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Abstract. Inflammatory bowel disease (IBD) is a chronic 
inflammatory disease of the colon. The aim of the present study 
was to explore the effects of leonurine (YMJ) on inflammation 
and intestinal microflora in colonic tissues of a dextran sulfate 
sodium (DSS)‑induced ulcerative colitis (UC) mouse model. 
Mice were randomly divided into control (n=5), DSS (n=5, 
treated with DSS) and DSS+YMJ (n=5, treated with DSS and 
YMJ) groups.Body weight was recorded, disease activity index 
(DAI) was calculated, and colon histopathology was evaluated 
using hematoxylin and eosin staining. Serum interleukin (IL)‑6, 
tumor necrosis factor‑α (TNF‑α) and IL‑1β levels were exam‑
ined using ELISA. Expression levels of nuclear factor‑κB 
(p65) and phosphorylated (p)‑p65 were evaluated via western 
blotting. 16S ribosomal RNA was extracted from mouse feces. 
Composition or abundance changes of intestinal microflora were 
analyzed. The results indicated that YMJ treatment (DSS+YMJ 
group) significantly increased body weight, reduced DAI scores 
and increased colon length in UC mouse models compared 
with those in the DSS group (P<0.05). YMJ significantly 
reduced inflammatory infiltration, significantly decreased 
serum TNF‑α, IL‑6 and IL‑1β levels (P<0.05) and significantly 
downregulated the p‑p65/p65 ratio compared with the DSS 

group (P<0.05). YMJ increased the quantity of the intestinal 
flora and improved intestinal microflora diversity in the mice 
of the DSS group. Specifically, YMJ partly regulated intestinal 
microflora in feces, including a reduction of Bifidobacterium, 
and an increase in Parasutterella and Ackermania. In conclu‑
sion, YMJ improved disease outcomes of the UC mice, reduced 
the levels of serum inflammatory factors and increased the ratio 
of beneficial bacteria in the intestinal tract.

Introduction

Inflammatory bowel disease (IBD), which primarily manifests 
as ulcerative colitis (UC) or Crohn's disease, is considered a 
chronic inflammatory disease of the rectum and colon with 
an unknown etiology (1,2). IBD is mainly characterized by 
abdominal pain, diarrhea, mucus, purulent stool, and patho‑
logical lesions limited to the mucosa and sub‑mucosa (1,2). 
The prevalence of IBD is higher in Europe and USA; however, 
the morbidity of IBD in Asian countries is increasing yearly, 
particularly in China, which has the highest rate amongst 
Asian countries. At present, the morbidity of UC in China 
is ~3.44 per 100,000 individuals (3). The pathogenic process 
of UC is associated with dysregulation of the intestinal flora 
and intestinal mucosal immune disarrangements (4), and is 
characterized by bacterial diversity loss and transfer of micro‑
flora (5,6). It has been demonstrated that the dextran sulfate 
sodium (DSS)‑induced colitis model is the best UC model 
for simulating the pathological processes of UC, including 
abnormal cytokine production, and infiltration of neutrophils 
and macrophages into colonic epithelial cells (7,8). In a 
previous study on DSS‑induced mouse models, the number 
of lactic acid bacteria decreased notably, whereas that of 
Vibrio desulfuricans significantly increased, suggesting that 
such changes in the microflora maybe closely associated with 
intestinal inflammation (9). Numerous studies on the intestinal 
microflora have been performed to prevent or treat UC (10), 
including transplantation of fecal bacteria, which achieves its 
therapeutic effect by returning the normal functionality of the 
intestinal flora (11). Clinically, numerous immunomodulators 
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and non‑steroidal anti‑inflammatory drugs (such as sulfadia‑
zine and glucocorticoids) have been widely applied for treating 
UC (12,13). However, the above therapeutic strategies usually 
cause various adverse effects, such as vomiting, hepatorenal 
toxicity, systemic edema and anemia (10,11). Traditional 
Chinese Medicines (TCMs) possess strong anti‑inflammatory 
effects with fewer side‑effects (14). As a result, TCMs have 
attracted increasing attention due to their anti‑inflammatory 
properties, particularly as a treatment for IBD (15‑17).

Leonurine (YMJ), as an active ingredient, was first extracted 
as a TCM from Leonurus heterophyllus (18). YMJ promotes 
uterine contraction, and prevents osteoporosis, mastitis and 
myocardial fibrosis (19). The above functions of YMJ maybe 
associated with its anti‑inflammatory effects. Previous studies 
reported that YMJ could inhibit neuro‑inflammation, suppress 
the PI3K/AKT/NF‑κB signaling pathway and prevent endo‑
metritis (20‑22). Therefore, it was speculated that YMJ may 
also possess beneficial effects as a treatment for UC. TCMs 
prevent and treat IBD by regulating the intestinal microflora, 
such as Chlorogenic acid, Escherichia coli, F. prausnitzii and 
Clostridium pratense (23). The effects of YMJ on UC and the 
associated mechanisms have not been explored, to the best 
of our knowledge. Therefore, the present study evaluated the 
preventative effects of YMJ on IBD, and whether they involved 
changes in the intestinal flora.

The aim of the present study was to investigate the thera‑
peutic effects of YMJ on DSS‑induced UC in C57BL/6J mice, 
and to explore the functional regulation of YMJ on intestinal 
flora in mice. Improvement of colitis in mice was evaluated 
by estimating changes in weight, disease activity score and 
colon histopathology. In order to examine the effects of YMJ 
on intestinal inflammation in IBD, the cytokine levels in 
serum were determined by ELISA, whereas the infiltration 
of immune cells in the colonic tissues of mice were evalu‑
ated using immunohistochemical analysis. The mechanism 
of YMJ‑mediated regulation of intestinal flora in mice was 
evaluated using 16S ribosomal RNA (rDNA) sequencing, and 
by estimating the changes in the abundance and composition 
of fecal microflora.

Materials and methods

Animals. C57BL/6J wild‑type mice (weighting 18‑20 g; 
8 weeks old) were purchased form Shanghai SLAC Laboratory 
Animal Co., Ltd. The mice were maintained in standard cages 
in a specific pathogen free animal room at a temperature of 
22±2˚C and a humidity of 55±5%, with a light/dark cycle of 
12 h. All mice were provided ad libitum access to sterilized 
water and standard chow. This study was performed in accor‑
dance with Guide of the Care and Use of Laboratory Animals 
published by the US National Institutes of Health (NIH) (24). 
The present study was approved by the Ethical Committee 
of Nanjing Medical University (Nanjing, China) (approval 
no. IACUC‑1904036).

Trial grouping, UC model establishment and sample collec-
tion. A total of 15 mice were randomly divided into three 
groups: A control group (n=5), a DSS group (n=5) and a 
DSS+YMJ group (n=5). During the 15 days of experiments, 
the mice were administered different treatments. The mice 

in the control group were provided double‑distilled water for 
15 days ad libitum, without any other treatments. In the DSS 
group, the mice were provided double‑distilled water for 7 days 
ad libitum, followed by double‑distilled water containing 
2.5% DSS (cat. no. 42867; Sigma‑Aldrich; Merck KGaA)
for the subsequent 8 days. In the DSS+YMJ group, the mice 
were provided double‑distilled water containing 1 mM 
YMJ (cat. no. PA12123; Weng Jiang Reagent Co., Ltd.) for 
7 days, followed by administration of double‑distilled water 
containing 2.5% DSS for the 8 subsequent days.

Following the above treatments for 15 days, the skin 
surrounding the anus was disinfected with 75% ethanol to 
stimulate defecation. Then, the feces of mice were collected 
and stored in a sterile Eppendorf tube at ‑80˚C for extracting 
DNA and bacterial microflora. The mice were monitored 
closely daily for signs of pain, distress and behavior, through 
evaluating the appetite, activity levels and hydration status. 
During the above processes, no mice died in any of the groups. 
The mice were euthanized using 150 mg/kg pentobarbital 
(Sigma‑Aldrich; Merck KGaA), and a 0.1 ml retro‑orbital 
blood sample was collected(centrifuged at room temperature 
for 2 h at 2,000 x g)for detection of inflammatory factors in the 
serum, and the whole colonic tissues of mice were obtained 
and fixed in neutral formalin solution for 2 h at room tempera‑
ture for subsequent experiments. The death of the mice was 
confirmed by cardiac arrest, respiratory arrest, pupillary dila‑
tion and the absence of a nerve reflex.

Evaluation of weight and disease activity. During the experi‑
ment, the weight of the mice was recorded at the same time 
every day, and the weight‑change curve was drawn accordingly. 
Mice exhibiting blood in their stool and moribund mice were 
also observed. The severity of DSS‑induced colitis was evalu‑
ated using the disease activity index (DAI), which involves 
three assessing indices, as illustrated in Table I (25). The DAI 
value in this study was defined as the average score of the above 
three assessing indices. Mice were anesthetized by intraperi‑
toneal injection of pentobarbital (50 mg/kg; Sigma‑Aldrich; 
Merck KGaA) and then were euthanized using 150 mg/kg 
pentobarbital. The entire large intestine was separated from 
the anal to the ileocecal junction, and the length of the colon 
between the ileocecal junction and the anus was measured.

Hematoxylin and eosin (H&E) staining. Colon histopathology 
was evaluated by H&E staining. Briefly, ~24 h after fixing with 
neutral formalin, the mice colonic tissues were dehydrated 
using a graded series of alcohol solutions and embedded in 
paraffin. The embedded colonic tissues were sliced into 
sections of a thickness of 5 µm. The sections were placed in 
an oven and heated at 65˚C for 30 min. Next, the sections were 
stained with hematoxylin (cat. no. C0107; Beyotime Institute of 
Biotechnology) and eosin (cat. no. C0109; Beyotime Institute 
of Biotechnology), as reported elsewhere (26). Finally, the 
sections were sealed with neutral resin and scanned using a 
light microscope (Ax70; Olympus Corporation) (magnifica‑
tion, x400) with CellSens Standard v.1.6 software (Olympus 
Corporation).

ELISA. The expression of inflammatory factors in serum was 
determined using ELISA. Briefly, retro‑orbital blood (0.1 ml) 
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was collected from mice and incubated for 2 h at room temper‑
ature, and then centrifuged at 2,000 x g at 4˚C for 10 min. Next, 
the serum levels of interleukin (IL)‑6, tumor necrosis factor‑α 
(TNF‑α) and IL‑1β were detected using a Mouse IL‑6 ELISA 
kit (cat. no. PI326), Mouse TNF‑α ELISA kit (cat. no. PT512) 
and Mouse IL‑1β ELISA kit (cat. no. PI301), respectively (all 
from Beyotime Institute of Biotechnology).

Western blot analysis. The expression levels of inflammatory 
proteins, including NF‑κB (also known as p65) and phos‑
phorylated (p)‑p65, in mouse colonic tissues were evaluated 
by western blotting. The colonic tissues were cut into small 
pieces and treated with nucleoprotein lysate (200 µl) (cat. 
no. P0013; Beyotime Institute of Biotechnology) to obtain 
protein lysates. The concentration of protein lysates was 
determined using a BCA Protein assay kit (cat. no. P0010S, 
Beyotime Institute of Biotechnology). A total of 0.5 µg protein 
(per lane) lysates were then subjected to SDS‑PAGE, and 
then electro‑transferred to PVDF membranes (Amersham; 
Cytiva). The PVDF membranes were first blocked with 5% 
bovine serum albumin (cat. no. A8806; Sigma‑Aldrich; 
Merck KGaA) at room temperature for 1 h, and then incu‑
bated with a rabbit anti‑mouse p65 polyclonal antibody 
(cat. no. ab16502; 1:2,000), rabbit anti‑mouse p65 (phospho 
S316, phosphorylated p65, p‑p65) polyclonal antibody (cat. 
no. ab254097; 1:2,000) and rabbit anti‑mouse GAPDH mono‑
clonal antibody (cat. no. ab181602; 1:2,000) at 4˚C overnight. 
Subsequently, the PVDF membranes were incubated with 
horseradish peroxidase‑labeled goat anti‑rabbit IgG antibody 
(cat. no. ab205718; 1:1,000) at room temperature for 2 h. All 
of the above antibodies were purchased from Abcam. Finally, 
signals were visualized using BeyoECL Moon Imaging kit 
(cat. no. P0018FS; Beyotime Institute of Biotechnology). The 
western blotting images were captured using Quantity One 
version 4.6.0 (Bio‑Rad Laboratories, Inc.).

Extraction of 16S rDNA from mouse feces, and biological 
analysis of composition and abundance changes in intestinal 
microflora. DNA was extracted from mouse feces using a 
DNA extraction kit (cat. no. D0065S; Beyotime Institute of 
Biotechnology), according to the manufacturer's instructions. 
Briefly, a 200‑mg feces sample was added to a 2‑ml centrifugal 
tube and subjected to a high centrifugation speed of 10,000 x g 
at 4˚C for 45 min. Next, the supernatants were discarded, and 
the precipitates were re‑suspended using 100 ml pre‑cooled 
PBS and treated with phenol, followed by centrifugation of the 
solutions at a speed of 10,000 x g at 4˚C for 10 min. Finally, the 
purified genomic DNA was extracted by adding pre‑cooled 

absolute ethanol. The concentration of total DNA was detected 
using an ultraviolet spectrophotometer (NanoDrop 2000 UV; 
NanoDrop Technologies; Thermo Fisher Scientific, Inc.). The 
16S rDNA extraction, biological analysis and abundance 
changes in intestinal microflora were performed using the 
Meiji cloud platform as described in previous studies (27,28). 
The above genomic DNA was used to generate the 16S rDNA. 
The V3, V4 and V5 hypervariable regions of the prokaryotic 
16S rDNA were used for synthesizing the amplicons. The 
DNA libraries were validated using the Agilent Bioanalyzer 
(Agilent Technologies, Inc.) and quantified with a Qubit 2.0 
fluorometer. Then, the DNA libraries were analyzed using 
the Illumina MiSeq platform (Illumina, Inc.) and MiSeq 
Control Software v.2.2.0 (Illumina, Inc.). The raw reads were 
filtered and matched to the sequences spanning the V3‑V4 
amplicon with PANDAseq, as described previously (29). The 
merged sequences with 97% identity of nucleotide sequence 
were clustered into operational taxonomic units (OTUs)
using UPARSE (30). The abundance, diversity, similarity 
and composition of the bacteria were generated as described 
previously (28). Moreover, the principal co‑ordinates analysis 
was also conducted according to the previously studies 
reported (28‑30).

Statistical analysis. Continuous variables were represented 
as the mean ± standard deviation of at least 6 repeats, and 
analyzed using SPSS (version 20.0; IBM Corp.). ANOVA 
followed by a Tukey's post‑hoc test was used to compare 
differences between multiple groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

YMJ enhances body weight and reduces the DAI score in the 
UC mice. The weight of the mice in the control group increased 
steadily, and the mice did not exhibit diarrhea or hemato‑
chezia. At ~4 days post‑DSS induction (DSS group), diarrhea 
and blood in the stool were recorded, and the weight of the 
mice significantly decreased compared with that of the control 
mice (Fig. 1A; P<0.05). However, the diarrhea and blood in 
the stool of mice in the TMJ‑treated group (DSS+YMJ group) 
was notably reduced, and the weight of mice in DSS+YMJ 
group was significantly higher compared with that of mice in 
the DSS group from days 12‑15 (Fig. 1A; P<0.05). Meanwhile, 
the weight of mice in DSS+YMJ group was also significantly 
lower compared with that of mice in the control group from 
days 12‑15 (Fig. 1A; P<0.05). Furthermore, the DAI values 
were significantly lower in the DSS+YMJ group compared 
with the DSS group from days 12‑15 (Fig. 1B; P<0.05). These 
results suggested that the YMJ could improve the body weight 
via reducing the DAI scores in UC mice, hence, the reasons 
for how YMJ triggered body weight enhancement was investi‑
gated in the following experiments.

YMJ treatments increases the length of the colon in the UC 
mice. To determine the effect of YMJ on the colon length of 
the UC mice, the length of the colons of the treated mice was 
measured. The results showed that, compared with the control 
group, the colon length of mice in the DSS group was signifi‑
cantly shortened (Fig. 1C and D; P<0.05).However, the length 

Table I. Scoring system for disease activity index.

Score Weight loss Fecal consistency Bleeding

0 0 Normal  No
1 0‑5% Slight changed Trace
2 5‑10% Mild diarrhea Mild occult blood
3 10‑20% Diarrhea Significant bleeding
4 >20% Severe diarrhea Massive bleeding
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of the colon in the YMJ‑treated mice (DSS+YMJ group) 
was significantly lengthened compared with that in the DSS 
mice (Fig. 1C and D; P<0.05). These results suggest that YMJ 
significantly alleviates the UC induced by DSS.

YMJ alleviates inflammatory infiltration. The H&E staining 
findings indicated that the mucosal epithelium of mice in 
the blank control group was intact and the glands were well 
arranged, without congestion, edema, ulcers or inflammatory 
cell infiltration (Fig. 2A). The cell atypia of the DSS group was 
obvious, and it was accompanied by extensive inflammatory 
cell infiltration (Fig. 2B). The intestinal mucosa of mice in the 
DSS+YMJ group was clear at all levels, and inflammatory cell 
infiltration could be observed locally, but cell atypia was not 
obvious (Fig. 2C). Furthermore, in the DSS group, the histolog‑
ical structure of the colon was lost, including disintegration of 
the epithelium, damage of the barrier and a decrease of the crypt, 
which was accompanied by infiltration of granulocytes and 
single nuclear cells into the mucosa and sub‑mucosa (Fig. 2B). 
By contrast, in the YMJ‑treated mice, the extent and severity of 
colon injury were significantly reduced (Fig. 2C).

YMJ decreases the serum levels of inflammatory factors in 
the UC mice. The serum levels of inflammatory factors in 
the UC mice were examined by ELISA. The results showed 
that the serum levels of TNF‑α (Fig. 3A), IL‑6 (Fig. 3B) and 
IL‑1β (Fig. 3C) were significantly higher in the mice of the 

DSS group compared with that of the mice in the control 
group (P<0.05). The YMJ treatment significantly decreased 
the serum levels of inflammatory factors compared with that 
observed in the mice of the DSS group (Fig. 3A; P<0.05). 
However, the serum levels of TNF‑α (Fig.3A), IL‑6 (Fig. 3B) 
and IL‑1β (Fig. 3C) in the DSS+YMJ group were also signifi‑
cantly lower than that in the control group (P<0.05).

YMJ downregulates the NF‑κB signaling pathway in the UC 
mice. The western blotting results (Fig. 4A) demonstrated 
that compared with the control group, the p‑p65/p65 ratio 
was significantly higher in the DSS group (Fig. 4B; P<0.01).
Notably, the p‑p65/p65 ratio was significantly downregulated 
in the DSS+YMJ group compared with that in the DSS 
group (Fig. 4B; P<0.05). Therefore, DSS activated the NF‑κB 
signaling pathway, whereas YMJ inhibited this pathway.

YMJ increases the quantity of intestinal flora in mice. The 
fecal DNA content of each sample was >100 ng, and the optical 
density 260/280 ratio was 1.8‑2.0, which met the amplification 
requirements (Fig. 5A). After adding >25,000 sequences, only 
a small number of OTUs were produced, suggesting that the 
sequencing quantity (number of base reads) was appropriate. 
The analysis of the similarity of intestinal microflora using 
Venn diagrams showed that there were more intestinal micro‑
flora in the DSS+YMJ group than in the control and DSS 
groups (Fig. 5B; P<0.05). However, there were no significant 

Figure 1. Effects of YMJ treatment on the body weight, DAI scores and colon length of mice in different groups. (A) Effects of YMJ on the body weight of 
mice. (B) Effects of YMJ on DAI scores. (C) Comparison of colon length across all groups. (D) Statistical analysis of colon length amongst the three groups. 
*P<0.05 vs. control group; #P<0.05 vs. DSS group. DAI, disease activity index. YMJ, leonurine; DSS, dextran sulfate sodium.
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differences in the quantity of intestinal microflora between the 
control and DSS groups (Fig. 5B; P>0.05).

YMJ improves intestinal microflora diversity in DSS mice. 
To further visualize similarities or differences amongst the 
DSS+YMJ group and mice in the other two groups, principal 
co‑ordinates analysis was performed based on weighted UniFrac 
distance (Fig. 6). In the intra‑group analysis, the sample distances 
in each group were close, and the differences were small; thus, 
they could be clustered into groups. The poor degree of aggre‑
gation of samples in the DSS group indicated that the changes 
to the bacterial flora caused by DSS were irregular. Regarding 
the distance between groups, the DSS+YMJ group was closer 
to the control group than it was to the DSS group. However, the 
difference between mice in the YMJ‑treated group and the DSS 
group was not significant, suggesting that YMJ treatment could 
improve the intestinal flora diversity of DSS mice slightly.

Top intestinal microflora at the phylum level in the feces of 
mice. The results of intestinal flora structure analysis showed 
that the top six species in each group were Bacteroidetes, 
Firmicutes, Proteobacteria, Verrucomicrobia, Tenericutes and 

Deferribacteres. The dominant bacteria in each group were 
the same, namely Bacteroidetes, Firmicutes, Proteobacteria 
and Verrucomicrobia (Fig. 7) Therefore, compared with those 
of the control group, the order and composition ratio of domi‑
nant bacteria at the phylum level in the DSS group exhibited a 
substantial change, and Bacteroidetes decreased significantly, 
whereas Firmicutes, Proteobacteria, Verrucomicrobia, 
Tenericutes and Deferribacteres increased significantly.

Compared with the DSS group, the order of microflora level 
in the DSS+YMJ group was consistent, although the composi‑
tion ratio was slightly different (Fig. 7). The differences were 
primarily observed in Tenericutes (0.42% in the DSS+YMJ 
group,1.91% in the DSS group and 0.55% in the control group) 
and Deferribacteres (0.14% in the DSS+YMJ group, 5.55% in 
the DSS group and 0.08% in the control group). The order of 
microflora level and the composition ratio in the DSS+YMJ 
group were close to those of the control group.

Top 10 intestinal microflora at the genus level in the feces of 
mice. The present study further specified annotations at the 
genus level and listed the top 10 intestinal microflora, as shown 
in Table II. The results revealed that the highest proportion of 

Table II. Top 10 species at the genus levels in feces of mice.

 DSS  DSS+YMJ
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Control Constituent  Constituent  Constituent
Genus ratio Genus ratio Genus ratio

Bifidobacterium 67.52% Escherichia coli‑Shigella 15.25% Parasutterella 30.80%
Ruminococcus 5.11% Helicobacter 14.65% Ackermania 10.17%
Polymorphic bacillus 4.75% Bifidobacterium 13.72% Polymorphic bacillus 12.05%
Lachnospira 3.90% Turicibacter 12.58% Escherichia coli‑Shigella 11.76%
Lactobacillus 1.83% Polymorphic bacillus 11.88% Turicibacter 4.84%
Ackermania 1.73% Mucispirillum 5.60% Parabacterioides 4.42%
Streptococcus 1.33% Enterococcus 3.00% Helicobacter 4.00%
fragmentosus
Rikenellaceae 1.30% Non‑classified streptococcus 2.69% Bifidobacterium 3.73%
Paraprentium 1.02% Parasutterella 2.10% Lactobacillus 2.25%
Parabacterioides 0.92% Ackermania 2.03% Lachnospira 1.72%

DSS, dextran sulfate sodium; YMJ, leonurine.

Figure 2. H&E staining images. H&E images of inflammatory cell infiltration and severity of colon injury in the (A) control, (B) DSS and (C) DSS+YMJ 
groups. YMJ, leonurine; DSS, dextran sulfate sodium; H&E, hematoxylin and eosin.
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Escherichia coli‑Shigella was found in the DSS group (15.25%), 
followed by Helicobacter (14.65%), Bifidobacterium (13.72%), 
Turicibacter (12.58%), Polymorphic bacillus (11.88%) and 
Mucispirillum (5.60%). After treatment with YMJ, the domi‑
nant microflora in the intestinal tract of mice were probiotics, 
including Parasutterella (30.80%), Ackermania (10.17%), 
Polymorphic bacillus (12.05%), Escherichia coli‑Shigella 
(11.76%), Turicibacter (4.84%) and Parabacterioides (4.42%). 
The intestinal microflora in the mice of the control group 
primarily included Bifidobacterium (67.52%), Ruminococcus 
(5.11%) and Polymorphic bacillus (4.75%).

Discussion

The present study explored the effects of YMJ on DSS‑induced 
mouse models of UC. The DSS‑induced UC mouse model is 

a common experimental method used to investigate intestinal 
inflammation (31). Previous studies have shown that YMJ 
can improve mucosal injury, and can reduce the extent and 
severity of injury (22,32). In addition, YMJ could also alle‑
viate the inflammatory damage induced by DSS through 
inhibition of the NF‑κB signaling pathway and decreasing the 
secretion of inflammatory factors (33). Furthermore, YMJ can 
inhibit pathogenic bacteria, such as Escherichia coli‑Shigella, 
increase the proportion of Parasutterella and Ackermania, 
and alleviate intestinal inflammation (33).

Intestinal mucosa, as a mucosal layer of the intestinal wall, 
prevents the entrance of toxins and pathogens into the intes‑
tinal cavity (34). Once the mucosal barrier is penetrated, the 
sub‑mucosal layer will be exposed to a large number of intra‑
luminal antigens, including food, bacteria and cytokines that 
are produced in the process of the innate immune response. 

Figure 3. Evaluation of serum levels of inflammatory factors in the mice of each group using ELISA. Statistical analysis of the serum levels of (A) TNF‑α, 
(B) IL‑6 and (C) IL‑1βin the mice of each group. *P<0.05 vs. control group; #P<0.05 vs. DSS group. IL, interleukin; YMJ, leonurine; DSS, dextran sulfate 
sodium; TNF‑α, tumor necrosis factor‑α.

Figure 4. Determination of p65 and p‑p65 expression in the mice of each group using western blot analysis. (A) Western blotting images of p65 and p‑p65. (B) Statistical 
analysis of p65 and p‑p65 expression. *P<0.05, **P<0.01 vs. control group; #P<0.05 vs. DSS group. p‑, phosphorylated; YMJ, leonurine; DSS, dextran sulfate sodium.
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Histopathological evaluation showed that YMJ could alleviate 
mucosal injury, improve weight loss and the DAI score of 
mice, and alleviate diarrhea and hematochezia (35).

YMJ inhibited the NF‑κB signaling pathway, which 
resulted in reduced infiltration of immune cells and a decrease 
in the secretion of inflammatory cytokines (33). When NF‑κB 
is not activated, it forms a complex with IκBα. When inflam‑
matory factors, growth factors or chemokines (such as TNF‑α 
and IL‑1β) in the colon of mice activate NF‑κB, IκBα is 

phosphorylated and then degraded by the ubiquitin‑proteasome 
signaling pathway (36). TNF‑α, IL‑6 and IL‑1β have also been 
demonstrated to act as proinflammatory factors, which are 
important for modulating inflammation. The results of the 
present study showed that YMJ decreased the serum levels of 
inflammatory factors, including TNF‑α, IL‑6 and IL‑1β, in the 
UC mouse model. Furthermore, YMJ modulated the NF‑κB 
signaling pathway by downregulating the p‑p65/p65 ratio. 
These results suggest that DSS activates the NF‑κB signaling 
pathway, and YMJ notably inhibited the activation of the 
NF‑κB signaling pathway toa certain extent, and reduced the 
inflammatory damage in the UC mouse model.

Bacteroidetes and Firmicutes are the two most abundant 
phyla in the human intestinal tract, followed by Proteobacteria, 
Verrucomicrobia and Verrucomicrobia. The composition 
of intestinal microflora in the C57BL/6J wild‑type mice is 
similar to that of the human intestinal flora (37); thus, mice 
were selected as animal models in the present study. At the 
UC stage, changes in intestinal microflora always trigger 
associated inflammatory pathways to further expand the 
inflammatory response, which leads to the deterioration of the 
disease (38,39). The present findings indicated that YMJ could 
improve the abundance and distribution of bacteria; therefore, 
the anti‑inflammatory effects of YMJ may be closely associated 
with the regulation of intestinal microflora. YMJ could reverse 
the dominant position of two types of inflammatory bacteria in 
the intestinal tract of model mice, such as Parasutterella and 
Ackermania. In addition, YMJ could increase the abundance 
and proportion of probiotics in the intestinal tract of experi‑
mental mice, including Bifidobacterium, Bacillus, Lactococcus 

Figure 5. Effects of leonurine on the levels of intestinal microflora in the mice of each group. (A) Dilution curve of each group. (B) Similarity Venn diagram 
of intestinal microflora in the mice of each group. The numbers in the Venn diagram represent the OTUs. *P<0.05 vs. Control;#P<0.05 vs. DSS group. YMJ, 
leonurine; DSS, dextran sulfate sodium; OTU, operational taxonomic unit.

Figure 6. PCoA of the intestinal microflora diversity in the mice of each 
group. PCoA, Principal co‑ordinates analysis; PC, principal co‑ordinate; 
DSS, dextran sulfate sodium; TCM, traditional Chinese medicine.
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and Lactobacillus. Following YMJ treatment, the levels of 
Parasutterella, which belongs to the core symbiotic bacteria, 
increased significantly. Parasutterella can stably colonize the 
intestinal tract of mice without initiating an immune response 
or inducing fluctuations of the intestinal flora (40). A previous 
study reported that bacteria maybe involved in the maintenance 
of bile acid homeostasis and cholesterol metabolism through 
alterations in bile acid transporter genes in the ileum, and 
bile acid synthesis genes in the liver (41). YMJ also induced 
the increase in Ackermania, a bacterium that degrades muco‑
protein in the intestines. Notably, Ackermania is negatively 
correlated with obesity, diabetes, inflammation and metabolic 

disorders (42,43), and positively correlated with behavioral 
indicators of anxiety and depression (44‑46). Ackermania can 
regulate intestinal mucus thickness and maintain intestinal 
integrity (46,47). The present study demonstrated that YMJ 
could reduce inflammatory factors to prevent the initiation of 
inflammation, inhibit pathogenic bacteria, such as Escherichia 
coli and Shigella, and increase the proportion of Parasutterella 
and Ackermania. Therefore, YMJ could further reduce intes‑
tinal inflammation, improve intestinal microflora and alleviate 
the severity of UC. Furthermore, the species and abundance of 
intestinal microflora in mice undergoing YMJ treatment were 
improved.

Figure 7. Graphs representing the top six intestinal microflora at the phylum level in the feces of mice. Top six intestinal microflora at the phylum level in the 
(A) control, (B) DSS and (C) DSS+YMJ groups. DSS, dextran sulfate sodium group. YMJ, leonurine; DSS, dextran sulfate sodium.

Figure 8. Pathway illustration of the association between leonurine, inflammatory response, microflora and UC models. The red arrows represent upregulation, 
and the green arrows represent downregulation. UC, ulcerative colitis; TNF‑α, tumor necrosis factor‑α; IL, interleukin.
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The present study has various limitations. First, a positive 
drug group was not included, since this is a preliminary study 
on the effect of YMJ on DSS‑induced UC. In subsequent 
studies, the effect of YMJ should be investigated and compared 
with positive drugs. Second, the correlation between YMJ and 
intestinal microflora also requires further study, which would 
be beneficial for clinical application. Third, the targeting 
bacteria screened in this study have not been studied in depth. 
Further research on YMJ treatment for UC is required. Finally, 
due to the preliminary experimental findings on the safety of 
YMJ, the effects of leonurine treatment on the microflora of 
normal mice have not been investigated. In future studies, the 
effects of YMJ should be determined.

In conclusion, YMJ improved the disease outcomes of UC 
to a certain extent, reduced the serum levels of inflammatory 
factors and increased the ratio of beneficial bacteria in the 
intestinal tract (Fig. 8). Therefore, YMJ has clinical potential 
and value for the treatment of UC through modulating the 
intestinal microflora and reducing the inflammatory response in 
the intestinal tract. Future studies should focus on the selected 
targeting of intestinal microflora, and clarify the correlation 
between YMJ and intestinal microflora in UC animal models.
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