
ABSTRACT
Irritable bowel syndrome (IBS) is the most common functional

digestive disorder, and may affect 11-20% of the adult population
in industrialized countries. In accordance with Rome III criteria
(2006) IBS involves abdominal pain and bowel habit disturbance,
which are not explained by structural or biochemical abnormali-
ties. Several hypotheses attempt to account for the pathophysiol-
ogy of IBS, but the etiology still remains uncertain or obscure,
perhaps multifactorial. Abnormalities in colonic microflora have
recently been suggested in such patients, as has abnormal small-
intestine bacterial overgrowth (SIBO), or in particular a significant
reduction in the amount of intraluminal Bifidobacteria or Lacto-
bacilli, with consequences like the production of colonic gas, and
motility or sensitivity disturbances of the intestinal tract. The disor-
der is difficult to treat, and the wide spectrum of non-drug and
drug treatments shows our ignorance about the cause of the con-
dition. Newer drugs, both pro- and anti-serotonin, have failed to
show long-term efficacy or have been withdrawn due to concerns
about harmful effects.

Recent research has provided increasing support for the idea
that disturbances of intestinal microbiota occur in patients with
IBS, and that such abnormalities may contribute to IBS symp-
toms. Studies in Scandinavian countries in the last ten years em-
phasize the role of probiotics in the modulation of intestinal mi-
crobiota, and as a consequence in the regulation of the motility
and hypersensitivity of the digestive tract. Although results be-
tween studies are difficult to compare because of differences in
study design, probiotic dose, strain, and duration of therapy, some
studies show symptom improvement. Lactobacilli are found
among the normal bacterial flora of the gastrointestinal tract, and
Lactobacillus plantarum (Lp) is one of the species frequently iso-
lated from the human mucosa, which is capable of surviving the
low pH of the stomach and duodenum, resisting the effect of bile
acids in the upper small intestine when ingested, and temporarily
colonizing the gastrointestinal tract by binding to the intestinal and
colonic mucosa. Concurrent with colonization by Lp there is a de-

crease in bacterial groups with gas-producing ability, such as Veil-
lonella spp. and Clostridia spp. Evidence has now accumulated
to suggest the efficacy of certain probiotics like Lp299v, which
may be capable of bringing about a significant reduction in pain,
abdominal distension and flatulence, while increasing health-relat-
ed quality of life in IBS.
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INTRODUCTION: IRRITABLE BOWEL
SYNDROME, THE PARADIGM OF FUNCTIONAL
DIGESTIVE DISORDERS

Irritable bowel syndrome (IBS) is characterized by ab-
dominal pain or discomfort, which is relieved by defeca-
tion or the passage of gas, and is associated with changes
in stool frequency and/or consistency, without physical,
radiological or endoscopic abnormalities or laboratory
findings indicating organic disease. Sometimes there is a
sensation of incomplete defecation, burning pain on defe-
cation, urgency to defecate, rectal tenesmus, and mucor-
rhea. According to Rome III (1) there are several types of
IBS: a) diarrhea-predominant IBS; b) constipation-pre-
dominant IBS; c) alternating IBS (sometimes diarrhea,
sometimes constipation); and d) undefined IBS. It affects
the quality of life of those who suffer from it, and ac-
counts for the use of large amounts of healthcare re-
sources, both in Primary and Specialist Care (2).
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Other gastrointestinal symptoms are also common:
esophageal balloon, heartburn, chest pain, early satiety,
abdominal bloating or distension, and flatulence; and ex-
tragastrointestinal symptoms: asthenia, adynamia,
headache, dizziness, sleep disorders, pollakiuria, neck
pain, back pain, dysmenorrhea, dyspareunia, fibromyal-
gia. More than 50% have at least one somatic comorbid
condition with gastrointestinal discomfort, and in those
who have several conditions abdominal symptoms are
more serious; they have more psychosocial or mental
complaints, and they are absent from work due to acute
common diseases. This comorbidity has a significant in-
fluence on the patient’s consultation pattern, clinical and
diagnostic management, and therapeutic plan (3).

IBS has a prevalence of 12-20% of the population
worldwide and 11-14% in Spain; 30-40% consult their
doctor, accounting for 12% of visits to general practi-
tioners, 28% of visits to specialists, and a significant per-
centage of visits to outpatient departments of tertiary
level hospitals. It is 2-3 times more common in women,
especially in Primary Care. Although the symptoms of
IBS are used to establish the suspected diagnosis, indi-
vidually they are not sufficiently sensitive or specific
(4). Predictive value increases when age below 50 and
an absence of warning symptoms or signs are consid-
ered, which means that IBS can be suspected with a sen-
sitivity of 96% and a specificity of 72%, which is not the
case with another common functional digestive disorder,
functional dyspepsia (5). Abdominal bloating or disten-
sion affects 15-30% of the general population, but 75-
90% in IBS (especially in women and if there is consti-
pation). In all, 28% of these patients suffer from it all the
time, which is slightly less than abdominal pain (33%).
Those seen in specialist care and at tertiary centers com-
plain particularly of this, stating that such discomfort is
greater than that of abdominal pain itself in 72% of cas-
es. It is worse in the afternoon and evening, but better at
night; it becomes worse when standing and is relieved
when in a supine position. There is no correlation with
defecation or retaining flatus, although it is worsened by
eating and menstruation (6).

The etiopathogenesis, which is not fully understood,
may be multifactorial (Table I), as is the pathophysiology,
which is attributed to alterations in gastrointestinal motil-
ity, visceral hypersensitivity, dysfunction of the brain-gut
axis or certain psychosocial factors (Table II). It has been
suggested that there may be some autonomic dysfunction
with an increased or sustained response to normal psy-
chophysical stress; on measuring salivary chromogranin A,
a derivative of catecholamines that is released in re-
sponse to acute stress, it is found to be high in patients
with IBS and may be reduced using muscle relaxation
techniques (7). Although genetic factors play a minor
role compared to learned behavior (8), they do influence
symptomatic expression and especially therapeutic re-
sponse (9). The management of intestinal gas is different
in IBS patients and control subjects; whilst the latter ex-

pel the gas infused into the jejunum rapidly, the former
retain it, causing them symptoms (10), regardless of
whether or not intestinal gas production is increased.

Despite being considered a non-organic syndrome, it
has certain organic components, as is the case with post-
infectious and inflammatory IBS (11), which are present-
ed in figure 1. Although post-infectious IBS explains
only 23-35% of IBS cases, it shows the relationship be-
tween exposure to the infectious agent → mucosal (and

Table I. Etiopathogenesis of IBS

Multifactorial and different according to subtype of IBS:
– Post-infectious IBS (20-30% of cases): bacterial gastroenteritis

(Shigella, Salmonella, E. coli, Campylobacter) or viral gastro-
enteritis (Rotavirus) → risk x 8; more in women (x 3). Favoring
factors:
• Duration of initial infection (if more than 3 weeks x 11)
• Vegetarians
• Smokers
• More young people than mature adults

– Inflammatory IBS (15-20% of cases):
• Increase in T lymphocytes and mastocytes in the lamina
propria, and local and systemic increase in pro-inflamma-
tory cytokines, or imbalance between anti-inflammatory
(IL-10) and pro-inflammatory (IL-12) cytokines

• Alterations of intestinal neural plexuses

– Intestinal bacterial overgrowth (less than 10% of cases):
• Primary
• Secondary: ageing, intestinal hypomotility (hypothyroidism,
medication), long-term use of PPIs, diabetes mellitus, colla-
genosis, jejunal diverticulosis or chronic idiopathic intesti-
nal pseudo-obstruction

– Alteration of serotonin (5HT) regulation produced in ECL cells
of the submucosa, released in plasma, in relation to intestinal
infection or inflammation:
• Possible decrease in constipation-predominant IBS
• Possible increase in diarrhea-predominant IBS

– Primary dysfunction of the CNS:
• Central dysregulation of information processing by the
CNS

• Lower activation of endogenous pain inhibitory areas, in-
volving anxiety, depression or a background of physical
abuse as a child

• Lack of response to amitriptyline as an antinociceptive
agent

– Primary psychosomatic, psychosocial or psychiatric disorder
(anxiety, panic disorder, depression)

– Genetic factors:
• Difficult to prove, as family aggregation can be genetic,
but also “learned behaviour”

• Environmental factors play their part in genetically predis-
posed individuals

• They can influence the therapeutic response, especially to
5HT4 agonists or 5HT3 antagonists
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perhaps partly systemic) inflammation → clinical expres-
sion of IBS. It would be better described as an “organic”
disorder in its pathogenesis, or at least “dysfunctional”
(12,13). In 55 IBS patients increased levels of peripheral
cytokines TNFα, IL1β, and IL6 were found at baseline in
diarrhea-predominant IBS, and IL1β after administering
E. coli LPS in both diarrhea-predominant IBS and consti-
pation-predominant IBS, showing that TNFα elevation
correlates with anxiety levels (13). Although little is
known about intestinal hormone secretion in IBS, high
levels of CCK and VIP were found in the plasma and rec-
tosigmoid mucosa, whilst substance P and somatostatin
were normal. However, neuropeptide Y levels in the plas-
ma and rectosigmoid mucosa are lower in diarrhea-pre-
dominant IBS, but not in constipation-predominant IBS
(14). Thirty-eight patients with normal colonic histology
using conventional techniques, out of 77 IBS patients,

showed an increase in intraepithelial lymphocytes and
CD3 and CD25 cells in the lamina propria, suggesting
immune activation; these abnormalities were even more
evident in 31 additional patients who showed microscop-
ic inflammation (15).

There is colorectal hypersensitivity in patients with
IBS, especially in diarrhea-predominant IBS, expressed
by: a) increased ileocolonic response to bile acid perfu-
sion; b) reduced rectal adaptation to distension; and c) re-
duced pain threshold to rectal distension. Hypervigilance
to digestive events would contribute to this, perhaps due
to inadequate processing of afferent information in cer-
tain areas of the CNS, such as the anterior cingulated cor-
tex, the amygdala, and the dorsomedial frontal cortex, as
shown by dynamic MRI studies, which indicate an in-
crease in the vascularization of these areas in response to
colon stimulation that does not occur in controls or pa-
tients with ulcerative colitis (16) and which is reversed
by pre-treatment with amitriptyline (17). IBS patients
who consult their doctor are more prone to surgical inter-
ventions such as appendicectomy, cholecystectomy and
hysterectomy; this is because symptoms can be mistaken
in these prevalent conditions. It was recently pointed out
that patients who have undergone cholecystectomy with

Atb: antibiotics; PPI: proton pump inhibitors;
NSAID: non-steroidal anti-inflammatory drugs
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Table II. Pathophysiology of IBS

This varies and is different for different subgroups:
– Motor dysfunction?
• In some there is exaggerated sigmoid motor activation in
response to fat intake and psychological stress

• Digestive motility is normal in most patients

– Visceral hypersensitivity?
• IBS patients have hyperalgesia to colonic distension or in-
sufflation of the sigmoid colon during colonoscopy

• Somatic sensitivity is normal

– Excess production of intestinal gas or intolerance, when pro-
duction is normal?
• Predominance of gas- and/or methane-producing intestinal
bacteria

• Altered management of the intestinal gas produced

– Alteration of intestinal microbiota?
• Quantitative: intestinal bacterial overgrowth (uncommon)
• Qualitative: imbalance of the intestinal microbiota (lack of

Lactobacilli and Bifidobacteria; increase of Clostridia and
Enterobacteriaceae)

– Altered production and/or release of intestinal serotonin or
other neurotransmitters?
• Some IBS patients (depending whether they have diarrhea-
predominant or constipation-predominant IBS) have altera-
tions in local NO, enkephalin, serotonin, GABA, CCK, SST
or CRGP release

• There are probably changes that take place secondary to
infection or mucosal inflammation

– Alterations in the management of information received by
the CNS?
• Less modulating activity of the CNS on the intestinal senso-
rial impulses that it receives, and the motor response that
these elicit

• Studies with dynamic MRI or PET imaging show a different
brain response to visceral stimuli in IBS patients in compari-
son with control subjects

Fig. 1. Pathophysiology of post-infectious IBS. Acute intestinal dysfunc-
tion occurs after bacterial gastroenteritis. Whether or not this acute di-
sorder becomes chronic and ends up causing irritable bowel syndrome
(at least in a significant percentage of patients) presumably depends on
a number of genetic or acquired factors, through consequences of a
combination of etiopathogenesis and pathophysiology of local and sys-
temic responses. The following factors have been highlighted: possible
intestinal dysbacteriosis, increased permeability of the intercellular ba-
rrier in the intestine, bacterial translocation, and local and systemic in-
crease in the response to inflammatory stimuli. This has drawn atten-
tion to the important role that intestinal microflora plays in these
events.
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follow-up as a cohort for 10-15 years have twice as high
a risk of suffering from IBS, especially the diarrhea-pre-
dominant form (three times as high as constipation-pre-
dominant IBS). It is assumed that the continued presence
of bile salts in the colon may give rise to symptoms of
IBS (18), as these patients are known to have a hyperre-
sponse to these substances.

Diagnosis is fundamentally clinical, and is based on
the Rome III criteria of 2006 (1) (Table III), with the iso-
lated exclusion of metabolic or organic diseases (benign
or malignant) according to the patient’s personal or fami-
ly history. In any of the types there may be psychological,
psychosocial or psychiatric alterations, or an exaggerated
intestinal response to everyday stress. If there is abdomi-
nal bloating or distension, it is advisable to rule out lac-
tose, fructose or trehalose intolerance, an excessive in-
take of insoluble fiber, and small intestinal bacterial
overgrowth.

Treatment of IBS has been based on the predominant
symptom. It must be individualized, emphasizing the ab-
sence of a serious or worrying condition, and straightfor-
wardly explaining the nature and cause of the symptoms.
But the measures available at present (spasmolytics or
antidepressants at low doses for the pain, anti-diarrhea
agents or 5HT3 antagonists for diarrhea, lubiprostone,
bulk-forming laxatives or 5HT4 agonists for constipation,
etc.) have only proven slightly more effective in compar-

ison with placebo (which in IBS is 35-45%), and none
have been capable of altering its natural course, as the ef-
fect disappears as soon as treatment is stopped. Patients
often resort to alternatives such as medicinal herbs,
homeopathy, acupuncture, hypnosis or psychotherapy,
but randomized controlled studies with these types of
therapy are non-existent or are compromised by their low
methodological quality, and in general such treatments
are not recommended. As regards acupuncture, the 2006
Cochrane review showed that the effect of real acupunc-
ture compared with “sham acupuncture” was no more ef-
fective on any symptom of IBS or on the subjective per-
ception of general well-being (19). On many occasions
the findings of certain authors have not been confirmed
by others (20-24). Alosetron or cilansetron may cause is-

chemic colitis, and tegaserod may cause severe cardio-
vascular or cerebrovascular events, which means that the
use of serotonin receptor modulators is subject to a com-
prehensive management programme for potential risk in
the USA, and is not considered in Europe (25).

IBS patients are known to self-medicate very often. A
review of the use of OTC drugs and medicines in the con-
text of primary care (3) shows that they take antacids
(x 8), PPIs (x 3), fiber and laxatives (x 10), antidiarrhea
agents (x 50), antispasmodics (x 30), antidepressants (x 3),
sedative-hypnotics (x 2), and analgesics (x 2) more fre-
quently than controls.

There is now a tendency to return to an etiopathogene-
sis- or pathophysiology-based therapeutic approach, at-
tempting to influence the possible existence of intestinal
dysbacteriosis, altered intestinal fermentation, excess
production or alteration in the management of intestinal
gas, but also subclinical mucosal inflammation, especial-
ly in patients in whom the onset of IBS followed an
episode of acute bacterial gastroenteritis, abdominal re-
section surgery, or antibiotics, antineoplastic drugs or im-
munosuppressants, because, as is well known, these can
all affect the normal balance of intestinal microflora
(26,27). King et al. (28) found that colonic gas produc-
tion was higher in patients with IBS than in controls, and
that this increase and its symptoms could be normalized
with diets that excluded insoluble fiber. Even Nobaek et
al. (29), after administering Lactobacillus plantarum (Lp
299v) or placebo in an oatmeal soup to 60 IBS patients
for 4 weeks, showed: a) the presence of Lp in rectal biop-
sies; b) that flatulence was reduced by 52% in the active
group (25% in the placebo); and c) that abdominal pain
was reduced in both groups (35% in those who received
Lp; 22% in the placebo). Improvement in the group to
which Lp was administered remained for 12-months.

Thus, one therapeutic approach in IBS could be to
modulate intestinal microflora to correct an imbalance,
because at present IBS still represents a significant thera-
peutic challenge in that only 15-20% of patients are satis-
fied with the medium- to long-term result of the treat-
ment that they receive (30). This is what was said over 12
years ago: “…we suggest that probiotics (specifically
Lactobacillus spp., Streptococcus thermophylus and Bifi-
dobacterium spp.) stabilize the intestinal microflora,
modulate hypersensitivity reactions, and promote intesti-
nal barrier mechanisms, but these properties should be
proven in carefully planned and controlled studies in hu-
mans.” (31).

PATHOPHYSIOLOGICALBASIS FOR THE USE
OF PROBIOTICS IN THE TREATMENT OF IBS

Physiological anatomy of the intestinal mucosa

The mucosa of the gut is a single-cell layer consisting
of four types of cells: enterocytes, mucus-secreting gob-
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Table III. Rome III criteria (2006)

IBS is a functional digestive disorder characterised by abdominal
pain or discomfort + changes in stool frequency or consistency:

– At least 3 days per month in the last 3 months
– Onset of symptoms at least 6 months prior to diagnosis
– Must be associated with two or three of the following:
• Improves with defecation
• Onset of pain coincides with changes in stool frequency
• Onset of symptoms is accompanied by changes in the form
or appearance of stool
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let cells, neuroendocrine cells, and membrane or M cells,
which belong to the immune system and are particularly
abundant in the terminal ileum and surrounding the
lymph nodes; they bind to macromolecules or pathogens,
which they process and transport to the mucosa-associat-
ed lymphoid tissue (MALT). There are also other defen-
sive and immune cells that come from the peripheral cir-
culation: monocytes, T and B lymphocytes, neutrophils,
eosinophils, macrophages, plasmocytes, and dendritic or
Cajal cells; the relationships between intestinal microflo-
ra, mucosa, and immune response can be seen in figure 2.
The first-line intestinal defense mechanism is the local
secretion of IgA by plasma cells, which is combined with
intraluminal antigens to prevent absorption. If the antigen
attack passes this barrier then an IgM- and IgG-based
systemic immune response occurs (32).

The mucosa of the colon is unable to obtain all its
nourishment from the blood that reaches it; up to 80% of
the energy is taken from the colonic lumen. Intraluminal

microflora, acting on prebiotics such as undigested di-
etary fiber, mucoproteins contained in intestinal secre-
tions, cells extruded from the colonic mucosa, and de-
graded bacteria or yeast, produces short-chain fatty acids;
compounds such as hydrogen peroxide, lactic acid,
amino acids, polyamines, vitamins (group B, folic acid
and K), antioxidants, and growth factors. In vitro and in
vivo studies in laboratory animals have shown that SC-
FAs have therapeutic potential: a) they regulate prolifera-
tion, differentiation, gene expression, and immune func-
tion at the colonic mucosa; b) they help superficial
colonic lesions to heal; and c) they may reduce the risk of
colon cancer, as they decrease the production and in-
crease the degradation of procarcinogenic or mutagenic
substances (33).

Probiotic fermentation produces intraluminal gases
(H2, CO2 and CH4). If it is exaggerated or unaltered, it
causes abdominal pain or discomfort and flatulence,
which brings patients a great deal of discomfort. A num-
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Fig. 2. Intestinal immune system (GALT). From the gut to the blood. Both the intraluminal and, in particular, mucosa-associated intestinal microflora
are involved in the modulation of local immune response and its systemic expression (lymphocytes, cytokines, immunoglobulins, etc.). This is done th-
rough the M cells in the intestinal epithelium, which inform dendritic (or Cajal) cells, processors of both bacterial antigens and those of Peyer’s patches
that are linked to mesenteric lymph nodes. Local inflammatory cytokines stimulate visceral sensitivity or motility. Activated T and B lymphocytes pass
into the blood stream through the lymph ducts, which drain into the thoracic duct and from there into the azygos vein and systemic circulation. Local
inflammation can thus be perpetuated and spread.
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ber of commensal bacteria have methanogenic proper-
ties: Veillonella spp. (especially V alcalescens) and
Clostridia spp. Some authors claim that IBS patients
have chronic intestinal bacterial overgrowth, but this has
only been found by Dr Pimentel’s group in Los Angeles
(34) and not by others (35), and it has also been correlat-
ed with the long-term use of PPIs (36), which is very
common in this type of patient (3).

Intestinal microflora

Intestinal microflora is a complex ecosystem that is in-
volved in the physiological functions of the host organism.
It can be intraluminal or planktonic (80% of the dry mass
of feces), or mucosa-associated microbiota (MAM). The
functions of these are different, as shown in table IV. The
human being accommodates approximately 100 billion in-
testinal bacteria (10 times more prokaryotic cells than eu-
karyotic cells in the body) from about 17 families, 50 gen-
era, 400-500 different species and an undefined number of
subspecies. Of all these bacteria, 99% are anaerobic. It has
not been possible to culture most of them (32).

The distribution of bacteria in the digestive tract is dif-
ferent for different sections, the largest number being in
the buccal cavity and the large intestine. The stomach con-
tains fewer than 103 microorganisms per ml, whilst the
duodenum and jejunum contain around 105/ml, the main
ones being Clostridium perfringens and Bacteroides frag-
ilis; the fundamental factor that controls duodenojejunal
intestinal microflora is the maintenance of peristalsis. Be-
yond the terminal ileum there is an increase in coloniza-

tion, which reaches 107-10/ml and is 1011-12/ml in the colon,
with both planktonic bacteria and MAM, whose habitat is
the viscous mucus at the mucosal surface. The main genera
of bacteria are: Lactobacillus, Bifidobacteria, Bacteroides,
Clostridia, Fusobacteria, Eubacteria, Peptococcus, Strep-
tococcus, Escherichia and Veillonella; as a percentage,
MAM has fewer anaerobes than planktonic intestinal mi-
croflora. The normal balance of intestinal microflora can
be affected by a number of factors, and this in turn causes
certain functional disorders (Table V). There is evidence
that intestinal microflora plays a significant role in intesti-
nal inflammation by altering the bowel; we also know that
in animals that are germ-free since birth the development
of experimental intestinal inflammation is prevented or
minimized (37).

Probiotics

The concept of probiotic (“for life”) is 100 years old
now, since Elie Metchnikoff published “The prolongation
of life: optimistic studies” in 1907. In 1998 F Guarner de-
fined probiotics as living microorganisms that have bene-
fits for the gastrointestinal tract and its immune function
after being ingested. In 2003 the concept of “immunobi-
otic” was introduced, including those that modulate the
immune response throughout the MALT system; this idea
maintains that the intestinal mucosa and intestinal mi-
croflora constitute an anatomical-functional unit that reg-
ulates both the cell-mediated and humoral immune re-
sponses and the local production of cytokines. In 2008

Table V. Problems caused by imbalance in the intestinal
microflora

1. The following factors alter the balance of normal intestinal mi-
croflora:
a. Change of diet → causes more intestinal fermentation
b. Reduction in prebiotic substrates → reduction in the num-

ber of Bifidobacteria
c. Administration of antibiotics → alteration of the intestinal
ecosystem

d. Infection by pathogenic Cl. difficile or E. coli → alteration of
the natural population of Lactobacilli and Bifidobacteria

e. Ageing → decrease in the population of anaerobic bacteria,
especially Bifidobacteria; increase in Enterobacteriaceae and
Clostridia

2. Related functional problems:
a. Change in bowel habit (constipation or diarrhoea)
b. Exaggerated flatulence/meteorism
c. Abdominal bloating and distension
d. Abdominal pain/discomfort
e. Lactose intolerance
f. Development of IBS (at least in cases following bacterial gas-
troenteritis)
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Table IV. Primary functions of intestinal microflora

1. Planktonic microflora → metabolic:
a. To ferment indigestible substrates (fiber, extruded cells and
endogenous mucus)

b. To favor the growth of beneficial intestinal microflora:
i. Improves lactose digestion
ii. Modulates intestinal gas production
iii. Increases genesis of short-chain fatty acids→ intraluminal

acidification→ increases intestinal transit
iv. Increases the absorption of Ca, Fe and Mg
v. Synthesizes vitamins: K, folic acid, biotin, B12

2. Mucosa-associated microbiota (MAM):
a. Protective:
i. Barrier effect + bacteriocin synthesis→ prevention of inva-

sion by exogenous pathogens
ii. Maintenance of intestinal permeability→ prevents bacte-

rial translocation and systemic infection
b. Trophic:
i. Controls epithelial cell proliferation and differentiation of

the intestinal mucosa
ii. Maintains new cell growth in intestinal epithelial crypts
iii. Of the intestinal immune system: cells and serum (immu-

noglobulins)
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the WGO published an excellent review on prebiotics
and probiotics, which can be consulted online (38).

Probiotic bacteria are Lactobacilli spp., certain types
of Streptococcus, and Bifidobacteria spp., but also other
non-pathogenic bacilli such as E. coli-Nisle1917 and
yeasts such as Saccharomyces boulardii. The best known
and most widely used probiotics are Lactobacillus plan-
tarum 299v, Lactobacillus rhamnosus LGG, Lactobacil-
lus reuteri, Lactobacillus acidophilus, Lactobacillus ca-
sei and Bifidobacterium infantis, lactis or brevis.
Probiotics can be administered not only as functional
foods, but also in pharmaceutical forms similar to medi-
cines, which were then called nutraceuticals.

Probiotics have various actions: a) physical barrier ef-
fect; b) competition for nutrients; c) metabolic interac-
tions; d) bacteriocin production; e) reinforcement of the
intestinal mucosal barrier; f) reduction of intestinal per-
meability and bacterial translocation; and particularly, g)
regulation of the intestinal inflammatory response by
modulating the secretion (local and systemic) of cy-
tokines and the immune response (local and general). For
a probiotic to be effective, five conditions must be ful-
filled: 1) it must have a proven beneficial effect on the
host; 2) it must not be toxic or pathogenic; 3) it must con-
tain a sufficiently large number of viable microorganisms
per unit; 4) it must be capable of surviving in the intes-
tine, reproducing, maintaining itself, and having intralu-
minal metabolic activity; and 5) it must remain viable
during storage and use. The mechanisms of action of pro-
biotics are shown in table VI, and their general benefits
are shown in table VII. The main action of the protective
properties of probiotics is carried out by DCs, antigen-
presenting cells for T lymphocytes that are found in mu-
cosas, lymphoid tissues, lymph, lymph nodes, spleen and
peripheral blood, although in a smaller quantity here be-
cause they make up less than 2% of mononuclear cells.
DC phenotype and cytokine production is modulated by
the intestinal microflora; furthermore, these cells are in-
volved in the local immune response to B lymphocyte ac-
tivation and IgA synthesis by plasmacytes.

The evidence is type I (grade A) for the use of probi-
otics in the treatment of lactose malabsorption and acute
infectious diarrhea in children, the prevention of nosoco-
mial diarrhea and antibiotic-associated diarrhea, as well
as the prevention of pouchitis in colectomized ulcerative
colitis patients. However, evidence is type II (grade B) in
the prevention of traveller’s diarrhea, radiation colitis,
maintenance of clinical remission in ulcerative colitis,
and treatment of abdominal pain, constipation and disten-
sion in IBS. In the latter case it is because not all probi-
otics have been shown to be equally effective, and there
are still relatively few studies, some of which are not ran-
domized, some with a single probiotic, others with multi-
ple species, and even some combined with prebiotics.
One of the probiotics with more extensive experience and
better results in IBS is Lactobacillus plantarum (Lp).
These general points were also made in the paper by
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Table VI. Mechanisms of action of probiotics

1. Promotion of phagocytosis (first line of defense) with:
a. Increase in INFγ secretion
b. Greater expression of complement receptors in phagocytes

2. Inhibition of pathogenic bacterial growth due to the production
of bacteriocins or defensins:
a. Whether they are antibiotics (nisin)
b. Or not (pediocin, sakacin, lacticin, plantaricin, divercin, aci-

docin, helveticin and acidophilins)

3. Local modulation of the immune system, cellular (lymphocytes
T) and humoral (IgA and IgG)

4. Changes in the volume and composition of stools and intralu-
minal gas:
a. More formed in diarrhea-predominant IBS (especially with
lactobacilli); less compact in constipation-predominant IBS
(especially with Bifidobacteria)

b. Less abdominal bloating or distension
c. Greater ability to deconjugate bile salts, with absorption of
the resulting products, by Lactobacillus spp. and Bifidobac-
teria spp. → reduction in cholerrheic diarrhea

5. Phenomenon of competitive inhibition against pathogenic bac-
teria

6. Suppression of local inflammatory response by reducing TNFα
secretion

7. Anti-inflammatory effect on the intestinal mucosa, which pro-
duces deactivation of the imbalance in intramucosal serotonin
production, which causes:
a. Reduction in anomalous activation of intestinal motility →
less diarrhea and abdominal distension

b. Reduction in visceral hypersensitivity → less abdominal pain

Table VII. General benefits of using probiotics

1. Regulation of the intraluminal environment:
a. Fermentation of non-degradable dietary fiber and intralumi-
nal mucoproteins

b. Regulation of the planktonic intestinal microflora, anti-pa-
thogen barrier (Listeria, Salmonella, E. coli, Campylobacter)

c. Favors lactose digestion
d. Modulation of intraluminal gas production, reducing the

bacteria that produce it (E. coli, Veillonella) and increasing
the bacteria that do not (Lactobacilli, Bifidobacteria)

2. Adjustment of the immune and inflammatory response:
a. Cellular: B and T lymphocytes
b. Humoral: secretion of immunoglobulins A and G

3. Increase in trophic responses:
a. Control of epithelial cell proliferation and differentiation
b. Maintenance of the normal growth of new cells in intestinal

mucosa crypts → prevents atrophy of villi

4. Regulation of intestinal motility (fasting and postprandial):
a. Improvement of colonic transit through the production of
short-chain fatty acids (acetic, propionic, butyric) → intralu-
minal acidification

b. Modulation of the motor response to intraluminal distension
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Dr F Vargas “Probiotics in Gastroenterology”, which
was presented on 18-11-08 during the National Gastroen-
terology Week at the Congress of the Mexican Gastroen-
terology Association (39), which analyzed the relative
risk (RR), attributable risk (AR), and the necessary num-
ber of subjects to be treated to achieve a significant bene-
fit (NNT = 1/AR), which indicates that the intervention is
cost-beneficial if it is below 10, in all the different actions
of probiotics that have been published in the last 12
years, also specifying those that give the best results in
clinical trials with methodological quality. All of this is
extensively presented in table VIII.

Clinical Practice Guideline No. 5 (40): “Irritable
Bowel Syndrome” in the Treatment section concluded
that “…probiotics could improve the global symptoms of
IBS, based on two positive RCTs, compared to three RCTs
that did not show any effectiveness”; in recent years there
have been numerous publications (41-45), which have re-
fined our therapeutic approach. The bases for this were
provided by studies showing that the intestinal microflora
of these patients differs from that of healthy controls
(46,47), at least in a subgroup of IBS patients (11). When
ribosomal RNA-based microbiological technologies were
used with cloning and sequencing of genes (27), these
differences were even more significant. This would have
a certain role in its etiopathogenesis, as the balance be-
tween the intestinal microflora, epithelium and gut-asso-
ciated lymphoid tissue (GALT) plays a fundamental role
in healthy intestinal homeostasis and in the pathophysiol-
ogy of certain intestinal or systemic diseases (48). Host-
intestinal microflora interactions lead to immune toler-
ance, sustain the function and integrity of the epithelial
barrier and its vascularization, promote the development

and maintenance of GALT, and are essential for the de-
velopment of jejuno-colonic motility under physiological
conditions. The role of probiotics in IBS and their possi-
ble mechanisms of action were analyzed by M Camilleri
(49,50), who concluded that probiotics are a promising
therapy for IBS. This is justified by the fact that treatment
with probiotics alters certain mechanisms of IBS: a) re-
duction of intracolonic gas of bacterial origin due to an
increase in Lactobacilli and Bifidobacteria, and a conse-
quent decrease in the proportion of Clostridia and Veil-
lonella; b) increase in the production of intracolonic
SCFA and a consequent improvement in colonic propul-
sion; c) reduced malabsorption of bile acids in diarrhea-
predominant IBS, because Lactobacilli and Bifidobacte-
ria are capable of deconjugating and absorbing bile acids,
thus reducing luminal load, which reduces colonic muc-
orrhea and hydrorrhea; and d) production of anti-inflam-
matory changes and normalization of intestinal immuni-
ty, preventing intestinal permeability and thus reducing
bacterial translocation; it decreases serotonin-secreting
ECL cells; and it regulates the action of mastocytes in the
vicinity of nerve endings within the intestinal lamina pro-
pria.

Treatment of IBS with probiotics

Probiotics reinforce the intestinal mucosal barrier, in-
hibit the mucosal adhesion of pathogens and alter the in-
testinal inflammatory response, normalizing the motility
of the digestive tract and its visceral sensitivity. They
may also regulate intraluminal fermentation and stabilize
the intestinal microflora. In the words of R Spiller (51):
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Table VIII. General recommendations for treatment with probiotics

Benefit sought RR AR NNT The best probiotics

Treatment of infectious diarrhea 0.66 -21% 5 L. reuterii, Enterococcus LAB,
L. acidophilus + Bifidobacteria
Saccharomyces boulardii

Prev. of post-antibiotic diarrhea 0.46 -15% 7 Saccharomyces boulardii
L. rhamnosus

Prev. of traveller’s diarrhea 0.88 -4% 25 Mixture VSL#3,
Saccharomyces boulardii

Treatment of C. difficile infection 0.60 -11% 9 Saccharomyces boulardii
L. plantarum

Overall improvement in IBS 0.75 -15% 7 L. plantarum, Bifid. infantis,
E. coli-Nisle + Str. faecalis

Improvement of pain in IBS 0.78 -12% 8 L. plantarum
(but if we consider response time less than 6 weeks, NNT is 4)

If the probiotic is given as a nutraceutical, doses vary: a) as treatment: 1010CFU/caps or ml 3 times a day; and b) as prevention or maintenance it is sufficient to give: i. caps.
or suspension: 1010 CFU/caps or susp. once a day; ii. as functional food, one dose of specific yoghurt or Yakult (Lactobacillus casei shirota) per day. CFU = colony forming
units.
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“Before 2008 it could be concluded that probiotics were
very safe but not very effective in the treatment of IBS. Af-
ter 2008, there is reasonable evidence of the symptomatic
benefits for pain, bowel habit, and reduction of flatulence
and distension in IBS patients, which is particularly no-
ticeable in RCTs with a larger number of patients. In any
case, it must be taken into account that IBS patients are
heterogeneous and each probiotic has unique features”.
There are also two underlying questions: 1) should we
use a specific probiotic or multiple species?; and 2) in the
form of functional foods or as a nutraceutical?

Probiotic bacteria are defined at three levels: genus,
species and strain; it is essential to understand that their
properties depend on all three and cannot be assigned to
other similar ones, even if they share the same genus and
species. In other words, the therapeutic benefits of a
strain of probiotics cannot be extended to other strains
within the same species, and their efficacy has to have
been proven individually. Therefore, we shall now exam-
ine evidence available to date.

Studies with one probiotic

Lactobacillus

This genus contains over 125 species, which are used
industrially in the production of yoghurt, cider, wine,
sauerkraut, pickles, cheese, chocolate, and other fer-
mented foods. Lactobacillus plantarum (Lp) is found in
fermented foods, pickles, stored cereals and fodder fer-
mented in silos. It is gram+, microaerophilic, faculta-
tively heterofermentative and produces hydrogen perox-
ide; it grows at 15º, but not at 45º, and produces both
isomers of lactic acid from lactose. It has a great ability
to colonize and survive at both ends of the human diges-
tive tract, which explains its proportional presence in
the saliva and feces (52). Lp299v was identified in Lund
and was patented in the USA in 1995, together with L.
rhamnosus 271 (DSM 6594), which was discovered by
the same group (53). The mucosal binding and colo-
nization ability and tolerance to pH and bile, tested on
46 strains of Lactobacilli, showed that Lp 299v resists
pH 2.5 and the effect of bile for at least 4 hours, and is
4th in terms of mucosal binding ability (54). In 2001
Vanderhoof (55) highlighted the properties of different
strains of Lactobacillus, especially Lp299v, mentioning
their ability: a) to prevent inflammatory changes in
methotrexate-induced enterocolitis in rats; b) to reduce
IL10 production in the knockout mouse model; c) to
regulate genes associated with mucin production in cell
cultures; d) to effectively treat children with bacterial
overgrowth due to short bowel syndrome; and e) to
stimulate antibody production following the administra-
tion of an anti-rotavirus vaccine, a feature that is not
shared with other strains of Lactobacillus.

In the treatment of IBS, most studies published with
Lp299 obtained significant improvements compared
with other treatments or placebo. Niedzielin et al. (56)
showed a significant improvement in abdominal pain in
100 IBS patients, compared with placebo or spasmolyt-
ics. The same authors (57) analyzed the response in 40
IBS patients (80% women) who were symptomatic at
that moment and were being treated with different ther-
apies, and who had been referred from primary care;
they achieved twice the abdominal pain relief versus
placebo, normalization of bowel habit in 60% of consti-
pation-predominant IBS (18% with placebo), and a res-
olution of flatulence in 55% (33% with placebo).
Nobaek et al. (29) showed that, in 60 patients with IBS,
abdominal distension and flatulence, there was a signif-
icant reduction in overall discomfort in 44% of patients
on Lp299v (18% with placebo); this improvement con-
tinued for up to one year after stopping Lp299v. E.
Hauschildt showed in laboratory animals that this probi-
otic reduces bacterial translocation and improves the
physiology of the intestinal and hepatic mucosa (58); it
also increases carboxylic acid levels in feces and re-
duces abdominal distension. As an example of their
anti-inflammatory properties the author pointed out
their ability to reduce blood fibrinogen. However, Sen
et al. (59) did not achieve a significant response to ab-
dominal pain with 12 IBS patients (the RCT with the
lowest number of cases of all) after administering
Lp299v versus a placebo, although there was a signifi-
cant reduction in the production of colonic gas (more
than 50%) after taking the probiotic.

Other Lactobacilli have been studied: O’Sullivan and
O’Morain (60) used a double-blind placebo-controlled
analysis in 24 patients with Rome II-defined IBS (80%
women; aged 18-75) to assess the effect of Lactobacillus
casei GG in enteric-coated tablets for eight weeks on ab-
dominal pain and distension, and defecation urgency,
without finding significant differences; only 19 of the 24
patients completed the study, which is too small a number
to draw conclusions. In 40 patients aged 18-70 who met
Rome III criteria, the administration of Lactobacillus aci-
dophilus versus placebo for 4 weeks improved abdominal
pain/discomfort by 24%, also increasing their perception
of a better quality of life (61).

Bifidobacteria

In 274 primary care patients with constipation-pre-
dominant IBS, the administration of yoghurt + Bifidobac-
terium animalis compared with heat-treated yoghurt as
placebo for six weeks brought about an improvement in
abdominal pain and bloating, constipation and quality of
life after the 3rd week (62). With this same strain it has
been published that the administration of yoghurt con-
taining Bifidobacterium lactis DN-173010 for 4 weeks in
34 women with constipation-predominant IBS reduced
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abdominal pain, abdominal distension (measured using a
measuring tape), volume of gas produced (measured by
ambulatory plethysmography), oro-cecal transit time (H2

breath test) and colonic transit time (radiopaque markers)
(63). Although both constipation-predominant IBS and
abdominal distension are much more common in women
than in men, the latter study (randomized, double-blind,
controlled) was carried out in female patients only, and it
is yet to be verified whether these results would have oc-
curred in male patients.

Previously, a multi-center study (in 20 centers in the
United Kingdom) in 362 patients with Rome II-defined
IBS from primary care (90% women), aged 19-69, who
received Bifidobacterium infantis 35624 in capsule form
for 4 weeks at three different doses (106, 108 and 1010
CFUs), showed that there was an improvement in abdom-
inal pain/discomfort that was 20% greater than with
placebo, but only at doses of 108 CFUs/day (64).

Studies with several species of probiotics

In 2004 Saggioro showed that in 70 IBS patients (56%
women) both the Lp + L. acidophilus and Lp + Bifidobac-
terium brevis combinations, compared to a starch placebo,
improved symptoms by 45-56% after both 4 and 8 weeks
(65). Supplements with multiple species (2 Lactobacillus +
Propionobacteria + Bifidobacteria animalis) stabilized the
intestinal microflora in 86 IBS patients, improved their
quality of life, relieved abdominal pain, and stopped consti-
pation with no noticeable adverse effects (66).

There are two studies that assessed VSL#3 in the
treatment of IBS. In one study, 25 patients with diar-
rhea-predominant IBS were included and randomized
to receive 2 sachets of probiotics or placebo for 8
weeks (67); in those who received the active product
there was no improvement in abdominal pain, colonic
transit time, or quality of life, but a reduction was noted
for abdominal distension and flatulence. The other
study included 45 IBS patients whose main complaints
were abdominal bloating/distension and who received
the probiotic mixture or placebo for 4-8 weeks (68); re-
sults overlapped: improvement in abdominal distension
and flatulence, but not in other parameters such as ab-
dominal pain, quality of life, or bowel habit. In a paper
presented at the AGA 2007 meeting, Simren et al. (69)
used the combination of L. paracasei, L. acidophilus
and Bifidobacterium lactis as a probiotic in yoghurt in
14 IBS patients, compared to 17 who received placebo,
and found similar symptomatic relief in both, conclud-
ing no benefits with probiotics.

Meta-analysis

A thorough meta-analysis of 20 RCTs (1,404 subjects)
shows that the use of probiotics was associated with

overall improvement in IBS (RR = 0.77) and a reduction
in abdominal pain episodes (RR = 0.78) (70). Of those 20
studies, the ones with the highest quality are three with
Lp299v (29,56,57), three with Lactobacillus rhamnosus,
with 24, 58 and 37 subjects each, and 6 with multiple
species of probiotics. Similar conclusions were reached
in a meta-analysis that identified 19 quality RTCs pub-
lished between 1966 and 2008 (71), including the three
with Lp299v mentioned above. Both claim that probi-
otics are beneficial in the treatment of IBS, but the extent
of the benefit and the most effective species (or combina-
tions) are still somewhat uncertain.

Safety of probiotics

Taking probiotics is becoming an increasingly im-
portant part in the diet of industrialized countries, as
their general and gastrointestinal beneficial effects are
being gradually proven. It has become necessary to
harmonize marketing criteria, regulate health claims of
functional foods, evaluate the efficacy of probiotics,
correctly define what is and what is not a probiotic,
what the effective doses are, and whether they are com-
pletely safe. The safe use of probiotics is an absolutely
crucial matter. Different studies have shown that the
use of probiotics in healthy subjects (72,73), and even
in immunocompromised patients (74,75), involves a
very low risk of bacterial complications, although over
80 cases of bacteremia have been reported in Finland,
associated with severe prior comorbidities or surgery
(76), and always with Lactobacillus. Lactobacilli, Bifi-
dobacteria and other commensal microorganisms are
considered GRAS (“Generally Regarded As Safe”), al-
though certain doubts have been raised regarding their
use at massive doses in immunodepressed patients or in
those who undergo intestinal resection due to benign or
malignant disease. Other microorganisms such as ente-
rococcus may be opportunistic pathogens depending on
host conditions, and should not be administered to im-
munocompromised patients.
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