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Abstract: It is believed that short-chain fatty acids (SCFAs)—the bacterial metabolites produced
by the digestion of dietary fiber—potentially contribute to the prevention of colitis. However, this
beneficial effect has not been conclusively proven. We thus attempted to verify this beneficial effect
by examining whether colitis can be caused or worsened by the deficiency in dietary fiber in mice.
We found that dextran sodium sulfate (DSS)-induced colitis was accelerated under a fiber-deficient
condition, but the fiber deficiency itself did not provoke colitis. Moreover, episodes of diarrhea
and epithelium damage in the large intestine were found upon analysis 24 h after the intervention.
Unfortunately, these symptoms and tissue damage could not be ameliorated by administering SCFAs.
On the other hand, a fiber-deficient condition increased the population of Desulfovibrio spp. and
decreased the population of Lactobaccillus spp. regardless of the presence or absence of DSS upon
analysis 24 h after the intervention. These results suggest that a deficiency in dietary fiber makes the
intestinal environment irritable to colitis-inducing stimuli within the short term. This change does
not appear to be related to the presence of SCFAs, but to the alteration of microbiota. Hence, a regular
intake of dietary fiber is strongly recommended to avoid colitis and preserve intestinal health.

Keywords: dietary fiber; colitis; short-chain fatty acids; blood stool; myeloperoxidase activity;
epithelial damage; microbiota

1. Introduction

Dietary fiber consists of non-digestive polysaccharides and is typically classified into
water soluble fiber and insoluble fiber [1]. Dietary fiber induces the secretion of water from
the intestinal wall to the intestinal tract that prescribes a moderate softness to stool and
prevents constipation [2]. In addition, the bacterial fermentation of dietary fiber results in
short-chain fatty acids (SCFAs), which are recognized as beneficial metabolites [3]. Acetate,
propionate and butyrate are the most abundant SCFAs, which provide intestinal epithelial
cells with the energy necessary for their survival [4–6] and enhance the barrier function of
intestinal epithelial cells [7,8] under a physiological condition.

Owing to these protective properties, dietary fiber is considered to have a suppressive
effect on inflammatory bowel disease (IBD) [9]. Nevertheless, some patients with IBD
are intolerant to fiber consumption due to the diminished fermentative activity of their
intestinal bacteria [10]. In addition, the suppressive effect of dietary fiber is controversial in
animal models of colitis [11,12]. Therefore, the beneficial effect of dietary fiber on IBD has
not been confirmed.

A previous mouse study indicated that colitis could be worsened by fiber deficiency
and that a decreased amount of intestinal SCFAs could be partially responsible for the
aggravation of colitis [13]. However, much like the human gut microbiome, animal gut
microbiomes vary across research groups as they are significantly affected by their breeding
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environments. Taking this into consideration, the aggravation of colitis and decease in
SCFA levels should be validated in different facilities. There is also no certainty regarding
when signs that indicate the exacerbation of colitis begin to occur in response to a dietary
fiber deficiency. Furthermore, it is unclear whether SCFAs are indeed responsible for the
worsening of colitis.

Therefore, a comprehensive analysis of the role of dietary fiber in colitis is necessary. In
order to assess this, we examined whether a fiber-deficient condition induces or accelerates
colitis, including an estimation of the onset. In addition, the relationship between the
alternation in intestinal microbiota and the amount of SCFAs and degree of colitis was
also evaluated.

2. Materials and Methods
2.1. Colitis-Inducing Procedure, Diet Feeding and Administration of SCFAs as Rescue Experiment

Seven-week-old male SPF C57BL/6N mice were purchased from SLC Japan Inc.
(Shizuoka, Japan). All animals were maintained under a strict 12 h light cycle (lights
on at 7:00 am and off at 19:00), including an acclimatization period for 1 week. After
acclimatization, mice were randomly divided into four groups according to differences
in diets (normal diet or fiber-free diet) and the presence or absence of 2% dextran sulfate
sodium (DSS; MP Biomedicals, Inc., Tokyo, Japan), which was allowed to be consumed
through drinking water ad libitum as a colitis inducer. The normal diet (ND) was the
MF diet (Oriental Yeast Co., Ltd., Tokyo, Japan), which is commonly used as a standard
diet for mouse breeding. The fiber-free diet (FF) was D18102201 (Research Diets, Inc.,
New Brunswick, NJ, USA), which was made similar to the way it was made in a previous
study [14]. The basic components of the fiber-deficient diet are listed in Supplementary
Table S1. To evaluate the severity of colitis, the DAI (disease activity index) score, an
indicator of DSS enteritis, was calculated by summing up the scores of the following three
parameters: stool consistency, blood in feces and weight loss (Supplementary Table S2) [15].
For rescue experiment, SCFA mixture (180 mM of sodium acetate, 60 mM of sodium propi-
onate and 60 mM sodium butyrate, which are equivalent to the concentrations adopted in
previous studies [13,16]) was added to drinking water, and mice were allowed to consume
the water ad libitum. Successively, mice had free access to water which contained SCFAs,
DSS and FF for 5 days. Then, the effect of SCFAs was evaluated by colitis-associated
parameters as described above.

2.2. ELISA

Cytokines were measured using ELISA kits, which are described below, according to
the manufacturer’s instructions: TNFα (Ref 88-7324-22), IL1-β (Ref 88-7013-22), IL-6 (Ref
88-7064-22) and IL-10 (Ref 88-7105-22). All kits were products of Thermo Fisher Scientific
K.K. (Tokyo, Japan). Large intestines were homogenized with 1 mL of lysis buffer and
according to the conventional method [15]. The homogenates were diluted three times with
PBS, and the concentration of cytokines was measured. The expression levels of cytokines
were determined by correcting for total protein levels of the tissues, which were measured
using a kit formulation from Takara Bio (TaKaRa BCA Protein Assay Kit, Kusatsu, Japan).

2.3. Histopathology

Fresh large intestines were embedded into OCT compound without being fixed and
were frozen with liquid nitrogen. The embedded tissue was sliced to a thickness of 10 µm
and stained with hematoxylin and eosin (H&E) after adequate drying on a glass slide.
Tissue sections were observed blindly and evaluated by histological scores according to
scoring methods summarized in Supplementary Table S3 [15].

2.4. Quantification of SCFAs

Quantification was performed with LC/MS/MS (LCMS8030; Shimazu corporation,
Kyoto, Japan) and a Mastro2™ C18 column (length; 2.0 mm × 150 mm, Particle size; 3 µm;
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Shimazu corporation) based on the method package for SCFAs (C146-2209A; Shimazu
corporation).

2.5. Fecal Bacteria Analysis

Population of fecal bacteria was analyzed by new generation sequencing as using
Miseq Illumina, San Diego, CA, USA) as done in previous study [17]. Breafly, bacterial DNA
was extracted from stool with NucleoSpin DNA Stool kit (MACHEREY–NAGEL GmbH
& Co. KG, Dueren, Germany) according to the manufacturer’s instructions. The V3–V4
region of bacterial 16S rRNA was amplified by PCR. After purified the amplicon, barcode
sequences were added to label the samples and purified again. This DNA library was
applied to Sequencing. Annotation and calculation of obtained sequences were processed
by 16S Metagenomics Database Creator v1.0.0 (Illumina, San Diego, CA, USA).

2.6. RNA Extraction, and Microarray Analyses

For the comprehensive mRNA analysis of inflammatory mediators, microarray anal-
ysis was done. Two days after NDD or FFD intervention, the RNA was isolated from
snap frozen large intestine using ISOGEN II (NIPPON GENE Co., Ltd, Toyama, Japan,
cat.no. 311-07361). The RNA was extracted from three mice of each group. One point five
micro gram of RNA was converted to cDNA using SuperScript IV VILO Master Mix with
ezDNase enzyme (Invitrogen, Thermo. Fisher Scientific, Tokyo, Japan, cat.no. 11766050).
Microarray analysis was outsourced to Kamakura Techno–Science, Inc. (Kamakura, Japan).
They performed the analysis using the 3D-Gene® mRNA Oligo chip. In the analysis, the
RNA of NDD group and FFD group was pooled, and the mRNA expression was compared.
In addition, to exclude genes with extremely low expression levels, we conducted an
analysis focusing on genes with a normalized intensity of 50 or higher.

2.7. Statistical Analyses

Statistical differences between four groups were determined using two-way ANOVA
with Tukey’s test as host hoc analysis. Mann–Whitney U test was applied to differences
between two groups. In case of analysis of population of bacteria, Tukey’s test was used as
one-way ANOVA. Data were analyzed by SPSS software. Version 26. A value of p < 0.05
was considered statistically significant.

3. Results
3.1. Fiber-Deficient Diet Exacerbates Colitis-Associated Symptoms

We initially examined whether a fiber deficiency aggravates colitis. Mice were fed
ND or FF for 5 days with or without DSS-administration (Figure 1A). We confirmed that
the amount of food intake was comparable across all groups (Supplementary Figure S1) to
eliminate the confounding effect due to malnutrition. The DAI scores increased consistently
from day 1 to day 5 in both ND + DSS+ (NDD) group and FF + DSS+ (FFD) group, and the
DAI scores of FFD group were higher than those of NDD group at every evaluation point
(Figure 1B). In contrast, these scores did not increase at all in the ND + DSS− (ND) group
and FF+ DSS− (FF) group (Figure 1B). Looking at the individual parameters that make up
the DAI, the weight loss scores and the bloody stool scores of the FFD group consistently
increased from day 2 to day 5 (Figure 1C,E), whereas episodes of diarrhea occurred from
day 1 (Figure 1D). These changes were either absent or less severe in the NDD group. In
addition, the onset of these symptoms in the NDD group was delayed compared to the FFD
group (Figure 1C–E). Furthermore, we measured the lengths of large intestines, which are
associated with the severity of DSS-induced colitis and ulcerative colitis [18]. The intestinal
lengths of the FFD group were shorter than those of NDD group (Figure 1F,G) whereas FF
itself did not affect them (Figure 1F,G).
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Figure 1. Fiber deficiency exacerbates DSS-induced colitis symptoms. Experimental protocol for
diet-feeding and DSS-administration (A). Macroscopic parameters for the evaluation of colitis—DAI
scores (B), weight loss scores (C), diarrhea scores (D), and bloody stool scores (E)—were evaluated
during feeding and DSS-administration. In addition, the length of large intestine (F) and typical
macroscopic appearance (G) of dissected mice were also noted. Each group consists of 8 mice.
Statistically significant differences are shown as follows: FFD group vs. other groups in case of (B–E):
** p < 0.01, *** p < 0.001; NDD group vs. ND and FF groups in case of (B–E): †† p < 0.01, ††† p < 0.001;
Significant differences between indicated groups in case of (F): * p < 0.05, *** p < 0.001.

3.2. Fiber-Deficient Diet Enhances the Inflammatory Response in DSS-Induced Colitis

We subsequently evaluated myeloperoxidase (MPO) activity and histopathological
changes in large intestine as direct indicators of the tissue damage. The MPO activity
increased in the FFD group only (Figure 2A). The histopathological scores of the NDD
group were higher than those of the ND group and FF group. However, the scores of the
FFD group were far higher than those of other groups. As shown in Figure 2B, typical
histological sections of the FFD group showed that destruction of villi was significantly
severe, which was in stark contrast to that of the NDD group (Figure 2C). Besides, the ND
group and the FF groups presented a normal intestinal structure, including an arranged
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epithelium and clear crypt contours without abnormal cell invasion inside of the villi and
basal membrane (Figure 2C). In addition to MPO activity and histopathological changes,
we further examined intestinal cytokine levels, which have been suggested to act as the
mediators (TNF-α, IL1-β, IL-6) or the regulators (IL-10) of DSS-inducing colitis [15]. Inter-
estingly, TNF-α, IL1-β, and IL-10 levels were higher than those of ND group. Moreover, in
comparison to the NDD group, the FFD group showed higher IL-1β and IL-10 levels, but
not TNF-α levels (Figure 2D).
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Figure 2. Fiber deficiency enhances the inflammatory response in DSS-induced colitis. Colitis-
associated parameters were evaluated at 5 days after intervention. MPO activity of large intestine,
which was calculated as per milligram tissue protein (A), histological scores of large intestines (B),
representative images of H&E-stained large intestine (C), inflammatory cytokine levels in the tissue
of the large intestine (D). Each group consists of 8 mice. Statistical differences are shown as follows:
* p < 0.01, ** p < 0.01, *** p < 0.001.

3.3. Fiber-Deficient Diet Reduces Fecal SCFAs Content

SCFAs are suggested to be protective factors against colitis since these molecules
contribute to the maintenance of the intestinal epithelial barrier and the viability of its
constituent cells. Hence, we quantified the amount of SCFAs in the cecum, where SCFAs
produced. We focused on acetate, butyrate, and propionate specifically due to their predom-
inant quantities. The quantities of all these SCFAs were significantly lower in the FF group
and the FFD group compared to other groups, whereas the SCFAs quantities of the FF group
and the FFD group were comparable (Figure 3A). There were no differences between the
ND group and the NDD group also (Figure 3A). These results indicate that fiber deficiency
itself affected the quantity of SCFAs. On the other hand, in both the FF group and the FFD
group, the wet weight of cecum decreased to a similar extent in comparison to the ND
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group (Figure 3B). This result suggests that the total amount of SCFAs in stool decreased
due to the absence of dietary fiber, regardless of DSS-administration.
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Figure 3. Fiber deficiency reduced fecal SCFAs contents and cecum weights. Amount of acetate,
propionate, and butyrate per gram of feces (A) and percentage of cecum weight per mouse body
weight (B) at 5 days after the intervention. Each group consists of 8 mice. Statistical differences are
shown as follows: * p < 0.05, ** p < 0.01, *** p < 0.001.

3.4. Fiber-Deficient Diet Accelerates DSS-Induced Colitis within 24 h with Decreased SCFAs
Levels in Cecum

We speculated that the clear onset of colitis exacerbation would occur within a few days
after the fiber deficiency since the diarrhea symptoms appeared about 24 h after the fiber
deficiency. Therefore, we evaluated the colitis-associated parameters 1 day and 2 days after
the FFD-intervention and compared the parameters with those of NDD group to confirm
the onset of the exacerbation. The lengths of large intestine were shorter in the FFD group
on both days (Figure 4A,B). In addition, the histological scores of FFD group were higher
than those of NDD group (Figure 4D) with a mild disruption of the epithelium on both
days (Figure 4E). These structural changes were either milder or absent in the NDD group
(Figure 4D,E). The increased MPO activities were observed in FFD group at day 2 only
(Figure 4C). In addition, the cytokine levels of TNF-α, IL1β, IL-6 and IL-10 were comparable
between the NDD group and the FFD group on both days (Figure 4F). We further screened
the inflammatory mediators by microarray analysis. The genes of IL-7, CCl19, CXCL9,
CCL8, IL-18 and IL18-bp were upregulated and IL-17 rc gene was downregulated by FFD-
intervention (Supplementary File S1, named as microarray analysis).

In addition, we quantified SCFAs in the cecum and estimated the timing when these
quantities decreased. The quantities of all three SCFAs and the cecum weight were lower
in the FFD group than in the NDD group both 1 day and 2 days after the FFD-intervention
(Figure 5A,B).
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Figure 5. Fecal SCFAs levels decreased 1 day and 2 days after FFD-intervention. Amount of acetate,
propionate, and butyrate per gram of feces (A) and percentage of cecum weight per mouse body
weight (B) after inducing fiber deficiency and DSS intervention. Each group consists of 8 mice.
Statistical differences are shown as follows: ** p < 0.01, *** p < 0.001.
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3.5. Short Chain Fatty Acids Does Not Ameliorate Colitis

A rescue experiment was done to examine whether the reduced quantities of SCFAs
were responsible for the aggravation of the colitis. Even though SCFAs were administered
prior to the FFD-intervention and were continued until the end of the experiment, the
stool score (Figure 6A,B), MPO activity (Figure 6C) and histological changes (Figure 6D,E)
were not ameliorated. Neither group displayed increases in body weight score. The
body weight loss that occurred due to the FFD-intervention was relatively coincidental,
but reproducible.
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Figure 6. Exacerbation of colitis was not ameliorated by the administration of SCFAs. Diarrhea
scores (A), bloody stool scores (B), MPO activity (C), histological score (D) of large intestine were
evaluated 5 days after the FFD intervention with or without SCFAs. The typical image of histology is
shown as (E). There are no statistically significant differences in any parameters.

3.6. Fiber-Deficient Diet Changes Microbiota in the Short Term

Dietary fiber is not digested by host-derived enzyme and is considered to not interact
with host cells, including epithelial cells. Based on these physiological properties of dietary
fiber, it would affect intestinal bacterial growth and contribute to intestinal health by
keeping the microbiota as healthy state. Conversely, disturbance in the gut microbiota
likely to induce an irritable intestinal state in response to colitis-inducing stimuli. Therefore,
we examined whether the fiber deficiency induces intestinal dysbiosis. We targeted the
predominant bacteria which had 1% and more relative population in the microbiota. The
fecal microbiota had been changed evidently 1 day after the fiber deficiency without
DSS-administration (Figure 7A). In the comparison between the ND group and FF group,
the population of almost all bacteria increased or decreased in the FF group (Figure 7A).
The decreases in Barnesiella spp. and the increases in Bacteroides spp. were particularly
drastic (Figure 7A). It was also noteworthy that Clostridium_XVa spp., Eisenbergiella spp.,
Lactobaccilus spp., Parabacteriodes spp., Allororevotella spp., and Desulfovibrio spp. were also
affected by the fiber deficiency itself (Figure 7A). Apart from a few exceptions, similar
tendencies were observed in the NDD group and the FFD group 1 day, 2 days, and 5 days
after the intervention (Figure 7B–D).
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4. Discussion

As is well-known, DSS-induced colitis mimics ulcerative colitis and the severity can
be adjusted by the concentration of DSS as well as duration of the administration. In
our present study, we adopted 2% DSS for 5 days as an experimental condition, under
which mild colitis occurs with mild blood stool, light damage to epithelium, and sparse
inflammatory cell infiltration when mice are fed conventional diet [14,19]. These symptoms
were similarly observed in our NDD group. Our histopathological observation showed
that the entire villi, including the epithelium, was severely damaged by FFD-intervention
for 5 days. On the contrary, fiber-deficient condition alone did not provoke the disruption
of epithelium structure, diarrhea, and blood stool. These results indicate that a fiber
deficiency accelerates DSS-induced colitis whereas the colitis was not provoked by the fiber
deficiency alone.

Sulfate residues of DSS destabilize the mucus layer and increase intestinal permeabil-
ity [20], meaning that DSS can disrupt the epithelial barrier. Consistent with this physical
property, DSS causes the destruction of the intestinal epithelium, which in turn triggers the
infiltration of macrophages and neutrophils, leading to the development of colitis [21–23].
In our study, diarrhea and epithelial damage were observed in the FFD group 1 day after
DSS-administration, indicating that a vulnerability to colitis-inducing stimuli had been
acquired within 24 h after the induction of fiber deficiency. The early occurrence of these
colitis-associated phenotypes implies that many DSS molecules had already reached the
epithelium within 24 h after the FFD-intervention. Besides, the onsets of bloody stool and
increased MPO activity occurred after the diarrhea episode. Viewing the early diarrhea
episode as a defensive response to wash DSS away from the intestinal tract, the destruc-
tion of the epithelium and the activation of immune response were triggered beyond the
capacity of the defensive response probably.

We measured the cytokines which were associated with DSS-induced colitis in a
previous study [15]. Interleukin-1β potentially acts as a mediating factor in the exacerbation
of colitis since IL-1β levels were increased by the FFD-intervention for 5 days. However,
IL-1β is not involved in the onset of the exacerbation since the increased levels of IL-1β had
not been observed 2 days after the FFD-intervention. On the other hand, both TNFα and IL-
1β increased by the FF-feeding for 5 days, implying that the irritable tendency was induced
by the fiber deficiency alone although no infiltration of cells and no disruption of tissue
was observed. Besides, our microarray analysis revealed that the FFD-intervention affected
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the expression of multiple genes although it is difficult to give reasonable interpretation for
all the genes. Among the upregulated genes, CCL8 is reported as an accelerating factor
of DSS-induced colitis by inducing recruitment of monocyte [24], that is potentially affect
the acceleration of the colitis in our present study. On the other hand, upregulation of
IL-18 and its related gene, that would be compensatory defense response since a previous
study using animal colitis model has been reported that IL-18 and its signal suppress
the colitis [13]. The function of other upregulated genes on DSS-induced colitis have not
been clarified yet. Besides, IL-17 rc were found as a downregulated gene whereas IL-17
gene was not affected by FFD-intervention. Interleukin 17 rc is the receptor for IL-17F,
that would promote DSS-induced colitis in previous study although precise mechanism is
unknown [25]. Therefore, the decreased interleukin 17 rc without alternation of IL-17 gene
suggests that the involvement of IL-17 to the worsening colitis would be small or limited.

In our present study, a deficiency of dietary fiber markedly decreased the SCFAs
quantity. It is noteworthy that the degrees of the decreases in SCFAs levels were comparable
from 1 day to 5 days after the fiber deficiency, regardless of presence or absence of DSS.
These results indicate that the production of SCFAs were distinctly affected in a very short
time. In previous studies, decreased SCFAs levels in stool were found to be associated
with the worsening of colitis, and the administration of SCFAs ameliorated colitis in an
animal model [13,26]. These findings suggest that the rapid decreases in stool SCFAs levels
could be responsible for the exacerbation of DSS-induced colitis. Nevertheless, our rescue
experiment failed to suppress the magnitude of colitis. A possible reason is the differences
in the onset and duration of the administration of SCFAs. Previous studies succeeded
to ameliorate the colitis in the animal models by administering SCFAs for several weeks
before colitis induction and continued the administration during induction of colitis [13,16].
Under such experimental conditions, Tregs were induced prior to induction of colitis and
contributed to suppression of colitis [16]. In our study, we began the administration of
SCFAs 2 days before the FFD-intervention. Therefore, the mere compensation of lacking
SCFAs itself would not be effective enough to inhibit worsening of the colitis, especially over
a short period. In addition, the FF group and the FFD group showed increased IL-10 levels
in large intestine, suggesting that fiber deficiency did not impair the immunoregulation
function. Rather, this function would be enhanced. Therefore, the worsening colitis appears
to be independent of the physiological activity of SCFAs in our present study. The possible
cause for the quick degradation of SCFAs is the alteration in microbiota. We observed
drastic changes in the bacterial population due to fiber deficiency. In relation to SCFAs,
Clostridium_XIVa spp. potentially affected the decreased amount of SCFAs since this
Clostridium_XIVa spp. is a major SCFAs-producing strain [27]. In our current study, the
population of Clostridium_XIVa spp. was decreased in the FF group and the FFD group,
suggesting that fiber-deficient condition would suppress the growth of Clostridium_XIVa
and brought about the decrease in SCFAs production.

Microbiota is presently recognized as a factor that accounts for intestinal barrier
integrity, thereby influencing the onset and the exacerbation of colitis. It is well known
that dietary fiber is consumed by bacteria as nutrients. Therefore, dietary fiber could
affect the composition ratio of the bacteria that make up the microbiota by affecting the
growth of bacteria [28–30]. In our present study, the fiber deficient condition resulted in
significant changes in various population of fecal bacteria within few days. Especially,
the increase in Desulfovibrio spp. is interesting. As the name indicates, Desulfovibrio spp.
is sulfate reducing bacteria and produce hydrogen sulfide, which is able to induce the
distraction of epithelial cells as well as upregulation of proteolysis-inducing genes in
colonocytes at higher concentration (around 20 mM) [31,32]. In addition, the vesicles
of the outer membrane are also likely to destroy the epithelial barrier [33]. Therefore,
increased Desulfovibrio spp. is likely to induce epithelial vulnerability to DSS-stimulation.
Furthermore, Desulfovibrio spp. is abundant in IBD patients [34,35] and positively correlates
with the disease activity [36]. Conversely, there have been multiple reports indicating a
decrease in the population of Desulfovibrio spp. alongside the resolution of colitis in animal
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models [37–39]. These positive correlations of abundance of Desulfovibrio spp. and the
severity of the colitis also support the possibility that Desulfovibrio spp. contributes to the
worsening of colitis.

Besides, decreased in the population of Lactibacillus spp. may be involved in the
acceleration of the colitis. Multiple Lactibacillus species have been found to ameliorate
DSS-induced colitis [40,41]. The population of Lactobacillus spp.in the FF group and FFD
group were found to be lower than those of ND group and NDD group. Combined with
the increase in Desulfovibrio spp., this may have accelerated the formation of unhealthy
microbiota which contribute to intestinal tract irritability.

Our experiments had a few limitations. Although we identified bacteria as genus,
it is difficult to identify those species in comprehensive meta-analysis of bacteria. There-
fore, further experiments such as fecal microbiota transplantation (FMT) are necessary
to verify whether the alteration of microbiota is responsible for the aggravation of the
colitis. However, FMT itself has certain technical limitations as an experimental tool. When
administered orally, bacterial quantity is lost significantly owing to gastric juice or non-
specific adhesion. In addition, our preliminary experiments revealed that when liquid was
administered intrarectally, it was impossible to deliver the solution beyond the point where
the feces were located. Furthermore, the use of antibiotics prior to FMT also would be a
confounding factor since it could induce a toxic effect on the cecum. Given these limita-
tions, it is difficult to artificially reproduce gut microbiota under a physiological condition.
Recently, a prototypic coculture system which can evaluate the interaction of bacteria and
epithelia cells has been developed commercially. Unfortunately, we could not use it in our
study since it is still too expensive and has not been authorized as an experimental method
yet. The popularization of such methods would enable the uncovering of relevant factors
of interest in the future.

5. Conclusions

In any case, fiber-deficient condition remarkably caused the exacerbation of the colitis
which is similar to ulcerative colitis. In addition, the exacerbation occurred in the short
term. These results suggest that lacking dietary fiber could be risk factor of colitis even
a brief periods of the deficiency. Although the effects of SCFAs is dispensable, altered
microbiota induced by fiber-deficiency is the most important candidate of this phenomenon.
Hence, consistent intake of dietary fiber would be very important to prevent colitis as well
as keeping intestinal health well.

The highlight of this study as follows.

• Fiber-deficient condition aggravated DSS-induced colitis with decreases in the amounts
of fecal SCFAs.

• The acceleration of the colitis was not rescued by supplementation of SCFAs.
• Fiber-deficient condition resulted in decreased Lactobacillus population and increased

Desulfovibrio population in stool, that may potential enhancing factor of epithelial
damage and accelerated the colitis consequently.
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