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Abstract 

Purpose: To investigate the effect of bifidobacteria on intestinal injury and flora in a mouse model of 
ulcerative colitis (UC). 
Methods: Mouse model of UC was produced using dextran sulphate sodium (DSS). The mice were 
divided into seven groups, viz, reference group, MRS-L medium-negative control group, mesalamine-
positive control group, high dose bifidobacteria (MIMBb75) group, middle dose MIMBb75 group and low 
dose MIMBb75 group. Normal mice were used as control. All mice were sacrificed at day 7 of treatment, 
and colon length, hemoglobin concentration and intestinal flora were determined. 
Results: Bifidobacteria inhibited UC-induced decreases in mice hemoglobin and UC-induced colon 
shortening. In addition, it augmented the diversity of intestinal flora and increased the number of 
bacteroides and Clostridium leptum. 
Conclusion: Bifidobacteria plays a therapeutic role in UC via regulation of intestinal microflora. 
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INTRODUCTION 
 

Ulcerative colitis (UC) is a human disorder 
characterized by multiple intestinal inflammations 
due to injuries to the mucosa and submucosa of 
colon and rectum [1]. The disease which is not 
associated with geographical and racial 
differences, generally manifests clinically with 
symptoms such as abdominal pain, diarrhea, 
bloody mucopurulent stool and various general 
symptoms of unknown etiology [2].  Currently, it 
is thought that UC may be related to over-
activation of antigen-induced immune responses 

in the intestinal lumen
 
[3].  

 
With developments in microecology, the 
intestinal microenvironment (a complex 
microecological system) has been closely 
associated with the onset of UC. Alterations in 
intestinal flora and increases in pathogenic 
bacteria and opportunistic pathogens in UC 
patients enhance intestinal mucosa permeability 
and induce inflammation by shifting bacterial 
metabolites to lamina propria mucosa, thereby 
activating immunocytes [4,5]. 
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Studies have found that UC patients have 
decreased number of beneficial bacteria such as 
bifidobacteria and Lactobacillus, and increases in 
the number of harmful germs such as 
Colibacillus and Enterococcus. This indicates 
that intestinal flora may be involved in the 
occurrence and progression of UC. 
Bifidobacteria, which have been recognized as 
probiotics, enhance immunity, and possess anti-
aging and anti-tumor properties. In addition, they 
maintain a balance in intestinal bacteria. The 
purpose of the current study was to investigate 
the effect of bifidobacteria on intestinal injury and 
intestinal microflora of UC mice. 
 

EXPERIMENTAL 
 
Animals 
 
Seventy (70) clean grade Kunmin mice of both 
sexes provided by Animal laboratory of Jilin 
University were used in this study. They weighed 
between 18 and 22 g. The research was 
approved by the Animal Ethical Committee of 
Department of Gastroenterology, The First 
Affiliated Hospital of Wenzhou Medical 
University, Wenzhou, Zhejiang (approval no. 
20182217). The study was carried out in 
accordance with the guidelines of "Principles of 
Laboratory Animal Care" (NIH publication no. 85 
- 23, revised 1985) [6]. All mice were 
acclimatized for seven days to laboratory 
environment prior to the study. 
 
Consumables and instruments 
 
Mesalazine (enteric-coated) tablets were 
purchased from Sunflower Pharmaceutical Co., 
Ltd.; Bifidobacteria (MIMBb75) was kindly 
provided by Jilin University Pharmaceutical Co., 
Ltd. and adjusted to various concentrations (108, 
107, and 106 CFU/mL). HiCN-transformed 
methemoglobin conversion solution was 
purchased from Shanghai Rongbai Biological 
Technology Co., Ltd. Dextran sodium sulfate 
(DSS, molecular weight range 36000 - 50000) 
was purchased from MP Biomedicals, USA. Low-
speed centrifuge was obtained from Shanghai 
Anting Scientific Instrument Factory, while 
vertical pressure steam sterilizer was product of 
Shanghai Shenan Medical Instrument Co., Ltd. 
Water bath was from Shanghai Biochemical 
Equipment Co., Ltd.; PCR instrument was bought 
from Thermo SCIENTIFIC, and electrophoresis 
apparatus was purchased from Beijing Junyi 
Electrophoresis Equipment Co., Ltd. Denaturing 
Gradient Gel Electrophoresis (DGGE) apparatus 
was product of Beijing Junyi Electrophoresis 
Equipment Co., Ltd., while gel-imaging apparatus 

was obtained from Shanghai Qiren Instruments 
Co., Ltd. 
 
Mice grouping and drug administration  
 
Seven groups of mice were used (10/group). 
These were normal control group, DSS reference 
group, MRS-L medium-negative control group, 
mesalamine-positive control group, and high, 
middle and low MIMBb75 groups. Mice in each 
group were fed adaptively for seven days and 
fasted for 4 h. Except for the blank group, all 
mice were given 3 % DSS and administered 0.4 
mL MRS-L medium, mesalamine, and MIMBb 75 
culture solutions at various concentrations via 
gavage. 
 
Determination of colon injury-related indices 
 
Determination of colon length: Entire colon length 
of each mouse was measured and recorded. 
Determination of hemoglobin: Hemoglobin 
concentration of each mouse was determined 
using Wen-Qi's solution according to the 
instructions. 
 
Determination of intestinal flora 
 
Samples for determination of intestinal flora were 
taken out from -80 °C freezer and placed in a -20 
°C freezer for 1 h, and then thawed for 20 min on 
an ice box. A germ-free 2-liter centrifuge tube 
was weighed by peeling, and about 0.2 g of the 
mixture was placed in the centrifuge tube. The 
DNA of intestinal flora contents was extracted 
using phenol/chloroform/isoamyl alcohol method, 
and the diversity of the intestinal flora was 
determined with PCR-DGGE. 
 
Statistical analysis 
 
The data obtained were processed with SPSS 
23.0 software, and expressed as mean ± SD. 
Differences in orthogonal test outcomes were 
analyzed using F-test, and were taken as 
significant at p < 0.05. 
 

RESULTS 
 
Colon injury-related indices  
 
Following intake of DSS, the blood hemoglobin 
concentration and colon length of mice were 
significantly changed in the reference group and 
the MRS-L negative control group, when 
compared with the normal control group. In 
addition, the DSS intake significantly decreased 
their hemoglobin levels and significantly 
shortened their colons, relative to the control 
group (p < 0.05; Table 1). These results indicate 
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that there were some changes in colon injury-
related indices in the reference group, and that 
MRS-L had no obvious positive effect on DSS-
induced colon injury. In contrast, hemoglobin 
concentration and colon length were significantly 
increased in the mesalamine-positive group and 
in each bifidobacteria (MIMB 75)-treated group, 
when compared to the reference group (p < 
0.05). This suggests that MIMB 75 suppressed 
the DSS-induced colon injury. 
 
Table 1: Hemoglobin concentration and colon length 
of mice in the various groups 
 

Group Hemoglobin 
(g/dL) 

Colon length 
(cm) 

Control  13.01±0.31 10.01±0.11 
Reference  10.11

*
±0.26 7.62

*
±0.21 

MRS-L negative 
control  

9,96
*
±0.29 7,58

*
±0.18 

Meslamine-
positive control  

12.84
#
±0.18 9.92

#
±0.16 

10
8 

CFU/mL. 
MIMBb75 

12.89
#
±0.13 9.95

#
±0.11 

10
7 

CFU/mL. 
MIMBb75 

12.93±0.24
#
 9.90

#
±0.17 

10
6 

CFU/mL. 
MIMBb75 

12.96±0.27
#
 9.87

#
±0.19 

*P < 0.05, compared with the blank group; #p < 0.05, 
compared with the reference group 

 
Effect of MIMBb75 on intestinal flora diversity 
in DSS-induced colitis mice 
 
The number of DNA bands was significantly 
raised in the high- and middle-dose MIMBb75 
groups, when compared with the control group (p 
< 0.05), and was significantly elevated in the 
three MIMBb75 groups and mesalamine group, 
relative to the DSS reference group (p < 0.05). 

However, there was no significant difference in 
the number of DNA bands between DSS control 
group and MRS-treated group. 
 
Effect of MIMBb75 on the similarity of 
intestinal flora in DSS-induced colitis mice 
 
As shown in Table 3, since the size of the V3 
region fragment of the 16SrDNA that amplified 
bacteria was 200 bp, the clone can only measure 
about 170 bp. No dominant microflora such as 
Lactobacillus, bifidobacteria and Colibacillus 
were found in this study. The results showed that 
the common bands were 1, 6, 12, 14 and 16, 
corresponding to Barnesiella intestinehominis, 
bacteroides, and Citrobacter, respectively. The 
specific bands in the MIMBb75-treated groups 
were 4, 5, 7, 8, 9, 10, 11, 13, 15, 16, 17, 19, and 
20, which were mainly bacteroides Barnesiella 
intestinehominis, Clostridium leptum strain, and 
Clostridium polysaccharolyticum strain. 
Clostridium leptum and Clostridium were present 
in all groups, but they had more advantage in the 
MIMBb75-treated group. 
 

DISCUSSION 
 
The pathogenesis of UC is unclear at present, 
although with recent advances in genetics, 
immunology, and molecular biology, more 
information on UC is now available [7]. It has 
been established that the onset of UC is closely 
related to environment, genetics, immunity and 
intestinal microflora. Currently, it is believed that 
the interaction between the intestinal microbial 
barrier and the tissues may be one of the 
important causes of UC

 
[8]. 

 
Table 2: Effect of MIMBb75 on the number of DNA bands of intestinal flora of mice 
 

Blank group DSS group MRS group MIMBb75 groups  Mesalazine group 

32.16±1.78 29.43±1.06* 28.95±1.27* 
High Middle Low 

32.68±2.04
#
 

42.73±2.62*
#
 36.24±2.28*

#
 33.06±1.97

#
 

*P < 0.05, compared with the blank group; #p < 0.05
, 
compared with the reference group 

 
      Table 3: Serial numbers of bands of the gene fragment sequences in the DGGE profile 
 

Band number Sequence size 
Closest species names from GenBank database 

NCBI BLAST match (accession no.) 
Similarity (%) 

1,4,5 176 Barnesiella intestinihominis 
[NZ-JH815206.1] 

99.61 

9,11,17,20 172 Clostridum leptum 
753[NR-114789.1] 

97.36 

3,8,9,12,14 165 Bacteroides 
[NZ-EQ973630.1] 

99.38 

7,10,15,18,6,19 178 Clostridium polysaccharolyticum strain 
G17(NR-025651.1) 

99.17 

2,13,16 176 Citrobacter 99.40 
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It has been reported that probiotics can resist UC 
by inhibiting the NF-kB signaling pathway [9]. 
The findings in this study showed that the 
number of DNA bands was largely increased in 
the three MIMBb75 groups, and similarity was 
higher in the low dose MIMBb75 group than in 
the control, MRS-positive control, mesalamin, 
and DSS groups. This indicates that the various 
doses of MIMBb75 had the same regulating 
effects on intestinal flora of mice. This may be 
due to the fact that bifidobacteria participate in 
the synthesis of short-chain fatty acids, thereby 
enhancing the barrier function of epithelial cells 
and preventing the invasion of pathogenic 
Colibacillus. 
 
It has been reported that triple viable 
Bifidobacterium can effectively restrain the 
growth of pathogenic bacteria in the intestinal 
tract [10]. In addition, studies have shown that 
the combination of mesalamine and triple viable 
Bifidobacterium is able to ameliorate the clinical 
manifestations of UC and boost the recovery of 
intestinal mucosa

 
[11]. The results of the present 

study suggest that MIMBb75 can compete with 
the original host microorganisms in the intestine, 
inhibit the growth of harmful bacteria, promote 
the growth of probiotics, and increase the 
diversity of intestinal microflora in mice. 
Probiotics can provide essential energies for 
intestinal epithelial cells (IECs), and the 
metabolites of their symbiotic bacteria can also 
influence the balance of IECs. 
 
Microorganisms metabolize dietary fiber and 
carbohydrates to produce short-chain fatty acids 
such as acetic acid, propionic acid, and butyrate. 
Butyrate signal induces the expression of IEC IL-
18 through G-protein-coupled receptor (GPR) 
109A, thereby inhibiting colitis-associated colon 
cancer (CAC) [12]. Other related studies have 
also demonstrated that bifidobacteria uses acetic 
acid to enhance the anti-apoptosis reaction of 
intestinal epithelial cells, thus protecting the 
intestine from injury [13]. The present study has 
demonstrated that Clostridium leptum, Clotridium 
polysaccharolyticum strain, and Citrobacter 
specifically lower intestinal pH and inhibit the 
invasion of pathogenic microorganisms. Hence, 
the concentration of hemoglobin in each dose 
group of MIMBb75 and the length of colon were 
increased, and colon damage was reduced. This 
may be due to the fact that MIMBb75 reduced 
the intestinal pH through acetic acid production, 
and created an acidic environment in the 
intestine which inhibited the growth of harmful 
bacteria. It has been suggested that probiotics 
can mitigate intestinal inflammation in mice and 
reduce pathological injury of UC through 
inhibition NF-kB signal pathway. 

CONCLUSION 
 
The results of this study indicate that MIMBb75 
lowers the pH of the intestinal tract by creating a 
good intestinal micro-environment. This provides 
intestinal probiotics, reduces harmful intestinal 
bacteria, and improves the distribution of 
intestinal flora microecology, thereby inhibiting 
UC-induced colon damage. Thus, bifidobacteria 
mitigates ulcerative colitis through regulation of 
intestinal microflora. 
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