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Significance and impact of the study: The administration of a mixed formulation with
Saccharomyces cerevisiae RC016 and Lactobacillus rhamnosus RCO07 in healthy mice expands
the knowledge on the beneficial effects of the use of these probiotic microorganisms in mixture for

the development of feed additives.
Abstract

The objective was to carry out cytotoxicity assays in Vero cells and cytokines analyses in Balb/c
mice as safety assessments to evaluate the probiotic mixture (M) S. cerevisiae RC016 (Sc) and
L. rhamnosus RC007 (Lr) for use as feed additive. Vero cells (10* cells well-') were exposed to Sc
(2.08 x 107, 2.08 x 108; 2.08 x 10° cells mL-"), Lr (8.33 x 107; 8.33 x 108; 8.33 x 10° cells mL-") and
their M (1:1). Sc concentrations did not affect the Vero cells viability; in contrast, they were lower
when exposed to Lr (P <0.0001). Vero cells showed increasing viability with M decreasing
concentrations (91% viability with M2). Control BALB/c mice received only PBS and the others
received the M. The IL-10, IL-6 and TNFa concentrations from intestinal fluid were analyzed and
no significant differences were observed among treatments. The same occurred with the ratio
between IL-10/TNF-a. Beneficial effects of probiotics are associated with the regulation of the
excessive inflammatory response; it is desirable they can modulate the cytokines production only
under pathological conditions. Here, M administration to healthy mice did not induce negative
side effects and expands the knowledge about beneficial effects of using probiotic

microorganisms in mixture for feed additives development.
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Introduction

The use of probiotics in animal nutrition is intended to improve feed conversion, promote growth,
and inhibit the growth of pathogenic bacteria (Markowiak and Slizewska, 2018). Modulation of the
immune system by probiotics is an important potential benefit in animal production systems.
Epithelial cells in the gastrointestinal tract (GIT) mucosa are the first line of defense against
pathogenic microorganisms (Martens et al. 2018). Anatomical structures, immunological
secretions such as mucus, immunoglobulins, antimicrobial peptides, and the epithelial junction
adhesion complex are combined to exert a defense function (Wang et al. 2018). Probiotics
modulate the components of the immune system at the GIT level, protecting the host from
different types of pathogenic antigens. Also, they affect both, innate and adaptive immunity.
Incorporation of probiotics in animal feeding requires a careful evaluation of their efficacy and
safety (Kuprys-Caruk et al. 2018). The growing popularity of probiotics in foods, and the lack of
international consensus on the methodology to assess their efficacy and safety, have led the
Food and Drug Administration (FAO) to promote the development of guidelines for the evaluation
of probiotics in food (FAO, 2016).

It was recognized that the evaluation of the possible risks associated with the incorporation of
microorganisms in animal feed should include the identification at the strain level. The current
state of evidence suggests that probiotic effects are strain-specific. This particular strain should
not be associated with infections in humans or animals or should not contain antibiotic resistance
genes. It is recommended to evaluate the capacity to produce toxins or to cause hyperstimulation
of the immune system in the host. According to Shanahan (2012), the safety assessment and
information on a particular probiotic strain cannot be generalized to similar probiotics (even with a
different strain of the same species), as each probiotic requires a safety assessment and the
particular risk. The adverse effects and the severity of the effects of a probiotic could be context-
specific and depend on the susceptibility (immunity) and the physiological state of the host.
Therefore, probiotic strains considered safe under certain conditions may not be safe under other
conditions. Other recommended steps include in vitro and in vivo assessments to demonstrate
safety and the final functional characterization (FAO 2016).

The objective of the present work was to carry out cytotoxicity assays in Vero cells and cytokines
analyses in BALB/c mice as safety assessments to evaluate the probiotic mixture S. cerevisiae
RCO016 and L. rhamnosus RCOOQ7 for its use as a feed additive.

Materials and methods
Saccharomyces cerevisiae RC016 was isolated from pig intestine. Morphological, biochemical

and molecular characterization were conducted. The sequence comparisons were performed
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using the basic local alignment search tool (BLAST) program within the NCBI database and
submitted to GenBank (ID KF447149.1). Stock cultures were maintained at 80°C in 30% (v/v)
glycerol. Lactobacillus rhamnosus RCO07 was isolated from maize silage. Fermentation pattern
(APl 50 CHL test) and the 16S rRNA gene sequence were conducted for biochemical and
molecular identification (Dogi et al. 2013). Stock cultures were maintained at 80 °C in 15% (v/v)
glycerol. These strains are currently deposited in the culture collection of the National University
of Rio Cuarto collection centre, located in Rio Cuarto, Cérdoba, Argentina.

Vero cells (ATCC CCL-76) were obtained from the Asociacion Banco Argentino de Células
(ABAC). Cells were propagated in minimal essential medium (MEM; Gibco, USA) supplemented
with 8% fetal calf serum (FCS; Natocor, Argentina), 50 ug mL-' gentamicin and 2 mmol glutamine
(Sigma-Aldrich, Italy). Vero cell viability was measured by a neutral red absorption assay (NRU).
Cells were plated in 96-well culture plates at 10* cell well"" and, after monolayer formation,
exposed to three concentrations of 24 h culture S. cerevisiae RC016 (Sc1, 2.08 x 107; Sc2, 2.08 x
108; Sc3, 2.08 x 105 cell mL™"), three concentrations of 24 h culture L. rhamnosus RC007 (Lr1,
8.33 x 107; Lr2, 8.33 x 10%; Lr3, 8.33 x 105 cell mL") and the mixture (M) of both cultures (1:1)
(M1: Sc1 + Lr1; M2: Sc2 + Lr2; M3: Sc3 + Lr3).

All treatments were dissolved in maintenance medium (MEM supplemented with 2% FCS, 50
pMg/mL gentamicin, and 2 mM glutamine). Cells treated with MM alone were used as controls.
After incubation at 37°C for 3 h, the medium containing the dye was removed and the wells were
washed twice with heated Phosphate Buffer Saline (PBS) (150 pyL well"). The dye within the
viable cells was released by extraction with a mixture of acetic acid, ethanol, and water (1:50:49).
After the cultures were shaken for 10 min, the absorbance values were read at 540 nm in a
microplate reader (Thermo Labsystems Multiskan MS). For comparisons, relative cell viability
was expressed as the percentage of the NRU control group (%). Untreated cells were used as
controls.

The working protocol and the used techniques comply with the regulations of the Subcommittee
on Animal Bioethics under the Ethics Committee of Scientific Research, as established in
Resolution 253/10 of the Superior Council of the National University of Rio Cuarto.

BALB/c mice (female, 5 weeks old, weighing 9.3 + 0.9 g) were divided into two groups (n=6):
control group (C) and mixture group (M). In C group, the animals received 0.1 mL PBS orally daily
whereas in M group, according to the results obtained in the cytotoxicity assay, the animals
received 0.1 mL M2 resuspended in PBS orally daily. The animals were housed in the Animal
Facilities Center of the National University of Rio Cuarto and were kept in an environmentally
controlled room with 12 h light/dark cycles. After 10 d, the mice were sacrificed by cervical

dislocation and samples of intestinal content were obtained.
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The intestine contents were collected from small intestines with 1 mL PBS and immediately
centrifuged at 5000 g for 15 min at 4°C. The supernatants were recovered and stored at —-80°C
until cytokine determination using Cytometric Bead Array (CBA) (BD Bioscience, San Diego,
EE.UU.). The concentration of IL-10; IL-6 and TNFa from the intestinal fluid of each mouse was
obtained and the results were expressed in relation to the protein concentration measured in the
sample. The total protein content of the samples was determined using the Bio-Rad Protein
Assay based (Bradford, 1976).

Values were expressed as the mean + standard deviation (SD) of the data and were
representative of two different experiments. The means obtained from the trials were analyzed by
analysis of variance (ANOVA). Variables with significant differences were compared using the
Fisher’'s least significant difference test (LSD). The analysis was performed using Info Stat for
Windows 2012 Version 2.03 (SPSS Inc).

Results and Discussion

The use of probiotics in animal feed continues to be a promising option, in the face of pressures
to reduce the use of antibiotics as growth promoters, to profitably produce safe food, to reduce
environmental contamination with zoonotic pathogens and to maintain health in animals.
Saccharomyces cerevisiae RC016 and L. rhamnosus RC007 have separately shown promising
candidates to include them in an animal feed additive formulation and thus improve the health
and performance of animal production. Moreover, they have demonstrated to significantly reduce
the mycotoxins on in vitro and in vivo studies (Garcia et al. 2018, Poloni et al. 2020). To
complement these results the cytotoxicity using Vero cells and their effect on the immune system
of BALB/c mice were tested here.

Approval of probiotic strains for use in animal nutrition requires demonstration of the absence of
cytotoxicity in cell models such as Vero cells (Singh et al. 2018). Although significantly different
compared to the control treatment (P <0.0001), exposure of Vero cell culture to the tested Sc
concentrations maintained cell viability at values greater than 60% (Fig. 1). In contrast, the Vero
cells viability percentages were significantly lower when exposed to Lr (P <0.0001). Vero cells
showed increasing percentages of viability with decreasing concentrations of the mixture reaching
91% viability with M2 mixture. Probably, the significant decrease that occurs in the presence of Lr
is due to the production of lactic acid during the 24 h of incubation, since the morphology of the
monolayer was not affected, detecting only a change in the pH of the culture (result not shown).
The methodology to determine cytotoxicity is varied in literature but it is used as a method of
selecting probiotic strains. In agreement with our results, Chimchang et al. (2016) selected lactic

bacteria with probiotic and anticancer properties evaluating the cytotoxicity of 1x108 cell mL"’
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against Vero cells and found some strains produced soluble factors with high cytotoxicity but not
the bacterial sediment itself.

Products that claim probiotic effects must contain a sufficient number of viable cells, between 108
to 10'° CFU g to confer efficacy (Champagne et al. 2011). In this study, the used probiotic cells
concentrations were included within these values.

In vivo studies with experimental models demonstrate that modulation of the host immune
response is one of the most important properties attributed to probiotics (Galdeano et al. 2007).
Taking into account these considerations and the importance of maintaining animal health without
the use of antibiotics, the effect of oral supplementation of the mixture by analyzing certain
cytokines involved in maintaining gut homeostasis (IL-6, TNF-a, and IL-10) was analyzed. The
results showed that no significant differences were observed among the different treatments
studied (Fig. 2). The same occurred with the ratio between anti and pro-inflammatory cytokines in
intestinal fluid (IL-10/TNF-a). In the present study, the animals were not exposed to harmful
stimuli, such as pathogenic microorganisms or inflammation-causing agents (chemical or
biological) that allowed evidence of modulation of the immune system; the daily administered
dose of the mixed formulation alone did not produce immune stimulation. The beneficial effect of
probiotics is also associated with the regulation of the excessive inflammatory response;
therefore, it is important to note that the administration of the mixture S. cerevisiae RC016 and L.
rhamnosus RCO007 to healthy mice did not induce increases in proinflammatory cytokines.
Overproduction of some cytokines can cause a pathological inflammatory response and it is also
desirable that the administration of probiotics can modulate the production of these cytokines only
under pathological conditions and not under normal conditions (FAO, 2016).

In the present work, it was shown that the administration of S. cerevisiae RC016 and L.
rhamnosus RCO007 mixture to healthy mice did not induce negative side health effects. The
administration of a mixed formulation in healthy mice expands the knowledge about the beneficial

effects of using these probiotic microorganisms in mixture for the development of feed additives.
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Figure captions

Figure 1. Viability of Vero cells exposed to S. cerevisiae RC016 cells (Sc1, 2.08 x 107; Sc2, 2.08 x 108,
Sc3, 2.08 x 10% cell mL™"), L. rhamnosus RC007 cells (Lr1, 8.33 x 107; Lr2, 8.33 x 109; Lr3, 8.33 x 10° cell
mL-"), and the mixture of both (1:1) (M1: Sc1 + Lr1; M2: Sc2 + Lr2; M3: Sc3 + Lr3) determined by neutral
red absorption assay. Results are presented as percentage (mean + SD, n = 4) (P < 0.0001).

Figure 2. Cytokine concentrations in small intestine contents. Cytokine concentrations in the small intestine
content were determined by Cytometric Bead Array. The experimental group was the control group (C):
animals received orally 0.1 mL of phosphate-buffered saline (PBS); mix group (M): animals received orally
0.1 mL of the mixture (1:1) of L. rhamnosus RC007 (1 x 108 cell mL-') and S. cerevisiae RC016 (1 x 107 cell
mL-") resuspended in PBS. Results are expressed as the concentration of each cytokine in pg/mg of
proteins: a) IL-6; b) TNF- a and c) IL-10. The ratio between IL-10 and the pro-inflammatory cytokine TNF-a
was also analyzed (d). Each bar represents the mean + SD (n = 6, from 2 independent experiments).
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