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Background. Stress ulcer (SU) is a serious gastrointestinal mucosal lesion under acute stress. Huanglian decoction is a famous
traditional Chinese medicine prescription, which has been used to treat digestive system diseases for thousands of years. Many
clinical cases have proved that Huanglian decoction has a good effect on SU. Some studies have shown that the intestinal bacteria
will be changed accordingly when the gastrointestinal mucosa is damaged. However, there are few published reports on the effect
of the intestinal microbiome with SU mice that were treated by Huanglian decoction. In this study, we investigated the effect of the
fecal microbiome in mice with SU by the 16S rDNA sequencing technology. Methods. Male KM mice were induced by cold-
restraint stress except for the normal control group and then treated by Huanglian decoction (Group HD) and Esomeprazole
magnesium solution (Group ES) separately for 7 days. 16S rDNA sequencing technology analysis was applied to evaluate the
changes of bacterial flora in mice feces. And, histopathological methods and molecular biological detection methods were also
performed. Results. Huanglian decoction could help to repair the gastric mucosal injury and regulate the relative content of TNF-«
and IL-15. Moreover, Huanglian decoction could increase the relative abundance of intestinal probiotics in the intestine of mice
with SU, especially in Verrucomicrobiae and Akkermansia. Conclusions. Huanglian decoction might effectively promote the repair
of gastrointestinal mucosal injury and regulate the number and species of intestinal bacteria to maintain the stability of
gastrointestinal microecology.

1. Introduction

Stress ulcer is an acute gastric mucosal lesion, which can be
detected by gastroscope inflammatory erosion, superficial
ulcer, and mucosal bleeding [1]. Its occurrence is quite
urgent, often with abdominal pain, acid regurgitation, and
even hematemesis and melena. If not effectively controlled,
it is easy to lead to massive bleeding, or even death [2, 3]. In
recent years, the incidence of stress ulcers is increasing [4, 5].

Intestinal microflora plays a significant role in the health
of the host. Many pieces of research have already proved that
changes of intestinal microflora are closely related to disease
occurrence, especially gastrointestinal diseases in most cases
[6-8]. It is reported that when the gastrointestinal tract is

stimulated, the microecology of the flora will be out of
balance, including the proportions of intestinal pathogenic
bacteria increase and probiotics reduce [9, 10].

Huanglian decoction is a famous prescription of tradi-
tional Chinese medicine, which comes from Treatise on
Febrile Diseases and is composed of Coptidis Rhizoma,
Pinellia ternata, Zingiberis Siccatum Rhizoma, etc. In an-
cient times, it was usually used to treat stomachache,
vomiting, and diarrhea. Pharmacological studies have shown
that Huanglian decoction has an anti-inflammatory effect on
our gastrointestinal system [11], but whether and how it
would affect the intestinal microflora is rarely investigated.

In this study, on the stress ulcer model constructed with
cold-restraint stress, the effects of Huanglian decoction on
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the intestinal microecology of SU mice were examined by
16s rDNA sequencing technology, aiming to provide a
foundation for comprehensive utilization of Huanglian
decoction.

2. Materials and Methods

2.1. Preparation of Huanglian Decoction. The traditional
Chinese medicine (TCM) formula in our study was
Huanglian decoction, composed of seven herbs, namely,
Coptidis Rhizoma (“Huanglian” in Chinese), Pinellia ternata
(“Banxia” in Chinese), Zingiberis Siccatum Rhizoma
(“Ganjiang” in Chinese), Codonopsis pilosula (“Dangshen”
in Chinese), Red Jujube (“Hongzao” in Chinese), Ramulus
Cinnamomi (“Guizhi” in Chinese), and Radix Glycyrrhizae
(“Gancao” in Chinese). Herbs were purchased from Kang
Mei Pharmaceutical Co., Ltd. To ensure the quality of the
Huanglian decoction used in the study, we had tested it
through UHPLC-MS/MS method. It was indicated that the
quality of Huanglian decoction was stable, of which many
active components played a significant therapeutic effect for
gastrointestinal diseases (Table S1).

We prepared Huanglian decoction following the
methods of Ma [12]. Details are as follows: Coptidis Rhizoma
(9g), Pinellia ternata (12g), Zingiberis Siccatum Rhizoma
(9g), Codonopsis pilosula (12 g), Red Jujube (30 g), Ramulus
Cinnamomi (9 g), and Radix Glycyrrhizae (9 g) were soaked
in 600 mL of distilled water for 1h before being boiled for
30 min. Filtrates were collected, and the residues were then
boiled with an addition of 300 mL water for 20 min. Finally,
the two filtrates were combined and concentrated to a final
volume of 54 mL (1.65g/mL) by a rotary evaporation in-
strument (model: RE-52AA, Shanghai Yarong biochemical
instrument factory). The filtrate was stored in a seal at 4°C.

2.2. Preparation of Esomeprazole Magnesium Solution.
Esomeprazole magnesium enteric-coated tablet (20 mg) was
ground into powder, added with 54 mL of distilled water to
obtain Esomeprazole magnesium solution (0.37 mg/mL),
and then stored at 4°C.

2.3. Animals. KM mice (SPF-grade, 6-weak-old male,
25-30g on average) were purchased from Beijing Huafu-
kang Biotechnology Co., Ltd. (Beijing, China, license
number: SCXK 2019-0008). All mice were housed in a
temperature-controlled room (24°C~26°C) of the Medical
College of Xiamen University with a 12-hour light/dark
cycle. The experiment had been approved by the Animal
Ethics Committee of Xiamen University (Permit Number:
XMULAC20190142), and the procedures were strictly in
accordance with the guidance on treating experimental
animals issued by the Ministry of Science and Technology of
The People’s Republic of China. Mice were acclimatized to
the laboratory for 7 days prior to the experiments. Subse-
quently, all mice were randomly divided into the normal
control group (NC), stress ulcer group (SU), Huanglian
decoction group (HD), and Esomeprazole magnesium so-
lution group (ES), and each group consisted of 6 mice.
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2.4. Construction of the Stress Ulcer Model. Mice were de-
prived of food for 24 hours prior to the model construction
and all groups except for the NC were established. The SU
model was established by cold-restraint stress [13]: mice
were restrained by fixing the four limbs to a wooden board
using strings and placed in a thermostatic water tank at 20°C
for 10 hours, of which the horizontal surface was submerged
into the breastbone of mice. After successful molding, the
obvious ulcer focal could be seen, which indicated that the
SU model had been successfully prepared.

2.5. Treatment Processes. After successful modeling, the
Group HD was treated with orally administered Huanglian
decoction (0.1 ml/10g) and Group ES with Esomeprazole
magnesium solution (0.1 ml/10g) for 7 days, while the NC
Group and SU Group were treated with 0.9% NaCl solution.
All groups were sacrificed by cervical dislocation at Day 16,
and the feces, gastric, and duodenal tissues were collected
under sterile conditions and preserved at —80°C.

2.6. Evaluation of the Gastric Ulcer Index. The gastric tissue
of mice was cut from pylorus to cardia along the great
curvature of the stomach, and the residues in the stomach
were washed with normal saline. Then, it was unfolded to
tully expose the ulcer. The area of gastric ulcer was measured
by an observer using a vernier caliper that was unaware of
the experimental regimen. The score was calculated
according to the standard of Guth et al. [14]: 1: a small spot
erosion; 2: the ulceration length <1 mm; 3: the ulceration
length 1-2 mm; 4: the ulceration length 2-3 mm; and 5: the
ulceration length >3 mm. The score was doubled when the
ulceration width was >1 mm.

2.7. Histopathology. The gastric tissue of 0.5 cm x 0.5 cm was
collected and washed with sterile 0.9% NaCl solution. The
samples were fixed in 4% formaldehyde solution, dehydrated
with gradient ethanol, and sectioned with 5um thickness
after paraffin embedding. The histopathological changes of
gastric mucosa were observed under a light microscope after
hematoxylin and eosin staining. At the same time, patho-
logical images of the gastric mucosa of mice were captured
by an image acquisition system.

2.8. ELISA Analysis. The duodenal mucosa (0.5 cm x 0.5 cm)
of mice was collected for ELISA analysis. The duodenal
mucosa of each group was cut up and homogenized with
200 uL PBS and then centrifuged at 4°C and 12000 rpm for
20 min. The supernatant was extracted, and standard sam-
ples with different concentrations were prepared, added into
the standard well, and mixed gently. After incubation, en-
zyme addition, and washing, 90 uL substrate solution (TMB)
was added to develop color, and termination solution was
added to terminate the reaction. The absorbance (OD value)
of each well was measured at 450 nm wavelength, and the
content of each tissue index (1g/ml) was calculated
according to the standard curve.
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2.9. Analysis of Fecal 16S rRNA. The composition of fecal
microbiota was detected by 16S rRNA sequencing analysis.
Microbial genomic DNA of fecal flora was extracted from
the fecal samples of mice in each group, and the concen-
tration, purity, and integrity of DNA were determined by
Multiskan™ GO Thermo Fisher Scientific (USA) and agarose
gel electrophoresis.

DNA from each fecal sample was amplified at the V3-V4
region of the 16S rRNA genes by using specific primers: 341F
and 806R. Then, the library was constructed and quantified
by Qubit 3.0, Agilent 2100, and Q-PCR. Finally, PE250
sequencing of Illumina HiSeq2500 (Illumina, San Diego,
CA, USA) was performed. The nonrepetitive sequences were
clustered by OTU based on the Clean Tage. According to the
clustering results, Alpha, Beta diversity analyses were per-
formed and the composition of intestinal microflora at
different species levels was analyzed.

2.10. Statistical Analysis. Data were statistically processed by
GraphPad Prism 7.0 and SPSS 21 software. Measurement
data were expressed as mean + standard deviation (X + s).
Both the statistical method of one-way ANOVA and the
Student-Newman—-Keuls (SNK) method were used for
multiple comparisons among the groups. The P values <0.05
indicated that the difference was statistically significant.

3. Results

3.1. Weight Observation of Mice. The first seven days of the
experiment was the adaptation period of the mice, so the
weight of the mice increased steadily. After modeling,
compared with the NC group, the weight of the SU Group
decreased significantly (P <0.05), which supported our
successful modeling. At the same time, the weight growth of
the HD and ES group was slower than the NC Group, but
there was no significant difference among the three groups
(Figure 1).

3.2. Behavioural Change of Mice. Comparing with the NC
group, mice in Group SU had mental depression with less
hair cleanliness, decreased diet, and reduced activity, which
gathered in the corner of the rat cage. After medication, mice
showed a better mental state with a sensitive response and
high activity. Meanwhile, they had better hair quality, and
their diet mostly returned to normal.

3.3. Gastric Ulcer Index Detection. There is a great increase in
the ulcer index after modeling. The index of the gastric ulcer
was significantly reduced in Group HD and Group ES
comparing with the SU Group, but there is no significant
difference between the two treatment groups (Table S2).

3.4. Observation of Histomorphology and Histopathology.
After mice were molded by cold-restraint stress, gastric
tissue swelling, mucosal congestion, bleeding points, blood
clots, and linear bleeding zone could be seen by the naked
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Figure 1: Changes of mice weight during experiment. The hori-
zontal axis indicates the experimental days, and the vertical axis
indicates the weight of mice. The lines of different colors indicate
the weight changes of different groups of samples.

eyes in the SU Group, which proved that the SU model was
established successfully (Figure S1).

In Group NG, the structure of gastric mucosa and muscle
layer was intact; the morphology of epithelial cells and
glands was normal and orderly; and no inflammatory cell
infiltration, congestion, edema, and shedding were found.
On the contrary, the gastric mucosa in the Group SU was
damaged obviously, whose arrangement was disordered, and
the local gland cells were broken, fallen off, and sunken to
form an ulcer. Compared with Group SU, the structure of
gastric mucosa and muscle layer in the Group HD was
basically returned to normal, and the cells arranged orderly.
In the Group ES, the surface of gastric mucosa was partially
shedding, some glandular cells arranged orderly, which was
close to the normal arrangement but had not yet been re-
stored (Figure 2).

3.5. ELISA Analysis. The relative expressions of TNF-«
(Figure 3(a)) and IL-18 (Figure 3(b)) in the duodenal
mucosa of SU mice were detected by ELISA. These two
indexes in the duodenal mucosa of Group SU showed higher
expression than that in NC. After treatment with Huanglian
decoction and Esomeprazole magnesium solution respec-
tively, the expressions of TNF-a and IL-1 decreased sig-
nificantly in Groups HD and ES. However, there was no
significant difference in the relative content of TNF-« and
IL-1f between Group HD and Group ES.

3.6. Diversity Analysis of Intestinal Microflora. The OTU
clustering Venn diagram could analyze the common and
unique OTUs between different groups, which was plotted
using the OTU abundance table. Groups NC, SU, HD, and
ES had 1450 common OTUs and 224, 294, 164, and 171
unique OTUs, respectively, (Figure 4).
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FiGure 2: Histological morphology of gastric mucosa from 4 groups. (a) Mice in Group NC; (b) mice in Group SU; (¢) mice in Group HD;
(d) mice in Group ES. Scale bars represent 50 yum in each group.
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F1GURE 3: The expression of TNF-« (a) and IL-1f (b) in duodenal mucosa in mice of each group. * vs. NC, P < 0.05; * * vs. NC, P < 0.01; #vs.
SU, P<0.05; ##vs. SU, P<0.01; Avs. HD, P> 0.05.

3.7. Variations in Alpha Diversity. Alpha diversity was used ~ we found that every Alpha diversity index of the last two
to reflect the abundance (ACE, Chaol, observed species),  treatment groups was much lower than that of the NC
diversity (Shannon and Simpson), and evenness (J) of the Group (all P <0.01). On the contrary, the SU Group showed
microbial community. From the results of this experiment,  an opposite trend at every index of Alpha diversity
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FIGURE 4: Venn diagram of OTUs. Each circle of different colors represents different groups. The number of overlapped parts within the
circle indicates common OTUs among the groups, and the number outside the overlapping parts indicates the unique OTUs in each sample

group.

TaBLE 1: The OTU Alpha diversity index of intestinal microflora (x + s).
Group Observe Chaol ACE Shannon Simpson
NC 1224.83 +45.23 1679.85 + 49.61 1712.59 + 44.44 4.02+0.24 0.9 +0.04
SU 1330.33 +43.34 1775.81 + 47.46 1835.09 + 44.43 439+0.32 0.94+0.03
HD 1052 +72.81*% 1489.52 +78.3**% 1553.45 + 57.31**F 340267 0.75 +0.05**%*
ES 1040 + 91.75*+%4 1442.25 +101.75*%4 1509.07 + 107.82+*%4 3.26 + 0348 0.78 +0.06**%4

Data presented as mean + standard error of the mean. #vs. NC, P <0.05; * * vs. NC, P <0.01; #vs. SU, P <0.05; ##vs. SU, P <0.01; Avs. HD, P> 0.05.
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Figure 5: The dilution curve of the sample. The horizontal axis
represents the different sequencing depths of the sample, and the
vertical axis represents the dilution index at the corresponding
depth. The curves of different colors represent the dilution curves of
different samples. The curve increases until it is smooth, indicating
that the sequencing depth is enough to cover most of the mi-
croorganisms in the sample.
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FIGURE 6: The Shannon index curve. The horizontal axis represents
the different sequencing depths of the sample, and the vertical axis
represents the Shannon index at the corresponding depth. The curves
of different colors represent the Shannon curves of different samples.
The curve increases until it is smooth, indicating that the sequencing
depth is enough to cover most of the microorganisms in the sample.
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FiGure 7: PCA analysis (a) and NMDS analysis (b). Different colors in the graph represent different groups of samples. A point is a sample.
The closer the points are, the more similar the samples are, otherwise, the greater the difference is.

compared with Groups HD and ES, which significantly
increased after model construction. It might be inferred that
the intestinal flora of mice would change differently after
modeling and treatments, which was also the basis of our
study (Table 1).

Meanwhile, there are two curves cited in the essay to
prove the sufficiency and rationality of data. As shown in the
figures, the dilution curve (Figure 5) and the Shannon
Wiener curve (Figure 6) both tend to be flat, indicating the
amount of sequencing data is reasonable, and more data has
little contribution to the discovery of new OTUs.

3.8. Characterization of Microbiota. PCA analysis and
NMDS analysis were used to visualize differences in intes-
tinal microbial composition across the four groups. Based on
the results of PCA analysis in the four groups, it was found
that their flora was clustered within each group, which had
great dispersion and significant differences (Figure 7(a)). As
is shown in NMDS plots, the difference among groups was
larger than that within groups, indicating that the four
groups of bacteria were comparable (Figure 7(b)).

3.9. Analysis of Fecal Microbiota at the Phylum and Family
Levels. To know more about the connection between mi-
crobial diversity and therapy, we coevaluated the intestinal
flora of different mice by 16S rDNA gene sequences, studied
the microbial structure at phylum and family level primarily,
and generated the column accumulation map of relative
microbial abundance through the first 20 microbial species
of each sample. It is shown that the relative abundance of
intestinal flora after treatment varied dramatically at the
phylum and family level.

Bacteroidetes, Firmicutes, and Verrucomicrobia were
the predominant strains in mice at the phylum level
(Figure 8(a)). In Group SU, over 67% in average proportion
was Bacteroidetes, which was higher than Group NC
(55.67%), Group ES (45.15%), and Group HD (42.95%), and
over 14% was Firmicutes (higher than 11.44% in Group NC,
7.53% in Group ES, and 4.87% in Group HD). On the
contrary, Verrucomicrobia in Group SU (16.63% in average
proportion) was less than that in Group NC (28.81%).
However, the proportion of Verrucomicrobia ascended
distinctly in Group HD (49.43%) and Group ES (45.78%)
after treating with Huanglian decoction and Esomeprazole
magnesium solution.

Muribaculaceae, Akkermansiacease, Bacteroidaceae,
Lachnospiraceae, Ruminococcaceae, Prevotellaceae, etc.
accounted for a substantial part of strains at the family level.
Muribaculaceae was the amplest in all groups (Figure 8(b)).
The abundance of Muribaculaceae in Groups HD and ES was
29.21% and 33.51%, which were lower than Group NC
(43.59%) and Group SU (47.65%). As one of the families in
Verrucomicrobia, the abundance of Akkermansiaceae was
in the second place, which decreased after successful SU
model establishment, while increasing significantly after
treatments had been given. According to the above analysis,
we found that the flora in the intestine of mice would change
differently after cold-restraint stress and treatments.

3.10. Difference Analysis of Intestinal Microflora. LDA Effect
Size (LEfSe) analysis can realize the comparison between
multiple groups to find the species with a significant dif-
ference in abundance between groups and assess the impact
on them. From our final results, we noticed that the number
of different OTU units in abundance was 3, 14, and 6 in
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Groups NC, SU, and HD, respectively, (Figure 9(a)). Most
notably, Bacteroidetes in Group SU and Verrucomicrobia
and Akkermansiaceae in Group HD scored above 5, which
indicated that these significantly different species had a great
impact.

Furthermore, from the LEfSe-based evolutionary branch
diagram (Figure 9(b)), we could clearly see the different
compositions of intestinal bacteria in each group. Mar-
inifilaceae, Rikenellaceae, Deferribacteraceae, Deferri-
bacterales, Deferribacteres, Clostridiales_vadinBB60_group,
Saccharimonadaceae, Saccharimonadales, and Saccha-
rimonadia were more abundant in Group NC. Mur-
ibaculaceae, Prevotellaceae, un_o_Bacteroidales,
Bacteroidales, Bacteroidia, Lachnospiraceae, Rumino-
coccaceae, Clostridiales, and Clostridia were more abundant
in Group SU. Tannerellaceae, Family XIII, Burkholder-
iaceae, Betaproteobacteriales, Akkermansiaceae, Verruco-
microbiales, and Verrucomicrobiae were more abundant in
Group HD.

4. Discussion

There are many stressors of SU, which can be triggered by
severe trauma, critical illness, strong mental and psycho-
logical pressure, and some drugs or food with strong
stimulation to the stomach [15]. In this experiment, the cold-
restraint stress was used to establish the model, in which the
mice were fixed in the cold and water immersion envi-
ronment to simulate the stress ulcer [16]. This modeling
method has been widely used in animal models of acute
digestive tract mucosal injury [17].

In recent years, the incidence of SU has been increasing
due to the improvement of productivity and unbalanced diet
[18]. At present, the mean treatments available for SU are
drugs such as antacids, proton pump inhibitors, H2 receptor
blockers, sucralfate, or surgical treatment, of which pre-
vention is the best but least noticed [19]. Growing concerns
have been raised regarding whether the long-term use of
western medicine will lead to side effects [20]. Traditional
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Chinese medicine, with its unique advantages, has gradually
played an irreplaceable role in the prevention and treatment
of SU.

SU belongs to the category of “stomachache” in tradi-
tional Chinese medicine. It is mainly caused by improper
diet, emotional disorder, and frailty, which can lead to the
disorder of yin and yang, the deficiency of spleen and
stomach, stagnant movement of Qi and blood, and finally
mucosal erosion.

Huanglian decoction comes from article 173 of Zhong-
jing Zhang’s “Treatise on Febrile Diseases.” It is a famous
prescription for the treatment of digestive system diseases.
Clinical research has shown that based on dialectical ac-
curacy, Huanglian decoction can effectively treat many
gastrointestinal diseases, such as gastric ulcer, duodenal
ulcer, and stress ulcer. It has obtained a curative effect on
improving symptoms such as stomachache, belching, and
fatigue significantly [21, 22]. Moreover, another study has
shown that Huanglian decoction also has a good therapeutic
effect on Helicobacter pylori complicated gastric ulcer [23].
Pharmacological studies have proved that many single herbs
in Huanglian decoction can play an effective role in anti-
inflammatory, bactericidal, and gastric mucosal protection
[24-30].

Ulceration is related to the decrease of the protective
function of gastric mucosa, the increase of proinflammatory
factors and inflammatory mediators, and the imbalance of
gastric mucosal barrier function [31]. Therefore, regulation
of inflammatory factors might be an effective way to treat
SuU.

In this experiment, after the successful establishment of
the model, the pathological damage of gastric mucosa was
detected under histopathological observation, and the du-
odenal inflammatory factors TNF-a and IL-1f were detected
by ELISA. It was indicated that the gastric mucosa got se-
verely injured due to SU and the two duodenal inflammatory
factors were significantly increased. On the contrary,
compared with the SU Group, both Huanglian decoction

and Esomeprazole magnesium could effectively repair the
gastric mucosal injury and inhibit the uncontrolled release of
TNF-« and IL-1f after an intragastric intervention. It was
therefore concluded that Huanglian decoction might be able
to adjust the level of inflammatory factors and mobilize the
immune system of the body.

As one of the initial pathological factors of SU, dys-
bacteriosis occupies an important position [32]. In the in-
testinal microecology of a normal human body, the flora can
make the corresponding self-regulation according to the
changes of the external environment within a certain range,
so as to maintain a relatively balanced state. When the
external stimulus factors exceed the acceptable range, the
flora microenvironment will be out of balance, resulting in
changes in the structure, type, and quantity of the flora,
followed by a great occurrence of diseases [33-35].

In this experiment, the results of « diversity, PCA and
NMDS analysis, and the composition of flora structure
showed that the inflammation caused by the SU model
changed the proportion of dominant bacteria and inferior
bacteria in the intestinal flora, and the inferior bacteria were
obviously transformed into dominant bacteria, resulting in
many adverse effects. After being treated with Huanglian
decoction, this change could be adjusted to increase the
species and proportion of beneficial bacteria and reduce the
pathogenic bacteria.

In the NC group, the highest three relative expression
dominant groups were Rikenellaceae, Alistipes, and
un_g_Alistipes. Studies have shown that if Rikenellaceae is
reduced, which maintains the normal state of the intestinal
immune system [36], it will often affect the immune function
of the human body and result in obesity and other diseases
[37]. Alistipes is a relatively new genus of bacteria within the
Bacteroidetes phylum. In a healthy body, their presence is
correlated with the promotion of healthy phenotypes to
protect the body from diseases such as colitis or cardio-
vascular fibrotic disorders [38]. They may also play a leading
role in the development of the diseases. Therefore, they serve
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as both beneficial bacteria and Opportunistic pathogen in
the normal specimen intestinal tract to maintain a normal
physiological state of the intestinal tract together.

In Group SU, the highest three relative expression
dominant groups were Bacteroidia, Bacteroidetes, and
Bacteroidales. Bacteroidetes not only are considered as the
leading defenders of the healthy immune system inhabiting
our gastrointestinal tract [39] but also play specific roles in
the acceleration of pathological inflammation, immune
dysregulation, and gastrointestinal disorders [40]. The SU
specimen showed that Bacteroides proliferated rapidly and
became the dominant bacteria group after the success of
modeling, which destroyed the gastrointestinal mucosa.
Meanwhile, research has shown that Firmicutes/Bacter-
oidetes ratio is positively correlated with bowel health [41],
though it was found that the ratio of F/B decreased in the SU
Group, indicating that the SU model harmed gut microbiota.
Furthermore, it was also observed that Muribaculaceae had
increased, a beneficial bacterium [42], which can inhibit the
production of pathogenic bacteria due to its self-repair
function.

The highest three relative expression dominant groups in
the HD group were Verrucomicrobiae, un_g_Akkermansia,
and Akkermansia. Verrucomicrobia is a Gram-negative
bacterium, and Akkermansia is a mucin-degrading bacte-
rium of the phylum Verrucomicrobia, which is involved in
maintaining intestinal integrity and is considered to be a
promising candidate as probiotics [43, 44]. It has been
known that Akkermansia can reduce inflammation, protect
gut health, and play a key role in improving the host
metabolic functions and immune responses [44-46]. No-
tably, increased levels of Akkermansia and Verrucomicrobia
were observed after giving Huanglian decoction, which
suggested it might have potential anti-inflammatory prop-
erties by regulating the abundance of beneficial bacteria and
achieve a therapeutic effect.

According to the above, beneficial bacteria dominated
and maintained a healthy intestinal tract of mice in the NC
group. When the SU model was successfully established, the
proportion of opportunistic bacteria in the Group SU in-
creased rapidly and became the dominant bacteria. It
showed a proinflammatory response and promoted the
process of gastrointestinal pathological changes, leading to
stress ulcer. After treatments, the number and types of
beneficial bacteria increased and became the dominant
bacteria again to eliminate the intestinal inflammatory re-
action, especially in Group HD.

5. Conclusion

Huanglian decoction has a positive effect on SU mice,
similar to Esomeprazole magnesium solution. It could repair
the acute gastric mucosal injury caused by SU, regulate the
imbalance expression of TNF-a and IL-18 on duodenal
mucosa, and reduce the inflammatory reaction of the gas-
trointestinal tract under stress. More importantly, it could
increase the number of beneficial bacteria and promote the
balance of gastrointestinal microecology by regulating the
type, proportion, and quantity of intestinal flora.

It is indicated that the imbalance of flora might be an
important reason for intestinal inflammation, and the
changes of inflammatory factors in turn lead to the dete-
rioration of unbalanced intestinal microecology. Huanglian
decoction may act as a defender to break the vicious circle,
which plays an anti-inflammatory role in the SU mice by
restoring the species and quantity of flora, in order to repair
gastrointestinal mucosa and improve gastrointestinal
discomfort.

In conclusion, this study laid a foundation for a better
understanding of the intestinal microbiome changes during
the treatment of SU with Huanglian decoction. Yet, the
mechanism of how Huanglian decoction alters intestinal
flora needs to be elucidated in future studies.
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