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INTRODUCTION
Dietary fiber is considered to keep microbiota healthy state, that may contribute the

intestinal barrier function and may increase resistance to colitis-inducing stimuli. In addition,
short-chain fatty acids (SCFAs), the bacterial metabolites of dietary fiber, provide intestinal
epithelial cells with energy and contribute to maintain epithelial barrier function. Based on these
protective property of dietary fiber, intake of dietary fiber is recommended to keep remission of
ulcerative colitis. However, protective effects of dietary fiber on colitis are controversial in
animals and human. In our present study, we examined whether colitis is caused or worsened
under fiber-deficient condition in mice to verify the protective effects of dietary fiber on colitis.
In addition, we also examined the protective effect of SCFAs on aggravation of colitis due to
fiber deficiency. Furthermore, we evaluated the changes in microbiota due to fiber deficiency to

evaluate dysbiosis, that could cause vulnerability in barrier function.

MATERIALS AND METHODS

Mice were administered 2% dextran sulfate sodium (DSS), a colitis inducer, through

drinking water. Along with the DSS-administration, mice were fed normal diet or fiber deficient
diet. The impact of fiber deficient diet alone without DSS was also examined. Therefore, we

made four groups: normal diet without DSS (ND group); fiber-deficient diet without DSS (FF



group); normal diet with DSS (NDD group); fiber deficient diet with DSS (FFD group). To
evaluate the severity of colitis, diarrhea, blood in stool, and weight loss were evaluated as
macroscopic changes that are associated with colitis. In addition, myeloperoxidase (MPO)
activity and histopathological changes in the large intestine were assessed as direct indicators of
colitis. To evaluate the involvement of SCFAs in the aggravation of colitis, cecum weight and the
amount of SCFAs in the cecum, where SCFAs are produced, were measured. In addition, mixture
of SCFAs (the mixture of acetate, propionate and butyrate) were administered orally during the
intervention of fiber-deficient diet and DSS, then the colitis-associated parameters were
evaluated. Furthermore, the percentages of major bacteria, which comprise more than 1% of the
microbiota, were calculated to evaluate the dysbiosis. All experiments with animals in this study

were approved by the Animal Care and Use Committee of Shimane University.

RESULTS AND DISCUSSION
The diet feeding and DSS administration were carried out for 5 days (day 0 to day 5). The

episodes of diarrhea occurred from day 1 and continued thereafter in the FFD group. There was
no diarrhea in NDD group. Blood stool emerged from day 1 and got severer thereafter in the
FFD group whereas no or mild blood stool was observed in NDD group. In addition, marked
histopathological changes including disruption of epithelium and ulcers were observed in FFD
group. In contrast, damage to epithelium and entire villi were mild in NDD group. These
abnormal stool state and histopathological changes were not observed both in the ND group and
FF group. Furthermore, FFD group showed higher MPO activity compared to NDD group
although the MPO activities of both groups were higher than those of ND group and FF group.
The MPO activity was not increased in FF group compared to ND group. These results indicate
that a fiber deficiency accelerates DSS-induced colitis.

Given the early onset of diarrhea and blood stool in the FFD group, we evaluated the
colitis-associated symptoms and direct intestinal damage at day 1 and day 2 to estimate the onset
of the aggravation of the colitis. In the comparison of NDD group and FFD group, FFD group
showed that enhancement of epithelium damage and MPO activity occurred from day 1 and day
2 respectively. These results suggest that fiber deficiency induced the wulnerability to
colitis-inducing stimuli in a very short term.

The amounts of SCFAs in FF group and FI'D group were smaller than those in ND group
and NDD group. In addition, the amounts of SCFAs between FF group and FFD group, and ND
group and NDD group were comparable respectively. The same tendency was observed in the
cecum weight. These results indicate that fiber deficiency reduces the amount of SCFAs
independent of colitis-inducing stimuli. Nevertheless, the administration of SCFAs did not

ameliorate the worsening of the colitis. Therefore, the aggravation of the colitis due to fiber



deficiency would be independent of the decreased amounts of intestinal SCFAs.

In the comparison of the microbiota between the ND group and the FF group, the
populations of almost all bacteria were different. The similar tendencies were observed between
NDD group and FFD group. These changes were observed day 1 and continued thereafter.
Among them, the increased population of Desulfovibrio spp. in FF group and FFD group was
noteworthy since Desulfovibrio spp. are sulfate-reducing bacteria and produce hydrogen sulfide,
which likely induce the destruction of epithelial cells as well as upregulation of
proteolysis-inducing genes in colonocytes at higher concentration. In addition, the vesicles of the
outer membrane destroy the epithelial barrier. Furthermore, Desulfovibrio spp. is abundant in
IBD patients and positively correlates with the disease activity. Conversely, there have been
multiple reports indicating a decrease in the population of Desulfovibrio spp. alongside the
resolution of colitis in animal models. Therefore, increased Desulfovibrio spp. is potential
causative factor, which induces vulnerability to DSS-stimulation. Besides, the populations of
Lactobacillus spp. were lower in FF group and FFD group. Since multiple Lactibacillus species
have been found to ameliorate DSS-induced colitis, decreased Lactibacillus spp. and increase in
Desulfovibrio spp. instead may have accelerated the formation of unhealthy microbiota that

makes intestinal tract irritable to colitis-inducing stimuli.

CONCLUSION
Deficiency of dietary fiber aggravates DSS-induced colitis independent of SCFAs in the

short term and the dysbiosis is potential causative factor. These results suggest that a regular

intake of dietary fiber is strongly recommended to avoid colitis and preserve intestinal health.



