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| Introduction

The gut and immune system form a complex integrated structure that has evolved to provide
effective digestion and defence against ingested toxins and pathogenic bacteria. The digestive
tract is most frequently the object of functional and health claims and a large market aready
exists for gut-functionnal foods worldwide. Around 60% of functional foods principaly pro-
and prebiotics are targeted at the gut and the immune system (Arai et a., 2002). Despite
evolution in the definition of probiotics, they can be generally defined as live microbial food
ingredients that are beneficial to health (Salminen et al., 1998). A wide range of bacteriais
used in foods but lactic acid producing bacteria such as lactobacilli and bifidobacteria, tend to
predominate in the probiotic food sector (Mogensen et al., 2002).

A large body of literature deals with beneficial effects of different probiotic stains in the
gastrointestinal tract physiopathology, providing promising perspectives for therapeutic use of
probiotics. Among gastrointestinal pathologies revealing potential use of probiotics literature
mention inflammatory bowel diseases (IBD) and irritable bowel syndrome (IBS). Indeed
despite some negative data (Prantera et al., 2002; Kuisma et al., 2003) some strains may be
considered as an alternative or adjunct therapy in IBD, since encouraging results have been
obtained in IBD treatment (Malin et a., 1996 ; Kruis et al., 1997 ; Rembacken et a., 1999 ;
Gudlandi et al., 2000 ; Campieri et a., 1999; Gionchetti et al., 2000). Similarly, exogenous
administration of several lactobacilli strains has been found to reduce the severity of
experimental colitis in animals (Fabia et a., 1993; Mao et a., 1996, Madsen et a., 1999;
Schultz et al., 2002). The mechanisms involved in the anti-inflammatory action of probiotics
are based on some general properties of these protective bacteria, such as prevention of
overgrowth of pathogenic microorganisms, reduction of bacterial translocation (Mao et al.,
1996) or maintenance of mucosal barrier integrity (Fabia et al., 1993) and modulation of
cytokine production (Schultz et al., 2002).

Irritable Bowel Syndrome (IBS) is a gastrointestinal disease with unknown etiology,
characterized by abdominal pain, discomfort, altered bowl habit and is frequently associated
with psychological distress (Whitehead et al., 1988; Thomson et al., 1999; Drossman et al.,
1999; Coallins et al., 1999). Manifestations such as altered gut motility and viscera



hypersensitivity are smilar to those initiated by stressful stimuli in rats (Williams et al., 1988;
Gue et a., 1997). Further, an increase of intestinal permeability has been observed in post-
dysenteric IBS patients (Spiller et al., 2000). We have recently shown that stress increased
colonic permeability was responsible of hypersensitivity to colorectal distension in stressed
rats (Ait-Belgnaoui et al., 2005). Despite some clinical studies showing an improvement of
IBS symptoms in humans (Niedzelin et al., 2001; Halpern et a., 1996; Kim et al., 2003), their
role on the criterion visceral pain remains unknown.

A recent original approach for probiotic treatments and particularly in experimental colitis,
entails the use of bacteria as a carrier of an anti-inflammatory compound which will be
delivered in the gut lumen. In this way, Steidler et a. were able to reduce experimental colitis
in mice genetically engineered to secrete the anti-inflammatory cytokine IL-10 (Steidler et al.,
2000). Similarly, according to the possible anti-inflammatory action of nitric oxide (NO)
delivered in the gut lumen, we have conducted studies using Lactobacillus farciminis (L.
farciminis, CIP 103 136, Institut Pasteur, France), a strain known to release spontaneously NO
invitro (Wolf et al., 1990).

Il Lactobacillus farciminis and experimental colitis

Il 1 Role of exogenous NO

The first step of this study, was to evaluate the ability of L farciminis to release NO in the
colonic lumen and to evaluate the effect of a chemical NO donor (sodium nitroprusside ;
SNP) on trinitrobenzene sulphonic acid (TNBS)-induced colitis in rats. In a second part, we
have determined the effect of L. farciminis treatment on TNBS-induced colitis as well as the
role of NO released by this strain in this effect.

The ability of L farciminsto release NO in the colon was evaluated by measurement of NO in
the colonic content by electron paramagnetic resonance.

SNP (1Img/kg/day) was infused continuously in the colonic lumen during four days post
colitis and L farciminis (10" CFU/day) was administered orally during 15 days before and
four days after the induction of colitis. The role of exogenous NO delivered by SNP and L
farciminis was evaluated using a NO scavenger, haemoglobin (200 mg/kg/day) infused in the
colon.

The NO production measured ex vivo in the lumen of the colon was 1, 7-fold higher after oral
treatment by L farciminis than in controls, underlying the ability of L farciminis to release NO

in vivo conditions (Lamine et a., 2004 a).



Exogenous NO delivery by L farciminis and SNP in the colonic lumen exerts a protective
effect against TNBS-colitis, since both treatments reduced macroscopic damage scores,
myel operoxidase and inducible nitric oxide synthase activities. This protective effect is linked
to NO delivery by the chemical and biological NO donor since haemoglobin infusion reversed
the anti-inflammatory effect of both treatments (Lamine et a., 2004 a).

Il 2 Colonic responses

The reduction of TNBS-induced colitis severity by L farciminis was partialy reversed by
scavenging of NO by haemoglobin. Consequently, in a second study we aimed to determine
whether the anti-inflammatory effect of L farciminis treatment partly due to the production of
NO, was also associated with normalization of the colonic microflora, prevention of bacterial
translocation, enhancement of barrier integrity and changes in cytokine profilesin rats.

L farciminis (10% CFU/day) was administered orally during 15 days before and four days
after the induction of colitis and the following parameters were evaluated: cytokine mucosal
levels, bacteria profile in colonic content and mucosa, bacterial translocation and colonic
paracellular permeability.

In basal conditions (absence of inflammation) L farciminis treatment reduced colonic
paracellular permeability and increased the IL-10 level in the colonic wall. Further, L.
farciminis was identified in faeca samples, showing the ability to survive through the
gastrointestinal tract. It was also identified in colonic content and colonic mucosa from the 5"
to the 19" days of treatment, indicating that it was able to persist into the gut (Lamine et al.,
2004 b). Colitic rats presented increased bacterial translocation, colonic paracellular
permeability, and IL-18 mucosal level and decreased 11-10 mucosal level (Lamine et a., 2004
b). Moreover in colitic rats the bacterial profile of colonic content and mucosa was modified.
We observed a 12-fold and 15-fold increase in the number of total aerobic bacteria and total
Gram-negative bacterial levels respectively in faeces. Concerning the number of bacteria
adhering to or invading the colonic tissue, we also observed a significant increase in total
aerobic and Gram-negative aerobic levels (24-fold) and total anaerobic Gram-negative
bacteria counts (16-fold). All alterations induced by TNBS administration were abolished or
significantly reduced by L. farciminis treatment (Lamine et al., 2004 b).

Il 3 Conclusion

Taken together the results of these studies, highlight that L farciminis can be considered as a

promising treatment for reducing colonic inflammation. Its anti-inflammatory action seems to



depend upon the NO release in the lumen and among the possible mechanisms of action
linked to the NO-dependent pathway an indirect inhibition of inducible NO synthase activity
can be proposed, and the subsequent reduction of NO tissue concentration may be important.
Further, L farciminis shares the genera mechanisms involved in the beneficia effects of
probiotic treatment. It is likely that L farciminis exerts an anti-inflammatory effect on TNBS-
induced colitis, through the association of different pathways such as ability to normalize
colonic microflora, to prevent bacterial translocation, to enhance barrier integrity, to decrease

mucosal level of pro-inflammatory cytokines and to release NO in the colonic lumen.

11 Lactobacillusfarciminis and acute stress

I11 1 Lactobacillus farcimins and stress-induced hypersensitivity

In this study we aimed to evaluate the effects of L. farciminis treatment in a non inflammatory
model of visceral hypersensitivity. Previous studies have shown that in rats, acute restraint
stress is known to enhance abdominal response to rectal distension, particularly in females
(Gue et al. 1997; Brades et a., 2002). Since the effect of probiotic treatments on visceral
sensitivity has not been investigated yet, we evaluated the effect of L. farciminis treatment on
stress-induced visceral hyperalgesiain rats.

L. farciminis (10 CFU/day) was administered orally during 15 days before stress application
lasting 2 hours. The stress used in this study, was a partial restraint stress (PRS) which is a
mild and non-ulcerogenic stressor. The colorectal distension was performed by insertion of
the balloon in the rectum. Isobaric distensions of the colon were performed by connecting the
balloon to a computerized barostat and were performed from 0 to 60 mmHg (increment 15
mm Hg), each distension step lasting 5 min. Animals were also equipped with NiCr implanted
into the abdominal external oblique muscle, in order to register abdomina contractions by
electromyography.

Partial restraint stress increased the number of abdomina contractions for pressures of
colorectal distension applied corresponding to 15-60 mmHg compared to controls. L.
farciminis treatment prevented the increase of the number of abdominal contractions induced

by stress, whatever the pressure of colorectal distension.

[l 2 Lactobacillus farciminis and stress-induced increase of colonic paracellular permeability

In animals repeated stress increases colonic paracellular permeability through a contraction of
cytoskeleton linked to activation of myosine light chain kinase (MLCK) of epithelial cells



(Ferrier et al., 2003). Further, we have recently show that acute stress increased colonic
paracellular permeability is responsible of hypersensitivity to colorectal distension in stressed
rats (Ait-Belgnaoui et a., 2004). Consequently, the aim of this study was to evaluate the
effect of L. farciminis treatment on stress-induced increase of colonic paracellular
permeability.

The protocol previously described was used. At the end of PRS session, evaluation of colonic
paracellular permeability was performed using >'Cr-ethylene diamine tetra acetic acid as a
marker of paracellular permeation of tight junction, administered intracolonically. Urines
were collected during 24h and radioactivity was measured. Permeability to *'Cr-EDTA was
expressed as the percentage of the total radioactivity administered.

Partial restraint stress increased colonic paracellular permeability compared to controls and L.

farciminis treatment prevented the stress-induced increase of colonic paracellular permeability.

I11 3 Conclusion

Taking together the results of these studies we can speculate that L farciminis treatment
prevents increase of colonic paracellular permeability induced by stress (probably trough an
action on epithelia cells cytoskeleton) which in turn leads to a decrease of viscerd
hypersensitivity induced by stress. However, the mechanism of action of L farciminis on the
epithelial cell cytoskeleton needs further investigations. Therefore, taking into account the
place of stress in the genesis of functional bowel disorders, as well as the cause effect
relationship between changes in colonic permeability and visceral hyperalgesia induced by
stress, we can speculate that L. farciminis may be a promising agent for the treatment of

digestive pathologies such as IBS.
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