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Abstract

Antrodia cinnamomea is a valuable and scarce medicinal and edible mushroom. Its main active substances are
triterpenoids and polysaccharides with many biological activities, such as liver protection, immunity enhance-
ment, antitumor, anti-inflammatory, and antiviral. The long-term use of antibiotics can easily lead to disorders
in the intestinal flora and causes diarrhea, inflammation, immune decline, and other symptoms. In this study,
A. cinnamomea intracellular polysaccharides (AIPSs) were extracted from mycelia in submerged fermentation,
and the AIPSs with a neutral polysaccharide content of 82.74%+0.63% were obtained. Then, the therapeutic
effect of AIPSs on diarrhea in mice caused by lincomycin hydrochloride (LIH), and their regulatory and recovery
effects on the intestinal flora, was studied with fructooligosaccharide as the positive control. In vivo experiments
in mice showed that fed intragastrically with 0.25g/kg (bodyweight of mice) of AIPSs significantly reduced the
weight loss caused by antibiotics and restored the immune-organ index (£<0.05). The AIPSs also significantly
lowered the degrees of the inflammatory cytokines IL-6 and TNF-a in mouse serum (P<0.01). Analysis of mouse
intestinal flora showed that AIPSs treated diarrhea caused by LIH and regulated and improved the flora’s struc-
ture. These effects were primarily manifested in the increased relative abundance of good microorganisms (e.g.,
Lachnospiraceae_NK4A136_group, Osllospiraceae, and Lachnospiraceae) and reduced relative abundance of
harmful microorganisms (e.g., Enterococcus) (P<0.05). This study further expanded the application value of the
submerged fermentation products of A. cinnamomea. A new perspective and theoretical basis for developing new
multifunctional prebiotics to regulate antibiotic-induced disorders in the intestinal flora was also provided.
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Introduction

The human intestinal flora is a microbial ecosystem
comprising trillions of bacteria. This ecosystem exerts
an extremely significant effect on the metabolism and
immunity regulation of the host, especially in early child
development (Rajakovich et al., 2019). One of the most

significant reasons leading to intestinal disease is the use of
antibiotics. During the long-term use of antibiotics, many
beneficial bacteria are lost, causing drug-resistant, harmful
microorganisms to dominate gradually. The ultimate result
is a sharp increase in the risk of chronic diseases (Gao et al.,
2017; Pelaseyed et al., 2020). Important measures to pre-
vent and treat chronic diseases include the maintenance
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of the balance of the intestinal flora and the regulation of
its structure. Studies have shown that prebiotics can boost
the proliferation of beneficial bacteria in the intestine.
Everard et al. found that a functional oligosaccharide pre-
biotic, namely, fructooligosaccharide (FOS), could increase
the abundance of Akkermansia muciniphila in the mouse
intestine. FOS can also enhance the intestine’s barrier func-
tion and reduce inflammatory symptoms (Everard et al.,
2013). Fungal polysaccharides have prebiotic roles such as
functional oligosaccharides, mostly manifested as the pro-
motion of proliferation of good bacteria and the inhibition
of pathogenic bacterial growth (Liang et al., 2021). Edible
and medicinal fungi are some of the main sources of func-
tional fungal polysaccharides. These polysaccharides with
prebiotic effects include glucans, polysaccharide peptide /
protein complex, heteroglycan, chitin, and other indigest-
ible polysaccharides (Wu et al., 2019).

Antrodia cinnamomea (syn. Antrodia camphorata and
Taiwanofungus camphoratus) is a precious fungus used
as medicine and food. This fungus belongs to Antrodia,
Polyporaceae, and Basidiomycetes. A. cinnamomea
exhibits anti-inflammation (Lu et al., 2013) and antitu-
mor (Song et al., 2005; Yen et al., 2015) activities. It is also
used to treat liver diseases (Liu et al., 2017b) and alcohol-
ism (Yang et al., 2015), lower blood pressure (Chen et al.,
2018), reduce obesity (Chang et al., 2018), and resist
fatigue (Liu et al., 2017a). The main active substances in
A. cinnamomea are triterpenoids and polysaccharides
(Geethangili et al., 2011; Ganesan et al., 2019).

As a fungal polysaccharide, A. cinnamomea polysaccha-
ride has various organisms and activities. For instance,
the polysaccharides of A. cinnamomea were confirmed to
have anti-hepatitis B viral (Ker et al., 2014), antivascular
growth, antitumor, and other clinical effects (Yang et al.,
2009; Zhang et al., 2018b). The polysaccharides of A. cin-
namomea also have therapeutic potential as an adjuvant in
the immunomodulation treatment of allergic asthma (Liu
et al., 2010). In addition, the water-soluble polysaccha-
rides comprising B-glucan in A. cinnamomea can alleviate
the inflammatory response induced by lipopolysaccharide
(Chen et al., 2017).In the present study, the therapeutic
and regulatory or restoration effects of intracellular poly-
saccharide from A. cinnamomea on antibiotic-induced
diarrhea and disorder in mouse intestinal flora were inves-
tigated. A new concept and theoretical basis for develop-
ing novel multifunctional prebiotics were provided.

Materials and Methods
Materials and experimental animals

The A. cinnamomea strain was purchased from the
American Type Culture Collection (No. 200183).

Absolute alcohol, n-butanol, trichloromethane, phenol,
sulfuric acid were purchased from Sinopharm Chemical
Reagent Co., Ltd. lincomycin hydrochloride (LIH) and
fructooligosaccharide (FOS) were purchased from
Shanghai Macklin Biochemical Co., Ltd. These chemical
reagents were analytical grade.

The Comparative Medicine Centre of Yangzhou
University (Yangzhou, China) provided 42 Female ICR
mice (specific pathogen-free, 6 weeks old, and weighing
20+2g). All mice received humanitarian care. All ani-
mal experiments were conducted based on the related
rules of the Experimental Animal Ethics Committee of
Yangzhou University (SYXK2021-0019).

Extraction and purification of AIPSs

After submerged fermentation for 12 days with 1501/
min at 26°C (Li et al., 2015), the fermentation broth of
A. cinnamomea was screened with four layers of gauze.
The mycelia were collected and crushed, then extracted
with water at a solid-liquid ratio of 1 to 10 at 90°C for
2 hours. Subsequently, the extract was centrifuged at
6000 r/min for 10 min at 4°C and the supernatant was col-
lected. Then, anhydrous ethanol was added to the super-
natant at a volume ratio (v/v) of 1:3, and the solution was
allowed to stand overnight at 4°C. The sediment was cen-
trifuged at 8000r/min at 4°C for 10min, collected, and
dried at 75°C, and then the AIPSs were obtained (Hooper
et al., 2010).

Determination of polysaccharide and protein content

With glucose as a standard, the total neutral sugar in the
AIPSs was determined with the phenol-sulfuric acid
approach (Masuko et al., 2005). The total protein in the
AIPSs was quantified using a BCA protein kit (Nanjing
Jiancheng Bioengineering Institute).

Effect of AIPSs on the Intestinal Microbiota of
Mice with Diarrhea

Feeding of mice

All ICR mice (5-7 weeks old, weighing 20+2g, and
female) moved freely at the room temperature of 24+2°C,
relative humidity of 55%+5%, and light/dark cycle for
12h. The food, water, and disinfection pad were changed
daily at 8:00 p.m. The mice were fed separately in cages,
and basic food and water were provided ad libitum for
each cage. After adaptive feeding for 1 week, mice that
could eat and move normally were selected for the
follow-up experiment.
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Construction of a mouse model of diarrhea

A total of 42 mice were randomly grouped into six (n=7),
namely, the normal control (NC), model group (RG), low
dose of AIPSs treatment group (AP-L), a middle dose
of AIPSs treatment group (AP-M), high dose of AIPSs
treatment group (AP-H) and FOS positive-control group
(FOS). On days 1-3, the NC group was fed with sterile
normal saline at 3.7 g/kg (bodyweight of mice), whereas
the RG, AP-L, AP-M, AP-H, and FOS groups were fed
with LIH at a dose of 3.7g/kg (bodyweight of mice).
Gavage was administered twice a day at 9:00a.m. and
7:00 p.m. In the next 4—11 days, the NC and RG groups
were fed intragastrically with sterile normal saline at
1.25g/kg (bodyweight of mice) at 7:00p.m.; the AP-L
and AP-M group were fed intragastrically with AIPSs
at 0.05g/kg and 0.25g/kg (bodyweight of mice) respec-
tively; the AP-H and FOS group were accordingly fed
intragastrically with AIPSs or FOS at 1.25g/kg (body-
weight of mice).

General observation of diarrhea

On days 4-6 (1-3 days after discontinuation of medi-
cation), feces were collected. Based on the mouse state
and fecal shape, the diarrhea symptoms caused by LIH
were evaluated, and the severity of diarrhea symptoms in
the various groups was compared. Diarrhea symptoms
were scored as follows: 0 (normal state or no symptom),
1 (in general conditions, with a small amount of wet and
shapeless feces), 2 (down in spirit, with substantial wet
and shapeless feces), and 3 (depressed, with substantial
severely watery feces).

Determination of immune-organ index

On day 12, all mice were weighed and then killed. The
spleen and thymus were separated and weighed. The spleen
index (spleen mass/body weight, mg/kg) and thymus index
(thymus mass/body weight, mg/kg) were calculated.

Determination of inflammatory factors

The inflammatory factors IL-6 and TNF-a in mouse
serum were determined using a mouse TNF-o ELISA
Kit and a mouse IL-6 ELISA Kit (SenBeiJia Biological
Technology Co., Ltd.). Eyeballs were enucleated before
the mice were killed on day 12, and then their blood was
collected and centrifuged for 20min at 3000r/min and
4°C. Afterward, the light-yellow supernatant was col-
lected for detection. The sample serum was placed in sol-
id-state antibody microplate wells, and an enzyme label
was added to detect the antibody. Then, matrix TMB was

put to vary the color from blue to yellow. The absorbance
value at 450 nm wavelength was measured, and the con-
centration of every indicator was calculated.

Determination of intestinal flora

On day 12, the mice were dissected, and samples of cecal
contents from the mouse were collected. After quick
freezing with liquid nitrogen, the samples were placed in
dry ice and sent to the Beijing Novogene Bioinformatics
Technology Co., Ltd. (Novogene, Beijing, China) for
high-throughput sequencing. The sequencing platform
used was Illumina. The instrument was NovaSeq6000.
A polymerase chain reaction was adopted to amplify the
V3-V4 area of the 16S rDNA gene by applying a for-
ward primer (5'-CCTACGGGNGGCWGCAG-3') and a
reverse primer (5'-GGACTACHVGGGTATCTAAT-3').
The initial DNA fragments were read using Flash soft-
ware, and the quality of splicing data was controlled
using QIIM software. Then, the operational taxonomic
unit clustering and analysis of species classification were
performed for the useful tags of all samples with 97%
identity.

Statistical analysis

Data are shown as the mean + SD and statistically com-
pared to decide the significant differences (P<0.05) using
one-way ANOVA with SPSS 22.0 software. The graphs
were plotted using Origin 2021.

Results
Content analysis of AIPSs

The polysaccharide and protein contents of AIPSs were
determined with the phenol-sulfuric acid approach
and the BCA protein kit, and the contents of neutral
polysaccharide and protein were 82.74%+0.63% and
1.32%+0.11%, respectively. The results showed that the
purity of AIPSs obtained here was high enough.

Impact of AIPSs on diarrhea and immune organs of mice

Table 1 shows the scores of diarrhea and immune-or-
gan indices. Great diversities were observed in the thy-
mus and spleen indices between the RG and NC groups
(P<0.05), which means LIH had an immunosuppressive
effect on the thymus and spleen of mice. Nevertheless,
no significant difference was found in the thymus and
spleen indices between the AP-L, AP-M, AP-H, and NC
groups (P>0.05), which means the immune-organ indices
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Table 1. Diarrhea scores and immune organ indices of mice.
Groups Diarrhea Thymus index Spleen index

score (mglg) (mglg)
NC 02 1.587+0.0082 3.4510.305°
RG 2+0.5° 0.687+0.280° 4.73740.3772
AP-L 1.1£0.32 1.349+0.3312 4.135+0.362°
AP-M 0.60.4° 1.428+0.2022 3.55410.301°
AP-H 1.540.32 1.302+0.2732 4.146£0.285°
FOS 1.240.32 1.283+0.2832 3.6510.318°

Note: NC, normal group; RG, model group; AP-L, low dose of Antrodia
cinnamomea intracellular polysaccharide treatment group; AP-M, middle dose
of Antrodia cinnamomea intracellular polysaccharide treatment group; AP-H,
high dose of Antrodia cinnamomea intracellular polysaccharide treatment
group; and FOS, fructooligosaccharide positive-control group. Each data group
is shown as the mean + standard deviation and explored by one-way ANOVA.
Various letters in the same column show significant differences (P<0.05); n=7.
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Figure 1. State of mouse feces. NC, normal group; RG,
model group; AP-L, low dose of Antrodia cinnamomea
intracellular polysaccharide treatment group; AP-M, middle
dose of Antrodia cinnamomea intracellular polysaccharide
treatment group; AP-H, high dose of Antrodia cinnamomea
intracellular polysaccharide treatment group; FOS, FOS posi-
tive-control group. The red hollow arrow indicates the period
of intragastric feeding of LIH. The green arrow indicates the
intragastric feeding after drug withdrawal. The red box indi-
cates the abnormal feces of mice (diarrhea). The feces of all
mice returned to normal after 9 days.

returned to their normal levels after feeding the mice
with AIPSs.

Moreover, diarrhea scores decreased after feeding the
mice with AIPSs, and the score greatly differed from
that of the RG group (P<0.05). This result suggested that
AIPSs benefited the alleviation of the LIH-induced diar-
rhea of mice. Analysis of the fecal shape of mice (Figure 1)
revealed that after the intragastric administration of LIH,
the RG group had continuous diarrhea reaction until day
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Figure 2. Effects of AIPSs on the change in average body

weight.

8. Conversely, the diarrhea of the AIPS and FOS groups
significantly improved. The feces of all groups returned
to normal after 9 days.

Impact of AIPSs on the bodyweight of mice

On days 1-3, compared with mice in the NC group, the
bodyweight of mice intragastrically fed with LIH signifi-
cantly decreased, indicating that LIH negatively affected
mouse growth. After the medication was discontin-
ued (4-7 days), the bodyweight of the mice gradually
increased, but the AP-M group showed greatly higher
recovery and growth rates and body weight than the RG
group (Figure 2). This outcome indicated that the intra-
gastric administration of AIPSs was beneficial in improv-
ing the body-weight loss caused by LIH, and the effect
was equivalent to that of FOS. After 7 days, the weight
growth of all groups stabilized.

Impact of AIPSs on the inflammatory factors of mice

The inflammatory factors in mouse serum were assessed
by detecting the degrees of IL-6 and TNF-a (Figure 3).
The RG group showed greatly higher levels of these two
factors in sera than the NC group (P<0.01), suggesting
that LIH could lead to severe inflammatory symptoms
in mice. The degrees of IL-6 and TNF-a in the sera of
mice intragastrically fed with AIPSs and FOS were sig-
nificantly lower than those in the RG group (P<0.01).
This result implied that AIPSs benefited the treatment or
alleviation of the inflammatory symptoms caused by LIH,
and the effect of the middle dose of AIPSs was even bet-
ter than that of FOS.
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Figure 3. Impact of AIPSs on the inflammatory factors of
mice. Each data group is shown as the mean * standard devi-
ation and explored by one-way ANOVA. Compared with the
blank control group, * represents that the diversity is great
(P<0.05), and ** represents that the diversity is extremely great
(P<0.01). By comparing with the model group, # represents
that the diversity is great (P<0.05), and ## represents that the
diversity is extremely great (P<0.01) in all groups, n=7.

(A) (B)

1.0

08 - -Q

0.6 *

S

-
o

NC RG AP-L AP-M AP-H FOS NC RG AP-L AP-M AP-H FOS

Figure 4. Shannon (A) and Simpson (B) indices of the
a-diversity analysis of intestinal microbiota.

Effect of AIPSs on the Intestinal Microbiota of
Mice with Diarrhea

a-Diversity and B-diversity analyses of intestinal
microbiota

To understand the richness and uniformity of species in
the intestinal floras of different groups, a-diversity anal-
yses were performed (Figure 4). Results showed that the
difference in the intestinal flora of the RG group was sig-
nificantly lower than that of the NC group. Thus, LIH
seriously destroyed the balance in mouse intestinal flora
and inhibited or killed a substantial amount of microor-
ganisms. Intragastric administration of AIPSs and FOS
helped regulate and restore the difference in mouse intes-
tinal flora, and the effect of the AP-M group was signifi-
cantly better than that of the FOS group. Shannon index
(Figure 4A) and Simpson index (Figure 4B) revealed that
after the intragastric administration of AIPSs, the diver-
sity of mouse intestinal flora was well restored. However,
the diversity in the intestinal flora of mice fed with FOS
cannot be restored to the level of the NC group.

To compare the differences in structures of intestinal floras
among the different treatment groups, B-diversity analy-
ses were performed (Figure 5). Results showed significant
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Figure 5. p-Diversity analyses of intestinal microbiota.
(A) principal coordinate analysis (PCoA); (B) non-metric mul-
tidimensional scaling (NMDS) analysis.

differences in the structures of intestinal floras among the
treatment groups. Thus, the intragastric administration of
LIH, AIPSs, and FOS played significant roles in the intesti-
nal floras in mice. AIPSs also played an obvious regulatory
role in the diversity of mouse intestinal flora. Repeated
samples of each group were also relatively concentrated,
indicating that all samples had good repeatability.

Structural analysis of intestinal microbial flora in mice

To intuitively observe species with high relative abun-
dance at various classification levels and their propor-
tions in intestinal floras of the different groups, column
diagrams of microorganisms with the highest abundance
ranking (top 10) at the phylum level (Figure 6A), family
level (Figure 6B), and genus level (Figure 6C) were con-
structed based on the species annotation and abundance
information of every sample at the genus level. The out-
comes displayed that at the phylum level, Firmicutes,
Proteobacteria, and Actinobacteriota were the main floras.
Their proportions were approximately 90% of the total
flora. Bacteroidota accounted for 5% of the total flora.
At the family and genus levels, Erysipelatoclostridiaceae,
Lachnospiraceae, Erysipelotrichaceae, Enterobacteriaceae,
and Enterococcaceae were the main dominant floras.
Their proportions were approximately 55% of the total
flora. The relative abundance of Erysipelotrichaceae_
UCG-003, a beneficial bacterium, was also significantly
higher in the intestinal flora of the AP-H group than that
of the NC group. In addition, the relative abundance of
the probiotic Lachnospiraceae_UCG-001 in the intestinal
flora of the AP-M and AP-H groups was also significantly
higher than that of the RG group.

To further analyze the microbial species with great diver-
sities in relative abundance in intestinal floras among the
different groups, the genera with the relative abundance
ranking (top 35) were selected for the clustering from
two dimensions (species and samples) to draw a heat
map based on their abundance information in the differ-
ent groups (Figure 7). Results showed that by comparing
with the NC and RG groups, the intragastric administra-
tion of AIPSs reversed the decrease or increase in some
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Figure 7. Heat map of the relative abundance of species in
the intestinal flora of mice in all groups at the genus level.

bacteria caused by LIH. For example, the proportions of
Staphylococcus, Prevotella, Lachnospiraceae UCG—001,
Erysipelotrichaceae_UUCG—-003, and Dubosiella were
obviously restored after the intragastric administration
of AIPSs. The relative abundance of Lachnospiraceae_
UCG-001 and Dubosiella in the AP-M group even sig-
nificantly improved compared with those in FOS groups.
It means that the role of AIPSs in improving the relative
abundance of Lachnospiraceae_UICG—001 and Dubosiella
was significantly better than that of FOS. Furthermore,
the abundance of Acetivibrio_ethanolgignens, which easily
led to inflammation or infection, significantly increased
after the intragastric administration of antibiotics.
Interestingly, AIPSs significantly inhibited the prolifer-
ation of Acetivibrio_ethanolgignens. As a result, the rela-
tive abundance of Bacteroides in AP-L, AP-M, and AP-H
groups was even significantly lower than that in the RG

group.

Species significant-difference analysis

The heat map (Figure 8A) showed that the relative
abundance of some bacteria were significantly differ-
ent between AP-L, AP-M, AP-H, and FOS groups, such
as Staphylococcus, Lachnospiraceae_ NK4A136_group,
Candidatus_Saccharimonas and Enterococcus. Among
them, Enterococcus was reported as a potentially harmful
bacterium, and the high concentration of Enterococcus
has a positive correlation with rat colitis (Rose et al.,
2010; Onderdonk et al., 1998). Interestingly, the rela-
tive abundance of Enterococcus in the AP-L, AP-M, and
AP-H groups was even significantly lower than that in
the FOS group (Figure 8A). Based on the LEfSe anal-
ysis of the AP-M, AP-H, FOS, and NC groups, eight
microbial species were found with >4 LDA score, such
as  Staphylococcales, Oscillospiraceae, Enterococcus,
and Lactobacillales (Figure 8B). Among them,
Oscillospiraceae was reported to have a positive role in
the extra-intestinal pain (Hollister et al., 2020). Moreover,
it was reported that the inflammatory symptoms of coli-
tis mice were reduced after taking the Bacillus cereus
strain, and the abundance of Oscillospiraceae simulta-
neously increased significantly, which indicated that
Oscillospiraceae was positively correlated with the remis-
sion of colitis and the inhibition of inflammation (Sheng
et al., 2021). Additionally, LIH destroyed the balance
of intestinal flora, which was primarily manifested as
the reduced abundance of some beneficial bacteria and
increased abundance of some pathogenic bacteria. From
the evolutionary branching diagram (Figure 8C), the rel-
ative abundancs of Lactobacillales and Enterococcus in
the FOS group was increased compared to the NC group.
After the intragastric administration of AIPSs, the imbal-
ance of intestinal flora structure significantly improved,
further proving that AIPSs had a significant regulatory
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Figure 8. Analysis of significant differences in intestinal flora structure among treatment groups. (A) Analysis of MetaStat
heatmap. Z score represents the species aggregation degree, and the P value represents the level of significant differences.
P<0.05 represents that the difference is significant, and P < 0.01 represents that the difference is extremely significant. (B) An
LDA distribution histogram was used to analyze the microbial species with the significant difference among the AP-M, AP-H,
FOS, and NC groups. (C) An evolutionary branching diagram to compare the AP-M, AP-H, FOS, and NC groups. The large circles
from the interior to the exterior refer to classifying species from the phylum to the genus/species. The size of each node circle
refers to the relative abundance of species. If the circle is larger, the relative abundance is higher.

and restorative effect on the imbalance of the LIH-
induced mouse intestinal flora.

Discussion

The intestinal flora plays an important role in maintain-
ing body health and metabolism. However, the long-
term use of broad-spectrum antibiotics has become the
most common clinical cause of disorders in the intesti-
nal flora, accompanied by varying degrees of diarrhea,
depression, and inflammatory symptoms (Lv et al., 2017).
Moreover, the destruction of intestinal flora mediated by
antibiotics reduces the therapeutic effect of anticancer
drugs (Sivan et al., 2015). The administration of prebiot-
ics can regulate the balance of intestinal flora, enhance
the gut barrier of the intestine, and reduce the risk of
immune and metabolic diseases caused by taking exces-
sive antibiotics (Varankovich et al., 2015).

Some fungal polysaccharides that cannot be digested are
considered to have a good prebiotic effect. They can bene-
fit the host by stimulating the growth or activity of specific
intestinal flora (Zhang et al., 201a8). For example, Zhang
et al. (Zhang et al., 2020) found that polysaccharides
from Flammulina velutipes can improve colitis symp-
toms caused by dextran sodium sulfate (DSS) by regulat-
ing the intestinal flora to downregulate the TLR4\NF-«xB

inflammatory signal pathway. Ren et al. (Ren et al., 2018)
found that polysaccharides from Hericium could down-
regulate oxidative stress and inflammatory factor markers,
reverse the intestinal flora disorder of DSS inflamma-
tory C57BL/6 in mice, and maintain the stability of the
intestinal barrier. Liu et al. (Liu et al., 2020) showed that
polysaccharides from Phellinus igniarius could main-
tain intestinal homeostasis and reduce lipopolysaccha-
ride content in the blood by increasing the abundance
of bacteria producing short-chain fatty acids (SCFAs) to
reduce systemic inflammation and reverse insulin resis-
tance. Thus, this polysaccharide has potential application
as a prebiotic to regulate the intestinal flora of patients
with diabetes mellitus type 2. Tian et al. (Tian et al., 2018)
demonstrated that ingesting Agaricus bisporus induced
a change in intestinal microflora and bacterial metabo-
lism, and this species played the role of prebiotics and
improved the development of metabolic health and dia-
betes. A. cinnamomea is a valuable fungus for medicine
and food, and its polysaccharides have many biological
activities, such as antioxidation, anti-inflammatory, anti-
virus, and immune-regulation activities. This species also
has great research value and development potential as a
prebiotic (Zhang et al., 2015; De Oliveira et al., 2017). In
this study, after the intragastric administration of LIH,
the body weight of mice significantly decreased, and the
immune organs were damaged to varying degrees, result-
ing in inflammatory symptoms. However, the intragastric
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administration of AIPSs and FOS alleviated the weight
loss and inflammatory symptoms of mice and restored
the immune-organ index. This result was consistent with
the report of Liu et al. (Liu et al., 2018), in which lenti-
nan reduces the inflammatory response by reducing the
production of proinflammatory factors. It was found that
oligosaccharides from Antrodia cinnamomea can sig-
nificantly suppress the inflammation in lung tissues of
LPS-injected C57BL/6 mice (Zheng et al., 2018). Besides,
Firmicutes in the intestinal bacteria participate in the nutri-
tion and metabolism of the host by synthesizing SCFAs
and exert a good curative effect on alleviating inflamma-
tory bowel diseases (Stojanov et al., 2020). Herein, at the
phylum level of microorganisms (Figure 6A), the intragas-
tric administration of AIPSs and FOS improved the rela-
tive abundance of Firmicutes in the intestine. The column
diagram of the relative abundance in genus level (Figure
6B) revealed that the middle dose of AIPSs ingestion
significantly improved the proportion and relative abun-
dance of Erysipelotrichaceae and Lachnospiraceae in the
mouse intestine. Erysipelotrichaceae and Lachnospiraceae
were found as the main members of butyric acid produc-
tion and played an extremely important role in butyric
acid production when the host participates in useful exer-
cise (Estaki et al., 2016). However, a high abundance of
Lachnospiraceae may be an antecedent of type 1 diabetes
(Kameyama and Itoh, 2014). Therefore, although a high
dose of AIPSs treatment also can reduce intestinal inflam-
mation symptoms, it is obvious that the middle dose of
AIPSs treatment is better for restoring the intestinal flora
structure to a normal state in mice.

Compared with the FOS group, the AP-L, AP-M, and
AP-H groups significantly reduced the relative abun-
dance of Enterococcus. The immunohistochemical and
serological analysis of fecal infections in pancreatic can-
cer patientsa and chronic pancreatitis mice revealed that
high abundance of Enterococcus could cause pancreatic
infection through bile (Maekawa et al., 2018). Besides,
the Enterococcus also can be colonized in patients and
lead to some wound infections, such as bacteremia,
peritonitis, endocarditis, and urinary tract (Sava et al.,
2010; O’Driscoll and Crank, 2015). It was found that
Long term high-fat diet mice can reverse colonic adverse
reactions after receiving a short-term balanced diet (Wu
et al., 2022). A balanced diet could reduce the weight
gain of mice, at the same time, the relative abundance
of Lachnospiraceae_ NK4A136_group also returns to
the normal level, which indicates that Lachnospiraceae_
NK4A136_group has the potential to become probiotics
(Wu et al., 2022). Additionally, it was found that fed with
fucosylated chondroitin sulfate from Acaudina molpa-
dioides can reduce the content of serum proinflamma-
tory cytokines (IL-6, TNF-a) in high-fat diet mice and
increase the relative abundance of Lachnospiraceae_
NK4A136_group in the intestinal flora (Hu et al., 2019).

It is considered that the selective aggregation of probi-
otics, such as Lachnospiraceae_ NK4A136_group and
direct inhibition of bacterial pathogens lead to the reduc-
tion of inflammatory symptoms in high-fat mice. The
Lachnospiraceae_NK4A136_group is beneficial to gut
health and is regarded as an anti-inflammatory factor
due to its production of short-chain fatty acids (Wang
et al, 2019). In this study, the relative abundance of
Lachnospiraceae_NK4A136_group increased  signifi-
cantly (P<0.01) in AP-M group compared with the FOS
group (Figure 8A). Thus, we believe that the middle dose
of AIPSs is well suitable for Lachnospiraceae. NK4A136_
group survived in the intestinal tract of mice were fed
intragastrically with lincomycin hydrochloride and
finally alleviated the inflammatory symptoms. This result
is consistent with the report, which proved that degraded
polysaccharides from Sargassum fusiforme (PSF-T2)
could reduce inflammatory factors IL-6 and TNF-a and
increased the abundance of Lachnospiraceae. NK4A136_
group and Oscillospiraceae in intestines, then protected
the intestinal barrier and improved the colitis induced
by dextran sodium sulfate in mice (Chen et al., 2021). In
addition, it was found that compared with normal calf
feces, the abundance of Osllospiraceae in the feces of
calves with watery or hemorrhagic morphology was sig-
nificantly reduced, which can be used as a potential indi-
cator to judge the status of calf feces (Fan et al., 2021).
What is more, the abundance of Osllospiraceae in nor-
mal calf feces was found significantly higher than that in
watery or hemorrhagic feces (Zeineldin et al., 2018).

Therefore, we believe that the intragastric administration
of AIPSs could significantly increase the relative abun-
dance of some beneficial microorganisms in mouse intes-
tinal flora. Such treatment could also significantly reduce
the relative abundance of harmful microorganisms in
mouse intestinal flora to restore its balance and even
adjust and optimize its structure. These activities ease the
damage and harm inflicted by antibiotics, further allevi-
ating and treating the adverse symptoms caused by LIH,
such as diarrhea, inflammation, and weight loss.

Conclusions

A. cinnamomea intracellular polysaccharides (AIPSs)
were extracted from the mycelium in submerged fer-
mentation, and the contents of neutral polysaccha-
rides and protein in the AIPSs were 82.74%+0.63% and
1.32%+0.11%, respectively. In vivo experiments in the
mice showed that the intragastric administration of
AIPSs with the dose of 0.25g/kg (bodyweight of mice)
can significantly increase the relative abundance of some
beneficial microorganisms in mouse intestinal flora (such
as Lachnospiraceae_NK4A136_group, Osllospiraceae,
Lachnospiraceae) and significantly reduced the relative

Quality Assurance and Safety of Crops & Foods 14 (3)

131



Lu C-letal.

abundance of some harmful microorganisms (such as
Enterococcus). Consequently, the structure and balance
of mouse intestinal flora were regulated, and the harm
caused by antibiotics was alleviated. These actions fur-
ther eased the adverse symptoms caused by LIH, such as
diarrhea and inflammation. Overall, this study provided a
new concept and laid a practical foundation for develop-
ing new multifunctional prebiotics.
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