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ARTICLE INFO ABSTRACT

Keywords: Background and aim: The etiopathogenesis of inflammatory bowel disease (IBD) is associated with
Inﬂam"‘_“ato"}’ _b_OWEI disease different factors such as genetic, infectious, immunological, and environmental, including
Ulcerative colitis modification of the gut microbiota. IBD's conventional pharmacological therapeutic approaches
Probiotics . o .

Kefir have become a challenge due to side effects, complications from prolonged use, and higher costs.

Kefir fermented milk beverage is a functional food that has demonstrated multiple beneficial
effects including anti-inflammatory and antioxidant activity. Alternative therapeutic strategies
have been used for IBD as more natural products with low-cost and easy acquisition. The aim of
this study is to evaluate the anti-inflammatory effects of kefir fermented milk beverage on sodium
dextran sulfate (DSS)-induced colitis in rats.

Methods: We used 4 groups to perform this study: baseline control (BC), kefir control (KC), 5%
untreated DSS-induced colitis (DSS), and 5% DSS-induced colitis treated with kefir (DSSK). The
animals received fermented kefir milk beverage ad libitum for six days and the disease activity
index was recorded daily. Colon samples were processed for Transmission Electron Microscopy
and histopathological evaluation. We analyzed short fatty chain acids through the fecal sample
using gas chromatography.

Results: Kefir supplementation was able to reduce the clinical activity index and inflammatory
process evidenced by decreased neutrophil accumulation, decreased reticulum edema, and
increased autophagosomes. Also, showed a trend to increase the levels of acetate and propionate.
Conclusions: Our results suggest that kefir fermented milk beverage may have an anti-
inflammatory effect minimizing the intestinal damage of DSS-induced colitis.

Short-chain fatty acids
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1. Introduction

The major forms of inflammatory bowel disease (IBD) are Crohn’s disease (CD) and ulcerative colitis (UC), which affect the
gastrointestinal tract in a chronic, non-curable, and recurrent process, with a higher predominance among young (15-30 years old),
and Caucasian individuals [1, 2]. In the last decades, there has been a global expansion of IBD cases becoming serious endangers of
human health with a significant social and financial impact on individuals, families, and society [1, 2, 3, 4].

Etiopathogenesis is associated wit, h different factors such as genetic, infectious, immunological, and environmental, including
modification of the gut microbiota [5, 6]. Individuals with IBD have decreased numbers of bifidobacteria and lactobacilli, and
anaerobic bacteria, compromising the intestinal barrier homeostasis affecting the innate, and adaptive immune response causing tissue
damage [5, 6, 7, 8].

IBD's conventional treatments focus on the control of symptoms through pharmacotherapy (including aminosalicylates, cortico-
steroids, immunomodulators, and biologics) and/or surgical resection in some cases [1, 2]. However, the complications of prolonged
use, side effects, and adverse reactions remain a challenge [9, 10, 11]. Also, a considerable fraction of patients do not respond or lose
response during the treatment [9, 10, 11, 12].

Emerging therapeutic approaches, such as the use of probiotic strains for the improvement of intestinal microecology have been
more attention from researchers as an adjuvant therapeutic strategy in IBD [12, 13]. In this view, there is an increasing interest in
beneficial microorganisms present in fermented food given its ability to resist the digestive system and act in the intestine, modifying
the composition of gut microbiota, improving the control of intestinal permeability, and increasing its barrier function [4, 14, 15, 16].

Originally from the Caucasian, Tibetan, and Mongolian mountains, kefir comprises a complex microbial consortium of mainly
lactic acid and acetic acid bacteria and yeasts, with great functional potential, low-cost, easy to handle, and accessible to the general
population [17, 18]. Besides improving gut microbiota composition [19], kefir fermented milk beverage shows many different
properties including anti-inflammatory [20, 21, 22], antioxidant [23, 24], antitumor [25], anti-allergenic [26], and
immune-modulatory activities [27]. Furthermore, kefir’s ability to heal wounds may result from its antimicrobial and
anti-inflammatory activities, which can act synergistically to contribute to healing [19, 20, 21, 22].

The immune-modulatory properties of kefir may result from the direct action of the microbiota or may be indirect, through
different bioactive compounds produced during the fermentation process [28] like short-chain fatty acids (SCFAs) that represents a
rich source of energy for colonocytes [29]. The highest concentrations of acetate, butyrate, and propionate in the colonic lumen
suggest a direct action on the epithelium and immune cells promoting health effects [30].

In a prospective, randomized, open-label, and controlled clinical trial study conducted on 45 patients with IBD, was verified that
the supplementation with 400 mL/day of kefir decreased abdominal discomfort providing welfare [31]. The role of kefir was also
investigated in both TNBS and DSS models of colitis demonstrating some possible mechanisms of action such as anti-inflammatory
effects and regulation of intestinal barrier function [32, 33].

In this context, it is necessary to develop alternative therapeutic strategies for IBD with more natural and effective products,
associated with low-cost and easy acquisition. Therefore, this study aimed to evaluate the anti-inflammatory effects of kefir fermented
milk beverage on sodium dextran sulfate (DSS)-induced colitis in rats.

2. Materials and methods
2.1. Experimental animals

Male Wistar rats (8-10 weeks old, weighing between 180 and 250 g) were obtained from the animal facility of the Center for
Development of Experimental Models for Medicine and Biology (CEDEME) at the Federal University of Sao Paulo - Escola Paulista de
Medicina (UNIFESP-EPM). The animals were housed in groups of four per cage in a light and temperature-controlled room (12 h light/
dark cicles and 23 °C) and were given free access to a standard chow diet and water. All procedures were conducted respecting the
ethical precepts of experimental animals and the study was approved by the Commission for the Use of Animals in Research (CEUA
3627290119 and 6581021019) of UNIFESP/EPM.

2.2. Fermented kefir milk beverage

Fermented milk beverage was prepared from 20 mg of freeze-dried kefir culture (Danisco Biolacta, Olsztyn, Poland), containing
10'° colony-forming units per gram (CFU/g) of lactic acid bacteria and 10-10” CFU/g of yeast including Lactobacillus sp., Lactococcus
lactis subsp., Streptococcus termophilus, Leuconostoc sp. grains, and yeast of kefir. To this mixture was added 100 mL of pre-reconstituted
whole powder milk (Ninho, Nestlé, SP) in 10% of distilled water and incubated at 85 °C for 15 min (TM5 Thermomix, Vorwerk & Co.
KG, Germany). Fermentation was performed for 16 h at 23 °C and was monitored by the Cinac System (Cynetiqued’ acidification,
Yseabaert, Frepillon, France) until it reached pH 4.6. After that, we stopped the fermentation by cooling the vials in the ice bath, and
the product was stored under refrigeration at 4 °C [34]. The kefir was prepared once a week, thus ensuring the freshness of the product.
All procedures were performed at the Functional Fermented Food Laboratory, Faculty of Pharmaceutical Sciences, Universidade de Sao
Paulo, Sao Paulo, SP, Brazil.
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2.3. Colitis induction and treatment methods

The animals were randomized into four groups with eight rats in each group: baseline control (BC), kefir control (KC), 5% untreated
DSS-induced colitis (DSS), and 5% DSS-induced colitis treated with kefir (DSSK). Colitis was induced by administration of 5% Dextran
Sulfate Sodium (DSS) (MP Biomedicals), diluted in drinking water, and offered ad libitum for five days. On the third day, the bottles
with DSS solution were changed to maintain drug efficacy. The DSS solution was changed for drinking water after 5 days.

The fermented kefir milk beverage was offered ad libitum for six days for rats of KC and DSSK groups. The DSSK group started the
supplementation with kefir on the third day of the experiment.

2.4. General observations and disease activity index

After colitis induction, the disease activity index (DAI) (percentage of weight loss, bleeding, and stool consistency) was recorded
daily using the score of Sanchez-Fidalgo et al. [35]. In addition, the consumption of food and water was evaluated daily.

2.5. Euthanasia and sample collection

The euthanasia of all groups happened on day nine of the experiment with a lethal dose of halothane (Tanohalo®). After 10 min of
the total loss of reflexes, a cardiac puncture was performed to confirm the death, followed by the opening of the abdominal cavity, with
the removal of the entire colon, and washing with sterile phosphate-buffered saline (PBS). The entire colon of each animal was
recorded. Representative sections of the distal colon (two from each group) in the size of Imm x 1mm x 2 mm were fixed in 2%
formaldehyde + 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 2 h at 4 °C and subsequently fixed in 2% osmium
tetroxide in 0.1 M sodium cacodylate buffer for the same period, for posteriorly ultrastructural analysis. For histopathological analysis,
samples from each animal’s distal colon (of each animal per group) were fixed in 10% buffered formalin and embedded in paraffin.
Sample feces were frozen in liquid nitrogen and stored at "80°C for posterior short-chain fatty acids (SCFAs) analysis.

2.6. Histopathological analysis

Histological sections of 3-4 pm were stained with hematoxylin and eosin for histopathological evaluation of colonic damage by
light microscopy. Parameters such as inflammation extent, regeneration, and crypt damage were graded according to Dieleman et al.
[36]. The images were captured in the Zeiss Axioskop 40 optical microscope at 50X magnification. The images were obtained using the
Zeiss AxioCam MRc5 camera attached to the optical microscope and photographed using Zeiss AxioVision Software. The scale bar was
inserted by the same software.

2.7. Goblet cell index

We used the histochemical technique of Alcian Blue (AB) to evaluate the goblet cell. The slides were deparaffinized in xylene and
alcohol baths, then the dye Alcian Blue (Ventana Medical Systems, Arizona, USA) was added to the sections for 20 min with subsequent
rinsing in distilled water. Hematoxylin was applied to the sections for 30 s followed by rinsing in tap water, alcohol, and xylene baths,
and then mounted on Entellan (Merck, Darmstadt, Germany). For each animal, about 15 fields were captured in 5 distinct sections,
from which approximately 1000 consecutive cells were quantified, AB positive or not, with the aid of the Olympus BX40 optical
microscope, using 20x objective. The ratio between the number of goblet cells and the number of enterocytes in the mucosa was
defined as the goblet cell index (CI), as follows: CI = (No. of goblet cells/the total number of mucosal cells) x 100.

2.8. Analysis of ultrastructural changes by transmission electron microscopy (TEM)

Tissue specimen previously fixed in 2% formaldehyde + 2.5% glutaraldehyde, and in 2% osmium tetroxide were washed in PBS,
dehydrated in ethanol, embedded in a mounting medium at 37 °C for 3 h, and finally polymerized at 60 °C for 36 h. Propylene oxide is
used in the last dehydration step because it is purer than ethanol and attracts less water and is also used in the dilution of the resin,
which is hydrophobic. The EPON resin was used for electron microscopy. Sections were made in an ultramicrotome. The semi-fine
sections (300-500 pm) for area delimitation. The slides were put under light microscopy and hot stained with 1% toluidine blue.
To obtain the ultra-thin sections (70 nm) fenestrated copper metal grids covered with plastic film and contrasted with uranyl acetate
staining and lead citrate were added. The subsequent analyses were performed using a transmission electron microscope, model EX II
1200 (JEOL, Japan) coupled to a digital camera system GATAN Orius (USA).

2.9. Analysis of short-chain fatty acids (SCFAs)

Sample preparation and SCFAs measurement were performed as described in the previous protocol [37] with adaptations.
Commercially available acetic, propionic, and butyric acids of analytical grade were used as standards. To quantify SCFAs, a standard
curve for the concentration range of 0.156-10 mmol/L was constructed using rat feces as the matrix. Briefly, feces samples were
weighed into microtubes (approximately 30 mg per sample) and homogenized with 100 pL of distilled water. Subsequently, 40 mg of
sodium chloride, 50 pL of 1 M hydrochloric acid, and 300 pL of n-butanol were added. The microtubes were vortexed for 2 min and
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centrifuged at 18,000xg for 15 min. The organic phase was transferred to chromatographic vials and analyzed using a GC-FID 2010
(Shimadzu) equipped with AOC-20i Autosampler and using a 30 m x 0.25 mm L.D. fused silica capillary Rtx-wax column (Restek
Corp.) coated with 0.25 pm polyethylene glycol. Samples (1 pL) were injected at 260 °C using a 20:1 split ratio. High-grade pure
nitrogen was used as gas carried at 1 mL/min constant flow. Data were expressed as pM.

2.10. Statistical analysis

Data were reported as mean + SEM. Statistical analysis was performed by one-way analysis of variance (ANOVA), followed by
Tukey post hoc test using Graph Pad Prism (version 6.0). The significance level adopted was p < 0.05 (x = 5%).

3. Results
3.1. Effects of kefir on disease activity index

The results of DAI demonstrated that colitis was successfully induced by DSS. The rats had abdominal distension, bleeding diarrhea,
and massive weight loss. The supplementation with kefir significantly decreased clinical activity (p=0.0013) and promotes weight
gain. Rats of baseline and kefir control groups did not show symptoms of colitis and had an increased weight body (Figure 1).

The consumption of kefir was 25 mL/day/rat in both control and treated groups (KC and DSSK, respectively). There were no
significant differences regarding the consumption of water between the groups, however, was observed a slight increase in water
consumption in the DSS group (50 mL/day/rat) in comparison with BC and KC groups (40 mL/day/rat). There was a small decrease in
water consumption after the inclusion of kefir in the DSS-induced colitis group (DSSK) (Figure 1).

Regarding food consumption, the BC group maintained a mean consumption of 40 g/day/rat. There was an oscillation in food
consumption in other groups (KC, DSS, and DSSK groups, respectively).

3.2. Effects of kefir on macroscopic and microscopic alterations

Macroscopically, the colon rats in the DSS group showed edema and increased colon wall thickness. The BC and KC did not show
macroscopic alterations. The DSSK group showed mild edema (Figure 2). Regarding histological abnormalities, the DSS group showed
mostly changes such as loss of cellular architecture, ulceration, intense inflammatory infiltrate, exudate, intraluminal fibrin, and in
some cases, necrotic mucosa. Supplementation with kefir was markedly able to decrease the inflammatory process and preserve the
intestinal epithelium (p=0.0013) (Figure 3).
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Figure 1. A) and B) Effects of kefir on disease activity index and body weight: ®Basal control (BC), bkefir control (KC), and °DSS-induced colitis
supplemented with kefir (DSSK) vs DSS control group (p=0.0013); C) Consumption of water and D) Consumption of food: non-significant. ANOVA —
Tukey's test (8 rats per group).
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Figure 2. Effects of kefir on macroscopic colon appearance. A) Basal control and B) kefir control: no macroscopic alterations; C) DSS-induced
colitis: edema and colon wall thickness; and D) DSS-induced colitis supplemented with kefir: mild edema.

3.3. Effects of kefir on goblet cells index

As expected, the BC and KC groups maintained the preservation of goblet cells in all the tissue evaluated compared to the DSS group
and those treated with kefir (p < 0.0001). There were no significant differences in goblet cell index between the DSS and DSSK groups,
however, rats of the DSSK group showed a trend of increase in goblet cells (Figure 4).

3.4. Effects of kefir on ultrastructural changes

The rats of BC and KC groups did not present ultrastructural alterations, the tight junctions, absorptive epithelium, and other
structures being easily seen. Rats of the DSS group exhibited loss of absorptive epithelium and tight junctions. Also, there was edema of
the reticular system and mitochondrial crest. Fibrin deposits were observed indicating tissue healing. On the other hand, rats with DSS-
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Figure 3. Effects of kefir on microscopic alterations (Zeiss optical microscope — 50x magnification) — Hematoxylin-eosin. A) Basal control and B)
kefir control: normal morphology (arrow: Peyer’s patches); C) DSS-induced colitis: ulceration area (arrow) permeated by preserved tissue; D) DSS-
induced colitis supplemented with kefir: preserved cellular architecture, and E) Histological score: *Basal control (BC), Pkefir control (KC), and °DSS-
induced colitis supplemented with kefir (DSSK) vs DSS control group (p=0.0013). ANOVA - Tukey’s test (8 rats per group).

induced colitis supplemented with kefir showed both absorptive epithelium and tight junctions preserved. In addition, was verified
decreased reticulum edema and mitochondrial crest and an increase in autophagosomes (Figure 5).

3.5. Effects of kefir on SCFAs production

There were no significant differences in SCFAs measurement between the groups. All SCFAs were decreased in DSS group rats,
especially butyrate. With exception of butyrate, the supplementation with kefir on rats with DSS-induced colitis possibly influenced the
levels of acetate and propionate (Figure 6).

4. Discussion

The necessity of developing an alternative therapy for IBD is a new reality. The theoretical basis of intestinal microbiota disorder
awakens the researchers for search potentially effective treatment methods for IBD by improving the intestinal microbiome [1, 12, 13].
In this perspective, Lactobacillus and Bifidobacteria are important species of lactic acid bacteria used as probiotics with evidence of
their importance in human health [1, 12, 13, 14]. Recently, exposure of T cells from biopsy specimens of patients with active IBD to
lactobacillus treatment reduced the secretion of pro-inflammatory cytokines and modulated T lymphocyte cell proliferation [38].
Similarly, biopsies exposed to the probiotic Lactococcus lactis exhibited reduced secretion of TNF-a and IL-23 [39]. According to Braat
et al. the consumption of Lactobacillus lactis for one-week reduced C-reactive protein (CRP) levels in CD patients [40].
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Globet cell index

Groups

Figure 4. Effects of kefir on goblet cell index (Zeiss optical microscope — 50x magnification) — Alcian Blue staining. A) Basal control and B) kefir
control: preserved goblet cells (arrow); C) DSS-induced colitis: depletion of goblet cells (arrow); D) DSS-induced colitis supplemented with kefir:
preserved goblet cells, and E) Goblet cells index: *Basal control (BC) and bkefir control (KC) vs DSS control group (DSS) (p < 0.0001). ANOVA -
Tukey’s test (5 rats per group).

Comprising mainly lactic acid and acetic acid bacteria, and yeasts, kefir fermented food is gaining popularity in the Latin American
population because it can be purchased by donation, which significantly reduces production and consumption costs [17, 18, 41]. In
this view, we evaluated the effects of kefir fermented milk beverage on sodium dextran sulfate (DSS)-induced colitis in rats. Our results
demonstrated that the supplementation with kefir fermented milk beverage significantly decreased the colitis clinical activity and
microscopic damage, corroborating with other studies. Sevencan et al. (2019) demonstrated that kefir supplementation at a con-
centration of 10% decreased episodes of diarrhea and rectal bleeding as well as the inflammatory process, preserving cell architecture
on TNBS-induced colitis in rats. On the other hand, the concentration of 30% exacerbated both clinical disease activity and tissue
damage [42].

In the study conducted by Senol et al. (2015) the administration of the same Lactic kefir culture (Danisco Biolacta, Olsztyn, Poland)
resulted in decreased clinical activity and inflammatory process, as well TNF-«a levels of 3% in DSS-induced colitis in Wistar rats [43].
Chen et al. (2012), demonstrated that administration of 108 CFU/d of Lactobacillus kefiranofaciens decreased rectal bleeding and the
inflammatory process, increased IL-10 production, and suppressed pro-inflammatory cytokines via the TLR2 pathway, suggesting the
restoration of the epithelial barrier [44]. Similarly, Shin et al. (2020) reported that the administration of Lactobacillus brevis (Bmb6)
exerted positive effects on DSS-induced colitis by suppressing pro-inflammatory cytokines, enhancing ZO-1 expression, and preserving
the intestinal epithelium possibly by an increase in the goblet cells number [45].

Indeed, the intestinal barrier function plays an important role in IBD pathogenesis. Damage to intestinal epithelial cells compro-
mises the integrity and loosens tight junctions (TJs) facilitating direct interaction between pro-inflammatory antigenic components in
the lumen and the intestinal epithelium [46, 47]. Our findings in the electron microscopy revealed the integrity of the TJs and the
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Control

Figure 5. Representative transmission electron micrographs. A) Basal control and B) Kefir control - display normal morphological of mucosal villus,
zonula adherens preserved, normal rugous endoplasmic reticulum, preserved desmosome, and preserved mitochondria; C) DSS-induced colitis
display edema of rugous endoplasmic reticulum, swollen mitochondria, loss of mucosal villus and zonula adherens; and D) DSS-induced colitis
supplemented with kefir: a normal mucosal villus, zonula adherens preserved, normal rugous endoplasmic reticulum, preserved desmosome,
preserved mitochondria, and formation of autophagosomes. Abbreviations: MV — mucosal villus, ZA — zonula adherens, RER — rugous endoplasmic
reticulum, D — desmosome, and M — mitochondria. Symbols: e - mucus; * - bacterium.

absorptive epithelium in rats with DSS-induced colitis supplemented with kefir. Furthermore, considering the importance of goblet
cells for the continuous production of mucus, as a mechanism of epithelial cells protection, we evaluated goblet cells index, however,
there were no significant differences.

Still, regarding our electron microscopy findings, it is important to emphasize that we observed an increase of autophagosome in
rats with DSS-induced colitis supplemented with kefir. To the best of our knowledge, this is the first paper to report this finding.
According to the literature, autophagy is an essential mechanism of cell survival, involving and degrading its constituents such as
misfolded proteins, and excess and/or damaged organelles [48, 49, 50, 51, 52, 53]. Nighot et al. (2015) demonstrated that induction of
autophagy in cell lines promoted increased barrier function of tight junctions by reducing paracellular permeability of ions and small
solutes through claudin-2 degradation [51]. Thus, our findings suggest that the supplementation with kefir may have promoted
epithelial barrier restoration, but further studies are required to verify our hypothesis.

Kefir has beneficial properties with the ability to increase the diversity of the intestinal microbiota by the colonization of SCFAs-
producing bacteria [54. 55, 56]. Production of SCFAs is very important because they provide an energy source for colonocytes, help to
reduce inflammation, inhibit pathogen growth, and modulate the immune system [57, 58, 59, 60]. Therefore, the measurement of
SCFAs also was investigated in this study, however, no statistical difference between the groups analyzed was significant. We observed
a trend towards the increasing of acetate and propionate levels in the feces of rats with DSS supplemented with kefir, which may have
helped to reduce the inflammatory process, facilitating the restoration of the epithelial barrier, but further studies are required to
verify our hypothesis.

Tong et al. (2016) observed that pre-administration and co-treatment with propionate were shown to be effective in reducing the
expression levels of IL-1p, IL-6, and TNF-a as well as in decreasing neutrophil recruitment on DSS-induced colitis [61]. We also verify a
decrease in neutrophil recruitment.
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Figure 6. Effects of kefir on SCFAs measurement in feces. A) Acetate levels; B) Propionate levels; C) Butyrate levels; and D) The total SCFAs levels.
*p < 0.0001. ANOVA - Tukey’s test (6 rats per group).

Butyrate is also considered an important source of energy for colonocytes, playing a significant role in epithelial homeostasis [62].
It has an important contribution to immune tolerance, increasing the intestinal regulatory T cells (Tregs) and macrophage activity
modulation [63, 64] dendritic cells [65], and lymphocytes [64]. Sabatino et al. (2005) administered 4 g butyrate/day for 8 weeks by
oral via CD patients, which induced clinical improvement and remission in 53% of them [66]. In a study by Kaiko et al. (2016) butyrate
administration led to reduced epithelial proliferation in crypts adjacent to ulcers in mice with DSS-induced colitis [67]. Different from
our expectations, our results showed a decreased level of butyrate. There are two possible explanations for these results. Firstly, the
number of samples analyzed may not have been sufficient, and secondly, the kefir culture used in this experiment may not have enough
butyrate-producing strains.

The study’s main limitations were the small number of samples and the short treatment time. Possibly, a further protocol with many
samples and a long time of treatment as well the more specific molecular methods may better elucidate the role of kefir. Thus, it is
essential to emphasize that the different manufacturing conditions of kefir, production methods such as fermentation time and
temperature, type of milk used, and origin of the grains can influence the chemical and microbiological composition of the fermented
milk, can change the characteristics of microorganisms, and affect their health effects [19]. Besides, it is important to emphasize that
probiotics cannot cure the disease but can prolong the remission period, thus increasing patients’ quality of life [7]. Taken altogether,
kefir can be a good option in IBD treatment and should be better investigated.

5. Conclusion

In conclusion, our results suggest that kefir fermented milk beverage may have an anti-inflammatory effect minimizing the in-
testinal damage of DSS-induced colitis. However, more studies are needed to prove its effectiveness as well as better strain composition
and dosage recommendations.
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