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Abstract

Objective: To study the distribution of fecal microbiota in diarrhea-
predominant irritable bowel syndrome (IBS-D) patients of spleen-kidney-yang
deficiency and liver depression and spleen deficiency, to make an objective
foundation for dialectics of different type of IBS-D. And to provide the clinical
doctors an experimental basis for medication by regulating dysbacteriosis.
Methods: We collected feces from the control group, spleen-kidney-yang
deficiency IBS-D group, and liver-depression and spleen-deficiency IBS-D
group. After the extraction of fecal DNA, global DNA was isolated from every
sample, and 16S ribosomal RNA was sequenced, and then we analyzed the
results for bacteria such as Alpha diversity, community composition, LEfSe,
and partial least squares discriminant analysis.

Results: We compared the changes among the fecal bacteria in the intestine of the
IBS-D patients and healthy controls and found the specificity of spleen-kidney-yang
deficiency syndrome and liver-depression and spleen-deficiency syndrome. The
control group has the highest flora diversity (control group > liver-depression and
spleen-deficiency > spleen-kidney-yang deficiency group). The control group,
spleen-kidney-yang deficiency group, and liver-depression and spleen-deficiency
group are different in phylum (Actinobacteria, Fusobacteria), class (Actinobacteria,
Bifidobacteriales,
and family (Bifidobacteriaceae, Ruminococcaceae, Enterobacteriaceae, Acid-

Fusobacteria), order (Enterobacteriales, Fusobacteriales),

aminococcaceae, Veillonellaceae, Fusobacteriaceae). Bifidobacteriaceae and
Ruminococcaceae in the control group, Enterobacteriales, Fusobacteriales, Acid-

aminococcaceae, and Phascolarctobacterium in the spleen-kidney-yang deficiency

Abbreviations: B/E, the ratio of Bifidobacterium to Enterobacter; IBS, irritable bowel syndrome; IBS-C, IBS with constipation; IBS-D, IBS with

diarrhea; IBS-M, IBS with mixed bowel habits or cyclic pattern; IBS-U, unsubtyped IBS; PLS-DA, partial least squares discriminant analysis; TCM,
traditional Chinese medicine.

This paper reported that there is a correlation between traditional Chinese medicine (TCM) syndrome type and the intestinal flora in irritable bowel
syndrome (IBS). Different TCM syndrome types of IBS have different bacteria. Therefore, different medications could be chosen according to the
different TCM syndrome type. This is a new concept to deal with the symptoms of IBS with different TCM syndrome types.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
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1 | BACKGROUND

Irritable bowel syndrome (IBS) is one of the most com-
mon disorders among gastrointestinal disorders with an
incidence of 10%-20%." Worldwide, about 5%-20% of the
population is affected by the disease,” while the in-
cidence of IBS in China is about 7.26%-11.5%.” The main
clinical characteristics of IBS are abdominal distention,
bowel habit change, and abnormal mass, accompanied
by abdominal pain, symptoms persisting, or intermittent
attacks,” which often lack evidence to explain the
symptoms by auxiliary examination.” Nowadays the pa-
thogenesis of IBS is mainly associated with
nerve-endocrine-immune dysfunction, abnormal gas-
trointestinal dynamics, intestinal disorders, and so on.%®
IBS can be classified into four types: IBS with diarrhea
(IBS-D), IBS with constipation (IBS-C), IBS with mixed
bowel habits, or cyclic pattern (IBS-M), and un-
subtyped IBS (IBS-U) according to the stool traits.” The
repeated episodes of prolonged diarrhea reduce the life
quality of patients, affect daily work life, and increase the
financial burden of continuous medical treatment.’

However, a lot of medicines provide no effective therapy
for IBS,"" while traditional Chinese medicine (TCM) has
shown a more significant effect in clinical practice. IBS-D
belongs to the category of TCM "diarrhea.” There was a re-
search study'”'* comparing western medicine and placebo
with TCM, the curative effect of Tongxieyaofang in diarrhea
type of IBS showed quick action, lasting effect, stronger
ability to relieve symptoms. In addition, some studies
showed the effect of TCM for IBS-D by different syn-
dromes'>'® and the result showed that the experimental
group treated by TCM had better improvement.

In recent years, it is believed that the imbalance of in-
testinal flora is one of the main causes of the occurrence of
IBS-D."” Studies have shown that enterobacterium in-
creased, and bifidobacteria and lactobacillus decreased in
IBS-D."* In addition, endotoxin lipid polysaccharide also
has a certain effect on intestinal motility.'” Related research

have specific bacteria.
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group, and streptococcus are the specific bacteria in the liver-depression and spleen-
deficiency group. Intestinal flora disturbance is closely related to IBS-D.

Conclusions: There is a correlation between traditional Chinese medi-
cine syndrome type and intestinal flora. The control group, the spleen-kidney-
yang deficiency group, and the liver-depression and spleen-deficiency group

diarrhea-predominant irritable bowel syndrome, intestinal flora, liver-depression and
spleen-deficiency, spleen-kidney-yang deficiency

has confirmed that the number of bifidobacterium and
lactobacillus have a significant increase in rats with in-
testinal dysfunction gavaged by Sijunzi tang.”’ Therefore,
the relationship between TCM and intestinal flora cannot
be ignored. This experiment combined the TCM differ-
entiation of IBS-D and intestinal flora together and looked
for biological links between them so as to provide a new
reference standard and thinking method for the treatment
system of TCM.

2 | MATERIALS AND METHODS

21 | Study design

This study applies a prospective cohort control study
method, and, according to TCM criteria, IBS-D patients
are divided into the liver-depression and spleen-
deficiency group and spleen-kidney-yang deficiency
group. The Minimum Standards of Reporting Checklist
contains details of the experimental design, and statistics,
and resources used in this study.

2.2 | Participants and setting

All cases and specimens were collected in the gastro-
enterology department of the first hospital affiliated
hospital of Zhejiang Chinese Medical University
from April 2016 to September 2016.

2.3 | Diagnostic criteria
All cases were at the ages of 18-60 years and accorded to
Rome IV.

The classification and grouping were carried out ac-
cording to the consensus on IBS by Chinese Medicine
(Branch of Gastrointestinal Diseases, China Association
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of Chinese Medicine). The identification of syndromes
must be present with the main symptoms and two or
more accompanying symptoms.

24 | Groups' division
Control group (Group C): n=10.

Spleen-kidney-yang deficiency group (Group S
(PSYX)): n=10.

Liver-depression and spleen-deficiency group (Group
L (GYPX)): n=10.

2.5 | Sample collection and processing
The stool collected in the ventilation area was quickly se-
parated into the sterile frozen storage tube, about 1-2 g/tube,
and the frozen storage tube was placed in liquid nitrogen for
4h, and the reserve then placed at —80°C.

2.6 | Extraction and preservation of
DNA samples

The specific steps were done according to the instruc-
tions of the kit. The 200 mg stool samples were put into
a 2ml centrifuge tube. We put the centrifuge tube into a
new 2 ml collection tube and added 750 ul DNA elution
buffer. The concentration of genomic nucleic acid was
determined by testing 1 ul extracted fecal DNA.

2.7 | DNA samples test

We centrifuged the samples to fully blend, then took 2 ul
samples to test. We observed the strip condition after
conducting electrophoresis in a 2% agarose gel under 5 V/cm
for 30 min.

2.8 | Polymerase chain reaction (PCR)
amplification

PCR followed the basic principles in that the low cycle
number amplification was adopted and the circulation
number of the single sample amplification was consistent.

2.9 | Fluorescence quantitation

According to the results of the electropherogram of the
preliminary sample quantitative determination, the PCR

617
e~ W1 LEy—%

Open Access,

products were quantitatively tested by microfluorometer
(type TBS380), and mixed in the corresponding propor-
tion, respectively, according to the requirement of se-
quencing of each sample.

2.10 | Construction and sequencing of
MiSeq library

The viscosity of the 3’ end was recovered by cutting
“fluorescent groups” and “termination groups.” The
collected fluorescent signals were collected at the end of
each round and the sequence of template DNA fragments
was obtained by statistics.

2.11 | Bioinformatics analysis
2.11.1 | The statistics of the original
sample

In accordance with the sequence of the index in the
difference between the data information of each sam-
ple, the acquired data was preserved in the form of
FASTQ. Each sample of Mate Pair or Paired-End data
had two files (fp1 and fq2) with reads at the ends of the
sequencing, and the sequence corresponded to the orders
one by one.

2.11.2 | Majorizing sequence

Rogue the data of double-end sequence data of sequen-
cing by MiSeq though FLASH and Trimmomatic soft-
ware. The allowed mismatch number of barcodes was 0,
and the maximum mismatch number of primers was 2.

2.11.3 | OUT clustering

According to the 97% similarity, the OTU clustering was
performed on the non-repetitive sequence (without the
single sequence) and the chimera was eliminated in the
clustering process to obtain the representative sequence
of OTU. Subsequently, the optimal sequence similar to
the representative sequence in 97% was selected.

2114 | Taxonomic analysis

RDP Classifier was performed to analyze the operational
taxonomic unit (OTU) representative sequence of 97%
similarity level on the QIIME platform. The results were
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compared with the SILVA database, and the community
composition of each sample was calculated at the eight
levels of domain, kingdom, phylum, class, order, family,
genus, and species.

2.11.5 | Rarefaction curve

The majorizing sequence was randomly selected in the
sequence of OTU or other taxonomic at the level of 97%
similarity. The selected sequence number and the cor-
responding OTU number were used to construct the
rarefaction curve. Diagrams were made by the R lan-
guage tool.

2.11.6 | Alpha diversity analysis
The index of OTU in the sample was estimated by using
the Chaol algorithm in Mothur software.

211.7 | Community histogram

According to the results of taxonomic analysis, the
composition of community structure at different classi-
fication levels was obtained.

2.11.8 | Partial least squares
discriminant analysis (PLS-DA)

The partial least square method was used to analyze the
projection of OTU data structure. Diagrams were made
by the R language tool.

2119 |
effect size

Linear discriminant analysis

LEfSe analysis software was used to identify the char-
acteristics of different abundances and the associated
category and evaluate whether these differences were

TABLE 1 General information
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consistent with the expected biological behavior in dif-
ferent groups divided by taxonomy.

2.12 | Statistical analysis

The data was represented by average + standard devia-
tion (X + s). We used statistical software such as SPSS
22.0, Usearch, Mothur, Metastat software to calculate the
balance and difference in the flora data. The difference
between groups was analyzed by the rank-sum test. The
difference was statistically significant at p < .05.

3 | RESULT

3.1 | General information

There were 18 males and 12 females, aged
27-60years, with an average age of 38years

(38.03 +10.28; Table 1).

3.2 | DNA test

A total of 30 samples were sequenced in this study. The
result showed standard concentration, high purity (Table 2),
and integrality (Figure 1).

3.3 | Identification of PCR amplification
The PCR amplification product strips of 16S ribosomal
RNA were basically clear, which met the test require-
ments of the Illumina MiSeq sequencing platform as
expected (Figure 1).

3.4 | Taxonomic analysis

We received 1153534 of optimization sequence (Table 3)

that was based on the general principles of phylogenetics
and population genetics.

Diarrheal IBS group

Control Spleen-kidney-yang Liver-depression and
group deficiency group spleen-deficiency group
Cases 10 10 10
Sex ratio (F/M) 6/4 7/3 5/5
Age (years) 35.6 +8.20 42.00 +11.22 37.80+9.65
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TABLE 2 DNA test

Concentration oD Concentration oD
Samples (ng/ul) 260/280 Sample (ng/ul) 260/280
C1 44.4 1.65 P6 48.3 1.85
C2 76.1 1.95 P7 7.1 1.46
C3 94.0 1.80 P8 12.0 1.75
C4 86.7 1.89 P9 33.7 1.91
C5 13.5 1.74 P10 98.7 1.89
Cé6 56.4 1.81 Gl 48.5 1.94
C7 55.8 1.95 G2 114.2 1.77
C8 66.9 1.80 G3 130.9 1.73
Cc9 159.0 1.94 G4 9.3 2.14
C10 10.7 1.18 G5 59.7 1.78
P1 13.5 1.70 G6 282.2 1.91
P2 40.6 1.68 G7 32.2 1.83
P3 12.9 1.83 G8 18.7 1.73
P4 142.4 1.92 G9 90.8 1.97
P5 11.7 1.76 G10 56.5 1.93

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24.25 26 27 28 29 30

FIGURE 1 A, DNA electrophoresis and (B) identification of PCR amplification. PCR, polymerase chain reaction
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TABLE 3 Effect sequence number in each sample
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Shortest Longest
Average sequence sequence
Samples Sequences Bases sequence length length length
C1 34225 15125396 441.939985391 418 513
C2 44250 19312551 436.441830508 358 452
C3 33965 14823742 436.441689975 391 495
C4 36272 15957067 439.927960962 396 459
C5 35588 15583375 437.882853771 305 452
C6 43489 18924058 435.145852974 407 452
Cc7 32533 14160779 435.274306089 417 452
C8 33932 14798189 436.113079099 282 499
C9 43106 18901684 438.493110008 324 495
C10 37062 16207455 437.306540392 418 451
P1 32407 14262715 440.112167124 358 454
P2 43921 19143992 435.873318003 385 451
P3 39923 17179483 430.315432207 301 486
P4 42319 18557457 438.513599093 358 474
P5 32034 13930344 434.861209964 412 452
P6 43246 19077058 441.128844286 358 452
pP7 36109 15818667 438.081004736 335 471
P8 33658 14893230 442.487075881 358 453
P9 36103 16082240 445.454394372 422 474
P10 39557 17361667 438.902520414 2901 452
G1 40032 17569830 438.894634293 319 524
G2 36956 16125332 436.338673017 400 452
G3 40432 17610801 435.565913138 407 512
G4 37130 16307897 439.210799892 419 477
G5 42286 18738104 443.127843731 358 451
G6 32323 14041815 434.421773969 418 452
G7 44566 19581067 439.372324193 385 452
G8 44421 19564525 440.434141510 420 467
G9 40111 17807265 443.949664681 343 452
G10 41578 18270802 439.434364327 396 460

3.5 | Sequencing depth and the analysis
of sample size

The number of OTU clustering was 413, including 312
species, 164 genera, 56 family, 31 order, 18 class, 11
phyla, 1 kingdom, and 1 domain. In this study, all sample
sequences were divided by OTU classification under the
conditions of 97% similarity. The study could be carried

out with reasonable sample collection and high species
richness (Figure 2). The curvature of the Shannon curve
flattening with the increase of sequencing depth
(Figure 2) could reflect the vast majority of microbial
information in the intestinal tract. Compared to the si-
milar uniformity in the two experimental groups, a
milder curve in the control group showed a more uni-
form distribution of bacteria (Figure 2).
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3.6 | Diversity analysis

The Chao index of OTU level of group C and group L and
group S was decreasing which meant the biological
coverage as well as the bacterial diversity of the groups
was decreasing (Figure 3). Wilcoxon's test showed the
bacterial diversity of stool samples of group C was the
richest while group S was the poorest. The difference
between group C and group S was significant (p <.01);
the difference between group C and group L was statis-
tically significant (p < .05; Figure 3).

3.7 | Multilevel analysis of species
composition and group differences

According to the histogram of phylum (Figures 3 and 4),
we found that Actinobacteria accounted for 1.9% and
1.7% of the total amount of bacteria, respectively, in
group S and group L, which was lower than that of group
C accounting for 3.6% (p <.05). Fusobacteria (2.4%) in
group S was higher than group C (0.05%) and group L
(0.01%; p < .01). Enterobacteriales (7.1% and 5.8%) of the
total amount of bacteria, respectively, in group S and

(A) (B)
3
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o o
T ] T T T T T T T T T T
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©
°
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FIGURE 2 A, The rarefaction curves of the control group and the experimental groups. B, The Shannon curves of the control group and
the experimental groups. C, Rank-abundance curves of the control group and the experimental groups
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FIGURE 3 A, The Chao index of the control group and the experimental groups. B, Wilcoxon's test of Chao index of the control group
and the experimental groups. C, Histogram of the phylum of the control group and the experimental groups. OTU, operational

taxonomic unit

group L, was higher than that of group C (2.0%; p < .05).
Bifidobacteriales (0.3% and 1.0%) in group S and group L
was lower than that of group C (2.8%; p <.05). Lactoba-
cillae (1.5%) in group L was higher than group C (0.6%)
and group S (0.6%; p <.05). Fusobacteriales (2.4%) in
group S was higher than group C (0.05%) and group L
(0.01%; p<.01). The difference of the Bacteroidales,
Clostridiales, Selenomonadales, Burkholderiales, Cor-
iobacteriales, and Erysipelotrichales in the control group
and experimental groups showed no statistical sig-
nificance (p > .05; Figure 4).

Ruminococcaceae (7.1% and 9.9%) in group S and group
L was lower than group C (18.1%; p < .05). Veillonellaceae
(12.8% and 2.4%) in group S and group L was lower than
group C (14.2%; p < .05). Enterobacteriaceae (7.1% and 5.8%)
in group S and group L was higher than group C
(2.0%; p<.05). Acidaminococcaceae (5.9% and 2.8%) in
group S and group L was higher than group C
(0.6%; p < .05). Bifidobacteriaceae (0.3% and 1.0%) in group S
and group L was lower than group C (2.8%; p<.05).

Fusobacteriaceae (2.4%) was higher than group C
(0.05%) and group L (0.01%; p < .01). The difference of the
Bacteroidales, Lachnospiraceae, Prevotellaceae, Porphyr-
omonadaceae, Rikenellaceae, Peptostreptococcaceae, Alcali-
genaceae, Coriobacteriaceae, Erysipelotrichaceae, and
Streptococcaceae in the control group and experimental
groups showed no statistical significance (p > .05; Figure 4).

3.8 | Discriminant analysis of multilevel
species difference

It was found that the Actinobacteria in group C and
Fusobacteria in group S had specificity on the phylum
level and class level. Besides this, there was a specificity
of Bifidobacteriales in group C; and of Fusobacteriales
and Enterobacteriales in group S on the order level; and
on Ruminococcaceae and Bifidobacteriaceae in group C;
and on Acidaminococcaceae, Enterobacteriaceae, and
Fusobacteriaceae in group S on the family level; and on
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FIGURE 4 A, Wilcoxon's test of the phylum of the control group and the experimental groups. B, Histogram of the order of the control

group and the experimental groups. C, Wilcoxon's test of the order of the control group and the experimental groups. D, Histogram of the

family of the control group and the experimental groups. E, Wilcoxon's test of the family of the control group and the experimental groups

Dialister, Ruminococcaceae, Subdoligranulum, Marvin-
bryantia, Coprococcus, Bifidobacterium, Gordonibacter,
Barnesiella, Adlercreutzia, Desulfovibrio, and Oscilli-
bacter in group C; and on Fusobacterium, Klebsiella, and
Phascolarctobacterium in group S; and on Streptococcus
in group L on the genus level (Figure 5).

3.9 | PLS-DA

PLS-DA is used to deal with the classification and dis-
crimination that could effectively distinguish between
intergroup observations. We could find that the differ-
ence between groups was greater than those within
groups. The calculation method of the projection showed
that the distribution of the three groups was relatively
concentrated, and there was an interval between the
groups while the difference between the three groups
were obvious (Figure 5).

4 | DISCUSSION

IBS is one of the most common gastrointestinal dis-
orders.”’ The surface has mainly Escherichia coli and
Enterococcus, and the middle layer mainly bacillus,

which is mainly Bifidobacterium and Lactobacillus.””
Some studies have found that there is a significant de-
crease in intestinal colonization resistance (the ratio of
Bifidobacterium to Enterobacter [B/E]) in the feces of
patients with IBS-D, which refers to the increase of en-
terobacter, the decrease of bifidobacteria and lactoba-
cillus,'® the increase of the Firmicutes to Bacteroidetes
ratio (FBR),”” and the significant decreasing quantity of
aerobic bacteria in the distal colonic mucosa.”

At present, the most common treatment method for
patients with IBS-D is probiotics. Sinn et al.”” found that
after 4 weeks of treatment with acidophilus, the clinical
symptoms including abdominal pain and abdominal
discomfort were significantly improved. However,
Simren et al.”® showed that the improvement of clinical
symptoms has no significant curative effect after taking
a complex probiotic preparation. Rousseaux et al.”’ put
forward the inference that probiotics were involved in
regulating intestinal sensitivity that lactobacillus acid-
ophilus could induce the expression of opioid receptors
and cannabinoid receptors on intestinal mucosa epithe-
lial cells. The mainstream medical treatment of IBS for
probiotics can be summarized as follows””: probiotics
could restrict the growth of pathogenic bacteria; probio-
tics could closely combine with intestinal mucosa to form
a biological protective barrier to protect against the
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invasion and destruction of pathogenic bacteria; probio-
tics can inhibit the proliferation of pathogenic bacteria.

TCM has a unique set of syndrome differentiation
systems for treating diarrhea IBS. Some scholars™ poin-
ted out that IBS-D could be caused by the liver, spleen,
and kidney. A research study’’ established the database
syndromes of IBS-D from 1989 to 2012, while the
spleen-kidney-yang deficiency and liver-depression and
spleen-deficiency were the most common syndromes.

The current study found that there is a close interaction
and influence between Chinese herbal medicine and in-
testinal flora so that Chinese herbal medicine has a good
therapeutic effect on IBS-D.”' Some studies’** have con-
firmed that Ginkgo biloba compounds have a good bacter-
iostatic effect on common pathogenic bacteria such as E. coli
in vitro. In addition, chicory fructose could increase the
number of lactobacillus and Bifidobacterium, and chicory
oligosaccharides could reduce the number of Salmonella and
E. coli while the mechanism may be that the normal flora
could be fermented by chicory fructose and oligosacchar-
ides.”"”” In this study, the dilutive curves generated by
OUT™® tend to be flat, which reflects that the number of
30 samples in the experiment is reasonable to basically re-
present fecal bacteria in IBS-D patients. Furthermore, the
wide and gentle rank-abundance curve indicates the high
diversity and the uniform distribution of the species, which
also reflects the reliability of the experiment.

41 | Comparison of microbial diversity
Most studies on the relationship between IBS and intestinal
microecology indicate that IBS has a decrease in intestinal
flora diversity.” In this experiment, we found that the di-
versity of fecal flora in IBS-D group significantly reduce,
which matches up with other studies.”’ Besides this, the
diversity of fecal flora was of the order: control group > liver-
depression and spleen-deficiency group > spleen-kidney-
yang deficiency group. The diversity and richness of the
microflora guarantee the stability of the microecosystem,
ensure the intestinal resistance to bacteria, and also ensure
the immune function of the intestinal tract which is reduced
in the IBS-D group. So, the brain—-gut axis has more influ-
ence on the symptoms of the abdomen in the course of IBS,
which makes for the difference between spleen-kidney-yang
deficiency and liver-depression and spleen-deficiency.

4.2 | Characteristics of bacterial flora in
IBS and healthy population

Compared with the control group, the most dominant
bacteria in the IBS group are Firmicutes, Bacteroides,

and Proteobacteria, which are consistent with most of the
experimental results.”’ Studies”™ indicated that the two
groups of bacteria play an important role in the process
of human metabolism: Bacteroidetes carbohydrate me-
tabolic processes are involved in the human body, the
thick wall door is involved in the human body energy
absorption process, when there is dysbacteriosis, the
thick wall increases with the bacteroidetes bacteria door
reduction can increase the incidence of obesity. In this
experiment, we found that the number of Firmicutes was
of the order: control group > spleen-kidney-yang defi-
ciency group > liver-depression and spleen-deficiency
group, while the amount of Bacteroidetes had a sig-
nificant increase in liver-depression and spleen-
deficiency group. Compared with the liver-depression
and spleen-deficiency group, B/E in the spleen-kidney-
yang deficiency group was lower, and the value of IBS
groups was lower than 1 which was consistent with
foreign research studies.”’ The B/E value is the ratio of
Bifidobacterium to Enterobacterium regarded as the co-
lonization resistance proposed in 1971 by professor Van
der Waaij, which is the ability of the mechanism whereby
the intestinal microbiota protects itself against incursion
by new and often harmful microorganisms."* If the value
of B/E is greater than 1, the intestinal implant resistance
is normal, otherwise, it indicates a decrease of coloniza-
tion resistance.”” The normal flora of the intestinal tract
inhibits the reproduction of foreign bacteria.”® Some re-
ports showed that the general trend in IBS patients of
intestinal flora in China was a decline in lactobacillus
and bifidobacterium, an ascent in enterobacterium, and
no significant difference in bacteroides and coccobacillus
while the trend of IBS in the rest of the world showed the
decrease of bifidobacterium, and the increase of bacter-
oides and no significant change of lactobacillus and en-
terobacter.”” We found that this study was similar to
those in both domestic and foreign countries with de-
crease of bifidobacterium, increase of enterobacter.

4.3 | Comparison of bacterial
characteristics

Bifidobacterium is one of the most familiar probiotics,
which has the function of maintaining the normal bac-
teria flora balance of the intestinal tract, preventing
constipation, diarrhea, and gastrointestinal dysfunction
and has been widely used. Ait-Belgnaoui et al.*® found
that Bifidobacterium longum and Lactobacillus helveticus
synergistically suppress stress-related visceral hy-
persensitivity through hypothalamic-pituitary-adrenal
axis modulation. Gu et al.*’ pointed out that B. longum
might reduce IL-18 and IL-1f3 expressions by inhibiting
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NLRP3 inflammasome to reduce the visceral hy-
persensitivity of PI-IBS. In this study, the bifidobacteria
in the control group accounted for 2.8%, which was sig-
nificantly higher than that of spleen-kidney-yang defi-
ciency group and liver-depression and spleen-deficiency
group; furthermore, the Bifidobacterium ratio of liver-
depression and spleen-deficiency group is higher than
spleen-kidney-yang deficiency group. In the theory of
TCM, the pathogenesis of spleen-kidney-yang deficiency
is longer, and the long period of microecological en-
vironment disorder makes the number of bifidobacter-
ia rare.

Recently, several researchers”™ have reported that the
level of Fusobacterium is significantly elevated in human
colorectal adenomas and carcinomas compared to that in
adjacent normal tissue. The metabolites of fusobacterium
contain butyric acid, which could promote visceral hy-
persensitivity via enteric glial cell-derived nerve growth
factor in an IBS-like model.”"”* It was found that com-
pared with the normal group, the enterobacter of IBS
patients increased significantly and the intestinal colo-
nization resistance was significantly reduced.” In addi-
tion to the above three kinds of bacteria, there is a
significant difference in Ruminococcaceae, Acid-
aminococcaceae, and Veillonellaceae. Tana et al.”* found
that the quality of Ruminococcaceae and lactobacillus
and the level of acetic acid, propionic acid, and total
organic acids in IBS patients was significantly increased,
which showed the abnormal presence of fecal bacteria
and organic acids in IBS patients. Therefore, it is specu-
lated that the above-mentioned bacteria which are
caused by excessive intestinal gas production, the de-
struction of intestinal osmotic pressure, and intestinal
immune function results in the occurrence and devel-
opment of IBS.

In the course of the study, we found that Bifido-
bacterium, Fusobacterium, Enterobacterium, and Strep-
tococcus were strongly specific to each group. It was
proved that bifidobacterium has a good curative effect in
IBS patients with long-term clinical practice, and has
been widely used in the clinic to improve the symptoms
of IBS patients such as reducing the frequency of
bowel movements and improving the fecal character. The
level of Fusobacterium and Enterobacterium in
spleen-kidney-yang deficiency was significantly in-
creased. Streptococcus was a suppurative strain which
was more specific in liver-depression and spleen-
deficiency. The bacteria may produce inflammatory fac-
tors to stimulate the intestinal mucosa and increase in-
testinal sensitivity. The above four bacteria may become
iconic microflora because of their strong specificity.
However, the mechanism still needs further research and
exploration in the later stage.
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5 | CONCLUSION

It was confirmed by the bacterial level that the disorder
of intestinal flora is one of the important mechanisms of
IBS-D. There is a correlation between intestinal flora and
TCM syndromes in that the spleen-kidney-yang defi-
ciency and liver-depression and spleen-deficiency have
their specific bacterial flora.

ACKNOWLEDGMENTS

Funding from Zhejiang Provincial Natural Science
Foundation of China under Grant No. LY18H030001; the
Medicine and Health Science and Technology Plan Pro-
jects in Zhejiang province (2017KY413); Traditional
Chinese Medicine Science and Technology Plan of Zhe-
jiang Province (2017ZA089, 2016ZB071, 2015ZZ012,
2014ZA030); the National Natural Science Foundation of
China (81573760); the Medical Health Platform Plan
Projects of Zhejiang Province (2015RCA020); the Zhe-
jiang Provincial Natural Science Foundation of China
(LY16H030010).

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS
Guanqun Chao wrote the article and Shuo Zhang pro-
vided guidance.

DATA AVAILABILITY STATEMENT

The datasets used and/or analyzed during the current
study are available from the corresponding author on
reasonable request.

ETHICS STATEMENT
The study has been approved by the ethics committee of
Zhejiang Chinese Medical University.

ORCID

Guanqun Chao © https://orcid.org/0000-0002-0166-7865

REFERENCES

1. Basseri RJ, Weitsman S, Barlow GM, Pimentel M. Antibiotics
for the treatment of irritable bowel syndrome. Gastroenterol
Hepatol. 2011;7:455-493.

2. Krogsgaard LR, Engsbro AL, Bytzer P. The epidemiology of
irritable bowel syndrome in Denmark. A population-based
survey in adults <50 years of age. Scand J Gastroenterol. 2013;
48(5):523-529.

3. LiCY, Li SC. Treatment of irritable bowel syndrome in China:
a review. World J Gastroenterol. 2015;21(8):2315-2322.

4. China Society of Digestive Diseases in Chinese Medicine. Con-
sensus on irritable bowel syndrome by integrative medicine.
Chin J Integr Tradit Western Med. 2011;05:587-590 (in Chinese).


https://orcid.org/0000-0002-0166-7865

CHAO anp ZHANG

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Immunity, Inflammation and Disease

627
W1 LEy—%

Open Access,

Lacy BE, Moreau JC. Diarrhea-predominant irritable bowel
syndrome: diagnosis, etiology, and new treatment considera-
tions. J Am Assoc Nurse Pract. 2016;28(7):393-404.

Lee YJ, Park KS. Irritable bowel syndrome: emerging para-
digm in pathophysiology. World J Gastroenterol. 2014;20:
2456-2469.

Sheptulin AA, Vize-Khripunova MA. News in etiology and
pathogenesis of irritable bowel syndrome. Klin Med. 2016;
94(2):92-96.

Kridler J, Kamat D. Irritable bowel syndrome: a review for
general pediatricians. Pediatr Ann. 2016;45(1):e30-e33.
Scalera A, Loguercio C. Focus on irritable bowel syndrome.
Eur Rev Med Pharmacol Sci. 2012;16(9):1155-1171.

Bohn L, Tornblom H, Simrén M. Self-reported food-related
gastrointestinal symptoms in IBS are common and associated
with more severe symptoms and reduced quality of life. Am
J Gastroenterol. 2013;108(5):634-641.

Huang X, Lv B. Diagnosis and treatment of irritable bowel
syndrome: advances and challenges. World Chin J Digestol.
2010;18(21):2234-2239.

Shi J, Tong Y, Shen J-G, Li H-X. Effectiveness and safety of herbal
medicines in the treatment of irritable bowel syndrome: a sys-
tematic review. World J Gastroenterol. 2008;14:454-462.

Shi Q, Wang CW, Fan K. Meta-analysis of the effectiveness of
Tong Xie Yao Fang in treating irritable bowel syndrome.
World Chin J Digestol. 2007;15:1934-1939.

Su, GB, Liu, WH, et al. Systematic review of randomized
controlled trials of Tongxie Yaofang and its modified pre-
scriptions for the treatment of irritable bowel syndrome.
J Guangzhou Univ Tradit Chin Med. 2009;26:113-119.

Kou Y, Zhao Q, Weng XL, Yang B. Clinical observation on
TCM triple therapy in treating diarrhea-pattern irritable bowel
syndrome. Western J Tradit Chin Med. 2015;28(11):79-81.
Shen B, Wu J. Traditional Chinese medicine treatment of
diarrhea irritable bowel syndrome. Chin J Acu and Mox
(Electronic Edition). 2014;3(3):127-130.

Steck N, Mueller K, Schemann M, Haller D. Republished:
bacterial proteases in IBD and IBS. Postgrad Med J. 2013;
89(1047):25-33.

Hu LY, Wang QM, Jiang BY, et al. The changes and significances
of intestinal microflora in patients with irritable bowel syndrome.
Acta Universitatis Medicinalis Anhui. 2012;47:86-89.

He X, Cui LH. Role of intestinal infection in pathogenesis of
irritable bowel syndrome. World Chin J Digestol. 2013;21(31):
3323-3329.

Du D, Fang L, Chen B, Wei H. Effect of Lactobacillus acid-
ophilus combined with iso-malto-oligosaccharide on the in-
testinal mucosal secretion of SIgA in rat models with
antibiotic-associated diarrhea (AAD). J Radioimmunol. 2005;
18(1):37-40.

Chu L, Zhou H, Lii B, Li M, Chen MY. An epidemiological
study of functional bowel disorders in Zhejiang college stu-
dents and its relationship with psychological factors. Chin
J Intern Med. 2012;51(6):429-432.

Orban J, Patterson J, Sutton A, Richards G. Effects of sucrose
thermal oligosaccharide caramel, dietary vitamin-mineral le-
vel, and brooding temperature on growth and intestinal bac-
terial populations of broiler chickens. Poult Sci. 1997;75:
186-190.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hua MT, Shi W. Progess of the relationship between IBS and
intestinal microbiota. Med J West China. 2014;26(3):394-396.
Carroll IM, Chang YH, Park J, Sartor RB, Ringel Y. Luminal
and mucosal-associated intestinal microbiota in patients with
diarrhea-predominant irritable bowel syndrome. Gut Pathog.
2010;2:19.

Sinn DH, Song JH, Kim HJ, et al. Therapeutic effect of Lac-
tobacillus acidophilus-SDC 2012, 2013 in patients with irritable
bowel syndrome. Dig Dis Sci. 2008;53(10):2714-2718.

Simrén M, Ohman L, Olsson J, et al. Clinical trial: the effects
of a fermented milk containing three probiotic bacteria in
patients with irritable bowel syndrome—a randomized,
double-blind, controlled study. Aliment Pharmacol Ther. 2010;
31(2):218-227.

Rousseaux C, Thuru X, Gelot A, et al. Lactobacillus acid-
ophilus modulates intestinal pain and induces opioid and
cannabinoid receptors. Nat Med. 2007;13(1):35-37.

Spiller R. Review article: probiotics and prebiotics in irritable
bowel syndrome. Aliment Pharmacol Ther. 2008;28(4):385-396.
Bao YX, Lv GH, et al. Influence of Jianpi Tiaogan Wenshen recipe
on abdominal pain visual analogue score (VAS) and defecation of
patients with diarrhea-predominant irritable bowel syndrome.
Chin Arch Tradit Chin Med. 2015;03:650-652.

Shen SH, Huang X, et al. Literature study of common syn-
dromes and syndrome factors of diarrhea-predominant irri-
table bowel syndrome. Chin J Tradit Chin Med Pharm. 2013;
05:1538-1540.

Chen XQ, Hang XJ, et al. Research progress on interaction of
Chinese materia media with intestinal flora. Chin Traditional
Herbal Drugs. 2014;45(7):1031-1036(in Chinese).

Sati SC, Joshi Savita. Antibacterial activities of Ginkgo biloba
L. leaf extracts. Sci World J. 2011;11:2237-2242.

Zhang LY, Yang JY, Wang LB. The effect of extract of ginkgo
leaf on lipid metabolism and intestinal normal flora of diabetic
rats. Chin J Microecol. 2006;16(3):147-148.

Mitsuoka T, Hidaka H, Eida T. Effects of fructooligosacchar-
ides on intestinal microflora. Nahrung. 1987;31:427-436.
Hidaka H, EIDA T, Takizawa T, Tokunaga T, Tashiro Y. Ef-
fects of fructooligosaccharides on intestinal flora and human
health. Bifidobacteria Microflora. 1986;5:37-50.

Bailey JS. Control of Salmonella and Campylobacter in poultry
production. A summary of work at Russell Research Center.
Poultry Sci. 1991;72:1169-1173.

Yusrizal, Chen TC. Effect of adding chicory fructans in feed on
fecal and intestinal microflora and excreta volatile ammonia.
J Poult Sci. 2003;2:188-194.

Ma LY, Wang HL, et al. Application of 16S rDNA sequencing
technique in infantile intestinal microecological research. Lab
Med Clin. 2015;02:166-168.

Hong SN, Rhee PL. Unraveling the ties between irritable bo-
wel syndrome and intestinal microbiota. World J Gastroenterol.
2014;12(2):2470-2481.

Jeffery 1B, O'Toole PW, Ohman L, et al. An irritable bowel
syndrome subtype defined by species-specific alterations in
faecal microbiota. Gut. 2012;61(7):997-1006.

Grover M. Role of gut pathogens in development of irritable
bowel syndrome. Indian J Med Res. 2014;139(1):11-18.
Patterson E, Ryan PM, Cryan JF, et al. Gut microbiota, obesity
and diabetes. Postgrad Med J. 2016;92(1087):286-300.



628 WI LEY_lmmunity, Inflammation and Disease

43.

44.

45.

46.

47.

48.

49.

Si JM, Yu YC, Fan YJ, Chen SJ. Intestinal microecology and
quality of life in irritable bowel syndrome patients. World
J Gastroenterol. 2004;10(12):1802-1805.

Van der Waaij J, Berghuis DJM, Lekkerkerk van der Wees JEC.
Colonization resistance of the digestive tract in conventional and
antibiotic-treated mice. J Hyg. 1971;69:405-411.

Wu ZW, Li L], Ma WH, Yu YS, Chen YG. Anewindexfor mi-
crobial colonization resistance of the bowel—the ratio of B/E.
Zhejiang J Prev Med. 2000;7:4-5.

Shen DS, Chen SY. Gut microbial ecosystem and colonization
resistance. Chin J Microecol. 2012;24(12):1150-1152.

Zhuang X, Xiong L, Li L, Li M, Chen M. Alterations of gut
microbiota in patients with irritable bowel syndrome: a sys-
tematic review and meta-analysis. J Gastroenterol Hepatol.
2017;32(1):28-38.

Ait-Belgnaoui A, Payard I, Rolland C, et al. Bifidobacterium
longum and Lactobacillus helveticus synergistically suppress
stress-related visceral hypersensitivity through hypothalamic-
pituitary-adrenal axis modulation. J Neurogastroenterol Motil.
2018;24(1):138-146.

Gu QY, Zhang J, Feng YC. Role of NLRP3 inflammasome in
Bifidobacterium longum-regulated visceral hypersensitivity of
postinfectious irritable bowel syndrome. Artif Cells Nanomed
Biotechnol. 2016;44(8):1933-1937.

50.

51.

52.

53.

54.

CHAO anp ZHANG

Open Access,

Shang FM, Liu HL. Fusobacterium nucleatum and colorectal
cancer: a review. World J Gastrointest Oncol. 2018;10(3):71-81.
Ramezani M, Resmer KL, White RL. Glutamate racemization
and catabolism in Fusobacterium varium. FEBS J. 2011;
278(14):2540-2551.

Long X, Li M, Li LX, et al. Butyrate promotes visceral hy-
persensitivity in an IBS-like model via enteric glial cell-derived
nerve growth factor. Neurogastroenterol Motil. 2018;30(4):
e13227.

Si JM, Yu YC, Fan YJ, Chen SJ. Intestinal microecology and
quality of life in irritable bowel syndrome patients. World
J Gastroenterol. 2004;10(12):1802-1805.

Tana C, Umesaki Y, Imaoka A, Handa T, Kanazawa M,
Fukudo S. Altered profiles of intestinal microbiota and organic
acids may be the origin of symptoms in irritable bowel syn-
drome. Neurogastroenterol Motil. 2010;22(5):512-519.

How to cite this article: Chao G, Zhang S. The
characteristics of intestinal flora of IBS-D with
different syndromes. Immun Inflamm Dis. 2020;8:
615-628. https://doi.org/10.1002/iid3.348


https://doi.org/10.1002/iid3.348



