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Abstract

Keywords: High-fat diet; Plant sterol; Intestinal

bacterial flora; Obese; Body fat
Daily high-fat diet (HFD) intake is generally associated with an increased risk of metabolic

diseases, cancer, and neurological disorders, which represent a major global health burden with
significant social and economic consequences. In the present study, mice were treated with HFD
containing 40% lipids. Furthermore, HFD was supplemented with 0.5% or 1.0% acylated sterol-
B-glucoside (ASG).

Abbreviations: ASG: Acylated Steryl-B-
Glycosides; HFD: High-Fat Diets

'.) Gheck for updates

After 55 days of rearing, body weight, epididymal fat weight, weight, and pH of cecum
contents and intestinal microflora were compared with mice fed HFD or a low-fat diet (LFD)
containing lipid at 7%. The results showed that body weight and epididymis fat weight on the last
day of feeding were significantly higher in HFD, 0.5% ASG, and 1.0% ASG compared to LFD, but
significantly lower in 0.5% ASG and 1.0% ASG compared to HFD. Cecum content weight was
lower with HFD compared to LFD but increased to LFD levels with the addition of ASG. Cecum
pH was significantly lower on the 1.0% ASG compared to the other groups.
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The gut microbiota was significantly elevated in the HFD compared to the LFD, with Bacilliota
specific to obese mice. However, the addition of ASG to the HFD decreased the Bacilliota and
increased the Bacteroidota. Clostridium cluster XI and Clostridium subcluster XIVa, intestinal
bacteria involved in the production of carcinogenic secondary bile acids, were markedly increased
by consumption of the HFD but were markedly decreased by ASG.

Daily intake of ASG may inhibit the deterioration of gut bacteria caused by HFD and reduce
the disease risk posed by HFD.

Introduction
reduction of useful bacteria and the possibility of an increase

Diets high in fat, particularly saturated fat, are commonly in disease-inducing bacteria [4].
consumed but have serious public health implications. High-
fat diets (HFDs) are associated with metabolic diseases,
cancer, and neurological disorders [1-3]. Furthermore, these
findings indicate a relationship between dietary lipids and
their impact on the gut microbiota. Thus, the intake of dietary
fat and saturated fatty acids influences the composition of the

gut microbiota, with a lower proportion of Bacteroidetes and

Typical plant sterols contain campesterol, 3-sitosterol, and
stigmasterol, which differ at the C-3 position of their steroid
skeleton and are found either as free sterols with a free
hydroxyl group, or sterol esters that are esters of fatty acids,
steryl glycosides, or acylated steryl-p-glycosides (ASG) that
are acyl groups attached to a sugar [5].

a higher proportion of Firmicutes in the intestinal tract of mice
fed with a high-fat, high-sugar diet compared with mice fed
with a low-fat, high-sugar diet. Particularly, this can cause the

https://doi.org/10.29328/journal.afns.1001051

Dietary plant sterols, such as cholesterol form micelles
with bile acids and are absorbed into the body. The absorption
rate of plant sterols varies according to the type of sterol, but
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it is a maximum of 10% and rarely absorbed and excreted
in the feces [6]. Furthermore, during the absorption of
cholesterol in the gastrointestinal tract, plant sterols compete
with cholesterol to dissolve into bile acid micelles, thereby
lowering the amount of cholesterol absorbed by small
intestinal epithelial cells, which is known to decrease the
concentration of cholesterol in the blood [7].

Furthermore, the effects of plant sterols migrating into the
gastrointestinal tract on the gut microbiota cannot be ignored.
The characteristics of the dynamics of plant sterols in the
intestinal tract may be one of the mechanisms by which plant
sterol intake and changes in the gut microbiota are associated
with improvements in obesity and diabetes mellitus [8].
Therefore, the effects of plant sterols migrating into the
gastrointestinal tract on gut microbiota cannot be ignored.

Therefore, the aim of the present study was to investigate
the effects of ASG, a phytosterol derivative, on the gut
microbiota of obese mice induced by a high-fat, high-sucrose
diet.

Materials and methods

ASG was extracted from rice bran and purified to 91%
purity using a silica gel column. The sterol composition
(W/W) was 79.4% [-sitosterol, 12.3% campesterol, 8.2%
stigmasterol, and 0.1% other. The acyl group composition
(W/W) was 77.54% palmitic acid, 15.54% oleic acid, and
7.31% linoleic acid.

The experimental diets were based on AIN 93G, a high-
fat, high-sucrose diet (HFD) containing 30% lard and 10%
vegetable oil with 13% sucrose and either 0.5% or 1.0%
ASG. Mice fed with a low-fat diet (LFD) containing 7% fat and
no sucrose belonged to the control group. There were eight
animals in each group.

The study was approved by the Animal Experimentation
Committee of the University of Kochi (approval number 2018-
03). The animal laboratory was kept at a room temperature of
24°C+ 2 °C, humidity of 55% * 3%, and a 12-h light/dark cycle.
The experimental animals used in the study were 8-week-old
C57BL/6] male mice (Japan SLC, Shizuoka, Japan). Food intake
was recorded daily, and pair-feeding methods were used to
ensure that each group of mice ingested the same number of
calories. On the 55" day of feeding, the animals were killed
by cardiac bloodletting under isoflurane anesthesia inhalation
without fasting. Epididymal fat and cecum were collected and
weighed, and the cecum contents were stored at —30 °C until
cecal flora gene analysis. Analysis of the cecal microflora by the
T-RFLP method was contracted to Techno Suruga Laboratory
Ltd and was performed according to the protocol described in
the method of Nagashima, et al. [9].

Statistical analysis

The obtained values for each group are expressed as
mean * standard deviation. We applied the Bell Curve
software for Excel ver. 3.21 (Social Survey). After conducting
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an analysis of variance, we compared the groups using Tukey’s
multiple comparison tests and determined their correlations
by analyzing each study item via regression analysis using the
values of the significance level was set at 5% or 1% in the two-
sided test.

Results

The body weight was significantly greater in HFD
(» <0.01), 0.5% ASG (p < 0.05), and 1.0% ASG (p < 0.05) than
in LFD on the last day of rearing. However, significantly lower
values were observed in 0.5% ASG (p < 0.05), and 1.0% ASG
(p <0.01) than in HFD, with no significant differences between
0.5% ASG and 1.0% ASG (Figure 1).

The epididymal fat content significantly increased in
HFD (p < 0.01) and 0.5% ASG (p < 0.05) compared with LFD,
with no significant differences between HFD and 1.0% ASG,
whereas it significantly decreased in 0.5% ASG (p < 0.05) and
1.0% ASG (p < 0.01) compared with HFD, with no significant
difference between the latter groups (Figure 1).

The cecum content weight was reduced in the HFD group
with higher lipids in the diet compared with the LFD group
and ASG group (p < 0.01) (Figure 2). In contrast, the cecum pH
was significantly lower in the 1.0% ASG diet compared with
the other groups (LFD vs. 1.0% ASG: p < 0.01, HFD vs. 1.0%
ASG: p<0.05,0.5% ASG vs. 1.0% ASG: p < 0.05), although there
was no significant difference between LFD and HFD.

Body weight Epididymal fat

(g/mouse) (g/mouse)
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50 N 2 3.0 s
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Figure 1: Body weight and epididymal fat content on the last day of the feeding
trial. Mice were given a low-fat diet (LFD, n = 8), high-fat diet (HFD, n = 8), diet
containing 0.5% ASG additions to HFD (0.5% ASG, n = 8), or a diet containing

1.0% ASG additions to HFD (1.0% ASG, n = 8). Each value is shown as mean *
standard deviation. The significance test shows that ANOVA and Tukey’s multiple
comparison test showed significant differences at the 5% or 1% level. *:p < 0.05,
**p <0.01.
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Figure 2: Effect on cecal content and Cecal pH. Mice were given a low-fat diet
(LFD, n = 8), high-fat diet (HFD, n = 8), diet containing 0.5% ASG additions to HFD
(0.5% ASG, n = 8), or a diet containing 1.0% ASG additions to HFD (1.0% ASG, n =

8). Each value is shown as mean + standard deviation. The significance test shows
that ANOVA and Tukey’s multiple comparison test showed significant differences at
the 5% or 1% level. *:p < 0.05, **:p < 0.01.
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Actinomycetota was significantly lower in all other groups
compared to LFD (p < 0.01) at the phylum level in the cecum.
Compared to LFD and ASGs, Bacilliota (formerly known as
Firmicutes) was significantly increased in HFD (LFD vs. HFD:
p < 0.01, 0.5% ASG vs. HFD: p < 0.01, 1.0% ASG vs. HFD: p <
0.05) with higher concentrations of dietary lipids. In contrast,
no clear differences between the diets of the organism were
observed regarding the presence of Bacteroidota (formerly
known as Bacteroidetes) (Figure 3). However, the ratio of
Bacilliota to Bacteroidota increased in HFD (LFD vs. HFD: p <
0.01, 0.5% ASG vs. HFD: p < 0.01, 1.0% ASG vs. HFD: p < 0.05)
compared to LFD and ASGs (Figure 4).

In the present study, Lactobacillales in the cecum contents
significantly increased in 1.0% ASG compared to the other
groups (LFD vs. 1.0% ASG: p < 0.01, HFD vs. 1.0% ASG: p <
0.01,0.5% ASG vs. 1.0% ASG: p < 0.01). In contrast, Clostridium
cluster XI (LFD vs. HFD: p < 0.01, 0.5% ASG vs. HFD: p < 0.05,
0.1% ASG vs. HFD: p < 0.01) and Clostridium subcluster XIVa
(LFD vs. HFD: p < 0.01, 0.5% ASG vs. HFD: p < 0.01, 0.1% ASG vs.
HFD: p < 0.01) significantly increased in HFDs but significantly
decreased in ASGs compared to HFD (Figure 5).
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Figure 3: Effect on abundances at the phylum level in cecal content. Mice were
given a low-fat diet (LFD, n = 8), high-fat diet (HFD, n = 8), diet containing 0.5%
ASG additions to HFD (0.5% ASG, n = 8), or a diet containing 1.0% ASG additions

to HFD (1.0% ASG, n = 8). Each value is shown as mean * standard deviation. The
significance test shows that ANOVA and Tukey’s multiple comparison test showed
significant differences at the 5% or 1% level. *:p < 0.05, **:p < 0.01.
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Figure 4: Effect on Bacilliota/Bacteroidota ratio in cecal content. Mice were given
a low-fat diet (LFD, n = 8), high-fat diet (HFD, n = 8), diet containing 0.5% ASG
additions to HFD (0.5% ASG, n = 8), or a diet containing 1.0% ASG additions to

HFD (1.0% ASG, n = 8). Each value is shown as mean + standard deviation. The
significance test shows that ANOVA and Tukey’s multiple comparison test showed
significant differences at the 5% or 1% level. *:p < 0.05, **:p < 0.01.
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Figure 5: Effect on intestinal bacterial flora in cecal content. Mice were given a low-
fat diet (LFD, n = 8), high-fat diet (HFD, n = 8), diet containing 0.5% ASG additions
to HFD (0.5% ASG, n = 8), or a diet containing 1.0% ASG additions to HFD (1.0%

ASG, n = 8). Each value is shown as mean * standard deviation. The significance
test shows that ANOVA and Tukey’s multiple comparison test showed significant
differences at the 5% or 1% level. *:p < 0.05, **:p < 0.01.

Discussion

Even after 55 days of feeding a high-fat diet, the addition
of ASG to the high-fat diet suppressed weight gain related to
body fat accumulation. This suggests that ASG may have an
inhibitory effect on body fat accumulation, which will be the
subject of future studies.

In humans and mice, Actinomycetota, which produces
short-chain fatty acids by fermentation of indigestible
polysaccharides, is present in low proportions; however, the
results of this study show that Actinomycetota was reduced
in high-fat diets, even when ASG was added [10]. Bacilliota
(formerly known as Firmicutes) dominate the bacterial flora
of humans and mice followed by Bacteroidota (formerly
known as Bacteroidetes) [11]. In this study, compared with
LFD, the Bacilliota, which is characteristic of obese mice, was
significantly elevated in HFD with higher concentrations of
dietary lipids [12]. However, the addition of ASG to the HFD
decreased Bacilliota. Furthermore, the ratio of Bacilliota to
Bacteroidota was increased in the HFD and decreased by the
addition of ASG to the diet. Ley, et al. found that two groups
of beneficial bacteria, Bacteroidetes (Bacteroidota) and
Firmicutes (Bacilliota), are predominant in the human gut,
with obese compared with thin individuals [12].

They found that the relative proportion of Bacteroidetes
(Bacteroidota) was reduced, which was shown to increase
with weight loss on two different low-calorie diets. This
finding suggests that gut bacteria are involved in obesity [13].

The gut microbiota is crucial in the absorption, storage,
and consumption of dietary energy [14]. Furthermore, animal
studies have revealed that gut microbiota regulates food intake
by altering hormones that affect brain regions associated with
metabolic function and eating behavior [15]. Thus, obesity and
undernutrition share an important biological factor: altered
composition and diversity of the gut microbiota relative to
healthy humans and animals [16].

In the present study, ASG administration suppressed body
weight and body fat mass accumulation in mice fed with HFD.
Future research is required to determine whether this is
because of the suppressive effect of ASG on body fat or the
ameliorative effect of ASG on the gut microbiota through
secretions.
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At the order level, Lactobacillales did not differ between
LFD and HFD but increased with 1% ASG intake. Lactobacillus
is the largest genus of lactic acid bacteria comprising > 237
species, and several species of Lactobacillus are widely used
as probiotics [17-19]. These lactobacillus and co-lactobacillus
products have impressive beneficial functions, including
maintenance of the epithelial barrier, antitumor -effects,
immunomodulation, and antagonism against pathogens [20].
In the present study, the addition of ASG to the HFD in mice
increased the number of Lactobacillales in the cecum and had
an ameliorative effect on the impaired energy metabolism
caused by the high-fat, high-sucrose diet.

In humans, the primary bile acids are cholic acid and
chenodeoxycholic acid (CDCA), which are synthesized from
cholesterol. In mice, amuricholic acid (aMCA) and BMCA are
produced from CDCA in the liver. High bile salt concentrations
are maintained in the duodenum, jejunum, and proximal ileum
where fat digestion and absorption occur. Subsequently, bile
salts are absorbed in the distal ileum by high-affinity active
transport [20].

Although ileal bile salt transport is approximately
95% effective, 5% of bile salts escape the enterohepatic
circulation and become substrates for important microbial
biotransformation reactions in the colon [20]. Secondary
bile acids produced by gut bacteria may accumulate in high
concentrations in the enterohepatic circulation in some
individuals and may be involved in the etiology of colon
cancer, gallstones, and other gastrointestinal tract diseases.
Clostridium sordellii and Clostridium scindens produce the
secondary bile acid deoxycholic acid and belong to Clostridium
cluster XI or Clostridium cluster XIVa, and their levels are
higher in mice fed with HFD [21,22].

Therefore, we suggest that ASG intake may inhibit the
conversion of bile acids to carcinogenic secondary bile acids,
whose secretion is increased with the consumption of HFD.

Conclusion

Based on the characteristics of ASG dynamics in the
intestinal tract, ASG intake inhibits the changes in the intestinal
microbiota caused by HFD. This may reduce the incidence of
lifestyle-related diseases caused by HFD.
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