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Abstract
Several studies have shown the probiotic potential of Lactiplantibacillus plantarum strains. However, the
e�cacy of this strain in treating intestinal mucositis is little explored. Here, we investigated the
gastrointestinal protective effects of nine novel L. plantarum strains isolated from Bahia, Brazil. The
probiotic functionality was �rst evaluated, in vitro, by characterization of bile salt and low pH tolerance,
antibacterial activity, and adhesion to Caco-2 cells. Antibiotic resistance pro�le, mucin degradation, and
haemolytic activity assays were also carried out to evaluate safety features. In vivo analyses were
conducted to investigate the anti-in�ammatory effects of the strains using a mouse model of 5-FU-
induced mucositis. Our results suggest that the used L. plantarum strains have good tolerance to bile
salts and low pH and are able to inhibit commonly gastrointestinal pathogens. Additionally, Lp11 and
Lpl2 strains exhibit high adhesion rates to Caco-2 cells (9.05 and 13.64% respectively) and no strain
show haemolytic or mucolytic activity. Phenotypical resistance to aminoglycosides, vancomycin, and
tetracycline is observed for most strains. Seven strains can protect against histopathological damage in
a mouse model of mucositis. Gene expression analysis of immune response markers shows that �ve
strains upregulate Il10, while four downregulate both Il6 and Il1b to inhibit mucositis. Additionally, all
strains were found to reduce eosinophilic and neutrophilic in�ltration; however, they are not able to
prevent weight loss or reduced liquid/ food intake. Taken together, our study suggests these Brazilian L.
plantarum strains are safe for human use and are potential alternatives to treat intestinal mucositis.

1. Introduction
According to the Food and Drug Administration (FAO), probiotics are de�ned as “live microorganisms
which when administered in adequate amounts confer a health bene�t on the host” [1]. Currently, the use
of these microorganisms for human consumption has received increasing attention due to the discovery
of new scienti�c evidence regarding their functional properties and bene�cial effects on the host [2]. Most
probiotic strains belong to the Lactic Acid Bacteria (LAB) group [3]. Among them, Lactiplantibacillus
plantarum (previously classi�ed as Lactobacillus plantarum) is one of the most common
microorganisms found in the gastrointestinal tract (GIT) of humans and other animals and is involved in
key biological processes, such as food fermentation in the intestines, metabolites production,
enhancement of epithelial barrier function, and inhibition of pathogen colonization [4–7].

Some L. plantarum are known to have bene�cial effects, such as the production of antimicrobial
compounds [8, 9], cholesterol-lowering levels, anti-obesity effect [10–12], improvement of psychological
disorders, such as depression and anxiety [7], and prevention of colitis and other intestinal diseases [13–
15]. Nevertheless, the effects provided by these bacteria seem to be strain-dependent, and the bene�ts for
a speci�c strain cannot be extrapolated to others within the same species [16]. Thus, it is vital to evaluate
the potential probiotic effects of individual strains.

Some studies have shown the bene�cial effect of LAB strains in treating chemotherapy-induced intestinal
mucositis [17–20]. Intestinal mucositis, characterized by an ulcerative in�ammation of the small intestine
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mucosa, is a common side effect of chemotherapy (e.g., 5-Fluorouracil) and radiotherapy that affects the
GIT of cancer patients [21, 22]. The clinical manifestations of 5-FU-induced mucositis include nausea and
vomiting, abdominal pain, weight loss, and diarrhoea. All these manifestations directly affect the quality
of life of chemotherapeutic patients and often lead to discontinuation of treatment and consequently
reduction in the e�cacy of the chemotherapy [23]. Currently, palliative therapy is the only treatment
proposed for chemotherapy-induced mucositis.

An increasing number of studies are suggesting that the intestinal microbiota is signi�cantly altered by
chemotherapeutic treatments, being linked to the course of severity in mucositis [24]. Thus, the use of
probiotics could be a promising therapeutic option, due to their ability to promote the restoration of
microbiota and inhibition of in�ammation-inducing molecules [25, 26]. Besides being a good candidate,
studies involving L. plantarum strains to prevent or improve mucositis symptoms are still lacking [27, 28].
In this study, we aimed to �rst evaluate, in vitro, the functionality and safety related to probiotic properties
of nine novel L. plantarum strains isolated from different sources in Brazil, and then access their
protective activity in a mouse model of 5-FU-induced intestinal mucositis.

2. Methods

2.1 Bacterial Strains, Growth Conditions, and Identi�cation
by MALDI-TOF Biotyper®
The bacterial strains analysed in this work were isolated from different sources in Bahia region of Brazil
and were catalogued in the collection of the Laboratory of Applied Microbiology and Public Health
(LAMASP - State University of Feira de Santana - UEFS, Bahia, Brazil) (Table 1). All strains were cultivated
in de Man, Rogosa, and Sharpe (MRS) in either broth or agar (Kasvi, São José dos Pinhais, Brazil) at 37°C
for 12h and 24h, respectively.

Table 1

L. plantarum strains and their respective sources and identi�cation references used in this study.

For microbiological identi�cation, the overgrown strains were plated using a sterile plastic loop on MRS
agar plates (Kasvi) and incubated at 37°C for 24 h. The colony identi�cation was performed by MALDI-
TOF Biotyper® Mass Spectrometry (Brukker Daltoniks, Billerica, MA, USA) according to the
manufacturer’s instructions.

2.2 In vitro assays

2.2.1 Gastric Juice Tolerance
The tolerance of different isolates to acidic conditions was evaluated according to Walker and Gilliland et
al. [29]. The strains were grown overnight in MRS broth (Kasvi), washed twice with PBS 0.1M (37 mM
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NaCl, 2.7 mM KCl, 8 mM Na2HPO4, and 2 mM KH2PO4, pH 7.0), and resuspended in 1 mL of arti�cial
gastric juice (NaCl 2 g/L, pepsin from porcine gastric mucosa 3.2 g/L) (Sigma Aldrich, St. Louis, MO,
USA), with pH adjusted to 2.5. Afterwards, the solution was incubated at 37°C for 3h under 150 rpm
agitation, washed with PBS 0.1M, and resuspended in 2 mL of MRS broth. 200 µL of each strain culture
was inoculated in a 96-well �at-bottom plate and incubated in a Microplate Spectrophotometer
(Multiskan Spectrum - Thermo Scienti�c) at 37ºC for 12 h without agitation. The absorbance was
measured at 600nm every hour for 12h to obtain growth kinetics curves. The percentage of inhibition at
low pH was calculated by the difference between the area under the curve of the control and the test’s
growth curve. This experiment was performed in triplicate.

2.2.2 Bile Salt Tolerance
Bile salt tolerance was carried out according to Walker and Gilliland et al. [29] with some modi�cations.
Brie�y, each overnight-grown culture was diluted in MRS broth (control) or MRS broth containing 0.3%
(m/v) of bile salt Oxgall (Sigma-Aldrich) in an optic density at 600nm of 0.4. The cultures were distributed
in a 96-well-plate and were incubated at 37°C in a spectrophotometer (Multiskan Spectrum - Thermo
Scienti�c). The absorbance was measured at 600nm every hour for 12h to obtain growth kinetics curves.
To assess the percentage of inhibition to bile salts, the difference between the area under the curve of the
control and the test's growth curve was calculated. This experiment was performed in triplicate.

2.2.3 Antibacterial Activity
The spot-on-lawn antimicrobial assay was used to evaluate the antibacterial activity of L. plantarum
strains, as previously described by Touré et al. [30], with some modi�cations. For this analysis, six strains
related to gastrointestinal diseases in humans were used as indicator strains: Escherichia coli (ATCC®
11775), Shigella sonnei (ATCC® 9290), Salmonella enterica serovar Typhimurium (ATCC® 14028),
Salmonella enterica serovar Typhi (ATCC® 70093), Enterococcus faecalis (ATCC® 19433) and Listeria
monocytogenes (ATCC®15313). Brie�y, 5 µL of overnight-grown L. plantarum cultures were spotted on
MRS 1.5% agar (Kasvi) and incubated for 24 h at 37°C. Pathogenic strains were grown overnight in Brain-
Heart Infusion (BHI) agar (Sigma-Aldrich) at 37°C.

Afterwards, the plates containing the grown colonies were opened in the hood and round pads were
placed on the lid. 1mL of chloroform (Synth) was then added to the pads and the plates were closed
upside down for 30 min to allow the chloroform vapour to inactivate the colonies. Plates were left open
for another 30 min to remove any residual chloroform. Subsequently, 10 µL of each indicator strain (�nal
concentration of 9 log CFU/mL) were inoculated into semi-solid BHI 1.0% agar and then placed on the top
of the MRS agar layer. The plates were then incubated for 24 h at 37°C and the inhibition zone around the
colonies was measured with a millimetre ruler. Anti-pathogen activities were divided into strong (diameter 
≥ 20 mm), moderate (20 mm < diameter > 10 mm) and weak (diameter ≤ 10 mm) [31]. The antibacterial
activity test was performed in duplicate.

2.2.4 Adhesion to Caco-2 Cells
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The adhesion ability of the isolates was carried out using the human intestinal epithelial cell line Caco-2
(ATCC 2102-CRL). The cells were cultured in complete Dulbecco’s Modi�ed Eagle Medium (DMEM)
(Sigma-Aldrich) supplemented with 20% (v/v) foetal bovine serum (FBS) (Sigma-Aldrich) lacking
antibiotics and were incubated at 37°C, 5% CO2 until reaching 80–85% con�uence. The media was
changed every 2–3 days. Then, cells were detached with 3 mL of 0.25% trypsin– EDTA solution (Sigma-
Aldrich) for 3–4 min at 37°C and counted in suspension using a Neubauer Chamber.

For adhesion assay, Caco-2 cells were seeded in each well of a 24-well tissue culture plate (Corning Inc.,
Corning) at a concentration of 1x105 cells/mL and incubated at 37°C in 5% CO2 for 21 days until
differentiation. Medium change was performed every 48 h and also 24 h before the assay. L. plantarum
strains were grown overnight in MRS broth (Kasvi) and plated into MRS agar plates (Kasvi) after serial
dilutions to obtain the exact number of initial bacteria to be used in the assay. 1mL of the same overnight
culture was harvested by centrifugation for 2 min at 12.000 rpm, resuspended in DMEM without FBS
(Sigma-Aldrich), added to each well separately, and incubated at 37°C for 2 h in 5% CO2. Non-adhered
bacterial cells were withdrawn from the wells by washing 5 times with 1 mL of PBS 1M each time. The
Caco-2 cells were detached by treatment with 0.5 mL of Trypsin-EDTA 0.25% solution (ThermoFisher,
Waltham, MA, USA) for 10 min at 37°C. Thereafter, the dethatched cells, including bound bacterial strains,
were plated after serial dilutions on MRS agar plates (Kasvi). The colonies were counted after 48 h of
incubation at 37°C. The adhesion was calculated as the percentage of adhered bacteria (B1) to total
bacteria (BO) as follows: % adhesion = (B1/B0) * 100. The adhesion test was performed in triplicate

2.2.5 Antibiotic Susceptibility Testing
Antibiotic susceptibility was determined by the disc diffusion method, according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines [32] with some modi�cations. 50 µL of overnight-grown
cultures were plated in MRS-agar plates. Afterwards, the antibiotic disks (Cecon®, São Paulo, Brazil) were
spotted on the agar surface. The following antibiotics were evaluated with the respective standard
concentration: clindamycin (2 µg), erythromycin (15 µg), gentamicin (10 µg), streptomycin (10 µg),
tetracycline (30 µg), vancomycin (30 µg), ampicillin (10 µg) and chloramphenicol (30 µg). After plates
incubation at 37°C for 24 h, inhibition zone diameters were measured using a millimetre ruler, and results
were expressed as resistant or susceptible, according to the interpretative cut-off described by CLSI [32].
The antibiotic susceptibility test was performed in duplicate.

2.2.6 Mucin Degradation Activity
The assay was performed according to Zhou et al. [33], with some modi�cations. 10 µL of overnight-
grown cultures were inoculated onto the surface of Luria-Bertani (LB) agar plates (1.5% Peptone, 1%
yeast extract, 1%NaCl, and 1.5% granulated agar, pH 7) containing 0.3 % f hog gastric mucin-type III
(Sigma-Aldrich). Afterwards, the plates were incubated at 37°C for 48 h and stained with 0.1% amido
black (Sigma-Aldrich) in 3.5 M acetic acid for 15 min, and subsequently discoloured with 1.2 M acetic
acid (Synth). The mucin degradation activity was de�ned as the presence of the clear lysis zone towards
the L. plantarum colonies. Salmonella enterica serovar Typhi (ATCC 700931™) and Salmonella enterica
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serovar Typhimurium (ATCC 14028™) were used as a positive control (ATCC®, Manassas, Virginia, EUA).
This test was performed in duplicate.

2.2.7 Haemolytic Activity
The haemolytic activity assay was carried out according to Xu et al. [34], with some modi�cations. Brie�y,
10 µL of overnight-grown cultures were spotted on tryptic soy agar plates (Kasvi) with 5% of de�brinated
sheep blood and incubated at 37°C for 48 h. Haemolysis was analysed according to the presence of a
clear halo (β-haemolysis), a greenish halo (α-haemolysis) or no alterations (γ-haemolysis) around the
colonies. This test was performed in duplicate.

2.3 In vivo Evaluation of Anti-in�ammatory Effect of L.
plantarum strains

2.3.1 Ethical Clearance and Experimental design
All following procedures were approved by the Institutional Animal Experimental Ethics Committee (CEUA-
UFMG, Protocol no. 112/2020) and comply with the guidelines for the care and use of laboratory animals
as described by the U.S. National Institutes of Health.

The anti-in�ammatory effects of L. plantarum strains were evaluated using a mouse model of 5-FU-
induced intestinal mucositis. For this, male BALB/c mice (4–6 weeks old, weight 21–24 g) obtained from
Centro de Bioterismo (CEBIO) of the Federal University of Minas Gerais (Belo Horizonte, Minas Gerais,
Brazil) were kept in ventilated polycarbonate boxes under temperature (22°C ± 2) in a 12h light/dark
cycle-controlled room, with ad libitum access to water and standard chow diet 24 h before experiments.

Mice were randomly split into 11 groups (n = 5 animals per group): control (CTL), mucositis (MUC) and
nine Lpl groups, consisting of mice with 5-FU-induced mucositis and treated with one of the nine L.
plantarum (Lpl) strains each. Animals were orally fed daily with MRS broth (CTL and MUC) or MRS with
speci�c L. plantarum strains (109 CFU/mL) for 13 days. Bacterial cultures were renewed every day to
avoid decantation, clogging or contamination. Animals were weighed every day from day 0 to day 13. To
induce gastrointestinal mucositis, mice (MUC and Lpl groups) received a single intraperitoneal injection
(i.p) of 5-FU (300 mg/kg) (Fauld�uor®, Libbs, São Paulo, Brazil) on the 10th experimental day, as
previously reported by Carvalho et al. [35]. Control group (CTL) received NaCl 0.9% (w/v) instead of 5-FU.
72 h after administration of either 5-FU or saline solution, the animals were euthanized by anaesthetic
overdose (30 mg/Kg of xylazine and 300 mg/Kg of ketamine) (Agener União). The small intestine was
collected for analysis. Bodyweight, hydric and food intake were assessed daily throughout the
experimental period.

2.3.2 Histopathological and Morphometric Analysis
After euthanasia, the small intestine was removed and measured using a millimetric ruler to assess the
effect of 5-FU on its size. Ileum sections (approximately 20% of the distal small intestine) were
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longitudinally opened, washed with PBS 0.1 M to remove faeces, rolled up, and immersed in 10% buffered
formaldehyde solution (Labsynth, São Paulo, Brazil) for tissue �xation. This material was embedded in
para�n and slides of 4 µm sections were mounted on glass slides and stained with haematoxylin and
eosin (HE). The histopathological analysis was performed blindly by a pathologist according to the
scoring system proposed by Soares et al. [36]. For morphological examination, ten images of each
animal ileum-slides were captured with an optical microscope (Olympus BX41, Tokyo, Japan) with a 20×
magni�cation objective. Images were analysed using ImageJ 1.51j.8 software (NIH, Bethesda, MD, USA)
to measure villus heights (VH) and crypt depths (CD).

2.3.3 In�ammatory Cells In�ltration
The polymorphonuclear cells in�ltration (neutrophils and eosinophils) in the intestinal mucosa was
determined by myeloperoxidase (MPO) and eosinophil peroxidase (EPO) enzyme activities, respectively,
as described previously [37]. Brie�y, 100 mg of ileum tissue was homogenized in 1.9 mL phosphate-
buffered saline (PBS 0.1M, pH 7.4), centrifuged at 12.000 rpm for 10 min at 4°C, and the pellets were
subjected to hypotonic lysis using 1.5 mL of 0.2% NaCl. Osmolarity was restored with 1.5 mL of 1.6%
NaCl solution with 5% glucose. Subsequently, samples were centrifuged again at 12.000 rpm for 10 min
at 4°C and the pellet was resuspended in 0.5% hexadecyltrimethylammonium bromide (HTAB-Sigma-
Aldrich) in PBS 0.1M. The suspension was homogenized, snap-frozen in liquid nitrogen three times, and
centrifuged for 15 min at 12.000 rpm at 4°C. The resulting supernatant was used in the colorimetric
assay to measure enzymatic activities. 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), and
the results were expressed as MPO or EPO arbitrary units (based on absorbance)/100 mg of tissue.

2.3.4 Gene Expression Analysis of Cytokines in Mice Ileum
Ileum sections were removed, washed with PBS 0.1 M, and stored in RNA later (Sigma-Aldrich) at -20°C
until use. Total tissue RNA was extracted using PureLink RNA Isolation Kit (ThermoFisher), and the
complementary DNA (cDNA) was synthesized using the High-Capacity cDNA Reverse Transcription
(ThermoFisher) kit, according to the manufacturer's instructions. Quantitative PCR (qPCR) was performed
using the PowerUp™ SYBR® Green Master Mix (ThermoFisher) to measure mRNA expression levels of
speci�c genes Il10, Il6, and Il1b using the primers described in Table 2. Ampli�cation reactions were
performed with 7900HT Fast Real-Time PCR System (Applied Biosystem) under the following conditions:
initial denaturation at 95° C for 10 min, 40 cycles of 95°C for 15 seg, annealing/extension at 60°C for 1
min, followed by a dissociation stage for recording the melting curve. The expression of target genes was
analysed by the 2−ΔΔCt method using a housekeeping gene encoding GAPDH as a normalizer.

Table 2

List of primers used in qPCR.

2.4 Statistical analysis
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The data normality was assessed by the Shapiro Wilk test. The data were evaluated by a one-way
analysis of variance (ANOVA) test followed by Tukey post-test (parametric distribution). Non-parametric
data were evaluated by the Kruskal-Wallis test followed by Dunn's post-test. The Student t-test was
carried out to analyze the mean differences between the two groups. All data were analysed using the
GraphPad Prism 8.0 software, and a p-value < 0.05.

3. Results

3.1 All the strains belonged to L. plantarum
The identi�cation by MALDI-TOF Biotyper® classi�ed all strains as belonging to the L. plantarum species
(score > 2.1). The secure genus identi�cation was obtained for all strains, while four of them (Lpl4, Lpl9,
Lpl11 and Lpl14) presented accurate species-level identi�cation.

3.2 Findings from the in vitro assays

3.2.1 L. plantarum strains tolerate acidic and bile salt stress
All strains showed tolerance higher than 77% to pH 2.5 when compared to their control growth curve at
pH 7.0 (supplementary material) (Fig. 1a). Regarding bile salts, all strains showed tolerance higher than
80% at a concentration of 0.3% (Fig. 1b).

Figure 1 Tolerance (%) of L. plantarum strains in pH 2.5 (a), and 0.3% of bile salts (b).

3.2.2 L. plantarum strains inhibit the growth of pathogenic
bacteria
All strains were able to exert an inhibitory effect against pathogenic bacteria, with inhibition zones above
12mm. Most of them presented strong inhibition (diameter ≥ 20mm) to all pathogenic bacteria, except
for Lpl9, Lpl11, Lpl14, and Lpl19, which exhibited moderate inhibition to S. Typhimurium (20 mm ≤ 
diameter ≥ 10 mm) (Fig. 2).

Figure 2 Antibacterial activity of L. plantarum strains against pathogenic bacteria.

3.2.3 L. plantarum strains adhere to Caco-2 cells
The strains showed an adhesion percentage ranging from 2.22% -13.64% (Fig. 3). The strains with higher
adherence rates were: Lpl2 (13.64%), Lp11 (9.05%), Lp9 (6.51%), Lpl19 (5.72%) and Lpl17 (5.49%),
respectively.

Figure 3 Percentage of adhesion of L. plantarum strains to Caco-2 cells.

3.2.4 Antibiotic susceptibility
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All strains were found to be susceptible to clindamycin, erythromycin, chloramphenicol, and ampicillin
antibiotics. However, they presented resistance to gentamicin, streptomycin, and vancomycin. Only Lpl4
and Lpl14 strains were susceptible to tetracycline (Table 3).

Table 3

Antimicrobial susceptibility pro�le of L. plantarum strains.

aResults are represented as the halo size in millimetres followed by the sensibility classi�cation. S:
susceptible; R: resistant. CLI: clindamycin; ERY: erythromycin; CHL: chloramphenicol; AMP: ampicillin;
TET: tetracycline; GEN: gentamicin; STR; streptomycin; VAN: vancomycin.

3.2.5 L. plantarum strains present no mucolytic or
haemolytic activity
No mucin degradation or haemolysis activity was detected in all nine L. plantarum strains tested (data
not shown).

3.3 Effect of L. plantarum strains administration in 5-FU-
induced Intestinal mucositis in Mice.

3.3.1 Mice Body Weight, Hydric and Feed Consumption
It was observed a considerable decrease in food intake after mucositis induction, even in the groups
which received bacteria treatment (Fig. 4a). Hydric intake also decreased in most groups submitted to 5-
FU induction in comparison with the control, except for the one that received Lpl11 (Fig. 4b). There was a
signi�cant variation in the body weight among the animals that were in�amed with 5-FU (MUC) in
comparison to the control (CTRL). L. plantarum strains administration was not able to reverse this effect
(Fig. 4c).

Figure 4 Effect of L. plantarum strains on food (a) and liquid intake (b), and body weight (c) after
mucositis induction. Animals received intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L.
plantarum groups) or MRS broth (CTRL group). The symbols (**, ***) show statistically signi�cant
differences (p < 0.01) (p < 0.001), respectively. Ns means no signi�cant difference. Different letters (a and
b) indicate statistically signi�cant differences between groups (p < 0.05).

3.3.2 L. plantarum strains prevent epithelial damage in mice
in�amed with 5-FU
Regarding epithelial damage induced by 5-FU, histological alterations such as villus shortening, intense
in�ammatory cell in�ltration, and ulceration were observed in the MUC group and correlated with
histological scores (Fig. 5a, b). Our results showed that the administration of seven of nine strains (Lpl2,
Lpl3, Lpl4, Lpl9, Lpl11, Lpl14, and Lpl18) was able to reduce 5-FU-induced intestinal mucosal damage (p 
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< 0.05). In accordance with this result, the same strains were also able to prevent signi�cantly villus
shortening in comparison with the MUC group (p < 0.05). (Fig. 5c).

Figure 5: Protective effect of L. plantarum strains in mice in�amed with 5-FU: (a) mucosal histopathology,
(b) histological score, (c) villus length measured in pixels (px). Animals received intraperitoneal injection
of 5-FU (300 mg/kg) (MUC, and L. plantarum groups) or MRS broth (CTRL group). Different letters (a, b,
and c) indicate statistically signi�cant differences between groups (p < 0.05).

3.3.3 L. plantarum strains reduce in�ammatory in�ltrate of
mice in�amed with 5-FU
Mice in�amed with 5-FU (MUC group) showed a high level of EPO (1.11 ± 0.07) (Fig. 6a) and MPO (0.40 ± 
0.07) (Fig. 6b) activity when compared with the control group (EPO: 0.40 ± 0.14; MPO: 0.19 ± 0.06) (p < 
0.0001). After L. plantarum administration it was observed a signi�cant reduction in neutrophils and
eosinophils recruitment in all groups which received the treatment (p < 0.0001).

Figure 6 Eosinophil Peroxidase (EPO) (a) and Intestinal Myeloperoxidase (MPO) (b) activities. Animals
received intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L. plantarum groups) or MRS broth
(CTRL group). Different letters (a and b) indicate statistically signi�cant differences between groups (p < 
0.05).

3.3.4 L. plantarum strains modulate Il0, Il6, and Il1b gene
expression in mice in�amed with 5-FU
Mice ileum in�amed with 5-FU (MUC group) displayed a signi�cant up-regulation in mRNA expression of
Il6 (6.39 ± 1.56, p < 0.0001), Il1b (4.12 ± 0.66, p < 0.001) and a down-regulation of Il10 (0.18 ± 0.06, p < 
0.01), when compared to control group (CTRL): Il6 (1.0 ± 0.26, p < 0,001), Il1b (1.00 ± 0.19, p < 0.001), Il10
(1.00 ± 0.03, p < 0.01) (Fig. 7). The consumption of Lpl4, Lpl9, Lpl11, Lpl14, and Lpl19 strains promoted
down-regulation in the mRNA gene expression of both Il6 and Il1b. A down-regulation of Il1b was also
observed in Lpl17 and Lpl18 strains consumption when compared to the in�amed group (MUC).
Additionally, the consumption of Lpl2, Lpl9, Lpl14, Lpl17, and Lpl18 upregulated the gene expression of
anti-in�ammatory cytokine Il10.

Figure 7

Relative quantitative expression of Il10 (a), Il6 (b), and Il1b (c) in mice’s intestines. Animals received
intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L. plantarum groups) or saline solution (CTRL
group). Different letters (a, b, and c) indicate statistically signi�cant differences between groups (p < 
0.05).

4. Discussion
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Following the guidance from major regulatory agencies, which requires identi�cation, safety, and e�cacy
assays [1, 40, 41], the present work completed a series of tests to assess the probiotic potential of nine
novel Brazilian L. plantarum strains. All strains had their identi�cation con�rmed by MALDI-TOF, and this
�nding was supported by classical microbiological identi�cation (data not shown).

After having their identi�cation con�rmed, it is recommended that novel probiotic candidates be able to
tolerate acidity and bile salts during transit through the GIT [42]. In this work, L. plantarum strains showed
increased tolerance to acidic pH (> 80 %)and bile salts (> 70 %) thus signalling that they might be able to
reach the intestine in great number to promote their bene�cial effects. These �ndings are supported by
previous studies which showed that strains within this genus are generally tolerant to harsh GIT
conditions. Haghshenas and collaborators [31], revealed that the resistance of L. plantarum 15HN after 3
hours of incubation at pH 2.5 is around 71 to 76% [31]. More recently, Nath et al. [43], demonstrated that
L. plantarum strain GCC_19M1 could survive at rates of 93.48–96.97% when submitted to pH 3.0 for 3h
[43]. Similarly, L. plantarum 15 was able to tolerate gastric pH (pH 2.0), with a survival rate of 86.40% [44].
Regarding bile salts tolerance, Jacobsen et al.[45] compared the resistance of 47 Lactobacillus strains,
including L. plantarum, L. rhamnosus, L. acidophilus, and L. crispatus, and observed that most of them
had relatively high resistance to bile salts when incubated for 4h in 0.3% oxgall [45]. Similar results were
found for L. plantarum H3b and K3b[46] and L. plantarum strain GCC_19M1 [43], which were able to
survive in similar ratios when exposed to 0.3% of bile salts.

Previous studies have demonstrated that some LAB can inhibit pathogens' growth, such as Shiguella
sonnei [47], Listeria monocytogenes [48], E. faecalis pathogenic [49] and Escherichia coli [50], which can
be a promising probiotic feature. In this study, it was observed that Brazilian L. plantarum strains have a
broad inhibition spectrum against commonly gastrointestinal pathogens. These �ndings are supported
by other studies, which observed that other L. plantarum strains were also able to inhibit potentially
pathogenic bacteria, such as E. coli, Staphylococcus aureus, E. faecalis, L. monocytogenes [51], Bacillus
cereus, Acinetobacter johnsonii, and Pseudomonas aeruginosa strains [43]. This inhibition may be due to
the production of H2O2, organics acid production as lactic acid or acetate, and bacteriocins as plantaricin
[52–54]. Such mechanism supports their application as food preservatives or as a potential alternative
antimicrobial strategy in the actual context of increasing antibiotic resistance among pathogens. [55–57]

Probiotic bacteria candidates should also possess the ability to adhere to the intestinal mucosa, which
could potentially result in transient colonisation, enhancing immunomodulatory effects and inhibiting
pathogen growth through the mechanisms of competitive exclusion and bacterial antagonism [58–60]. In
the present study, it was observed a high adhesion rate to Caco-2 cells by Lpl2, Lp9, Lp11, Lpl17, and
Lpl19. Sharma et al. [61] reported Caco-2 cell adhesion values ranging from 2.45 to 9.55% when studying
lactic acid bacteria isolated from fermented foods [61]. Garcia-Ruiz et al. [62] also analysed probiotic
bacterial strains isolated from wine and obtained adhesion levels to Caco-2 cells ranging from 0.37–
12.2% [62]. Behbahni et al. [63], reported adhesion values of 12.2% when analysing the adhesion of L.
plantarum L15 to Caco-2 cells [63]. Those studies corroborate the results obtained here, as the variation
between adherence rates was between 0.72–13.64 %. The potential to adhre and interact with epithelial
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cells by probiotic bacteria allows them to regulate the activation of the host’s immune system. For
example, Taverniti et al. [64] demonstrated that L. helveticus MIMLh5 reduced the activation of NF-κB in
Caco-2 cells [64]. Other studies showed that pro-in�ammatory cytokines Il1b and TNF, and anti-
in�ammatory cytokine TGFβ were induced by L. sakei, and L. johnsonii, respectively [65].

Safety evaluation of new probiotic candidates for human and animal applications should also be
performed. Thus, in this study, we have evaluated the antibiotic resistance pro�le, mucin, and haemolytic
activity of L. plantarum strains. None of them presented haemolytic or mucolytic activity, demonstrating
the absence of potential risk for the host epithelial barrier disruption or haemolysis [33, 66, 67]. These
�ndings are supported by other studies that demonstrated no haemolytic or mucolytic activity by LAB
potential probiotic strains such as L. delbrueckii CIDCA 133 [68], L. plantarum BCC9546 [69] and L.
helveticus D75 [70].

Regarding antibiotic resistance, some L. plantarum strains presented a resistance pro�le to gentamicin,
streptomycin, and vancomycin. Lactobacillus species are known to be intrinsically resistant to
vancomycin, as observed in all strains in this work, but this constitutive resistance is not considered a
matter of concern [71–73]. Corroborating with the �ndings in the present study, Hummel et al. [74] found
that among forty-�ve LAB strains (including Lactobacillus genera) aminoglycosides (gentamicin and
streptomycin) and cipro�oxacin resistance was prevalent in more than 70% of them, indicating that
maybe this could be an intrinsic resistance [74]. In the same study, a low resistance pro�le was observed
for ampicillin, penicillin, chloramphenicol, and tetracycline [74]. Anisimova et al. [71] analysed the
antibiotic resistance pro�le of twenty Lactobacillus strains and showed that 90% of them were sensible
to clindamycin and 95% sensible to tetracycline, erythromycin, and rifampicin. All of them were inhibited
by chloramphenicol and ampicillin. As expected, the majority were resistant to vancomycin and
aminoglycosides [71]. It should be highlighted that antibiotic resistance becomes a problem when
resistance is transferable by mobile elements such as plasmids [40, 72, 73]. This shows that besides
phenotypic pro�le, genotypic methods should also be applied to study the whole antibiotic pro�le due to
potential intrinsic or transferable resistance genes [75], thus being one of the future goals of the present
work.

After passing through in vitro characterization, we also accessed the e�cacy of the present strains in
vivo, through an experimental mice model of 5-FU (300mg/kg)-induced intestinal mucositis. This well-
established model was chosen due to its severity, which would make it possible to observe more
signi�cant protective effects promoted by potential probiotic strains [76, 77]. Additionally, it is important
to highlight that those studies evaluating the effect of L. plantarum in the mucositis model are lacking,
with the main �ndings provided by Levit et al. [27] with L. plantarum CLR2130, and Ciobanu et al. [28]
with L. plantarum ATCC 8014 [27, 28]. Therefore, this work provides important information about how
different L. plantarum isolates can exert a bene�cial impact in this model.

It was observed mice body weight loss, epithelial architecture alteration, villus shortening, and
polymorphonuclear cell in�ltration in the intestinal mucosa after administration of 5-FU (300 mg/kg).
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These �ndings are consistent with the pathobiology of mucositis induced by chemotherapy [22, 35, 76,
77]. Consumption of all Brazilian L. plantarum strains were able to reduce eosinophils peroxidase and
myeloperoxidase activity, demonstrating their bene�cial effect to protect the intestinal mucosa from
polymorphonuclear cells in�ltration. Additionally, most strains were able to protect against villous atrophy
and improved histopathological score (Lp12, Lp13, Lp14, Lp11, Lp19 and Lp18). None of the strains were
able to prevent weight loss. These results are supported by other studies which observed improvements
in some mucositis parameters after probiotics administration regardless of improvement in water/feed
consumption or bodyweight [18–20, 37].

Soares and Sonis et al.[36, 77] suggested that up-regulation of pro-in�ammatory cytokines including
Tnfα, Ifnγ, and Il6 might be involved in mucosal injury severity in acute stages [36], with Tnfα also related
to the ampli�cation of in�ammatory response in 5-FU-induced mucositis [77]. In this study, we
demonstrated that administration of some L. plantarum promoted down-regulation of proin�ammatory
cytokines Il6 and Il1b (Lpl4, Lpl9, Lpl11, Lpl14, Lpl17, Lpl18 and Lpl19). Some strains were also able to
up-regulate gene expression of the immunoregulatory cytokine Il10 (Lp12, Lp19, Lp14, Lp17 and Lp18), a
potential anti-in�ammatory cytokine related to being involved in the prevention of damage during
intestinal in�ammatory processes [78, 79]. These �ndings are corroborated by previous works that
showed that administration of probiotics such as L. acidophilus [80, 81], L. casei [18], Bi�dobacterium sp.
[20], L. plantarum strains[27, 28] were able to decrease in�ammatory cell in�ltrate and improve the
in�ammatory and functional aspects of intestinal in�ammation induced by 5-FU through expression
modulation of in�ammatory cytokines Il6, Ifnγ, Il1b, Tnf, and Il10. Thus, the result of the present study
further highlights the anti-in�ammatory effect that Brazilian L. plantarum strains can exert on the host,
ratifying their bene�cial effects and use as probiotics. In addition, besides having a positive impact on
the improvement of mucositis in the murine model, some studies have demonstrated that the association
of two or more probiotic strains can enhance their effects [20, 82, 83]. Therefore, the strains characterized
in this study can also be associated to maximize their effects, opening a wide range of studies and
possibilities to be explored.

In conclusion, the present study revealed the strain-dependent functionality and host bene�cial effects of
L. plantarum strains isolated from different sources in Brazil. Most strains tested in vitro appear to be
safe and presented good features, regarding probiotic potential, to be explored in different �elds, such as
in the food industry, biotechnology, and nutrition. Additionally, most of them were able, at some points, to
alleviate mucositis symptoms in the mouse model. This study opens a wide range of possibilities to be
explored as it provides evidence to support further studies for the application of novel L. plantarum
strains.
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Tables
Table 1: L. plantarum strains and their respective sources and identi�cation references used in this study. 

Source Strain ID

Artisanal butter- Feira de Santana - Bahia, Brazil  Lpl2

Manioc - Feira de Santana - Bahia, Brazil Lpl3

Sugarcane juice – Feira de Santana - Bahia, Brazil      Lpl4

Cow’s milk – Farm in Ruy Barbosa - Bahia, Brazil Lpl9

Beetroot - Feira de Santana - Bahia, Brazil   Lpl11

Pineaple – Feira de Santana - Bahia, Brazil Lpl14

Cow’s milk – Feira de Santana - Bahia, Brazil Lpl17

3 days newborn faeces– Feira de Santana - Bahia, Brazil Lpl18

Foal faeces- Farm in Ruy Barbosa - Bahia, Brazil Lpl19

Table 2: List of primers used in qPCR.

Gene Forward primer Reverse primer Reference

Il10 GGTTGCCAAGCCTTATCGGA ACCTGCTCCACTGCCTTGCT [31]

Il6 GAGGATACCACTCCCAACAGACC AAGTGCATCATCGTTGTTCATACA [31]

Il1b CTCCATGAGCTTTGTACAAGG TGCTGATGTACCAGTTGGGG [32]

Gapdh TCACCACCATGGAGAAGGC GCTAAGCAGTTGGTGGTGCA [31]

Table 3: Antimicrobial susceptibility pro�le of L. plantarum strains. 
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Figures

Figure 1

Tolerance (%) of L. plantarum strains in pH 2.5 (a), and 0.3% of bile salts (b). 

Figure 2

Antibacterial activity of L. plantarum strains against pathogenic bacteria

Figure 3

Percentage of adhesion of L. plantarum strains to Caco-2 cells.

Figure 4

Effect of L. plantarum strains on food (a) and liquid intake (b), and body weight (c) after mucositis
induction. Animals received intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L. plantarum groups)
or MRS broth (CTRL group). The symbols (**, ***) show statistically significant differences (p< 0.01) (p<
0.001), respectively. Ns means no signi�cant difference. Different letters (a and b) indicate statistically
significant differences between groups (p< 0.05).

Strains CLI ERY CHL AMP TET GEN STR VAN

Lpl2 13 S 17 S 19 S 21 S 12 R 0 R 0 R 0 R

Lpl3 18 S 19 S 25 S 17 S 0 R 0 R 0 R 0 R

Lpl4 10 S 19 S 20 S 23 S 14 S 0 R 0 R 0 R

Lpl9 26 S 17 S 20 S 21 S 11 R 0 R 7 R 0 R

Lpl11 26 S 18 S 21 S 24 S 11 R 0 R 0 R 0 R

Lpl14 17 S 18 S 25 S 16 S 14 S 0 R 0 R 0 R

Lpl17 22 S 20 S 16 S 24 S 10 R 0 R 0 R 0 R

Lpl18 11 S 18 S 22 S 20 S 11 R 0 R 0 R 0 R

Lpl19 25 S 14 S 23 S 29 S 10 R 0 R 0 R 0 R
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Figure 5

Protective effect of L. plantarum strains in mice in�amed with 5-FU: (a) mucosal histopathology, (b)
histological score, (c) villus length measured in pixels (px). Animals received intraperitoneal injection of 5-
FU (300 mg/kg) (MUC, and L. plantarum groups) or MRS broth (CTRL group). Different letters (a, b, and c)
indicate statistically signi�cant differences between groups (p< 0.05).

Figure 6

Eosinophil Peroxidase (EPO) (a) and Intestinal Myeloperoxidase (MPO) (b) activities. Animals received
intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L. plantarum groups) or MRS broth (CTRL
group). Different letters (a and b) indicate statistically significant differences between groups (p< 0.05).

Figure 7

Relative quantitative expression of Il10 (a), Il6 (b), and Il1b (c) in mice’s intestines. Animals received
intraperitoneal injection of 5-FU (300 mg/kg) (MUC, and L. plantarum groups) or saline solution (CTRL
group). Different letters (a, b, and c) indicate statistically significant differences between groups (p<
0.05). 
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