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Introduction
A single layer of epithelial cells lined by mucosa composes the

selectively permeable intestinal barrier. It possesses many functions,
among them nutrients absorption. Besides, this barrier also separates
mechanically the internal and external environment, being the center
of interactions between the mucosal immune system and luminal
contents, including microorganisms. Some proteins, such as the tight
junction proteins, are specialized in controlling substances and fluids
permeability through intestinal barrier. They settle a leaky barrier
allowing the basal Trans cellular crossing of a few luminal antigens, the
process known as bacterial translocation (BT) which is responsible
activating the host's immune system. However, when this barrier
undergoes damage, it results in increased intestinal permeability (IP)
and, in sometimes, in BT across the intestinal mucosa, contributing to
the development of inflammation and sepsis [1].

Among the different causes of intestinal barrier damages, mucositis
induced by chemotherapy has gained enormous interest due to clinical
implications in cancer patients [2,3]. Mucositis is a clinical term
characterized by mucosal damage. It presents debilitating symptoms as
intestinal and/or oral pain, vomiting, diarrhea, sore mouth and
destruction of the gastrointestinal epithelium that contributes to poor
absorption of nutrients and, consequently, weight loss [2]. This
scenario might force a reduction in the chemotherapeutics dose
leading to a worse prognosis [3,4]. In addition, mucositis has a
considerable economic impact, due to high costs with patients’
hospitalization in order to manage symptoms characteristic of this
disorder. This disease had its study neglected until 2004 when the
Guidelines for Mucositis was launched [5] being updated in 2014 [6].
In spite of some advances in the oral mucositis form, which is the more
studied and reported in the literature, there is still a lack of information
about the intestinal form of this disease.

Thus far, selectivity is the greatest drawback faced by
chemotherapeutics. Typically, these drugs barely distinguish between
tumor cells and high turnover cells (e.g. intestinal cells) leading to
several side effects, such as mucositis. The development of mucositis
can be divided into five phases; however, the presence of all phases is
not mandatory for establishing the disease [7-9]. The first step, known
as initialization phase, occurs after chemotherapy administration
resulting in cell injury. This lesion might be a consequence of direct
DNA damage and/or caused by generation of reactive oxygen species
(ROS). Next, in the second phase, several events may occur
simultaneously. The DNA damage caused by the chemotherapy and the

presence of ROS promote activation of transcription factors, such as
NF-kB, involved in regulation of cytokine expression and
inflammatory adhesion molecules. These can lead to messenger
activation that regulate intracellular gene transcription influencing the
differentiation, proliferation of immune cells, as well as the activity of
other cytokines. Some cytokines have a modulatory character such as
IL-1, IL-2, IL-4, IL-6, IL-10, and TNF. As an example, there is a
relationship between high cytokines levels (IL-6, TNF) and the
development of intestinal mucositis induced by chemotherapy [10,11].
However, the activation and magnitude of each cytokine is related to
the cytotoxic drug used [10]. In this phase, immunoglobulin A (IgA) is
essential in maintaining intestinal homeostasis by commensal micro
biota and preventing interaction between pathogenic microorganisms
or toxins and mucosal surface [12]. Indeed, oral administration of IgA
to patients undergoing chemotherapy has shown promising results in
reducing gastrointestinal toxicity [13]. In addition, increased levels of
IgA were observed after administrating immunomodulatory nutrients
in an obstruction intestinal experimental model [14,15]. In the third
phase, increased presence of pro-inflammatory cytokines induces
accentuated tissue damage, leading to a vicious circle in which the
signal amplification keep on increasing cytokines and oxidative stress
levels, resulting in more intense tissue damage and apoptosis. The
epithelium begins to lose integrity, which is exacerbated in the next
phase, known as ulceration. This fourth phase is characterized by
integrity loss of mucosal and tissue morphological changes [7-9].
Reduction of the villus’ height in humans [16] and animals [11] were
observed after chemotherapy treatment. Due to epithelium ulceration
the intestinal barrier becomes weak, which could lead to BT increasing
the risk of bacteremia and sepsis [7-9]. At this time, determining the
intestinal permeability (IP) might be an important parameter to
evaluate the extent of mucosal injury. An intact intestinal barrier is
fundamental to prevent the passage of harmful substances from the
lumen to the bloodstream. The IP can be measured using different
substances, such as sugars or radiopharmaceuticals (e.g. 51Cr-EDTA
and 99mTc-DTPA) [11,17]. Radioactive-based methods have been
reported as preferable, since they are safe, easy, fast and reliable
methods. Nevertheless, only few studies have been published using
such technique to determine and monitor IP changes induced by
chemotherapy [11]. Finally, there is the healing phase that usually
occurs spontaneously one month after chemotherapy discontinuation.
Although it is a phase poorly understood, it is known that there is a
sub mucosal signaling that triggers stimulation, migration,
differentiation, and proliferation of the intestinal epithelium [7].

Despite its clinical importance, there is no curative treatment for
mucositis. Medications to relieve pain and diarrhea are used as a
palliative method [18]. While no standard approach has proven
efficacy, numerous agents are studied in an attempt to treat or alleviate
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mucositis induced by chemotherapeutics [2,5,19]. Beneficial effects in
animal experimental models after chemotherapy injury of
immunomodulatory nutrients such as amino acids [20,21], fatty acids
[11,22], antioxidants and vitamins [23,24], and probiotics [25] have
been demonstrated. In addition, strategies to increase local drug
delivery are also reported, such as the oral use of a mucoadhesive
formulation containing antioxidants and anti-inflammatories [24].
Furthermore, the use of nanotechnology is well reported in the
literature indicating reduction or even elimination of toxic effects of
drugs in several organs [26]. Despite of this already envisioned benefit,
only few articles have been reported studies about the impact of
encapsulation on intestine toxicity [27].

In conclusion, many substances have demonstrated usefulness to
manage intestinal mucositis induced by chemotherapeutics, but much
more research is necessary until this approach can reach the clinical
field. The intestine was neglected in the literature for many decades but
gained attention recently by the increase of inflammatory bowel
diseases cases worldwide. However, intestinal mucositis research is a
very recent area and knowledge about pathobiology process of this
disease still must improvements, especially a better understanding of
the impact of chemotherapeutics on the host’s micro biota. It was
recently reported that patients undergoing chemotherapy presented an
increased amount of intestinal pathogenic bacteria [28]. In addition,
non-invasive standard diagnostic methods in order to detect
malfunction and monitor intestinal consequences of chemotherapy is
still a lack nowadays. Although much remains to be done to effectively
bring these substances to clinics, we strongly believe that intestinal
mucositis induced by chemotherapy is a promisor area to study once it
will have a great impact in cancer care by increasing therapeutic
efficacy, ameliorating patients life quality and also reducing
hospitalizations.
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