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A B S T R A C T

Mucositis is a cytotoxic side effect caused by chemotherapy drugs, such as 5-Fluorouracil (5-FU), being a serious
clinical issue. Lactobacillus spp. could be a helpful strategy to alleviate 5-FU chemotherapy-caused intestinal
damage, due to their ability to contribute to intestinal homeostasis through improvement of microbiota balance
and immunomodulation. In this work we evaluated the effect of Lactobacillus delbrueckii subsp. lactis CIDCA 133
fermented milk in 5-FU-induced experimental mucositis. Intestinal histology, permeability and biochemical
parameters showed that animals administrated with 5-FU and treated with CIDCA 133 fermented milk presented
reduced intestinal IgA secretion and lower permeability in the small bowel. We showed that this strain preserves
villus/crypt ratio, reduces the loss of goblet cells and inflammatory infiltration in ileum sections of 5-FU-treated
animals. In conclusion, CIDCA 133 is able to prevent the intestinal mucosa damage caused by 5-FU revealing to
be a promising strategy for intestinal mucositis treatment.

1. Introduction

Chemotherapy and radiotherapy are the principal treatments used
in several types of cancer (Longley, Harkin, & Johnston, 2003; Sonis,
1998). The 5-Fluorouracil (5-FU) is one of the chemotherapeutic agents
used in the clinical oncology practice. This drug acts on the prolifera-
tion of cancer cells through the inhibition of the thymidylate synthase
(TS) enzyme (leading to unbalance of the nucleotide pool), as well as
the incorporation of its metabolites into the DNA and/or RNA of these

cells (Sonis, 2004), which impedes its normal functioning and induces
apoptosis (Miura et al., 2010; Pinedo & Peters, 1988). However, this
treatment, apart from destroying neoplastic cells, affect different cell
populations of healthy tissue situated throughout the human body
(Duncan & Grant, 2003), being mucositis one of the most prevalent
adverse effects.

The mucositis is characterized by three phases (inflammation, epi-
thelial degradation and ulceration) leading to quick loss of intestinal
structure and functionality (Duncan & Grant, 2003) including damage
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of the epithelial wall, increased intestinal permeability and bacterial
translocation; disbalance of intestinal microbiota and reduced levels of
mucin secretion (Stringer et al., 2009). Above effects lead to compro-
mised food intake that in turn compromises cancer therapy (Logan,
Gibson, Sonis, & Keefe, 2007; Soveri, Hermunen, de Gramont, Poussa,
Quinaux, Bono, & Österlund, 2014).

Local anesthetics, analgesics and/or antibiotics are some proposed
treatments for this disease. However, these palliative approaches pre-
sent several side effects as short and temporary relief (Herbers, de
Haan, van der Velden, Donnelly, & Blijlevens, 2014). Thus, the use of
bacteria/yeast strains with probiotic potential constitute a promising
perspective for the treatment of mucositis due to their ability to modify
the composition of the intestinal microbial community, as well as their
capability to improve the epithelial barrier function and the im-
munomodulating effect (Bastos et al., 2016; Carvalho et al., 2017;
Justino et al., 2015; Oh, Lee, Lee, Lee, & Kim, 2017).

The probiotics are “live microorganisms which when administered in
adequate amounts confer a health benefit on the host” (Hill et al., 2014). In
this context, several studies conducted with probiotic microorganisms
have demonstrated strain-dependent effects in the prevention/treat-
ment of intestinal disorders. Indeed, beneficial effects have been de-
monstrated in (i) maintenance of the epithelial barrier in dextran sul-
phate-induced intestinal inflammation in mice (Mennigen et al., 2009),
(ii) protection of the intestinal function in a model of hydrogen per-
oxide-induced epithelial barrier disruption (Seth, Yan, Polk, & Rao,
2008), (iii) increase in trans-epithelial resistance (TER), IL-10 deficient
mice (Ewaschuk et al., 2008). The mechanisms behind these probiotics
effects are related or to the reduction in IL-12 and IFN-γ levels, and
increased of IL-10 (Martins et al., 2009; Sokol et al., 2008), diminution
of cell apoptosis by inhibition of caspase 3 activation (Dalmasso et al.,
2006; Mennigen et al., 2009), prevention of oxidative damage by in-
duction of mucosal glutathione biosynthesis (Lutgendorff et al., 2009),
enhancing of mucine gene expression (Caballero-Franco, Keller, De
Simone, & Chadee, 2007) among others. For all these reasons, the
probiotics represent a promising adjuvant strategy for mucositis ame-
lioration.

Pioneering studies using Lactobacillus delbrueckii subsp. lactis CIDCA
133 strain (hereafter CIDCA 133) have shown its resistance to high acid
and bile concentrations and the ability to inhibit the growth of food
contaminants (Kociubinski, Pérez, & De Antoni, 1999; Kociubinski,
Pérez, Añón, & De Antoni, 1996) and pathogenic microorganisms such
as entero-hemorragic E. coli (Hugo, De Antoni, & Pérez, 2006). In ad-
dition, the CIDCA 133 strain, was able to decrease harmful bacterial
enzymatic activities such as nitrate reductase (Hugo, Kakisu, De Antoni,
& Pérez, 2008). Furthermore, CIDCA 133 strain has demonstrated to
resist the inhibitory cationic effectors of the innate immune system in
cultured human enterocytes (Hugo, De Antoni, & Pérez, 2010) and
human ß-defensins (Hugo, Tymczyszyn, Gómez-Zavaglia, & Pérez,
2012). Another in vitro study on the interaction between CIDCA 133
strain with cultured murine macrophages (RAW 264.7 cells) infected
with C. rodentium revealed that the presence of probiotic bacteria is able
to stimulate phagocytosis, induces reactive oxygen species (ROS and
NO), and promotes expression of surface markers related to antigen
presentation (Hugo, Rolny, Romanin, & Pérez, 2017).

Altogether, these studies support the potential probiotic effect of
CIDCA 133 strain and the promising activities that could be studied in
different diseases models and their resulting response. Therefore, the
aim of the present study was to investigate the effect of oral adminis-
tration of L. delbrueckii subsp. lactis strain CIDCA 133 fermented milk in
an in vivo model of 5-FU induced mucositis in BALB/c mice.

2. Materials and methods

2.1. Probiotic strain

Lactobacillus delbrueckii subsp. lactis CIDCA 133 strain was isolated

from raw cow milk (Kociubinski et al., 1996), with probiotics char-
acteristics described as was mentioned in previous section. This strain
belongs to the culture collection of the Centro de Investigación y De-
sarrollo en Criotecnología de Alimentos (CIDCA, Facultad de Ciencias
Exactas, Universidad Nacional de La Plata, Argentina).

2.2. Dairy formulation and growth conditions

Frozen bacterial suspension (−80 °C) were reactivated in de Man,
Rogosa and Sharpe (MRS) broth (Kasvi, Italia) at 37 °C for 16 h. Next,
50 μL of bacterial culture were inoculated into 15mL of reconstituted
skim milk (12% w/v) supplemented with glucose (2% w/v), yeast ex-
tract (1,2% w/v) (milk broth) for overnight growth at 37 °C.
Afterwards, the culture was diluted 100 times in sterilized milk broth
and administrated ad libitum for 12 h. Bacterial suspension were re-
newed every 12 h to avoid bacterial decantation and clogging. This
beverage and standard chow diet were administered for 13 days ad li-
bitum access. To confirm the administrated CFU to the mice, the number
of colonies (viable bacteria) were counted by pour plate method (MRS-
agar medium) by counting the colony forming unit (CFU) after in-
cubation of 16 h.

2.3. Animal trial and experimental design

All experiments described were conducted on male BALB/c mice
(4–6weeks old, weight 21–24 g) obtained from Centro de Bioterismo
(CEBIO) of the Federal University of Minas Gerais (Belo Horizonte,
Minas Gerais, Brazil). Animals were kept in polycarbonate boxes under
controlled conditions: temperature around 21 ± 2 °C, humidity of
55 ± 10%, photoperiod of 12 h light/dark. All procedures were in
compliance with the Brazilian College of Animal Experimentation
(COBEA) and were approved by the Local Animal Experimental Ethics
Committee (CEUA-UFMG, Protocol no. 366/2012).

Mice were randomly split into 4 groups (8 animals per group):
Control (CTL), Control+ probiotic (CIDCA 133), Mucositis (MUC), and
mucositis+ probiotic (MUC+CIDCA 133). Animals were orally fed on
a daily basis with non-fermented milk (CTL and MUC) or fermented
milk by CIDCA 133 (7.5× 107 CFU/mL) (CIDCA 133 and
MUC+CIDCA 133) (the water was substituted by fermented milk or
only milk broth) over a period of 13 days. In order to induce gastro-
intestinal mucositis on day 10, mice (MUC and MUC+CIDCA 133)
received a single intraperitoneal injection (i.p.) of 5-FU (300mg/kg)
(Fauldfluor®, Libbs, São Paulo, Brazil) as previously reported (Carvalho
et al., 2017). Control groups (CTL and CIDCA 133) received NaCl 0.9%
(w/v) instead of 5-FU. At 72 h after i.p. administration either 5-FU or
saline solution, the animals were anesthetized with ketamine (80mg/
kg) and xylazine (16mg/kg) mixture (Agener União) (Fig. 1). The blood
and the small intestine were collected for analysis. Body weight, milk
and feed intake were assessed daily.

2.4. Intestinal histology, morphology and goblet cells analysis

After euthanasia, the entire small intestine was removed and its
length was measured, ileum sections (approximately 5 cm) were long-
itudinally opened, carefully washed and rolls were excised and handled
for histological analysis. Tissue samples were placed in 10% buffered
formaldehyde for 24 h. Then, samples were embedded in paraffin wax
and slides of 4 μm sections were mounted on glass slides and stained
with hematoxylin and eosin (HE) or Periodic Acid Schiff (PAS). In HE-
stained slides, alterations of the mucosal architecture and poly-
morphonuclear cells infiltrate were analyzed using a histopathological
grading system (Soares et al., 2008). Ten images per specimen were
captured with a BX41 optical microscope (Olympus, Tokyo, Japan) and
digital images were processed using ImageJ 1.51j.8 software (NIH, Be-
thesda, MD, USA), for morphological examination. Image acquisition
was performed with a 40× magnification objective. Villus heights (VH)
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measurements (from villus tip to villus- crypt junction) and crypt
depths (CD) (defined as invagination depth between adjacent villi) per
small intestinal tissue section (10 sections/mouse) were measured. The
values were averaged. The ratio of villus height/crypt depth from the
intestinal epithelium was also acquired. The study of goblet cells was
done in PAS-stained samples.

2.5. Intestinal permeability

In order to study the epithelial permeability from lumen to blood,
intestinal permeability was determined by blood radioactivity of die-
thylenetriamine pentaacetic acid (DTPA) labelled with technecium-
99m (99mTc). The DTPA probe is larger enough (molecular weight:
500–700 Da) to allow for the study of intestinal permeability through
the paracellular pathway (Jørgensen, Nielsen, Espersen, & Perner,
2006). Briefly, at the end of the experimental design, all mice received
0.1 mL of 99mTc-DTPA solution containing 18.5 MBq of activity by ga-
vage. After 4 h, mice were anesthetized and blood samples were col-
lected, weighted, and placed in appropriate tubes for radioactivity de-
termination using a Wallac Wizard 1470-020 automated gamma
counter (Perkin Elmer, Waltham, MA, USA). A standard dosage con-
taining the same injected amount was counted simultaneously in a se-
parate tube, which was defined as 100% radioactivity. The results were
expressed as the percentage of injected dose per gram (%ID/g) of blood.

2.6. Leukocyte count

Blood samples were collected by axial plexus. The total number of
white cells was measured by an automatic hematological counter (Bio-
2900 Vet, Bioeasy, EUA). Results were expressed as number of leuko-
cytes per μL of sample.

2.7. Enzyme assay: Intestinal myeloperoxidase (MPO) and eosinophil
peroxidase (EPO) activity

To evaluate the extent of neutrophil and eosinophil accumulation in
the intestinal mucosa the MPO and EPO activity assays were performed
(Bradley, Christensen, & Rothstein, 1982; Vieira et al., 2012). Enzyme
activity values are considered appropriate and reliable markers for
neutrophil and eosinophil infiltration, respectively (Vieira et al., 2009).
Briefly, 100mg of tissue was homogenized in 1.9 mL phosphate buf-
fered saline (PBS, pH 7.4) using a tissue homogenizer. The homogenate
was centrifuged (3000g for 10min), then the pellets were subjected to
hypotonic lysis (1.5 mL of 0.2% NaCl) and osmolarity was restored with
1.5 mL of a 1.6% NaCl solution containing 5% glucose. Then, samples

were centrifuged (3000g for 10min) and the pellet was resuspended in
0.5% hexadecyltrimethylammonium bromide (HTAB-Sigma-Aldrich,
USA) in phosphate buffer. The tissue suspension was homogenized,
freeze-thawed three times in liquid nitrogen and centrifuged for 15min
at 3000g. The resulting supernatant was used in the colorimetric assay
to measure EPO and MPO activities.

For EPO assessment, 75 μL of supernatant was added to 75 μL of
1.5 mM o-phenylenediamine (OPD-Sigma-Aldrich, USA), diluted in
0.075mM Tris–HCl and 6.6 mM H2O2 and incubated at 37 °C during
30min. For MPO quantification, 25 μL of supernatant was added to
25 μL of 1.6mM 3,3,5,5′-Tetramethylbenzidine (TMB-Sigma-Aldrich,
USA) in dimethyl sulfoxide (DMSO-Sigma-Aldrich, USA). After the ad-
dition of 100 μL 0.5 mM H2O2, the solution was incubated at 37 °C for
5min. Both reactions were stopped by adding 50 μL of 1M H2SO4.
Absorbance was measured at 492 nm (EPO) and 450 nm (MPO) on a
microplate spectrophotometer (Bio-Rad 450 model, Bio-Rad
Laboratories, Hercules, CA, USA). Results were reported as MPO or EPO
arbitrary units/mg of tissue.

2.8. Intestinal secretory IgA (sIgA)

Levels of sIgA were determined by enzyme-linked immunosorbent
assay (ELISA), as described by Martins et al. (2009). To this end, the
small intestine of each mouse was removed by an incision at the gas-
troduodenal and ileocecal junctions. The content was withdrawn,
weighed, and supplemented with PBS 0.1M (pH 7.2) with protease
inhibitors cocktails [1 μM aprotinin, 25 μM leupeptin, 1 μM pepstatin
and 1mM Phenylmethanesulfonyl fluoride (PMSF)], this mixture was
added in the ratio of 500mg of intestinal contents per 2.0 mL PBS.
Afterwards, samples were centrifuged (5.000 rpm for 30min at 4 °C),
and the supernatant was collected and frozen at −80 °C for further
dosage of the immunoglobulin.

To determinate total sIgA, microtiter plates (Nunc-Immuno Plates,
MaxiSorp) were coated with goat anti-mouse IgA antibody (M-8769,
Sigma, St. Louis, USA) in coat buffer (1M Na2CO3; 0,1M NaHCO3; pH
9.6) for 18 h at 4 °C. Plates were washed 5 times with washing solution
(0.1M PBS containing 0.05% Tween 20) and blocked with 200 μL of
blocking solution (1% albumin in PBS Tween 20) for 1 h at room
temperature. The plate was then washed 5 times and the pre-diluted
intestinal fluids (1:1000) in 0.1 M PBS containing 0.05% Tween 20
were added and incubated at room temperature for 1 h. After this time,
the plates were washed 5 times and biotin-conjugated anti-mouse IgA
antibody (A 4789-Sigma, St. Louis, MO, USA) in PBS-0.05% Tween 20
(1:1000) was added and incubated for 1 h. After washing 100 μL/well
of OPD (1mg/mL) and 0.04% H2O2 substrates were added and

Fig. 1. Experimental protocol of mucositis induced
in a murine model. BALB/c mice (n= 8 animals per
group) were treated with L. delbrueckii subsp. lactis
CIDCA 133 fermented milk for 13 days. 300mg/kg
of 5-FU by intraperitoneal injection was admini-
strated, on day 10, to induce the mucositis. Control
groups received 0.9% (w/v) NaCl (i.p.).
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incubated for 10min at room temperature. The reaction was stopped by
the addition of 20 μL/well of 1M H2SO4. The absorbance was de-
termined at 492 nm using on a microplate spectrophotometer (Bio-Rad
model 450, Bio-Rad Laboratories, Hercules, CA, USA). The results of the
concentration of sIgA were expressed in μg/mL of intestinal contents.

2.9. Statistical analysis

Data normality was assessed by Kolmogorov-Smirnov test. Normal
data (body weight loss, small bowel length, MPO activity, leukocytes
count, intestinal permeability, villus/crypt ratio, histological score and
globet cells count) were evaluated by analysis of variance (ANOVA)
followed by the Bonferroni post-test (parametric distribution). Non-
normal data (non-parametric distribution) (food and milk intake, EPO
activity and sIgA levels) were evaluated by Kruskal-Wallis test followed
by the Dunn’s post-test. Two-ANOVA followed by the Bonferroni test
was performed to compare the variation of body weight between all
experimental groups. Mann Whitney test was performed to compare
food and milk intake before and after mucositis induction. All data were
analyzed using GraphPad Prism 5.0 software, and p < 0.05 was con-
sidered as statistically significant.

3. Results

3.1. Weight loss, shortening intestinal length and leucopenia was relieved in
5-FU induced mucositis mice by CIDCA 133 fermented milk treatment

Total milk and food intake was similar in all analyzed groups before
the induction of mucositis. Animals of all groups consumed on average
the same amount of food and drink (3 g and 5mL/day/animal respec-
tively). There were no significant statistical differences between the
experimental groups. After induction of mucositis, the MUC group re-
duced food and milk intake, as expected (2.18 ± 1.29 g, and
2.81 ± 1.48mL, p < 0.01). Nevertheless, administration of CIDCA
133 strain (7.5× 107 CFU/mL) did not modify food and milk intake
(1.90 ± 1.14 g and 2.65 ± 1.41mL) (Fig. 2A and B). Accordingly, the
analysis of time-course weight of mice showed a significant reduction in
the 5-FU-treated variation from day 12 (MUC and MUC+CIDCA 133
groups). However, body weight variation was significantly lower in
CIDCA 133-treated mice (Fig. 2C). In contrast, body weight of mice
injected with 5-FU were significantly lower (p < 0.001). Noteworthy,
the body weight loss of the mice in MUC+CIDCA 133 group was
significantly lower (approximately 3%) than those in the MUC group
(about 9%) (p < 0.001) (Fig. 2D). These results showed that treatment
with CIDCA 133 fermented milk prevents the loss of body mass induced
by chemotherapy accompanied by less intake of food and milk. It is also
observed that treatment with CIDCA 133 without mucositis induction
does not have any influence on the weight of the animals during the
experimental period (Fig. 2C and D). It is worth noting that no mortality
was observed during the experiment.

Intestinal shortening, was observed in MUC group
(∼46.00 ± 1.38 cm). Interestingly, we observed that animals treated
with CIDCA 133 fermented milk were able to prevent the shortening of
the intestinal length caused by the 5-FU (50.75 ± 2.31 cm, p < 0.01)
as shown in Fig. 3A. As expected, the negative control groups (CTL and
CIDCA 133) showed normal intestinal length (∼55.00 ± 2.43 cm).

Significant leukopenia was observed after 5-FU administration
(0.627 ± 0.13 cells× 103/μL) compared to the negative control (CTL)
(4.350 ± 1.06 cells× 103/μL, p < 0.001) (Fig. 3B). However, this
effect of 5-FU was minimized in animals treated with CIDCA 133 fer-
mented milk (MUC+CIDCA 133 group) (2.043 ± 0.93 cells× 103/
μL), which significantly (p < 0.05) prevented the reduction of the total
leukocyte blood rate induced by chemotherapy. No statistical differ-
ences were observed between CTL and CICDA 133 groups
(4.769 ± 1.49 cells× 103/μL) that were not treated for mucositis in-
duction (Fig. 3B).

3.2. CIDCA 133 fermented milk treatment reduces inflammatory
parameters in intestinal mucosa

To verify whether treatment with CIDCA 133 fermented milk could
have an effect on reducing the infiltration of neutrophils and eosino-
phils in the intestinal mucosal layer, the activity of myeloperoxidase
(MPO) and eosinophil peroxidase (EPO) were measured in ileum cell
lysates. As shown in Fig. 3(C and D), mucositis induced significant re-
cruitment of intestinal neutrophils and eosinophils. These parameters
were significantly reduced (1.02 ± 0.20 U/mg for MPO, p < 0.001;
0.40 ± 0.07 U/mg for EPO, p < 0.01) by administration of CIDCA
133 fermented milk in inflamed animals.

3.3. Reduced IgA levels and intestinal permeability in mice with mucositis
treated with CIDCA 133 fermented milk

Secretory IgA (sIgA) in the small intestine was investigated. As
shown in Fig. 3E, 5-FU induced significant increase of sIgA levels in the
intestinal fluid (MUC group: 3.684 ± 303.9 µg/mL) as compared with
negative controls (CTL group: 2.402 ± 230.0 µg/mL, p < 0.001) and
CIDCA 133 group (without mucositis induction: 2.439 ± 296.0 µg/mL,
p < 0.001). The treatment with CIDCA 133 fermented milk
(MUC+CIDCA 133 group) had significantly reduced levels of sIgA
(2.347 ± 247 µg/mL) (p < 0.001) in the intestinal fluid of the ani-
mals which received the chemotherapy treatment.

Alteration of mucosal permeability is another side effect of 5-FU
treatment. To determine whether the administration of CIDCA 133
fermented milk prevents mucosal damage, the intestinal permeability
was evaluated. At 72 h after the 5-FU injection, intestinal permeability
was significantly increased in the MUC group (0.13 ± 0.021 %ID/g)
compared to the CTL (0.019 ± 0.005 %ID/g) and CIDCA 133
(0.014 ± 0.006 %ID/g) groups (without mucositis induction)
(p < 0.001). Interestingly the animals that received CIDCA 133 fer-
mented milk (MUC+CIDCA 133) group were able to reduce sig-
nificantly the effect of 5-FU treatment on intestinal permeability
(0.036 ± 0.015 %ID/g) as compared to the MUC group mice
(p < 0.001) (Fig. 3F).

3.4. Mucosal damage and loss of goblet cells were reduced by CIDCA 133
fermented milk administration

Alterations such as villus shortening, increase in crypt depth, in-
tense inflammatory cell infiltrate in the villi, lamina propria and sub-
mucosa, ulceration, edema, vacuolization, and decrease in goblet cells
number, were clearly observed in inflamed animals (Fig. 4A), which
correlated with histological scores (Fig. 4B). Our results showed that
feeding of inflamed mice with CIDCA 133 fermented milk
(MUC+CIDCA 133group) was able to ameliorate 5-FU-induced in-
testinal mucosal damage. Indeed, crypts depth, villus height, as well as
villus/crypt ratio were significantly restored. In addition, inflammatory
infiltrate was also decreased when compared with inflamed group
(MUC) (p < 0.05) (Fig. 4C and D). Consequently, the villus/crypt ratio
was increased (Fig. 4E). The histological scores correlated with above
results demonstrating a reduction in scores in the MUC+CIDCA 133
group as compared with the MUC group (Fig. 4B and E).

As expected the MUC group presented a significant decrease in
goblet cells (11.80 ± 3.47 cell/field). However, feeding of 5-FU-
treated animals with milk containing CIDCA 133 strain (MUC+CIDCA
133) was able to prevent the loss of goblet cells (23.85 ± 5.53 cell/
field) (p < 0.05) as compared with MUC group (Fig. 5). In addition, no
histopathological nor morphological changes were observed for the CTL
and CIDCA 133 groups (without mucositis induction) (Fig. 4).

4. Discussion

Intestinal mucositis, as a side effect of chemotherapy or
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radiotherapy for cancer treatment, is one of the most relevant gastro-
intestinal inflammatory conditions in humans. This disease leads a
considerable reduction in doses of chemotropic drugs administrated
(45%) and delays in therapy (71%) of patients undergoing treatment,
and statistically, 3% of them discontinue the therapy (Arnold et al.,
2005; Lalla & Peterson, 2006). The 5-FU is one of the most commonly
used chemotherapy drugs in oncological practice (Fata et al., 1999). To
prevent, reduce and/or treat the intestinal mucosal damage caused by
anticancer drugs and/or radiotherapy, many investigations about
therapeutic alternatives are being considered.

Fermented milk products are considered as a “functional foods”
(foods with health-promoting properties) (Balthazar et al., 2018; Lollo
et al., 2013) having high relevance for the industrial and food sector.
During the fermentation process the microorganisms generate meta-
bolites, products coming from the hydrolysis of the components of the
food matrix, capable to modify the organoleptic characteristics of the
foods, as well as promote the conservation of nutrients and conse-
quently improve their shelf-life (Champagne, Gomes da Cruz, & Daga,
2018; Silva et al., 2018).

The probiotic potential of L. delbrueckii subsp. lactis CIDCA 133 has
been analyzed in vitro, where authors showed its ability to resist high
concentrations of acids and bile salts (Kociubinski et al., 1999), and its
capability to resist antimicrobial peptides derived from enterocytes
(Hugo et al., 2010) and human ß -defensins (Hugo et al., 2012). It was
also described that this strain exhibits immunomodulatory properties
by stimulating TNF-α production in dendritic cells (DC) in a co-culture
system with B. cereus-infected epithelial cells (Rolny, Tiscornia, Racedo,
Pérez, & Bollati-Fogolín, 2016), as this cytokine promotes the recruit-
ment of immune cells helps to control of pathogens multiplication
(Ramadan, Moyer, & Callegan, 2008). Furthermore, this strain was able
to activate murine macrophages (RAW 264.7) infected with C. ro-
dentium through increase of phagocytic activity, expression of surface

markers associated to antigen presentation, and also induction of ROS
activity (Hugo et al., 2017).

Taking into account the immunomodulatory potential of lactobacilli
and particularly the characteristics of CIDCA 133 strain, we hypothe-
sized that the orally administration of L. delbrueckii subsp. lactis CIDCA
133 fermented milk (7.5× 107 CFU/mL) could alleviate the intestinal
damage associated to the administration of 5-FU in a murine model of
mucositis.

In the present study, it was demonstrated that the daily adminis-
tration of the probiotic strain CIDCA 133 significantly reduced the
harshness of 5-FU intestinal induced mucositis in a murine model. One
of the mucositis features is the shortening of small intestine length, as
was demonstrated in animals of MUC group that presented 16%
shortening of the small intestine. A lower percentage of bowel short-
ening was observed in mice treated with the probiotic CIDCA 133 fer-
mented milk (7.2%). This finding is important because a larger area of
the intestine provides enough absorption surface for nutrient uptake, as
well as lower compromise of the loss of water and electrolytes which,
consequently, acts positively on the energetic balance of the animals,
which makes attractive the use of CIDCA 133 fermented milk. The
shortening of the small intestine correlates with the decrease in body
weight observed in mucositis disease (de Barros et al., 2018; Kato et al.,
2017; Maioli et al., 2014; Vieira et al., 2012). In agreement with these
authors, our work shows that animals which received 5-FU (MUC
group) exhibit a considerable weight loss (around 9%). These findings
are related to lower food consumption since the inflamed groups (MUC
and MUC+CIDCA 133) showed significantly less food and liquid in-
take than the controls groups. In contrast, animals treated with the
probiotic CIDCA 133 were able to recover around 6% of this weight
loss. The same effect was reported by Maioli et al. (2014). Interestingly,
the administration of probiotic to 5-FU-treated mice reduces weight loss
and this finding can be related to the prevention of intestine shortening.

Fig. 2. Food, milk intake and body weight of animals: (A) Food and (B) Milk intake, (C) Body weight variation and (D) (%) Body weight loss measured daily. Mice
received intraperitoneal 5-FU (300mg/kg) (MUC and MUC+CIDCA 133 group) or 0.9% saline solution (CTL and CIDCA 133 groups) and were treated with non-
fermented milk or L. delbrueckii subsp. lactis CIDCA 133 fermented milk (n=8 animals per group). * indicates a statistically significant difference (p < 0.05)
between MUC and MUC+CIDCA 133 group before and after mucositis induction by Mann Whitney test (A and B).* indicates a statistically significant difference
(p < 0.05) between CTL, CIDCA 133, MUC and MUC+CIDCA 133 groups by Two-ANOVA followed by the Bonferroni post-test (C). # indicates a statistically
significant difference (p < 0.05) between MUC and MUC+CIDCA 133 group by Two-ANOVA followed by the Bonferroni post-test (C). Different letters (a–c)
indicate statistically significant differences (p < 0.05) by Kruskal-Wallis test followed by the Dunn’s post-test (A and B), and ANOVA followed by the Bonferroni
post-test (D).
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Another important feature of intestinal mucositis is the alteration of
the small intestine architecture and integrity, causing villus flattening,
inflammatory cell infiltrates in the lamina propria and cell damage.
These effects let to diminished villus/crypt ratio (Duncan & Grant,
2003; Lee, Ryan, & Doherty, 2014; Soares et al., 2013; Sonis, 2004), and
also to an increased production of pro-inflammatory cytokine. In the
present study, animals injected with 5-FU without probiotic adminis-
tration showed loss of architecture of the ileum mucosa. Interestingly,
mice inflamed with 5-FU and given L. delbrueckii CIDCA 133 fermented
milk were able to circumvent mucosa inflammation, showing decrease
of mucosal inflammation scores, with maintenance of the length villus
and the depth crypt and also, preserving mucosal architecture and total
thickness when compared to those that only received 5-FU. These
findings also are correlated with signs of improvement of the intestinal

dysbiosis induced by 5-FU. Thus, CIDCA 133 fermented milk adminis-
tration was able to attenuate the mucosal damage in inflamed mice.

The pathogenesis of 5-FU induced intestinal mucositis involves in-
testinal injury which is associated with inflammatory infiltration in the
small intestine (Soares et al., 2008), which can be verified by increase
in myeloperoxidase (indirect neutrophil infiltration), eosinophils per-
oxidase (indirect eosinophils infiltration), and NAG (macrophage in-
filtration) activity. In the present study, the administration of 300mg/
kg of 5-FU induces increased MPO and EPO activities in the mouse
ileum mucosa. Of note, animals which received the probiotic bacteria
showed reduced levels of neutrophil and eosinophil infiltration. More-
over, these inflammatory parameters are intrinsically related to our
results referring to the increased leukocytes number in the blood of
animals with intestinal mucositis treated with CIDCA 133, showing that

Fig. 3. Effect of CIDCA 133 fermented milk in mouse small intestines with induced mucositis by 5-fluorouracil (5-FU): (A) small intestine length, (B) number of
leukocytes (cells ×103/μL), study of (C) MPO activity and (D) EPO activity, (E) levels of sIgA (μg/mL) and (F) percentage of injected dose per gram (%ID/g) of blood
to measure the intestinal permeability. Mice received intraperitoneal 5-FU (300mg/kg) (MUC and MUC+CIDCA 133 group) or 0.9% (w/v) NaCl (CTL and CIDCA
133 group) injection and were fed daily with milk or L. delbrueckii subsp. lactis CIDCA 133 fermented milk (n=8 animals per group). Different letters (a, b, and c)
indicate statistically significant differences (p < 0.05) by ANOVA followed by the Bonferroni post-test (A, C, E), and Kruskal-Wallis test followed by the Dunn’s post-
test (B, D, F).
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the lower migration of these cells to the affected tissues is a result of the
administration of this probiotic strain improving the severity of in-
testinal mucositis.

As reported by Sonis (2004), late manifestations of intestinal

mucositis encompass an increase in intestinal permeability, villus and
crypts atrophy, thus leading to severe loss of function of the epithelial
barrier (Daniele et al., 2001; Song, Park, & Sung, 2013). One of the
causes of these effects could be attributed to the reduction in the

Fig. 4. Representative photomicrographs from: (A) mucosal histopathology, (B) Histopathological scores, (C) morphometrical analysis of villus height, (D) crypt
depth and (E) villus height-to-crypt depth ratio of the ileum of animals with mucositis and administrated with strain CIDCA 133 fermented milk (objective: ×20,
scale 100 µm). Mice received 5-FU (300mg/kg) (MUC and MUC+CIDCA 133 group) or 0.9% saline (CTL and CIDCA 133 group) i.p. injection, (n= 8 animals per
group). Different letters (a–d) indicate statistically significant differences (p < 0.05) by ANOVA followed by the Bonferroni post-test (B–E).
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expression of genes encoding tight junction proteins (Youmba,
Belmonte, Galas, Boukhettala, Bôle-Feysot, Déchelotte, Coëffier, 2012).
In our work, as in other reports (Ferreira et al., 2012; Li et al., 2017;
Song et al., 2013) it was demonstrated the 5-FU drug increases the
intestinal permeability. However, it was observed that mice injected
with 5-FU and treated with CIDCA 133 fermented milk greatly reduced
the intestinal permeability as it was detected by the 99mTc-DTPA ad-
ministration. This is in agreement with other reports which related the
probiotics administration with the reduction of the intestinal perme-
ability induced by chemotherapy drugs (Bastos et al., 2016; Favaro-
Trinidade & Grosso, 2000; Justino et al., 2014).

According to Yu, Yuan, Deng, and Yang (2015), microorganisms
belonging to the genus Lactobacillus are able to improve the integrity of
epithelia due to its ability antagonize the adhesion of pathogens to
intestinal cells. Therefore, these pathogens cannot cause damage to the
cellular junctions (Yu et al., 2015), and also might reduce the para-
cellular permeability by modulating the gene expression of tight junc-
tion proteins (Ahrne & Hagslatt, 2011).

It is also know that administration of 5-FU lead to a marked de-
crease in goblet cell number (Ciobanu et al., 2016; Stringer et al., 2009;
Yeung et al., 2015). These cells are responsible of mucins secretion that
along with trefoil factor are important components for the protection of
the epithelium (van Vliet, Harmsen, de Bont, & Tissing, 2010). Our
results revealed that the number of goblet cells dramatically decrease in
5-FU-treated mice. However, mice administrated with CIDCA 133
(MUC+CIDCA 133) presented significantly higher goblet cell numbers
that mice administrated only with 5-FU (MUC group).

Our results with CIDCA 133 fermented milk are in agreement with
previous reports that showed that probiotic bacteria and yeast are
beneficial for both the structure and the function of the intestinal epi-
thelium (Bastos et al., 2016; Oh et al., 2017; Yeung et al., 2015). We can
hypothesize that the effect of strain CIDCA 133 fermented milk in

preventing loss of goblet cells number could be related to its ability to
protect the cells from intestinal crypts that contain stem cells that in
turn differentiate into cells with different functions in the intestinal
epithelium, including goblet cells.

Level of secretory IgA is another parameter related to the intestinal
barrier which have relevant importance in the maintenance of mucosal
homeostasis (Mantis, Rol, & Corthésy, 2011; Monteiro, 2014) both
controlling harmful effects of intestinal pathogens and containing po-
tential inflammatory processes (Schmucker, Owen, Outenreath, &
Thoreux, 2003). Mucositis is characterized by high levels of sIgA and
this pattern was observed in animals that did not receive CIDCA 133
strain (MUC group). Interesting, the administration of probiotic fer-
mented milk was able to decrease the levels of sIgA to similar values
found in the negative controls, demonstrating a reduced severity of 5-
FU-induced intestinal mucositis in the mice ileum. Similar results were
observed in mice administrated with L. lactis NZ9000 in a model of
experimental mucositis (Carvalho et al., 2017). In different experi-
mental models, it has been demonstrated that probiotics are able to
increase sIgA production and this ability is considered a positive effect
(Kawashima et al., 2018; Kikuchi et al., 2014; Santos Rocha et al.,
2014). Interestingly, in our model of severe 5-FU-induced intestinal
inflammation, the strain CIDCA 133 normalized levels of sIgA that were
increased in the MUC group. Also, our model shows that reduced levels
of sIgA as compared with inflamed animals, could be related to the
improvement of intestinal mucosal barrier that in turns reduces to the
improvement in the general state of inflammation.

Many researches are being done to clarify the underlying mechan-
isms related to the beneficial effect of probiotic bacteria in the bowel in
different IBDs models. L. acidophilus (Justino et al., 2015; Oh et al.,
2017), L. fermentum (Smith et al., 2008), Saccharomyces boulardii
(Justino et al., 2014) and L. plantarum CRL 2130 (Levit, Savoy de Giori,
de Moreno de LeBlanc, & LeBlanc, 2018) are able to modulate the

Fig. 5. Representative photomicrographs from: (A) ileum section stained with PAS: the arrows shows the Goblet cells (objective: ×20, scale 100 µm), (B) Number of
Goblet cells/field obtained for experimental groups: Mice received 5-FU (300mg/kg) (MUC and MUC+CIDCA 133 group) or 0.9% saline (CTL and CIDCA 133
group) i.p injection and were fed daily either with milk or with CIDCA 133 fermented milk (n= 8 animals per group). Different letters (a, b, and c) indicate
statistically significant differences (p < 0.05) by ANOVA followed by the Bonferroni post-test (B).
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inflammatory infiltrate generated by chemotherapy drugs. Further-
more, the capacity of some probiotics to prevent production of pro-
inflammatory cytokines (Justino et al., 2015; Yeung et al., 2015) could
be related to the inhibition of the NF-κB pathway (Dai et al., 2013) and
the restoration of the Th17/Treg cells balance (Jeong, Lee, Jang, Han, &
Kim, 2018). In addition, as suggested by other studies, probiotic bac-
teria are able to produce anti-oxidant compounds that contribute to
ameliorate oxidative stress associated to inflammatory bowel disease
(Juarez del Valle, Laiño, Savoy de Giori, & LeBlanc, 2014; Levit, Savoy
de Giori, de Moreno de LeBlanc, & LeBlanc, 2018).

It is also known that fermented milk by Lactic Acid Bacteria (LAB)
could produce extracellular factors. In addition it has been demon-
strated that bacterial grow in milk are able to hydrolyze the large
proteins contained in milk (LeBlanc, Matar, Valdéz, LeBlanc, &
Perdigon, 2002), that could contribute to their immunomodulating
activity (Cordeiro et al., 2018). Thus, we can hypothesize that soluble
factors present in suspensions of CIDCA 133 fermented milk, contribute
to the effects reported in our study. Indeed, it is important to highlight
that even short chain fatty acids produced during growth of lactic acid
bacteria have demonstrated beneficial effects to the host (Garrote,
Abraham, & Rumbo, 2015; Iraporda et al., 2015).

Additionally, it is important to highlight that the im-
munomodulatory/regulatory effects reported for CIDCA 133 fermented
milk can be enhanced with the use of prebiotic, because these com-
pounds stimulate growth activating bacteria metabolism and promote
protection of bacteria beneficial to the host organism, as reported in
previous studies (Galdino et al., 2018; Trindade et al., 2018).

5. Conclusion

The present work demonstrates for the first time the protective ef-
fect of L. delbrueckii subsp. lactis CIDCA 133 on the damage of the in-
testinal mucosa in a murine model of inflammation induced by a che-
motherapeutic drug. Our findings showed that fermented milk
produced in this work serve as efficient matrix for delivery of CIDCA
133 in GIT, and enlarge the perspectives of application of this strain and
support novel probiotic-based treatments for gastrointestinal toxicity
associated with anticancer therapy.
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