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Effect of synbiotic containing Bacillus coagulans and lactulose
on gut health in mice with DSS-induced ulcerative colitis
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Abstract: [Objective] To investigate the effect of synbiotic containing Bacillus coagulans and
lactulose on clinical symptoms, intestinal morphology and microbiota in mice with dextran sodium
sulfate (DSS)-induced ulcerative colitis. [Methods] A total of 24 7-week-old male C57/BL6 mice with
initial body weight of (22.96+1.87) g were randomized into 4 groups (6 in each): control group (CON),
DSS group (2.5% DSS in water for 5 days), SYN-P group (gastric gavage of oral synbiotic once a day
for 7 days before DSS administration), and SYN-T group (gastric gavage of oral synbiotic once a day
for 7 days after DSS administration). After 7-day pre-feeding period and 19-day experimental period,
the mice were euthanized and samples were collected. [Results] On the 10th day in the experimental
period, except CON group, mice began to lose weight, among which DSS group had the fastest weight
loss and the highest disease activity index (DAI). After DSS treatment was terminated (14th day), the
body weight of SYN-P and SYN-T groups gradually returned to normal level, while that of DSS group
did not. Compared with CON group, DSS group showed decrease in colon length (P<0.05) and increase
in liver and spleen indexes (liver or spleen weight/body weight) (P<0.05), while SYN-T group
demonstrated rise of liver index (P<0.05). As for the histomorphology, the height of colon villi in CON
group was larger than that in DSS and SYN-P groups (P<0.05), and colonic crypt depth in DSS group
was larger than that in the other three groups (P<0.05). The villus height-to-crypt depth ratio in DSS
group was significantly smaller than that in SYN-P and SYN-T groups (P<0.05). As to the caecal
microflora, the diversity indexes (ACE, Chaol, Shannon, and Anova) of microflora changed (P<0.05).
At the phylum level, the relative abundance of Desulfobacterota and Deferribacteres in SYN-P group
decreased (P<0.05) and that of Deferribacteres in SYN-T group reduced (P<0.05) compared with that
in DSS group. At the genus level, the relative abundance of 13 dominant genera such as Enterococcus
changed. PICRUSt analysis showed that the KEGG pathway of carbohydrate metabolism was
up-regulated in SYN-P and SYN-T groups compared with that in CON and DSS groups (£<0.05). In

addition, 11 pathways at KEGG level 3, including fructose and mannose metabolism, were affected.
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[Conclusion] Synbiotic containing B. coagulans and lactulose can relieve clinical symptoms in mice

with DSS-induced ulcerative colitis, improve the intestinal morphology, and reduce the relative

abundance of Desulfobacterota and Deferribacteres that caused inflammatory response in the intestinal

tract through prevention and treatment.
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Figure 1 Study design.
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Table 1 Disease activity index (DAI) scoring

criteria

Score  Weight loss/% Rectal bleeding Stool

0 0 Normal Normal

1 0.1-5.0 Small amount of blood Loose

normal

2 5.0-10.0 Blood in stool Mild
regularly seen diarrhea

3 >10.0 Blood in all stool Diarrhea
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Figure 2 Effects of synbiotic on clinical signs of mice with DSS-induced ulcerative colitis. A: body weight; B:
DALI; C, D: the length of the colon; E: liver weight/body weight; F: spleen weight/body weight.
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Table 2  Effects of synbiotic on the colon morphology of mice with DSS

Treatment groups

Items SEM P-value
CON DSS SYN-P SYN-T

Villus height/pm 196.78° 162.72° 157.57° 180.42% 5.72 0.050

Crypt depth/pm 68.35" 81.04° 66.29° 72.53° 2.02 0.037

Villus height/crypt depth 2.87° 2.03° 2.38° 2.49° 0.08 0.000
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Figure 3  Effects of synbiotic on the colon morphology of mice with DSS.
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Figure 4 Effects of synbiotic on the cecal microbial diversity of mice with DSS. A-B: a-diversity; C:

B-diversity; D: Venn analysis.
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Figure 5 Effects of synbiotic on the cecal microbial composition of mice with DSS. A: phyla levels; B: genus

levels; relative abundance >1%.
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R3 BHETM DSS FH/NREMERINEETN KEGG BRI
Table 3  Effects of synbiotic on the cecal bacterial functional prediction of KEGG metabolic pathways of mice

with DSS
Relative abundance/%
KEGG levels KEGG pathways SEM P-value
CON DSS SYN-P SYN-T
2 Carbohydrate metabolism 10.52°  10.59°  11.03° 11.25° 0.779  0.005
2 Cell motility 2.42° 2.18° 1.26° 0.97° 0.162  0.007
2 Signal transduction 1.68°  1.84° 1.52 1.37° 0.049  0.011
2 Environmental adaptation 0.16° 0.17° 0.15° 0.14° 0.002  0.011
3 Glycolysis/gluconeogenesis 1.08° 1.11°% 1.16% 1.18° 0.010  0.021
3 Fructose and mannose 0.98° 0.99° 1.17° 1.24° 0.032  0.022
metabolism
3 Propanoate metabolism 0.48° 0.49° 0.52° 0.55" 0.007  0.044
3 Bacterial motility proteins 1.05 0.95° 0.47° 0.32° 0.082  0.012
3 Flagellar assembly 0.53" 0.39®  0.15% 0.08¢ 0.049  0.021
3 Bacterial chemotaxis 0.49* 0.50° 0.28° 0.21° 0.034  0.035
3 Two-component system 1.53®  1.70° 1.37% 1.22° 0.050  0.020
3 Carbon fixation in 0.61° 0.64*  0.67% 0.69* 0.008  0.023
photosynthetic organisms
3 Phosphotransferase system 0.49° 0.32° 0.67% 0.90° 0.060  0.018
(PTS)
3 Base excision repair 0.45¢ 0.46™ 0.50% 0.52* 0.007 0.047
3 Glutathione metabolism 0.18° 0.17° 0.18% 0.21° 0.004  0.025
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