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Exercise and berberine are two effective ways to remodel the gut microbiota landscape, but the difference of
alterations in the composition properties of microbial ecosystem promoted by exercise and berberine are still
largely unclear. To examine the difference between the exercise-induced changes in intestinal flora and those
caused by high-fat diets (HFDs) and drugs, the bacterial species in the fecal samples from mice fed with HFDs (60%
kcal) and/or doing wheel-running exercise and berberine intervention were characterized. The results showed
that exercise increased the richness of intestinal microflora in mice fed with HFDs, whereas berberine treatments
could not. HFDs induced an increase in Firmicutes and Proteobacteria and a decrease in Bacteroidetes. A decrease
in the abundance of norank_f__Bacteroidales_S24-7, Lachnospiraceae_NK4A136, Prevotellaceae_UCG-001, and
Prevotellaceae_NK3B31 and an increase in the abundance of Desulfovibrio, Lactobacillus, Blautia, and
Lachnospiraceae_UCG-006 induced by HFDs were observed. Exercise led to a significant increase in the abundance
of Bacteroidales_S24-7, Prevotellaceae_UCG-001, and a decrease in the abundance of norank_f_Lachnospiraceae
and Ruminiclostridium_9. Proteobacteria exhibited susceptibility to exercise intervention. Additionally, berberine
colonized numerous new species in the intestinal tract while exerting a bacteriostasis effect, and the modified
microbial ecosystems were different from those of exercise. The results suggested that HFDs disrupted the
microbiome profiles in mice, while exercise could rebuild the intestinal microbial ecology, and intestinal microbial
diversity was not increased by berberine treatment. The exercise could be benefit to maintain a well-balanced
host-microbial symbiotic status and might be a promising therapeutic strategy for intestinal microbiota
optimization.
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Introduction defense, vitamin synthesis, bile salt

manipulations, and breakdown of undigested

Intestinal microbiotas contribute to nutritional food [1-3]. A health microbiome has a conducive
and physiological status of the host. These effect on host immunity and metabolism via
microorganisms play key roles in immune beneficial metabolites that could regulate
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intestinal pH and strengthen intestinal barrier by
producing short chain fatty acids (SCFAs)
including acetate, butyrate, and propionate [4,
5]. Conversely, enteric dysbacteriosis leads to the
pronounced appearance of some negative
factors such as lipo-polysaccharide (LPS), a
systemic inflammatory metabolite derived from
Gram-negative bacterial lysis, that can
translocate from the intestine into the circulatory
system and is strongly linked to initiation and
development of some metabolic diseases [6].
Diet is the main driver of intestinal microflora
remodeling in the host’s daily life. Obesity caused
by long-term high-fat diets (HFDs) is regarded as
a low-level form of systemic inflammation, which
is closely in line with some metabolic diseases [7].
Emerging findings indicate that the enteric
dysbacteriosis induced by HFDs drives metabolic
inflammation [8].

HFDs are an unhealthy eating pattern that can
disrupt the structure of microbial community and
decrease microbial diversity [9]. Mice fed with
HFDs have a higher Firmicutes/Bacteroidetes
ratio than those fed with regular chow diets [10].
HFDs can significantly increase the abundance of
Actinobacteria and Proteobacteria, which are
LPS-carrying proinflammatory bacteria [10, 11].
HFDs can also drive a reduction of Prevotellaceae
and Rikenellaceae (the Bacteroidetes phylum)
[12]. Bifidobacterium reduction is also related
with HFDs and may weaken intestinal barrier and
facilitate LPS translocation from the intestinal
lumen to circulatory system [13]. Exercise can
improve obesity-induced metabolic disorders by
acting as a positively potent modulator of gut
microbiota composition and function. Exercise
can diversify intestinal microorganisms, re-build
the intestinal microbial ecosystem, and enhance
the representation of taxa with beneficial
metabolic functions [14]. The diversity of the
intestinal flora of professional rugby players is
superior to thatin controls, and the athletes with
a low body mass index (BMI) have a significantly
higher Akkermansia abundance compared to the
high BMI athletes [15]. Akkermansia reportedly
plays an essential role in promoting intestinal
barrier function and regulating obesity and other
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metabolic diseases [16]. Exercise increases the
quantity of Lactobacillus in intestinal tract,
playing a positive role in reducing LPS production
in bacterial wall of gram-negative bacteria and
alleviating type Il diabetes [17]. Previous study
showed that the mouse intestinal bacteria in the
group of six-week autorotation exercise mice and
the group of control mice were transplanted into
the intestines of the aseptic group mice with
induced colitis using dextran sulfate sodium. The
colitis symptoms in transplantation exercise
group were lighter than those in the others,
suggesting that the exercise modification of
intestinal flora might be an important way of
regulating the host’s functional status [18].
Furthermore, exercise appeared to decrease
systemic inflammation and metabolic
dysregulation [19, 20]. Hence, possessing helpful
gut microbiota is essential for the host’s health.
However, much of this exercise-induced
alteration remains unknown. Further
investigations are needed to reveal the detailed
changes in the gut microbiota associated with
exercise. Berberine is an isoquinoline-derivative
alkaloid with hypoglycemic and weight loss
effects and has been traditionally used in Chinese
medicine to treat gastrointestinal infections [21,
22]. Evidence showed that, under pathological
conditions, berberine could structurally and
numerically reverse the gut microbiota changes
[23], demonstrating therapeutic potential for
metabolic diseases by regulating the metabolic
endotoxemia levels [24].

This study investigated whether the mechanisms
of exercise altered gut microbiome and alleviated
infllammation were the same as the gut-
regulating drug, berberine, that affected gut
microbiome. The different alterations in the
composition properties of microbial ecosystem in
mice induced by HFDs and treated with exercise
and berberine were explored, and the microbiota
alterations were fully elucidated from the phyla
to species level based on the 16S ribosomal RNA
amplicon sequencing. This study would
contribute to revealing the biological mechanism
of health promotion by exercise.
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Materials and methods

Animal treatments and sample collection

All the procedures of this study were approved by
The Animal Care and Use Committee of
Shandong Sport University (Jinan, Shandong,
China). Two diet patterns were adopted in this
study including either regular chow (RC) diets
(13.5% kcal) or HFDs (60% kcal) (Beijing Keao Co-
operative Feed Co., Ltd., Beijing, China). 44 male
C57BL/6J mice aged 12 weeks with body weight
of 20.2 + 2.1 g from Shandong University
Laboratory Animal Center (Jinan, Shandong,
China) were randomly divided to the control
group fed with standard diet (n = 18) and high-fat
diet group (n = 26). All mice were kept in cages
with one mouse per cage at 23 + 2°C, 50 + 20%
humidity, 12 h light/dark cycle, and free access to
food and water. After 4 weeks of environmental
acclimatization, an 8-week dietary intervention
was conducted. Briefly, the control group was
randomly divided into regular chow diets feeding
without exercise (RC_Sed, n = 8) and regular
chow diets feeding plus exercise (RC_Ex, n = 8). 2
mice were excluded from the experiment due to
the shortest distance of movement. The high-fat
diet group was randomly divided into HFDs
feeding without exercise (HF_Sed, n = 8), HFDs
feeding plus exercise (HF_Ex, n = 8), and HFDs
and berberine feeding (HF_Bbr, n = 8) groups. 2
mice were excluded from the experiment
because of the shortest distance of movement.
The mice were fed with either RC diets or HFDs
starting at 12 weeks of age. From 20 — 24 weeks
of age, the groups of RC_Ex and HF_Ex received a
free-wheel running intervention. A magnetic
inductor was used to record the cycle numbers of
mice. The previous day’s wheel revolutions were
documented at 8 am of next day. The mouse that
ran less than 4 km per day was excluded. The
HF Bbr group was treated with 150 mg/kg
berberine twice a week. All mice were ether
anesthetized and sacrificed by cervical
dislocation at the end of the experiments. Blood
samples were collected via heart puncture. The
contents of the cecum were collected, and
samples from two mice in the same group were
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combined in a sterile Eppendorf tube to analyze
the gut microbial composition.

DNA extraction and polymerase chain reaction
(PCR) amplification

The E.Z.N.A.® soil DNA Kit (Omega Bio-tek,
Norcross, GA, USA) was used to extract microbial
DNA following the manufacturer’s instructions.
The DNA concentration and quality were
examined by using a NanoDrop 2000 UV-vis
spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA) and 1% agarose gel
electrophoresis. The V3-V4 hypervariable
regions of the bacteria 16S rRNA gene was
amplified by using GeneAmp 9700 thermocycler
(Applied Biosystems, Waltham, MA, USA) with
the primers of 338F (5’- ACT CCT ACG GGA GGC
AGC AG -3') and 806R (5'- GGA CTA CHV GGG
TWT CTA AT -3’). The PCR reaction consisted of 4
pL of 5x FastPfu buffer, 2 uL of 2.5 mM dNTPs,
0.8 pL of each 5 uM primer, 0.4 pL of FastPfu
Polymerase, 0.2 uL of BSA, and 10 ng of template
DNA. The PCR program was 95°C for 3 min
followed by 27 cycles of 95°C for 30 s, 55°C for 30
s, 72°C for 45 s, then 72°C for 10 min.

DNA sequencing and
processing

The PCR products were purified and extracted
from a 2% agarose gel using AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City,
CA, USA), and then quantified using
QuantiFluor™-ST (Promega, Madison, WI, USA)
following manufacturer's instructions. The
purified PCR products were then sent to
Majorbio Bio-Pharm Technology Co. Ltd.
(Shanghai, China) for DNA sequencing using
Miseq PE300 platform (lllumina, San Diego, CA,
USA). A custom Perl script were applied to
demultiplex the raw FASTQ format sequence
data files followed by applying Fastp (version
0.19.6) (https://github.com/OpenGene/fastp)
for quality-filtering and FLASH (version 1.2.7) for
data merging with the following criteria: (i) the
reads were truncated at each site that received
an average quality score of < 20 over a sliding
window of 50 bp, and discard truncated reads
shorter than 50 bp and reads containing

sequencing data
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ambiguous characters; (ii) sequences with more
than 10 bp of overlap were merged by overlap,
and mismatches were no more than 2 bp; (iii)
according to barcodes (exact match) and primers
(allowing for two nucleotide mismatches), every
sample sequences were separated, and reads
containing ambiguous bases were removed. The
sequencing reads were filtered by using
Quantitative Analysis of Microbial Ecology (QIIME
v1.9.1) (http://giime.org) and subsequently
constructing a table containing 16S rRNA
sequencing data. UPARSE (version 7.1)
(http://drive5.com/uparse/) was used with a
97% similarity threshold to cluster operational
taxonomic units (OTUs) with a novel "greedy"
algorithm that performed both chimera filtering

and OTU clustering. Each 16S rRNA gene
sequence in the Silva (SSU128) 16S rRNA
database (http://www.arb-

silva.de/search/testprime/) was classified and
analyzed using the RDP classifier algorithm
(http://rdp.cme.msu.edu/) with a confidence
threshold of 70%.

Statistical analysis

Majorbio cloud (https://cloud.majorbio.com)
was used for bioinformatic analysis of the gut
microbiota. Mothur (v1.30.1) (www.mothur.org)
was employed to calculate rarefaction curves and
alpha diversity indices from OTU information.
Similarities in microbial communities across
samples were determined by hierarchical
clustering and principal coordinate analysis
(PCoA) based on Bray-Curtis dissimilarities using
the Vegan (v2.5-3) software package. Statistical
analyses were conducted using SPSS (version 20)
(IBM, Armonk, New York, USA). The data were
presented as mean = SD. Two-way ANOVA with
Tukey's multiple comparison post-test was used
to compare multiple groups. The student's t-test
was used to compare the two groups for
parametrically distributed data and the Mann-
Whitney test for non-parametrically distributed
data. Adjustments for multiple tests were
estimated using the false discovery rate function.
The threshold of significance was P < 0.05, while
P <0.01 as very significant difference.
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Results

Weight
exercise
Moderate running exercise like voluntary wheel
running appeared to change the species and
functional components of gut microbiota and
reduce  systemic inflammation, thereby
preventing certain metabolic diseases. In this
study, voluntary wheel running was exposed to
the RC_Ex and HF_Ex mice to characterize the
ecology of the exercise-associated gut
microbiota. Daily running distance was recorded
for RC_Exand HF_Ex mice group and showed that
the distance travelled between the RC_Ex and
HF_Ex groups were similar, suggesting that the
activity levels of mice were not affected by HFDs
(Figure 1A). Three months of HFDs resulted in
significant weight gain in the mice. There was a
significant difference between the groups of
RC_Sed and HF_Sed (P < 0.001) (Figure 1B). One
month of exercise significantly reduced the
mouse’s body weight in HF_Ex group compared
with HF_Sed (P = 0.002). Berberine addition also
significantly reduced the mouse’s body weight.
The glucose tolerance test curve showed that
three months of HFD could induce high blood
sugar levels, whereas exercise and berberine
could significantly reduce the blood sugar levels
(Figure 1 C). These results suggested that HFDs
could lead to increased body weight and blood
sugar levels, while exercise and berberine could
reduce body weight and blood sugar.

loss and hypoglycemic effects by

Exercise, HFDs, and berberine modification of
microbial communities

(1) Microbiome diversity

A total of 879,519 high-quality sequences were
obtained by 16S rRNA gene sequencing of 20
samples and were classified into 12 phyla, 20
classes, 28 orders, 56 families, 149 genera, 252
species, and 555 OTUs. Comparison of alpha
diversity indices showed that the HF_Sed
microbial community was significantly less
abundant than that of RC_Sed (P < 0.01) (Figure
2A). The results also showed that the microbiota
richness in the normal chow fed mice (RC_Ex)
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Figure 1. Changes in daily running distance (A), weight (B), and glucose level(C) with HFDs, exercise, and berberine interventions.
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Figure 2. Changes in community richness with HFDs, exercise, and berberine interventions (A). Venn diagrams of unique and shared OTUs (3%
distance level) in the different combinations of RC_Sed, HF_Sed, RC_Ex, HF_Ex (B) and RC_Sed, HF_Sed, RC_Ex, HF_Ex, HF_Bbr (C). The relationship
of the microbiome shown by hierarchical clustering tree (D). PCoA based on the Bray—Curtis distances on the OTU level (E).

were not affected by exercise compared with
that of RC_Sed. However, exercise could enhance
the richness of mice fed with HFD (HF_Ex)
comparing to that of HF_Sed (P < 0.01). The
HF_Bbr group presented a significantly lesser
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diversity than the HF_Ex group (P < 0.01).
Between the HF_Sed and HF_Bbr groups, no
significant difference was found. These results
suggested that berberine treatments could not
improve the microbial richness reduced by HFDs.
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Figure 3. Comparison of dominant phyla (top 4) in the RC_Sed, RC_Ex, HF_Sed, HF_Ex, and HF_Bbr groups. *P < 0.05 compared with their respective

control.

(2) Unique and shared bacterial taxa among
different groups

This research focused on the migration and
colonization of alien bacteria in the mice
intestine due to HFD and/or exercise
intervention. The unique and shared OTUs (3%
distance level) among the four groups of RC_Sed,
HF_Sed, RC_Ex, HF_Ex (Figure 2B) and five groups
of RC_Sed, HF_Sed, RC_Ex, HF_Ex, HF_Bbr (Figure
2C) demonstrated that unique OTUs of 4, 13, and
37 were confined to the HF_Sed, HF_Ex, and
HF _Bbr groups, respectively (Figure 2C).
Meanwhile, 11 and 20 OTUs were confined to the
HF_Sed and HF Ex groups with 267 core OTUs
common to all groups (Figure 2B). The 11 OTUs
belong to the following ordersof Clostridiales (5
OTUs), Lactobacillales (2 OTUs), Coriobacteriales
(2 OTUs), Corynebacteriales (1 OTU), and
Bacteroidales (1 OTU), while the 20 OTUs belong
to the following orders of Clostridiales (12 OTUs),
Lactobacillales (2 OTUs), Rhizobiales (1 OTU),
Pseudomonadales (1 OTU), Deferribacterales (1
OTU), Micrococcales (1 OTU), Bacteroidales (1
OTU), and unclassified_k_norank (1 OTU).
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(3) Community structures

Clustering analysis showed that the gut
microbiota from the 20 samples could be divided
into two groups according to dietary types with
gut microbiota of normal chow-fed mice being
placed in group a and HFDs fed mice being placed
in group b (Figure 2D). Two subgroups of 16
samples could be identified in group b as G2 and
G3. All the samples in HF_Bbr were placed in G2,
while the others were in G3., The patterns of
separation between microbial communities were
clearly observed via PCoA. The results indicated
that the largest separation between microbial
communities was of the dietary type (PC 1,
34.43%) (Figure 2E).

(4) Gut microbiota variations

In all groups, differentially abundant levels of
Firmicutes, Bacteroidetes, and Proteobacteria
were found. The bacterial composition in HF_Sed
was the most distinct. Compared to RC_Sed, the
relative  abundance of  Firmicutes and
Proteobacteria in HF_Sed was significantly higher
(P < 0.05), while that of Bacteroidetes was
significantly lower (P < 0.05). These results
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Figure 4. Comparison of the mean relative abundances of the dominant genera (top 1-15 (A) and top 16-30 (B)) in the RC_Sed, RC_Ex, HF_Sed,
HF_Ex, and HF_Bbr groups at the genus level.

27



Journal of Biotech Research [ISSN: 1944-3285]

2024; 19:20-32

P=0.015 A
§ 0.25- P=0.065
3 ]
& 0.20
e o.
-F)
g
Z 0.15
7]
w—
© 0.104
S -
k=l u P=0.133
%' 0.054 —
t-% ® P=0.019 P=0.005
Q ——
5 0.00 gt S ——ere—

RC_Sed RC_Ex HF_Sed HF_Ex HF_Bbr

unclassified_g__norank_f__Bacteroidales_S24-7_group

proportion of sequences(%)

P=0.038 B

o
-
?

0.08+

0.064

i

P=0.040 P=0.040
] ——

T T drdpicar T oo
RC_Sed RC_Ex HF_Sed HF_Ex HF_Bbr
uncultured_bacterium_g__Prevotellaceae_UCG-001

© o
(=] Q
8 8

Figure 5. Two species whose relative abundances were significantly affected by HFDs and exercise.

caused by HFDs could be reversed by exercise
intervention. A non-significant decrease in
Proteobacteria in HF_Ex compared to HF_Sed
was observed (Figure 3). After berberine
treatment, Firmicutes, Bacteroidetes, and
Ascomycetes in HF_Bbr group behaved similarly
to the HF_Sed group (Figure 3). HF_Bbr group
exhibited a significant increased abundant level
of Firmicutes and Ascomycetes (P < 0.05) and a
significant decreased abundant levels of phylum
Bacteroidetes (P < 0.05). The stratification of
microflora populations at the genus level induced
by diets demonstrated that HFDs decreased the
abundant levels of norank_f Bacteroidales S24-
7_group, Lachnospiraceae_NK4A136_group,
Prevotellace-ae_UCG-001, and
Prevotellaceae_NK3B31_group, while increased
the abundance of Desulfovibrio, Lactobacillus,
Blautia, Lachnospi-raceae_UCG-006,
Anaerotruncus, Romboutsia,
Rikenellaceae_RC9 _gut group, Streptococcus,
and  Ruminiclostridium_9  (Figure 4). An
enhancement in the richness of
Prevotellaceae_UCG-001 and a reduction in the
richness of norank f Lachnospiraceae and
Ruminiclostridium_9 could be caused by exercise.
Lachnoclostridium, Clostridium_innocuum_
group, Erysipelatoclostridium, and
Parabacteroides were mainly colonized in the
HF_Bbr group. At the species level, two species,
uncultured bacterium Bacteroidales_S24-
7 _group (Figure 5A) and Prevotellaceae UCG-
001 (Figure 5B), whose relative abundance
decreased significantly with HFDs intervention
and increased with exercise intervention. In
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addition, the addition of berberine did not affect
the reduction of Bacteroidales S24-7 group and
Prevotellaceae_UCG-001 induced by HFDs
feeding were also noted.

Discussion

Scientific evidence shows that intestinal
microbiota is one of indicators and contributors
to human health and, therefore, plays significant
roles in prevention, diagnosis, and treatment of
human diseases. The enteric dysbacteriosis
caused by HFDs feeding and unhealthy lifestyle
such as the absence of physical activity has many
underlying chronic metabolic diseases. Persistent
gut micro-biota disturbance may contribute to
metabolic inflammation in obesity that is
initiated through intestinal barrier disruption and
LPS translocation from the gut to the circulation,
thereby triggering many innate proinflammatory
reactions and leading to disruption in
metabolism [8]. In the aspects of prevention and
treatment of many metabolic diseases including
obesity and hyper-tension, exercise is recognized
as a cost-effective lifestyle intervention [25]. The
results of this study validated previous report
that physical activity not only significantly
induced weight loss but reduced the fasting
blood insulin level and ameliorated osteoarthritis
in which the reshaped gut microbiota might be
responsible for these beneficial effects [20].
However, these exercise-induced modifications
concerning gut microbiota require further
research.
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High diversity can provide strong stability for the
ecosystem. Thus, microbial diversity is conducive
to balancing the intestinal microecology and
maintaining normal ecological function [26].
Decreased diversity in gut bacteria accompanied
by perturbed intestinal homeostasis and
impaired ecological function is intricately linked
to disease conditions. Khadka et al. found that
reduced apparent alpha diversity in the
individuals with atopic dermatitis (AD) was
correlated with the AD severity [27]. These
results were supported by Nylund et al. [28].
Likewise, the diversity of microbe was negatively
related to the severity of inflammatory bowel
disease (IBD), and the disease remission
commonly co-occurred with the enhancement of
microbial diversity [26]. The treatment of allergic
asthma in newborn mice with vancomycin
reduced microbial diversity changed the
composition of bacterial flora, leading to an
increase in the severity of this disease [29].
Furthermore, obese adults had significantly
lower alpha diversity compared to non-obese
adults [30]. HFDs is an unhealthy eating pattern
and a contributor to obesity. In the mice fed HFDs
without exercise, a significant decrease in
diversity was noted. Exercise did not affect
microbiota richness in normal-fed mice but could
increase richness in HFD-fed mice. However,
intestinal microbial diversity was not increased
by berberine treatment. It seems that exercise, in
contrast to berberine, can diversify the intestinal
microorganisms and readjust the constitution of
the bacterial population.

The four main phyla of the gut microbiota were
Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria. At the phyla level, HFDs could
result in increased abundant levels of Firmicutes
and Proteobacteria and reduced abundant levels
of Bacteroidetes, but the abundance of
Actinobacteria had no change. However, the
results of increase or reduction induced by HFDs
could be reversed by exercise intervention.
Compared to HF Sed, the abundance of
Firmicutes and Proteobacteria in HF_Ex was
lower, and the abundance of Bacteroidetes was
higher. Similar associations were found in the
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studies of HFDs affecting the flora at the genus
level in comparison with exercise. The inverse
role of exercise described was also found insome
genera in significant or insignificant amounts,
including norank_f__Bacteroidales_S24-
7_group, Desulfovibrio, and Prevotellaceae_UCG-
001. In some genera, the reverse effect of
exercise on the composition of flora did not show
a significant difference, which might berelated to
the limited time of exercise intervention.
Additionally, the abundance of Proteobacteria
was also reduced by exercise intervention, and
the alteration of  Proteobacteria  was
independent of weight and the diet. This result
was the same as the report of Munukka et al. [31]
and Liu et al. [32]. These results supported that
Proteobacteria might be a responder to exercise
training. However, no research on the underlying
mechanism of the associations between
Proteobacteria and exercise has been found. In
Firmicutes, the increased abundance of Blautia,
Lachnospiraceae_UCG-006,  Ruminiclostridium
_9, Anaerotruncus, Romboutsia, Lactobacillus,
and Streptococcus was observed after HFDs
treatment, but decreased abundance of nor-
ank_f Lachnospiraceae, and Ruminiclostridium
_9 was also observed with exercise intervention.
Among them, Blautia and Ruminiclostridium_9
were identified as HFD-dependent taxa [33]. In
the report of Duan et al, Blautia,
Lachnospiraceae_UCG-006, and Romboutsia
were found to be induced by HFDs and highly
correlated with nonalcoholic fatty liver disease
[34]. Lactobacillus was reported to contribute to
promoting intestinal lipid absorption and
increasing fat mass [35]. In Bacteroidetes, the
decreased abundance of norank f
Bacteroidales _S24-7 group, Prevotellaceae
_UCG-001, and Prevotellaceae_NK3B31_group
was observed after HFDs treatment, but exercise
intervention led to an increase in abundance of
Prevotellaceae_UCG-001. In Proteobacteria, the
increased abundance of Desulfovibrio was
observed after HFDs treatment.
Ruminiclostridium 9 and Prevotellacee UCG-001
were influenced not only by diet but also by
exercise. Romboutsia is a genus within the
Peptostreptococcaceae family, and Desulfovibrio
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is a genus within the Desulfovibrionaceae family.
Studies have reported that Desulfovibrionaceae
and  Peptostreptococcaceae  are  bacteria
producing endotoxin [36, 37]. Notably, at the
species level, HFDs intervention groups exhibited
a reduced relative abundant level of uncultured
bacterium  Bacteroidales S24-7 group  and
Prevotellaceae_UCG-001, and exercise
intervention groups showed an increased relative
abundant level conversely. Prevotellaceae_UCG-
001 belongs to Prevotellaceae, a family that
reportedly produces butyrate, strengthens the
functions of intestinal barrier, reduces the levels
of endotoxin, and ameliorates the severity of
metabolic inflammation [38, 39].
Prevotellaceae_UCG-001 and Bacteroidales_S24-
7_group are suggested to be beneficial SCFAs-
producing bacteria. Furthermore,
Bacteroidales_S24-7 seems to be an exercise
responder, which can be enriched with exercise.
Similarly, the results of this study showed that
Bacteroidales S24-7 was reduced by HFDs
feeding, while exercise could recover its loss in
obesity. Therefore, this study suggested that
exercise could reverse the HFD-induced gut
microbiota disorder and exert improved positive
health effects.

Berberine, an intestinal-regulating drug, plays
reportedly an essential role in the improvement
of obesity, diabetes mellitus, atherosclerosis, and
other metabolic diseases, and its role in lipid-
lowering and insulin resistance is the same as
exercise. Berberine exerts its multifunctional
effects via regulating the gut microbiota [23].
Berberine can revert the effects of the HFD-
induced structural changes of gut microbiota and
ameliorate the severity of some metabolic
disorders caused by HFDs. However, a reduction
of microbial diversity was also observed. The
results showed that berberine administration
could not diversify the gut microbiota and
reverse the increase or decrease pattern induced
by HFDs. The occurrence of Firmicutes,
Bacteroidetes, and Proteobacteria in the
berberine treated group demonstrated the same
trend as that of HFDs treatment. Combined with
the low community richness caused by
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berberine, the emergence of the highest number
of unique species implied that berberine could
also colonize numerous new species in the
intestinal tract while exerting a bacteriostasis
effect. Berberine enriched the occurrence of
Lachnoclostridium, [Clostridium]_innocuum
_group, Erysipelatoclostridium, and
Parabacteroides. Lachnoclostridium reportedly
produces trimethylamine and is linked to the
promotion of atherosclerosis. Berberine has
shown beneficial effects on diabetes-related
complications, which is similar to the results of
this study, but some transient gastrointestinal
adverse effects were also observed. The
increased population of [Clostridium]_innocuum,
which was recently identified as a vancomycin-
resistant pathogen, may lead to antibiotic-
associated diarrhea in humans. Therefore, the
mechanism by which berberine rebuilds the
intestinal flora community is different from that
of exercise.

Everyone has a unique gut microbiota profile.
The establishment of intestinal microflora is
influenced by internal and ex-ternal factors,
including age, geography, heredity, diet, lifestyle,
drugs, and exercise. Even with short-term
induction, microorganisms can respond and
change rapidly. Long-term stimuli can promote
the colonization of some different core
microbiota communities, thus facilitating the
stratification of microflora populations. The
results showed that all the samples were first
divided into two camps according to the type of
diet (HFDs or RC diets feeding). The PCoA results
clearly suggested distinctions between their
community composition profiles. Although
exercise did not result in significant changes in
typical bacterial clusters, alterations of the
bacterial taxa at the phyla, genus, and species
levels demonstrated the modification that
exercise brought to the microbial community.

This study elucidated the differential microbial
community profiles related to exercise, HFDs,
and berberine, which might shed light on exercise
functionality. The results showed that HFDs
treatment led to decreased diversity in gut
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bacteria, whereas exercise, unlike berberine,
could return itto normal status and modulate the
bacterial population component. HFDs could
result in an increased abundance of Firmicutes
and Proteobacteria and a reduced abundance of
Bacteroidetes. Interestingly, the results of
increase or decrease caused by HFDs could be
reversed by exercise intervention. Similar
associations were found in the studies of the
HFDs affecting the flora at the genus level in
comparison with exercise. Notably, some of
these reversal effects did not show significant
differences, which might be related to the limited
time of sports intervention. Furthermore,
exercise had limited effects on the stratification
of microflora populations. Exercise could
improve the proliferation of probiotics but inhibit
the proinflammatory microbiota, thereby
exerting improved positive health effects.
Together, the results suggested that HFDs led to
the disruption of the microbiome profiles in
obesity, while exercise could rebuild the
intestinal microbial ecology in obese individuals,
and the mechanism by which berberine acted to
regulate the bowel might differ from exercise.
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