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Background: The pathogenesis of inflammatory bowel disease (IBD) is linked

to an intricate association of environmental, microbial, and host-related factors.

Polysaccharide affects host immunity by regulating the composition and metabolism

of gut microbiota is the common mechanism of disease resistance. However, the

efficacy and mechanism of Schisandra chinensis polysaccharide (SCP) in the treatment

of inflammatory bowel disease have not been studied.

Objective: To explore the effect and mechanism of SCP on dextran sodium sulfate

(DSS) - induced ulcerative colitis (UC) in mice.

Materials/Methods: In this study, we established a mouse model of UC, and used

SCP for treatment intervention. The biochemical indexes related to inflammation were

determined by ELISA kit, and the therapeutic effect of SCP on UC was clarified. Then,

16S rDNA sequencing was used to study the effect of SCP on the composition and

diversity of gut microbiota. At the same time, GC-MS was used to determine the

content of short chain fatty acids in intestinal contents. Finally, the relationship among

gut microbiota, short chain fatty acids and inflammatory factors was analyzed, and to

comprehensively explain the effect and mechanism of SCP on UC.

Results: The results showed that SCP could significantly improve the physiological state

of UC mice and regulate the level of inflammatory factors to normal levels. Meanwhile,

SCP could significantly regulate the imbalance of gut microbiota and increase the content

of SCFAs. In addition, the results of the correlation between gut microbiota and SCFAs

showed that butyric acid, isobutyric acid and valeric acid had the highest correlation with

gut microbiota.
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FIGURE 1 | Effects of SCP on body weight. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide group. The values are

expressed as means ± S.D.

(Figures 3, 4). Compared to mice of the DSS group, SCP and
SASP significantly decreased the levels of MPO, NO, ROS, MDA,
TNF-α, IL-6, IL-13, IL-17, and IL-23, and increased the GSH,
SOD, IFN-γ and IL-4 levels. However, there were no significant
differences in the level of IL-1β and IL-10 (p > 0.05). Even SASP
can increase the level of IL-10. Another quite valuable finding
from the above results is that the SCP group is evenmore effective
than the SASP group.

The Proteins Expression of TNF-α, IFN-γ,
IL-1β, IL-10, and IL-23
We further examined the expression of inflammatory factors,
including TNF-α, IFN-γ, IL-1β, IL-10, and IL-23, in the colon
of each group by western blot analysis. As shown in Figure 5,
the expressions of TNF-α, IFN-γ, IL-1β, IL-10, and IL-23 were
markedly decreased in the mice of the DSS group, as compared
with the NC group (p < 0.01; except for IL-10, p < 0.05). All
treatment groups (SCP and SASP) could reduce the expression
of the above proteins in varying degrees, that is, inhibit the
inflammatory response of mice. Also, the SCP administration
markedly inhibited the inflammatory response than SASP.

Composition and Diversity of the Gut
Microbiota
α and β Diversity Analysis of the Gut Microbiota
The intestinal microbial diversity of mice was analyzed by the
Illumina MiSeq System. The rarefaction curves and estimators
are shown in Figure 6A. The rarefaction curves indicated that
the sequencing depth of gut microbiota in each sample is fully
captured and could be used for further analysis. The classification
of species was calculated using the Sobs index, the community
richness using the Ace and Shannon index (Figures 6B–D).
The results showed that the community richness in SCP group

significantly decreased as compared to DSS group (P < 0.05),
however, the Shannon richness index of SCP was closer, albeit
not significantly, to the NC group than the DSS group (p > 0.05).
These indicate that increased inflammatory injury of colon in UC
mice results in decreasedmicroflora community richness, but has
no influence on the community diversity. These results revealed
that the richness and diversity of the gut microbiota inmice of the
DSS group were significantly reduced compared with those of the
NC group. These results also indicated that after the intervention
of SCP, the species number, abundance and coverage of intestinal
flora were improved. SCP has a significant regulatory effect on the
intestinal flora of colitis mice, which may be one of the important
mechanisms of its anti-ulcerative colitis.

Principal coordinate analysis (PCoA) was used to evaluate the
clustering of the gut microbiota in each group (Figure 6E). A plot
of the PCoA scores showed that the DSS group had a significant
shift along the PC1 compared with NC and SCP groups. SCP
group showed a slight structural shift along the PC2. The location
of the SCP group was closer to NC as compared to the DSS
group. PCoA indicated a significant difference in the bacterial
community between SCP group and DSS group.

Composition Analysis of the Gut Microbiota
The microbiota composition in different groups was further
investigated. The relative abundance of the gut microbiota
classification units was presented as a stacking histogram
(Figure 7). At the phylum level, all the groups mainly
composed of Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria (Figure 7A). Although DSS treatment induced a
significant decrease in the relative abundance of Bacteroidetes,
Proteobacteria, and Actinobacteria, there was a dramatic increase
in Firmicutes. SCP improved gut dysbiosis. After SCP treatment,
the relative abundance of Firmicutes, Proteobacteria, and
Bacteroidetes returned to their respective normal levels. There
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FIGURE 2 | (A–E) Histopathological observation of the Colon. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide group.
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FIGURE 3 | Levels of inflammatory cytokines. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide group. Data are

expressed as means ± S.D. *p < 0.05, **p < 0.01, ***p < 0.001.

was no significant difference in the main components between
SCP and DSS groups at the phylum level. At the genus level
(Figure 7B), DSS treatment induced a significant decrease in
the relative abundance of norank_f_Bacteroidales_S24-7_group,
Desulfovibrio and Alistipes, there was a dramatic increase in
Lactobacillus, Turicibacter and Clostridium_sensu_stricto-1.

The proportion of norank_f_Bacteroidales_S24-7_group,
Desulfovibrio and Alistipes significantly increased and
significantly decreased Lactobacillus, Turicibacter abundance
after SCP treatment. In addition, at the taxonomic level of
phylum and genus, we also counted the species abundance
of each sample, and studied the community composition
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FIGURE 4 | Levels of inflammatory cytokines. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide group. Data are

expressed as means ± S.D. *p < 0.05, **p < 0.01, ***p < 0.001.

intuitively through the visualization method of the Heatmap
(Figures 7C,D). The results showed that SCP and NC groups
could be clustered well at phylum and genus levels, and could be
significantly separated from DSS groups. This revealed that the
intestinal flora composition of mice treated with SCP was closer
to that of NC group.

The changes in the relative abundance of each phylum and
genus among groups were further compared (Figures 7E,F).
At phylum levels, the genera with a higher ratio of
abundance were Firmicutes and Verrucomicrobia in the
DSS group. Compared to the DSS group, SCP increased
the relative abundance of Bacteroidetes, Actinobacteria,
and reduced the relative abundance of Firmicutes and
Verrucomicrobia. At genus levels, compared to the NC
group, the abundance of norank_f_Bacteroidales_S24-7_group,

Desulfovibrio, Alistipes, Enterorhabdus and Pseudomonas in
DSS group were decreased significantly, and the abundance
of Tericibacter, Akkermansia, Ruminococcaceae_UCG-
14 and Clostridium_sensu_stricto_1 in DSS group were
increased significantly. Compared to the DSS group, SCP
can regulate the above gut microbiota to the level close to the
NC group.

Linear discriminate analysis (LDA) effect size (LEfSe) is a
statistical tool designed to find biomarkers from metagenome
data with default parameters to identify potential discriminating
taxa between two groups. An LDA score of 2.5 was used for
identifying bacterial groups with statistical significance. When
the DSS group was compared with the NC group, 38 taxa with
significant differences were found in DSS group, and 35 taxa
showed significant abundance in NC group (Figures 8A,B). The
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FIGURE 5 | Expression level of key proteins. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide group. Data are

expressed as means ± S.D. *p < 0.05, **p < 0.01, ***p < 0.001.

clade graph showed that the difference contribution degree of
Verrucomicrobia in DSS group was higher at the phylum level,
and the difference contribution degree of Actinobacteria and
Saccharibacteria in NC group was higher at the phylum level.
The species and abundance of different species in DSS group

were significantly higher than those in NC group. When the
SCP group was compared with the DSS group, 28 taxa with
significant differences were found in DSS group, and 29 taxa
showed significant abundance in SCP group (Figures 8C,D).
The results showed that the difference contribution degree
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FIGURE 6 | α and β Diversity analysis of the gut microbiota. (A) Rarefaction curves. (B) Sobs analysis. (C) Ace index. (D) Shannon index. (E) PCoA score plot. NC,

control group; M, DSS group; SCP, S. chinensis polysaccharide group. Values are expressed as means ± S.D. Graph bars marked with different letters represent

statistically significant results (p < 0.05) based on ANOVA with Duncan’s range tests, whereas bars marked with identical letters represent no statistically significant

differences.

of Fimicutes and Verrucomicrobia in DSS group was higher
at the phylum level, and the difference contribution degree
of Bacteroidetes and Saccharibacteria in SCP group was
higher at the phylum level. Furthermore, the difference
contribution degree of Clostridium_sensu_stricto_1, Roseburia,
Akkermansia, Faecalibaculum, Eubacterium_nodatum_group
etc. in DSS group was higher at the genus level, and the
difference contribution degree of norank_f_Bacteroidales_S24-
7_group, Tyzzerella, norank_c_Cyanobacteria, Enteromabdus,
Alloprevotella etc. in SCP group was higher at the
genus level.

Results from LEfSe showed that there were 73 taxa that
could distinguish the DSS group from the NC group, and
57 taxa that could distinguish SCP group from DSS group

with the LDA score > 2.5. In SCP group, the abundances of
Alloprevotella genus from Bacteroidetes phylum (P = 0.005062),
Saccharibacteria phylum (P = 0.005712), Bacteroidetes
phylum (P = 0.004075), and Bacteroidales_S24_7_group
family (P = 0.01762) from Bacteroidetes phylum increased
significantly as compared to DSS group. But the abundances
of Anaerotruncus genus (P = 0.006170) from Firmicutes
phylum and Firmicutes (P = 0.02846) phylum were higher in
DSS group.

Analysis of Fecal SCFAs
The content of acetic acid, propionic acid, butyric acid, isobutyric
acid, valeric acid and isovaleric acid was investigated to evaluate
the effects of SCP on microbial metabolites (Figure 9). After the
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FIGURE 7 | Composition of the gut microbiota. (A) Phylum level. (B) Genus level. (C) Heat map analysis at phylum level. (D) Heat map analysis at genus level. (E) Main

different composition at phylum level. (F) Main different composition at genus level. NC, control group; M, DSS group; SCP, S. chinensis polysaccharide group.
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FIGURE 8 | (A–D) Cladograms indicating the polygenetic distribution of bacterial lineages associated with the different groups. Indicators between inner and outer

mangrove sediments with LDA score larger than 2.5. LEfSe provided the features that are differential bacterial taxa ranking according to the effect size. Different color

nodes represent the microbial groups that are significantly enriched in corresponding groups and have significant influence on the differences between groups. The light

yellow node indicates the microbial groups that have no significant difference in different groups or have no significant influence on the differences between groups.

mice were treated withDSS, the content of propionic acid, butyric
acid, isobutyric acid, and valeric acid significantly decreased in

the colonic contents in mice of the DSS group compared with

those of the NC group (p< 0.05). The SCFAs levels in mice of the

SCP group recovered at different levels, especially the propionic

acid, butyric acid and valeric acid levels (p < 0.001). However,
the recovery of the SCFA level after SASP administration was not

significant, except isobutyric acid and valeric acid.

Correlation Between Gut Microbiota and
SCFAs
To determine whether there is a potential association between
the alteration of the gut microbiota and host metabolism, we
analyzed the correlation between the relative abundance of
the gut microbiota and the SCFAs using Spearman correlation
analysis (Figure 10). At the Phylum level, acetic acid, propionic
acid, butyric acid, isobutyric acid and isovaleric acid all
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FIGURE 9 | Concentrations of SCFAs in mice colonic contents. NC, control group; M, DSS group; SASP, positive drug group; SCP, S. chinensis polysaccharide

group. Data are expressed as means ± S.D. * 0.01 < p ≤ 0.05, ** 0.001 < p ≤ 0.01, *** p ≤ 0.001.

had a significant positive correlation with Bacteroidetes (p <
0.05). There was a significant positive correlation between
valeric acid and Bacteroidetes (p < 0.01). And propionic acid,
butyric acid, valeric acid and isovaleric acid all had significant
positive correlation with Actinobacteria (p < 0.05). There was
a significant positive correlation between isobutyric acid and

Actinobacteria (p < 0.01). In addition, butyric acid, isobutyric
acid and valeric acid all had significant positive correlation
with Saccharibacteria (p < 0.05). At Genus level, SCFAs
main had significant positive correlation with Alloprevotella,
Anaerotruncus, Bifidobacterium, Candidatus_Saccharimonas,
Enterorhabdus, Rikenellaceae_RC9_gut_group and
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FIGURE 10 | (A,B) Correlation between gut microbiota and SCFAs parameters. * 0.01 < p ≤ 0.05, ** 0.001 < p ≤ 0.01, *** p ≤ 0.001.

norank_f_Bacteroidales_S24-7_group (p < 0.05), and main had
significant inverse correlation with Clostridium_sensu_stricto_1,
Faecalibaculum and Ruminococcaceae_UCG-014 (p < 0.05).
The statistical results showed that butyric acid, isobutyric
acid and valeric acid had the highest correlation with
gut microbiota.

DISCUSSION

Ulcerative colitis is a chronic recurrent disease characterized
by intestinal inflammation and epithelial injury (Van Der
Veen et al., 2009). In this study, we successfully established
a UC mouse model. As a result, the intestinal microbial
structure was destroyed, the level of inflammatory cytokines
increased, the intestinal microbial environment was unbalanced,
and the concentration of SCFAs in the intestinal contents
decreased. More and more evidence shows that the complex
interaction between TCM and the intestinal micro-ecosystem
is essential during the treatment of TCM (Xu et al., 2017). In
this study, Schisandra chinensis polysaccharide improved the
composition and diversity of the gut microbiota by treating
UC mice.

The changes of cytokines are also related to the treatment
of SCP, such as interleukin and tumor necrosis factor play
an important role in the immune system. As communicators
between immune cells, they can reflect the host’s inflammation.
IL-1β, IL-4, and TNF-α levels were negatively correlated with

cereal fiber intake (Chuang et al., 2011). Tn cells differentiate
into Th1 cells induced by IL-12. Th1 cells specifically express
T-bet and secrete IFN - γ. IFN - γ is associated with the
pathogenesis of organ-specific autoimmune diseases (Hirahara
and Nakayama, 2016). Tn cells are differentiated into Th2 cells
by the action of IL-4 to protect the body from pathogens. Th2
cells can also be regulated by the transcription factor GATA-
3 and secrete IL-4, IL-5, IL-13 and other effector cytokines
to regulate allergic reaction (Choy et al., 2015). Cytokines
such as IL-6, IL-23, TGF - β and IL-1 β induce TN cells
to differentiate into Th17 cells, mediate the inflammatory
response, eliminate bacteria and fungi outside the cells, and
are closely related to the occurrence and development of
autoimmune diseases. Tregs cells were induced by TGF - β

alone to promote tissue repair. Tregs cells express forked head
transcription factor Foxp3 and secrete IL-10, which can inhibit
the inflammatory response (Joller et al., 2014). In this study,
mice of the DSS group showed increased levels of IL-1β, IL-
6, IL-10, IL-13, IL-17, IL-23, and TNF-α, but decreased levels
of IFN - γ and IL-4, suggesting that UC associated with
these changes in inflammatory cytokines. Compared to the
DSS group, SCP significantly increased the IFN - γ and IL-
4 levels; but decreased IL-6, IL-10, IL-17, IL-23, and TNF-α
levels significantly. SCP might possess anti-inflammatory ability,
which explains why the recovery in the cytokine levels was
closer to the NC group. Intestinal disorders are manifestations
of a variety of diseases, especially metabolic syndromes such
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as obesity, diabetes, hypertension, and hyperlipidemia (Thomas
et al., 2017). It has been reported that Schisandra chinensis
polysaccharides can improve antibiotic-related diarrhea in rats by
reducing the relative abundance of Blautia, Enterobacteriaceae,
and Lachnospiraceae-UCG-008. But at the genus level, the relative
abundance of Rumenococcus-1, Rumenococcus-UCG-014 and
Erysipelatoclostridium were reduced (Qi et al., 2019). In this
study, the gut microbiota richness and diversity of the NC group
and the DSS group were significantly different. The Sobs, Ace
and Shannon richness index results showed that the recovered
gut microbiota richness of SCP was closer to NC mice. The
composition analysis of the gut microbiota indicated that mice
of SCP group basically eliminated the dysbacteriosis caused
by DSS.

SCFAs are important metabolites in the gut microbial
environment. They are also closely involved in immune, anti-
tumor and anti-inflammatory activities (Cousens et al., 1979;
Frost et al., 2014; Fernández et al., 2016; Li et al., 2018). A
change in metabolite levels can reflect the homeostasis of the
gut microbiota. The latest research shows that SCFAs can not
only effectively reduce the incidence of enteritis, cardiovascular
disease, colon cancer, obesity and diabetes, but also play an
important role in maintaining the balance of energy metabolism
(mainly glucose metabolism) and increasing insulin tolerance
(Delzenne and Cani, 2005; Delzenne et al., 2011). It has been
reported that propionate and butyrate can activate intestinal
gluconeogenesis through the “gut-brain axis” neural network,
maintain body weight balance and regulate normal blood glucose
level (De Vadder et al., 2014). During UC, the production of
SCFAs suddenly decreased. We found that SCP significantly
improved the content of propionic acid, butyric acid and
valeric acid in the colon of treated mice, especially the butyric
acid. Butyric acid plays an important role in maintaining the
stability of intestinal microecology. It can provide energy for
host intestinal epithelial cells, especially in colon and cecum
(Vinolo Marco et al., 2011). On the other hand, butyric acid can
improve the structure of bacterial population, improve intestinal
immunity and maintain intestinal homeostasis (Furusawa et al.,
2013; Dong et al., 2016). Some studies have shown that butyrate
can activate peroxisome proliferator activated receptor - γ (PPAR
- γ) in colon cells, inhibit the expression of NOS2, reduce the
level of nitrate, and consume oxygen by promoting β - oxidation
of colon cells, thus avoiding the growth and proliferation of
pathogenic bacteria (Byndloss et al., 2017). Gut microbiota
and its metabolites are very important for the host’s immune
regulation. As an important immune regulatory molecule, they
can regulate the production, transfer and function of immune
cells (Goncalves et al., 2018). It was found that butyric acid
can also activate GPR to affect the activation of inflammatory
factors such as IL-1 and IL-6, inhibit the expression of other
inflammatory factors, and promote the secretion of intestinal
antimicrobial peptides and the apoptosis of T cells (Aguilar et al.,
2014; Ran et al., 2018). Two biological activities of butyric acid
in the colon (inhibition of proliferation of colonic epithelial stem
cells and inflammation) are related to the inhibition of histone
deacetylase activity (Verma et al., 2018). In addition, butyric acid,
as a histone deacetylase inhibitor, enhances the intestinal mucosal

immune response in the proliferation and differentiation of
T and B lymphocytes (Park et al., 2015; Kim et al., 2016),
which may be related to butyric acid driving the differentiation
and function of macrophages, increasing the expression of
antimicrobial peptides and enhancing the bacteriostatic ability
after bacteriostatic ability after inhibiting histone deacetylase-
3 (Schulthess et al., 2019).

In present study, SCP is prepared by boiling in water,
and it may not be the most effective method for extracting
polysaccharide from Schisandra chinensis. The emerging
potential methods of pretreatment and extraction of active
components with ammonia and hydrogen peroxide (Zhao et al.,
2017a, 2020a,b) and pre-soaking (Zhao et al., 2017b; Qiao et al.,
2018) may bring unexpected insights into the material basis of
Schisandra chinensis. In addition, Schisandra chinensis contains
water, and the determination of water content may be performed
before extraction (Zhang et al., 2019), which contributes to
accurate determination of polysaccharide in future research.

In conclusion, we found SCP had beneficial effects on mice
with UC by recovering the gut structure, adjusting the cytokine
levels, improving the diversity and composition of the gut
microbiota and increasing the production of SCFAs. Compared
to mice of the DSS group, SCP ameliorated the colon levels of
IFN-γ, TNF-α, IL-1β, IL-10, IL-23, IL-4, IL-17, IL-13, and IL-6,
adjusted the relative abundance of norank_f_Bacteroidales_S24-
7_group, Desulfovibrio, Alistipes, Lactobacillus, Turicibacter,
Firmicutes, Proteobacteria and Bacteroidetes at the genus and
phylum level and significantly increased the content of acetic
acid, propionic acid, butyric acid and total SCFAs. Our results
indicated that SCP might serve as a potential natural product to
treat UC.
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