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Background: Through observing the changes of indexes of the intestinal mucosal barrier and intestinal flora in rats, we ex-
plored the mechanism by which Hetiao Jianpi Decoction (HTJPD) treats antibiotic-associated diarrhea (AAD) by
repairing intestinal mucosal injury and regulating intestinal flora.

Material/Methods: Samples of colon tissues were collected for HE staining. Enzyme-linked immunosorbent assay (ELISA) was used
to assess levels of diamine oxidase (DAO) and D-lactic acid in rat plasma and the expression of secretory im-
munoglobulin A (SIgA) in colon tissue. We assessed the abundance of intestinal contents by high-throughput
sequencing of the 16S rRNA gene.

Results: Compared with the Model group, the muscle layer and intestinal mucosal edema were improved, and the conti-
nuity was restored; the levels of DAO and D-lactic acid in plasma decreased, and the SIgA level were increased
in the HTJPD group. The structure of the intestinal flora changed, as indicated by increased levels of certain
beneficial bacteria (Verrucomicrobia, Actinobacteria, CF231, and Akkermansia), decreased levels of pathogenic
bacteria (Spirochaetes and Treponema), and increased species diversity.

Conclusions: By improving the permeability and immune function of the intestinal mucosa, Hetiao Jianpi decoction prevent-
ed the occurrence of AAD by repairing the intestinal mucosal damage and regulating the structure and diver-
sity of intestinal flora.
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Background

According to a recent report titled “Antibacterial Drug
Management and Bacterial Resistance in China” (2018) issued
by the State Health Commission, the utilization rate of antibi-
otics in hospital inpatients reached 36.9% in 2017 [1]. Clinical
complications due to misuse of antibiotics have increased sig-
nificantly, among which, AAD is a relatively common type. It was
found that the occurrence of AAD is closely related to imbal-
ances in intestinal flora [2]. When the intestinal microbiota bal-
ance is upset, disease can result; therefore, maintaining a stable
microbial environment is crucial to human health [3-6]. The in-
testinal mucosa is an important part of the human body’s con-
tact with the external environment, and it directly participates
in exchange of materials. The integrity of the intestinal muco-
sal barrier determines the health of the intestinal tract [7]. As
an important biological barrier, the intestinal flora is continu-
ously and relatively fixedly distributed in the intestinal muco-
sa and is involved in immune regulation, metabolism of nutri-
ents and their decomposition products, and metabolism and
regulation of drugs and toxins [8]. After treatment with antibi-
otics for various reasons, the equilibrium of the intestinal flo-
ra is upset; the growth of beneficial bacteria in the intestine is
inhibited, and pathogenic bacteria multiply, resulting in dysbac-
teriosis [9]. Intestinal flora imbalance can affect intestinal mu-
cosal immune function and intestinal mucosal structure integ-
rity, resulting in weakened intestinal mucosal barrier function,
as well as colonization and multiplication of foreign or patho-
genic bacteria in the intestine, which then became the domi-
nant flora, resulting in diarrhea or enteritis. Although modern
treatments are somewhat effective, they cannot repair dam-
aged mucosal barriers or regulate the intestinal flora.

According to reports [10-12], traditional Chinese medicine is
effective in the treatment of various symptoms of diarrhea and
intestinal microbial disorders, in addition to being safe, lack-
ing adverse effects, and having clear efficacy. The application
of HTJPD in the present study used the classic prescription of
Shenlin Baizhu San in the treatment of spleen deficiency and
diarrhea [13,14] and focused on improving body function, rec-
onciling the viscera and blood, regulating respiration, balanc-
ing the yin and yang, and thus restoring homeostasis. Our re-
sults provide a theoretical basis for use of traditional Chinese
medicine in multi-targeted treatment of AAD, and provide new
ideas for clinical treatment of the disease.

Material and Methods

Experimental animals

SPF Wistar rats (n=30; 200+20 g; male) were purchased
from Chonggqing Shiyi Biotechnology Co. (Chongging, China;
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license no. SCXK-Liao-2015-0001). The rats were raised in the
Laboratory Animal Center of Yunnan University of Chinese
Medicine in an environment with 20+4°C average tempera-
ture, 50-80% relative humidity, and free access to food and wa-
ter. The experiments were approved by the Laboratory Animal
Welfare and Ethics Committee of Yunnan University of Chinese
Medicine (Yunnan, China). All animal care and experimental pro-
cedures were conducted according to the Chinese Laboratory
Animals’ Welfare and Ethics guidelines [15].

Animal grouping

The 30 rats were randomly divided into 5 groups with 6 rats in
each group: a Control group (Control), a Model group (Model),
a low-dose Hetiao Jianpi Decoction group (HTJPD-L), a moder-
ate-dose group (HTJPD-M), and a high-dose group (HTJPD-H).

Establishment of AAD Model

The AAD rat model was established according to the method
described by Bigiang Sun and others [16-18]. After 7 days of
adaptation to the environment, the remaining 24 rats were
gavaged with 2 linked antibiotics: cefotaxime sodium (pur-
chased from Zhejiang Xianyi Pharmaceutical Co. (production
batch no. SH6433) and lincomycin hydrochloride (purchased
from Jiangsu Yabang Johnson Pharmaceutical Co. (production
batch no. SL8890) at 1.82 mg/d administered intragastrically
for 3 days, one in the morning and the other in the afternoon.
The interval between the 2 treatments was 6 hours, causing
an intestinal flora imbalance in the rats. Subsequently, we
administered rhubarb decoction at 13.3 g/(kg/d) per day [19]
continuously for 7 days, resulting in the model of spleen de-
ficiency and diarrhea in rats. The 6 rats in the Control group
were given normal saline.

Model success evaluation indicators

According to “Lactobacillus reuteri DSM 17938 in the preven-
tion of antibiotic-associated diarrhea in children” edited by
Kotodziej [20], the success of establishing the AAD model was
assessed by observation of general behavioral changes (such
as behavioral status and fecal morphology). Based on the re-
sults of this experiment, the Model group rats became lethar-
gic, with hunched posture and fecal staining of the perianal
area, and the feces were pale yellow and wet or loose.

Preparation of Hetiao Jianpi decoction

The decoction was composed of lotus seed (20 g), com-
mon yam rhizome (15 g), Codonopsis (15 g), Gordon Euryale
seed (10 g), and bitter orange (9 g) (all purchased from Yunnan
Hongxiang Yixintang Pharmaceutical). The total amount was
69 g. According to the “Chinese medicine pharmacology
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experimental methodology” edited by Yikui Li [21], the Chinese
medicine decoction pieces were soaked for 1-2 hours after add-
ing 5-8 times the amount of the medicine and then filtered af-
ter boiling for 30 minutes. The dregs were diluted 3- to 6-fold
with water, then boiled for a further 15-20 minutes, and then
filtered. The 2 decoctions were combined and further decocted
to make an extract. After preparation, it was stored at 4°C un-
til use. The daily human therapeutic dose was converted into
the dose based on the rat body surface area, and the rat con-
version factor was 0.018 [21]. We used the human daily treat-
ment dose (69 g) as the medium dose, so the HTJPD-M rats re-
ceived the equivalent dose (1.24 g), and the ratio of HTJPD-L
(0.62 g), HTIPD-M (1.24 g), and HTJPD-H (2.48 g) was 1/2: 1: 2.

Administration of AAD model

After modeling, rats were randomly divided into 4 groups:
the Model group, the HTJPD-L group, the HTJPD-M group, and
the HTJPD-H group, with 6 rats in each group. The intragastric
administration was started on the 11t" day after the start of
modeling [16-18]. The HTJPD-L (0.62 g/d), HTJPD-M (1.24 g/d),
and HTJPD-H (2.48g/d) groups were gavaged for 7 consecutive
days. The Control and Model groups were orally gavaged with
equal volumes of normal saline (once a day) for 7 consecu-
tive days. All rats were sacrificed on the 24t day of the exper-
iment, and the samples were taken under aseptic conditions.

Observing the pathological changes of colon tissue

The fixed 1-cm colon tissue was paraffin-embedded according
to the standard procedure of dehydration, transparency, and
wax immersion. It was then cut into 5-pm-thick tissue pieces
for HE staining. The field of view was selected under a high-
power microscope (100x, 400x). The pathological changes,
such as epithelial edema, muscle layer damage, number of
goblet cells, and intestinal mucosal continuity, were observed.

Detecting the levels of DAO and D-lactic acid in plasma of
rats

After the rats were sacrificed, 5 ml of blood was taken from
the abdominal aorta and placed in heparin anticoagulation
tubes for centrifuging at 4°C for 20 min (3000 rpm). The up-
per-layer serum was taken and frozen at -80°C. The method
and procedure were completed according to the kit operat-
ing instructions.

Detecting the SIgA in intestinal mucosa of rats

Colon tissue of rats, taken from 5 cm below the pylorus to
about 20 cm in the ileocecal area, was placed in a sterile cen-
trifuge tube and stored at —80°C. The method and procedure
were completed according to the kit operating instructions.

ANIMAL STUDY

Detecting the bacterial abundance of rat intestinal
contents

The determination of bacterial abundance of intestinal con-
tents was performed by Shenzhen Microscience and Technology
Co., using high-throughput sequencing of the 16S rRNA gene.
By using the E.Z.N.A.® soil DNA Kit, OmegaV3-V4 hypervari-
able regions of the bacterial 16S rRNA gene were amplified
with primers 338F (5’-ACTCCTACGGGAGGCAGCAG-3’) and 806R
(5’-GGACTACHVGGGTWTCTAAT-3’) using the thermocycler PCR
system (GeneAmp 9700, ABI, USA). The resulting PCR products
were further purified using the AxyPrep DNA Gel Extraction Kit
(Axygen Biosciences, Union City, CA, USA)and quantified us-
ing Quant Fluor™-ST (Promega, USA) according to the manu-
facturer’s protocol. We then performed sequencing using the
lllumina MiSeq platform.

Statistical analysis

We used GraphPad Prism 8.0 statistical software, and the data
are expressed as (x+s). Measurement data were tested for ho-
mogeneity of variance using the t test to assess differences
between 2 groups and using one-way ANOVA to assess dif-
ferences among multiple groups. P<0.05 was considered sta-
tistically significant.

Results

Behavioral changes

Rats in the Control group continued to eat normally, main-
tained normal weight and mental state, and had brown stools
and shiny coats. Compared with the Control group, during the
model establishment, the rats in the Model group lost signif-
icant weight loss and appeared dispirited and lethargic; they
had darker hair and their perianal area became dirty, and
their stools became pale yellow, wet, or unformed. Compared
with the Model group, rats in the HTJPD groups had increased
weight and better mental state and were more active, with
glossy coats and normal feces.

Pathological section of colon tissue

Compared with Control group, the muscle tissues of Model
rats became thinner, there was diffuse edema of the intestinal
mucosa, and its integrity was impaired. Compared with Model
group rats, the muscle tissues and mucosal edema of the co-
lon tissue in the HTJPD groups were significantly improved
and the intestinal mucosal integrity was restored (Figure 1).
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Control

Figure 1. Pathological section of colon tissue in rats. Observation of colonic muscle layer tissue and intestinal mucosa edema in rats by
HE staining (10x10). Observation of intestinal mucosal continuity in the colonic tissues of rats by HE staining (10x40).
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Figure 2. ELISA. (A) Changes in plasma DAO level in rats. (B) Changes in plasma D-lactic acid level in rats. (C) Changes in SIgA content
in rat intestinal mucosa. Data (n=5) are presented as mean+SD. * P<0.05 and ** P<0.01 versus Control group; * P<0.05 and

## P<0.01 versus Model group.

Changes in plasma DAO content after HTJPD treatment

The level of DAO in the plasma was significantly higher in the
Model group than in the Control group (P<0.01). Compared with
the Model group, the expression of DAO in the HTJPD-L group
was significantly lower (P<0.01). The HTJPD-M group showed a
decreasing trend (P>0.05), and the level in the HTJPD-H group
was decreased (P<0.05) (Figure 2A).

Changes of plasma D-lactic acid content after HTJPD
treatment

Compared with the Control group, the expression of D-lactic
acid in the plasma of Model group rats was significantly in-
creased (P<0.01). However, we observed that after adminis-
tration of HTJPD, the expression of D-lactic was decreased
(P<0.05) (Figure 2B).
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Changes of SIgA levels in rat intestinal mucosa after HTJPD
treatment

Compared with the Control group, the expression of SIgA in
intestinal mucosa of the Model group was significantly de-
creased (P<0.01). After administration of HTJPD, there was
higher expression of SIgA in the HTJPD-L group and HTJPD-M
group than in the Model group rats (P<0.05), but rats in the
HTJPD-H group showed an increasing trend (P>0.05) (Figure 2C).

Overall structural modulation of gut microbiome after
HTJPD treatment

To examine the effect of HTJPD on the gut microbiome struc-
ture in the AAD rat Model, an Illumina MiSeq platform was
used to generate 1 010 340 high-quality sequences from 25
fecal samples.
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Figure 3. Overall structural modulation of gut microbiome after HTJPD treatment (n=5). (A) Chao 1 index was used to estimate the
total number of OTUs in a sample; the higher the index, the more complex the abundance of the sample. (B) Simpson index
was used to evaluate the species diversity of a sample; the higher the index, the more complex the diversity of the sample
(P>0.05). (C) Unweighted-Unifrac-PCoA. Observation of the differences among groups of intestinal content bacteria in rats
and evaluation of differences in microbial community structure among different samples.

The Chao 1 index was used to estimate the total number of
OTUs in a sample; the higher the index, the more complex the
abundance of the sample. The Simpson index was used to as-
sess the species diversity of a sample; the higher the index,
the more complex the sample diversity. All 5 groups in this
study showed differences in microbial diversity. The diversi-
ty of the intestinal flora of the Model group showed a down-
ward trend. After HTJPD treatment, there were various degrees
of change in different dose groups. Among them, the diversi-
ty of HTJPD-M increased significantly, while the species rich-
ness was still lower than in the Model group (Figure 3A, 3B).

Using the Unifrac distance method, we calculated the distance
between samples and compared the differences in species di-
versity between samples and groups. The Unweighted Unifrac
distance was used to assess microbial community differences
between different samples, showing that the microbial com-
munity of the Model group was much less diverse than that
of the Control group and HTJPD groups. The Anosim method

was used in connection with the grouping information to as-
sess differences in microbial composition among the various
sample groups. The results showed that the differences in in-
testinal content flora in each group were greater than that the
intra-group differences (P<0.05) (Figure 3C).

Key phylotypes of gut microbiome were altered by HTJPD
treatment

The LDA value distribution revealed that there were obvious dif-
ferences in leading microbiota among the 4 groups (Figure 4A).
We found 6, 5, 4, and 3 dominant taxa in the Control, Model,
HTJPD-L, and HTJPD-H groups, respectively. The predominant mi-
crobiota in the Control group were Firmicutes, Lachnospiraceae,
and Coprococcus. The predominant gut microbiota in the Model
group were Spirochaetes, Spirochaetaceae, and Treponema. The
predominant gut microbiota in the HTJPD-L group were CF231,
Bacteroidetes, and Bacteroidales. The predominant gut micro-
biota in the HTJPD-M group were Clostridiaceae, Clostridium,
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and Anaerostipes. LDA scores further showed the important
microbiota in the 4 groups.

The relative abundance of the intestinal flora is present-
ed in stacked histograms, which were used to identify the
marked differences at the phylum and genus levels among
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the 4 groups (Figure 4B, 4C). At the species and phylum lev-
els, the intestinal contents were dominated by Firmicutes
(42.785%~71.481%) and Bacteroidetes (19.489~54.328%),
followed by Proteobacteria (1.100~5.413%) and Spirochaetes
(0.000~5.023%). At the genus level, the intestinal contents
of rats were dominated by Lactobacillus (5.820~26.806%)

A

f_Clostridiaceae
g_Clostridium
g_Anaerostipes
g_CF231
p_Bacteroidetes
¢_Bacteroidia
0_Bacteroidales
¢_Spirochaetes
p_Spirochaetes
f_Spirochaetaceae
g_Treponema
0_Spirochaetales

p_Firmicutes

F_Lachnospiraceae

g_Coprococcus

o_Turicibacterales

f_Turicibacteraceae

g_Turicibacter

0

W HTIPD-L
W HTIPD-M

[ Control
[ Model

S

[

3
LDA score (log10)
k_Bacteria;p_Firmicutes;

k_Bacteria;p_Bacteroidetes;

k_Bacteria;p_Unspecified_Bacteria; 1

k_Archaea;p_Euryarchaeota;

k_Bacteria;p_Spirochates;

Control Model HTJPD-L HTJPD-M

k_Bacteria;p_Cyabobacteria;

k_Bacteria;p_Proteobacteria;

k_Bacteria;p_Tenericutes;

k_Bacteria;p_TM7;

k_Bacteria;p_Verrucomicrobia;

k_Bacteria;p_Actinobacteria;

HTJPD-H

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€921745-6




LiX. etal:

Effects of Hetiao Jianpi decoction on intestinal injury... A N I MA L ST U DY

© Med Sci Monit, 2020; 26: €921745

_k_Bacteria;p_VerrU(omi(robia;(_Verrucomi(robiae;o_VerrU(omi(robiales;f_Verru(omicrobia(eae;g_Akkermansia;

k_Bacteria;p_Spirochaetes;c_Spirochaetes;o_Spirochaetales;f_Spirochaetaceae;g_Treponema;

k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Lachnospiraceae;g_Roseburia;

k_Bacteria;p_Firmicutes;c_Bacillio;o_lactobacillales;f_lactobacillaceae;g_Lactobacillus;

cCOo = = NN WwW

k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Unspecified_Clostridiales;g_Unspecified_Clostridiales;
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Lachnospiraceae;g_Unspecified_Lachnospiraceae;
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Ruminococcaceae;g_Unspecified_Ruminococcaceae;
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Ruminococcaceae;g_Ruminococcus;

k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_Prevotellaceae;g_Prevotella;

k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_S24_7;9_Unspecified_S24_7;
k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_Praprevotellaceae;g_(F234;
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f Veillonellaceae;g_Phascolarctobacterium;

k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_Bacteroidaceae;g_Bacteroides;

k_Bacteria;p_Proteobacteria;c_Deltaproteobacteria;o_Desulfovibrionales;f_Desulfovibrionaceae;g_Unspecified_Desulfovibrionance;
k_Bacteria;p_Proteobacteria;c_Deltaproteobacteria;o_Desulfovibrionales;f_Desulfovibrionaceae;g_Desulfovibrio;
k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_Praprevotellaceae;g_Prevotella;
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Ruminococcaceae;g_Oscillospira;

k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Peptosterptococcaceae;g_Unspecified_Peptostreptococcaceae;

k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Clostridiaceae;g_Clostridium;

k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Lachnospiraceae;g_Coprococcus;

Control Model HTJPD-L  HTIPD-M  HTJPD-H

D Spirochaetes Verrucomicria Actinobacteria

0.20 0.06 _ # 0.015

i
0.15- — #

0.04 _H 0.010
0.10]

0.05 ./-\ 0.005
000 - . .‘-/‘\'_‘

0.000

0.02

Relative abudance
Relative abudance
Relative abudance

~0.05 0.009

-0.10

-0.02 T T T -0.005 T T T

Treponema Akkermansia (F231

. - _ ## .
0.20 0.06 0.6 4
## —
0.154 ##

0.04- —f 04

0.10+
0.05+ ‘/I\
0.00 2 *

0.02 0.2

Relative abudance
Relative abudance
Relative abudance

0.00 0.0

~0.054
-0.10

-0.02 T T T T

T T

>N X h\g\,z\ Q\§§/\§k‘
QPN & © & & SEROEIP AN
& ¢ & EE S S

Figure 4. Key phylotypes of gut microbiome modulated by HTJPD treatment in rats with AAD (n=5). (A) Histogram of LDA value. Each
lateral column represented a species, and the length of the column corresponds to the LDA value. (B, C) Heatmap of the
most abundant OTUs classified by phylum and genus, reflecting the abundance and species clustering and sample clustering
information of different species in the sample by using a color gradient. (D) Relative abundances within Spirochaetes,
Verrucomicrobia, and Actinobacteria. Relative abundances within Treponema, CF231, and Akkermansi. # P<0.05 and ## P<0.01
compared with the Model group.
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and unspecified Clostridiales (6.566~15.702%), followed by
CF231(0.868~30.121%), unspecified 524-7 (4.418~12.906%),
and Prevotella (1.419~9.820%). The relative abundance of
Spirochaetes was 1.35% in Control group rats, 5.02% in Model
group rats, and 0.00% in rats from the HTJPD-L, HTJPD-M,
and HTJPD-H groups. Approximately 0.24% of sequences in
rats from the Control group were classified into the phylum
Verrucomicrobia, whereas only 0.01% of sequences in rats from
the Model group were so classified. After HTJPD treatment, how-
ever, 0.64%, 2.05%, and 1.08% of sequences were classified into
the HTJPD-L, HTJPD-M, HTJPD-H groups, respectively. The rela-
tive abundances of Actinobacteria were 0.16%, 0.12%, 0.44%,
0.19%, and 0.19% in the Control, Model, HTJPD-L, HTJPD-M,
and HTJPD-H groups, respectively. At the genus level, the re-
sults showed that relative abundances of CF231 (0.87%) and
Akkermansi (0.01%) were significantly decreased in the Model
group compared with those in the Control group (1.15% and
0.24%, respectively). Moreover, HTJPD treatment significant-
ly increased the abundances of CF231 (30.12%, 7.00%, and
17.23%) and Akkermansi (0.64%, 2.05%, 1.08%). In the Model
group, there was an increase in Treponema (5.02%) compared
with rats from the Control group. After HTJPD treatment, the
abundances of Treponema decreased (0.00%). Taken collec-
tively, these data reveal that the gut microbiota was altered
by antibiotic treatment, and HTJPD reversed the adverse ef-
fects in AAD rats at the phylum and genus levels (Figure 4D).

Discussion

The pathogenesis of AAD is complicated, often involving dis-
ordered intestinal flora, antibiotics interfering with carbohy-
drates and bile acid metabolism, and the direct effects of anti-
biotics [22]. Studies [23,24] have shown that many long-term
applications of antibacterial drugs can cause intestinal flora
imbalance and damage intestinal mucosal structure via toxic
adverse the effects of drugs, as well as reducing the intesti-
nal mucosa barrier function, leading to intestinal dysfunction
and causing AAD. DAO is one of the marker enzymes widely
present in mammalian intestinal mucosal epithelial villus cells,
and DAO levels can objectively reflect the degree of intestinal
mucosal damage [25,26]. D-lactic acid is a unique metabolic
end-product of intestinal bacteria, and its levels can reflect the
degree of intestinal mucosal damage and permeability chang-
es [27,28]. Some scholars [29] found that the serum DAO lev-
els of patients with spleen and stomach deficiency syndrome
were significantly associated with diarrhea. In the present
study, the levels of DAO (P<0.05) and D-lactic acid (P>0.05)
in the Model group were significantly increased, suggesting
that AAD rats had various degrees of intestinal mucosal struc-
ture damage during the modeling process, and their barrier
permeability changed. As the main component and antibody
of the mucosal immune system, SIgA can reflect the mucosal
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immunity of the body [30]. Yang [31] found that, after gavag-
ing with rifampicin and rhubarb, rats with damaged duode-
nal mucosal cells had decreased levels of intestinal mucosal
SIgA. We found that the level of SIgA in intestinal mucosa of
AAD rats was significantly decreased (P<0.01), suggesting that
the intestinal mucosal immune function of AAD rats was dis-
ordered. The intestinal tracts of mammals contain many spe-
cies of microorganisms that have an important influence on
maintaining the homeostasis of the intestinal environment
and host health. The diversity and richness of the human in-
testinal microbiota are influenced by many factors, including
drugs (antibiotics), diet, and environmental factors [32-34].
Studies [35,36] have found that, after antibiotic treatment,
the diversity of intestinal flora was significantly decreased, and
many clinical complications occurred in patients. AAD is one of
the main complications in the course of treatment, and its oc-
currence and development are closely related to intestinal mi-
croflora disorders and changes in intestinal structure [37-39].
In the present study, high-throughput sequencing of the 16S
rRNA gene was used to detect changes in diversity of the in-
testinal microbiota in rats. The Simpson index and Shannon
index indicated that the biological diversity of colon microflo-
ra in AAD rats was significantly decreased. The structure and
abundance of the intestinal flora were more different among
the groups than among the samples in each group (P<0.05).
In summary, the results showed that overuse of antibiotics de-
creased the diversity of intestinal flora. Consistent with the
results of Bezirtzogloue [40], Quwei [41], and Kaili [42], we
found that the development of AAD was accompanied by dis-
ordered intestinal flora. We also found that repairing mucosal
damage and regulating intestinal flora balance were particu-
larly important for the treatment of AAD.

Traditional Chinese medicine classifies AAD into the category
of “diarrhea”. Excessive and long-term use of antibiotics can
easily deplete the gi of the spleen and stomach, causing spleen
disease and endogenous dampness, leading to diarrhea [43].
Combined with the experimental results, it was found that the
muscle layer and mucosal edema of the colon tissue were ob-
viously improved, and the intestinal mucosal integrity was re-
stored after treating with HTJPD. The levels of DAO and D-lactic
acid in the plasma of rats were decreased, and the expression
level of SIgA in the intestinal mucosa was increased, especial-
ly in the HTJPD-M group. After treatment with HTJPD, the phy-
lum abundance of Verrucomicrobia and Actinobacteria was
increased compared to rats in the Model group, but the phy-
lum abundance of Spirochaetes decreased. HTJPD increased
the genus abundance of CF231 and Akkermansia, but de-
creased the abundance of Treponema compared to rats from
the Model group. Among these, Verrucomicrobia and some
members of the genus Actinobacteria have recently been pro-
posed as indicators of a healthy gut because of its immunos-
timulant properties and the ability to improve intestinal barrier
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function [44-46]. Akkermansia is the sole intestinal represen-
tative of the Verrucomicrobia in human stools [47]; it is closely
related to host intestinal barrier function, nutrient metabolism,
immunity, and disease. Akkermansia can specifically degrade
mucins and oligosaccharides, producing short-chain fatty ac-
ids and propionic acids, respectively, which provides energy
for the host and promotes colonization [48]. Spirochaetes plays
an important role in some intestinal diseases [49, 50], and it
was reported [51] that intestinal spirochetes appear to play a
pro-inflammatory role in the etiopathogenesis of colorectal in-
flammation, showing an interaction with and effect on colonic
mucosal immunity. Treponema belongs to the diverse bacte-
rial phylum Spirochaetes, the members of which are distant-
ly related to other bacteria, both Gram-negative and Gram-
positive types [52]. Treponema had diacylglycerol-containing
glycolipids that resemble lipoteichoic acids of Gram-positive
bacteria, which play a role in interaction with animal host re-
ceptors [53]. Our data revealed that HTJPD not only promot-
ed the production of probiotics, but also regulated the abun-
dance of gut flora and restored the balance of flora. This was
consistent with previous studies [54,55] that suggested that
traditional Chinese medicine and intestinal microecosystem
balance can make important contributions in the treatment
of this disease.
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Conclusions

With the widespread overuse of antibiotics in recent years,
the incidence of AAD is increasing. When the antibiotics are
stopped, the symptoms will be relieved to varying degrees. The
patients may be mistakenly perceived to be “healing”, but the
hidden intestinal damage persists. The symptoms are subtile
and slow to appear, so they are easily missed. Once AAD oc-
curs, the intestinal injury is difficult to reverse and quick recov-
ery is unlikely. Although modern medical treatments and drugs
have certain effects, patients often have long-term adverse ef-
fects, and the disease is only partially resolved. Therefore, we
performed the present study based on the concept that the
intestinal flora diversity is essential in AAD, using the theo-
ry of traditional Chinese medicine treatment as a guide to re-
store the balance of intestinal flora, in order to treat or prevent
long-term intestinal damage. Our results may provide a theo-
retical basis for use of traditional Chinese medicine in multi-
targeted treatment of AAD, and provide new ideas for clinical
treatment of the disease.
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