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ABSTRACT

Tongxie Yaofang (TXYF) has therapeutic effect on the ulcerative colitis (UC) with liver depression
and spleen deficiency syndrome. This study investigated the changes in the gut microbiota of UC
rats treated with TXYF. Wistar rats were divided into three groups: Control, dinitrobenzene sulfonic
acid (DNBS)-colitis, and DNBS + TXYF (n = 8 per group). UC model was constructed via intrarec-
tally injection of DNBS (25 mg DNBS and 0.25 mL 50% ethanol); rats in DNBS + TXYF group were
administered with TXYF (20.8 g/kg) for 21 days. Physiological parameters were measured. Five sam-
ples from each group were selected for metagenomic analysis. TXYF treatment significantly reduced
disease activity index, colon mucosal damage index, and tumor necrosis factor-alpha level. TXYF
treatment prevented DNBS-induced dysregulation of gut microbial communities. Compared with
DNBS-colitis group, the abundance of Firmicutes increased significantly and that of Bacteroidetes and
Proteobacteria decreased in DNBS + TXYF group. Pathways such as protein processing in the endo-
plasmic reticulum pathway was enriched in the DNBS-colitis group, whereas it was decreased in the
DNBS + TXYF group. Thus, TXYF treatment could effectively restore the dysregulation of intestinal
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flora induced by UC.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory dis-
ease of the rectum and colon characterized by diar-
rhea, bloody stool, and abdominal pain, which has
a negative impact on the quality of life (Rubin et al.
2019). UC is difficult to cure due to the course of
the disease with repeated remission and recurrence
(Hu et al. 2021). Although restorative proctocolec-
tomy (RPC) is the standard surgical treatment for UC,
postoperative complications occurring in patients with
UC after RPC have been absolutely inevitable (Kar-
jalainen et al. 2020). Thus, patients with UC are usu-
ally treated with drugs in clinical therapy; however,
this therapy requires long-term adherence of patients
(Lachaine et al. 2013). To date, several medicines, such
as vedolizumab, azathioprine, adalimumab, and inflix-
imab, have been used in the treatment of UC (Trigo-
Vicente et al. 2018). However, these drugs may cause
a series of serious adverse events (Guo et al. 2019).

Recently, traditional Chinese medicines (TCMs) with
natural properties and low side effects have been
widely used in the treatment of UC, which have shown
to be effective in the clinic (Ke et al. 2012).

According to the characteristics of common TCM
syndromes, UC can be divided into several main types,
including Qi deficiency in spleen and kidney syn-
drome, dampness and heat in large intestinal syn-
drome, liver depression and spleen deficiency syn-
drome, yin and blood deficiency syndrome, and blood
stasis syndrome (Yue et al. 2010). TCM suggests that
chronic intestinal inflammation is usually caused by
liver Qi block as well as liver-spleen disharmony, which
is essentially characterized by the impaired ability of
liver and spleen to control digestion and transporta-
tion, leading to dysfunction in body fluid and energy
metabolism. Thus, liver depression and spleen defi-
ciency is the most common syndrome in TCM syn-
drome typing of UC (Wang et al. 2012).
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Tongxie Yaofang (TXYF) is a famous Chinese
herbal formula that is used to tonify the spleen,
soften the liver, clear dampness, and treat diarrhea.
TXYF was first recorded in the Ming Dynasty (1368-
1644 AD) book of Yi Fang Kao’. Up to now, it
has long been used for the treatment of UC char-
acterized by liver depression and spleen deficiency
(Gong et al. 2018). Zhu et al. (2010) indicated that
TXYF could increase the level of interleukin-6 and
nitric oxide in rats with inflammation, suggesting that
it had remarkable anti-inflammatory effects. Addi-
tionally, Hou et al. (2019) demonstrated that TXYF
could effectively improve intestinal permeability and
intestinal mucosal barrier function. Literature evi-
dence indicates that the microbiome affects the sus-
ceptibility and resistance of humans to diseases, espe-
cially common inflammatory diseases (Booijink et al.
2007). Previous study has reported the application of
metagenomics in the research of inflammation in the
inflammatory bowel disease (IBD), suggesting that the
gut microbial diversity serves vital role in the devel-
opment of enteritis. Besides, research has revealed
that TCMs exert their effects on diseases by regu-
lating the balance of the intestinal microflora (Qiu
et al. 2017). However, the effect of TXYF on the
intestinal flora of patients with UC has not been
elucidated.

In this study, UC rat models were established by
using the dinitrobenzenesulfonate (DNBS)/ethyl alco-
hol clyster method. After establishing the model, the
UC rat was gavaged with TXYF every day for 21 days.
We aimed to investigate the ameliorative effects of
TXYF on DNBS-induced experimental UC, and then
explore the alteration in the composition and struc-
ture of colonic microbiota. Furthermore, it has been
reported that endoplasmic reticulum stress (ERS) is
associated with the pathogenesis of UC (Li et al. 2016).
Thus, the ER-related pathways enriched by microbial
genes were also identified.

Materials and methods
Preparation of TXYF

TXYF was prepared according to the description in
a previous study (Lin et al. 2020). TXYF contained
large head atractylodes rhizome (Rhizoma Atracty-
lodis Macrocephalae), white peony root (Radix Paeo-
niae Alba), dried tangerine peel (Pericarpium Citri

Reticulatae), and divaricate saposhnikovia root (Radix
Saposhnikoviae) at a proportion of 2:2:1.5:1. The raw
medicinal materials were soaked in a 10 x volume of
cold distilled water for 30 min, followed by boiling for
30 min to extract the drug liquid. Next, the remain-
ing residue was soaked in water at the ratio of 1:1.5,
and then boiling these herbs for 20 min to collect the
decoction. The two drug liquids were combined and
heated on the electric stove to obtain a concentrated
concoction. After disinfection, the samples were stored
at 4°C for further use.

Construction and treatment of UC rat models

A total of 48 SPF Wistar rats (24 males and 24
females, 160-200 g) were obtained from Research
Laboratory Animal Center of Gansu University of
Chinese Medicine. All animal care and experimental
procedures were performed according to the National
Institute of Health Guides for the Care and Use of
Laboratory Animals and approved by the Ethics Com-
mittee of the Gansu University of Chinese Medicine
(2017-118). The rats were housed under standard tem-
perature and humidity with free access to water and
food for 1 week. Next, the rats were randomly divided
into three groups: Control group, DNBS-colitis group,
and DNBS + TXYF group. Eight rats were eventually
included in each group because some died during the
modeling process. The experimental design for DNBS
and TXYF treatments is summarized in Figure 1(A).
Except for the rats in the Control group, the limbs
of all rats were shackled daily (at irregular intervals),
and then they were restricted to free movement for
6 h. They were fed every other day to simulate irreg-
ular eating. After 1 week of constraint, all the rats
were subjected to fasting for 24 h and anesthetized
with 3% pentobarbital sodium (10 mL/kg). A 12-cm
polypropylene tube (diameter, 2 mm) with a num-
ber of holes on the side was inserted into the dis-
tal colon at a distance of 8 cm from the anus, and
the DNBS/ethanol solution (25 mg DNBS and 50%
ethanol 0.25 mL; Sigma-Aldrich Inc, St Louis, MO,
USA) was then injected into the enteric cavity by using
rubber infusion tube and lien for several minutes.
Next, approximately 0.4 mL of air was injected, the
anus was squeezed, the tail of the rats was lifted and
held upside down for 1 min to prevent backflow of the
injected fluid, and it was ensured that the liquid made
full contact with the colon. The rats were fed normally
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Figure 1. TXYF treatment could alleviate the symptoms of DNBS-induced ulcerative colitis (UC) in rats. (A) Experimental design of DNBS-
induced UC and TXYF treatment. (B) Changes in body weights of rats. (C) Disease activity index (DAI) score. (D) Colon mucosal damage
index (CMDI) score. (E) Tumor necrosis factor-a (TNF-«) level. (F) Microscopic view of the colon of the UC rats. (G) Hematoxylin-eosin
(HE) staining of colon from each group. Black arrow represents mucosal architecture and white arrow represents goblet cells. All data are
analyzed using ANOVA test and presented as the mean = standard deviation (n = 8). *xp-value < 0.01 compared with Control group,

and #p-value < 0.01, compared with the DNBS-colitis group .

after awakening from anesthesia. After DNBS/ethanol
solution enema modeling, rats were still restrained
daily to restrict their free movement, and they ate
food every other day for 2 weeks to obtain the UC rat
model.

After successfully establishing the UC model, the
rats in the DNBS + TXYF group were administered
TXYF crude medicine at a dose of 20.8g-kg™! per
day, while the rats in the Control group and DNBS-
colitis group were gavaged with equal volume of dis-
tilled water daily. After treatment for 21 days, the rats
in each group were subjected to fasting for 12 h and
anesthetized by intraperitoneal injection with 3% pen-
tobarbital sodium (10 mL/kg). Blood samples were
collected and centrifuged at 4000 x g for 10 min at 4°C
to separate serum sample. The level of TNF-a was
determined using the commercially available enzyme-
linked immunosorbent assay kit (Lianke, Hangzhou,
China), following the instructions of the manufacturer.
In brief, serum sample was added to the plate and
treated by a color-developing agent. After color devel-
opment at 37°C for 15 min in the dark, the reaction
was terminated by adding 50 uL of stop solution to
each well, and the absorbance of well was measured
at 450 nm using a microplate reader (Bio-Rad iMark).

TNF-a concentrations were calculated by the standard
curves. Next, all the rats were sacrificed by cervical
dislocation, and the entire colon was excised at a dis-
tance of 8 cm from anus. Colon length was recorded,
and hematoxylin-eosin (HE) staining was performed
using 10% phosphate buffered formalin fixed samples
to detect Histopathology under a microscope (Leica,
Wetzlar, Germany).

Evaluation of animal model

Observation of physiological indices

We observed water consumption, activity, coat color,
stool traits, and bloody stools in rats daily. Additionally,
the body weight of each rat was respectively monitored
and recorded at the same time on the experiment days.
Disease activity index (DAI) was evaluated (Porter
etal. 1998) and calculated as the sum of scores assigned
as follows: percentage of weight reduction (0: no
change, 1: 1-5%, 2: 6-10%, 3: 11-15%, 4: > 15%),
stool consistency (0: normal, 2: loose, 4: diarrhea),
presence of fecal blood (0: normal, 2: positive occult
blood test, 4: visible bleeding). This score was applied
to evaluate the average of the scores for weight loss,
stool consistency, and hemoccult.
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Sucrose preference test

Before the model was established, all the rats were fed
1% sucrose water for 48 h, and after 24 h of water inter-
ruption, the sucrose water intake of the rats was mea-
sured within 1 h. After constructing the UC model,
the parameters were re-measured. The consumption of
sucrose water in 1 h could reflect the reactivity of rats to
reward and was a parameter of the pleasure behavior.

Observation of the colon tissue

Erosion, hyperemia, edema, inflammation, ulcer, and
bleeding of intestinal mucosal tissues were observed.
Furthermore, the colonic mucosal damage index
(CMDI) was evaluated (Rees 1998), which is used
to assess colon traits and ulcer numbers. The scor-
ing criteria of CMDI were as follows: 0, no damage;
1, mild hyperemia, edema, smooth surface, and no
erosion or ulcer; 2, hyperemia edema, mucous mem-
brane rough granulation, and erosion or intestinal
adhesion; 3, highly congestive edema, necrosis and
ulceration on the surface, maximum diameter of ulcer-
ation < 1 c¢m, and thickening of intestinal wall or
necrosis and inflammation on the surface; 4, highly
congestive edema, mucosal necrosis and ulcer forma-
tion, maximum longitudinal diameter of ulcer > 1
cm, or full-wall intestinal necrosis, and death caused
by toxic megacolon.

Metagenomic analysis

DNA extraction and sequencing

Five rats from each group were randomly selected
for metagenomic analysis. In brief, total metagenomic
DNA was extracted from the rat intestinal samples (5
rats per group) using DNA extraction kits based on
the instructions provided by the manufacturer. Once
extracted, DNA samples were disrupted by Covaris
focused-ultrasonicator to approximately 350 bp and
purified by QIA quick PCR Purification Kit (Qiagen),
followed by PCR amplification. PCR products were
purified using 2% agarose gel electrophoresis. Tar-
get fragments were recovered using a QIA quick Gel
Extraction kit (Qiagen). The library was quantified
by using Agilent 2100 Bioanaylzer and ABI StepOne-
Plus real-time PCR System. Furthermore, the library
was sequenced using Illumina Hiseq 2000 platform
and paired-end reads were generated. Next, raw reads
were preprocessed to generate clean reads for further
analyses.

Metagenomic de novo assembly and gene prediction

The samples were assembled using the assembly soft-
ware IDBAUD (Peng et al. 2012). We used a series
of different k-mer parameters to perform multiple
assemblies for each sample, and SOAP2 (Li et al
2009) was then used to compare each assembly result
to evaluate the assembly effect. Finally, an optimal
k-mer and its corresponding assembly result were
selected by comprehensively considering the N50
and the ratio. Only contig > 500 bp were retained
for further analysis. MetaGeneMark (version 2.10,
http://exon.gatech.edu/GeneMark/metagenome/Pred
iction/) (Zhu, Lomsadze, et al. 2010) was utilized
to predict the open reading frames, and then the
predicted genes (the sequence similarity was > 90%
and the alignment region was > 90% of the sequence
length) from different samples were combined and
clustered with CD-Hit (Fu et al. 2012) to remove
redundant sequences.

Analysis of species abundance

MEGAN (version 4.6) (Huson et al. 2007) was used to
process the Nr comparison results. This software re-
combed the taxonomic content of a sample according
to the NCBI taxonomy. The abundance of the same
species in the sample was obtained by summing up
the abundance of the genes. The results are shown in
species bar chart, which could visually represent the
composition and proportion of each sample species, as
well as the changes of species.

Screening of differential species

Further, Wilcoxon rank-sum test (Matsouaka et al.
2018) was applied to conduct non-parametric tests on
two independent samples. A p-value < 0.05 indicated
the thresholds of the differentially expressed species.
The common and unique information of the differen-
tial species was analyzed, which were represented in
Venn diagram.

Screening of differential pathways

The differential pathways between two groups (DNBS
+ TXYF vs. Control, DNBS-colitis vs. Control, and
DNBS + TXYF vs. DNBS-colitis) were identified by
using the ReporterScore method. The p-value of
KEGG Orthology (KO) was calculated by Reporter-
score, and the corresponding Z-value of p-value
was obtained by the inverse normal distribution.
Z < —1.650r > 1.65 indicated statistical significance.
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Analysis of ER-related pathway

The ER is highly sensitive to changes in the envi-
ronment inside and outside the cell. When the
ER is seriously and continuously stimulated by
pathogens, oxidative stress, physical and chemical fac-
tors, ischemia, and hypoxia, ER stress (ERS) is trig-
gered and the unfolded protein response (UPR) is acti-
vated. Thus, ERS has an important role in the patho-
genesis of UC. In the present study, the genes and their
corresponding microbiota involved in the ER-related
pathways were identified.

Statistical analysis

Each experiment was carried out in triplicate, and
the data are expressed as mean = standard devia-
tion (SD). Statistical analysis was carried out using
SPSS software (SPSS, Inc., Chicago, IL, USA). One-
way analysis of variance (ANOVA) was used to esti-
mate differences between different groups. Differential
microbes between different groups were screened by
using Wilcoxon rank-sum test. A p-value < 0.05 was
considered statistically significant.

Results
TXYF attenuates DNBS-induced UC in Wistar rats

During the experiment, we first observed the activity
state of the rats. In the Control group, the furs of the
rats were smooth, clean, and shiny. Meanwhile, the rats
were sensitive, active, and had normal diet and stool.
During the experiment, the weight gradually increased
without death. In the DNBS-colitis group, the rats
gradually became unresponsive and depressed, and
they showed weakened resistance as well as decreased
activity and motivation under continuous restraint.
We also found that the rats had dull coats, decreased
appetite, loose stool, and bit each other when they were
hungry. In addition, compared with the rats in the con-
trol group, the rats in the DNBS-colitis group had a
significant decrease in sucrose preference (7.84 £ 0.04
mL vs. 11.06 £0.83 mL, p-value < 0.05), indicating
that DNBS-induced colitis increased depression in
rats. Furthermore, obvious bloody stool and perianal
fouling appeared after DNBS administration. In the
DNBS + TXYF group, the UC-related symptoms sig-
nificantly improved; for instance, the activity of the
rats gradually increased, they became more active,
and their food intake increased. The cleanliness and
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Table 1. The DAl scores of rats in each group.

Middle stage End stage of End of drug
Group of modeling modeling intervention
Control 0.00 £ 0.00 0.00 & 0.00 0.00 4 0.00
Model 3.18 £ 0.49:x 1.91 £ 0.69x%x 1.92 £ 0.56:%x
TXYF - - 025+05084

Notes: DAI: disease activity index. ,%x compared with the control group, p <
0.05andp < 0.01; A,A A compared with the model group, p < 0.05 and
p < 0.01. Data are presented as mean £ SD (n = 8/group).

Table 2. CMDI scores of rats in each group.

Group CMDI score
Control 0.2540.46
Model 3.00 + 0.76%*
TXYF 0.88 £ 0.6404

Notes: CMDI: colon mucosa damage index. xx compared with the control
group,p < 0.01; AA compared with the model group, p < 0.01. Data are
presented as mean =+ SD (n = 8/group).

smoothness of the fur was gradually restored, and the
stools gradually formed. The perianal area was clean
without dirt, and part of the stool returned to normal
gray-brown granules.

Furthermore, the effect of TXYF on UC rats was
evaluated by assessing body weight (Figure 1(B)),
DALI score (Figure 1(C)), CMDI score (Figure 1(D)),
TNF-«a level (Figure 1(E)), photographs of colon
(Figure 1(F)), and HE-stained images (Figure 1(G)).
Compared with the Control group, a loss body weight,
significant increased DAI score and CMDI score (p-
value < 0.01), as well as increased TNF-« level were
observed in rats from the DNBS-colitis group, indi-
cating that the UC model was successfully established.
Meanwhile, TXYF treatment significantly decreased
the DAI score, CMDI score (p-value < 0.01), and
TNF-« level (p-value < 0.05) (Tables 1 and 2).

As shown in Figure 1(F), the intestinal mucosa
was smooth and the plica texture was clear, and no
abnormalities were observed in the Control group.
In the DNBS-colitis group, swelling of the intestine,
thickening of the intestinal wall, edema, congestion
and erosion of the intestinal mucosa, and obvious
ulcers were observed. In addition, some intestines
severely adhered to the surrounding organs and necro-
sis was observed. In the DNBS + TXYF group, most of
the intestinal mucosal injuries remarkably improved,
without adhesion and necrosis. Some ulcers were
mildly hyperemia and edema, and several ulcer healing
scars were visible.

Representative images for HE staining are displayed
in Figure 1(G). In the Control group, the colon mucosa
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was intact with clear structure; the nuclear structure
was clear; the goblet cell morphology was normal; and
no obvious inflammatory cell infiltration and ulcer
was observed. In the DNBS-colitis group, the colonic
mucosa was incomplete (red arrow) and the morphol-
ogy of some goblet cells was lost (green arrow). After
TXYF treatment, the pathological changes improved,
erosion and ulcers significantly reduced; moreover, the
mucosal structure gradually became complete and new
goblet cells were generated.

TXYF alters the composition of gut microbes

The clean reads were > 86% for all 15 samples, indi-
cating that the reads were of high quality and the
sequencing depth of microbiota gene analysis was
good. The relative abundance of the gut microbiota
was displayed using histogram. At the phylum level, all
the groups were mainly composed of Firmicutes, Bac-
teroidetes, and Proteobacteria (Figure 2(A)). In brief,
the abundance of Firmicutes in the DNBS-colitis group
was lower than that in the Control group, while TXYF
treatment returned the abundance of it to the nor-
mal level (Figure S1A). DNBS treatment induced an
increase in the relative abundance of Bacteroidetes
and Proteobacteria, whereas there was a decrease in
the abundance of them after TXYF treatment (p-
value < 0.001 for Proteobacteria, Figure S1B and S1C).
At the genus level, Lactobacillus, Bacteroides, Clostrid-
ium, Prevotella, and Ruminococcus were the domi-
nant bacteria genera in all the groups (Figure 2(B)).
Specifically, the relative abundance of Lactobacillus
was lower in the DNBS-colitis group than in the
Control group, and a decreased trend was observed
in the DNBS+ TXYF group (Figure S1D). DNBS
administration caused an increase in the abundance
of Bacteroides and Prevotella, whereas TXYF treatment
reversed the adverse trends of these two microbes and
their abundances were similar to that observed in the
control group (Figure S1E and SIF).

Screening of differential microbiota

To identify the differential microbiota between groups,
a differential analysis was performed at the genus level.
A total of 109, 171, and 61 differential microbes were
screened for DNBS-colitis vs. Control, DNBS 4+ TXYF
vs. Control, and DNBS-colitis vs. DNBS + TXYE
respectively (Figure 3(A)). Top 30 differential taxa

in DNBS-colitis vs. Control or in DNBS-colitis vs.
DNBS + TXYF are shown in Figure 3(B,C). We also
observed that 14 overlapping microbes were obtained
between DNBS-colitis vs. Control and DNBS-colitis
vs. DNBS+ TXYE Among these, several microbes
were more abundant in the DNBS-colitis group than
in the DNBS+ TXYF group, which included Sac-
charicrinis, Acidobacterium, Candidatus Magnetobac-
terium, Galbibacter, Candidatus Moduliflexus, and
Peptoanaerobacter. In contrast, some microbes pre-
sented a marker downward trend after DNBS admin-
istration, while supplementation with TXYF restored
the proportions of microbiota, such as Stomatobacu-
lum, Symbiobacterium, and Shewanella, to the normal
levels (Figure 3(D)). This finding suggests that these
differential microbes may serve an important role in
the treatment of UC with TXYF.

TXYF affects the functional characterization of the
colitis microbiome

A total of 81, 85, and 79 differentially pathways were
obtained for DNBS + TXYF vs. Control, Control vs.
DNBS-colitis, and DNBS-colitis vs. DNBS + TXYF
group, respectively (Figure 4(A)). As shown in
Figure 4(B), several pathways were mainly enriched
in the DNBS + TXYF group, such as flagellar assem-
bly, biosynthesis of amino acids, and porphyrin and
chlorophyll metabolism. In the Control group vs.
DNBS-colitis group, pathways such as glyoxylate and
dicarboxylate metabolism, metabolic pathways, and
ABC transporters were primarily enriched in the
DNBS-colitis group (Figure 4(C)). For DNBS + TXYF
vs. DNBS-colitis group, flagellar assembly, peptidogly-
can biosynthesis, and ABC transporters were mainly
enriched in the DNBS + TXYF group. In contrast,
RNA degradation, MAPK signaling pathway, and
autophagy-yeast were mainly observed in the model
group (Figure 4(D)).

Persistent and severe ERS induces autophagy in
intestinal epithelial cells through UPR, further leading
to inflammation (Ma et al. 2017). Meanwhile, exces-
sive ERS also disrupts the intestinal mucosal barrier,
ultimately resulting in UC (Yan et al. 2020). In this
study, one ER-related pathway was identified from the
overlapping pathways, namely, protein processing in
the endoplasmic reticulum (map04141). The relative
abundance of the protein processing in the endoplas-
mic reticulum pathway was mainly enriched in the
DNBS-colitis group, whereas the abundance of this
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Figure 2. Relative abundance of microbial community in each group. (A) Microbiota composition at the phylum level. (B) Microbiota
composition at the genus level. The x-axis indicated the sample name, and the y-axis indicated the relative abundance of the annotated

species.

pathway decreased in the DNBS + TXYF or Control
group. Thus, we speculated that bacteria associated
with TXYF treatment may reverse the dysregulation
of gene expression patterns induced by DNBS, espe-
cially for genes involved in this pathway. Despite that
the expression levels of specific genes involved in this
pathway were not validated, these results provide a
favorable direction for further research.

Discussion

UC is becoming more common worldwide, with a
high incidence of persistent or recurring symptoms
that affect the quality of patients’ life (Costello et al.
2019). Current therapies for UC include salicylic acid
preparations, hormones, and immunosuppressants,
but many patients do not have a response to these

therapies or efficacy is not sustained (Moen et al
2018). Therefore, natural herbs without side effects
are commonly used for the treatment of UC. In this
study, we studied the changes in intestinal micro-
biota of TXYF against UC in rat models. We observed
that the colonic mucosa in the DNBS-colitis group
was incomplete with extensive erosion and ulceration,
while erosion and ulcer significantly reduced or dis-
appeared after TXYF treatment. Meanwhile, the DAI
and CMDI scores in DNBS + TXYF group were sig-
nificantly lower compared with those in the DNBS-
colitis group, suggesting TXYF had a good therapeu-
tic effect on UC. Compared with the DNBS-colitis
group, the relative abundance of Firmicutes in the
DNBS + TXYF group increased, whereas that of Lac-
tobacillus, Bacteroides, and Prevotella decreased. Path-
way analysis indicated that the relative abundance of
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protein processing in endoplasmic reticulum pathway
was mainly enriched in the DNBS-colitis group, which
may serve a role in the pathogenesis of UC.

A complex interaction between intestinal micro-
biota and TCM therapy has been reported. TCM
could improve the composition of gut microbiota,
thus ameliorating its dysfunction and related patho-
logical conditions (Xu et al. 2017). Similarly, Sang
et al. (2018) also found that TCM could improve
intestinal flora structure by increasing probiotics and
reducing pathogenic bacteria, which could prevent the
occurrence and development of IBD. In this study,
the abundance of Firmicutes increased after treat-
ment with TXYE A previous study demonstrated that
a low abundance of Firmicutes might increase the

risk of intestinal inflammation, but mice colonized
with microbiota rich in Firmicutes showed relieved
colonic inflammation and downregulated TH17 path-
ways (Natividad et al. 2015). In addition, Firmicutes
exerted anti-inflammatory property and was consid-
ered beneficial bacteria (Eeckhaut et al. 2013; Dehghan
et al. 2014). Thus, TXYF might play a therapeutic
role by increasing the abundance of beneficial bacteria,
such as Firmicutes.

Furthermore, we found that the abundance of Bac-
teroides reduced in the TXYF group. Bacteroidetes
could induce colitis in a host genotype-specific man-
ner in a rat model (Bloom et al. 2011). Basset
et al. (2004) also showed that enterotoxigenic Bac-
teroides fragilis was associated with IBD. However,
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a meta-analysis implied that low level of Bacteroides
was related to IBD (Zhou and Zhi 2016), which was
inconsistent with our findings. This inconsistency may
be caused by the difference in the samples; thus, the
detailed mechanism underlying this phenomenon still
needs further elucidation. We also observed that Pre-
votella was relevant to UC, as its abundance was
decreased in the TXYF-treated group. The results of
previous studies indicated that the increase in Pre-
votella species at the mucosal sites was associated with
local and systemic diseases, including periodontitis,
metabolic disorders, and low-grade systemic inflam-
mation. It has also been confirmed that Prevotella stim-
ulated epithelial cells to produce inflammatory factors
(including interleukin 6 and interleukin 8), and the
Prevotella-mediated mucosal inflammation led to sys-
temic transmission of inflammatory mediators, bac-
teria and bacterial products, which in turn affected
the outcome of systemic diseases (Scher et al. 2013).
Mouse model experiments confirmed that Prevotella
could promote the clinical and inflammatory charac-
teristics of human disease, indicating Prevotella might
be a clinically important pathobiont that was involved
in human disease by promoting chronic inflammation
(Larsen 2017). Taken together, the TXYF might play
important role in the treatment of UC by reducing
the relative abundance of pro-inflammatory-related
microflora, such as Prevotella. However, the corre-
sponding pathways and potential mechanisms need
further investigation using integrated genomic tech-
nology.

Accumulating evidence suggests that ERS pathway
could affect the pathogenesis of UC. Cells that are
highly secreted in the intestine, such as discoid cells
and goblet cells, are particularly susceptible to ERS,
and rely heavily on the response of the unfolded pro-
tein to maintain cellular viability and homeostasis
(Asada et al. 2012). However, the effect of TXYF on
ER-related pathways in patients with UC remained
unclear. In this study, we found that genes enriched in
protein processing in endoplasmic reticulum pathway
were influenced by TXYF. Vinayaga-Pavan et al. (2019)
observed that differentially expressed genes involved
in cell cycle control and protein processing in the ER
were upregulated in patients with UC. Other study
also reported that differential proteins between UC
and normal tissues were enriched in immune response
and protein processing in the ER (Schniers et al. 2019).
Similarly, we also observed a high level of protein

processing in the endoplasmic reticulum pathway in
the DNBS-colitis samples. These findings suggested
that protein processing in the endoplasmic reticulum
pathway had an impact on the development of the
UC. Although we identified that 357 microbe-related
genes were involved in this pathway, their expression
level was not verified. Thus, the specific roles of these
genes in the pathogenesis and treatment of UC remain
unclear. Further researches still need to be performed.

However, the limitations of this study should be
mentioned. First, the differential microbes and path-
ways were obtained from the rat model. Previous study
indicated that despite that many common genera were
found in the human and murine intestine, they var-
ied widely in abundance, with only 4% of bacterial
genes sharing considerable similarity (Hugenholtz and
de Vos 2018). Considering that rat intestinal micro-
biota cannot completely mimic the microenvironment
of human flora, it may be not possible to extrapolate
our results to human; hence clinical studies are nec-
essary. Second, the expression levels of genes involved
in the protein processing in endoplasmic reticulum
pathway were not verified; therefore, further studies on
genetic quantitative should be carried out. Finally, we
only studied the therapeutic effects of TXYF from the
perspective of microbial changes, and these prelimi-
nary findings need to be further explored in combi-
nation with other omics, such as transcriptomics and
metabolomics.

Conclusions

In summary, TXYF treatment displayed significant
protective effects against UC with the ‘liver depression
and spleen deficiency’ syndrome, and TXYF main-
tained the balance of the intestinal microflora by
increasing the abundance of beneficial bacteria and
decreasing that of destructive bacteria. In addition,
TXYF influenced the level of protein processing in
endoplasmic reticulum pathway in UC. This study
demonstrated that TXYF can improve intestinal ulcer
symptoms by regulating intestinal microbiota, which
supports the therapeutic value of TXYF in DNBS-
induced UC.
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