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A B S T R A C T   

Inflammatory bowel disease is one of the serious burdens of clinical medicine and healthcare. This study 
investigated the potential of a biological product based on mare’s milk and metabolites of symbiotic microflora 
for modulation of intestinal microflora affected by dextran sulfate sodium (DSS)-induced dysbiosis. Symbiotic 
microflora was isolated from the stool of healthy volunteers. Lysates for the production of short-chain fatty acids 
of screened microorganisms were mixed with mare’s milk. The activity of the biological product was evaluated 
on the DSS model of induced colitis. Histological changes in the intestinal epithelium were determined. The 
structure of the microbiome was evaluated based on the analysis of 16S rRNA microbial sequences. Histological 
examination of rat intestinal tissues after application of the biological product showed reduced infiltration of 
granulocytes, macrophages, and lymphocytes. The results of sequencing demonstrated a decrease in the bio
logical diversity of microbiota affected by colitis. The full recovery was observed after 21 days of the application 
of the biological product. The product induced the structural changes of the microbiome damaged by DSS. 
Likewise, the number of the pathogenic intestinal microflora was decreased Representatives of SCFA producing 
bacteria increased concentrations of genus Lactobacillus.   

1. Introduction 

Intestinal microbiome is a highly diversified heterogeneous 
ecosystem that performs and regulates the most important physiological 
and immunological functions. At the same time, there is a range of re
ports indicating the role of the intestinal microbiome in the pathogenesis 
of various diseases, such as obesity, diabetes mellitus, inflammatory 
bowel disease, non-alcoholic hepatitis, and cardiovascular diseases 
(Abboud & Papandreou, 2019; Yoshida et al., 2018). 

Moreover, the intestinal microbiota plays a crucial role in the pro
tecting the body from the negative effects of the external environment. 
During the life process, microbiota performs many important functions 
such as antimicrobial activity (to protect the organism from various 

infections), stimulation immune defense, the synthesis of secondary 
fatty acids, and the production of vitamins. One of the most important 
functions is the synthesis of short-chain fatty acids (SCFA). SCFAs is a 
major class of metabolites produced by bacteria in the large intestine by 
saccharolytic fermentation of carbohydrates or protein fermentation 
(Roy et al., 2006). The main types producing butyrates are Faecali
bacterium prausnitzii, Eubacterium rectale, Eubacterium hallii and R. bromii. 
Bacteroidetes are present in a smaller proportion and include the 
following main representatives of Alistipes, Akkermansia, Bacteroides, 
Parabacteroides, Porphyromonas, and Prevotella that produce mostly 
propionates and acetates (Macfarlane & Macfarlane, 2003). The poten
tial role of SCFAs as signaling molecules that regulate glucose homeo
stasis in the liver has been also reported (Morrison & Preston, 2016). 
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It was found out that a decrease in the diversity of the microflora of 
the large intestine correlates with the development of many disorders, 
for example, metabolic syndrome (Karlsson et al., 2013), type 2 diabetes 
(Lapthorne et al., 2013), inflammatory bowel disease and colorectal 
cancer (Ahn et al., 2013). Destruction of the microbial ecosystem 

structure is of great importance in the pathogenesis of various diseases, 
for example, for the development of inflammatory bowel syndrome, 
Crohn’s disease, and ulcerative colitis (UC). In fact, the patients with 
ulcerative colitis suffer from the impaired diversity and stability of the 
intestinal microbiome associated with a decrease in Firmicutes and an 
increase in the number of Bacteroidetes and other facultative anaerobes 
(Shen et al., 2018). As a result of ulcerations, the intestinal wall ceases to 
be a normal niche for the living of microorganisms and performs a 
barrier function. 

This study aimed at investigating the impact of metabolites of mi
crobial cultures and mare’s milk on the modulation of rat intestinal 
microbiome. 

2. Materials and methods 

Recruiting healthy volunteers was carried out in the period from 
December 2018 to April 2019. Samples collection was carried out ac
cording to the procedures described previously in the literature (Wein
stein et al., 2018). 6 stool samples were collected. All volunteers were 
introduced to the study and completed informed consent for the study. 
The study was approved by the local Ethics committee of the Center for 
Life Sciences, PI “National Laboratory Astana”, Nazarbayev University 
(extract from the protocol No. 20 dated 09/22/2017). 

2.1. Bacteriological study 

Stool specimens were delivered to the laboratory in the transport 
medium no later than 2 h after defecation. Serial dilutions of feces were 
carried out in sterile saline. Sowing was performed on the following 
culture media: Wilkins Chalgren Agar, BSM Agar, Meat Infusion Agar, 
Brain Heart Infusion Agar, Bifidobacterium Agar, MRS Agar, Reinforced 

Table 1 
Short chain fatty acid producers.  

Sample Production of short chain fatty acids, mmol/l 

acetate butyrate propionate lactate 

Bifidobacterium adolescentis kz1d1 <10 >10 >10 <10 
Bifidobacterium adolescentis kz1d11 >10 >10 >10 <10 
Eubacterium hallii kz2f1 – <20 <10 – 
Coprococcus eutactus kz2f6 – <15 – – 
Faecalibacterium prausnitzii kz4d9 – <20 – – 
Eubacterium rectale kz4e5 – <20 <10 – 
Enterococcus durans kz5b9 <20 <20 <10 >5 
Enterococcus durans kz5b10 <20 <20 <10 >5 
Alistipes shahii kz6A6 <10 <15 – –  

Table 2 
The total histomorphometric score of the severity of colitis.  

Animal groups Histological severity score of colitis 

HC (n = 4) 0,06 ± 0,05 
Water (n = 4) 9,44 ± 0,81a 

SP (n = 4) 4,44 ± 0,45# 
5-ASA (n = 4) 4,10 ± 1,36# 

Note: # - р <0,05 when compared to Water. 
a - р <0,05 when compared to HC.  

Fig. 1. Micrographs of representative sections of the colon stained with hematoxylin and eosin in a healthy control group (without colitis model) (A, B) and in the 
group of animals receiving active treatment with a biologically active substance based on mare’s milk and microbial lysate (C, D). Magnification x100. A) healthy 
epithelium, crypts are presented in cross section. B) healthy epithelium, crypts are presented in oblique and longitudinal sections. C) diffuse infiltration of in
flammatory cells in the mucosa, with epithelial hyperplasia and loss of goblet cells, deformation and destruction of crypts, marked by swelling of the mucosa. D) focal 
inflammatory granulocytic cell infiltrates in the submucosa. 
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Clostridial Agar, LB agar. Incubated was carried out on Petri dishes 
under anaerobic conditions (CO2 - 13.0%, N2 - 86.5%, O2 - 0.5%). Single 
bacterial colonies were seeded into pure culture media. The purity of the 
cultures was determined by microcopy Axio Imager 2 (ZEISS). 

2.2. Identification 

Single colonies were inoculated into appropriate culture media and 
were identified using Maldi Bioyper. Samples for MALDI-TOF MS ana
lyses were prepared according to (Schulthess et al., 2014). Briefly, a 
fresh single colony was transferred to a polished steel target MSP 96, 
then 1 μl of a saturated solution of a-cyano-4-hydroxy-cinnamic acid 
(HCCA) matrix solution in 50% acetonitrile-2.5% trifluoroacetic acid 
(Bruker Daltonik) was added and left to dry at room temperature. 

2.3. Determination of short chain fatty acids 

Precipitation of cultures was carried out by centrifugation at 6000 
rpm for 5 min. The supernatant was collected in clean tubes. As the form 
used the medium corresponding to the cultivation. Preparation of 
standards: desired concentration of standards (Propionic acid, 94425-1 
ML-F, Sigma-Aldrich; Butyric acid 19215-5 ML, Sigma-Aldrich; Lactic 
acid PHR1215-3X1.5 ML Sigma-Aldrich; Acetic acid PHR1748-3X1,5 

ML, Sigma -Aldrich). Stock concentrations of 200 mg/L standards in 
acetonitrile were prepared. 7.5 μl (1.5 μg), 15 μl (3 μg), 22.5 μl (4.5 μg), 
30 μl (6.0 μg) of standards for lactic acid were prepared from the runoff. 
Derivatization was carried out by adding 20 μl of N-tert-Butyldime
thylsilyl-N-methyltrifluoroacetamide with 1% tert- 
Butyldimethylchlorosilane to the standards and test samples. Test 
tubes with standards and samples were kept for 3 h at 70◦С. For butyric, 
propionic, and acetic acids: 2 μl (4 μg), 5 μl (10 μg), 10 μl (20 μg) and 15 
μl (30 μg). After drying the products under nitrogen, 100 μl (9000 μg) of 
ethyl acetate was added to resuspend the contents, the tubes were 
shaken for 1 min before GC/MS analysis. For the analysis of SCFAs a 
device was used GC/MS Agilent 5977B GC/MSD quadrupole mass 
spectrometer. 

2.4. Preparation of study products 

The study product was obtained by mixing bacterial cultures fol
lowed by lysing. The supernatant of lysed cultures was obtained by 
centrifugation at 12,000 rpm for 60 min. The resulting substance was 
mixed with mare’s milk and freeze-dried. 

Fig. 2. Effect of DSS on the rat gut microbiome. A) Alpha diversity (Shannon index) was calculated at the genus level and displayed as box plot; B) Beta Diversity (HC 
– healthy control, CASE – DSS induced dysbiosis), Principal Coordinate Analysis Unweighted UniFrac Distance [PERMANOVA] p-value: 0.698; C) Distribution 
histogram based on LDA, with a log LDA score above 2. Significant taxa (p-value <0.05) were labeled and annotated with tags, genus level. D) Cladogram. 
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2.5. Animal study 

The study was carried out on 16 laboratory animals (male Wistar rats 
with an average body weight range of 250–280) in the vivarium of 
National Center for Biotechnology (Nur-Sultan, Kazakhstan) with a 
standard ration and care. Rats were placed in separate cages in a room 
free of pathogens and for acclimatization 7 days before the start of the 
experiment. During acclimatization and experiment, rats consumed a 
standard commercially available chow. The animals were kept and the 
experiments conducted in compliance with the Guide for the Care and 
Use of Laboratory Animals (National Research Council, 2011) and the 
ethical principles of the European Convention for the Protection of 
Vertebrate Animals used for Experimental and Other Scientific Purposes 
(Council of Europe, 2006). 

2.6. Experimental colitis model 

Colitis in male rats was reproduced using a 10% DSS solution 
(Dextran sodium sulfate, MW - 40 kDa, Sigma Aldrich) (Chassaing et al., 
2014), which was administered to the rats intra-gastrically using a probe 
for 7 days in a volume of 5 ml. The studied product to study the efficacy 
against microbial dysbiosis in the DSS-induced colitis model in rats was 
administered intra-gastrically at a dose of 500 mg/kg of animal body 
weight, once a day for 21 days after the end of a 7-day course of taking a 
10% solution DSS. Healthy animals - HC (without colitis) received 
drinking water intra-gastrically instead of 10% DSS for 7 days and then 
another 21 days instead of treatment (n = 4). Experimental group ani
mals – Water (with colitis) received a 10% dextran sulfate sodium (DSS) 
solution for 7 days (n = 4). Experimental group animals –SP (with co
litis) received a 10% dextran sulfate sodium (DSS) solution for 7 days, 
and study product intra-gastrically at a dose of 500 mg/kg body weight 
once per day for 21 days (n = 4). Comparison group animals 5-ASA (with 
colitis) received a 10% DSS solution for 7 days and as a treatment the 

5-ASA (5-aminosalicylic acid) intra-gastrically at a dose of 100 mg/kg of 
animal body weight once for 21 days (n = 4). Rats were removed from 
the experiment by an overdose of carbon dioxide (Hewett et al., 1993). 
Fecal samples were collected before and after the experiment and tested 
for consistency and color. Likewise other tested parameters were 
analyzed, including intestinal permeability and body weight. 

2.7. Histology study 

For histological examination, 6 samples of intestinal tissue were 
taken from each individual from 0.5 cm to 1.0 cm long, indicating the 
area from which the sample was taken (i.e. proximal, middle or distal) 
located at an equal distance from each other, which were fixed in 10% 
formalin at 4 ◦C for at least 24 h. An average histo-morphometric 
assessment of the severity of colitis was calculated for each sample. 
Twenty-four hours later, intestinal tissue samples were washed with 
water and dehydrated with a series of increasing concentrations of 
alcohol (70%, 90%, 95%, and 100%), then immersed in xylene and 
embedded in paraffin blocks. Tissue sections 5 μm thick were made on a 
Leica SM 2000R sled microtome. Slices were dewaxed in xylene, then 
hydrated in a series of decreasing alcohol concentrations (100%, 96% 
and 70%). 

Histopathological and morphometric analyzes were performed on 
the transverse and longitudinal sections of the intestinal tissue of each 
animal, morphometric calculations were carried out on 10 fields of view. 

A total histo-morphometric score for the severity of colitis was ob
tained by summing up the score on eight points (“inflammatory infil
trate”, “goblet cell loss”, “hyperplasia”, “crypt density”, “muscle 
thickness”, “submucosal infiltration” the presence or absence of crypt 
abscesses and ulcers) using a scoring system provided by Koelink et al. 
(2018). When calculating the “inflammatory infiltrate” score for 
assessing the relative cellularity in tissues, cell infiltration, including 
neutrophils, eosinophils, monocytes, plasma cells and lymphocytes in 

Fig. 3. The effect of the introduction of sodium dextran sulfate on the intestinal microflora of rats. A,B,C) Principal Coordinate Analysis Unweighted UniFrac 
Distance for Water (A), 5-ASA(B), SP(C) group in dynamic from initial to 3 week; D) Shannon index; E) Principal Coordinate Analysis Unweighted UniFrac Distance 
for all groups after 3 week treatment [PERMANOVA] F-value: 4.4685; R-squared: 0.52766; p-value < 0.001. 
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Fig. 4. Dynamics of microbial changes at the genus level. Color gradients indicate, as follows: green represent increase in the population of bacteria, and red 
represent a decrease, white does not show significant changes. (For interpretation of the references to color in this figure legend, the reader is referred to the Web 
version of this article.) 
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various ratios, was totally evaluated as inflammatory cells that accu
rately reflect inflammatory changes in the tissue depending on locali
zation and severity. Microscopic and histological evaluations were 
performed by a pathologist using a blind method with respect to rats 
belonging to a specific group. 

Histological and morphometric analysis was performed on a Leica 
Microsystems specialized computerized hardware complex using a Leica 
DM 1000 microscope. Data were expressed as arithmetic mean and 
standard error of the mean. 

2.8. DNA sequencing and post-processing 

DNAs were isolated from fecal samples using the QIAamp DNA Mini 
Kit (Qiagen, 51306). The concentration of double-stranded DNA in 
isolated samples was determined using a Qubit 2.0 instrument and a 
Qubit dsDNA HS Assay kit (ThermoFisher, catalog number 32853). 

Library for Next-generation sequencing (NGS) generated with 
NEXTflex® 16S V1–V3 Amplicon-Seq Kit (PerkinElmer, catalog number 
NOVA-4202-04), according to the manufacturer’s instructions. The li
brary quality was quantified by Qubit dsDNA HS Assay Kit with the 
Qubit 2.0 fluorometer system (Invitrogen, Life Technologies, Grand Is
land, NY, USA). Amplicons were sequenced on the MiSeq instrument 
(Illumina). 

Demultiplexing, filtering, denoise, chimeric sequences and deter
mining OTU and taxonomic identification were performed using LotuS 
pipeline (Hildebrand et al., 2014). 

Analysis of alpha diversity to assess the abundance of the commu
nity, the calculation of alpha biodiversity (Shannon indice), beta 
biodiversity as well as the construction of taxonomic distribution at the 
phylum and genus level were performed using vegan (Oksanen et al., 
2020) and phyloseq R packages (v.1.24.2) and graphs were generated 
using ggplot2 and MicrobiomeAnalyst R packages. Significance testing 
of longitudinal trends was determined Compound Poisson Linear Models 
on TSS normalized values using MaAsLin2 package (Mallick et al., 2021) 
(v. 0.7–7). 

2.9. Statistical analysis 

Non-parametric Mann-Whitney (MW) and Kruskal-Wallis (KW) tests 
were used for comparing two or more groups, respectively. The raw read 
counts were normalized by the total number of reads. A metagenomic 
biomarker discovery approach, Linear discriminant analysis Effect Size 
(LEfSe), was used to identify the microbial components whose sequences 
were statistically different between groups. For LEfSe, Kruskal–Wallis 
and pairwise Wilcoxon tests were performed, followed by Linear 
discriminant analysis (LDA) to assess the effect size of each differentially 
abundant taxon. Bacteria with markedly increased numbers were 
defined as those with an LDA score (log10) of over 2. 

3. Results and discussion 

From the selected samples, 425 isolates were isolated and identified. 
All samples were screened for SCFA’s products. The results showed that 
86 acetic, lactic, propionic and butyric acids are produced from the 
selected cultures: Bifidobacterium longum 32 cultures, Bifidobacterium 
adolescentis 15 cultures, Bifidobacterium bifidum 15 cultures, Lactobacillus 
rhamnosus 7 cultures, Streptococcus salivarius 4 cultures, Bifidobacterium 
animalis 3 cultures, Bifidobacterium pseudocatenulatum 2 cultures, 
Enterococcus durans 2 cultures, Lactobacillus ruminis 2 cultures, Faecali
bacterium prausnitzii 1 culture, Eubacterium rectale 1 culture, Eubacterium 
hallii 1 culture, Coprococcus eutactus 1 culture. 

Table 1 shows bacteria with a high production of short chain fatty 
acids. The highest producers are: Eubacterium hallii kz2f1, Faecalibacte
rium prausnitzii kz4d9, Eubacterium rectale kz4e5, Enterococcus durans 
kz5b9, Enterococcus durans kz5b10. 

The effect of a biologically active substance based on metabolites of 

microbial cultures (including fatty acids) and mare’s milk was evaluated 
on a model of ulcerative colitis in rats. The assessment was carried out 
according to the disease activity index (DAI), which was calculated on a 
scale from 0 to 4 using the following parameters: weight loss (0, no; 1, 
0–5%; 2, 5–10%; 3, 10–20%; 4,> 20%); stool consistency (0: normal; 2: 
loose stools; 4: watery diarrhea); bleeding (0, no; 1, traces; 2, weak 
hidden blood; 3, obvious hidden blood; 4, severe bleeding). After 1 week 
of receiving DSS, the stool was mostly soft, and in some cases pasty, no 
bleeding was observed. DAI showed no differences with the comparison 
group taking 5-aminosalicylic acid. The dynamics of the body weight of 
rats in the experimental groups was relatively the same and did not show 
any differences with the dynamics of the weight of the control group. To 
determine the ability of the product to modulate microflora, rat stool 
samples after 1 week of drug administration. A total of 48 stool samples 
were taken from 16 male rats. Rat feces samples were collected in sterile 
centrifuge tubes and immediately frozen at − 80 ◦C. 

The total cumulative histomorphometric severity score of colitis is 
shown in (Table 2). 

As Table 2 shows, the histological structure of the intestinal tissue of 
rat intestines of the healthy control group corresponded to the histo
logical parameters of healthy rats. Histopathological evaluation and 
microscopy revealed a preserved morphological pattern of the colon 
mucosa, epithelium, crypt architecture, and submucosa. In the “Water 
group”, pronounced infiltration was observed in all sections of the in
testines of each test individual. 

In the group of rats treated with SP (Fig. 1), inflammatory infiltration 
was characterized by increased focal infiltration in the mucosa, and, in 
terms of histological sections, light mixed infiltrates in its own plate with 
focal superficial ulceration of the mucosa. The main difference from the 
control group was the discontinuity of mucosal changes, since in a 
number of sections infiltrates were observed without defects of the 
epithelium, violations of the creep architecture were single and were 
observed only in part of histological sections. The difference in the total 
histo-morphometric severity score with the control group was statisti
cally significant (p < 0.05). Reduced infiltration of granulocytes, mac
rophages, and lymphocytes into the plate suggests that bacterial culture 
lysate and mare’s milk reduce inflammation in the intestinal wall. The 
histopathological picture of the large intestine of rats treated with 5-ASA 
also showed a significant improvement compared with the control 
group: single inflammatory infiltrates without damage to the epithelium 
with preserved crypt architecture and evenly located goblet cells. 

For the analysis of the microbial community, the V1 – V3 region of 
the 16S rRNA gene was selected. The depth of coverage was at least 
36,700 readings per sample. All sequence sequences were compared 
with the SILVA database (Quast et al., 2013) using the LotuS bioinfor
matics process. On average, 66,995 readings per sample were deter
mined. The taxonomic identification of the bacterial community 
revealed various phyla, of which Firmicutes and Bacteroidetes were the 
most represented. 

To determine the diversity of the intestinal microbial communities of 
rats in the various studied groups, the α-diversity metric implemented in 
R was used. The microbial signature of the rat intestine in the model of 
ulcerative colitis was not fundamentally changed (p = 0.7). The use of 
10% DSS led to a decrease in biodiversity and α-diversity, at the level of 
genus, in the experimental groups (Fig. 2). So after creating a model of 
ulcerative colitis at the genus level, the following taxa decreased: 
Ruminococcus, Prevotellaceae_UCG_003, Treponema, Parabacteroides, 
Prevotellaceae_NK3B31_ group, Monoglobus, Ruminococcus_gauvreauii_ 
group. Whereas the relative presence of the genera Negativibacillus and 
Turicibacter increased. The most significant decrease in biodiversity was 
observed in the group of rats with DSS-induced colitis without treatment 
who took water (Fig. 3D). In the group taking the biological product 
based on metabolites of microbial cultures, the biodiversity of intestinal 
microflora increased after 21 days of administration. While the Shannon 
index in the group receiving 5-ASA (5-aminosalicylic acid) was com
parable to the group of healthy animals. Decreased intestinal microflora 
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biodiversity is associated with ulceration (caused by DSS) and local 
activation of neutrophils and macrophages. PCoA analysis demonstrated 
a significant difference in microflora with multidimensional scaling. 
Fig. 3E shows a significant difference in biodiversity between the groups 
receiving the biological product (red ellipse) and 5-aminosalicylic acid 
(yellow ellipse). 

Determination of the effect of the treatment method on the number 
of bacterial taxa showed that in the group of animals without treatment 
(taking water), only the genus Collinsella significantly increased (p =
0.0355), in contrast, there was a decrease in Caldicoprobacter, Gemella, 
Turicibacter, Parasutterella. In the group treated with 5-ASA significantly 
increased Anaerostipes (p = 0.0139), Coproiciproducens (p = 0.0265), 
decreased such as the genera Rothia, Streptococcus, Haemophilus. The use 
of metabolites of lactic acid microorganisms in conjunction with mare’s 
milk showed an increase in the relative amount of Parabacteroides (p =
0.0021), Coprococcus (p = 0.0146) after the first week of use and 
remained at the same level after three weeks of administration. The 
Lactobacillus taxon increased with SP administration, up to 21 days of 
intake (p = 0.0044). Such an observation can be explained by the 
stimulating ability of mare’s milk and metabolites to stimulate their 
growth. The similar results have been reported by Xia et al. Shown that 
the use of probiotic bacteria Lactobacillus plantarum AR113 significantly 
increased the presence of taxa Lactobacillus and Lachnospiraceae (Xia 
et al., 2020). An increase in the genera Mogibacterium, Oxalobacter was 
also observed (Fig. 4). 

In this study, the following bacterial genera were included into the 
group of healthy animals of the top 10 taxa: Lactobacillus, Prevotella, 
Romboutsia, Lachnospiraceae, Mycoplasma, Rikenella, Parabacteroides, 
Bacteroides, Parasutterella, and Ruminococcus. After the formation of a 
model of DSS-induced colitis, Treponema, Butyricicoccus, and Turicibacter 
entered the top 10 taxa. At the same time, the number of mycoplasmas, 
rickenella, parabacteroids decreased. Results match previously pub
lished data (Gao et al., 2018). The abundance of Escherichia and Bac
teroides increased significantly in DSS group same as in research (Wang 
et al., 2019). 

Our findings indicate that the use of a biological product based on 
bacterial metabolites (including fatty acids) led to a shift in the bacterial 
structure of the intestinal microbiome with an increase in gram-positive 
Lactobacillus, Coprococcus, Mogibacterium, and gram-negative Para
bacteroides, Oxalobacter. 

4. Conclusions 

In fact, a shift in microbiota can directly affect the vital functions of 
the organism (Järbrink-Sehgal & Andreasson, 2020; Wang, Xiong, et al., 
2020, p. 53). In our study, we observed an increase in SCFAs producing 
strains, including Lactobacillus as a result of the application of a bio
logical product. In addition, a decrease in the number of Romboutsia, 
Turicibacter and other representatives of the pathogenic intestinal 
microflora was detected as well. Our results indicated that the biologi
cally active substances of bacteria and mare’s milk possess therapeutic 
potential for the treatment of ulcerative colitis. However, additional 
studies are needed to confirm its effectiveness and clinical relevance. 
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