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Abstract

Inflammatory Bowel Disease (IBD) and other auto-inflammatory disorders are conditions caused
by chronic and persistent intestinal inflammation, which is mainly represented by Ulcerative Coli-
tis (UC) or Crohn’s Disease (CD), both of which typically arise as chronic inflammation of the ga-
strointestinal mucosa. Doctor’s main focus for treating IBD is the decrease on inflammation pro-
cesses when the disease is active and promotes the maintenance of inflammation at normal levels.
However, to deal with these two parameters is not easy, because the drugs usually used are re-
lated to several side effects and they are not totally effective to reduce inflammation and to keep
the remission. Authors agree that the therapy approach should include drugs, dietary intervention
and use of alternative substances as probiotics. The standard treatment approach for patients
with CD and UC is traditionally done with the use of anti-inflammatory agents, like corticosteroids,
mesalamine, immunomodulators such as azathioprine and methotrexate, and biologic agents such
as infliximab and others. Probiotics are known as viable micro-organisms (or live microorganisms
or live microbial dietary supplements) that may promote beneficial physiologic or therapeutic
properties when used correctly. The interest in the role of these substances in improving human
health is the reason of several researches. They may be used to help the immune system, to con-
trol gastro-intestinal infections and to prevent several diseases. Prebiotics, symbiotics, and pro-
biotics may be helpful as adjuvants in the treatment of IBD. Probiotics are normally well-tolerated
and are associated with few side effects which are undoubtedly important in the treatment of any
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disease.
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1. Introduction

The gastrointestinal system is the first safeguard against environmental agents, and is responsible for immune
tolerance of microbiota that involves an ecosystem of microbes which co-exist in a symbiotic manner. Disrup-
tion among these microorganisms is related to Inflammatory Bowel Disease (IBD) and other auto-inflamma-
tory disorders. IBD is a condition caused by chronic and persistent intestinal inflammation which is mainly
represented by Ulcerative Colitis (UC) or Crohn’s Disease CD), both of which typically arise as chronic in-
flammation of the gastrointestinal mucosa [1]-[3]. A chronic intermittent inflammatory process is typical in IBD
patients and the flare periods alternate with periods of remission. UC and CD are clinically different in the bo-
wel location, nature, and the histological patterns of the inflammatory lesions and occur normally in patients
with genetic influence and its interaction with environmental stressors that may cause a deviant response by in-
nate, adaptive, and tolerogenic immunity of the intestinal mucosa to dietary antigens or commensal microorgan-
ism. It is possible to find a condition of increased oxidative stress in both and in the inflammatory biomarkers
leading to the colonic disarrangement. In CD the intestinal tissue is branded with a transmural inflammation
from mouth to anus and the presence of lesions along the whole tract of the gut mucosa. It occurs as a skip pat-
tern of the lesions where it is possible to find regular areas separated from inflammatory areas. Extra intestinal
complications and the presence of granulomas, mainly in ileo-cecal or ileo-colic areas, are common. The other
main form of IBD is represented by UC that manifests as a diffuse inflammation limited to the superficial layers
of the colonic mucosa that extends from the rectum and rarely affects the colon and terminal ileum. Both condi-
tions are inclined to the occurrence of pancolitis with megacolon and colon carcinoma. These conditions usually
manifest in genetic susceptible people and involve an environmental trigger that unleashes an immune response
in the gastrointestinal tract mucosa which is related to significant morbidity and mortality [4]-[13]. The IBD
features include increased levels of intestinal pro-inflammatory cytokine, intestinal tissue disorders and severe
clinical symptoms. The innate immune system capacity that responds appropriately to the pathogenic bacteria is
associated with the activation of Pattern Recognition Receptors (PRRs). In healthy conditions the PRRs show a
balance in the acute inflammatory response and may promote the bacteria elimination and resolution of the in-
flammation process. When the balance is lost, a chronic state that characterizes the IBD is installed and the
chronic inflammation leads to tissue damage and epithelial cell necrosis. There is a subsequent activation of
Toll-like receptors (TLRs) that are expressed by macrophages, dendritic cells and B cells and the different types
have specific ligands. This activation is related to the impairment on the recognition of pathogenic and com-
mensal bacteria and triggers overproduction of inflammatory cytokines in consequence of the activation of nuc-
lear factor kappa beta (NFxB) which is started by TLR4. Another Toll-like receptor is TLR9 that works as a
sensor of bacteria and is important in many autoimmune disorders and in intestinal immune tolerance. Results
from TLRY activation are transcription of interferon regulatory factor 7 (IRF7) and expression of interferon-a
(INF-a) through I kappa B kinase a (IKKa). Subsequent to that, there is a phosphorylation of IKK/ that is re-
lated to the activation of protein IkB, bound to the p65/p50 dimer of the NFxB family transcription factors, and
hampers their nuclear translocation. This cascade leads to the expression of the pro-inflammatory cytokines as
interleukin (IL)-14, IL-6 and Tumor Necrosis Factor a (TNF-a) and the production or nitric oxide [10] [14]-[20]
[14]-[20]. Another possibility involves the phosphorylation of NF«xB-inducing kinase which phosphorylates
IKKa alone. The consequence is the cleavage of another dimer of the NFxB family protein which induces the
expression of other proteins, like the acetylcholine hydrolyzing enzyme acetylcholinesterase and the immune
regulatory enzyme indoleamine 2, 3-dioxygenase. This other mechanism may be activated by innumerous
known ligands. NF«xB also works in additional receptors, as in the nicotinic acetylcholine receptor, suggesting
relationship between the above mechanisms and anti-inflammatory TLRY pathways [21]-[27]. Besides the
pro-inflammatory condition that characterizes IBD, there is also a massive production of free radicals (oxidative
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stress), which leads to the progression of intestinal chronic inflammation. Low amounts of free radicals are im-
portant for the recognition of nutrients, commensal and pathogenic bacteria and for killing pathogens during
immune response. The gastrointestinal tract must hold the redox balance in order to keep it in healthy conditions.
Authors believe that the maintenance of an oxidative stress condition helps the expression and the progression of
IBD, because it actives inflammation by inducing redox-sensitive signaling pathways and transcription factors.
On the other hand, many inflammatory processes spring further amounts of free radical, leading to a “self-sus-
taining and auto-amplifying vicious circle” resulting in modifications of structural and functional gut barrier and
change the response to commensal flora and pathogens [4]. The inflammatory process in IBD leads to an impor-
tant impact on the patients, beyond intestinal symptoms. Consequences of this impact may be related to in-
creased rates of depression, and reduced workforce participation in UC and CD patients. Another important
point is the process of pain which is presented in the majority of IBD patients. This condition is a manifestation
of the inflammatory conditions, once the cytokines and other mediators sensitize primary afferent neurons.
However, the continuity of inflammation is not fully sufficient to explain the pain, because there are patients in
remission that still carry on significant symptoms. It is believed that pain is an alarm related to the intensity and
potency of noxious stimuli [28]-[32].

Doctor’s main focus for treating IBD is the decreasing on inflammation processes, when the disease is active
and promotes the maintenance of inflammation at normal levels. However, to deal with these two parameters is
not easy because the drugs usually used are related to several side effects and they are not totally effective to
reduce inflammation and to keep the remission. Authors agree that the therapy approach should include drugs,
dietary intervention and use of alternative substances as probiotics.

2. Methods

This review intended to point the importance of probiotics as adjuvants to the treatment and maintenance of re-
mission in IBD patients. This work was based on a survey of articles related to IBD and use of probiotics. We
used the following databases: Pubmed, Medline, Scielo, Scopus and Lilacs. A retrospective search was carried
out to identify relevant clinical trials or epidemiological studies and reviews limited to indexed scientific ar-
ticles.

3. Traditional Therapy for IBD

IBD affects more than 1 million of people in the United States and an estimated 2.5 - 3 million people in Europe
are affected, with a direct healthcare cost of 4.6 - 5.6 billions of Euros/year [33] [34]. New insights into the pa-
thogenesis of IBD have been provided by three lines of research: 1) understanding the susceptibility of the genes
related to the detection of bacterial components regulation of immune response, 2) understanding the break of
tolerance by commensal microbiota, and 3) stringing the role of environmental factors as sanitation and hygiene.
This current etiological hypothesis of IBD which argue that pathogenic intestinal bacteria and/or infectious
agents initiate and perpetuate the inflammation of the gut in an individual with genetic vulnerability leading to
impaired epithelial barrier function and abnormal mucosal immune responses [35]. The standard treatment ap-
proach for patients with CD and UC is traditionally done with the use of anti-inflammatory agents, like corti-
costeroids, mesalamine, immunomodulators such as azathioprine and methotrexate, and biologic agents such as
infliximab and others. Glucocorticoids are potent anti-inflammatory with a central role in the treatment of dis-
eases involving immune and inflammatory mechanisms like IBD. Current studies suggest that P38 mitogen-ac-
tivated protein kinases (p38 MAPK) mediated synergism between Interleucin-10 (IL-10) and glucocorticoids
improves desmosome straightness contributing to the recovery of intestinal epithelium and reducing luminal an-
tigens contact with lamina propria in UC. This highlights the link between the intestinal epithelium in glucocor-
ticoids-response in UC [36]. Therefore, the systemic effects of corticosteroids high doses or prolonged therapy
include suppression of the hypothalamic-pituitary-adrenal, electrolyte abnormalities, hypertension, hyperglyce-
mia, osteoporosis, myopathy, cataracts, stretch marks, ecchymoses and susceptibility to infections [37] [38].
Mesalazine, a 5-aminosalicylic acid (5-ASA) compound, is widely recognized as an important line of drugs for
mildly to moderately active UC, because of its efficacy and safety [39]. Several formulations of oral mesalazine
are available and primarily differentiated by the means of delivering active mesalazine to the colon. The time-
dependent release formulation of mesalazine (time-5-ASA) is coated with ethyl cellulose and begins to release
5-ASA in the duodenum; then the release is continued throughout the large intestine. On the other hand, the
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pH-dependent release formulation of mesalazine (pH-5-ASA) is coated with Eudragit-S and starts to release the
drug in the terminal ileum or cecum, since the coating film breaks down at pH 7 or higher [40]. High-dose treat-
ments with these formulations are effective for induction of remission in patients with UC as compared to con-
ventional dosages [41] [42]. A recent study revealed that the mucosal mesalazine concentration in the sigmoid
colon in patients treated with pH-5-ASA was higher than that in patients treated with time-5-ASA. These find-
ings suggest that pH-5-ASA may be effective for active “UC in patients for whom time-5-ASA did not success-
fully induce or maintain remission” [43]. Currently, the exact molecular mechanism by which thiopurines may
have immunosuppressive effects is not well-comprehended and it is possible to find several theories in the lite-
rature. One of them suggests that 6-thioguanine (6-TGN), a metabolite of azathioprine, accumulates in lympho-
cytes and interferes in the expression of inflammatory-related cytokines, including Tumor Necrosis Factor
(TNF)-related apoptosis-inducing ligand, TNF receptor S7, and alpha-4-integrins, ultimately inhibiting the in-
flammatory response induced by T-cells in the intestinal lamina propria in patients with IBD [44] [45]. The use
of methotrexate (MTX) is very common and most of them are: steroid dependant CD; maintenance of remission
in steroid free CD; azathioprine failures in CD; in combination therapy with Anti-TNF agents in CD; decreasing
antibody formation to Anti-TNF therapy in CD; management of fistulizing disease in CD; and as well as induc-
tion and maintenance of remission in UC [46] [47]. MTX is largely used as a second line therapy after AZA
failure. It may be useful in combination with Anti-TNF therapy to reduce the risk of immunogenicity and sub-
sequent secondary loss of response to anti-TNF therapy [48]. The use in IBD therapy of the anti-tumor necrosis
factor monoclonal antibody recombinant anti-inflammatory cytokines, and related gene therapy are recent ad-
vances in the field [49]. Anti-TNF agents have been on the market for more than 15 years and have found an es-
tablished place in the therapeutic armamentarium, primarily to moderate to severe UC and CD. In CD, evidences
suggest that earlier introduction leads to superior outcomes and higher rates of mucosal healing. The latest addi-
tion to the anti-TNF class of drugs is golimumab, a subcutaneous human anti-TNF agent that was recently ap-
proved by the Food and Drugs Administration (FDA) for the treatment of moderately to severely active UC.
Nevertheless, only one third of CD and UC patients show a durable response to all available anti-TNF agents
what implicates in a need for novel treatment options. Oral TNF blockers could offer another option [50]. The
concomitant use of immunomodulators (methotrexate, azathioprine, and 6-mercaptopurine) when compared to
the biologic monotherapy, may increase the systemic exposure and decreases the formation of antibodies to the
anti-TNFa agent, consequently enhancing the clinical efficacy. In the other hand, long-term combination therapy
with immunomodulators and anti-TNFa agents may lead to increased risks of serious infections and malignan-
cies. The combined therapy for a patient with CD should always be based on an individualized benefit-risk
evaluation [51]. Studies indicate that CD and UC are heterogeneous diseases related to various genetic abnor-
malities that culminate in overly aggressive T-cell responses to a subset of commensal enteric bacteria. The re-
installation of the disease is provoked by environmental factors that transiently break the mucosal barrier, sti-
mulate immune responses or alter the balance between beneficial and pathogenic enteric bacteria. New insights
will help to develop better diagnostic approaches that identify clinically important subsets of patients for whom
the natural history of disease and response to therapy are better [52].

4. Probiotics

Probiotics are known as viable micro-organisms (or live microorganismsor live microbial dietary supplements)
that may promote beneficial physiologic or therapeutic properties when used correctly. The interest in the role of
these substances in improving human health is reason of several researches. They may be used to help the im-
mune system, to control gastro-intestinal infections and to prevent several diseases. Authors believe that in a
near future, intestinal bacterial flora will be controlled by probiotics but their use needs to be safe using micro-
organisms with General Recognized as Safe status [6] [53]-[57]. Probiotics may have benefits in inflammation
though different ways: 1) production of toxins with antimicrobial properties. For example, L. lactis, produces a
bacteriocin able to inhibit genetically distinct C. difficile strains; 2) modulating intestinal microbiota (Lactoba-
cillus reuteri may prevent colitis in rats because it leads to an increase of the number of lactobacilli in mice ga-
strointestinal system. Other studies show that L. salivarius UCC118 can modify the intestinal microbiota reduc-
ing Clostridium perfringens, coliforms, and enterococci and reducing cancer risk; 3) reduction of oxidative
stress probably by enhancing the antioxidant enzymes that are usually depressed in IBD patients. A study
showed that L. rhamnosus CNCM 1-3690 is efficient as anti-inflammatory in a model of colitis in vivo (this mi-
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croorganism has antioxidant properties); 4) melioration of the intestinal barrier function because of the im-
provement of mucus secretion and in the intercellular interactions. It is known that some probiotic may change
the expression of mucus secretion; 5) immunomodulatory properties shown by probiotics, which involve regula-
tion, activation, growth, and differentiation of immune cells [6] [58]-[68]. Zagato et al. [62] studied fermented
milk with L. paracasei L74 CBA and observed a potential to inhibit production of pro-inflammatory cytokines.
Streptococcus salivarius also exhibits anti-inflammatory potential because it has the ability to forbid the activa-
tion of the NF-Kb [63]. Fernandez ef al. [65] showed anti-inflammatory properties in L. salvarius Ls needs
NOD2 receptors to exhibit protective effects, which were also related to the local production of IL-10 which has
anti-inflammatory properties. Duary et al. [64] showed reduction in the levels of tumor necrosis factor «
(TNFa) and cyclooxygenase-2 (COX-2) and increased IL-10 expression in a model of colitis after using probi-
otic strain L. plantarum Lp91. Blanc et al. [6] highlight that probiotics effectiveness are “strain dependent and
each probiotic should be tested to know if it has specific beneficial effects, and to describe the mechanisms in-
volved in their health-promoting properties”. Authors say that it is also important to point that there are mechan-
isms associated with one individual strain. The Genetic manipulation of probiotics could lead to new treatments
for IBD, for example, probiotic lactic acid bacteria (that are the most common microorganisms used as probiotic
are lactic acid bacteria) expressing high levels of antioxidant enzymes could help the reduction of oxidative
damage, what is useful to treat IBD (for many reasons including alleviation of the symptoms) or to help in the
maintenance of remission [69]. Yoshimatsu et al. [70] studied a the use of Bio-Three tablets, each containing 2
mg of lactomin (Streptococcus faecalis T-110), 10 mg of Clostridium butyricum TO-A, and 10 mg of Bacillus
mesentericus TO-A in UC patients in the period of remission and found that probiotics are useful to help the
maintenance of clinical remission. The stability and composition of intestinal flora plays a vital role in good
health and wellbeing. In order to improve the microbial intestinal environment, several studies have been carried
out to evaluate the effect of probiotic administration for the prevention and treatment of various medical condi-
tions [71]. As pointed before, IBD probably result from an inappropriate immunologic response to intestinal
bacteria in vulnerable susceptible individuals. Prebiotics, symbiotics, and probiotics have all been studied with
growing interest as adjuncts to standard therapies for IBD. In general, probiotics have been shown to be
well-tolerated with few side effects, making them a potential attractive treatment option in the management of
IBD. Probiotics are microorganisms that are ingested either in combination or as a single organism in an effort
to normalize intestinal microbiota and potentially improve intestinal barrier function [72]. Interest in microbi-
ota-based therapy has grown markedly, due in large part to an improved safety profile with fewer side effects
when compared to traditional therapy. It is necessary to say that there are only a limited number of well-de-
signed prospective trials that could evaluate potential rare side effects in IBD patients. Collectively, the gut mi-
crobiota contains an amount of 1013 to 1014 microorganisms, with the majority (1012 microorganisms) hosted
within the colon [73]. Firmicutes and Bacteroidetes are the main bacterial phyla in the gut, comprising about 90%
of the microbiota, followed to a lesser proportion by Actinobacteria, Proteobacteria, Verrucomicrobia, Fusobac-
teria, and Cyanobacteria [74]. In addition, mucosa-associated bacterial communities in the colon vary highly in
composition when compared to those in feces. Recently, researchers have suggested two theories regarding the
role of bacteria in pathogenesis of IBD. First, malfunction of the immune system against the bacteria of the in-
testinal natural florae. Second, alteration in gut microbiota or malfunction of mucosal barrier resulting in harm-
ful immunological responses against mucosa may be implicated in the pathogenesis of IBD [74] [75]. Indeed, it
seems that combination of these two mechanisms leads to inflammation and abnormal immune responses, in-
volving alterations in gut microbiota and epithelial-cell function [76] [77]. In addition, clinical evidences have
revealed a significant role of gut microbiota, especially florae of distal ileum and colon, in the pathogenesis of
IBD [78]. Consumption of probiotic yogurt by patients with IBD may help to improve intestinal function by in-
creasing the number of probiotic bacteria in the intestine and colon [79]). Other studies showed that probiotics,
have beneficial effects on host health, probably by improving its intestinal microbial balance. Lactobacilli, Bifi-
dobacteria and Streptococci are commonly used probiotics [80] [81]. Probably, the mechanisms of action of
probiotics are: immunomodulation by increase in the number of immunoglobulin-secreting cells in the intestinal
mucosa [82]; antibacterial action by production of antibacterial substances action against common pathogens (.
coli, Clostridium difficile and Salmonella spp.) [83] and competitive exclusive by competes with adhesion of
pathogens to the intestinal mucosa and makes the colonization of the intestine with beneficial bacteria [84]. The
most common adverse effects include bloating and flatulence but these are typically mild and subside with con-
tinued use. In IBD numerous culture-independent studies have been carried out recently, comparing the micro-
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biota composition of IBD patients with that of healthy controls [85]. In general, an overall decrease in microbial
diversity and stability of the intestinal microbiota has been observed in IBD patients. Specific bacterial species,
like Faecalibacterium prausnitzii, have been found to have anti-inflammatory properties, as well as a decreased
abundance in IBD patients [86]. Also the function of the microbiota seems to differ between people with CD
compared to healthy controls. In the beginning of the 1980s, the results of some investigations demonstrated de-
creased inactivation of intestinal tryptic activity [87] [88] and reduced levels or absence of tryps in-degrading
microbes was hypothesized. People with Crohn’s disease have higher levels of fecal trypsin, an enzyme that is
produced by the pancreas and which is normally inactivated by the Bacteroides. A better understanding of this
interplay may open up for new therapeutic interventions [89].

5. Conclusion

Many studies are showing that probiotics may be very helpful for the induction and maintenance of remission in
IBD patients. Nevertheless, further researches are necessary to verify how important probiotics are used alone or
in combination with other drugs in the prevention, induction and maintenance of remission of IBD patients.
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