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Chapter 1

Introduction

This chapter has been adapted from the article entitled:

“Probiotics in Gastroenterology: Indications and Future Perspectives”
D. Goossens, D. Jonkers, E. Stobberingh, A. van den Bogaard,

M. Russel, R. Stockbriigger.

Scand J Gastroenterol Suppl 2003,239: 15-23
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Introducion

Human microflora

The human microflora comprises a complex ecosystem with high
concentrations and variety of bacterial species that can have an influence on
the physiology of the host. The human body contains approximately 10™
aerobic and anaerobic bacteria that outnumber the total cells of the human
body by a factor ten. These bacteria can be found on the skin, and on the
mucosa of the oral cavity, upper respiratory tract, urinary tract and vagina, but
the largest population inhabits the gastrointestinal tract'?. This intestinal
bacterial flora is not equally distributed in the gastrointestinal tract. The
stomach contains relatively small numbers of bacteria (0-10° colony forming
units {CFU) per ml gastric content) because of the gastric acidity. In the lower
gastrointestinal tract, there is a higher pH, lower transit time and a higher
amount of carbohydrates, resulting in gradually increased numbers and variety
of intestinal bacteria. The highest bacterial numbers (10'-10' CFU per ml
intestinal content) and the largest diversity are found in the colon that contains
mainly obligatory anaerobic species (99.9%) such as Bacteroides spp.,
Clostridium spp., bifidobacteria, fusobacteria and eubacteria'™. More than 100
different species have been identified in faecal samples from healthy
individuals, but at least 400-500 different species are thought to be present in
the colonic microfiora®.

The composition of the human intestinal flora is influenced by host factors
(such as pH, transit time, bile acids, pancreatic enzymes and the mucus
composition), non-host factors (such as nutrients, medication, environmental
factors) and bacterial factors (such as adhesion capacity, enzymes and
metabolic capacities). The intestinal bacteria can interact and these
interactions could be either positive or negative by metabolic cooperation or
competition, by changes in environmental pH, availability of O, or by the
production of metabolites such as short chain fatty acids (SCFA) and
antimicrobial substances®®.

The gastrointestinal tract is sterile at the time of birth but the intestinal flora will
be developed during and after birth by exposure to bacteria from the external
world. The way of giving birth (naturally or via Caesarean section), the type of
feeding (breast-fed versus bottle-fed) and contact with bacteria from the mother
are examples of factors determining the composition of the intestinal flora of
neonates”"". The intestinal tract of breast-fed children is considered to be
mainly colonised by bifidobacteria while in bottle-fed children the numbers of
bifidobacteria are lower and the numbers of enterobacteriaceae, Bacleroides
spp. and clostridia are highxer‘g. After weaning, each individual develops an own
unigue but complex intestinal flora (i.e., a bacterial ‘ﬁngarprint’f‘z. This intestinal
flora is thought to be relatively stable over time: Zoetendal ef al reported that
the faecal flora of each of four individuals was stable over a four months' time
period based on molecular analyses but showed inter-individual differences in
its bacterial fingerprints’’>. On the other hand, Goldin ef a/. demonstrated that
changing the diet (i.e., removal of red meat and adding fibres to a ‘Western-
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type’ diet) influenced the metabolic activity of the mtes’ﬂmaﬂ flora, while
influences on the bacterial composition have not been studied'*. Moreover, the
faecal mtes’uma composition might be affected by the physiology associated
with aging'® and by the intake of medication such as antibiotics and 5-
aminosalicyclic acid™™'®. These findings indicate that also environmental factors
may influence the composition and/or metabolic activity of the intestinal flora.

important functions of the intestinal flora for the host comprise the synthesis of
vitamins (B and K) and the metabolism of nutrients, e.g. the production of
SCFA such as acetate and butyrate by fermentation of non-digested poly-
saccharides. Butyrate, for example, is an important energy source for
colonocytes and can change cell functioning by influencing hpogenesns, ceH
membrane assembly, DNA/RNA turnover and crypt cell proliferation’®
Acetate improves the microcirculation and will facilitate the growth of the smal!
intestinal mucosa®'. Faecal concentrations of SCFA can be influenced by
changes in the composition of the intestinal flora for instance by the intake of
probiotics*%®

In addition, intestinal bacteria can convert primary bile acids into mutagenic
secondary ones. Bacterial enzymes such as B-glucosidase and B-glucu-
ronidase can hydrolyse a large number of dlfferem glucosides and
glucuronides, forming carcinogenic and toxic substances®. These bacterial
enzyme activities can be influenced by dietary factors Goldin ef al
demonstrated, for exampile, that rats, fed a hlgh meat diet, showed a significant
increase in the p-glucuronidase actlwty Finally, intestinal bacteria can
influence the immune system such as the maturation of regulatory T cells and
antigen presenting cells changing the T-helper 1/T-helper 2 balance®
intestinal bacteria can also play a role in the defence agalnst the invasion of
unwanted exagenous bacteria'?® by colonisation resistance®

Probiotics

During the past few years there is growing interest in changing the intestinal
bacterial flora towards a more ‘beneficial’ and ‘healthier composition by
probiotics, characterised by high concentrations of lactobacilli and bifido-
bacteria and low concentrations of pathogenic bacteria such as Bacferoides
spp. ‘Probiotics’ are defined by Havenaar ef a/ (1992) as “mono- or mixed
cultures of live micro-organisms which, when applied to animal or man,
beneficially affect the host by improving the properties of the indigenous
microflora"®. Both Lactobacilli spp. and Bifidobacterium spp. are frequently
applied as probiotics, mostly given in fermented milk products or in a freeze-
dried form®. Lactobacillus casei Shirota, Lactobacilius GG, Escherichia coli and
Saccharomyces boulardii are examples of probiotic strains frequently
investigated in animal and human studies.
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Introduction

Mext to probiotics, prebiotics and synbiotics (combinations of pre- and
probiotics) are also often used. ‘Prebiotics’ are food components that are not
digested by the host and therefore reach the colon in intact form, where they
stimulate the growth of bifidobacteria and lactobacilli®®.

Probiotics should be of human origin, genetically stable and it is very important
that they are able to survive passage through the gastrointestinal tract (such as
low gastric pH and high intestinal bile acid concentrations). They shouid
preferably be able to adhere to the intestinal mucosa so that they can colonise
the host™. Probiotics are considered to be safe as the strains are isolated from
humans and have long been used in food fermentation®'. The beneficial effects
of probictics are postulated to be due to modulation of the composition of the
intestinal bacterial flora, adherence to the mucosa thereby competing with
pathogens, changes of enzyme activities in the colon contents, influences on
the immune system of the host, and changes in the availability of metabolic
products such as SCFAZ*%,

Potential beneficial effects of probiotics can be expected in clinical conditions
where the intestinal bacterial composition is thought to be disturbed. Although
the mode of action of probiotics is still not exactly known, several clinical
studies focused on the effects of probiotics in gastrointestinal disorders such as
diarrhoea (rotavirus-associated and antibiotic-associated), inflammatory bowel
disease, pouchitis, irritable bowel syndrome, colorectal cancer, lactose
absorption, Helicobacter pylori infection and constipation. The following
paragraphs review the main findings of clinical trials performed with probiotics
in the field of gastroenteroclogy.

Probiotics and diarrhoea

Diarrhoea can occur as a consequence of amongst others acute viral or
bacterial infections or as a side effect of antibiotics. In patients with acute or
antibiotic-associated diarrhoea, a disturbance of the intestinal flora has been
observed'®. The role of probiotics in the prevention or treatment of acute viral
or bacterial and antibiotic-associated diarrhoea has been studied extensively
as they may restore a balance in the composition of the intestinal flora,
stimulate the immune system, and may compete with pathogens.

Acute viral or bacterial diarrhoea

A major group of interest for probiotic use is acute diarrhoea caused by
rotavirus infections, which is the most common cause of acute gastro-enteritis
in children. In several placebo-controlled studies an improvement of rotavirus-
associated diarrhoea in children has been reported after treatment with L. GG,
measured as reduction in duration of diarrhoea or decrease in number of bowel
movements per day**™. The beneficial effects were accompanied by an
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7 40 .
increase of serum IgA antibody | evets in these patients®”*’ and a decrease in

rotavirus shedding in the faeces®®*'. One study on the prophylactic effect of
L. GG in 204 undernourished Peruwan children reported a decrease in the
incidence of acute diarrhoea™.

The positive results of L. GG in acute diarrhoea cannot be extrapolated to other
probiotic strains or to other causes of acute diarrhoea of viral or bacterial origin.

On the other hand, beneficial effects have been reported for S. bowlardiiin the
treatment of acute diarrhoea in children or ad‘u!ts““"‘ and for Lactobacillus
reuteriin children with rotavirus-associated diarrhoea™. Maiamaa et al® have
also compared several probiotic strains and found a beneﬂcnal effect of L. GG
in rotavirus gastro-enteritis but not of Lacfobacillus rharmnosis, Lactobacillus
delbrueckii and Saccharomyces thermophilus. In addition, placebo-controlled
trials in children with acute drarrhnea could not demonstrate a beneficial effect
of Lactobacillus acidophilus®*®, and mcanmstent results were reported for
Enterococcus SF68 in adults with acute diarrhoea® ™.

The therapeutic effects of especially L. GG in rotawrus-associated diarrhoea
are well established. Benefits comprise a reduction in duration of diarrhoea by
one or two days compared to a median duration of diarrhoea of three days.

Antibiotic-associated diarrhoea

Diarrhoea can also occur as an adverse effect of antibiotic therapy with clinical
symptoms ranging from mild diarrhoea to severe pseudomembranous colitis.
The use of antibiotics can disturb the intestinal microflora and modulate the
immune system directly and indirectly, thereby resulting in diarrhoea'®*.
Probiotics can potentially treat or prevent antibiotic-associated diarrhoea by
restoring the intestinal bacterial balance and/or by modulating the immune
system. Several placebo-controlled studies have demonstrated a decrease in
the incidence of diarrhoea or a change in stool frequency and consistency in
patients treated with probiotics in addition to the antibiotic therapy®®.
Frequently applied probiotic strains in these studies are L. GG, L. acidophilus
and S. bouwlardii In contrast, some others could not demonstrate a decrease in
the incidence of diarrhoea®®®'. Most studies on probiotics in antibiotic-
associated diarrhcea are placebo-controlled and performed with reasonable
numbers of patients. Recently, two meta-analyses regarding the effect of
probiotics in the prevention of antibiotic-associated diarrhoea have been
published®®®. These included nine and seven randomised placebo-controlied
double-blind trials and reported an odds ratio of 0.37 (95% confidence interval,
0.26-0.53) and a relative risk of 0.40 (95% confidence interval, 0.27-0.57),
respectively, in favour of probiotic over placebo treatment.

In contrast to prevention studies, a few studies have focused on the treatment
of antibiotic-associated diarrhoea. In nine such patients participating in an
uncontrolled study, a faecal enema of colonic bacteria resulted in normalisation
of the metabolic activity of the colonic microflora and disappearance of
diarrhoea within four days A study enrolling 45 antibiotic-associated
diarrhoea patients from 10 different centres found a significant resolution of
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diarrhoea within one week in 91% of the patients treated with £ colf SF68
versus 73% in the pltacebo group®™. Also in patients with Clostridium dififcile-
associated diarrhoea, beneficial effects of probiotics on the duration or
resolution of diarrhoea®®® and a decrease in recurrence rate® have been
observed. However, the studies investigating the treatment of antibiotic-
associated diarrhoea with probiotics were generally performed with limited
numbers of patients and mostly not placebo-controlled.

The role of probiotics in the prevention of traveller’'s diarrhoea has also been
studied extensively, but results are conflicting and vary with the probiotic strain
used and with the travel destination®°.

Most studies on probiotics and diarrhoea focus on outcome parameters such
as the incidence or duration of diarrhoea or stool frequency. Sometimes the
presence of Clostridium toxins or rotavirus shedding in stool has been
investigated without studying possible modes of action of probiotics such as
influences on the composition and metabolic activity of the intestinal flora.

Probiotics and inflammatory bowel disease

Possible pathogenic mechanisms associated with inflammatory bowel disease
(IBD), mainly ulcerative colitis (UC) and Crohn’s disease (CD), are an
imbalance of the intestinal bacterial flora, a defective suppressive immune
response and an increased gut permeability’"2. Animal models of colitis have
shown that inflammation will not develop without the presence of intestinal
bacteria”*”®. Clinical studies also support a role of the intestinal flora in the
pathogeneS|s of IBD disease activity of CD and UC has been found to improve
by faecal diversion’®, bowel rest’”’®, intestinal lavage %877 and antibiotics®’%%.
Metronidazole, for lnstance is a frequent!y used anhblonc m CD patients that
significantly decreased the concentration of Bacteroides spp.®"

Although the composition of the bacterial flora seems to \play a role in 1BD,
bacteriological findings with regard to the bacterial composition are inconsis-
tent. Decreased numbers of lactobacilli and increased numbers of anaerobes
have been found in faecal and mucosal samples of CD patients®*®, while
Giaffer ef al found an increase in the number of faecal aerobes®™. In UC
patients, increased numbers of Bacleroides spp. but decreased numbers of
lactobacilli were observed in faecal samples and colonic mucosa®®
Furthermore, in some studies a decrease in the total number of obligatory
anaerobic bacteria in UC patients was found, while others reported an increase
in both CD and UC patients®®.

As probiotics are able to influence the intestinal flora, they are likely to have

beneficial effects in IBD patients. In colitis models with genetically modified or
chemically treated animals, intake of lactobacilli reduced the severity of the
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colitis”**"®. Administration of L. GG'to children with CD increased mucosal IgA
levels®™, improved intestinal permeability and lowered the disease actwrty

adults with inactive CD, the relapse rate was reduced to 6% after treatment
with 8. boulardii in combination with mesalazine versus 38% by mesalazine
alone”. A reduced relapse rate was also found in active CD patients treated
with prednisolon in combination with £ coli versus placebo (33% versus 64%,
respectively)®®. Administration of Lactobacillus salivarius for ten days to ten
adults with active disease caused no remission, but an improvement in quality
of life was reported®. In contrast to the beneficial findings, no positive results
were found in a placebo-controlled study in which 32 CD patients were treated
with L. GG for 12 months after curative resection. L. GG did not prevent
relapses and even more severe endoscopic findings were reported in the

L. GGtreated group

A case report of a UC patient with active disease showed that antibiotic use
foliowed by implantation of a ‘normal colonic flora’ via a faecal enema induced
remission within one week™. Other studies investigated the effect of £. coli

Nissle versus mesalazine in the maintenance of 120, 357 and 116 inactive UC
patients during twelve weeks and twelve months, respectively. All studies found
a similar relapse rate in £. cofi Nissle treated and the mesalazine treated
groups and concluded that £. coli Nissle could be an alternative maintenance
therapy®™®. A multispecies probiotic preparation (VSL#3) was also found to
have potential as maintenance therapy: in an uncontrolled study, 15 of 20 UC
patients remained in remission during a twelve months treatment with VSL#3
while four patients relapsed. One patient was lost to follow mp

So far, results of probiotic trials are encouraging although the trials mostly
included limited numbers of IBD patients and a placebo group is often missing.
Moreover, the influence of other medication was frequently not taken into
account, and studies have often been performed with patients in remission and
during a limited study period.

Probiotics and pouchitis

Pouchitis is a complication of ileal pouch reconstruction after subtotal
colectomy, developmg in 10-50% of the patients and most frequently observed
in UC patients’ % In many patients, pouchitis responds to oral antibiotics such
as \metronudazole In patients with pouchitis a decrease in the number of
lactobagcilli and bifidobacteria and an increase in the number of clostridia and
aerobes has been found in faecal sampﬂesm. Furthermore, in patients with
pouchitis an increase in bile acids and a decrease in SCFA can be measured in
faecal samples with subsequent increase in pH ™" %2,

Probiotics can change the intestinal bacterial balance in patients with pouchitis:
L. GG has been shown to increase the concentration of lactobacilli in faecal
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samples of 20 pouchitis patients after three months treatment'™. However, in
this placebo-controlled study no clinical benefit could be found, as the pouchitis
disease activity index did not change sigmi;ﬁcantl;ym. In contrast, Laake ef a/.
showed a beneficial effect on the pouchitis disease activity index after four
weeks treatment with L. GG while no effect on the histological parameters
could be seen'™'%. Two placebo-controlled studies demonstrated that in 40
and 36 patients with chronic relapsing pouchitis, relapses occurred less
frequently after nine months and one year treatment, respectively, with the
multispecies probiotic VSL#3 (15% Probio‘tiic versus 100% placebo and 15%
probictic versus 94% placebo)'®™'”". Moreover, VSL#3 has been shown to
prevent the occurrence of pouchitis if taken during one year immediately after
ileostomy (10% probiotic versus 40% placebo)'®. This delay in the first onset
of pouchitis could also be seen after 3 years of L. GG treatment (7% probiotic

versus 29% placebo)'®. |

Other studies in ileal-anal pouch patients have been performed with prebioctics.
For example, three weeks treatment with inulin in twenty patients, resulted in
less Bacferoides spp. and an increase in butyrate concentration measured in
faecal samples'™.

The beneficial effects of prebiotics and probiotics suggest that these can play a
role in the prevention of pouchitis. However, more placebo-controlled studies
investigating clinical and bacteriological parameters are warranted to get
further insight in the efficiency of probiotics as therapeutic option in pouchitis.

Probiotics and irritable bowel syndrome

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder with a
heterogeneous pathophysiology; varying clinical symptoms such as abdominal
pain, diarrhoea or constipation can be experienced. The pathophysiology
remains largely unknown although abdominal motility, prior enteric infection,
visceral hypersensitivity and psychosocial factors have been associated with
IBS"""*2. Furthermore, alterations in the composition of the faecal intestinal
flora have been reported compared to healthy volunteers''>'"*: a decrease of
numbers of fagcal £. cofi lactobacilli and bifidobacteria and an increase of
other faecal aerobes'™®'. Moreover, an abnormal colonic fermentation,
particularly an increased hydrogen production, has been found''®'".
Modifications of the intestinal fiora of IBS patients by probiotics may improve
clinical symptoms.

The therapeutic effects of L. acidophilus, characterised by an improvement of
for instance physical state, abdominal pain and daily numbers of stool, were
demonstrated in a cross-over trial with 18 IBS patients''®. Symptomatic
improvement was also found in 19 of 28 patients in an uncontrolled study after
the administration of Enterococcus faecium PR88""°. The administration of
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Lactobacillus plantarum 299v versus placebo during four weeks decreased
pain and flatulence and showed overall clinical improvement in patients with
IBS'' A recent study also demonstrated a reduction in symptoms scores
such as abdominal pain, bloating and bowel motions after eight weeks
treatment with Bifidobacterium infantis 35624 compared to treatment with L.
salivarius UCC4331 2. Moreover, B. infantis 35624 normalized the abnormal
IL-10/IL-12 ratio in IBS patients'. In contrast, no improvement with respect to
pain, urgency to defaecation and bloating was reported after the consumption
of L. GG for eight weeks in bloating-predominant IBS patients'**'%,

Most studies about the efficiency of probiotics in IBS patients were double-blind
and placebo-controlled. However, the inclusion criteria with regard to
diarrhoea-predominant or constipation-predominant IBS differed among the
studies and the patient groups were rather heterogenous. In addition, the
influence of concurrent other medical treatments was mostly not taken into
account and the placebo-response in these studies was found to be relatively
high. So far, no conclusions can be drawn whether probictics may benefit in
certain subgroups of IBS patients like diarrhoea-predominant or constipation-
predominant IBS.

Probiotics and lactose malabsorption

The prevalence of lactose malabsorption in Northern Europe is 5-20%, but in
Asia the prevalence can be as high as 90-100%'%. Lactose malabsorption is
characterised by the absence or decreased production of the lactose-cleaving
enzyme B-galactosidase (lactase) in the mucosa of the small intestine, so that
unsplitted and non-absorbed lactose reaches the colon. Lactose is a
fermentable substrate for the colonic flora and causes bloating, flatulence,
bowel cramps, and diarrhoea as clinical symptoms possibly on the basis of
dysbacteriosis. Lactose absorption may be improved by the consumption of
probiotic bacteria due to microbial R-galactosidase acti wt changes in colonic
bacterial flora and delayed transit time in the small bowel’ 612

In placebo-controlled studies, it has been shown that milk containing
L. acidophilus improved the clinical symptoms of lactose malabsorption in
lactose intolerant patients'®'*®. However, some other studies have
demonstrated that L. acidophilus did not improve clinical symptoms or lactose
absorption according to hydrogen breath test'®'¥. A recent review article
conciuded that probi otlc bacteria may alleviate clinical symptoms caused by
malabsorbed lactose' although more well-designed studies are warranted.
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Probiotics and Helicobacter pylori

H. pyloriinfection is associated with gastritis, gastric and duodenal ulcers, and
gastric malignancies. /n vifro, antibacterial activities of probiotic bacterial strains
such as L. acidophilus against H. pylori have been demonstrated"™*'®. In
animals infected with H. pylori, L. salivarius suppressed the colonisation and
growth of this bacterium and reduced the inflammatory response in gastric
epithelial cells™®'¥. Reduction of the severity of gastritis and the H. pylori
density in the gastric mucosa as well as decreased H. pylori breath test values
have been observed in infected volunteers treated with probiotics such as £.
acidophilus johnsonii and Lactobacillus gasseri OLL 2716 %% put these
results could not be confirmed by others'**'*'. Placebo-controlled studies found
a reduction of the unwanted side effects of the standard triple eradication
therapy for H. pylori infections (containing two antibiotics) if concurrently with
this therapy probiotics such as L. GG and S. boulardii were given'"%,
Canducci et a/ have described an improved efficacy of eradication when the
standard treatment regimen was combined with a daily intake of inactivated L.
acidophilus™,

The results of this limited number of studies indicate a possible supporting role
for probiotics when added to standard A. py/ori eradication therapies, but no
evidence is available that they can replace standard eradication therapy.

Probiotics and constipation

Probiotics may have a positive effect on intestinal transit time in constipated
patients by modulating the colonic microfiora. Several studies investigated the
treatment of constipation with prebiotics such as inulin, oligofructose and
lactulose. In addition to an improvement of constipation, these studies report an
increase in numbers of faecal bifidobacteria and/for lactobacilli'***°.

A limited number of studies has been published about the effects of probiotics
on constipation. An increase in defaecation frequency in constipated patients
treated with lactobacilli has been observed'?'*""® One group studied the
combination of lactulose with L. acidophilus in 21 elderly patients with chronic
constipation and found a significant increase in weekly bowel motion
frequency'®, while a study including children did not see a clinical
improvement of constipation after treatment with lactulose plus L. GG™. A
major drawback of these studies was that they were all open except one by
Banaszkiewicz ef a/.'". in contrast to the beneficial effects reported, Ling ef af
did not find any significant effects on bowel function in constipated elderly
patients treated with L. GGin a blinded placebo-controlled study'®'.
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Probiotics and colorectal cancer

Colorectal cancer is one of the leading causes of cancer mortality in Western
countries'®?. In women, colorectal cancer is the second most common cancer
after breast cancer and in men, colorectal cancer is the third most common
cancer after lung and prostate cancer'®. Epidemiological studies in for
instarice Finland, the Netherlands and California have demonstrated low
cancer incidences in populations that consume regularly large quantities of
yoghurt and/or other fermented milk products. These lower incidences were
also found after ad;’ustment for potential confounding variables such as fat and
caloric intake'™ """, These observations indicate that intake of lactic acid
bacteria might lower the risk of colon cancer. Mechanisms by which probiotics
may exert an anti-carcinogenic effect include binding of mutagenic compounds,
deactivation of carcinogens, decreasing the amounts of bacterial enzymes that
convert procarcinogens into carcinogens, and enhancing the host’s immune
response. These mechanisms have been studied in witro'™'® and in
experimental animals. In animals, in which colon cancer was induced by
chemical carcinogens, administration of lactic acid bacteria showed a
suppression in DNA damage, in the formation of aberrant crypt foci, and in
tumnour formation and growth'®"'%,

Despite these encouraging results in animal models, there is no prospective
evidence that probiotics reduce the colon cancer incidence in humans. So far,
trials in humans only have shown that probiotics affect biomarkers for colon
cancer risk such as short chain fatty acids and bacterial enzymes. Lactic acid
bacteria, for example, significantly decreased faecal bacterial enzyme activities
such as p-glucosidase and p-glucuronidase, involved in carcinogenesis, in
healthy volunteers consuming a ‘Western-type’ diet>"?*'¥"'%8 However, other
studies in healthy volunteers failed to demonstrate an effect of lactic acid
bacteria on these bacterial enzyme profiles """,

Critical focus on probiotic studies

In the past decade, the interest in probiotics has grown extensively. They are
commercially available, but are also increasingly used for both research and
clinical purposes. Probiotics are becoming an adjuvant or alternative therapy in
gastrointestinal disorders as they are considered to be safe, have minimal
pathogenic potential for the host and are without side effects.

Because of their postulated modes of action it is supposed that probiotics might
be especially beneficial in gastrointestinal disorders where the compaosition of
the intestinal bacterial flora has been disturbed. However, the role of the
intestinal bacterial flora in gastrointestinal disorders such as IBD, pouchitis and
IBS is still not completely understood and should be investigated in controlled
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trials that take into account stage and activity of the disease and side effects of
concurrent medication.

An overview of the outcome of probiotic studies in gastrointestinal disorders is
shown in table 1.1. The most conclusive evidence exists for the prevention and
treatment of diarrhoea by L. GG, L. reuteriand $. boulardii Two meta-analyses
concluded that probiotics can reduce the risk of developing antibiotic-
associated diarrhoea and significant benefits have also been shown in acute
(rotavirus-associated) diarrhoea. A second group of patients who could benefit
from probiotics are IBD patients. Animal studies have shown that probiotics
decrease the severity of colitis. Lactobacilli, £ co/iNissle and &. boulardii seem
to reduce relapse rates in UC and CD patients, but studies showing these
effects are mostly not placebo-controlled and/or have other methodological
limitations. Reduced relapse rates have also been demonstrated in pouchitis
patients treated with mulii-, and monospecies probioctics in placebo-controlled
studies.

Furthermore, probictic treatment may have potential in the therapy of IBS
patients associated with previous enteric infections and/or a change in the
intestinal flora. Although some beneficial effects of probiotic therapy have been
described in these patients, also negative results have been reported and
possible benefits for subgroups need to be studied. Furthermore, probiotics
may have beneficial effects in the treaiment of lactose malabsorption,
constipation and as adjuvant in A pylori eradication. Finally, probiotics can
reduce the amounts of genotoxic compounds and biomarkers of colon cancer
risk in the colon contents of humans. However, despite some effectiveness in
the prevention of colorectal cancer in animal models, their value in preventing
colorectal cancer in humans still has to be elucidated.

In general, resuits of studies on the effects of probiotics in gastrointestinal
disorders are encouraging. However, before recommendations for therapy
and/or prevention can be given, the results of well-designed blinded placebo-
controlled studies with sufficient numbers of clinically well defined (sub)groups
of patients have to be awaited.

Many other issues still have to be resolved including dose and duration of
probiotic treatment and the onset and duration of effects after start and
cessation of probiotics. It is unlikely that one single probiotic strain will be
effective in all clinical indications. Differences between bacterial strains as well
as the effects of multispecies versus monospecies probiotics warrant further
research although so far multispecies probiotics seem to be more effective in
treating gastrointestinal disorders, probably due to synergistic effects of the
bacterial strains'’'. In addition, the survival of probiotic strains through the
gastrointestinal tract is one of the selection criteria of probiotics, but for many
probiotic strains the resistance to gastric acidity, bile acids and pancreatic acids
still has to be tested.
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More attention should especially be paid to the modes of action by which
probiotics may exert beneficial effects. It is thought that one of the possible
modes of action is a change in the intestinal bacterial composition.

Also in healthy volunteers, the modes of action of probiotics on the intestinal
flora have been little investigated. Studies including healthy volunteers
demonstrated a faecal increase in the number of lactobacilli after L. plantarum
209y, L. casel Shirota, L. rhamnosus and L. acidophifus consumption,
respectively”™"#"" However, most studies have focused on the effects of
probiotics on the intestinal flora in faecal samples while it is unknown if faecal
samples are representative for the bacterial composition in the mucosa.
Furthermore, the composition of the intestinal flora may differ between the
distal and proximal colon and rectum. Faecal samples may reflect the bacterial
composition of the distal colon but will not necessarily give information of the
proximal colon. Measuring the effects of probiotics in biopsy samples from
different intestinal locations can be of additional value.

Moreover, the intestinal flora can also be considered as a metabolic entity and
studying the influence of probictics on the metabolic activities such as on
enzyme activities and the production of SCFAs will be interesting. Changes in
bacterial metabolites have been observed after probiotic consumption with
L. plantarum 299v, L. acidophilus and L. casei Shirota in healthy volunteers
such as an increase in the acetic and propionic acid concentrations and a
decrease in the B-glucuronidase activity'***#. However, these parameters
have not been studied in the majority of previous studies with healthy
volunteers®'™>'">_Measuring the effects of probiotics on the intestinal bacterial
concentrations as well as on the metabolic activities would be important to get
further insight in the possible working mechanism of probiotics. These effects
can be studied in healthy volunteers with a ‘normal’ intestinal bacterial balance,
as well as in gastrointestinal patients with changes in the intestinal bacterial
balance.

L. plantarum 299v

A potential probiotic strain is L. plantarum 229v (DSM 9843), which is a Gram-
positive facultative anaerobic rod and a facultative hetero-fermentative
lactobacillus, able to ferment carbohydrates to for instance lactic acid, acetic
acid, ethanol and CO,. L. plantarum 299v has been found in meat, fish and
vegetables and is the dominant species in a range of fermented foods,
including sourdough, sauerkraut, green olives, natural wines and beers®.
L. plantarum 299v has originally been isolated from the human intestinal
mucosa of Swedish subjects'’®.
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