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ABSTRACT

Introduction: The present study evaluated the effect of repeated low-dose and high-dose post-
biotics obtained from strains of Lactobacillus gasseri (CCT 7860), Lactobacillus casei (CCT 7859),
Lactobacillus paracasei (CCT 7861), Streptococcus thermophilus (ATCC 19258) and Bifidobacte-
rium lactis (CCT 7858) in the inflammatory effects in different tissues and damage in the liver
and kidney. Methods: The experimental protocol consisted of fifteen probiotics administrations
in the low-dose (10 mg/postbiotics/day) and high-dose (1 g/postbiotics/day) by the intragastric
(i.g.) route. On the sixteen day, mice were euthanized and the blood, liver, kidney, brain and gut
were removed for different analysis: myeloperoxidase (MPO) activity, nitrite levels and cytokine
levels (interleukin (IL)-1B, IL-10, IL-6). Results: The low toxicity of postbiotics is supported by the
observation that, after its administration for 15 consecutive days, there were no changes in the
levels of aspartate aminotransferase (AST) and alanine transaminase (ALT), creatinine and in the
histopathology of the intestine of mice, confirming the safety of its use. Conclusion: Our study
shows that postbiotics supplementation is safe and no toxic even in high doses.

RESUMO

Introducéio: O presente estudo avaliou o efeito de doses repetidas de pés-bidticos de baixa e
alta dose obtidos de cepas de Lactobacillus gasseri (CCT 7860), Lactobacillus casei (CCT 7859),
Lactobacillus paracasei (CCT 7861), Streptococcus thermophilus (ATCC 19258) e Bifidobacterium
lactis (CCT 7858) em parametros inflamatérios em diferentes. Método: O protocolo experimental
consistiu em administracées didrias de probiéticos em baixa dose (10 mg/pés-biéticos/dia) e
alta dose (1 g/pés-bidticos/dia) pela via intragdstrica (i.g.) por 15 dias. No décimo sexto dia, os
camundongos foram sacrificados e o soro, figado, rim, cérebro e intestino foram removidos para
diferentes andlises: atividade de mieloperoxidase (MPO), niveis de nitrito e niveis de citocinas
(interleucina (IL)-1B, IL-10, IL-6). Resultados: A baixa toxicidade dos pés-biéticos é corroborada
pela observagéio de que, apés sua administragdo por 15 dias consecutivos, ndo houve alteragdes
nos niveis de aspartato aminotransferase (AST) e alanina aminotransferase (ALT), creatinina e na
histopatologia do intestino de camundongos, confirmando a seguranca de seu uso. Conclusdo:
Nosso estudo mostra que a suplementagdo de poés-bidticos é segura e néo téxica, mesmo em
altas doses.
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INTRODUCTION

Probiotics are defined as nonpathogenic living microor-
ganisms and, if consumed in correct amounts, confer health
benefits on the host'. In recent years, the health-promoting
effects of probiotics have already been verified through a
series of studies?™*. However, several concerns on their use
began to be discussed, such as the viability of probiotics in
food products, their diverse colonizing patterns and persis-
tence, as well as the likelihood of horizontal gene transfer
of a virulence gene from a pathogenic microorganism in
the intestine. Also, the processing and storage of probiotics
are being discussed, as these could compromise the cell’s
viability if the essential requirements are not assured, which
can cause the loss of the desired viability of many probiotic
microorganisms®.

These circumstances are enhancing the inferest in new
products using deactivated cells, as well as cell components
and metabolites derived from probiotics strains. In this
scenario, postbiotics began to receive great attention from
researchers.

Probiotics are defined as live cells. Postbiotics, on the other
hand, are characterized as cells deactivated through heat
treatments, such as pasteurization or sterilization, becoming
bacterial-free extracts or non-viable cells that, by offering
bioactivities in addition to probiotics, provide benefits to the
host, such as modulation of the immune system, secretion
of metabolites, in addition to adhesion to intestinal cells,
enabling the inhibition of pathogenic microorganisms®¢.

Furthemore, postbiotics have demonstrated greater usabi-
lity, because they can be safely consumed by immunodeficient
and elderly people. Moreover, many researchers have shown
that bacterial viability is not an essential key requirement
for health benefits®’. However, despite being less focused
on when compared to probiotics, a considerable amount
of data has shown beneficial health effects assured when
postbiotics are consumed. Still, there are still no reports that
indicate the development of side effects when administered
in large amounts.

Some authors analyzed the effects of postbiotics on cell
viability and inflammatory responses using the RAW-264.7
macrophage cell line, and the results showed that Lactobacillus
gasseri, Lactobacillus paracasei and Lactobacillus casei, Strep-
tococcus thermophilus and Bifidobactercium lactis improved cell
viability when compared to a lipopolysaccharide (LPS) group®.
In addition, S. thermophilus and B. lactis decreased the myelo-
peroxidase activity levels. Also, the author discovered that all
the probiotics analyzed showed a significant reduction in the
interleukin-6 (IL-6) levels. Researchers developed a study that
shows that different probiotics, including L. casei, are able of
reduce the levels of interleukin-1 (IL-1), IL-6, myeloperoxidase
(MPQO) and levels of nitrite/nitrate?. In another study, the results

showed that infrinsic immunomodulatory properties are avai-
lable in S. thermophilus, expressing an antioxidant enzyme,
which confers anfi-inflammatory activities'®.

The present study was carried out to obtain data on
the effect of repeated low-dose and high-dose postbiotics
obtained from strains of Lactobacillus gasseri (CCT 7860),
Lactobacillus casei (CCT 7859), Lactobacillus paracasei (CCT
7861), Streptococcus thermophilus (ATCC 19258) and Bifi-
dobacterium lactis (CCT 7858) in the inflammatory effects in
different tissues and damage in the liver and kidney.

METHODS

Animals

In the present study, adult male Swiss mice (25-35 g) were
used. After weighing and examination of their external appe-
arance, the animals were housed in a room under constant
temperature condition 22 = 1 °C, 12 h light/12 h dark cycle
(from 07:00 a.m. to 07:00 p.m.) and with water and food
ad libitum. Each experimental group consisted of 5 animals,
provided by the Central Animal Facility of the Federal University
of Pelotas. All manipulations were carried out during the light
cycle, between 8:00 a.m. and 5:00 p.m. All procedures were
approved by the Animal Care and Experimentation Committee
of UNESC (Protocol 49/2021-1). Furthermore, all efforts were
made to minimize the number and suffering of animals used.

Chemicals

The following postbiotics were used: NEOIMUNO Lactis
Gb® (Bifidobacterium lactis - CCT 7858), NEOIMUNO Cas
Gb® (Lactobacillus casei - CCT 7859), NEOIMUNO Gass
Gb® (Lactobacillus gasseri - CCT 7860), NEOIMUNO Para
Gb® (Lactobacillus paracasei - CCT 7861), NEOIMUNO
Hilus Gb® (Streptococcus thermophilus - ATCC 19258). The
postbiotics used were produced by Gabbia Biotechnology. All
other chemicals were of analytical grade and obtained from
standard commercial suppliers.

Experimental Design

The scheme of the experimental design of this study is
illustrated in Figure 1. Firstly, animals were randomly sepa-
rated into eleven distinct groups (5 mice/group): Control
group (mice received saline solution, 10 mL/kg); Lactobacillus
gasseri (CCT 7860) 10 mg group; Lactobacillus gasseri (CCT
7860) 1 g group; Lactobacillus casei (CCT 7859) 10 mg
group; Lactobacillus casei (CCT 7859) 1 g group; Lacto-
bacillus paracasei (CCT 7861) 10 mg group; Lactobacillus
paracasei (CCT 7861) 1 g group; Streptococcus thermophilus
(ATCC 19258) 10 mg group; Streptococcus thermophilus
(ATCC 19258) 1 g group; Bifidobacterium lactis (CCT 7858)
10 mg group; Bifidobacterium lactis (CCT 7858) 1 g group.
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Figure 1 - Experimental design. The animals received postbiotics (10 mg or 1 g) or vehicle once daily for 15 days. 24 hours afier treatments, the mice were euthanized, the liver,

kidney, brain, gut and blood were excised and used to carry out the ex vivo assays.

The experimental protocol consisted of fifteen probio-
tics administrations in the low-dose and high-dose by the
intragastric (i.g.) route at 8 a.m. On the sixteen day of the
experimental protocol, the mice were euthanized for ex vivo
analysis. So, the mice were euthanized 24 h after the post-
biotics administrations.

Dissection of Structures
Immediately after the end of treatments, the mice (n

5/group) were euthanized and the blood, liver, kidney, brain
and gut of animals were surgically removed, processed, and
stored in a freezer at —80°C for subsequent biochemical
analysis of both samples. In these samples, the MPO activity,
nitrite levels and cytokine levels (interleukin 1-beta [IL-1(],
IL-10, IL-6) were evaluated.

MPO Activity Evaluation

MPO activity was evaluated as a secondary marker of
neutrophil infiltration'". Tissues (liver, gut and kidney) were
homogenized (50 mg/ml) in 0.5% hexadecyl-trimethylammo-
nium bromide and centrifuged at 15,000 g for 40 min. An
aliquot of supernatant was mixed with a solution of 1.6 mM
tetramethylbenzidine and 1 mM H,O,,. Activity was measured
spectrophotometrically as the change in absorbance at 650
nm at 37 °C. Data was expressed as milliunits per milligram
of protein.

Oxide Nitric (ON) Level

The ON level was estimated by measuring nitrite/nitrate
level, through the Griess reaction, in samples (liver, gut and
kidney), by adding 100 ul of Griess reagent [0.1% (w/v)
naphthylethylendiamide dihydrochloride in water and 1% (w/v)
sulphanilamide in 5% (v/v) concentrated H,PO,, vol. [1:1] to
the 100 ul sample. After 1 h of incubation at room tempe-
rature, absorbance was recorded in a spectrophotometer at
550 nm'?. The results were expressed as nmol of nitrite levels
per milligram of protein.

Cytokine Levels

The blood and gut samples were homogenized in an extrac-
tion solution containing PBS buffer PH 7.0, centrifuged 5000
rom for 3 min, and 100 ul of supernatant as used for each
assay. The level of cytokines IL-1B (DY501), IL-6 (DY506) and
IL-10 (R1000) was determined by enzyme linked immunosor-
bent assay (ELISA) on a microplate reader using a commercial
kit (R&D System), according to the manufacturer’s protocol.

Assessment of Kidney and Liver Damage

To evaluate the possible toxicities of probiotic treatments,
the plasma levels of AST, ALT (two markers of liver damage)
and creatinine (markers of renal function) were investigated.
All parameters were determined using commercial colorime-
tric method kits (Labtest Diagnostical).

Protein Determination

Protein content from homogenized intestine tissue was
measured following the previous protocol’. The phospho-
molybdic phosphotungstic reagent (folin phenol) was added
to bind to the protein, being slowly reduced from yellow to
blue with a reading obtained at 750 nm absorbance.

Histological Analyses

Another group of the animals (n=4) were euthanized
with isoflurane inhalation and jejunum tissue total were
immediately collected and fixed in 10% buffered formalin
solution. Smaller fragments were processed routinely,
embedded in paraffin, cut info sections of 3—4 um, stained
with hematoxylin-eosin (HE) and examined under an optical
microscope. It is noteworthy that the histological analysis
of the intestine was performed. The histological analyses
were performed by one of the authors blinded to the group.
Images were read in magnification 10x. Our slides were
analyzed showing an ordered progression in severity accor-

| 14

ding to Gibson-Corley et al.’, where: O - normal; 1 - mild;

2 - moderate and 3 - severe.
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Statistical Analyses

All data are expressed as means =+ standard error medium
(SEM), and all statistical analyses were performed using Graph
Pad Prism version 9.0 Software (San Diego, CA, USA). To
test a Gaussian distribution, a D’Agostino-Pearson omnibus
normality test was used. Statistical analyses were performed
using a one-way ANOVA followed by the Tukey's test for
multiple comparison. Values of p<0.05 were considered
statistically significant.

RESULTS

Effects of Postbiotics in the Cytokine Levels in the

Blood and Brain

Regarding the blood cytokines of mice (Figures 2A, 2B
and 2C), the one-way ANOVA analysis revealed effects of
different postbiotics inthe IL-18 (F ,, ,,,= 17.60, p<0.0001),
IL-6 (F 4, 4= 18.58, p<0.0001 )ond IL-10 (Fy 4= 852,
p<0. OOO]) The results illustrated in the Figures 2A and 2B
show that Streptococcus thermophilus (ATCC 19258) in the
dose 10 mg and 1 g and Bifidobacterium lactis (CCT 7858)
1 g increased the IL-1B and IL-6, respectively, in the blood
of animals, while the IL-10 levels (Figure 2C) was increased
by Streptococcus thermophilus (ATCC 19258) in the dose 10

mg and 1 g freatments.

The one-way ANOVA revealed a significant effect of
IL-1B (F 16, 1= 393, p<0.0007) and IL-10 (F, ,, = 3.23,
p:0.0034) but no effect in the IL-6 (F , ,,,= 1.29, p=0.26)
in the brain of mice (Figures 2D, 2E and 2F). The results of
the Figures 2D, 2E and 2F demonstrates that Lactobacillus

paracasei (CCT 7861) 10 mg decreased the IL-1B, IL-6 and

IL-10, respectively. The other postbiotics, independent of dose
(10 mg or 1 g) did not alter the cytokines.

Effects of Probiotics in the MPO Activity in the Liver,
Gut and Kidney
Related to the MPO activity, the one-way analysis reve-
c1|ed an effect of probiotics in the brain tissue (Figure 3A;
“0 = 9.76,p<0.0001), in the gut tissue (Figure 3B; F
17.10, p<0.0001) and in the liver tissue (Figure 3C
Fiio, 49~ 8-:34, p<0.0001). In the kidney, only Lactobacillus
paracasei (CCT 7861) 1 g increased the MPO activity and
in the liver the Streptococcus thermophilus (ATCC 19258) 1
g and Bifidobacterium lactis (CCT 7858) 10 mg increased
this enzyme. Interestingly, in the gut, Lactobacillus gasseri 10
mg (CCT 7860) and 1 g, Lactobacillus casei (CCT 7859) 10
mg and 1 g, Lactobacillus paracasei (CCT 7861) 10 mg and
1 g and Bifidobacterium lactis (CCT 7858) 1 g decreased
the MPO activity.

44)

Effects of Postbiotics on ON Levels in the Liver, Gut

and Kidney

In relation to the effects on ON levels, the one-way analysis
revealed a significant effect of probiotics in the brain tissue

(Figure 4A, F .= 2.45,p=0.0197), inthe gut tissue (Figure
4B; F o 4y= 764, p<0.0001) and in the liver tissue (Figure
4C, F 1,49~ 2.86,p=0.0078). In the kidney (Figure 4D) and

in the liver, none of the postbiotics altered the ON levels. In
the gut, Lactobacillus gasseri (CCT 7860) 1 g, Lactobacillus
casei (CCT 7859) 10 mg and 1 g and Lactobacillus paracasei
(CCT 7861) 10 mg reduced this parameter.
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Figure 2 - Effects of postbiotics (10 mg and 1 g; 1.g) on the IL-1p levels, IL-6 levels and IL-10 levels in the blood (4, B, and C, respectively) and in the brain (D, E, and F,
respectively) of mice. Each column represents the mean + SEM. Data were analyzed by a one-way ANOVA followed by Dunnette's multiple comparison test when appropriate.
(*) p <0.05, (**) p < 0.01 and (***) p < 0.001 denote the significance levels when compared to the control group.
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Figure 3 - Effects of postbiotics (10 mg and 1 g; i.g) on the MPO activity in the brain (4), gut (B) liver (C) and in the kidney (D) of mice. Each column represents the mean +
SEM. Data were analyzed by a one-way ANOVA followed by Dunnette's multiple comparison test when appropriate. (**) p < 0.01 and (***) p < 0.001 denote the significance

levels when compared to the control group.
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Effects of Postbiotics in the Plasma Levels of AST,

ALT and Creatinine

In relation to the effects in the plasma analysis (Table 1),
the one-way analysis revealed no significant effect of post-
biotics in the AST (F; ,,= 1.47, p=0.1811) and in the ALT
(Fio,49= 1.57, p=0.1477) levels, but a significant effect in
the creatinine (F, ,,,= 2.66, p=0.0122) levels. The Bifido-
bacterium lactis (CCT 7858) 10 mg, but not 1 g increased
the creatinine levels.

Table 1 - Effect of paraprobiotics on AST, ALT and creatinine levels.

Treatments AST (U/L) ALT (U/L) Creatinine
(mg/dL)
Control 19.80£054 21.22+202 1.35+0.09
L. gasseri 10 mg 20.88+1.28 20.42+046 1.40+0.05
L. gasseri1g 19.88£0.41 19.84+027 1.46+0.03
L. casei 10 mg 19.69+0.38 20.78+092 1.47+0.03
L. caseilg 19.01£059 20.34+039 1.37+0.05
L. paracasei 10 mg 22.63+246 19.16+1.03 1.44+0.07
L. paracasei 1 g 2510+3.92 1823+0.70 1.80+0.14
S. thermophilus 10mg  18.49+2.23  19.95+1.40 1.66 £ 0.06
S. thermophilus 1 g 18.38£2.08 17.20+0.38 1.66+0.10
B. lactis 10 mg 18.71£1.04 2026 £2.88 2.11+0.39*
B.lactis1g 17.48£1.03 1615035 1.45+0.59

Note: Values are reported as mean + SEM for five animals per group. Data were analyzed by
one-way ANOVA followed by the Dunnette’s test. ALT: alanine aminotransferase; AST: aspartate
aminotransferase.

Histological Images

Figure 5 exhibits representative histological images of the
gut from the animals. Preserved villi were noted in both doses
and in all groups. Slides were analyzed showing an ordered
progression in severity, according Gibson-Corley et al.’. All
slides had normal grade (0) and no slides showed mild or
more lesion grade (see supplementary material).

DISCUSSION

Though postbiotics have been widely used in supplementa-
tion, not enough toxicological data have been generated. Thus,
the major findings of the present study were the evaluation of
the safety of low-dose and high-dose of five different postbiotics.
Between the five postbiotics tested, Streptococcus thermophilus
(ATCC 19258) and Bifidobacterium lactis (CCT 7858) in high
dosage increased the IL levels in the blood of mice, which is
probably a response to repeated doses. In contrast, most post-
biotics did not cause alterations in these parameters or reduce
per se the IL and ON levels, such as MPO activity.

The low toxicity of postbiotics is supported by the obser-
vation that, after its administration for 15 consecutive days,
there were no changes in the levels of AST and ALT (markers
of liver damage), creatinine (marker of kidney damage) and
in the histopathology of the intestine of mice, confirming the
safety of its use. An exception is the B. lactis (CCT 7858) 10
mg, that increased creatinine.

The microbiota has recently been associated in the patho-
physiology of many intestinal and extraintestinal diseases, inclu-
ding depression'®, obesity'?, diabetes'’, rheumatoid arthritis'®,
Alzheimer disease'?, Parkinson disease?® and many more. Thus,
the appropriate balance of the intestinal microbiota is essential
to physiological functions and the use of postbiotics could
have therapeutic potential in favor of diseases. The popularity
of probiotics has gained attention in the medical field, due to
its reduced toxicity and improved health condition of a host.

First, our study investigated the levels of IL in the blood and
brain, to verify the toxicity related to inflammatory processes
in the both tissues. The inflammation is a biological response
of the immune system, that is triggered by a variety of factors,
including toxic compounds. The IL are inflammatory cytokines
released by some cells, including monocytes, macrophages,
and lymphocytes?'. Here, only Streptococcus thermophilus
(ATCC 19258) and Bifidobacterium lactis (CCT 7858) in the
high-dose increased the IL6, IL1B and IL10 levels in the blood.
These results suggest that repeated exposure to postbiotics
can induce inflammation in the blood, and it seems that the
inflammatory responses are too weak in blood to cause some
alteration in the brain. Other studies also demonstrated that
Streptococcus thermophilus (ATCC 19258) induced a signi-
ficant increase of anti-inflammatory IL-6 and IL-10 cytokines,
suggesting that this postbiotics is beneficial in the management

and treatment of immune and inflammatory diseases?*%.

Lactobacillus paracasei (CCT 7861) 10 mg reduced the
IL1B in the brain. It corroborates a previous study, which
demonstrated that Lactobacillus paracasei (CCT 7861) has
anti-inflammatory properties?*. Furthermore, it was previously
demonstrated that several Lactobacillus spp. exert effect on
many inflammatory disorders.

In the current study, the MPO activity was measured to
evaluate the neutrophil accumulation in the liver, gut and
kidney. The results were more significant in the gut, because
all Lactobacillus spp. in both doses and Bifidobacterium lactis
(CCT 7858) in the high-dose reduced the MPO activity,
suggesting a lower infiltration of neutrophils and a possible
reduction in gut inflammation. It corroborates a previous
study, that showed the attenuation of gut inflammation by a
probiotic mixture containing Lacfobacillus spp. and Bifido-
bacterium spp., suggesting that this mixture can be used to
protect against gastrointestinal disorders?®. Finally, our study
shows that postbiotics supplementation is safe and not toxic,
even in high doses.
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Figure 5 - Representative histological images of the gut of mice at 10x magnitude. L. casei 10mg and 1g; L. gasseri 10mg and 1g; B. lactis 10mg and 1g; L. paracasei 10mg
and 1g; S thermophilus 10mg and 1g. Arrows show intact villi. Only qualitative representations. (n=4).

BRASPEN J 2023; 38 (2): 152-9
158



10.

11.

12.

Effects of repeated low and high dosage postbiotics administration in toxicity and inflammatory

REFERENCES

. Plaza-Diaz J, Ruiz-Ojeda FJ, Gil-Campos M, Gil A. Mechanisms

of action of probiotics. Adv Nutr. 2019;10(suppl_1):S49-S66.

. Singh K, Rao A. Probiotics: a potential immunomodulator in

COVID-19 infection management. Nutr Res. 2021;87:1-12.

. Dermyshi E, Wang Y, Yan C, Hong W, Qiu G, Gong X, et al.

The “golden age” of probiotics: a systematic review and meta-
analysis of randomized and observational studies in preterm
infants. Neonatology. 2017;112(1):9-23.

. Yu Y, Dunaway S, Champer J, Kim J, Alikhan A. Changing

our microbiome: probiotics in dermatology. Br J Dermatol.
2020;182(1):39-46.

. Akter S, Park JH, Jung HK. Potential health-promoting benefits

of paraprobiotics, inactivated probiotic cells. ] Microbiol Biote-
chnol. 2020;30(4):477-81.

. Siciliano RA, Reale A, Mazzeo MF, Morandi S, Silvetti T, Brasca

M. Paraprobiotics: a new perspective for functional foods and
nutraceuticals. Nutrients 2021;13(4):1225.

. Lahtinen SJ. Probiotic viability - does it matter? Microb Ecol

Health Dis. 2012;23.

. Michels M, Jesus GFA, Voytena APL, Rossetto M, Ramlov

F, Coérneo E, et al. Immunomodulatory effect of Bifidobacte-
rium, Lactobacillus, and Streptococcus strains of paraprobiotics
in lipopolysaccharide-stimulated inflammatory responses in
RAW-264.7 macrophages. Curr Microbiol. 2022;79(9):1-14.

. Avila PRM, Michels M, Vuolo F, Bilésimo R, Burger H, Milioli

MVM, et al. Protective effects of fecal microbiota transplanta-
tion in sepsis are independent of the modulation of the intestinal
flora. Nutrition. 2020;73:110727.

Carmen SD, LeBlanc AM, Martin R, Chain F, Langella P,
Bermudez-Humaran LG, et al. Genetically engineered immu-
nomodulatory Streptococcus thermophilus strains producing
antioxidant enzymes exhibit enhanced anti-inflammatory acti-
vities. Appl Environ Microbiol. 2014;80(3):869-77.

Young LMD, Kheifets JB, Ballaron SJ, Young JM. Edema
and cell infiltration in the phorbol ester-treated mouse ear are
temporally separate and can be differentially modulated by
pharmacologic agents. Agents Actions. 1989;26)3-4):335-41.
Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS,
Tannenbaum SR. Analysis of nitrate, nitrite, and [15N]nitrate in
biological fluids. Anal Biochem. 1982;126(1):131-8.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem.
1951;193(1):265-75.

Gibson-Corley KN, Olivier AK, Meyerholz DK. Principles
for valid histopathologic scoring in research. Vet Pathol.
2013;50(6):1007-15.

Kazemi A, Djafarian K. Gut microbiota and depression. In:
Martin CR, Hunter LA, Patel VB, Preedy VR, Rajendram R. The
neuroscience of depression. Massachusetts: Academic Press;
2021. p. 463-72.

Lee P, Yacyshyn BR, Yacyshyn MB. Gut microbiota and obesity:
an opportunity to alter obesity through faecal microbiota trans-
plant (FMT). Diabetes Obes Metab. 2019;21(3):479-90.
AnjanaR. Gut Microbiota and Diabetes Mellitus: Understanding
the Link. In: SV Madhu. RSSDI Diabetes Update 2016. New
Delhi: Jaypee; 2017.

Bravo-Blas A, Wessel H, Milling S. Microbiota and arthritis:
correlations or cause? Curr Opin Rheumatol. 2016;28(2):161-7.
Saha S, Singh S, Prasad S, Mittal A, Sharma AK, Chakrabarti S.
Gut microbiota and Alzheimer’s disease: experimental evidence
and clinical reality. Curr Alzheimer Res. 2021;18(10):787-801.
Giizel M. Human gut microbiotaand Parkinson disease. J Cellular
Neuroscience Oxidative Stress. 2018;10(3):794.

Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines and
chemokines: at the crossroads of cell signalling and inflamma-
tory disease. Biochim Biophys Acta. 2014;1843(11):2563-82.
Dargahi N, Matsoukas J, Apostolopoulos V. Streptococcus ther-
mophilus ST285 alters pro-inflammatory to anti-inflammatory
cytokine secretion against multiple sclerosis peptide in mice.
Brain Sci. 2020;10(2):126.

Marcial G, Villena J, Faller G, Hensel A, Valdéz GF. Exopoly-
saccharide-producing Streptococcus thermophilus CRL1190
reduces the inflammatory response caused by Helicobacter
pylori. Benef Microbes. 2017;8(3):451-61.

Morita Y, Miwa Y, Jounai K, Fujiwara D, Kurihara T, Kanauchi
O. Lactobacillus paracasei KW3110 prevents blue light-
induced inflammation and degeneration in the retina. Nutrients.
2018;10(12):1991.

Quaresma M, Damasceno S, Monteiro C, Lima F, Mendes T,
Lima M, et al. Probiotic mixture containing Lactobacillus spp.
and Bifidobacterium spp. attenuates 5-fluorouracil-induced
intestinal mucositis in mice. Nutr Cancer. 2020;72(8):1355-65.

Study location: University of Southem Santa Catarina (UNESC), Criciuma, SC, Brazil.

Conflict of interest: MPR e APV tem vinculo empregaticio com a empresa Gabbia Biotechnology, que cedeu os probidticos
empregados no presente estudo.

BRASPEN J 2023; 38 (2): 152-9

159



