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Abstract. Faecalibacterium prausnitzii is one of the most 
abundant bacteria in the human gut microbiota. This bacte-
rium is reported to serve an important role in inflammatory 
bowel diseases. In the present study, the preventive effects 
of F. prausnitzii on a dextran sodium sulfate (DSS)‑induced 
colitis model in mice were investigated. BALB/c mice were 
fed with 5% DSS in drinking water. Administration of 
live or inactivated F. prausnitzii was initiated 7 days prior to 
the start of DSS feeding. Mucosal cytokines were analyzed 
by reverse transcription‑quantitative PCR. Histological 
analysis of colon mucosa was also performed. The symptoms 
of DSS‑induced colitis (weight loss, diarrhea, bloody stools 
and colon shortening) were significantly improved in the 
group administered live F. prausnitzii, but not in the other 
groups. There were no significant differences in the expres-
sion of proinflammatory cytokines; however, the expression 
of mucosal cytokines appeared to be markedly reduced in 
the live F. prausnitzii‑administered group compared with the 
DSS‑fed control. The results suggested that preventive admin-
istration of ‘live’, but not inactivated, F. prausnitzii protected 
the colon against DSS‑induced colitis. Live F. prausnitzii were 
also administered therapeutically following the induction of 
colitis, resulting in an improved histological score in mice.

Introduction

Faecalibacterium prausnitzii was first isolated from human 
feces in the early 20th century, and classified under the genus 

Fusobacterium (1); however, it was re‑classified under the 
genus Faecalibacterium by Duncan et al (2) in 2002, due to 
significant differences in the GC content, 16S ribosomal rDNA 
sequence and oxygen tolerance between these two genera. 
F. prausnitzii is a butyric acid‑producing, obligate anaerobic 
bacillus, and is classified into two molecular phylogroups 
similar to strains ATCC27768 and A2‑165, based on the 16S 
rDNA sequence  (3). F. prausnitzii is reportedly abundant; 
F.  prausnitzii comprises 6‑8% of the gut microbiome in 
healthy humans, but up to 20% in certain individuals (4‑12). 
Conversely, this bacterium is not detected in early infants 
(aged 0‑6 months); it is first detected at 7 months of age or 
older (13‑16). Recently, F. prausnitzii was reported to serve 
an important role in inflammatory bowel disease (IBD), 
including ulcerative colitis (UC) and Crohn's disease (17). 
Disorders of the gut microbiome serve an important role in 
IBD (18,19). Numerous studies have reported that the popula-
tion of F. prausnitzii is decreased in the mucosa and feces of 
patients with IBD, albeit with certain exceptions (18‑30). A 
number of chemically‑induced animal models of experimental 
colitis have been employed to investigate the pathophysiology 
of IBD (18,31‑33). The dextran sodium sulfate (DSS)‑induced 
colitis model is one of the most widely used models, due to 
the reproducibility of results (31‑33). DSS‑induced colitis is 
morphologically characterized by damage to epithelial cells, 
ulceration, submucosal edema, and the infiltration of granu-
locytes and mononuclear immune cells (34). Therefore, the 
DSS‑induced colitis model is considered to exhibit features 
similar to those of human UC. The present study aimed 
to investigate the preventive and therapeutic potential of 
F. prausnitzii administration.

Materials and methods

Unless otherwise specified, Reagents were purchased from 
FUJIFILM Wako Pure Chemical Corporation.

Bacterium. F.  prausnitzii ATCC27768 (purchased from 
ATCC) was grown under anaerobic conditions with N2 gas 
using the Hungate method (35). The culture medium contained 
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the following contents per liter: 10 g Bacto peptone, 10 g 
LAB‑LEMCO powder, 3 g Bacto yeast extract, 5 g D‑glucose, 
2.5 g maltose, 5 g NaCl, 1 g soluble starch, 1 g L‑cysteine 
HCl, 3 g sodium acetate and 1 mg resazurin. F. prausnitzii was 
cultured at 37˚C until the optical density at 650 nm reached 
>1.5. Prior to administration to mice, bacterial culture fluid 
was collected anaerobically with a 1 ml syringe, and was stored 
at 4˚C until administration. Inactivation of the bacterium was 
performed by air mixing. Culture fluid (30 ml) was transferred 
from the Hungate tube to a 50‑ml centrifugation tube, gently 
mixed well without using a vortex mixer and exposed to air 
for at least 30 min. Following air mixing, one tube was used as 
inactivated F. prausnitzii (iFP), and another was divided into 
bacterial cells (FP cells) and supernatant (FP sup.).

Experimental animals and colitis induction. All the experi-
mental procedures using mice were conducted in accordance 
with the National Institutes of Health guidelines for the use 
of experimental animals (36). Experiments were performed 
according to the guidelines for the care and use of laboratory 
animals approved by Nichinichi Pharmaceutical Co., Ltd. 
All experimental programs were approved by the Animal 
Care Committee of Kyoto Prefectural University of Medicine 
(Kyoto, Japan). BALB/cCrSlc mice (5‑week‑old males) were 
purchased from Japan SLC, Inc. A total of 100 mice were 
used in this study. They were acclimatized for 1 week prior 
to experiments, and were housed individually in a room main-
tained at 22˚C and normal humidity, under a 12:12‑h day/night 
cycle throughout the experiments. The mice were allowed free 
access to rodent chow (CE‑2; CLEA Japan, Inc.) and filtered 
tap water. Experimental colitis was initiated by oral adminis-
tration of 5% DSS (molecular weight, 5,000 Da) mixed with 
tap water. Body weight was measured daily throughout every 
experiment. The mean body weight was 21.1±0.8 g following 
acclimatization. Health and behavior were monitored daily by 
measuring body weight. Mice were euthanized within 1 h if 
the body weight decreased to <80% of the weight at the start 
of experiments. No animals succumbed prior to meeting the 
criteria for sacrifice. No other measures were implemented due 
to the minor distress that may be induced. Research staff were 
trained in animal care and handling by an animal experiment 
specialist.

Preventive experiment. A total of two preventive experiments 
were performed. In the first experiment, mice were divided 
into 4 groups: Control mice (Cont. group, n=9); F. prausnitzii‑
treated mice (FP group, n=8); 5% DSS‑treated mice (DSS + 
Cont. group, n=19); and 5% DSS plus F. prausnitzii‑treated 
mice (DSS + FP group, n=20). To determine the experimental 
preventive effects of F. prausnitzii on colitis, 0.2 ml/mouse/day 
F. prausnitzii culture fluid containing 108 colony forming units 
(CFU) of live F. prausnitzii was administered orally for 7 days, 
and then DSS was administered for 8 days. F. prausnitzii was 
not administered during the DSS treatment period. The mice 
were sacrificed at day 8 by cervical dislocation to minimize 
suffering. The large intestine of each mouse was removed, and 
the length from under the cecum to the anus was measured 
as the colon length. H&E was used to stain colonic mucosa 
from mice in the DSS + Cont. (n=2) and DSS + FP groups 
(n=2). Staining was 0.2% hematoxylin solution for 5 min, 

rinsing in tap water then 1% acid alcohol, rinsing in tap water 
again, rinsing in ethanol, staining for 5 min with 1% eosin 
solution, and finally rinsing in ethanol. This was all performed 
at room temperature Reverse transcription‑quantitative PCR 
(RT‑qPCR) analysis was performed on 5 samples/group.

In the second experiment, the effects of inactivated culture 
fluid, bacterial cells and supernatant were determined using 
the same methods. Mice were divided into 5 groups: Control 
mice (Cont. group, n=5); 5% DSS‑treated mice (DSS + cont. 
group, n=4); 5% DSS plus inactivated F. prausnitzii‑treated 
mice (DSS + iFP group, n=4); 5% DSS plus F. prausnitzii 
cell‑treated mice (DSS + FP cell group, n=5); and 5% DSS plus 
F. prausnitzii supernatant (DSS + FP sup. group, n=5). Group 
details are presented in Table I. In the preventive experiment, 
as one animal in the DSS + Cont. group reached the endpoint 
criteria, it was sacrificed and its data were excluded; the 
weight loss was hypothesized to be a result of weakness due to 
DSS‑induced colitis.

Therapeutic experiment. To investigate the therapeutic 
effects of F. prausnitzii on colitis, mice were administered 
5% DSS water for 8 days following the acclimation period 
to induce DSS‑colitis. Administration of 5% DSS water 
was then terminated for a recovery period of 3 days. Then, 
0.2 ml/mouse/day of F. prausnitzii culture fluid for the DSS + 
FP group (n=10), or fresh culture medium for the DSS + Cont. 
group (n=10) was administered orally for 7 days. The mice 
were sacrificed on day 19 by cervical dislocation to minimize 
suffering. Histological analyses using H&E staining as above 
was performed on 5 samples/group. RT‑qPCR analysis was 
performed on 5 samples/group.

Assessment of inflammation in DSS‑induced colitis. Mucosal 
inflammation was assessed using the disease activity index 
(DAI) score, as illustrated in Table II. The DAI scores were 
calculated by the sum of the fecal properties and hematochezia 
scores. The DAI score was measured daily.

Histological analysis. For histological analysis, the colon 
was fixed in 10% buffered formalin at room temperature for 
~1 week and embedded in paraffin. Sections (4‑µm thickness) 
were prepared and stained with hematoxylin and eosin as 
above. The severity of histological damage was scored in 
a blinded manner using a previously published grading 
system (37,38). Briefly, the histological scores indicated the 
presence and extent of inflammation and epithelial damage 
in colitis, as determined according to the system presented in 
Table III. The total score indicated the sum of the epithelium 
(E) and infiltration (I) scores, and thus ranged between 0 and 
8 (total score=E+I).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from the mucosa of the large intestine 
using the acid guanidinium phenol chloroform method with 
Isogen (Nippon Gene Co., Ltd.) and then reverse transcribed 
with PrimeScript™ RT‑PCR kit (Takara Bio, Inc.). The reverse 
transcription conditions were: 65˚C for 5 min (annealing step), 
42˚C for 30 min (reverse transcription step), and then 95˚C for 
5 min (inactivation step). cDNA was subjected to qPCR on the 
7300 Real‑Time PCR System (Applied Biosystems; Thermo 
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Fisher Scientific, Inc.) using SYBR® Premix Ex Taq™ II 
(Takara Bio, Inc.). qPCR conditions were: 95˚C for 15 sec, then 
40 cycles of 95˚C for 15 sec and 60˚C for 31 sec. The expres-
sion of cytokine mRNA [tumor necrosis factor‑α (TNFα); 
interferon‑γ (IFNγ); interleukin (IL)‑10, IL‑12 and IL‑17A] 
was determined; β‑actin was used as an internal control. The 
2‑∆∆Cq method was used for quantification (39). The sequences 
of the primer sets are presented in Table IV.

Statistical analysis. Data were analyzed using StadView version 
5.0 (SAS Institute, Inc.). DAI scores over time and mice body 
weight changes over time were compared by one‑way ANOVA 
followed by Fisher's protected least significant difference test. 
Student's t‑test was used for comparing two groups. P<0.05 
was considered to indicate a statistically significant difference. 
Data are presented as the mean ± standard deviation for all 

experiments with the exception of RT‑qPCR data, which are 
presented as the mean ± standard error of the mean.

Results

Inflammation of DSS‑induced colitis. The administered 
F. prausnitzii fluid (0.2 ml) contained ~1.5x108 CFU. All mice 

Table I. Groups for the preventive experiment.

Group name	 Preventive administration	 Drinking water

Cont.	A naerobic medium	 Tap water
FP	 Culture fluid (living)	 Tap water
DSS + Cont.	 Anaerobic medium	 DSS water
DSS + FP	 Culture fluid (living)	 DSS water
DSS + iFP	 Culture fluid (inactivated)	 DSS water
DSS + FP cell	 Bacterial cells (inactivated)	 DSS water
DSS + FP sup.	 Supernatant	 DSS water

The concentration of DSS was 5% (w/w) in tap water. Preventive 
administration was performed orally at 0.2 ml/mouse/day for 7 days 
before DSS treatment. Cont., control; DSS, dextran sodium sulfate; 
(i)FP, (inactivated) Faecalibacterium prausnitzii; sup., supernatant.

Table II. DAI score assessment.

A, Fecal properties score

Fecal properties	 Score

Normal stools	 0
Loose stools (tangible wet stools)	 1
Diarrhea stools (collapsed wet stools)	 2
Watery stools (liquid stools)	 3

B, Hematochezia score	

Hematochezia properties	 Score

Normal	 0
Blood in the stool by visual	 1
Blood in the anus	 2
Bleeding from the anus	 3

DAI scores were calculated as the sum of the fecal properties score 
and hematochezia score. DAI, disease activity index.

Table IV. Primer list for RT‑qPCR.

Cytokine	 Primers

TNFα	 F: 5'‑ATCCGCGACGTGGAACTG‑3'
	 R: 5'‑ACCGCCTGGAGTTCTGGAA‑3'
IFNγ	 F: 5'‑CCTGCGGCCTAGCTCTGA‑3'
	 R: 5'‑CCATGAGGAAGAGCTGCAAAG‑3'
IL‑10	 F: 5‑AGCAGCCTTGCAGAAAAGAGA‑3'
	 R: 5‑AGTAAGAGCAGGCAGCATAGCA‑3'
IL‑12p35	 F: 5'‑CACCCTTGCCCTCCTAAACC‑3'
	 R: 5'‑CACCTGGCAGGTCCAGAGA‑3'
IL‑17A	 F: 5'‑TCATCTGTGTCTCTGATGCTGTTG‑3'
	 R: 5'‑TCGCTGCTGCCTTCACTGT‑3'
β‑actin	 F: 5'‑TATCCACCTTCCAGCAGATGT‑3'
	 R: 5'‑AGCTCAGTAACAGTCCGCCTA‑3'

RT‑qPCR, reverse transcription‑quantitative polymerase chain 
reaction; IL, interleukin; IFNγ, interferon‑γ; TNFα, tumor necrosis 
factor‑α; F, forward; R, reverse.

Table III. Histological score assessment.

A, Epithelium score

Epithelial properties	 Score

Normal morphology	 0
Loss of goblet cells	 1
Loss of goblet cells in large areas	 2
Loss of crypts	 3
Loss of crypts in large areas	 4

B, Infiltration score

Infiltration properties	 Score

No infiltration	 0
Infiltration around crypt bases	 1
Infiltration reaching the muscularis mucosa	 2
Extensive infiltration reaching the muscularis	 3
mucosa and thickening of the mucosa with	
abundant edema
Infiltration of the submucosa	 4

The total histological score was calculated as the sum of the epithe-
lium scores and infiltration scores.
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administered DSS developed diarrhea, bloody stools, weight 
loss and shortening of the colon, all symptoms of colitis 
(Figs. 1‑4); however, these symptoms were alleviated in mice 
administered living F. prausnitzii prior to DSS administration 
(DSS + FP groups). Diarrhea and bloody stools were assessed 
using the DAI score; this value was significantly improved in 
the DSS + FP group compared with the DSS + Cont. group from 
day 6 onwards (P<0.01; Fig. 1). Weight loss was also signifi-
cantly alleviated in the DSS + FP group compared with the 
control (Fig. 2). DSS + FP group mice exhibited similar weight 
loss to the DSS + Cont. group until day 6; however, from day 7, 
the relative weights of the mice were significantly increased in 
the DSS + FP group compared with the DSS + Cont. group. 
The weight of the DSS + Cont. group by day 8 was reduced to 
86.2±4.2% of the starting weight, whereas that of the DSS + 
FP group was reduced to 89.7±5.2%. The colon length of the 
DSS+FP group was significantly increased compared with the 
DSS + Cont. group (Fig. 3). The colon length of the DSS + 
Cont. group was reduced by 20.8±8.8%, whereas that of the 
DSS + FP group was decreased by 15.2±6.8%. It was observed 
that the administration of inactivated F. prausnitzii induced 
no protective effects against DSS‑induced colitis in BALB/c 
mice. The DAI score, weight loss and colon length reduction 
were not ameliorated in mice administered inactivated bacte-
rial materials (Fig. 4). In the absence of DSS treatment, when 
comparing the FP group and the Cont. group, no notable side 
effects of F. prausnitzii administration on weight change, DAI 
score, colon length, appearance or behavior were observed.

Histological analysis of the colon. The internal folds in the 
colons of mice administered DSS were reduced by inflamma-
tion (Fig. 5). The histological scores of the DSS + FP groups 
were significantly improved compared with the DSS + Cont. 
groups (P<0.05). Inflammation of the colon was alleviated 
in mice administered DSS with preventive F.  prausnitzii 
compared with mice administered DSS alone.

Cytokine expression. The expression of TNFα, IFNγ, IL‑17A, 
IL‑10 and IL‑12 normalized to β‑actin in the mucosa of the 
large intestine is presented in Fig. 6. There were no significant 
differences in the expression of each cytokine upon comparing 
the DSS + FP group with the DSS + Cont. group; however, 
the expression levels of TNFα, IFNγ and IL‑10 in the DSS + 
FP group were notably decreased compared with the DSS + 
Cont. group. The levels of IL‑17A and IL‑12 were markedly 
unaltered in the DSS + FP group compared with the DSS + 
Cont. group.

Therapeutic effect. For the therapeutic experiment, animals 
were first administered DSS, and then control or FP treat-
ment. There were no significant differences between the 
DSS + Cont. and DSS + FP groups in terms of DAI score, 
weight change and colon length; however, the histological 
score of animals in the DSS + FP group was significantly 
improved (Fig.  7). Proinflammatory cytokine expression 
was measured by RT‑qPCR. The expression of all cytokines 
analyzed during the experiment was markedly downregu-
lated in the mucosa of the DSS + FP group compared with 
the DSS + Cont. group; however there were no significant 
differences (Fig. 8).

Discussion

Previous studies reported that F. prausnitzii is associated 
with IBD pathogenesis, and that certain patients with IBD 
were reported to exhibit smaller populations of F. prausnitzii 
compared with healthy counterparts  (18‑30). Furthermore, 
administration of F.  prausnitzii was reported to improve 
chemically‑induced colitis in murine models (18,31‑33).

In the present study, live F.  prausnitzii prevented 
DSS‑induced colitis in BALB/c mice. The colon length was 
significantly increased in the live F. prausnitzii‑administered 
group compared with the DSS + Cont. group, and a DAI assess-
ment revealed that the damage mediated by DSS‑induced 
colitis was reduced; however, administration of inactivated 
F. prausnitzii exhibited no effects on DSS‑induced colitis. 
Therefore, it was suggested that live, but not inactivated 
F. prausnitzii protected the colon from DSS‑induced colitis 
when administered prior to its onset. Therapeutic experi-
ments were also performed; following the induction of colitis 
with DSS, live F. prausnitzii were administered during the 

Figure 1. Effects of FP preventive treatment on the DAI score during 
DSS‑induced colitis. The DAI score was measured daily, and was the 
sum of the fecal properties score and hematochezia score. Cont. group 
(n=9); FP group (n=8); DSS + Cont. group (n=19); DSS + FP group (n=20). 
Data are presented as the mean ± standard deviation. **P<0.01, ***P<0.001 
vs. DSS + Cont. (Fisher's protected least significant difference test). 
Cont., control; DAI, disease activity index; DSS, dextran sodium sulfate; 
FP, Faecalibacterium prausnitzii.

Figure 2. Effects of FP preventive treatment on body weight during 
DSS‑induced colitis. Body weight was measured daily. Weight at day 0 was 
set as 100%. Cont. group (n=9); FP group (n=8); DSS + Cont. group (n=19); 
DSS + FP group (n=20). Data are presented as the mean ± standard deviation. 
*P<0.05 vs. DSS + Cont. (Fisher's protected least significant difference test). 
Cont., control; DSS, dextran sodium sulfate; FP, Faecalibacterium prausnitzii.
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recovery period. The DAI score and weight quickly recovered, 
but DSS‑induced colitis was observed in the colon mucosa. 
The mice administered live F. prausnitzii exhibited improved 
recovery from DSS‑induced colitis compared with the Cont. 
group, based on the histological analysis.

It was hypothesized that live F. prausnitzii regulated the 
expression of proinflammatory cytokines, thus protecting the 
colon from DSS‑induced colitis. There were no significant 
differences in cytokine expression between the DSS + Cont. 
group and DSS + FP group in the preventive or therapeutic 
experiments; however, the expression of proinflammatory 
cytokines in the DSS + FP group was markedly decreased 
compared with in DSS + Cont. group. Anti‑inflammatory 
cytokines are reported to improve chemically‑induced colitis 
in mice  (18). Rodent models have been frequently used to 
study colitis; colitis has been experimentally induced using 
various chemical agents, including DSS, 2,4,6‑trinitroben-
zene sulfonic acid (TNBS) and dinitrobenzene sulfonic 

Figure 4. Inactivated FP does not protect the colon from DSS‑induced colitis. DAI score and weight were measured daily. Mean colon length and representative 
samples of dissected large intestines from mice in each group are presented. There were no significant differences in any variable between the DSS groups. 
Cont. group (n=5); DSS + Cont. group (n=4); DSS + iFP group (n=4); DSS + FP cell (n=4); DSS + FP sup. (n=5). Data are presented as the mean ± standard 
deviation. Cont., control; DSS, dextran sodium sulfate; (i)FP, (inactivated) Faecalibacterium prausnitzii; sup., supernatant.

Figure 3. Effects of FP preventive treatment on colon length during DSS‑induced colitis. Mean colon length and representative samples of dissected large 
intestines from mice in each group. Cont. group (n=9); FP group (n=8); DSS + Cont. group (n=19); DSS + FP group (n=20). Data are presented as the 
mean ± standard deviation. *P<0.05 vs. DSS + Cont. (Fisher's protected least significant difference test). Cont., control; DSS, dextran sodium sulfate; 
FP, Faecalibacterium prausnitzii.

Figure 5. Histological analysis of the colon mucosa. H&E‑stained colonic 
mucosa from mice in the DSS + Cont. (n=2) and DSS + FP groups (n=2). 
The histological score was calculated as the sum of the epithelium score and 
infiltration score. Scale bar, 500 µm. Data are presented as the mean ± stan-
dard deviation. *P<0.05 vs. DSS + Cont. (Student's t‑test). Cont., control; DSS, 
dextran sodium sulfate; FP, Faecalibacterium prausnitzii.
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Figure 8. Proinflammatory cytokine expression in the colon mucosa during the therapeutic experiment. Animals were administered DSS for 8 days, and then FP 
or Control. Treatment for 7 days. Cytokine expression was measured via RT‑qPCR. β‑actin was used as an internal standard. RT‑qPCR analysis was performed 
on 5 samples/group. Data are presented as the mean ± standard error of the mean. Cont., control; DSS, dextran sodium sulfate; FP, Faecalibacterium prausnitzii; 
IL, interleukin; IFNγ, interferon‑γ; RT‑qPCR, reverse transcription‑quantitative PCR; TNFα, tumor necrosis factor‑α.

Figure 7. DAI score, weight change, colon length and histological score in the therapeutic experiment. Animals were administered DSS for 8 days, and then 
FP or control treatment for 7 days. DAI score and weight change were measured daily. DSS + Cont. group (n=10); DSS + FP group (n=10). The colon length of 
each mouse was measured. Histological analyses were performed in 5 samples/group. Scale bar, 100 µm. Data are presented as the mean ± standard deviation. 
*P<0.05 vs. DSS + Cont. (Student's t‑test). Cont., control; DAI, disease activity index; DSS, dextran sodium sulfate; FP, Faecalibacterium prausnitzii.

Figure 6. Expression of proinflammatory cytokines in the colon mucosa. Cytokine expression was measured via RT‑qPCR. β‑actin was used as an internal 
standard. RT‑qPCR analysis was performed on 5 samples/group. Data are presented as the mean ± standard error of the mean. Cont., control; DSS, dextran 
sodium sulfate; FP, Faecalibacterium prausnitzii; IL, interleukin; IFNγ, interferon‑γ; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
TNFα, tumor necrosis factor‑α.
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acid (DNBS) (18,31‑33). In the present study, F. prausnitzii 
protected the colon from chemically‑induced colitis by 
regulating the expression of inflammatory cytokines, such as 
TNF‑α and IL‑12. Sokol et al (18), reported that the severity 
of TNBS‑induced colitis in BALB/c mice was reduced by 
F. prausnitzii and its supernatants, with TNF‑α and IL‑12 
secretion levels reduced compared with the vehicle and colitis 
control, and IL‑10 secretion induced in the colons of mice 
treated with F. prausnitzii or its supernatant. Furthermore, 
Huang  et  al  (31) reported that F.  prausnitzii supernatant 
ameliorated DSS‑induced colitis in C57BL/6J male mice via 
the inhibition of T‑helper cell 17 differentiation and IL‑17A 
secretion in plasma cells and colon mucosa. Rossi et al (32) 
reported that F. prausnitzii strain HTF‑F and the extracellular 
polymeric matrix induced anti‑inflammatory effects on the 
clinical parameters measured in the DSS model, with varying 
efficacy. These studies reported that the supernatant exhibited 
a preventive effect on chemical‑induced colitis; however, there 
were no preventive effects following treatment with inacti-
vated F. prausnitzii or its supernatant observed in the present 
study. Only live F. prausnitzii cells exhibited a preventive 
anti‑inflammatory effect.

The mechanisms underlying the induction of colitis by 
DSS are unclear; DSS has been suggested to exert topical 
toxic effects on colonic epithelial cells, thereby disrupting 
mucosal barrier function (34,40). The effects of DSS depend 
on its molecular weight; the greater the molecular weight of 
DSS, the more severe the symptoms (34,40). Furthermore, 
TNBS and DNBS can bind covalently to the E‑amino group 
of lysine and modify cell surface proteins on T lympho-
cytes, whereas reactive oxygen species generated via TNBS 
metabolism may induce colitis; these effects, combined with 
ethanol, then disrupt the mucosal barrier function (34). There 
are certain differences between DSS and TNBS; DSS affects 
the colonic mucosal barrier function, whereas TNBS affects 
immune function. Furthermore, the DSS used in this study 
had a lower molecular weight (5,000 Da) than that used in 
other studies (32,33). BALB/c mice were thus less sensitive 
to DSS‑induced colitis than C57BL/6J mice (38). Therefore, 
DSS‑induced colitis was considered to be milder compared 
with the other DSS‑induced colitis studies.

It was hypothesized that administration of live 
F. prausnitzii in the present study improved mucosal barrier 
function, mucosal thickness, and mucin expression; conse-
quently, the symptoms of DSS‑induced colitis were reduced 
in BALB/c mice. In the present study, live F. prausnitzii 
appeared to exhibit anti‑inflammatory effects; however, 
inactivated F. prausnitzii appeared to induce no effects on 
colitis. Therefore, it was hypothesized that F. prausnitzii 
may metabolize natural nutrients, polysaccharides or other 
molecules into anti‑inflammatory substances in the process 
of growth or during the colonization of the intestinal mucosa, 
which then interact with other gut microbes. Further studies 
into the mucosal barrier system and the events occurring in 
the intestine upon the administration of F. prausnitzii are 
required.
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