience
increased gut permeability (Spiller, Jenkins et al. 2000). While
some studies indicated an improvement of barrier functions by
probiotics (Lamine, Eutamene et al. 2004; Rosenfeldt, Benfeldt
et al. 2004), other studies did not find this beneficial effect
(McNaught, Woodcock et al. 2005). However, numerous studies
confirmed that probiotics are an effective treatment to re-establish
abalanced commensal flora after intestinal infection or antibiotic
treatment (Cremonini, Di Caro et al. 2002; Huang, Bousvaros et
al. 2002; McFarland, Surawicz et al. 1994; Sartor 2005).

Another important function of colonic bacteria is the
metabolism of nutrient substrates that reach the colon. This leads
to the formation of gas and the production of short chain fatty
acids, SCFA which are an important energy source and trophic
regulator of colonic enterocytes (Guarner and Malagelada 2003)
and may also induce propulsive contractions (Kamath, Phillips et
al. 1990) and accelerate transit or enhance fluid and sodium
absorption. Alteration of the colonic flora with administration of
probiotics may modify fermentation processes and hence gas
production, colonic transit and fluid fluxes. In fact, abdominal
bloating, distension or flatulence, which are dominant symptoms
in many IBS patients, have been shown to improve significantly
by probiotic treatment in several placebo controlled trials
(Bausserman and Michail 2005; Kim, Camilleri et al. 2003; Kim,
Vazquez Roque et al. 2005; Nobacek, Johansson et al. 2000;
O’Mahony, McCarthy et al. 2005).

Motility

Altered bowel habits such as diarrhea or constipation are main
characteristics of IBS, and altered gut motility is considered to be
an important underlying factor. Recently it was demonstrated
that Lactobacillus casei significantly decreased muscle dysfunction
in a mouse model of PI-IBS (Verdu, Bercik et al. 2004a). This
effect was also observed, when live bacteria were administered
long after the initial infection (Verdu, Bercik et al. 2004a) or
when supernatants of the bacteria culture medium were used
(Verdu, Bercik et al. 2004b).

Human studies also indicate a potential influence of probiotics
on gut motility: The probiotic cocktail VSL#3 was shown to
reduce colonic reflex motor responses to balloon distension
(Bazzocchi, Gionchetti et al. 2002). Moreover, in IBS patients
with predominantly bloating, VSL#3 significantly slowed down
colonic transit compared to placebo without changing bowel
habits (Kim, Vazquez Roque et al. 2005). However, this
retardation effect on colonic transit was not observed in IBS patients
with predominant diarrhea (Kim, Camilleri et al. 2003).

Taken together, there is evidence that some probiotics may
influence gastrointestinal motility and may improve post-
infectious intestinal muscle dysfunction.
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Sensory functions

Visceral hypersensitivity has been associated with IBS and is
suggested to play a pathogenic role in the symptom generation of
abdominal pain and discomfort in IBS (Delgado-Aros and
Camilleri 2005; Delvaux 2004). To date, there is limited evidence
suggesting potential effects of probiotics on sensory
neurotransmission. The probiotic yeast Saccharomyces boulardii
has been shown to modulate the expression of neuronal markers
in the submucous plexus (Kamm, Hoppe et al. 2004). Verdu et
al. reported that Lactobacillus paracasei NCC2461 normalized
sensitivity to colorectal distension and sensory neurotransmitter
expression in a mouse model of antibiotic induced visceral
hypersensitivity (Verdu, Bercik et al. 2005). Beneficial probiotic
effects on sensory mechanisms are furthermore suggested by three
clinical trials that demonstrated an improvement of abdominal
pain in IBS patients after treatment with different Lactobacilli or
Bifidobacteria (Niedzielin, Kordecki et al. 2001; O’Mahony,
McCarthy et al. 2005; Saggioro 2004) (see below).
Taken together, there is evidence that probiotics may modulate
disturbed visceral perception. Further research is indicated to
explore the specific effects of probiotics on gastrointestinal sensory
mechanisms.

Bile acid-induced diarrhea

In some IBS patients, diarrhea has been associated with
malabsorption of bile acids (Luman, Williams et al. 1995). Bile
acid-induced diarrhea is a well know phenomenon in patients
who had smaller ileal resections. It is even more pronounced after
ileocolonic resections. These surgical procedures compromise bile
acid absorption and can result in bile acid-induced secretory
diarrhea because less malabsorbed water is present to dilute bile
acids below the cathartic threshold. Bile acids have also been
demonstrated to induce propulsive contractions in the colon
(Bampton, Dinning et al. 2002; Chadwick, Gaginella etal. 1979).
Some probiotics, e.g. Bifidobacteria subspecies and Lactobacilli,
have the ability to deconjugate and absorb bile acids. This may
reduce the amount of intracolonic bile acids and could therefore
have a beneficial effect on diarrhea by decreasing colonic fluid
secretion or motility.

Current evidence from randomized placebo-controlled
clinical studies

Numerous anecdotal reports and uncontrolled trials suggest
beneficial effects of probiotics on IBS symptoms. However, to
evaluate the evidence for the therapeutic role of probiotics in IBS,
we chose to focus only on data from randomized placebo controlled
clinical trials. From 1989 to date, 11 randomized placebo
controlled clinical trials were published, 4 of which within 2005.
This noticeable increase in clinical trials demonstrates the rising
interest in this field. Table 2 summarizes these 11 trials, which
evaluated the effects of various probiotics on IBS in general or the
relief of specific IBS symptoms.
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Table 2: Overview on placebo-controlled clinical trials evaluating the efficacy of probiotics in the treatment of IBS from

1989 to 2005

Study Probiotic Patients [n] Study design Significant symptomatic
(all placebo improvement compared
controlled) to placebo

Gade and Thorn Streptococcus faecium Functional lower -4 weeks-parallel Physicians overall assessment

(Gade and Thorn 1989)

bowel symptoms

(54]

group

Noback etal. Lactobacillus plantarum IBS Rome 1[60] -4 weeks-parallel -Flatulence
(Nobaek, Johanssonet. | (DSM 9843) group-12 month -Opverall GI function after 12
al 2000) follow up months
O’Sullivan and Lactobacillus casei (GG) IBS Rome I[24] (2x) 8 weeks- None
O’Morain -crossover
(O’Sullivan and
O’Morain 2000)
Niedzielin etal. Lactobacillus plantarum IBS Manning 4 weeks - Pain
(Niedzielin, (LP299V) criteria parallel group - Higher responder rates
Kordecki et al. 2001) [40] regarding all symptoms
Sen etal. (Sen, Mullan | Lactobacillus IBS RomeI -(2x) 4 weeks None
et al. 2002) plantarum (LP299V) [12] -crossover
Kim et al. (Kim, VSL#3* IBS Romel I, 8 weeks Abdominal bloating
Camilleri et al. 2003) diarrhea parallel group
predominant [25]
Saggioro etal. Lactobacillus IBS Rome Il 4 weeks -Pain
(Saggioro 2004) plantarum (LP01) [70] parallel group -Overall symptom score
+Lactobacillus
acidophilus (LA02)
or
+Bifidobacterium
breve (BB03)
O’Mahony etal. Lactobacillus IBS Rome Il 8 weeks Composite and individual
(O’Mahony, salivarius UCC4331 [75] parallel group symptom scores for:
McCarthy etal. or 4 weeks washout -pain/discomfort
2005) Bifidobacterium -bloating/distension
infantis 35624 -bowel movement difficulty
Nivetal. (Niv, Naftali | Lactobacillus reuteri IBS Rome I1[54] 6 months None
et al. 2005) (ATCC 55730) parallel group
Bausserman et Michail | Lactobacillus GG Children with 6 weeks Perceived abdominal
(Bausserman and IBS Rome II[50] parallel group distension
Michail 2005)
Kim, Vazquez et al. VSL#3* IBS Romell, 4 or 8 weeks Flatulence
(Kim, Vazquez Roque With bloating parallel group
et al. 2005) (48]

* VSL#3 = Probiotic cocktail containing Bifidobacteria (B. longum, B. infantis, B. breve), lactobacilli
(L. acidophilus, L. casei, L. bulgaricus, L. plantarum), and Streptococcus salivarius subspecies thermophilus.




The earliest controlled study by Gade and Thorn (Gade and
Thorn 1989) evaluated the efficacy of Streptococcus faecium in
patients who presented with functional bowel symptoms for at
least 6 months. After four weeks of treatment, 81% of the
probiotic-treated compared to 41% of the placebo-treated group
had symptom improvement according to the physicians’ overall
assessment.

Several studies tested Lactobacillus plantarum with conflicting
results. In the study by Niedzielin et al. (Niedzielin, Kordecki et
al. 2001), Lactobacillus plantarum significantly improved pain
and had a responder rate for overall IBS symptom improvement
0f95% compared with only 15% in the placebo group. Nobaeck
et al. (Nobaek, Johansson et al. 2000) observed a significant
improvement of flatulence in Lactobacillus plantarum -treated
IBS patients, while pain was improved in both the probiotic and
the placebo-treated group. Moreover, this study incorporated a
12 months follow-up questionnaire in which the probiotic treated
patients maintained better overall GI functions than the control
patients. This might indicate a possible long-term beneficial
alteration in colonic flora. Saggioro (Saggioro 2004), who
administered a combination of Lactobacillus plantarum with
either Lactobacillus acidophilus or Bifidobacterium breve, also
observed a significant improvement of pain and overall IBS
symptom score by both probiotic combinations compared to
placebo. In contrast, in the crossover-designed study by Sen et al.
(Sen, Mullan et al. 2002), Lactobacillus plantarum did not show
any beneficial effect on colonic fermentation or IBS symptoms.

Similarly, two studies using Lactobacillus casei failed to provide
convincing evidence for an efficacy of this probiotic in IBS:
O’Sullivan and O’Morain (O’Sullivan and O’Morain 2000)
observed no significant symptom improvement by Lactobacillus
casel. However, they reported a trend towards improving stool
frequency and consistency in a small subgroup of IBS patients
with diarrhea. In children with IBS, Lactobacillus casei was not
superior to placebo in the treatment of pain and bowel symptoms.
This study by Bausserman and Michail (Bausserman and Michail
2005) reported a beneficial effect on perceived abdominal
distension, but the observed difference in the treatment groups
was solely due to a worsening of this symptom in the placebo
group.

The Camilleri group conducted two trials with VSL#3, a
probiotic cocktail containing 8 strains of different Lactobacilli (L.
acidophilus, L.casei, L. bulgaricus, L. plantarum), Bifidobacteria
(B. longum, B. infantis, B. breve) and Streptococcus salivarius
subspecies termophilus. In addition to effects on IBS symptoms,
these studies also evaluated the influence of VSL#3 on
gastrointestinal transit. The first study (Kim, Camilleri et al. 2003)
focused on diarrhea predominant IBS patients and observed a
borderline significant improvement of abdominal bloating, but
no effects on other IBS symptoms or gastrointestinal transit. Based
on these results, the second study (Kim, Vazquez Roque et al.
2005) focused on IBS patients with bloating. This study detected
a significant improvement of flatulence in the VSL#3-group,
but differences towards greater improvement in bloating, pain

Probiotics in IBS 15

and urgency scores in the VSL#3 group did not reach statistical
significance. Moreover, in this study, VSL#3 treatment was
associated with a retardation of colonic transit without altering
bowel functions. Differences in IBS populations (diarrhea vs.
bloating) might partly account for different results between the
two studies.

O’Mahony et al. (O’Mahony, McCarthy et al. 2005) compared
the effects of two different probiotics, Lactobacillus salivarius
and Bifidobacterium infantis, on IBS symptoms with weekly
assessments over 8 weeks of treatment and 4 weeks of washout.
Moreover, this study included the assessment of quality of life
and of cytokine profiles, i.e. the ratio between IL-10 and IL-12 in
peripheral blood mononuclear cells (PBMC), at baseline and after
treatment. Bifidobacterium infantis was superior to placebo in
relieving all individual and composite symptom scores except for
stool frequency and stool consistency. Beneficial effects on the
weekly symptom scores were significant in all 8 treatment-weeks
and in 2 out of 4 washout-weeks. In contrast, Lactobacillus
salivarius showed a significant symptom improvement over
placebo only in the second treatment-week, and was significantly
less effective than Bifidobacterium infandis in 4 out of 8 treatment
weeks and in 3 out of 4 washout weeks. Despite the significant
symptom improvement by Bifidobacterium infantis, overall
quality of life scores were not significantly different between the
three treatment groups. However, the most important finding of
this study is the observation of a decreased baseline IL-10/IL-12
ratio in IBS patients (compared to reference values of healthy
controls) that was normalized after treatment with
Bifidobacterium infantis. The reduced baseline IL-10/IL-12 ratio
reflects a pro-inflammatory state providing further evidence for
an immune-mediated pathophysiology of IBS, at least in a subset
of IBS patients. Moreover, the probiotic-induced normalization
of the IL-10/IL-12-ratio towards an anti-inflammatory state
correlates with the beneficial effect of the probiotic on IBS
symptoms, which suggests an involvement of immune-
modulatory mechanisms in IBS symptom generation.

While most studies have focused on the short-term effect of
probiotics, Niv et al. (Niv, Naftali et al. 2005) conducted a six
months treatment trial with Lactobacillus reuteri ATCC 55730
in patients with IBS. Over the 6 months, the entire study
population improved in all symptoms, and there were no
significant differences between the probiotic and the placebo
group. However, a trend towards better improvement in
constipation and gas was observed in the probiotic-treated
patients.

This and other probiotic trials in IBS might have suffered from
small sample sizes that render a detection of significant treatment
effects difficult, especially in the presence of high placebo response
rates, which are typical for all IBS trials. Several of the observed
symptom improvements across studies have just barely missed
the level of statistical significance. Therefore, treatment effects
might have been missed because the studies were probably
underpowered.
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CONCLUSION

In summary, data from basic and clinical research suggest that
probiotics may have the potential to influence different IBS disease
mechanisms by modulating immune-responses, changing the
intraluminal milieu or influence visceral sensory and motor
functions. To date, results from placebo controlled clinical trials
evaluating the treatment effects of probiotics in IBS vary
considerably. However, different study designs, different IBS
populations and most important, different probiotic preparations
with different strains, different amounts, different mediums and
different combinations complicate comparisons between trials.
Nevertheless, most studies indicate potential beneficial effects of
probiotics in the treatment of IBS and encourage further research

in this field.

ACKNOWLEDGEMENTS

V.A. is supported by the Gerhardt Katsch Research Scholarship
of the German Society of Gastroenterology and Metabolism
(DGVS), Berlin, Germany. D.C.B. is supported by the Eli &
Edythe L. Broad Foundation, Los Angeles, CA, USA, the Fritz
Bender Foundation, Munich, Germany and a Charité Medical
School, Humboldt-University of Berlin Bonus Research Grant.

REFERENCES:

Bampton, P A., Dinning, P. G., Kennedy, M. L., Lubowski, D.
Z.and Cook, I. J. (2002).

“The proximal colonic motor response to rectal mechanical and
chemical stimulation.”

American Journal of Physiology - Gastrointestinal and Liver
Physiology 282: G443-9.

Barbara, G., Stanghellini, V., De Giorgio, R., Cremon, C., Cottrell,
G.S., Santini, D., Pasquinelli, G., Morselli-Labate, A. M., Grady,
E. E, Bunnett, N. W, Collins, S. M. and Corinaldesi, R. (2004).
“Activated mast cells in proximity to colonic nerves correlate with
abdominal pain in irritable bowel syndrome.” Gastroenterology

126: 693-702.

Baumgart, D. C. and Dignass, A. U. (2002). “Intestinal barrier
function.” Current Opinion in Clinical Nutrition and Metabolic
Care5: 685-94.

Baumgart, D. C. and Dignass, A. U. (2004). “Current biological
therapies for inflammatory bowel disease.” Current Pharmaceutical

Design 10: 4127-47.

Bausserman, M. and Michail, S. (2005). “The use of Lactobacillus
GG in irritable bowel syndrome in children: a double-blind
randomized control trial.” Journal of Pediatrics 147:197-201.

Bazzocchi, G., Gionchetti, P, Almerigi, P. E, Amadini, C. and
Campieri, M. (2002). “Intestinal microflora and oral
bacteriotherapy in irritable bowel syndrome.” Digestive & Liver

Diseases 34 Suppl 2: $48-53.

Borman, R. (2001). “Serotonergic modulation and irritable bowel
syndrome.” Expert Opinions in Emerging Drugs 6: 57-68.

Braat, H., Rottiers, P, Huyghebaert, N., Zelinkova, Z., Remaut,
E., Remon, J. P, van Deventer, S., Neirynck, S., Peppelenbosch
M, Steidler, L. and Hommes, D. (2005).“Interleukin-10
producing [i]Lactococcus lactis[/i] for the treatment of Crohn’s
disease.” Gastroenterology 128: A-104.

Braat, H., Steidler, L., Neirynck, S., Kapsenberg, M. L., van
Deventer, S. and de Jong E.C., H. D. W. (2005).
“Turbo-probiotics as a tool for cell-based (mucosal) delivery of
interleukin-10.” Gastroenterology 2005 128: A-5.

Camilleri, M. (2005). “Mechanisms in IBS: something old,
something new, something borrowed.” Neurogastroenterol &

Morility 17: 311-6.

Chadwick, V. S., Gaginella, T. S., Carlson, G. L., Debongnie, J.
C., Phillips, S. E and Hofmann, A. E (1979). “Effect of molecular
structure on bile acid-induced alterations in absorptive function,
permeability, and morphology in the perfused rabbit colon.”
Journal of Laboratory and Clinical Medicine 94: 661-74.

Cremonini, E, Di Caro, S., Nista, E. C., Bartolozzi, E, Capelli, G.,
Gasbarrini, G. and Gasbarrini, A. (2002). “Meta-analysis: the
effect of probiotic administration on antibiotic-associated
diarrhoea.” Alimentary Pharmacology & Therapeutics16: 1461-7.

Cremonini, E and Talley, N. J. (2005). “Irritable bowel syndrome:
epidemiology, natural history, health care seeking and emerging
risk factors.” Gastroenterology Clinic of North America
34: 189-204.

Delgado-Aros, S. and Camilleri, M. (2005). “Visceral
hypersensitivity.” Journal of Clinical Gastroenterology 39(5 Suppl):
S194-203.

Delvaux, M. (2004). “Alterations of sensori-motor functions of
the digestive tract in the pathophysiology of irritable bowel
syndrome.” Best Practice & Research — Clinical Gastroenterology
18: 747-71.

Drossman, D. A., Camilleri, M., Mayer, E. A. and Whitehead, W.
E. (2002). “AGA technical review on irritable bowel syndrome.”
Gastroenterology 123: 2108-31.

Drossman, D. A., Li, Z., Andruzzi, E., Temple, R. D., Talley, N. .,
Thompson, W. G., Whitehead, W. E., Janssens, ]., Funch-Jensen,
P, Corazziari, E. and et al. (1993). “U.S. householder survey of
functional gastrointestinal disorders. Prevalence, sociodemography,
and health impact.” Digestive Diseases Sciences 38: 1569-80.

Gade, J. and Thorn, P. (1989). “Paraghurt for patients with irritable
bowel syndrome. A controlled clinical investigation from general



practice.” Scandnavian Journal of Primary Health Care7: 23-6.
Guarner, F. and Malagelada, J. R. (2003). “Gut flora in health
and disease.” Lancet361:512-9.

Huang, J. S., Bousvaros, A., Lee, J. W, Diaz, A. and Davidson, E.
J. (2002). “Efficacy of probiotic use in acute diarrhea in children:
a meta-analysis.” Digestive Diseases Sciences 47: 2625-34.

Isolauri, E., Kirjavainen, P. V. and Salminen, S. (2002). “Probiotics:
arole in the treatment of intestinal infection and inflammation?”

Gut 50 Suppl 3: 11154-9.

Kamath, P S., Phillips, S. E, O’Connor, M. K., Brown, M. L. and
Zinsmeister, A. R. (1990). “Colonic capacitance and transit in
man: modulation by luminal contents and drugs.” Guz

31: 443-9.

Kamm, K., Hoppe, S., Breves, G., Schroder, B. and Schemann,
M. (2004). “Effects of the probiotic yeast Saccharomyces boulardii
on the neurochemistry of myenteric neurones in pig jejunum.”

Neurogastroenterology & Motility 16: 53-60.

Kim, H.J., Camilleri, M., McKinzie, S., Lempke, M. B., Burton,
D. D., Thomforde, G. M. and Zinsmeister, A. R. (2003). “A
randomized controlled trial of a probiotic, VSL#3, on gut transit
and symptoms in diarrhoea-predominant irritable bowel
syndrome.” Alimentary Pharmacology & Therapeutics 17: 895-904.

Kim, H. J., Vazquez Roque, M. I., Camilleri, M., Stephens, D.,
Burton, D. D., Baxter, K., Thomforde, G. and Zinsmeister, A. R.
(2005). “A randomized controlled trial of a probiotic combination
VSL# 3 and placebo in irritable bowel syndrome with bloating.”
Neurogastroenterology & Motility 17: 687-96.

Kruis, W., Fric, P, Pokrotnieks, J., Lukas, M., Fixa, B., Kascak, M.,
Kamm, M. A., Weismueller, J., Beglinger, C., Stolte, M., Wolff, C.
and Schulze, J. (2004). “Maintaining remission of ulcerative colitis

with the probiotic Escherichia coli Nissle 1917 is as effective as
with standard mesalazine.” Guz53: 1617-23.

Lamine, F., Eutamene, H., Fioramonti, J., Bueno, L. and
Theodorou, V. (2004). “Colonic responses to Lactobacillus
farciminis treatment in trinitrobenzene sulphonic acid-induced
colitis in rats.” Scandnavian Journal of Gastroenterology ¢ Hepatology
39: 1250-8.

Lammers, K. M., Vergopoulos, A., Babel, N., Gionchetti, P,
Rizzello, E, Morselli, C., Caramelli, E., Fiorentino, M., d’Errico,
A., Volk, H. D. and Campieri, M. (2005). “Probiotic

therapy in the prevention of pouchitis onset: decreased interleukin-
Ibeta, interleukin-8, and interferon-gamma gene expression.”

Inflammatory & Bowel Diseases 11: 447-54.

Luman, W., Williams, A. J., Merrick, M. V. and Eastwood, M. A.
(1995). “Idiopathic bile acid malabsorption: long-term outcome.”
European Journal of Gastroenterology & Hepatology 7: 641-5.

Probiotics in IBS 17

Madsen, K. L., Doyle, J. S., Jewell, L. D., Tavernini, M. M. and
Fedorak, R. N. (1999). “Lactobacillus species prevents colitis in
interleukin 10 gene-deficient mice.” Gastroenterology

116: 1107-14.

McFarland, L. V., Surawicz, C. M., Greenberg, R. N., Fekety, R.,
Elmer, G. W., Moyer, K. A., Melcher, S. A., Bowen, K. E., Cox, J.
L., Noorani, Z. and et al. (1994). “A randomized placebo-
controlled trial of Saccharomyces boulardii in combination with
standard antibiotics for Clostridium difficile disease.” Journal of
the American Medical Association 271: 1913-8.

McNaught, C. E., Woodcock, N. P, Anderson, A. D. and MacFie,
J. (2005). “A prospective randomised trial of probiotics in critically
ill patients.” Clinical Nutrition24: 211-9.

Niedzielin, K., Kordecki, H. and Birkenfeld, B. (2001). “A
controlled, double-blind, randomized study on the efficacy of
Lactobacillus plantarum 299V in patients with irritable bowel
syndrome.” European Journal of Gastroenterology & Hepatology
13: 1143-7.

Niv, E., Naftali, T., Hallak, R. and Vaisman, N. (2005). “The
efficacy of Lactobacillus reuteri ATCC 55730 in the treatment of
patients with irritable bowel syndrome-a double blind,
placebo-controlled, randomized study.” Clinical Nutrition

24: 925-31.

Nobacek, S., Johansson, M. L., Molin, G., Ahrne, S. and Jeppsson,
B. (2000). “Alteration of intestinal microflora is associated with
reduction in abdominal bloating and pain in patients with irritable
bowel syndrome.” American Journal of Gastroenterology

95: 1231-8.

O’Mahony, L., McCarthy, J., Kelly, P, Hurley, G., Luo, E, Chen,
K., O’Sullivan, G. C,, Kiely, B., Collins, J. K., Shanahan, F. and
Quigley, E. M. (2005). “Lactobacillus and bifidobacterium in
irritable bowel syndrome: symptom responses and relationship to
cytokine profiles.” Gastroenterology 128: 541-51.

O’Sullivan, M. A. and O’Morain, C. A. (2000). “Bacterial
supplementation in the irritable bowel syndrome. A randomised
double-blind placebo-controlled crossover study.” Digestive &
Liver Diseases 32: 294-301.

Resta-Lenert, S. and Barrett, K. E. (2003). “Live probiotics protect
intestinal epithelial cells from the effects of infection with
enteroinvasive Escherichia coli (EIEC).” Guz52: 988-97.

Rosenfeldt, V., Benfeldt, E., Valerius, N. H., Pacerregaard, A. and
Michaelsen, K. F. (2004). “Effect of probiotics on gastrointestinal
symptoms and small intestinal permeability in children with atopic
dermatitis.” Journal of Pediatrics 145: 612-6.

Saggioro, A. (2004). “Probiotics in the treatment of irritable bowel
syndrome.” Journal of Clinical Gastroenterology 38(6 Suppl):
S104-6.



18 Probiotics in IBS

Sartor, R. B. (2004). “Therapeutic manipulation of the enteric
microflora in inflammatory bowel diseases: antibiotics, probiotics,
and prebiotics.” Gastroenterology126(6): 1620-33.

Sartor, R. B. (2005). “Probiotic therapy of intestinal inflammation
and infections.” Current Opinions in Gastroenterology21: 44-50.

Schultz, M., Strauch, U. G., Linde, H. J., Watzl, S., Obermeier, E,
Gottl, C., Dunger, N., Grunwald, N., Scholmerich, J. and Rath,
H. C. (2004). “Preventive effects of Escherichia colistrain Nissle
1917 on acute and chronic intestinal inflammation in two
different murine models of colitis.” Clinical Diagnostic Laboratory
Immunology11: 372-8.

Sen, S., Mullan, M. M., Parker, T. ]., Woolner, J. T., Tarry, S. A.
and Hunter, J. O. (2002). “Effect of Lactobacillus plantarum
299v on colonic fermentation and symptoms of irritable bowel
syndrome.” Digestive Disease Science 47: 2615-20.

Spiller, R. C. (2003). “Postinfectious irritable bowel syndrome.”
Gustroenterology124: 1662-71.

Spiller, R. C. (2004). “Infection, immune function, and functional
gut disorders.” Clinical Gastroenterology & Hepatology 2: 445-55.

Spiller, R. C., Jenkins, D., Thornley, J. P, Hebden, J. M., Wright,
T., Skinner, M. and Neal, K. R. (2000). “Increased rectal mucosal
enteroendocrine cells, T lymphocytes, and increased gut
permeability following acute Campylobacter enteritis and in post-
dysenteric irritable bowel syndrome.” Gut47: 804-11.

Steidler, L., Hans, W., Schotte, L., Neirynck, S., Obermeier, E,
Falk, W, Fiers, W. and Remaut, E. (2000). “Treatment of murine
colitis by Lactococcus lactis secreting interleukin-10.” Science

289: 1352-5.

Thompson, W. G., Longstreth, G. F, Drossman, D. A., Heaton,
K. W, Irvine, E. J. and Muller-Lissner, S. A. (1999). “Functional
bowel disorders and functional abdominal pain.” Guz45 Suppl
2: 1143-7.

van der Waaij, D. (1989). “The ecology of the human intestine
and its consequences for overgrowth by pathogens such as

Clostridium difficile.” Annual Review of Microbiology43: 69-87.

van der Waaij, D. (1991). “The microflora of the gut: recent
findings and implications.” Digestive Diseases9: 36-48.

Verdu, E. E, Bercik, P, Bergonzelli, G. E., Huang, X. X,,
Blennerhasset, P, Rochat, E, Fiaux, M., Mansourian, R., Corthesy-
Theulaz, I. and Collins, S. M. (2004a). “Lactobacillus paracasei
normalizes muscle hypercontractility in a murine model of
postinfective gut dysfunction.” Gastroenterology 127: 826-37.

Verdu, E. E, Bercik, P, Bergonzelli, G. E., Rochat, E, Huang, X.
X., Blennerhasset, P, Corthesy-Theulaz, 1. and Collins, S. M.

(2004b). “Lactobacillus paracasei normalizes post-infective
dysmotility in vivo and induces a sustained attenuation of
inflammatory mediators.” Gastroenterology 126 (suppl 2):A-170.

Verdu, E. E, Bercik, P, Verma-Gandhu, M., Huang, X. X.,
Blennerhassett, P, Jackson, W., Mao, Y., Wang, L., Rochat, E and
Collins, S. M. (2005). “Specific probiotic therapy attenuates
antibiotic-induced visceral hypersensitivity in mice.” Gus: E-pub
ahead of print.



