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Summary

In the late 19t century, microbiologists identified microflora
in the gastrointestinal tracts of healthy individuals that dif-
fered from those found in diseased individuals. The benefi-
cial microflora found in the gastrointestinal tract was termed
probiotics. Probiotics are living microorganisms proven to
exert health-promoting influences in humans and animals.
Interest continues today as recent technological advances
have enabled microorganisms to be isolated and colonised
to determine their specific therapeutic properties. The World
Health Organization deems probiotics to be the next-most
important immune defence system when commonly pre-
scribed antibiotics are rendered useless by antibiotic resis-
tance. The use of probiotics in antibiotic resistance is termed
microbial interference therapy. With increasing understand-
ing that beneficial microbes are required for health, probio-
tics may become a common therapeutic tool used by health-
care practitioners in the not too distant future.

This review illuminates the use of probiotics as therapeutic
treatment in gastrointestinale-associated diseases.
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Zusammenfassung

Ende des 19. Jahrhunderts fanden Mikrobiologen heraus,
dass sich die Darmflora von gesunden Personen deutlich
von jener kranker Personen unterscheidet. Keime dieser
nitzlichen Mikroflora des Gastrointestinaltraktes wurden als
Probiotika bezeichnet. Probiotika sind lebende Mikroorga-
nismen, welche einen nachweislichen gesundheitsfordern-
den oder -erhaltenden Effekt auf den Menschen oder Tiere
ausliben.

Das Interesse an diesen Organismen ist bis heute ungebro-
chen, neue Techniken wurden entwickelt, um diese Keime zu
isolieren, zu kolonisieren und ihr therapeutisches Potential zu
bestimmen. Die Weltgesundheitsorganisation erachtet Pro-
biotika als das nachstwichtigste Verteidigungssystem des
Immunsystems, wenn gewohnlich verschriebene Antibioti-
ka durch Resistenzbildung unwirksam sind. Die Anwendung
von Probiotika gegen Antibiotikaresistenz wird als mikrobi-
elle Interferenztherapie bezeichnet. Mit wachsendem Ver-
standnis, dass nitzliche Mikroorganismen fiir die mensch-
liche Gesundheit erforderlich sind, werden Probiotika mehr
und mehr ein therapeutisches Instrument in naher Zukunft.
Dieser Artikel beleuchtet die Verwendung von Probiotika als
therapeutische MalBnahme bei Gastrointestinalerkrankun-
gen und -problemen.

Schliisselworter:
Gastrointestinaltrakt, Probiotika, Darmflora

Introduction

The assemblages of bacteria resident in the gastroin-
testinal tract provide a first line of defence that can
exclude invading pathogens, reduce the proliferation
of opportunistic pathogens already resident in the
gastrointestinal tract (GIT), and reduce the availabil-
ity, carcinogenicity, or toxicity of noxious chemicals.
The mucosa of the GIT is a second, multilayered line
of defence that includes the mucous and other secre-
tions, the epithelial cells, and immune-associated cells
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scattered within and under the epithelium. The final
line of defence contends with pathogens or noxious
chemicals that transcend the mucosal barrier and en-
ter the host and consists of the innate and acquired
components of the systemic immune system and
the xenobiotic metabolizing enzymes. The lactic acid
producing bacteria (LAB) are considered to be immu-
nomodulatory and directly or indirectly influence the
GIT and systemic defence functions [1, 2].

The human gut is colonised by 10" cells by 1 g dry
weight, which is a complex ecosystem. It contains
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about 1.2 kg bacteria and a smattering of yeasts. In
utero the intestine ought to be sterile, but at birth the
baby acquires bacteria from the maternal birth canal.
Babies delivered by caesarean section are initially
colonised by bacteria picked up from the hospital en-
vironment, thereby affecting the overall composition
of their microflora. There is some evidence to suggest
that babies delivered by natural birth benefit from
their intestinal microflora by a reduced risk of nec-
rotising enterocolitis. One explanation may be that
vaginally delivered children are sooner colonised by
Enterobacteria like E. coli; these bacteria prepare the
environment for other beneficial microbiota [3]. The
ratio of different groups of microorganisms is rela-
tively constant, but different between human beings.
An important change in diversity of microbial flora
occurs in immune-compromised patients and people
with gut and metabolism problems. Exogenous and
endogenous factors like nutrition and medication in-
fluence the flora diversity [4]. Lactobacilli are known
to produce bacteriocines and have an immune-rel-
evant, health supporting function against potential
pathogenic species [5, 6].

The distribution of mucosa-associated bacteria, bifi-
dobacteria and lactobacilli and closely related lactic
acid bacteria, were analysed in biopsy samples from
the ascending, transverse, and descending parts of
the colon. Denaturant Gradient Gel Electrophoresis
(DGGE) profiles obtained with lactobacillus group-
specific primers were complex and varied with host
and sampling site in the colon. The overall bacterial
community varied with host but not sampling site
[7]1 and observed host-specific DGGE profiles of the
mucosa-associated bacterial community in the colon
support the hypothesis that host-related factors are
involved in the determination of the GIT microbial
community [8].

Colonisation

The protective and immune barrier of the human GIT
is diverse. It includes the epithelial layer, the mucous
layer, the mechanics of peristalsis and desquamation,
and actions of secretory IgA, all of which impact bac-
terial attachment. After attachment, colonic bacteria
are prevented from mixing with the host’s eukaryotic
cells by the epithelial layer, which acts as a vital bar-
rier to invasion [7]. The barrier’s healthy structure and
proper functioning are essential for the health of the
human host. In these complex systems the delicate
balance between the GIT and the microflora is coop-
eratively maintained.

Before birth, the human GIT is sterile and the first
colonisation takes place while birth by the bacterial
communities of the birth canal and then by breast

460

feeding [9]. The gut flora of breast-fed children has
a higher lactobacilli diversity and a higher amount
of bifidibacteria than bottle-fed children and a lower
risk for gastrointestinal diseases like diarrhea. The
breast-fed infant contains a colon population of 90 %
bifidobacteria with some Enterobacteriaceace and
enterococci present, but virtually no bacteroides, sta-
phylococci, lactobacilli, or clostridia [9].

After weaning, uptake of bacteria with foods may con-
tribute to the population of commensal bacteria in the
GIT and their immune functions [10].

The type and number of indigenous microflora in-
crease distally along the length of the GIT. Favour-
able characteristics found in probiotics colonising the
human gut are exhibited by Lactobacillus plantarum,
L. rhamnosus, L. reuteri, and L. agilis. However,
these lactobacilli species are scarce in people living
in industrialised nations. L. plantarum is carried by
25% of the general population in the United States,
whereas nearly 100% of the population in Africa and
Asia are colonised with favourable lactobacillus spe-
cies. The most significant reason is that a western
diet contains drastically decreased amounts of lacto-
bacilli [11].

Overgrowth of one bacterial species or imbalances in
microflora resulting from a disturbed mucosal layer
can alter digestive function, intestinal products, and/
or immunological function [7]. In addition, a defective
epithelial layer can allow bacteria to gain entry into
the human host. This breach can arouse an inflam-
matory response in the host that has the potential to
further alter normal function.

Function of the gut

Colonisation of the gut with appropriate microflora
contributes to its ability to function normally. Com-
mensal microflora by-products contribute to the
health of the intestinal tract and include short-chain
fatty acids (SCFAs), polyamines, vitamins, antioxi-
dants, and amino acids [8].

Probiotics modulate not only the endogenous flora of
the GIT, but also the immune system. Lactobacilli aug-
ment both cellular and humoral immunity [12]. Lactic
acid-producing bacteria stimulate various aspects of
the immune system, including phagocytic function
of macrophages, natural killer cells, monocytes, and
neutrophils.

Another example of a probiotic enhancing the im-
mune response can be seen in the activation of the
reticuloendothelial system and complement cascade
by Saccharomyces boulardii[9]. Clearly, interaction of
commensal gastrointestinal flora with the gut-associ-
ated immune system is an important key in maintain-
ing normal immune function.
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Microflora and antibiotics

Antibiotics were found to influence on the microflora
mainly in three ways: They can disrupt the ecological
balance and allow overflow of species with potential
pathogenicity such as enterococci, Clostridium sp. or
yeasts. A second consequence is the development of
antibiotic resistances among bacteria in the normal
flora, the third effect is the reduction of colonisation
resistance, i.e. the resistance of host against implan-
tation of new, possible pathogenic microorganisms.
Meropenem and Cefpirom were shown to decrease
the number of Escherichia coli species (E. colisp.) and
to increase Enterococcus sp. and Candida sp. signifi-
cantly. The use of probiotics in antibiotic resistance is
termed microbial interference therapy. With increas-
ing understanding that beneficial microbes are re-
quired for health, probiotics may become a common
therapeutic tool used by healthcare practitioners in
the not too distant future [13].

Diarrhea is a well-known complication of antibio-
tic therapy caused by quantitative and qualitative
changes in the intestinal flora. Estimates of the risk
of antibiotic-associated diarrhea vary between 5 and
30%, depending on the antibiotic administered, and
beta-lactams are associated with a somewhat higher
risk than other antibiotic classes [14, 15].

For animal breeding, antibiotics were added as fed
additive for fattening and prophylactic as well as
therapeutic therapy. Since 2006 all antibiotics for fat-
tening and prophylactic use are prohibited in the Eu-
ropean Union (EU) [16]. Probiotics are an attractive
and “natural” alternative for fattening, prophylaxis as
well as for therapy to restore the disordered gut flora
after and while a medical necessary antibiotic treat-
ment.

The effect of probiotics on patho-
genic bacteria

Colonisation and growth of pathogenic and toxin-pro-
ducing bacteria in the human gut results in various
clinical problems: the most common are diarrhea,
mucosal inflammation, bacterial translocation and the
efflux of bacterial toxins in the bloodstream. This may
lead to serious consecutive diseases and the need of
an intensive antibiotic treatment that in turn affects
the non-pathogenic, “healthy” gut flora too [17, 18].
Probiotics have been shown as prophylactic and the-
rapy supporting additive to prevent or silent colonisa-
tion and growth of pathogenics [19].

Probiotics reduce plasma levels of bacterial endotox-
in concentrations, at least in part, by inhibiting trans-
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location of bacteria across the gastrointestinal lumen
into the bloodstream [20]. Administration of Lactoba-
cillus sp. to Interleukin-10 knockout mice decreased
translocation of bacteria to extra intestinal sites and
reduced myeloperoxidase concentrations, often asso-
ciated with inflammation in the bowel [21].

There are several ways probiotic microflora can pre-
vent pathogenic bacteria from adhering and colonis-
ing gut mucosa. Probiotics disallow colonisation by
disease-provoking bacteria through competition for
nutrients, immune system up-regulation, production
of antitoxins, and up-regulation of intestinal mucin
genes [22]. Increased mucous production prevents
adherence and colonisation by competing microflora,
thereby preventing imbalances.

The inhibition of pathogenic bacteria by probiotics
is an orchestrated combination of structure and func-
tion. Probiotic bacteria produce a variety of sub-
stances that are inhibitory to both gram-positive and
gram-negative bacteria. These inhibitory substances
include organic acids, hydrogen peroxide and bacteri-
ocines against other, potentially pathogenic bacteria.
Therefore, the practice of combining probiotics needs
to include beneficial bacteria that do not inhibit other
included strains [23].

Animal experiments showed that an oral-fed probiotic
E. faecium colonises the gut and alters the gut flora
qualitative and quantitative. Potential pathogenic
strains disappeared while “healthy” strains appeared
[24].

Studies have shown that S. boulardii protects animals
against C. difficile intestinal disease by degradation of
the toxin receptor on the intestinal mucosa [25, 26].

Helicobacter pylori have recently been shown to be
an important etiologic agent of chronic gastritis as
well as gastric and duodenal ulcers. It has also been
postulated that chronic H. pylori infection leads to
stomach carcinoma. Lactobacillus has been shown
to be antagonistic to H. pylori both in vitro and in a
gnotobiotic murine model [20, 27].

The finding of rod-shaped bacteria attached to the
small intestinal epithelium of some untreated and
treated celiacdisease patients, but not to the epithe-
lium of healthy controls, ignites the notion that bac-
teria may be involved in the pathogenesis of celiac
disease [28].

Several probiotics have been examined for their abili-
ty to prevent traveller’s diarrhea, including lactobacil-
lus, bifidobacterium, streptococcus and saccharomy-
ces [29].

The effect of probiotics on antibiotic-induced di-
arrhea was shown in several studies but may differ
in order to given antibiotics. In general, good re-
sults have been shown by the oral treatment with
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Bifidobacterium lactis, Streptococcus thermophilis,
Lactobacillus reuteri, Lactobacillus rhamnosus and
Enterococcus faecium [30, 31, 32].

Patients receiving nasogastric tube feeding frequent-
ly develop diarrhea. The mechanism of the diarrhea
is not known, but investigators postulate that enteral
feeding causes changes in normal flora that result in
altered carbohydrate metabolism and subsequent di-
arrhea [33]. Two separate studies (both placebo-con-
trolled and double-blind) demonstrated a significant
reduction in diarrhea in these patients when they
were given S. boulardii [34, 35].

Acute rotavirus diarrhea is associated with an en-
hanced immune response to rotavirus. In a double-
blind study, L. rhamnosus GG has been shown as
treatment for rotavirus-induced diarrhea and could
reduce the morbidity by dehydratation. Intervention
with L. rhamnosus shortens the time of intravenous
rehydratation [36].

In patients suffering on HIV, the gut flora, which is a
big part of the immune system, is often disturbed by
the medical necessary treatment with antibiotics and
the HI virus itself makes the gut mucosa more per-
meable. Both leads to heavy diarrhea and so to an
enormous loss of body water and gut bacteria [37,
38]. Pathogenic bacteria and food-associated poten-
tial pathogenic microorganisms may colonise the
compromised gut and lead to secondary infections.
Studies with oral-fed probiotics (e.g. L. reuteri or S.
cerevisiae) show that HIV and antibiotic-associated
diarrhea can be silenced and the gut flora can be
changed in a positive way [39]. Using modern mol-
ecular methods, a shift in the bacterial population
of the gut flora and a higher diversity of lactoba-
cilli was seen in HIV-associated diarrhea and clinical
symptoms were silenced by the oral treatment with
L. reuteri[40].

Pouchitis is a complication of ilea reservoir surgery
occurring in 10 to 20% of the patients who undergo
surgical treatment for chronic ulcerative colitis. Bacte-
rial overgrow in the pouch, resulting in degradation
of the mucus overlaying the epithelial cells [41, 42,
43]. This results in inflammation and symptoms that
include bloody diarrhea, lower abdominal pain and
fever. Investigators have postulated that Lactobacillus
GG may be an effective therapeutic agent for pauci-
ties because it does not demonstrate mucus-degrad-
ing properties [43].

Especially in the developed world, people suffer from
a congenital deficiency of the enzyme B-Galactosi-
dase. This deficiency results in an inability to digest
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and absorb lactose and so to a lactose intolerance.
Bacteria metabolise the lactose and the resulting by-
products cause abdominal cramping, bloating, di-
arrhea and nausea. Lactase-positive strains of bacteria
(e.g. lactobacillus, bifidobacterium and streptococ-
cus) are commonly added to pasteurised dairy prod-
ucts to increase digestibility of the lactose present in
the dairy product [44, 45, 46]. There are two probable
mechanisms by which the addition of these bacteria
is beneficial, i.e. the reduction of lactose in the dairy
product through fermentation and the replication of
the probiotic in the gastrointestinal tract, which re-
leases lactase.

The group around Haskey reported a case of a paedi-
atric ulcerative colitis patient who showed increased
length of remission, resolution of symptoms, and im-
proved quality of life following the administration of
symbiotic therapy [47].

Summary

Probiotics do have a prophylactic and therapeutic po-
tential [48]. In patients ongoing an immune suppres-
sive or antimicrobial therapy, the prophylactic intake
of probiotics might prevent diarrhea, gut disorders,
the overgrowth of one bacterial species, clinical com-
plications caused by toxins and bacterial transloca-
tion. Probiotics are an attractive alternative to antibiot-
ics in animal breeding and permanent or prophy-
lactic treatment with antibiotics of patients as well as
additional treatment against various diseases.

However, promising ongoing research is done in the
field of probiotics as medical treatment and prophy-
laxis in gastrointestinal disorders, but more research
is necessary in respect of microbial treatment in heavy
underlying diseases as HIV infections and cancer.
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