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Abstract. – OBJECTIVE: Gut barrier is a
functional unit organized as a multi-layer sys-
tem and its multiple functions are crucial for
maintaining gut homeostasis. Numerous scien-
tific evidences showed a significant associa-
tion between gut barrier leaking and gastro-in-
testinal/extra-intestinal diseases.

MATERIALS AND METHODS: In this review
we focus on the relationship between gut barri-
er leaking and human health. At the same time
we speculate on the possible new role of gut
barrier protectors in enhancing and restoring
gut barrier physiology with the final goal of pro-
moting gut health.

RESULTS: The alteration of the equilibrium in
gut barrier leads to the passage of the luminal
contents to the underlying tissues and thus into
the bloodstream, resulting in the activation of
the immune response and in the induction of gut
inflammation. This permeability alteration is the
basis for the pathogenesis of many diseases, in-
cluding infectious enterocolitis, inflammatory
bowel diseases, irritable bowel syndrome, small
intestinal bacterial overgrowth, celiac disease,
hepatic fibrosis, food intolerances and also
atopic manifestations. Many drugs or com-
pounds used in the treatment of gastrointestinal
disease are able to alter the permeability of the
intestinal barrier. Recent data highlighted and in-
troduced the possibility of using gelatin tannate,
a mucosal barrier protector, for an innovative ap-
proach in the management of intestinal dis-
eases, allowing an original therapeutic orienta-
tion with the aim of enhancing mucus barrier ac-
tivity and restoring gut barrier.

CONCLUSIONS: These results suggest how
the mucus layer recovering, beside the gut mi-
crobiota modulation, exerted by gut barrier pro-
tectors could be a useful weapon to re-estab-
lish the physiological intestinal homeostasis af-
ter an acute and chronic injury.
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Introduction

The gastrointestinal tract is the most exposed hu-
man habitat to the external environment with a sur-
face area of 200 m2. Every day, thousands of micro-
organisms and compounds derived from the diges-
tion are in contact with it. In this condition, the role
of the gut barrier is crucial. Indeed, it provides a
complex defense system capable of separating the
intestinal contents from the host tissues, modulating
the absorption of nutrients and allowing the interac-
tion between the resident microbial flora and the
mucosal immune system, inhibiting the transloca-
tion of pathogens in underlying tissues1.
In particular, the gut barrier is a functional unit

organized as a multi-layer system. It is divided in
two main parts: a physical barrier, which prevents
bacterial adhesion and regulates paracellular diffu-
sion, and a functional deeper barrier that is able to
discriminate between pathogens and commensal
microorganisms, by organizing an immunological
tolerance towards commensals and an immune re-
sponse towards pathogens. In addition, there are
other mechanisms involved in maintaining the gut
luminal homeostasis. For example, the low pH of
gastric juice is bactericidal and therefore acts
against infectious agents, while pancreatic en-
zymes are able to damage the bacterial cell.
The gut barrier starts from the resident micro-

biota. It competes with pathogens to gain space
and energy resources, processes the molecules re-
quired for mucosal integrity and modulates the in-
testinal immunological response. The next level is
represented by the mucus layer. It separates the lu-
minal content from the deepest layers and contains
antimicrobial products, and secretory IgA. Below
the mucus, there is the monolayer of intestinal ep-
ithelial cells. This is able to form a physical barrier
and contains the immunological cells. These cells
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million genes and have a mutualistic relationship
with their host. Gut microbiota plays several
functions: barrier, synthesis, immune stimulation,
metabolism of nutrients, and metabolism of drugs
and toxins. In particular, the microbiota is crucial
for the digestion of energy substrates, the produc-
tion of vitamins and hormones, and the protection
of the host from the pathogenic species2,7,8. In
fact, the microbiota is able to consume the nutri-
ents necessary for survival of pathogens and can
produce molecules, which inhibit the growth of
pathogenic flora. Several studies showed that
Lactobacilli and Bifidobacteria produce bacterici-
dal acidic substances, such as lactic acid, bacteri-
ocins and short chain fatty acids (SCFA). In ani-
mal models these products can suppress the
growth of Salmonella Typhimurium. Recently, it
has been shown that a compound formed by Bac-
teroides thetaiotamicron and Eubacterium rectale
can induce the host production of mucosal gly-
cans. These are exclusively used by these two
bacterial strains and not by pathogens, which
therefore are not able to proliferate9-11.
Moreover, the enteric microflora produces nu-

trients for the mucosal cells. Bacteroides thetaio-
tamicron colonizes the outer mucus layer and can
degrade peptides and glycans that constitute the
mucus, producing SCFA, such as butyrate. The
SCFA are involved in the stimulation of mucus
production, in blocking the invasion and adhe-
sion of Escherichia coli, and in increasing mu-
cosal total and pathogen-specific IgA12-14.
The microflora alteration is the basis of many

gastrointestinal disorders such as gastritis, peptic
ulcer, IBS, IBD and even gastric and colon cancer.
In IBD, for example, the concentration of bacteria
adhering to the intestinal enterocytes is higher
compared to healthy controls and increases pro-
gressively with the severity of the pathology. In
addition, there is a reduction in bacterial diversity
with an increase in Enterobacteriaceae, including
E. coli, and a marked reduction in Bacteroides and
Clostridium. This condition leads to the reduction
of enterocytes growth and maturation with a con-
sequent increase in intestinal permeability15-18.

Intestinal mucus
The mucus is the first physical barrier that bac-

teria encounter within the digestive tract. It acts as
a shield for the epithelium, protecting it from
harmful microorganisms and antigens, but also as
a lubricant for intestinal motility. It consists of
two layers: an inner layer, firmly adherent to the
epithelial cells and approximately 50 µm thick,

can present pathogenic antigens to the cells of the
functional barrier with the aim of developing an
appropriate immune response1-3.
The deep part of the gut barrier is represented

by a complex network of immune cells, which are
organized in a specialized and compartmentalized
structure known as “gut associated lymphoid tis-
sue” or GALT. The GALT consists of lymphoid
follicles and is one of the major lymphoid organs,
containing up to 70% of the body immune cells.
It is responsible for the response to pathogenic
microorganisms and the immune tolerance to
commensal bacteria. This ability is explicated
through a physiological relationships with the sur-
face layer and the intimate contact with the exter-
nal environment through specific immune cells:
the dendritic cells and the M-cells within the Pey-
er's patches. These cells have the ability to ac-
quire microorganisms and macromolecules and to
present antigens to T lymphocytes, which pro-
duce cytokines activating the immune response.
The integrity of these structures is required for

the maintenance of the normal intestinal perme-
ability. The alteration of this equilibrium leads to
the passage of the luminal contents to the underly-
ing tissues and thus into the bloodstream (gut bar-
rier leaking), resulting in the activation of the im-
mune response and in the induction of gut inflam-
mation. This permeability alteration is the basis
for the pathogenesis of many diseases, including
not only infectious enterocolitis and inflammatory
bowel diseases (IBD), but also irritable bowel syn-
drome4, small intestinal bacterial overgrowth (SI-
BO), celiac disease, hepatic fibrosis, food intoler-
ances and also atopic manifestations1,5,6.
The assessment of the intestinal permeability

and of the related molecular mechanisms may
become an interesting parameter to consider in
clinical practice for studying and, especially,
treating these diseases. In vitro models (Caco2
and HT29-MTX cells) and in vivo non-invasive
techniques (sugar tests and tests with radioiso-
topes) are effective methods for this type of eval-
uation. Finally, the modulation of the various
barrier components is crucial for the control of
intestinal permeability1.

The gut barrier

Gut microbiota
The gut, which under physiological conditions

also includes fungi and bacteriophages, harbors
about 1 kg of bacteria that contain more than 3
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and an outer layer, looser and less adherent,
which is approximately 100 µm thick, according
to the measurements made in animal models19.
The inner mucosal layer is dense and does not

allow bacteria to penetrate, thus making the ep-
ithelial cell surface free from bacteria. The inner
layer turns into the outer layer, which is the habi-
tat of commensal flora. Both layers are organized
around the highly glycosylated mucin MUC2,
which forms an amorphous polymer-like cover
and is secreted by goblet cells. The MUC2 mucin
is a molecule that has been preserved along the
evolution since the first metazoans20.
After secretion, the MUC2 mucin is organized

in a hydrated and expanded network and forms,
together with other secreted proteins, a well-or-
ganized mucus layer21. The protein composition
is similar in the two mucosal layers since it is de-
rived from a common cellular source. The physi-
ological microbial flora resides in the outer mu-
cus layer, while the inner layer is impervious to
bacteria and acts as a protective barrier for the
epithelial cell surface. This compartmentalization
is essential for intestinal homeostasis within a
highly colonized colon22,23.
The importance of the mucosal barrier was

further demonstrated in MUC2 deficient animals.
In this model, the bacteria are in direct contact
with the epithelial cells, but also with intestinal
crypts. The increase in intestinal permeability,
caused by the loss of mucus barrier, triggers an
inflammatory reaction and, subsequently, can
promote the development of colon cancer. Fur-
thermore, mucus exerts not only a barrier func-
tion. Its content in glycans, linked to mucin
MUC2, serves as nutrient for bacteria, but also as
a binding site and, induces the selection of spe-
cific microbial species, which are essential for
maintaining the integrity, homeostasis and in-
testinal function24-26.

Epithelial cells
The intestinal epithelium is organized in a

monolayer of cells, with a thickness of only 20
µm and composed by 5 different cell types: ente-
rocytes, endocrine cells, M cells, G cells and
Paneth cells. The enterocytes are the most repre-
sented cell type. They act as a physical barrier
that inhibits the translocation of luminal contents
in the inner tissues. They are connected by inter-
cellular structures called tight junctions calls.
These are characterized by trans-membrane pro-
teins, which interact with adjacent cells and with
intracellular proteins associated with the cy-

toskeleton27. Together, these components form a
complex and homogeneous network. In the in-
testinal epithelium there are two main types of
junctions: the adherens junctions (AJs) and the
tight junctions (TJs). Both types are formed by
in different concentrations of cadherin, claudin,
and zonuline.
The modulation of these junctions, and there-

fore of the epithelial barrier permeability, takes
place through the myosin phosphorylation and
the actin-myosin complex contraction. An alter-
ation of this balance increases the mucosal per-
meability, causing the passage of endoluminal
molecules in the deeper layers, determining the
activation of the adaptive immune response and
leading to the inflammatory state28-31. This condi-
tion is observed especially during the infectious
enterocolitis and IBD. In the first condition, the
Entero- hemorrhagic E. coli (EHEC), and En-
tero-pathogenic E. coli (EPEC) have the ability
to adhere to intestinal epithelial cells and to
break the integrity of the barrier through the al-
teration of tight junctions. Moreover, a dysfunc-
tion of the AJ protein has been described in IBD.
This is due to a reduction of E-cadherin. This al-
teration leads to the weakening of intercellular
adhesion and to an inflammatory response. Re-
cent studies showed that high concentrations of
IFN-γ and TNF-α, typical found in UC and CD,
can cause a reorganization of numerous proteins
that constitute the tight junctions, such as
zonulin-1, JAM-A, occludin, claudin-1 and
claudin-4. Even in this case, this leads to an in-
creased intestinal permeability, which is also
found in IBS, especially in the subgroup of IBS
with diarrhea (IBS-D)32,33.

Gut barrier leaking
and related diseases
The ability of the various intestinal barrier

components to ensure the physiological perme-
ability even in presence of pathogenic factors is
essential for health maintenance. In fact, when
the protection exerted by the intestinal barrier
fails, the immune cells come in direct contact
with antigens in the intestinal lumen. This results
in the impairment of normal physiological barrier
functions, such as the immune response to
pathogens (bacteria, viruses, fungi and parasites),
the recognition of “self” antigens, the tolerance
towards the commensal flora and the desensitiza-
tion to food antigens. Numerous scientific evi-
dences showed a significant association between
gastro-intestinal and extra-intestinal diseases and
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permeability alteration. Among these, autoim-
mune diseases, including celiac disease, IBD, di-
abetes mellitus type I, multiple sclerosis and
rheumatoid arthritis, but also liver cirrhosis,
acute pancreatitis, infectious gastroenteritis, and
small intestinal bacterial growth (SIBO) are in-
cluded. Even diseases not directly related to the
mucosal barrier function, such as heart failure or
autism, can cause an increase in intestinal perme-
ability. In some cases, such as in IBD and celiac
disease, the permeability alteration could be the
primary pathogenic cause. In others, such as in
liver cirrhosis, it would lead to the translocation
of microbial antigens into the entero-hepatic cir-
culation with the consequent exacerbation of liv-
er fibrosis and of portal hypertension, and a fur-
ther increase in permeability1.
Whether the alteration of the barrier function

is an epiphenomenon, an early event, or an essen-
tial step in the pathogenesis of these diseases,
needs to be clarified. However, it is well known
that an increase in intestinal permeability con-
tributes to the exacerbation of these pathologies.
In many cases, the same drugs that lead to dis-
ease resolution, even temporarily, also lead to a
recovery of the permeability and therefore to an
adequate physiological intestinal homeostasis24.
IBD are an example of increased intestinal

permeability. It plays a central role in the patho-
genesis of this disease. In this case, the altered
intestinal permeability precedes the development
of the disease. The exact pathogenesis remains
unknown, but it certainly involves genetic, im-
munological and environmental factors that initi-
ate the autoimmune process. In Crohn's disease
clinically asymptomatic patients, an increase in
intestinal epithelial permeability anticipates of
about 1 year the recurrence of the disease. This
suggests that a defect in intestinal permeability is
an early event and is predictive for the clinical
exacerbation of the disease34. While the primary
defect of the intestinal barrier seems to be in-
volved in the early stages of IBD pathogenesis,
the production of cytokines, including IFN-γ and
TNF-α, secondary to the inflammatory process,
would serve to perpetuate the increase in intesti-
nal permeability following the reorganization of
the proteins that constitute the intercellular junc-
tions. In this manner a vicious cycle is created.
The primary dysfunction of the barrier would
cause an initial passage of luminal contents,
which in turn triggers an immune response with
the maintenance of an altered permeability and
the exacerbation of the disease35.

Therefore, in this context new therapeutic
strategies focused on the recovery of the physio-
logical function of the intestinal barrier may offer
an innovative approach for the clinical improve-
ment of these highly debilitating chronic dis-
eases.

The pharmacological modulation
of the intestinal barrier
Despite clear evidence, the measurement of in-

testinal permeability is still far from becoming a
laboratoristic parameter able to drive the clinical
practice. However, many drugs or compounds
used in the treatment of gastrointestinal disease
are able to alter the permeability of the intestinal
barrier. The main substances used in gastroen-
terology clinical practice are steroids, aminosali-
cylates, biologics (i.e., anti-TNF-α), probiotics
and mucosal protectors. While corticosteroids,
salicylates and anti-TNF-α act in the modulation
of intestinal permeability by reducing intestinal
inflammation, probiotics appear to act through
the modulation of mucin production and of ep-
ithelial junctions strength. Finally, emerging evi-
dences suggest an important role for the mucosal
protectors, such as the gelatin tannate, a medical
device recently introduced also in Italy for the
treatment of acute diarrhea.
Corticosteroids are the mainstay therapy for

the induction of clinical remission in mild to se-
vere Crohn's disease. Among these, prednisone is
able to reduce intestinal permeability in 50% of
patients, measured through the analysis of the re-
lationship lactulose/mannitol36. Even pred-
nisolone is able to reduce the permeability in
children and adolescents with active Crohn’s dis-
ease and ulcerative colitis37. This effect is due to
the anti-inflammatory properties of corticos-
teroid, including the ability to inhibit the expres-
sion of pro-inflammatory cytokines such as TNF-
α and NF-κB38, although high concentrations of
steroids (prednisone and budesonide) are related
to a reduced mucosal healing39.
The use of 5-aminosalicylic acid (5-ASA) is

one of the leading treatments in the treatment of
uncomplicated mild to moderate IBD. These sub-
stances, such as mesalazine, promote the rapid
recovery of mucosal integrity through TGF-me-
diated signaling, thereby reducing intestinal per-
meability40,41.
Biological drugs, including anti-TNF-α, are

the most recently used drugs in the treatment of
IBD. They act by blocking the action of TNF-α,
reducing inflammation and restoring mucosal in-
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tegrity. Some studies with 51CrEDTA, showed a
significant reduction in intestinal mucosal perme-
ability after treatment with anti-TNF-α and the
reduction is proportional to disease activity and
mucosal healing42.
Probiotics are frequently used in functional

gastrointestinal disorders and in recent years have
been tested for the treatment of IBD, SIBO and
infectious diarrhea. Many studies highlighted the
role of probiotics in the modulation and reduction
of intestinal permeability. In a double-blind,
cross-over, placebo-controlled trial, a mixture of
Lactobacillus rhamnosus and Lactobacillus
reuteri was administered for 6 weeks in 41 chil-
dren with atopic dermatitis with increased intesti-
nal permeability. After the treatment it was as-
sessed a significant reduction in intestinal perme-
ability, as documented by the test lactulose/man-
nitol43. Furthermore, Lactobacillus rhamnosus
GG is able to accelerate the maturation of the in-
testinal barrier and tp induce the expression of
claudin 3 in animal models, while Lactobacillus
casei can increase the genes expression coding for
zonulin in Caco2 cells44,45. Saccharomyces
boulardii, in combination with the standard thera-
py, improves intestinal permeability in Crohn’s
disease patients in remission, with a clear normal-
ization of the relationship lactulose/mannitol46.
The mucosal protectors, such as sucralfate

and bismuth, are normally used for a prolonged
period in the treatment of peptic ulcer disease.
These compounds protect the epithelial cells
from the acidic gastric juices and digestive en-
zymes. They seem to be effective also in reduc-
ing the inflammation in infectious diarrhea.
Among the mucosal protectors, the gelatin tan-
nate is emerging between the most promising
intestinal barrier modulator drugs. It is a combi-
nation of tannic acid (penta-m-digallolyl glu-
cose) and gelatine, and could be able to create a
protective film, forming bonds with the mucin,
thus protecting the gut from the aggressive pen-
etration of commensal bacteria (barrier protec-
tor). Tannins are widely distributed throughout
the plant kingdom. Since tannic acid is one of
the principal tannins, the term tannin is ordinar-
ily used as a synonym for tannic acid. Gelatin is
a collagen derivate, which is ingested as a pow-
der insoluble at gastric acidic pH, and which be-
comes a gelatin with the increase of pH over
5.547. Gelatin tannate is commonly employed as
an intestinal astringent and present in the mar-
ket with various name, like tanagel, gelenterum
or tasectan48. This complex passes through the

stomach unaltered, and once in the intestine it
may exert its action by restoring its physiologic
barrier function. Furthermore, the well-known
astringent properties of tannins allow the pre-
cipitation of pro-inflammatory mucoproteins
from the intestinal mucus and their elimination
through the feces49,50. Recent studies presented
at international conferences but not yet pub-
lished, showed that at intestinal mucosal level,
gelatin tannate acts in a non-dissociated form as
a muco-adhesive film, with a protective effect
on the intestinal barrier (gut barrier enhancer)
and an indirect anti-inflammatory effect.
Our group studied the effect of gelatin tannate

in Dextran Sodium Sulphate (DSS)-induced mod-
el of murine colitis24-26. DSS-induced colitis rep-
resents a T-cell independent, chemically-induced
model of epithelial damage and acute inflamma-
tion, primarily driven by innate immune respons-
es. It has been recently shown that DSS directly
affects gut epithelial cells of the basal crypts, dis-
turbing the integrity of the mucosal barrier51. It
exerts its action by causing a fast alteration in the
mucus permeability and a disruption of the mucus
biophysical structure. Thus, it allows bacteria to
enter and penetrate the inner mucus layer. Once
bacteria come in contact with the epithelial cells,
enter the crypts and are taken up by epithelial
cells, GALT is triggered to react against also rela-
tively harmless commensal bacteria and to cause
an inflammation reaction22. Several studies fo-
cused on the clinical improvement of acute DSS-
induced colitis by using probiotics and antibiotics
in order to modulate the commensal microflora52-
57. On the other hand, this model is a useful way
to evaluate those factors that can modulate the
anatomical and functional health of the gut barri-
er, by acting not only on the gut microbiota, but
also on the recovering of the mucus layer. In this
model we showed that gelatin tannate is able to
significantly reduce the clinical activity of acute
colitis compared to placebo. In particular, confo-
cal microscopy showed the polymeric protective
layer that gelatin tannate forms on the ulcerated
mucosa, thus preventing the activation of the im-
mune response58. In addition to these findings
we assessed a modulation of the microflora
composition, a restoring of mucus layer and,
consequently, of gut permeability. Furthermore,
another group showed that gelatin tannate re-
duces the proinflammatory effects of
lipopolysaccharide (LPS) in human intestinal
epithelial cells59. It is able to inhibit the intercel-
lular adhesion molecule-1 (ICAM-1) expression
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in LPS-stimulated Caco-2 cells59. ICAM-1 is in-
duced on a wide variety of cells by inflammatory
stimuli such as LPS. Together with this, adding
gelatin tannate at different concentrations induces
a dose-dependent inhibition of IL-8 and TNF-α
released by LPS-stimulated Caco-2 cells59. Final-
ly, tannic acid is a polyphenolic compound, which
includes Gallic acid that has been shown to exert
potent antioxidant effects. We can speculate that
the observed evidence could depend also on this
important characteristic of gelatin tannate.
In this scenario, gelatin tannate, thanks to its

chemical structure, seems to substitute mucus
function impairment and reestablish the gut bar-
rier permeability and homeostasis, by acting as a
gut barrier enhancer and modulating gut micro-

biota (Figure 1). Taken together, our data suggest
that not only the microbiota modulation, but also
the recovering of gut mucus layer in course of
acute colitis, can decrease the clinical disease
severity in mice. The translational therapeutic
implications of these concepts are obvious and
open new horizons to novel, targeted, and more
effective options for patients with colitis and im-
paired gut permeability58.

Conclusions

The intestinal barrier is a functional unit whose
integrity is necessary for the maintenance of nor-
mal intestinal permeability. The ability of its vari-

Figure 1. The integrity of the complex network that con-
stitutes the intestinal barrier is required for the mainte-
nance of normal intestinal permeability (A). Any alter-
ation in this balance determines an impaired function of
the intestinal barrier with the passage of luminal contents
in the underlying tissues and thus into the bloodstream,
resulting in the activation of the immune response and in
the induction of inflammation (B). Gelatin tannate, a mu-
cosal barrier protector, forms a layer similar to the intesti-
nal mucus on the surface of damaged intestinal mucosa. It
seems to be able to prevent gut microflora translocation,
thus restoring the functionality and physiological perme-
ability of the intestinal barrier (C).



ous components to ensure the physiological perme-
ability in presence of pathogenic noxae from the
external environment is essential for health mainte-
nance. When the protection exerted by intestinal
barrier fails, the immune cells come in direct con-
tact with luminal antigens. This results in the im-
pairment of normal physiological barrier functions.
The alteration of this delicate balance is the basis
for the pathogenesis of many intestinal and extra-
intestinal diseases, including infectious enterocoli-
tis, inflammatory bowel disease, irritable bowel
syndrome, small intestinal bacterial overgrowth,
celiac disease, hepatic fibrosis, food intolerances
and also allergies. Many drugs or compounds used
in the treatment of gastrointestinal diseases are able
to alter the intestinal barrier permeability. The most
important are steroids, aminosalicylates, biologics
and probiotics. Recent data highlighted and intro-
duced the possibility of using gelatin tannate, a
mucosal barrier protector, for an innovative ap-
proach in the management of intestinal diseases,
allowing an original therapeutic orientation with
the aim of enhancing mucus barrier activity and
restoring gut barrier. These results suggest how the
mucus layer recovering, beside the gut microbiota
modulation, could be a useful weapon to re-estab-
lish the physiological intestinal homeostasis after
an acute and chronic injury.

–––––––––––––––––––-––
Acknowledgements
Fondazione in Ricerca in Medicina, ONLUS, Bologna,

Italy.

–––––––––––––––––––-––
Conflict of interest
Franco Scaldaferri and Antonio Gasbarrini were consul-

tants for Acraft-Angelini, Ancona, Italy.

References

1) SCALDAFERRI F, PIZZOFERRATO M, GERARDI V, LOPETUSO

L, GASBARRINI A. The gut barrier: new acquisitions
and therapeutic approaches. J Clin Gastroenterol
2012; 46(Suppl): S12-17.

2) LOZUPONE CA, STOMBAUGH JI, GORDON JI, JANSSON

JK, KNIGHT R. Diversity, stability and resilience of
the human gut microbiota. Nature 2012; 489: 220-
230.

3) PURCHIARONI F, TORTORA A, GABRIELLI M, BERTUCCI F,
GIGANTE G, IANIRO G, OJETTI V, SCARPELLINI E, GASBAR-
RINI A. The role of intestinal microbiota and the im-
mune system. Eur Rev Med Pharmacol Sci 2013;
17: 323-333.

1074

L.R. Lopetuso, F. Scaldaferri, G. Bruno, V. Petito, F. Franceschi, A. Gasbarrini

4) PARASHAR UD, GIBSON CJ, BRESEE JS, GLASS RI. Ro-
tavirus and severe childhood diarrhea. Emerg In-
fect Dis 2006; 12: 304-306.

5) GABRIELLI M, D'ANGELO G, DI RIENZO T, SCARPELLINI E,
OJETTI V. Diagnosis of small intestinal bacterial
overgrowth in the clinical practice. Eur Rev Med
Pharmacol Sci 2013; 17(Suppl 2): 30-35.

6) SCALDAFERRI F, NARDONE O, LOPETUSO LR, PETITO V,
BIBBO S, LATERZA L, GERARDI V, BRUNO G, SCOLERI I,
DIROMA A, SGAMBATO A, GAETANI E, CAMMAROTA G,
GASBARRINI A. Intestinal gas production and gas-
trointestinal symptoms: from pathogenesis to clin-
ical implication. Eur Rev Med Pharmacol Sci
2013; 17(Suppl 2): 2-10.

7) ARUMUGAM M, RAES J, PELLETIER E, LE PASLIER D, YAMADA

T, MENDE DR, FERNANDES GR, TAP J, BRULS T, BATTO
JM, BERTALAN M, BORRUEL N, CASELLAS F, FERNANDEZ L,
GAUTIER L, HANSEN T, HATTORI M, HAYASHI T, KLEERE-
BEZEM M, KUROKAWA K, LECLERC M, LEVENEZ F,
MANICHANH C, NIELSEN HB, NIELSEN T, PONS N,
POULAIN J, QIN J, SICHERITZ-PONTEN T, TIMS S, TORRENTS
D, UGARTE E, ZOETENDAL EG, WANG J, GUARNER F, PED-
ERSEN O, DE VOS WM, BRUNAK S, DORE J, META HITC,
ANTOLIN M, ARTIGUENAVE F, BLOTTIERE HM, ALMEIDA M,
BRECHOT C, CARA C, CHERVAUX C, CULTRONE A, DE-
LORME C, DENARIAZ G, DERVYN R, FOERSTNER KU, FRISS
C, VAN DE GUCHTE M, GUEDON E, HAIMET F, HUBER W,
VAN HYLCKAMA-VLIEG J, JAMET A, JUSTE C, KACI G, KNOL
J, LAKHDARI O, LAYEC S, LE ROUX K, MAGUIN E, MERIEUX

A, MELO MINARDI R, M'RINI C, MULLER J, OOZEER R,
PARKHILL J, RENAULT P, RESCIGNO M, SANCHEZ N, SUNA-
GAWA S, TORREJON A, TURNER K, VANDEMEULEBROUCK G,
VARELA E, WINOGRADSKY Y, ZELLER G, WEISSENBACH J,
EHRLICH SD, BORK P. Enterotypes of the human gut
microbiome. Nature 2011; 473: 174-180.

8) SEKIROV I, RUSSELL SL, ANTUNES LC, FINLAY BB. Gut
microbiota in health and disease. Physiol Rev
2010; 90: 859-904.

9) SILVA AM, BARBOSA FH, DUARTE R, VIEIRA LQ, ARANTES
RM, NICOLI JR. Effect of Bifidobacterium longum
ingestion on experimental salmonellosis in mice.
J Appl Microbiol 2004; 97: 29-37.

10) TRUUSALU K, MIKELSAAR RH, NAABER P, KARKI T,
KULLISAAR T, ZILMER M, MIKELSAAR M. Eradication of
Salmonella Typhimurium infection in a murine
model of typhoid fever with the combination of
probiotic Lactobacillus fermentum ME-3 and
ofloxacin. BMC Microbiol 2008; 8: 132.

11) SONNENBURG ED, ZHENG H, JOGLEKAR P, HIGGINBOT-
TOM SK, FIRBANK SJ, BOLAM DN, SONNENBURG JL.
Specificity of polysaccharide use in intestinal bac-
teroides species determines diet-induced micro-
biota alterations. Cell 2010; 141: 1241-1252.

12) MARTENS EC, ROTH R, HEUSER JE, GORDON JI. Coordi-
nate regulation of glycan degradation and poly-
saccharide capsule biosynthesis by a prominent
human gut symbiont. J Biol Chem 2009; 284:
18445-18457.

13) BURGER-VAN PAASSEN N, VINCENT A, PUIMAN PJ, VAN

DER SLUIS M, BOUMA J, BOEHM G, VAN GOUDOEVER JB,
VAN SEUNINGEN I, RENES IB. The regulation of intesti-
nal mucin MUC2 expression by short-chain fatty
acids: implications for epithelial protection.
Biochem J 2009; 420: 211-219.



1075

Mucosal barrier protectors and gut barrier leaking

14) DHARMANI P, SRIVASTAVA V, KISSOON-SINGH V, CHADEE K.
Role of intestinal mucins in innate host defense
mechanisms against pathogens. J Innate Immun
2009; 1: 123-135.

15) LEBLANC J, FLISS I, MATAR C. Induction of a humoral
immune response following an Escherichia coli
O157:H7 infection with an immunomodulatory
peptidic fraction derived from Lactobacillus hel-
veticus-fermented milk. Clin Diagn Lab Immunol
2004; 11: 1171-1181.

16) FRANK DN, ST AMAND AL, FELDMAN RA, BOEDEKER EC,
HARPAZ N, PACE NR. Molecular-phylogenetic char-
acterization of microbial community imbalances in
human inflammatory bowel diseases. Proc Natl
Acad Sci U S A 2007; 104: 13780-13785.

17) SWIDSINSKI A, LADHOFF A, PERNTHALER A, SWIDSINSKI S,
LOENING-BAUCKE V, ORTNER M, WEBER J, HOFFMANN

U, SCHREIBER S, DIETEL M, LOCHS H. Mucosal flora in
inflammatory bowel disease. Gastroenterology
2002; 122: 44-54.

18) SARTOR RB. Microbial influences in inflammatory
bowel diseases. Gastroenterology 2008; 134:
577-594.

19) JOHANSSON ME, LARSSON JM, HANSSON GC. The two
mucus layers of colon are organized by the MUC2
mucin, whereas the outer layer is a legislator of
host-microbial interactions. Proc Natl Acad Sci U
S A 2011; 108(Suppl 1): 4659-4665.

20) LANG T, HANSSON GC, SAMUELSSON T. Gel-forming
mucins appeared early in metazoan evolution. Proc
Natl Acad Sci U S A 2007; 104: 16209-16214.

21) KITAJIMA S, TAKUMA S, MORIMOTO M. Histological
analysis of murine colitis induced by dextran sul-
fate sodium of different molecular weights. Exp
Anim 2000; 49: 9-15.

22) JOHANSSON ME, GUSTAFSSON JK, SJOBERG KE, PETERS-
SON J, HOLM L, SJOVALL H, HANSSON GC. Bacteria
penetrate the inner mucus layer before inflamma-
tion in the dextran sulfate colitis model. PLoS One
2010; 5: e12238.

23) TURNER JR. Intestinal mucosal barrier function in
health and disease. Nat Rev Immunol 2009; 9:
799-809.

24) JOHANSSON ME, PHILLIPSON M, PETERSSON J, VELCICH

A, HOLM L, HANSSON GC. The inner of the two
Muc2 mucin-dependent mucus layers in colon is
devoid of bacteria. Proc Natl Acad Sci U S A
2008; 105: 15064-15069.

25) VELCICH A, YANG W, HEYER J, FRAGALE A, NICHOLAS C,
VIANI S, KUCHERLAPATI R, LIPKIN M, YANG K, AUGEN-
LICHT L. Colorectal cancer in mice genetically defi-
cient in the mucin Muc2. Science 2002; 295:
1726-1729.

26) VAN DER SLUIS M, DE KONING BA, DE BRUIJN AC, VEL-
CICH A, MEIJERINK JP, VAN GOUDOEVER JB, BULLER HA,
DEKKER J, VAN SEUNINGEN I, RENES IB, EINERHAND AW.
Muc2-deficient mice spontaneously develop coli-
tis, indicating that MUC2 is critical for colonic pro-
tection. Gastroenterology 2006; 131: 117-129.

27) GROSCHWITZ KR, HOGAN SP. Intestinal barrier func-
tion: molecular regulation and disease pathogen-
esis. J Allergy Clin Immunol 2009; 124: 3-20; quiz
21-22.

28) RODA G, SARTINI A, ZAMBON E, CALAFIORE A, MAROC-
CHI M, CAPONI A, BELLUZZI A, RODA E. Intestinal ep-
ithelial cells in inflammatory bowel diseases.
World J Gastroenterol 2010; 16: 4264-4271.

29) GUTTMAN JA, SAMJI FN, LI Y, VOGL AW, FINLAY BB.
Evidence that tight junctions are disrupted due to
intimate bacterial contact and not inflammation
during attaching and effacing pathogen infection
in vivo. Infect Immun 2006; 74: 6075-6084.

30) HERMISTON ML, GORDON JI. In vivo analysis of cad-
herin function in the mouse intestinal epithelium:
essential roles in adhesion, maintenance of differ-
entiation, and regulation of programmed cell
death. J Cell Biol 1995; 129: 489-506.

31) SHAO L, SERRANO D, MAYER L. The role of epithelial
cells in immune regulation in the gut. Semin Im-
munol 2001; 13: 163-176.

32) BRUEWER M, LUEGERING A, KUCHARZIK T, PARKOS CA,
MADARA JL, HOPKINS AM, NUSRAT A. Proinflammato-
ry cytokines disrupt epithelial barrier function by
apoptosis-independent mechanisms. J Immunol
2003; 171: 6164-6172.

33) DUNLOP SP, HEBDEN J, CAMPBELL E, NAESDAL J, OLBE

L, PERKINS AC, SPILLER RC. Abnormal intestinal per-
meability in subgroups of diarrhea-predominant ir-
ritable bowel syndromes. Am J Gastroenterol
2006; 101: 1288-1294.

34) WEBER CR, TURNER JR. Inflammatory bowel disease:
is it really just another break in the wall? Gut
2007; 56: 6-8.

35) FASANO A. Leaky gut and autoimmune diseases.
Clin Rev Allergy Immunol 2012; 42: 71-78.

36) WILD GE, WASCHKE KA, BITTON A, THOMSON AB. The
mechanisms of prednisone inhibition of inflamma-
tion in Crohn's disease involve changes in intesti-
nal permeability, mucosal TNF-alpha production
and nuclear factor kappa B expression. Aliment
Pharmacol Ther 2003; 18: 309-317.

37) MIKI K, MOORE DJ, BUTLER RN, SOUTHCOTT E, COUPER RT,
DAVIDSON GP. The sugar permeability test reflects dis-
ease activity in children and adolescents with inflam-
matory bowel disease. J Pediatr 1998; 133: 750-754.

38) BARNES PJ. Anti-inflammatory actions of glucocorti-
coids: molecular mechanisms. Clin Sci (Lond)
1998; 94: 557-572.

39) GOKE MN, SCHNEIDER M, BEIL W, MANNS MP. Differ-
ential glucocorticoid effects on repair mecha-
nisms and NF-kappaB activity in the intestinal ep-
ithelium. Regul Pept 2002; 105: 203-214.

40) BAUMGART DC, VIERZIGER K, STURM A, WIEDENMANN B,
DIGNASS AU. Mesalamine promotes intestinal ep-
ithelial wound healing in vitro through a TGF-be-
ta-independent mechanism. Scand J Gastroen-
terol 2005; 40: 958-964.

41) DI PAOLO MC, MERRETT MN, CROTTY B, JEWELL DP. 5-
Aminosalicylic acid inhibits the impaired epithelial
barrier function induced by gamma interferon. Gut
1996; 38: 115-119.

42) SUENAERT P, BULTEEL V, LEMMENS L, NOMAN M,
GEYPENS B, VAN ASSCHE G, GEBOES K, CEUPPENS JL,
RUTGEERTS P. Anti-tumor necrosis factor treatment
restores the gut barrier in Crohn's disease. Am J
Gastroenterol 2002; 97: 2000-2004.



1076

L.R. Lopetuso, F. Scaldaferri, G. Bruno, V. Petito, F. Franceschi, A. Gasbarrini

43) ROSENFELDT V, BENFELDT E, VALERIUS NH, PAERREGAARD
A, MICHAELSEN KF. Effect of probiotics on gastroin-
testinal symptoms and small intestinal permeabili-
ty in children with atopic dermatitis. J Pediatr
2004; 145: 612-616.

44) PATEL RM, MYERS LS, KURUNDKAR AR, MAHESHWARI A,
NUSRAT A, LIN PW. Probiotic bacteria induce matu-
ration of intestinal claudin 3 expression and barri-
er function. Am J Pathol 2012; 180: 626-635.

45) EUN CS, KIM YS, HAN DS, CHOI JH, LEE AR, PARK YK.
Lactobacillus casei prevents impaired barrier
function in intestinal epithelial cells. APMIS 2011;
119: 49-56.

46) GARCIA VILELA E, DE LOURDES DE ABREU FERRARI M,
OSWALDO DA GAMA TORRES H, GUERRA PINTO A, CAR-
OLINA CARNEIRO AGUIRRE A, PAIVA MARTINS F, MARCOS

ANDRADE GOULART E, SALES DA CUNHA A. Influence of
Saccharomyces boulardii on the intestinal perme-
ability of patients with Crohn's disease in remis-
sion. Scand J Gastroenterol 2008; 43:842-848.

47) ESTEBAN CARRETERO J, DURBAN REGUERA F, LOPEZ-AR-
GUETA ALVAREZ S, LOPEZ MONTES J. A comparative
analysis of response to vs. ORS + gelatin tannate
pediatric patients with acute diarrhea. Rev Esp
Enferm Dig 2009; 101: 41-48.

48) GRUJIC-VASIC J, BOSNIC T, JOVANOVIC M. The examin-
ing of isolated tannins and their astringent effect.
Planta Med 1986: 548.

49) BHEEMACHARI J AK, JOSHI NH, SURESH DK, GUPTA

VRM. Antidiarrheal evaluation of Ficus racemosa
Linn. latex. Acta Pharm Sci 2007; 49: 133-138.

50) SOUZA SM, AQUINO LC, MILACH AC, JR., BANDEIRA
MA, NOBRE ME, VIANA GS. Antiinflammatory and
antiulcer properties of tannins from Myracrodruon
urundeuva Allemao (Anacardiaceae) in rodents.
Phytother Res 2007; 21: 220-225.

51) WIRTZ S, NEUFERT C, WEIGMANN B, NEURATH MF.
Chemically induced mouse models of intestinal
inflammation. Nat Protoc 2007; 2: 541-546.

52) DAI C, ZHENG CQ, MENG FJ, ZHOU Z, SANG LX, JIANG
M. VSL#3 probiotics exerts the anti-inflammatory
activity via PI3k/Akt and NF-kappaB pathway in

rat model of DSS-induced colit is. Mol Cell
Biochem 2013; 374: 1-11.

53) LIU WS, CHEN MC, CHIU KH, WEN ZH, LEE CH.
Amelioration of dextran sodium sulfate-induced
colitis in mice by Rhodobacter sphaeroides ex-
tract. Molecules 2012; 17: 13622-13630.

54) WONG CC, ZHANG L, LI ZJ, WU WK, REN SX, CHEN

YC, NG TB, CHO CH. Protective effects of catheli-
cidin-encoding Lactococcus lactis in murine ulcer-
ative colitis. J Gastroenterol Hepatol 2012; 27:
1205-1212.

55) HAKANSSON A, BRANNING C, MOLIN G, ADAWI D, HAGS-
LATT ML, JEPPSSON B, NYMAN M, AHRNE S. Blueberry
husks and probiotics attenuate colorectal inflam-
mation and oncogenesis, and liver injuries in rats
exposed to cycling DSS-treatment. PLoS One
2012; 7: e33510.

56) GARRIDO-MESA N, UTRILLA P, COMALADA M, ZORRILLA P,
GARRIDO-MESA J, ZARZUELO A, RODRIGUEZ-CABEZAS ME,
GALVEZ J. The association of minocycline and the
probiotic Escherichia coli Nissle 1917 results in
an additive beneficial effect in a DSS model of re-
activated colitis in mice. Biochem Pharmacol
2011; 82: 1891-1900.

57) HUANG TY, CHU HC, LIN YL, LIN CK, HSIEH TY, CHANG

WK, CHAO YC, LIAO CL. Minocycline attenuates ex-
perimental colitis in mice by blocking expression
of inducible nitric oxide synthase and matrix met-
alloproteinases. Toxicol Appl Pharmacol 2009;
237: 69-82.

58) SCALDAFERRI F LL, PETITO V, CUFINO V, BILOTTA M, ARE-
NA V, STIGLIANO E, MAULUCCI G, PAPI M, CARISTO ME,
POSCIA A, FRANCESCHI F, DELOGU G, SANGUINETTI M,
DE SPIRITO M, SGAMBATO A, GASBARRINI A. Gelatin
tannate ameliorates acute colitis in mice by rein-
forcing mucus layer and modulating gut microbio-
ta composition: Emerging role for 'gut barrier pro-
tectors' in IBD? United European Gastroenterol J
2014; 2: 113-122.

59) FRASCA G, CARDILE V, PUGLIA C, BONINA C, BONINA F.
Gelatin tannate reduces the proinflammatory effects
of lipopolysaccharide in human intestinal epithelial
cells. Clin Exp Gastroenterol 2012; 5: 61-67.


