
Effects of probiotics and prebiotics on intestinal microbiota in mice

Original Article
with acute colitis based on 16S rR
NA gene sequencing

1 1 1 2 1 2 1
Ya-Nan Wang , Xiang-Chen Meng , Yi-Fan Dong , Xin-Hua Zhao , Jia-Ming Qian , Hong-Ying Wang , Jing-Nan Li
1Department of Gastroenterology, Peking Union Medical College Hospital, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100730, China;
2National Cancer Center/Cancer Hospital, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021, China.

Abstract

ted to colitis. Under these circumstances, regulation of enteric flora
Background: Imbalance of intestinal microbiota was closely rela
may be beneficial to the repair of inflammation. We aimed to investigate the effects of probiotics (Bifidobacterium and
Lactobacillus), prebiotics and their combination on inflammation, and microflora in mice of acute colitis.
Methods: C57BL/6J mice were divided into six groups randomly (blank control group, model control group, probiotics group,
synbiotics group, lactitol group and probiotics + lactitol group). Each group was given 2.5% dextran sulfate sodium drinking water
for 5 days other than the blank control group. Except for the model control group, the other four groups were intervened with
probiotics, synbiotics (probiotics and inulin), lactitol, and probiotics + lactitol. Mice were sacrificed after 1 week of gavage, and
pathologic scores were calculated. The feces of different periods and intestinal mucosa samples were collected to analyze the
differences of intestinal microbiota by 16S rRNA sequencing. Differences of two groups or multiple groups were statistically
examined through unpaired Student t test and analysis of variance (ANOVA), respectively. ANOVA, Tukey, Anosim, andmetastats
analysis were used to compare differences of microbiota among different groups.
Results: After gavage for 1 week, the pathologic scores of groups with the intervention were significantly lower than those in the
model control group, and the difference was statistically significant (P < 0.05). The model control group was higher in the genus of
Bacteroides (relative abundance: 0.3679 vs. 0.0099, P = 0.0016) and lower inLactobacillus (relative abundance: 0.0020 vs. 0.0122,
P = 0.0188),Roseburia (relative abundance: 0.0004 vs. 0.0109, P = 0.0157), compared with the blank control group. However, the
same phenomenon was not found in groups gavaged with probiotics and lactitol. Compared with model control group, mice with
intervention were increased with Bifidobacterium (relative abundance: 0.0172 vs. 0.0039, P = 0.0139), Lachnospiraceae_
NK4A136_group (relative abundance: 0.1139 vs. 0.0320, P = 0.0344), Lachnospiraceae_UCG-006 (relative abundance: 0.0432 vs.
0.0054, P = 0.0454), and decreased with Alistipes (relative abundance: 0.0036 vs. 0.0105, P = 0.0207) in varying degrees. The
mucosal flora was more abundant than the fecal flora, and genus of Mucispirillum (relative abundance: 0.0207 vs. 0.0001,
P = 0.0034) was more common in the mucosa. Lactitol group showed higher level of Akkermansia than model control group
(relative abundance: 0.0138 vs. 0.0055, P = 0.0415), probiotics group (relative abundance: 0.0138 vs. 0.0022, P = 0.0041), and
synbiotics group (relative abundance: 0.0138 vs. 0.0011, P = 0.0034), while probiotics + lactitol group had more abundant
Akkermansia than synbiotics group (relative abundance: 0.0215 vs. 0.0013, P = 0.0315).
Conclusions: Probiotics and prebiotics reduce the degree of inflammation in acute colitis mice obviously. Mice with acute colitis
show reduced beneficial genera and increased harmful genera. Supplementation of probiotics and prebiotics display the advantage of
increasing the proportion of helpful bacteria and regulating the balance of intestinal microbiota. Lactitol might promote the
proliferation of Akkermansia.
Keywords: Probiotics; Lactitol; Intestinal microbiota; Akkermansia

Introduction intestinal flora were in dynamic balance. Once the balance
was destroyed, it could lead to various diseases. For these
Gutmicro-ecosystemwas the largestmicro-ecosystem in the
humanbody.[1] Under normal conditions, a large number of
bacteria formed a microbial barrier to provide energy and
nutrition, protect the intestinal structure, maintain the
intestinal immune homeostasis, and resist the invasion
of pathogenic bacteria.[2] Generally speaking, host and
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patients, supplementation of probioticswas beneficial to the
recovery and reconstruction of intestinal microbiota.[3]

Probiotics, prebiotics, and synbiotics could supplement
probiotics directly or indirectly.[4,5] It was worth mention-
ing that the effectiveness of probiotics may be influenced by
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colonization ability and survival rate of viable bacteria.
Taking these into account, prebiotics was also a good

Experimental animals
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choice. Prebiotics could not be absorbed by the host, but
could promote the proliferation of one or more beneficial
bacteria selectively. What commonly used were oligosac-
charides, lactulose, inulin, and so forth.[4] Besides, lactitol
was applied widely in the treatment of hepatic encepha-
lopathy and chronic constipation. Meanwhile, it con-
formed to the definition of prebiotics and had an impact on
the regulation of bacterial flora.

In recent years, more and more studies have shown that
except for heredity, immunity, and environment, the
occurrence of ulcerative colitis (UC) was closely related to
an imbalance of enteric flora.[6,7] Normally, more than
90% of the intestinal bacteria belonged to Firmicutes,
Bacteroidetes, Proteobacteria, and Actinobacteria. How-
ever, in patients with UC, there was an obvious trend that
Firmicutes decreased while Bacteroidetes and Proteobac-
teria increased.[8] The classical treatment for UC included
5-amino alicylic acid, glucocorticoid, immunosuppressant.
However, these drugs would inevitably bring side effects
while exerting their efficacy. Since the pathogenesis of UC
involved imbalance of bacteria, the treatment of probiotics
had been put on the agenda.[9]

The rapid development of high throughput sequencing
technology provided new ideas for the study of intestinal
flora. Through sequencing the DNA sequences which
encoding ribosome 16S rRNA in the bacterial genome,
we could analyze the abundance and classification of
bacteria and explore meaningful changes of microbiota.[10]

In addition, acute colitis mice model induced by dextran
sulfate sodium (DSS) was similar to UC in symptoms and
pathologicmanifestations.[11] Therefore, itwas a simple and
scientific choice to use this model to study intestinal flora.

In addition to traditional probiotics, we also focused on the
effects of prebiotics. The purpose of our study was to
explore the effects of probiotics, prebiotics and their
combination on inflammation, and intestinal microflora of
acute colitis mice, to have a deeper understanding of
microbiota and colitis.

Methods
Sequencing and analysis of intestinal microbiota

Ethical approval

This study was approved by the Animal Care Ethics and
Use Committee of Peking Union Medical College Hospital
(PUMCH, No. XHDW-2015-0032).

Table 1: Scoring criteria of inflammation in acute colitis mice.
Parameters 0 1

Severity of inflammation None Slight Mode
Extent of injury None Mucosal Muco
Crypt damage None Basal 1/3 damaged Basal

–: No data.
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Sixty male, 6 to 8 weeks old, C57BL/6J mice weighing 18
to 20 g (purchased from Beijing Vital River Laboratory
Animal Technology Company, No. SCXK2014-0004
[11401300066549]) were housed in specific pathogen-
free conditions. They were divided into six groups
randomly. Except for blank control group, other five
groups were given 2.5% DSS drinking water for 5 days.
Blank control and model control group were not given
intragastric administration, while other groups were
intervened with probiotics, synbiotics (probiotics and
inulin), lactitol, and probiotics + lactitol, respectively.

Mice were sacrificed after 1 week of gavage. Feces together
with distal intestinal mucosa samples, before the interven-
tion, during the intervention, at the end of gavage, were
collected to analyze the differences of intestinal microbiota
by 16S rRNA sequencing.

Probiotics, prebiotics, and synbiotics
Probiotics was composed of Lactobacillus acidophilus, L.
Rhamnosus, and Bifidobacterium lactis, and was given
1.0 � 109 colony-forming units (CFU) per day per mice.[12]

Synbiotics was consist of the above-mentioned probiotics
and inulin, and was administered 5 � 108 CFU/day. As for
lactitol, each mouse was given 6.6 g/kg per day. To observe
synergistic effects, thedoseof single componentwas reduced
to half, namely, 5 � 108 CFU/day probiotics and 3.3 g/kg
per day lactitol. All the regents were administrated through
gavage. Lactitol was provided by Zhengda Tianqing
Pharmaceutical Limited Company (Nanjing, China), while
other reagents were provided by Beijing Macro-Union
Pharmaceutical Limited Corporation (Beijing, China).

Evaluation of inflammation
Mucosal specimens were dehydrated, paraffin embedded,
sectioned, and stained with hematoxylin-eosin. Histologic
evaluation was performed by a pathologist according to
the scoring criteria in Table 1.[13] Finally, each score was
multiplied by the coefficient on the basis of percentage of
tissue involved (0–25%: �1, 26–50%: �2, 51–75%: �3,
76–100%: �4).
Feces and intestinal mucosa adjacent to the rectum
were sent to Allwegene Science and Technology Limited
Score

2 3 4

rate Severe –

sal and submucosal Transmural –

2/3 damaged Only surface
epithelium intact

Entire crypt and
epithelium lost
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Company (Beijing,China) to detectmicrobiota by 16S rRNA
amplification through MiSeq PE300 sequencing platform.

Analysis of intestinal microbiota

of the experiment
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With sequencing results, the specific analysis included the
following three aspects. Firstly, alpha diversity analysis.
Operational taxonomic unit (OTU) was the basic unit of
taxonomy and relative abundance analysis, the most
important part of which was alpha diversity analysis.
Alpha diversity index could reflect the richness and
uniformity of the microbial community, among which
observed species was widely used because it referred to the
actual number of OTUs in the sample. Secondly, principal
component analysis (PCA). The difference of specimen was
reflected in the two-dimensional coordinate diagram; the
more similar sample composition was, the closer the dis-
tance in PCA diagram. Through Anosim test, in case
the difference between groups was greater than difference
within the group, and P < 0.05, implying the existence of
statistically significant genus. Thirdly, taxonomic analysis.
On the basis of PCA, the metastats analysis was applied to
discover specific and meaningful genus. We defined that
abundance>1% and P < 0.05 to be significantly different.

Statistical analysis
Continuous variables were described as mean ± standard
deviation, while categorical variables were presented as
numbers and proportions. Differences between two groups
or multiple groups were statistically examined through
unpaired Student t test and analysis of variance (ANOVA),
respectively. ANOVA, Tukey, Anosim, and metastats
analysis were used to compare differences of microbiota
among different groups. P values were two-tailed, and
P < 0.05 was considered statistically significant. All
analyses were performed with Statistical Package for Social
Sciences (SPSS; version 19, SPSS Inc., Chicago, IL, USA).

Results
the experiment
Inflammation of mice in each group

Mice were killed after 1 week of gavage, pathologic scores
in intervention groups were statistically decreased com-
pared with model control group, and there was no
statistical difference among different intervention groups
[Figure 1 and Table 2].

General condition of mice
835
On the third day of giving 2.5% DSS, mice showed
manifestations of loose and bloody stool, accompanied by
weight loss, gloomy hair loss, and fatigue. As for model
control group, body weight decreased progressively with
aggravated symptoms, these indicators began to improve
when exchanged for drinking water on the sixth day.
Other intervention group got the lowest body weight on
the fourth day, and since then weight gradually increased.

After 1 week of gavage, the body weight of each DSS group
was lower than blank control group, which difference was
statistically significant (P = 0.0139). However, except for
blank control group, there was no significant difference
among the remaining groups [Table 3].

1

Comparison of fecal flora in each group before the
experiment

Before the intervention, collect feces (W0 feces). Alpha
diversity analysis showed no significant difference in
fecal microbiota among the six groups (P = 0.1343)
[Figure 2A]. PCA of six groups displayed no distinct
difference [Figure 2B]. These suggested that the baseline of
fecal flora was consistent with each other, thus provided a
basis for further analysis.

Comparison of fecal flora in each group in the middle
On the fourth day of the intervention, mice of intragastric
groups exhibited the lowest weight and heaviest symptom,
we defined specimen at this time point as D4 feces.
Compared with blank control group, alpha diversity of the
other five groups decreased significantly (P = 0.0050,
0.0002, 0.0106, 0.0002, and 0.0003, respectively)
[Figure 3A], indicating the decline in alpha diversity under
inflammation. With regard to PCA, there was no
significantly different genus between synbiotics group
and lactitol group (P = 0.5615), while other groups
revealed distinctly different genus [Figure 3B]. The next
step was taxonomic analysis. Lactobacillus was decreased
in model control group compared with blank control
group (relative abundance: 0.0020 vs. 0.0122,
P = 0.0188), while other intragastric groups did not show
this reduction. Five DSS model groups showed higher
Bacteroides than blank control group (relative abundance:
0.3519 vs. 0.0208, P = 0.0002; 0.3366 vs. 0.0208,
P = 0.0001; 0.2381 vs. 0.0208, P = 0.0011; 0.2308 vs.
0.0208, P = 0.0001; 0.2442 vs. 0.0208, P = 0.0027).
Besides, probiotics + lactitol group displayed higher
Akkermansia than blank control group (relative abun-
dance: 0.0404 vs. 0.0087, P = 0.0178), and more
Faecalibacterium than model control group (relative
abundance: 0.2854 vs. 0.0589, P = 0.0215) [Figure 3C].

Comparison of fecal flora in each group at the end of
After intervention for 1 week, specimens were collected
(W1 feces). Similar to D4 feces, alpha diversity of five
inflammatory groups decreased distinctly (P = 0.0177,
0.0232, 0.0006, 0.0008, 0.0008, respectively) [Figure 4A].
Compared probiotics group with lactitol group and
probiotics + lactitol group, lactitol group with synbiotics
group, and probiotics + lactitol group, PCA demonstrated
no statistically significant genus (P = 0.3201, 0.1944,
0.2036, 0.0761, respectively) [Figure 4B]. Other groups
showed obvious changes when compared with each other.
Bacteroides increased obviously in inflammatory groups
compared with blank control group (relative abundance:
0.3679 vs. 0.0099, P = 0.0016; 0.2008 vs. 0.0099,
P = 0.0006; 0.2871 vs. 0.0099, P = 0.0005; 0.2775 vs.
0.0099, P = 0.0003; 0.2101 vs. 0.0099, P = 0.0025),
probiotics + lactitol group was more abundant in
Akkermansia than synbiotics group (relative abundance:
0.0215 vs. 0.0013, P = 0.0315). Compared with model

http://www.cmj.org


Figure 1: Hematoxylin-eosin dyeing of colonic mucosa (original magnification:�40,�100, respectively). (A) Blank control group, with normal gland shape and regular structure. (B) Model
control group, with obvious crypt destruction and heavy degree of inflammation, damage scope involved submucosa or even deeper. (C) Probiotics group. (D) Synbiotics group. (E) Lactitol
group. (F) Probiotics + lactitol group, with different degrees of inflammation, the extent of injury and crypt damage was alleviated than model control group.

Table 2: Pathologic scores of different groups.

Groups Pathologic score t
∗

P

Blank control group 0 – –

Model control group 27.00 ± 7.94 – –

Probiotics group 5.40 ± 2.79 5.778 0.001
Synbiotics group 7.25 ± 2.87 4.709 0.005
Lactitol group 7.20 ± 2.86 5.270 0.002
Probiotics + lactitol group 9.33 ± 5.69 3.134 0.035

Data are presented as mean ± standard deviation.
∗
Compared with model control group. –: No data.
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control group, Lachnospiraceae_NK4A136_group was
richer in probiotics group (relative abundance: 0.2010 vs.

and synbiotics group (relative abundance: 0.0075 vs.
0.0265, P = 0.0305). Lactitol group was higher in

Figure 2: Comparison of fecal flora in each group before the experiment. (A) Alpha diversity analysis. (B) Principal component analysis. The baseline of fecal flora was consistent with each
other. (a) Blank control group. (b) Model control group. (c) Probiotics group. (d) Synbiotics group. (e) Lactitol group. (f) Probiotics + lactitol group.

Table 3: Body weight of different groups (g).

Groups Before intervention Intervened for 4 days Intervened for 1 week

Blank control group 21.64 ± 0.27 22.14 ± 0.54 23.14 ± 0.59
Model control group 21.60 ± 0.65 21.08 ± 0.82 21.40 ± 0.57
Probiotics group 21.22 ± 0.80 20.76 ± 0.71 21.62 ± 0.54
Synbiotics group 22.08 ± 0.45 21.76 ± 0.42 22.06 ± 0.87
Lactitol group 22.22 ± 0.97 20.92 ± 1.29 21.82 ± 1.03
Probiotics + lactitol group 22.10 ± 0.29 21.40 ± 0.76 22.08 ± 0.51
F 1.878 2.158 3.625
P 0.1358 0.0928 0.0139

Data are presented as mean ± standard deviation.
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0.0320, P = 0.0352), synbiotics group (relative abun-
dance: 0.1170 vs. 0.0320, P = 0.0401), and lactitol group
(relative abundance: 0.1139 vs. 0.0320, P = 0.0344)
[Figure 4C].

Comparison of mucosal flora in each group at the end
of the experiment

Alpha diversity of mucosa in five inflammatory groups was
reduced than blank control group (P < 0.001). In addition,
alpha diversity was more abundant in lactitol group than
model control group, probiotics group, and synbiotics
group (P = 0.0038, 0.0177, and 0.0183, respectively)
[Figure 5A]. There was no statistically significant genus
between probiotics group and model control group,
between synbiotics group and probiotics group (P =
0.8621 and 0.3936, respectively). However, PCA indicat-
ed different genus among other groups [Figure 5B].
Compared with blank control group, Faecalibacterium
was decreased in model control group (relative abundance:
0.0009 vs. 0.0265, P = 0.0131), probiotics group
(relative abundance: 0.0039 vs. 0.0265, P = 0.0152),

1

Akkermansia than model control group (relative abun-
dance: 0.0138 vs. 0.0055, P = 0.0415), probiotics group
(relative abundance: 0.0138 vs. 0.0022, P = 0.0041), and
synbiotics group (relative abundance: 0.0138 vs. 0.0011,
P = 0.0034) [Figure 5C].

Comparison of intestinal microbiota for different
periods in each group

Alpha diversity of mucosa was more abundant than feces in
blank control group, synbiotics group, lactitol group,
probiotics + lactitol group, andMucispirillumwas increased
in mucosa. Even if no intervention was accepted, genera in
blank control group were changed over time. As for D4
feces, Lachnospiraceae_NK4A136_group and Ruminiclos-
tridium decreased obviously. In model control group,
Lactobacillus showed a decreasing trend of various periods.
D4 feces displayed reduced Lactobacillus than W0 feces in
other four groups (relative abundance: 0.0050 vs. 0.0946,
P = 0.0027; 0.0007 vs. 0.0392, P = 0.0044; 0.0012 vs.
0.1363, P = 0.0005; 0.0013 vs. 0.0391, P = 0.0002;
respectively); however, the decreased trend was not
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appeared when compared D4 feces with W1 feces,
suggesting the intervention was effective.

of “no microbiota, no inflammation.”[14] In recent years,
the incidence of UC increased gradually, and more

Figure 3: Comparison of intestinal flora for the fourth day of intervention (D4 feces). (A) Alpha diversity analysis. (B) Principal component analysis. (C) Taxonomic analysis. (a) Blank control
group. (b) Model control group. (c) Probiotics group. (d) Synbiotics group. (e) Lactitol group. (f) Probiotics + lactitol group. Compared with blank control group, alpha diversity of the other five
groups decreased significantly, there was no significantly different genus between synbiotics group and lactitol group, while other groups revealed distinctly different genus.

Chinese Medical Journal 2019;132(15) www.cmj.org
Discussion
838
Balance of intestinal microbiota played an important role
in constructing mucosal barrier and maintaining normal
immune function, which mechanisms included producing
antibacterial substances, competing with harmful bacteria,
and regulating host immunity. Immunodeficiency animal
model was constructed with the application of gene
knockout, mice showed no intestinal inflammation in a
sterile environment. Nevertheless, colitis appeared after
recovery of enteric flora, which brought about the theory

1

attention was paid to the close relationship between the
disease and intestinal flora.[15] Damage of intestinal
ecology not only participated in the launch and continuous
of UC, but also promoted the progression and caused
serious complications such as colorectal cancer. The
mechanism may be related to stimulation of abnormal
immune response, production of inflammatory factors, and
activation of inflammatory pathways. According to the
recent literature, patientswith intestinal inflammation had a
lower level of beneficial bacteria such as Lactobacillus
and Bifidobacterium compared with healthy control
group, while Enterococcus and Escherichia increased

http://www.cmj.org


distinctly, thus triggered the occurrence and development
of inflammation.[16] Correspondingly, supplement of

Analyzing the results of our experiment, we could see the
increase and decrease of many genera. Among them,

Figure 4: Comparison of intestinal flora after intervention for 1 week (W1 feces). (A) alpha diversity analysis. (B) Principal component analysis. (C) Taxonomic analysis. (a) Blank control
group. (b) Model control group. (c) Probiotics group. (d) Synbiotics group. (e) Lactitol group. (f) Probiotics + lactitol group. Alpha diversity of five inflammatory groups decreased distinctly.
Compared probiotics group with lactitol group and probiotics + lactitol group, lactitol group with synbiotics group and probiotics + lactitol group, PCA demonstrated no statistically significant
genus.

Chinese Medical Journal 2019;132(15) www.cmj.org
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probiotics was beneficial for remission of UC.[17] Many
randomized double-blind trials showed that Bifidobac-
teria, Lactobacillus, and VSL#3 could help induce
remission and prolong maintenance time. Similarly, there
were some results in colitis model, suggesting that
administration of probiotics could inhibit inflammation
and prevent the occurrence of dysplasia. Prebiotics could
promote the growth of probiotics thus provided probiotics
indirectly. There was a large amount of research on
probiotics previously, while the impact of prebiotics on
intestinal microbiota was rarely studied.

1

changes of Akkermansia and Faecalibacterium were most
significant. Lactitol group showed a higher level of
Akkermansia than model control group, probiotics group,
and synbiotics group, while probiotics + lactitol group had
more abundant Akkermansia than blank control group
and synbiotics group. The above results showed promo-
tion of lactitol on the proliferation of Akkermansia. As
kind of strict anaerobic enteric bacteria, Akkermansia
consisted approximately 1% to 4% of intestinal micro-
biota, and could degrade mucin, produce short-chain fatty
acids, and propionic acid, and provide energy for the

http://www.cmj.org


host.[18] In recent years, Akkermansia has received
extensive attention from scholars. Studies found that its

In addition to Akkermansia, the change of Faecalibacte-
rium was also been concerned. Faecalibacterium in model

Figure 5: Comparison of intestinal flora for mucosa. (A) Alpha diversity analysis. (B) Principal component analysis. (C) Taxonomic analysis. (a) Blank control group. (b) Model control group.
(c) Probiotics group. (d) Synbiotics group. (e) Lactitol group. (f) Probiotics + lactitol group. Alpha diversity of mucosa in five inflammatory groups was reduced than blank control group. There
was no statistically significant genus between probiotics group and model control group, between synbiotics group and probiotics group. However, PCA indicated different genus among
other groups.
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abundance was negatively correlated with levels of free
fatty acids and IL-6 in serum.[19]Akkermansia could also
ameliorate inflammatory response and insulin resistance in
obese and diabetic patients,[20] protect intestinal epithelial
cells and enhance mucosal barrier function.[21] Besides,
recent research presented it could restore the response
of epithelial tumor mouse model to the inhibitor of
programmed death-1.[22] The genome ofAkkermansia had
been proved to be able to encode a variety of secretory
proteins such as sulfates, proteases, and glycohydroly-
zases.[23] Therefore, we speculated that it might decompose
lactitol and promote its own proliferation.

1

control group, probiotics group, synbiotics group, and
lactitol group was lower when compared with blank
control group. Named in 2002, Faecalibacterium belonged
to Firmicutes, and was strictly anaerobic.[24] It was one of
the main bacteria producing butyrate, could up-regulate
the function of regulatory T cells, and secrete anti-
inflammatory factors to alleviate intestinal inflammation.
Faecalibacterium could mitigate colitis induced by TNBS
in mice,[25] and decreased evidently in patients with IBD.
Besides, it was reported that the abundance of Faecali-
bacterium was negatively correlated with the incidence of
IBD and colorectal cancer.[26]

http://www.cmj.org


In addition to the above results, there were other
discoveries worth mentioning. Mucosal flora was different
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