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Abstract
AIM: The present study aimed to investigate the preventive effect of kefir on colitis induced with dextran sulfate sodium (DSS) in rats. 
METHODS: Twenty-four male Wistar-albino rats were randomized into 4 groups: normal control, kefir-control, colitis, and kefir-colitis groups. Rats in the normal and kefir-control groups were administered tap water as drinking water for 14 d. Rats in the colitis and kefir-colitis groups were administered a 3% DSS solution as drinking water for 8-14 d to induce colitis. Rats in the kefir-control and kefir-colitis groups were administered 5 mL kefir once a day for 14 d while; rats in the normal control and colitis group were adminestered an identical volume of the plasebo (skim-milk) using an orogastric feeding tube. Clinical colitis was evaluated with reference to the disease activity index (DAI), based on daily weight loss, stool consistency, and presence of bleeding in feces. Rats were sacrificed on 15th day, and blood specimens collected, and colon tissues were rapidly removed. Levels of myeloperoxidase (MPO), tumor necrosis factor (TNF)-α, interleukin (IL)-10, malondialdehyde, and inducible nitric oxide synthase (iNOS) were measured in colon tissue.
RESULTS: The DAI was lower in the kefir-colitis group than in the colitis group (on the 3rd and 5th days of colitis induction, P < 0.01). The DAI was also significantly higher in the colitis group between days 2 and 6 of colitis induction when compared to the normal control and kefir-control groups. The DAI was statistically higher only on the 6th day in the kefir-colitis group, when compared to that in the normal control groups. Increased colon weight and decreased colon length were observed in colitis-induced rats. Mean colon length in the colitis group was significantly shorter than that of the kefir-control group. Kefir treatment significantly decreased histological colitis scores (P < 0.05). MPO activity in the colitis group was significantly higher than in the kefir-control group (P < 0.05). Kefir treatment significantly reduced the DSS colitis induced TNF-α increase (P < 0.01). No statistically significant differences were observed between groups for IL-10 and MDA levels. Colon tissue iNOS levels in the colitis group were significantly higher than those in the control and kefir-colitis groups (P < 0.05). 
CONCLUSION: Kefir reduces the clinical DAI and histological colitis scores in a DSS-induced colitis model. Reduction of MPO, TNF-α, and iNOS levels of the colon tissue might be part of the mechanism that underlies the protective effects of kefir.
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Core tip: The present study aimed to find a pathophysiologycal way for preventive effect of kefir on colitis induced with dextran sulfate sodium (DSS) in rats. The results show that kefir reduces the clinical disease activity index and histological colitis scores in an experimental colitis model induced with 3% DSS. Beneficial effects mechanisms of kefir include reduction in myeloperoxidase, tumor necrosis factor-α, and inducible nitric oxide synthase levels. Indeed, the results of this study show that the therapeutic administration of kefir may have a place in the clinical treatment of inflammatory bowel diseases.
Senol A, Isler M, Sutcu R, Akin M, Cakir E, Ceyhan BM, Kockar MC. Kefir treatment ameliorates dextran sulfate sodium-induced colitis in rats. World J Gastroenterol 2015; In press

INTRODUCTION
The pathogenesis of inflammatory bowel disease (IBD) is not well understood, although there is strong evidence of an abnormal mucosal immune system response against intestinal lumen antigens in genetically sensitive individuals[1-5]. An intestinal microflora balance in favor of pathogenic bacterial species is observed in patients with IBD[6,7], and studies suggest that enteric flora strongly influence disease occurrence and progression[8-10]. Broad-spectrum antibiotics affect intestinal flora and so aid the treatment of Ulcerative colitis and Crohn disease. The elimination of pathogens responsible for the disease, inhibition of bacterial secretory products and secondary bacterial invasion can contribute towards the efficacy of antibacterial treatment[11]. 
Intestinal microflora may also be modified with probiotic treatments and in recent years, studies have shown that modification of the intestinal microflora with probiotic treatments could in fact be a new therapeutic modality.

The probiotic bacteria Lactobacillus salivarius has been determined to significantly reduce inflammation indicators in the colon and proinflammatory cytokine production in splenocytes in IL-10 knockout mouse [12]. It has furthermore been reported that spontaneous development of intestinal inflammation can be prevented by Escherichia coli ssp.[13], and DNA of probiotic VSL ≠ 3 reduce production of TNF-α and IFN-gamma in the colon, attenuate histologic colitis scores in IL-10 knockout mouse[14]. 
It has been shown that p75 and p40 proteins, which are obtained from Lactobacillus rhamnosus GG culture supernatant, inhibit epithelial injury to the colon stimulated by TNF[15]. Probiotics stimulate mucin gene expression on colonic epithelial cell alignments[16-18]. It has also been reported that some lactobacillus and bifidobacteria produce antioxidant substances[19,20]. 

Kefir, a natural probiotic beverage, is a fermented milk product of Caucasian origin. Fermentation is facilitated by a complex combination of yeast and bacteria, and the combination of this complex includes lactobacillus, streptococcus, acetobacteria and yeasts.

The aim of this study was to investigate the protective effects of kefir in dextran sulfate sodium (DSS)-induced colitis in rats. This study also purposed to determine the activity of myeloperoxidase (MPO), concentrations of malondialdehyde (MDA), TNF-α, IL-10, and inducible nitric oxide synthase (iNOS) in colon tissue. 
MATERIALS AND METHODS
This study was performed at the Experimental Research and Biochemistry Laboratories, Medical School of Suleyman Demirel University, with the approval of the ethical committee of Medical School of Suleyman Demirel University (protocol no: 08.08.2007.06/09). All animals received care in compliance with the “Principles of Laboratory Animal Care”(www.nap.edu/catalog/5140.html).
Experimental animals

Twenty-four 18-wk-old Wistar-albino male rats weighing between 198–264 g were used.
Animals were housed in a temperature-controlled room (23 ± 2 0C) with illumination (12 h each of light and darkness) during the study period. Animals were placed in separate cages and fed with standard food. Cables were laid in the cages to prevent coprophagy. 
Kefir

A commercial kefir culture (Danisco®, Poland) was used in this study and contents included Lactobacillus lactis subs., Leuconostoc subs., Streptococcus thermophilus, Lactobasillus subs. and yeast of kefir. Fermentation was obtained by incubation at 26 °C for 16 h. 
Induction of colitis

Colitis was induced by administering a 3% DSS solution (%3 [w/v] DSS, Molecule Weight 40.000, Fluka-RA10585, France®) to animals in lieu of normal tap water for a period of 7 d.

The DSS solution was prepared daily and daily water intake recorded. Either kefir or placebo (skim milk) was administered orogastrically with a 4F feeding tube between 9 and 10 am. The control of tube if in the trachea or not was done by putting the extended edge into water. Anesthetic agents were not used during the procedure.
Experimental protocol

Rats were randomly divided into 4 groups of 6 animals in each. Group I was the normal control group and a once daily dose of, placebo (5 mL skim milk) was administered orogastrically for 14 d. Animals in this group had access to normal tap water for the full 14 d study period. Group II was the kefir-control group and once daily dose of kefir (5 mL) was administered orogastrically for 14 d. Animal in this group had access to normal tap water for to full 14-d study period. Group III was the colitis group and a once-daily dose of placebo (5 mL skim milk) was administered orogastrically for 14 d, they had water with 3% DSS in 8th and 14th days to stimulate colitis as drinking water. Group IV was the kefir–colitis group and a once daily- dose of kefir (5 mL) was administered orogastrically for 14 d, they had water with 3% DSS in 8th and 14th days to stimulate colitis as drinking water. 
Body weight was recorded daily and general condition and stool features were recorded three times a day during the study period. On the 15th day, between 09.00 am and 10.00 am, ketamine hydrochloride (80 mg/kg) and xylazine (10 mg/kg) were administered intraperitoneally and weight was measured under anesthesia. A midline incision was made using a sterile technique and blood was collected from the cardiac ventricle. Blood serum was separated and stored at −80 oC.

The full colon between the ileocecal junction and the anus was swiftly removed and opened longitudinally along the mesenteric fixation line. Colons were washed in phosphate buffered saline (PBS) in at frozen water tank and lightly dried with filter paper. The length and weight of the whole colon were then measured. 

A distal colon segment of 10 cm proximal to the anus was separated into 2 pieces: proximal and distal. The distal segment was placed in a formalin solution for histopathological examination. The proximal segment was used for western blot analysis, biochemical examinations, and cytokine determination.
Evaluation of disease activity index
Loss of body weight, stool consistency, presence of bleeding in feces were noted. The detailed information was listed in Table 1[21]. 
Histopathological examination

Histopathological examinations were performed by a blinded unbiased pathologist. After tissue processing, sections 5 μm thick were cut from paraffin blocks and stained with hematoxylin eosin (HE). Histopathological evaluation was performed according to criteria presented in Table 2. A score between 0-30 was obtained[22].
Biochemical analyses

Colonic tissue was homogenized and levels of MPO, TNF-α, IL-10 ELISA, MDA HPLC, and iNOS studied using Western blot. 
MPO concentration was determined with the enzyme-linked immunsorbent assay (ELISA) kit (Immunodiagnostic AG-K6631-061109, Germany), based on the informations in homogenized supernatants, provided by the manufacturer. Its level expressed as ng/mg-protein. 

TNF-α and IL-10 concentrations was also determined with ELISA method (ASSAYPRO LLC St. Charles, MO; BIOSOURCE, Invitrogen Immunoassay kit, California, USA) and levels expressed as pikogram/mg-protein.

MDA was determined by HPLC (ThermoFinnigan Spectra High Performance Liquid Chromatograph with Diode Array Detector San Jose, California, USA). Alkaline supernatants, which obtained from colonic tissue, were incubated in a water bath for 30 min at 60 °C (The hydrolysis of protein-bound MDA). After the cooling of examples, 30% perchlorate was added to provide precipitation of proteins. Mixture was centrifuged at 2800 × g. 250 µL of supernatant was transferred to eppendorf tubes and then 25 µL dinitrophenyl hydrazine (DNPH, 5 mM) was added. 50 µL of samples that are left in the dark for 30 min, was injected in to the HPLC system. Results were presented as mmol/g-protein.

 For Western blotting analyses, 80 µg protein for each samples was separated by SDS-PAGE and was transferred to nitrocellulose membrane. The membrane was probed with anti-iNOS antibody (final dilution 1:1000) and then was incubated with horseradish peroxidase-conjugated anti-mouse antibody (final dilution 1:5000) at room temperature. Immunoreaction was visualized with an enhanced chemiluminescence system.
Total protein levels were determined by the Lowry method[23].
Statistical analysis

Data are presented as the mean ± standard deviation (SD). The importance of quantitative data differentiation between groups was determined by one-way variance analysis (ANOVA) and if a significant difference in this variance analysis was detected, a paired comparison of relevant parameters was performed using a post hoc tukey test.

Kruskall-Wallis analysis was used for evaluating the importance of microscopic colitis score differences between experimental groups. If this analysis showed significant differentiation, the relevant group was investigated using the Mann-Whitney U test. P value < 0.05 was considered statistically significant.

RESULTS
Evaluation of the DAI
The DAI in the colitis group was statistically higher than that of the kefir-colitis group between days 3 and 5 of colitis induction (P < 0.01). The DAI was also significantly higher in the colitis group between days 2 and 6 of colitis induction when compared to the normal control and kefir-control groups. The DAI was statistically higher only on the 6th day in the kefir-colitis group, when compared to that in the normal control groups. The DAI was not evaluated on the 7th day (the day of the procedure) as animals were starved for 12 h prior. The DAI process is presented in Figure 1. 

Length and weight of colon 
Differences in the length and weights of rats are presented in Table 3. Kefir administration did not have a significant effect on either the length or weight of normal rats. However, increased colon weight and decreased colon length were observed in colitis-induced rats. The colon weight increase was greater in the kefir-colitis group than in the colitis group. Nonetheless, no significant difference was observed between groups in terms of colon weights. Mean colon length in the colitis group was significantly shorter than that of the kefir-control group.
Microscopic colitis scoring 
Kefir treatment significantly reduced histological colitis scores (P < 0.05, Figure 2). The criteria used in histological evaluation were the same as those generally used in DSS colitis. According to these criteria, kefir treatment appears to improve the histology of colitis. However, submucosal inflammation was observed in the kefir-treated groups (Figure 3). 
MPO activity in colon tissue 
DSS increased MPO activity in colonic tissue. Treatment with kefir eliminated this increase in DSS-induced MPO activity. MPO activity in the colitis group was significantly higher than that of the kefir-control group (P = 0.036) (Figure 4). 
TNF-α level in colon tissue

Induction of colitis increased TNF-α concentrations in colonic tissue although levels were not significantly different when compared to either the normal control or kefir-control groups. Elevated TNF-α levels induced by DSS colitis were however significantly reduced by kefir treatment (P = 0.009) (Figure 5). 
IL-10 levels in colon tissue
No statistically significant difference was observed between groups for IL-10 levels (Figure 6).
MDA level in colon tissue

MDA levels in colon tissue was higher in colitis group than other groups, but the differences were not statistically significant (Figure 7). 
iNOS level in colon tissue

iNOS expression accoording to groups with Western blot showed in Figure 8. Colon iNOS expression was significantly higher in the colitis group than in either the normal control or kefir-control groups (P < 0.05) (Figure 9). 
DISCUSSION
Efficacy of probiotic treatment in Crohn disease[24], pouchitis[25,26], and ulcerative colitis[7,27,28] has been previously shown. Period of remission was significantly shortened in ulcerative colitis patients when treated with a preparation of VSL#3, a probiotic combination of 8 bacteria spp, and balsalazin than when a single- treatment of balsalazin or mesalazine was administered. In addition, remission induction rate was increased and improved endoscopic and histologic findings were obtained[9,10]. In another study, 187 patients with ulcerative colitis in remission were evaluated at 6 and 12 mo after treatment with either Lactobacillus GG, Lactobacillus GG + mesalazine, or mesalazine exclusively, and the results showed that Lactobacillus GG was as effective as mesalazine in maintaining remission in this patients [29,30].

In the present study, DSS-induced colitis model was the preferred experimental model. In rodents, DSS-induced colitis is a well-established model that reflects the major clinical and histopathological features of human ulcerative colitis. DSS impairs the barrier function of epithelial cells in the intestine[31] and luminal bacterial antigens activate the inherent immune response by reaching lamina propria easier and stimulate inflammation[32]. Inflammatory changes such as weight loss, hemorrhagic diarrhea, and histopathological erosion in crypts are observed with the addition of DSS to fresh drinking water in rodents[21]. 
In the literature, colitis models induced by a 1.5%–5% DSS solution have been reported. The severity of colitis increases concordantly with DSS concentration[33-36]. In the present study, a 3% DSS solution resulted in mild-medium severity colitis. 


The present study found that kefir treatment reduces clinical DAI in DSS-induced colitis and that this reduction was statistically significant on the 3rd and 5th days of colitis induction. We further observed that kefir-treatment reduces histological colitis scores supporting clinical findings. However, we observed submucosal inflammation due to kefir-treatment in both control and colitis-induced rats. It is well known that there is continuous and persistent ‘intestinal inflammatory response’ in the intestinal mucosa (physiologic inflammation)[37]. Our hypothesis in this context is kefir might augment physiologic inflammation. We found that colon weights were greater in kefir-treated and colitis-induced rats than that of colitis-induced but not kefir-treated. Kefir-induced submucosal inflammation could be the reason for this increased colon weight. 

MPO in neutrophil granules converts hydrogen peroxide to hypochloric acid in the presence of chlorine ion. Hypochloric acid is both a potent oxidant as well as an antimicrobial agent. In the presence of inflammation, leukocyte infiltration of colonic mucosa and release of free oxygen radicals from activated leukocytes induces proinflammatory cytokine release and tissue injury progress[38]. Some investigators have reported that an increase in free oxygen radicals induces NF-κB, which in turn elevates TNF-α production and further contributes to the inflammatory process[39].

In the present study, MPO levels in the colitis group were two times higher than that in the control and kefir-control groups, and statistically different from kefir-control group. MPO levels in the kefir-colitis group were in line with those in the control group. These findings could provide evidence for the protective effect of kefir against tissue injury by reducing elevated MPO levels in inflammation. 

Cytokines play an important role in the modulation of the immune system. In the pathogenesis of IBD, it is accepted that the pro- and anti-inflammatory cytokine balance was altered[40]. Colon biopsies in IBD show an increase in proinflammatory cytokine levels including IL-1, IL-2, IL-6, IL-8, IFN-gamma, and TNF, as well as a decrease in anti-inflammatory cytokines such as IL-4[31,40]. Obermeimer et al. reported that production of the proinflammatory cytokines, TNF and IFN-gamma, is observed during chronic processes such as in the DSS-induced colitis model[40]. 
Oxidative stress, cytokines (IL-1, IL-6, TNF-α), bacteria, and viruses may augment the inflammatory process by stimulating NF-(B activation. A study evaluating the effect of probiotics for the prevention of relapse in patients with ulcerative colitis showed that a probiotic preparation of 3 bifidobacteria strains inhibits proinflammatory cytokine (TNF-α, IL-1β) expression by impeding NF-(B activation[41]. 

A study investigating the effect of a probiotic combination including Lactobacillus and Bifidobacterium spp. in a rat model of colitis induced by 4% DSS showed that TNF-α levels in colon mucosa were significantly elevated in the colitis group when compared to both the control and probiotic-colitis groups[42]. In the present study, we also found that tissue TNF-α levels were significantly higher in colitis-induced rats than those of the control groups. Our results furthermore show that kefir treatment lessens the increase in tissue TNF-α concentration that occurs with DSS-induced colitis, which supports the concept that inhibition of proinflammatory cytokine production is one of the most important beneficial effects of this treatment.

IL-10 is synthesized by T-cells, B cells, and monocytes activated by lipopolysaccharides[43]. It inhibits proinflammatory cytokines synthesized by activated macrophages during inflammation.

IL-10 plays a role in modulation of T-cell activation and also down-regulation of the acute inflammatory response[44,45]. In recent years, the anti-inflammatory effects of IL-10 in IBD have been studied and a role in the immune modulation of the gastrointestinal tract reported, as evidenced by alleviation of enterocolitis by giving IL-10 in IL-10 knockout rats[46]. In our model, no significant difference in IL-10 levels was observed between the colitis and control groups. Another study examining the cytokine levels in colonic tissue in a 4% DSS-induced model of chronic colitis found TNF-α levels to be significantly increased in the colitis-induced group, although no significant difference in serum IL-10 levels was observed [47].

Activated neutrophils and macrophages much produce reactive oxygen products and oxidative stress subsequently increases in inflammed intestinal mucosa in IBD[48]. In these conditions, excessive amount of toxic reactive oxygen products exceed the capacity of intestinal antioxidant defense systems and oxidative injury leads to increased mucosal injury in patients with IBD[49]. In oxidatively injured hepatic and renal tissue with CCL4, kefir increases both glutathione and glutathione peroxidase levels reduced by CCL4 and significantly alleviates elevated MDA levels, a indicator of lipid peroxidation, ınduced by CCL4[50].
MDA production is a strong indicator of lipid peroxidation and is thus used to evaluate oxidative stress. In the 3% DSS-induced colitis model used in the present study, colonic tissue MDA levels were elevated, although not significantly, compared to those in the control group. In this study, MDA concentration was measured in full thickness colonic tissue. However, inflammation in this model concerns the mucosa and so MDA levels, measured in full thickness colonic tissue, may be somewhat reduced. 

In general, the antioxidant effects of probiotics are well established. In a study on 5% DSS-induced colitis, Bifidobacterium infantis DSM 15139 spp significantly reduced both MDA and MPO levels[51]. This experimental model most closely resembles the model used in the present study, as Bifidobacterium infantis was administered 7 d prior to colitis induction and continued to be administered for 7 d of induction. 

Nitric oxide (NO) is a biological mediator with short-term effects and a broad functional spectrum including thrombocyte and leucocyte activation, regulation of vessel reactivity, regulation of cell growth, and non-specific immune reactions[52]. Elevated iNOS production has been previously demonstrated in both clinical and experimental IBD studies [39,53]. Activation of iNOS augments NO synthesis.

Inflammatory cytokines like IL-1, IFN-gamma and TNF-α stimulate significant NO production in the intestinal epithelium, macrophages, and other cells[40]. In different experimental colitis models – as well as in patients with ulcerative colitis – increased NO levels have been observed in the lavage fluid of the colon[40,54,55] Various studies have reported that excessive NO production in the colonic mucosa results in increased oxidative stress and subsequent tissue injury[54-56]. Compatible with these findings, iNOS inhibition has shown positive effects in certain animals with intestinal inflammation[57,58]. In a study on mice with chronic colitis induced with 5% DSS, inhibition of TNF-α and IFN-gamma by anti-cytokine anticores downregulated NO levels and alleviated colitis[58]. 

In our study, iNOS levels were higher in the colitis group when compared to the other groups. Kefir reduced iNOS levels in DSS-induced colitis, however, iNOS levels were also elevated in the kefir-control group. Some studies in the literature have indicated that some probiotic species may in fact increase NO and iNOS levels. 
Lactobacillus rhamnosus GG has been found to induce iNOS which promotes low level NO production through activation of NF-(B in j774 macrophages and human T84 intestinal epithelial cells. Researchers have reported that Lactobacillus rhamnosus GG has a protective effect towards increased NO levels in the gastrointestinal tract[59]. According to our findings, kefir increases iNOS levels in the normal colon but reduces increased iNOS levels in the presence of inflammation.

In conclusion, in an experimental model of 3% DSS-induced colitis, kefir not only reduces clinical disease activity but also histological colitis scores. Reduced MPO, TNF-α, and iNOS levels are among the positive effects of kefir. The results of this study promise hope that kefir may have a place in the clinical treatment of IBD.

COMMENTS

Background

An intestinal microflora balance in favor of pathogenic bacterial species is observed in patients with inflammatory bowel disease (IBD), and studies suggest that enteric flora strongly influence disease occurrence and progression. Intestinal microflora may also be modified with probiotic treatments and in recent years, studies have shown that realignment of the composition of the intestinal microflora with probiotic treatments could in fact be a new therapeutic modality.
Research frontiers

Probiotics inhibit the proliferation of pathogenic microorganisms in the intestine, by being colony in the intestine and prevents the attachment of microorganism to epithelial cells by a competition for hanging regions in the intestinal mucosa; improving the structure of the host immune system and mucosa gate system by interaction with immune cells in the bowel and; modulating apoptosis. Beneficial effects have been demonstrated in both an experimental colitis model in various probiotic microorganisms as well as in clinical inflammatory intestinal diseases. 
Innovations and breakthroughs

The overall results of this study showed that kefir treatment reduces the clinical DAI and histological colitis scores in an experimental colitis model induced with 3% dextran sulfate sodium (DSS). Beneficial effects mechanisms of kefir include reduction in myeloperoxidase (MPO), tumor necrosis factor (TNF)-α, and inducible nitric oxide synthase (iNOS) levels. Indeed, the results of this study show that the therapeutic administration of kefir may have a place in the clinical treatment of IBD.
Applications

This study was designed to evaluate the preventive effect of kefir on colitis induced with DSS in rats.
Terminology

Dextran sulfate is a polyanionic derivative of dextran produced by esterification of Dextran with chlorosulphonic acid. DSS is the sodium salt which is a white to off-white powder freely soluble in water and salt solutions to form a stable, clear solution. By first interfering with intestinal barrier function, and next stimulating local inflammation, DSS is often used the induced a form of mouse colitis that mimics the clinical and histological features of IBDs. Probiotics are living microorganisms that, when taken by mouth, benefit your health by improving the balance of bacteria in the intestines. Kefir, a natural probiotic beverage, is a fermented milk product of Caucasian origin. Fermentation is facilitated by a complex combination of yeast and bacteria, and the combination of this complex includes lactobacillus, streptococcus, acetobacteria and yeasts.
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The present study aimed to find a pathophysiologycal way for preventive effect of kefir on colitis induced with DSS in rats. The results show that kefir reduces the clinical DAI and histological colitis scores in an experimental colitis model induced with 3% DSS. Beneficial effects mechanisms of kefir include reduction in MPO, TNF-α, and iNOS levels.
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Figure 1 Disease activity index according to groups.
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Figure 2 Microscopic colitis scores according to groups. aP < 0.01 vs colitis group and kefir-colitis group; bP < 0.01 vs colitis group; cP < 0.05 vs kefir-colitis group. 
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Figure 3 Histological images of rat colon (hematoxylin-eosin staining, light microscope, magnification × 100). A: Normal kontrol; B: Kefir-control; mild acute inflammation in Lamina propria, C: Colitis; extensive ulceration of the surface epithelium and crypt loss, D: Kefir-colitis, ulceration of the epithelial surface and crypt loss, mild inflammation and moderate submucosal edema.
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Figure 4 Colonic myeloperoxidase activities (ng/mg protein). aP < 0.05 vs colitis group. 
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Figure 5 Colonic tumor necrosis factor-αconcentrations. aP < 0.01 vs kefir-colitis group.
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Figure 6 IL-10 concentration in the colon (pg/mg protein). There were no statistically significant differences between groups. 
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Figure 7 Malondialdehyde concentration in the colon (mmol/g protein). There were no statistically significant differences between groups. MDA: Malondialdehyde.
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Figure 8 İnducible nitric oxide synthase expression accoording to groups with Western blot.
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Figure 9 iNOS concentration according to groups. aP < 0.05 vs colitis group; bP < 0.05 vs colitis group. 
Table 1 Scoring of disease activity index
	Score
	Weight loss(%)
	Stool consistency
	Occult/gross bleeding

	0
	None
	Normal
	Negative

	1
	1-5
	
	

	2
	5-10
	Loose stool
	

	3
	10-20
	
	

	4
	> 20
	Diarrhea
	Gross bleeding


Disease activitiy index (combined score of weight loss, stool consistency, and bleeding)/3.

Table 2 Microscopic colitis score
	Mucosal epithelium 
	

	
	Ulceration; none (0); mild surface (1); moderate (2); extensive-full thickness (3)

	Crypts 
	

	
	Mitotic activity; Lower third (0); mild mid third (1); Moderate mid third (2); upper third (3)

	
	Neutrophilic infiltrate

	
	Mucus depletion

	Lamina propria
	

	
	Plasmacytoid infiltrate

	
	Neutrophilic infiltrate

	
	Vascularity

	Fibrin deposition
	

	
	None (0); mucosal (1); submucosal (2); transmural (3)

	Submucosal
	

	
	Neutrophilic infiltrate

	
	Edema


Scoring scale; 0, none; 1, mild; 2, moderate; 3, severe. maximum score: 30. 
Table 3 Colon length and weights according to groups
	Groups
	Colon weight (g)
	Colon length (cm)

	Normal control
	1.48 ± 0.02
	17.38 ± 0.17

	Kefir-control
	1.51 ± 0.02
	17.44 ± 0.18a

	Colitis
	1.58 ± 0.04
	16.70 ± 0.21

	Kefir-colitis
	1.65 ± 0.09
	16.83 ± 0.16


Data was presented as mean ± SD. 1All data were compaired with P (ANOVA); 2There were no statistically significant differences in terms of colon weight between the groups. There was a significant differents in terms of colon lenght between kefir control and colitis groups (Post hoc Tukey test), aP < 0.05, P value (ANOVA) was 0.018 between all groups. 

