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Abstract

Background: Irritable bowel syndrome (IBS) is one kind of common functional bowel disease with obscure
pathogenesis, and exploration about whole transcriptome profiling in IBS-D is still negligible. Conventional
medications have limited effects, which makes focus shifted to traditional Chinese medicine (TCM). Tong-Xie-Yao-
Fang, as a classic herbal formula in TCM, is pretty effective and safe for the treatment of diarrhea-predominant
irritable bowel syndrome (IBS-D), but the underlying therapeutic mechanism remains unknown. We aim to verify
the efficacy and safety of TXYF granule (the formula particles mixed together) in IBS-D and elucidate the gene-level
mechanism of IBS-D and therapeutic targets of TXYF granule based on whole transcriptome analysis.

Methods/design: This is a randomized, double-blind, and placebo-controlled clinical trial consisting of 2 weeks of
run-in period, 12 weeks of treatment period, and 8 weeks of follow-up period. We will enroll 120 participants with
IBS-D, who will be randomly assigned to the TXYF granule group and the placebo group, and recruit additional 10
healthy individuals as controls for mechanistic outcome. The two groups respectively take TXYF granule or placebo
orally for treatment. The primary outcome is the response rate of IBS-Symptom Severity Score (IBS-SSS). The
secondary outcomes include adequate relief (AR), IBS-Quality of Life Questionnaire (IBS-QOL), and long-term
efficacy. Mechanistic outcome is the whole transcriptome profiling of the intestinal mucosae from IBS participants
before and after the treatment and healthy individuals.

Discussion: This trial will prove the effectiveness and safety of TXYF granule with high-quality evidence and
provide a penetrating and comprehensive perspective on the molecular mechanism of IBS-D by whole
transcriptome analysis, which makes us pinpoint specific biomarkers of IBS-D and therapeutic targets of TXYF.

Trial registration: Chinese Clinical Trial Registry ChiCTR-IOR-1900021785. Registered on 9 March 2019

Keywords: Diarrhea-predominant irritable bowel syndrome, Whole transcriptome profiling, Tong-Xie-Yao-Fang
granule, Randomized controlled trial, Traditional Chinese medicine
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Background
As a common functional bowel disease, irritable bowel syn-
drome (IBS) is mainly characterized by intermittent abdom-
inal pain, disturbed intestinal motility, and altered bowel
habits, which can be elaborately categorized into four sub-
types [1]. Thereinto, diarrhea-predominant irritable bowel
syndrome (IBS-D) defined as loose or watery stools (pre-
cisely type 6 or type 7 of Bristol stool form scale) appearing
more than 1/4 of bowel movements (BM) and less than 1/4
of BM with type 1 or type 2 of Bristol stool form scale def-
initely is the most common subtype of IBS [2]. From the
perspective of epidemiology, this nuisance ailment affects
10 to 15% of the population and females are predisposed to
this disease [3]. IBS is a multifactorial disease, and many
studies have demonstrated that visceral hypersensitivity [4],
gut barrier dysfunction [5], aberrant microbiota-brain-gut
interaction [6, 7], and intestinal motility abnormality [8] are
the pivotal participators in the pathogenesis. Deserve to be
mentioned, further studies at the gene level are imperative
because they are conducive to decipher the aforementioned
pathogenesis. Conventional medications for IBS-D, such as
antidiarrheal, antispasmodic, antibiotics, and probiotics,
often have limited effects and repeated treatment brings
about tremendous socioeconomic pressure so that the
therapeutic focus has naturally shifted to traditional Chin-
ese medicine (TCM).
Tong-Xie-Yao-Fang (TXYF), a classic prescription in

Chinese herbal medicine, consisting of four core herbs
(Rhizoma Atractylodis Macrocephalae, Paeoniae Radix
Alba, Citri Reticulatae Pericarpium, and Saposhnikoviae
Radix), has been specially applied for mitigating abdom-
inal pain accompanied with diarrhea in clinics for hun-
dreds of years. TXYF accords with one kind of major
pathogenesis known as liver depression and spleen defi-
ciency of IBS-D in TCM theory. Rhizoma Atractylodis
Macrocephalae and Citri Reticulatae Pericarpium
strengthen the spleen to eliminate dampness while Paeo-
niae Radix Alba and Saposhnikoviae Radix soothe the
liver to regulate qi. These four herbs contained in TXYF
by orchestrating the function of the spleen and liver to
relieve symptoms of IBS-D. A recent study has proved
that TXYF is efficacious in the relief of abdominal pain
and bloating in IBS-D patients with only sporadic ad-
verse events [9]. But there is a scrap of contradictory evi-
dence that TXYF has little impact on the amelioration of
symptoms of IBS-D [10]. Meanwhile, it has been demon-
strated in IBS-D rat models that TXYF can regulate the
level of 5-HT and SP with respect to visceral hypersensi-
tivity and TXYF can modulate the intestinal flora by
downregulating the ratio of Firmicutes to Bacteroidetes
and the fecal abundance of Clostridium [11, 12]. More-
over, TXYF has been proved to ameliorate intestinal per-
meability by inhibiting inflammation-related NF-κB and
notch pathways [13]. However, heterogeneity about the

constitution and the dose of TXYF exists in previous
studies. TXYF therapeutic targets and molecular mecha-
nisms directing IBS-D have not been profoundly
illuminated.
About 75% of human genes can be transcribed, and tran-

scriptome landscape is the direct reflection of encoded gen-
etic information [14]. Transcriptome profiling is able to
comprehensively unveil the pathogenesis of IBS-D and the
targets of traditional Chinese medicine by analyzing the
interaction networks of differentially expressed protein-
coding RNAs and noncoding RNAs (ncRNAs). Two pilot
studies show that by using RNA-seq and RT-PCR, there is
a discrepancy in rectosigmoid/small bowel mucosal mRNA
expression between IBS-D patients and controls, mainly in-
volving neurotransmitters, intestinal immunity, barrier
function, ion transport, and so on [15, 16]. In the WAS-
induced IBS rat model, the transcriptome profile demon-
strates that the majority of differentially expressed genes re-
late to notch signaling and focal adhesion by employing
mRNA microarray analysis [17].
Along with the blooming of the RNA sequencing tech-

nology, noncoding RNAs, previously thought to be “tran-
scriptional noise,” actually have been proven crucial to
transcriptional and post-transcriptional events of gene ex-
pression and genome maintenance [18]. More and more
studies have given insights into the indispensable roles of
ncRNAs played in the cellular process [19], tumorigenesis
[20], inflammatory regulation [21], and so on. Our previ-
ous studies also have reported that microRNA-144 and
microRNA-200a are involved in intestinal permeability
and visceral hyperalgesia separately by binding to specific
target mRNA in IBS-D rats [22, 23]. However, exploration
about ncRNAs for IBS-D is still negligible. Few studies
shed light on the function of long noncoding RNA and
circular RNA in the pathogenesis of IBS-D. Nor do re-
searchers probe the whole transcriptome profiling for tar-
gets or pathways of TCM in IBS-D. In the current trial,
we attempt to verify the efficacy and safety of TXYF gran-
ule (the formula particles mixed together) for the treat-
ment of IBS-D, which syndrome differentiated as liver
depression and spleen deficiency, and elucidate the under-
lying mechanism of IBS-D and seek out therapeutic tar-
gets of TXYF granule based on whole transcriptome
analysis.

Methods/design
Study design and recruitment
This clinical study is a single-center, randomized, double-
blind, and placebo-controlled trial comparing TXYF gran-
ule with placebo in patients with IBS-D, which will be
performed lasting totally 22 weeks. At the initial run-in
period (weeks − 2–0), we will assess eligibility and seek in-
formed consent. Then, coming to the treatment period
(weeks 0–12), eligible subjects will be randomly assigned
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to one of two groups (TXYF granule group and placebo
group) in a 1:1 ratio and get blinded treatment of 12
weeks. Finally, we will have a follow-up (week 20) 2 months
after the treatment. This study involves 6 site visits (week −
2, week 0, week 4, week 8, week 12, and week 20) and 12
call visits (weekly call follow-up during the treatment
period); eventually, the primary outcome and the secondary
outcome will be evaluated. We will obtain the intestinal
mucosae from partial IBS-D patients (n = 10 for each
group) before and after treatment for the assessment of
mechanistic outcome. The process of the study and visit
schedule are schematically shown in Figs. 1 and 2. This
clinical trial protocol refers to The Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) 2013
Checklist detailed in Additional file 1.
All 120 IBS-D patients participating in this study will be

recruited from the gastroenterology department or ward
at the First Affiliated Hospital of Guangzhou University of
Chinese Medicine. And we will additionally recruit 10
healthy controls who will undergo intestinal mucosal bi-
opsy for investigation of transcriptome profiling. Written
informed consent which contains additional provisions for
collection and use of colon samples will be obtained from
each participant before enrollment. The trial process

conforms to the Declaration of Helsinki (2008) [24]. The
Clinical Trials and Biomedical Ethics Committee of the
First Affiliated Hospital of Guangzhou University of
Chinese Medicine (No.ZYYECK YJ [2018]125) has ap-
proved our trial.

Eligibility criteria
Inclusion criteria

1. Patients have to satisfy the diagnostic criteria of
IBS-D defined by ROME IV [25].

2. The score of IBS-Symptom Severity Score (IBS-SSS)
is more than 75 at baseline visit [26].

3. Patients have to satisfy the diagnostic criteria of diarrhea
syndrome with liver depression and spleen deficiency
based on TCM syndrome differentiation [27].

4. The age is between 18 and 70 years old.
5. Patients must make an agreement to participate and

sign a written informed consent.

Exclusion criteria

1. Patients have a history or current evidence of
inflammatory bowel disease, gastrointestinal
bleeding, or abdominal surgery.

2. Patients have a history or current evidence of other
organ diseases which influence gastrointestinal
motility, such as hyperthyroidism, diabetes, and
chronic renal impairment.

3. Patients have a history or current evidence of
serious damages of the heart, liver, kidney, blood
system, or immune system.

4. Patients used therapeutic medications for IBS-D or
other diseases which could affect the trial within
2 weeks before enrollment.

5. Patients are currently pregnant and lactating.
6. Patients have an allergy to trial medication.
7. Patients have a history of neurological disease or

mental illness.
8. Patients have participated in other clinical studies.

TCM syndrome differentiation
TXYF is typically applied to IBS-D patients with liver de-
pression and spleen deficiency according to the expert
consensus on diagnosis and treatment of irritable bowel
syndrome in traditional Chinese medicine (2017) [27].
Patients who have two primary symptoms plus one sec-
ondary symptom, integrated with signs of the tongue
and pulse, will be differentiated as syndrome of liver de-
pression and spleen deficiency and enrolled:

� Primary symptoms: (1) abdominal pain accompanied
by diarrhea and (2) prone to irascible or irritable

Fig. 1 Flowchart of the trial: 120 eligible subjects will be randomly
allocated into the TXYF granule group and placebo group in a 1:1
ratio, from which 10 participants of each group randomly will be
selected to undergo mechanistic assessment. Colonic samples will
be obtained from each group of 10 participants (pre- and post-
treatment) and 10 healthy controls for RNA-seq and whole
transcriptome analysis
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� Secondary symptoms: (1) distending pain in
hypochondrium, (2) reduced appetite, and (3)
presented with fatigue

� Auxiliary symptoms: light and enlarged tongue or
tooth-marked tongue with white greasy coating,
string pulse

Randomization and blinding
Randomization scheme that generates a list of 120-case
randomization sequence utilizing the stratified block
randomization method by computer will be imple-
mented by an independent statistician, which guarantees
that enrolled patients will be evenly allocated to the
TXYF granule group or the placebo group. Then, 10
participants of each group will be randomly selected for
RNA sequencing and whole transcriptome analysis. Con-
cealment of allocation code relies on an opaque enve-
lope. This trial requires that all participants and
researchers involved in drug distribution, outcome
evaluation, and data analysis are completely blinded to
allocation. The occurrence of severe adverse events or

other unpredictable events allows unblinding under the
permission of the principal investigator.

Experimental medication preparation and quality control
TXYF granule and placebo are uniformly manufactured
by Guangdong YiFang pharmaceutical co., LTD under
the guidance of Good Manufacturing Practices (GMP),
which have the identical appearance and nearly similar
taste. TXYF granule is made up of Rhizoma Atractylodis
Macrocephalae, Paeoniae Radix Alba, Citri Reticulatae
Pericarpium, and Saposhnikoviae Radix (see Table 1).
These four crude herbs are weighed in proportion of the
prescription, subsequently washed, and crushed, and the
thickness of the slices is 0.3–1.5 cm. Rhizoma Atractylo-
dis Macrocephalae and Paeoniae Radix Alba are fired
while Citri Reticulatae Pericarpium and Saposhnikoviae
Radix are raw for use. According to the optimized im-
plementation scheme for decocting, extracting, and con-
centrating of the crude herbs, the ointments are
prepared with a relative density of 1.07 to 1.09 g/ml, and
then the ointments are screened to get granulated oint-
ments. Finally, after spray drying and crushing, the

Fig. 2 Recommended protocol items: visit schedule for enrollment, interventions, and assessments
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granules are packed in sealed opaque packages. Placebo
consisting of maltodextrin, dextrin, experimental medi-
cation extract (< 5%), kudingcha extract, and pigment is
also prepared granules. The specific content is shown in
Table 2.
The quality inspection department of Guangdong

YiFang pharmaceutical company was responsible for the
quality control of experimental medication based on
pharmacopeia and national drug quality standards.
Thin-layer chromatography and high-performance liquid
chromatography-mass spectrometry were respectively
utilized for qualitative and quantitative testing. Among
them, the content of paeoniflorin in extract of Paeoniae
Radix Alba, the content of hesperidin in Citri Reticula-
tae Pericarpium extract, and the total content of Prim-
O-Glucnylcimifugin and 4′-O-β-glucosyl-5-O-Methyl-
vismmiside in Saposhnikoviae Radix extract were 8.97%,
0.84%, and 0.7%, respectively. The microbial limit of
each herb extract was qualified.

Intervention
TXYF granule or placebo will be orally administered one
packet (strength, 8.1 g) after dissolved twice a day (1 h
after the meal) for 12 weeks. Over the course of the
study, participants are required to discontinue thera-
peutic medications associated with IBS-D. Simultan-
eously, probiotic foods, functional foods, and dietary
supplements are also prohibited. Participants are obli-
gated to fill in the study diary daily involving medication
administration record, concomitant treatments, and diet-
ary questionnaire which avail to check compliance and
statistically rectify dietary bias. Onset of exacerbated
IBS-D symptoms allows rescue medications for less than
1 week, which needs to be documented in the electronic
Case Report Form (eCRF).

Colonoscopy and biopsies
Participants who did not have a colonoscopy 1 year prior
to enrollment will undergo colonoscopy and sigmoid
mucosal biopsy (week 0) for assessment of microscopic
colitis, from which 10 participants of each group will be
randomly selected to undergo mechanistic assessment
and 2 additional samples of sigmoid mucosa will be ob-
tained. After 12 weeks of treatment, these 20 participants
will undergo a second colonoscopy and two sigmoid
colon biopsies (week 12). Besides, 10 healthy subjects
will be recruited to undergo colonoscopy and two sig-
moid colon biopsies. The obtained samples will be
promptly snap-frozen in liquid nitrogen and then stored
at − 80 °C for the next-generation high-throughput RNA
sequencing (RNA-seq) and quantitative real-time PCR
(qRT-PCR). Samples of intestinal mucosa will be
destroyed after use.

RNA isolation, library preparation, and sequencing
According to the manufacturer’s instructions, total RNA
will be isolated from sigmoid colon samples using TRI-
zol (Life Technologies). RNA purity, concentration, and
integrity by using the NanoPhotometer spectrophotom-
eter (IMPLEN, CA, USA), Qubit RNA Assay Kit, and
RNA Nano 6000 Assay Kit respectively will be measured.
Two to 3 μg total RNA per sample as input material is
needed for cDNA library construction and subsequent
PCR amplification and library quality will be evaluated
lastly on the Agilent Bioanalyzer 2100 system. RNA-seq
will be conducted on an Illumina Hiseq 2000 platform.

RNA-seq data processing and bioinformatics analysis
Raw data of fastq format through quality control includ-
ing removing a series of hybrid reads and low-quality
reads will be filtered as clean data. Clean data then will
be mapped to the human reference genome employing
HISAT2 v2.0.4 and the aligned reads per sample will be
assembled by StringTie (v1.3.3). Both ncRNAs and cod-
ing transcripts will be normalized and expressed as frag-
ments per kilo-base of exon per million fragments
mapped (FPKM). Differential expression will be analyzed
by using Cuffdiff. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrich-
ment analysis of differentially expressed genes will be
implemented by GOseq R package and KOBAS software,
respectively. To predict the targets of ncRNAs, databases

Table 1 Components of TXYF granule

Chinese name Botanical name Latin name Part used Source Dosage (g)

Baizhu Atratylodes macrocephala macrocephala Koidz. Rhizoma Atractylodis Macrocephalae Rhizome Zhejiang 18

Baishao Paeonia lactiflora Pall. Paeoniae Radix Alba Root Sichuan 12

Chenpi Citrus reticulata Blanco Citri Reticulatae Pericarpium Matured pericarp Guangdong 9

Fangfeng Saposhnikovia divaricata (Turez.) Schischk. Saposhnikoviae Radix Root Neimeng 6

Table 2 Components of the placebo

Ingredients Component (%)

Maltodextrin 23.97

Dextrin 18.6

Starch 50.0

Experimental medication extract 5.0

Kudingcha extract 2.0

Pigment 0.43
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including TargetScan (www.targetscan.org), starbase
(http://starbase.sysu.edu.cn/), deepbase2.0 (http://deep-
base.sysu.edu.cn/), and circInteractome (https://circin-
teractome.nia.nih.gov) will be used. Visual networks of
ncRNAs and mRNAs will be constructed by Cytoscape
software.

Outcome measurements
Primary outcome
The primary outcome of our trial is the response rate of
IBS-Symptom Severity Score (IBS-SSS). A responder is de-
fined as a 50% or more reduction in IBS symptoms com-
pared to baseline [28]. IBS-SSS is a hitherto unique
symptom severity questionnaire of IBS, which evaluates
the condition of abdominal pain, abdominal distension,
and defecation satisfaction. This definition of a responder
that reports a 50% or more reduction in IBS symptoms is
less disturbed by the initial severity of IBS. IBS-SSS will be
assessed at baseline, week 4, week 8, week 12, and week
20 while the response rate of IBS-SSS will be assessed at
week 4, week 8, week 12, and week 20.

Secondary outcome

Adequate relief (AR) Participants will receive 12 call
visits (weeks 1–12) and the following question will be
asked: “In the past week, have you had adequate relief of
your irritable bowel syndrome pain and discomfort?”.
Participants only need to answer “yes” or “no.” Re-
sponder is defined as a “yes” answer to the aforemen-
tioned question for at least 6 of the 12 weeks. AR will be
accessed at week 12.

Irritable Bowel Syndrome-Quality of Life
Questionnaire (IBS-QOL) IBS-QOL reflects the union
of the physical and mental well-being covering eight di-
mensions, which will be assessed at baseline, week 4,
week 8, week 12, and week 20.

Long-term efficacy assessment Participants will be
followed up for long-term effectiveness 2 months after
the treatment period (week 20). IBS-SSS response rate
and IBS-QOL will be evaluated.

Mechanistic outcome
We will analyze the whole transcriptome profiling of in-
testinal mucosae from the TXYF granule group (n = 10)
and placebo group (n = 10) at baseline and week 12 and
healthy subjects (n = 10) at baseline. The whole set of
transcriptional deviations including mRNA, miRNA,
lncRNA, circRNA, and functional networks of ncRNAs
and mRNAs in IBS-D will be disclosed, which makes us
to seek for the underlying molecular mechanisms and
find out specific diagnostic biomarker. Meanwhile,

therapeutic targets and pathways about TXYF in IBS-D
will be clarified. On an Illumina Hiseq 2000 platform,
the preparation of whole-set transcriptome libraries and
deep sequencing will be executed by Novogene Bioinfor-
matics Technology Cooperation (Beijing, China).

Safety outcome
The participant will receive relevant laboratory test at
baseline and week 12, including liver and kidney func-
tion (ALT, AST, Scr, BUN), blood routine test, urine
routine test, and fecal occult blood test. The other tests
include electrocardiograph examination.

Adverse events
Adverse events (AEs) defined as any unpredictable and
unexpected nocuous effects resulting from TXYF gran-
ule or placebo granule throughout the trial will be re-
corded in detail by a research assistant, including
symptom, sign, severity, start date, duration, laboratory
result, intervention, and outcome at every visit. Once se-
vere adverse events (SAEs) occur, it must be immedi-
ately reported to the principal investigator, the ethics
committee of the hospital, and the Guangdong Food and
Drug Administration within 24 h and subject safety
should be the priority. If necessary, the principal investi-
gator has the right to terminate this trial.

Sample size calculation
The sample size calculation of this superiority trial de-
pends on our previous pilot study and literature [9]. It
can be speculated that the response rates of TXYF gran-
ule and placebo will reach 70% and 40%, respectively.
We calculate by the software Gpower3.1 under the set-
ting of 80% power and 5% type I error that 42 cases of
each group are needed. With a drop-out rate of 15%, ac-
cumulated 100 cases are needed and we expect to recruit
120 IBS-D patients.

Data management and monitor
Data management relies on a convenient follow-up sys-
tem maintained by Empower Electronic Data Collection
(EDC) (Solutions, Shanghai, China), and the company is
also responsible for converting paper study diary and
any other paper source documents (dietary question-
naire) to the electronic version. The collected data from
participants will be kept absolutely secret, and the source
data will be just accessible to the data administrator and
statistician. All the paper source documentation about
this trial will be properly preserved 5 years after the end
of the trial.
Our group made up of a principal investigator, 3–5 cli-

nicians, 2 research assistants, a data administrator, a
drug manager, and a statistician will receive rigorous
training and perform this trial in accordance with the
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Standard Operating Procedures (SOP) and Good Clinical
Practice (GCP). This trial is unconditionally subject to
the supervision and monitoring of the Science and Tech-
nology Department of the First Affiliated Hospital of
Guangzhou University of Chinese Medicine. This inde-
pendent department is responsible for the annual audit
of our trial.

Statistical analysis
Clinical data analysis
Based on the principle of intention-to-treat (ITT), all
randomly assigned participants will be included in the
statistical analysis. For participants who prematurely ter-
minate this trial, outcomes of the last visit will be used
as the final outcomes. Statistical analyses will be com-
pleted by SAS (version 9.4, SAS Institute, Cary, NC).
Continuous variables will be presented in the form of
means and standard deviations while the categorical var-
iables will be presented in the form of counts and per-
centages. The primary outcome (week 4, week 8, week
12, and week 20) and the secondary outcome AR (week
12) will be assessed by using χ2 test or Fisher’s exact test.
Another secondary outcome IBS-QOL (baseline, week 4,
week 8, week 12, and week 20) will be assessed by using
T test or Mann-Whitney U test accompanied with the
Wilcoxon test. A two-sided P < 0.05 indicates statistical
significance. For missing data, sensitivity analysis will be
conducted and the optimal approach to the imputation
of missing data will be proposed.

Mechanistic data analysis
The differential expression analysis about mRNA,
miRNA, lncRNA, and circRNA for all pairwise compari-
sons: IBS-D patients versus healthy controls, TXYF gran-
ule (pre-treatment) versus placebo (pre-treatment),
TXYF granule (post-treatment) versus placebo (post-
treatment), TXYF granule (pre-treatment) versus TXYF
granule (post-treatment), and placebo (post-treatment)
versus placebo (post-treatment), will be performed by
Cuffdiff. An adjusted P < 0.05 (Student’s t test accom-
panied with Benjamini-Hochberg FDR adjustment) will
be used as the cut-off for significantly differentially
expressed genes. Pearson correlation test will be used for
target gene prediction.

Discussion
Previous meta-analysis [29] and another two clinical tri-
als [9, 30] have demonstrated with adequate evidence
that TXYF or Tongxie formula (modified TXYF) is
pretty effective and safe compared with conventional
medications or placebo. Disease and syndrome differen-
tiation are the crux of TCM treatment as we know,
TXYF accords with one kind of principal pathogenesis
known as liver depression and spleen deficiency of IBS-

D in TCM theory so it can work. Some clinical trials
with TXYF did not limit the syndrome type, which could
reduce statistical power and increase type 2 errors. And
in previous trials, high heterogeneity in composition and
manufacture of TXYF biases the clinical outcomes and
also confuses mechanistic results. The design of our trial
complies with rigorous methodology and quality control.
TXYF granule is produced with the standardized proced-
ure, which guarantees homogeneous active components
and makes outcomes more credible. Then, there is the
issue of course of treatment. Long-term follow-up reports
about this kind of functional bowel disease are rare be-
cause IBS-D has the clinical feature of recurrent episodes.
IBS-D has many triggers, of which diet and emotion stress
show high inducibility of this disease [31, 32]. So, we pro-
long the treatment period to 12 weeks in order to reduce
symptom relapse and obtain better long-term efficacy.
This naturally brings the problem of patient compliance,
which requires us more attention.
This trial not only explores the efficacy and safety of

TXYF granule but also focuses on the whole transcrip-
tome profiling of IBS-D and the therapeutic pathways of
TXYF granule. A previous study has concluded that miR-
NAs play a pivotal role in the IBS rat model by utilizing li-
quid chip and qRT-PCR and might be the targets of
TXYF in the treatment of IBS [33]. Other literatures have
reported that in IBS-D patients, miR-199 and miR-29 are
respectively involved in visceral pain and intestinal perme-
ability [34, 35]. Our previous studies also have proved that
miR-144 and miR-200 by binding to specific target mRNA
play vital roles in IBS-D rats [22, 23]. However, the study
on lncRNAs and circRNAs in IBS-D is as yet scarce. Al-
though IBS-D belongs to one kind of functional bowel dis-
ease, the mucosal functions resulting from the
abnormality of relevant expressed genes and gene-coding
proteins have a confirmed discrepancy between IBS-D pa-
tients and healthy individuals [36]. Especially for recog-
nized mechanisms of IBS-D including visceral sensitivity,
intestinal permeability, and intestinal motility, we antici-
pate starting with the target genes involved the three as-
pects to seek for the upstream regulatory mechanism of
coding and noncoding RNAs. It is precisely because of the
multiplicity of mechanism in IBS-D and pleiotropic effects
about herbal treatment that genetic and transcriptional
level studies can provide a penetrating and comprehensive
perspective on the molecular mechanism of IBS-D and
therapeutic targets of TXYF. This will be the first study to
probe the whole transcriptome profiling of IBS-D and also
will be the first study to explore the therapeutic targets or
pathways of TCM employing whole transcriptome ana-
lysis in IBS-D.
Limitations still exist in our study. Firstly, patients

who underwent the first colonoscopy and biopsies may
not want to have the second colonoscopy and biopsies
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after the treatment, especially for those with obvious re-
mission of symptoms. We will fully communicate with
them and give careful explanation and emphasize this
point before the enrollment. Secondly, because of the
long period of treatment and follow-up, we will encoun-
ter the problem of high drop-out rate and establishing
close contact with participants is a must. In conclusion,
we hope this trial will provide high-quality evidence on
the effectiveness and safety of TXYF granule. We also
expect to have more insight into the mechanism of IBS-
D and find out specific biomarkers and pinpoint the tar-
gets of TXYF in IBS-D.

Trial status
This is protocol version 3 dated 15 June 2019. We made fur-
ther amendment on the basis of version 1 dated 30 Septem-
ber 2018, and we will communicate the protocol
amendments to the Clinical Trials and Biomedical Ethics
Committee of the First Affiliated Hospital of Guangzhou
University of Chinese Medicine. Because of the COVID-19
pandemic, recruitment will delay to June 2020, and it is an-
ticipated that this trial will be completed in December 2021.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-04833-x.

Additional file 1. SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents.

Abbreviations
IBS: Irritable bowel syndrome; TCM: Traditional Chinese medicine; IBS-
D: Diarrhea-predominant irritable bowel syndrome; BM: Bowel movements;
TXYF: Tong-Xie-Yao-Fang; ncRNAs: Noncoding RNAs; IBS-SSS: IBS-Symptom
Severity Score; AR: Adequate relief; IBS-QOL: IBS-Quality of Life Questionnaire
IBS-QOL; GMP: Good Manufacturing Practices; eCRF: Electronic Case Report
Form; RNA-seq: RNA sequencing; qRT-PCR: Quantitative real-time PCR;
FPKM: Fragments per kilo-base of exon per million fragments mapped;
GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes;
AEs: Adverse events; SAEs: Severe adverse events; EDC: Electronic data
collection; SOP: Standard Operating Procedures; ITT: Intention-to-treat

Acknowledgements
We thank the National Natural Science Foundation of China and Guangzhou
University of Chinese Medicine for their funds and every person participating
in our trial.

Authors’ contributions
QH and FL designed this study and amended the protocol. YW, YH, SZ, and
CZ are responsible for the enrollment of patients. XC is responsible for data
analysis. YW and QH contributed to the draft of this manuscript, and all
authors read and approved it.

Funding
This study was funded by the National Natural Science Foundation of China
(81804047,81774264), Guangdong Provincial Traditional Chinese Medicine
Research Project (No. 20181095), key research projects of first-class disciplines
of Guangzhou University of Chinese Medicine, and Innovative Research Team
Project of “Innovative Strong Institute,” the First Affiliated Hospital of
Guangzhou University of Traditional Chinese Medicine (2017TD05). All fund-
ing bodies have no role in the design of the study and collection, analysis,
and interpretation of the data and in writing the manuscript.

Availability of data and materials
The datasets supporting the findings of our study are available from the
corresponding author upon request.

Ethics approval and consent to participate
This trial has been approved by the First Affiliated Hospital of Guangzhou
University of Chinese Medicine (No.ZYYECK YJ [2018]125). Informed consent
will be obtained from all participants by clinicians or research assistants
before enrollment.

Consent for publication
Not applicable.

Competing interests
All authors declare no competing interests.

Author details
1Department of Gastroenterology, The First Affiliated Hospital of Guangzhou
University of Chinese Medicine, Guangzhou, China. 2Department of
Orthopedics, The Second Affiliated Hospital of Guangzhou University of
Chinese Medicine, Guangzhou, China. 3Department of Preventive Medicine
and Health Statistics, Guangzhou University of Chinese Medicine,
Guangzhou, China. 4School of Chinese Medicine, Hong Kong Baptist
University, Hong Kong, China.

Received: 2 May 2020 Accepted: 20 October 2020

References
1. Holtmann GJ, Ford AC, Talley NJ. Pathophysiology of irritable bowel

syndrome. Lancet Gastroenterol Hepatol. 2016;1(2):133–46.
2. Lewis SJ, Heaton KW. Stool form scale as a useful guide to intestinal transit

time. Scand J Gastroenterol. 1997;32(9):920–4.
3. Sperber AD, Dumitrascu D, Fukudo S, Gerson C, Ghoshal UC, Gwee KA, et al.

The global prevalence of IBS in adults remains elusive due to the
heterogeneity of studies: a Rome Foundation working team literature
review. Gut. 2017;66(6):1075–82.

4. Wouters MM, Balemans D, Van Wanrooy S, Dooley J, Cibert-Goton V, Alpizar
YA, et al. Histamine receptor H1-mediated sensitization of TRPV1 mediates
visceral hypersensitivity and symptoms in patients with irritable bowel
syndrome. Gastroenterology. 2016;150(4):875–87.e9.

5. Edogawa S, Edwinson AL, Peters SA, Chikkamenahalli LL, Sundt W, Graves S,
et al. Serine proteases as luminal mediators of intestinal barrier dysfunction
and symptom severity in IBS. Gut. 2020;69(1):62–73.

6. Martin CR, Osadchiy V, Kalani A, Mayer EA. The brain-gut-microbiome axis.
Cell Mol Gastroenterol Hepatol. 2018;6(2):133–48.

7. De Palma G, Collins SM, Bercik P. The microbiota-gut-brain axis in functional
gastrointestinal disorders. Gut Microbes. 2014;5(3):419–29.

8. Simrén M, Törnblom H, Palsson OS, Van Oudenhove L, Whitehead WE, Tack
J. Cumulative effects of psychologic distress, visceral hypersensitivity, and
abnormal transit on patient-reported outcomes in irritable bowel syndrome.
Gastroenterology. 2019;157(2):391–402.e2.

9. Chen M, Tang TC, Wang Y, Shui J, Xiao XH, Lan X, et al. Randomised clinical
trial: Tong-Xie-Yao-Fang granules versus placebo for patients with
diarrhoea-predominant irritable bowel syndrome. Aliment Pharmacol Ther.
2018;48(2):160–8.

10. Leung WK, Wu JC, Liang SM, Chan LS, Chan FK, Xie H, et al. Treatment of
diarrhea-predominant irritable bowel syndrome with traditional Chinese
herbal medicine: a randomized placebo-controlled trial. Am J Gastroenterol.
2006;101(7):1574–80.

11. Yin Y, Zhong L, Wang JW, Zhao XY, Zhao WJ, Kuang HX. Tong Xie Yao Fang
relieves irritable bowel syndrome in rats via mechanisms involving
regulation of 5-hydroxytryptamine and substance P. World J Gastroenterol.
2015;21(15):4536–46.

12. Li J, Cui H, Cai Y, Lin J, Song X, Zhou Z, et al. Tong-Xie-Yao-Fang regulates
5-HT level in diarrhea predominant irritable bowel syndrome through gut
microbiota modulation. Front Pharmacol. 2018;9:1110.

13. Hou Q, Huang Y, Zhu Z, Liao L, Chen X, Han Q, et al. Tong-Xie-Yao-Fang
improves intestinal permeability in diarrhoea-predominant irritable bowel
syndrome rats by inhibiting the NF-kappaB and notch signalling pathways.
BMC Complement Altern Med. 2019;19(1):337.

Wang et al. Trials          (2020) 21:908 Page 8 of 9

https://doi.org/10.1186/s13063-020-04833-x
https://doi.org/10.1186/s13063-020-04833-x


14. Djebali S, Davis CA, Merkel A, Dobin A, Lassmann T, Mortazavi A, et al.
Landscape of transcription in human cells. Nature. 2012;489(7414):101–8.

15. Camilleri M, Carlson P, Acosta A, Busciglio I, Nair AA, Gibbons SJ, et al. RNA
sequencing shows transcriptomic changes in rectosigmoid mucosa in
patients with irritable bowel syndrome-diarrhea: a pilot case-control study.
Am J Physiol Gastrointest Liver Physiol. 2014;306(12):G1089–98.

16. Camilleri M, Carlson P, Valentin N, Acosta A, O'Neill J, Eckert D, et al. Pilot
study of small bowel mucosal gene expression in patients with irritable
bowel syndrome with diarrhea. Am J Physiol Gastrointest Liver Physiol.
2016;311(3):G365–76.

17. Zhu S, Min L, Guo Q, Li H, Yu Y, Zong Y, et al. Transcriptome and
methylome profiling in a rat model of irritable bowel syndrome induced by
stress. Int J Mol Med. 2018;42(5):2641–9.

18. Cech TR, Steitz JA. The noncoding RNA revolution-trashing old rules to
forge new ones. Cell. 2014;157(1):77–94.

19. Zheng Q, Bao C, Guo W, Li S, Chen J, Chen B, et al. Circular RNA profiling
reveals an abundant circHIPK3 that regulates cell growth by sponging
multiple miRNAs. Nat Commun. 2016;7:11215.

20. Yang Y, Gao X, Zhang M, Yan S, Sun C, Xiao F, et al. Novel role of FBXW7 circular
RNA in repressing glioma tumorigenesis. J Natl Cancer Inst. 2018;110(3):304–15.

21. Cremer S, Michalik KM, Fischer A, Pfisterer L, Jae N, Winter C, et al.
Hematopoietic deficiency of the long noncoding RNA MALAT1 promotes
atherosclerosis and plaque inflammation. Circulation. 2019;139(10):1320–34.

22. Hou Q, Huang Y, Zhu S, Li P, Chen X, Hou Z, et al. MiR-144 increases
intestinal permeability in IBS-D rats by targeting OCLN and ZO1. Cell Physiol
Biochem. 2017;44(6):2256–68.

23. Hou Q, Huang Y, Zhang C, Zhu S, Li P, Chen X, et al. MicroRNA-200a targets
cannabinoid receptor 1 and serotonin transporter to increase visceral
hyperalgesia in diarrhea-predominant irritable bowel syndrome rats. J
Neurogastroenterol Motil. 2018;24(4):656–68.

24. Vijayananthan A, Nawawi O. The importance of Good Clinical Practice
guidelines and its role in clinical trials. Biomed Imaging Interv J. 2008;4(1):e5.

25. Lacy BE, Mearin F, Chang L, Chey WD, Lembo AJ, Simren M, et al. Bowel
disorders. Gastroenterology. 2016;150(6):1393–407.e5.

26. Francis CY, Morris J, Whorwell PJ. The irritable bowel severity scoring
system: a simple method of monitoring irritable bowel syndrome and its
progress. Aliment Pharmacol Ther. 1997;11(2):395–402.

27. Zhang SS, Wei W, Yang JQ. Expert consensus on diagnosis and treatment of
irritable bowel syndrome in traditional Chinese medicine (2017). J Tradit
Chin Med. 2017;58(18):1614–20.

28. Whitehead WE, Palsson OS, Levy RL, Feld AD, VonKorff M, Turner M. Reports
of “satisfactory relief” by IBS patients receiving usual medical care are
confounded by baseline symptom severity and do not accurately reflect
symptom improvement. Am J Gastroenterol. 2006;101(5):1057–65.

29. Zhou Y, Han S, He Y. Clinical effects and safety of Tongxieyaofang on
diarrhea predominant irritable bowel syndrome: a meta-analysis of
randomized trails. Evid Based Complement Alternat Med. 2019;2019:
4893876.

30. Fan H, Zheng L, Lai Y, Lu W, Yan Z, Xiao Q, et al. Tongxie formula reduces
symptoms of irritable bowel syndrome. Clin Gastroenterol Hepatol. 2017;
15(11):1724–32.

31. Moayyedi P, Simrén M, Bercik P. Evidence-based and mechanistic insights into
exclusion diets for IBS. Nat Rev Gastroenterol Hepatol. 2020;17(7):406–13.

32. AlButaysh OF, AlQuraini AA, Almukhaitah AA, Alahmdi YM, Alharbi FS.
Epidemiology of irritable bowel syndrome and its associated factors in
Saudi undergraduate students. Saudi J Gastroenterol. 2020;26(2):89–93.

33. Chao G, Wang Y, Ye F, Zhang S. Regulation of colonic mucosal microRNA
expression via multiple targets in visceral hypersensitivity rats by
Tongxieyaofang. Yonsei Med J. 2018;59(8):945–50.

34. Zhou Q, Yang L, Larson S, Basra S, Merwat S, Tan A, et al. Decreased miR-
199 augments visceral pain in patients with IBS through translational
upregulation of TRPV1. Gut. 2016;65(5):797–805.

35. Zhou Q, Costinean S, Croce CM, Brasier AR, Merwat S, Larson SA, et al.
MicroRNA 29 targets nuclear factor-κB-repressing factor and Claudin 1 to
increase intestinal permeability. Gastroenterology. 2015;148(1):158–69.e8.

36. Kassam Z, Collins SM, Moayyedi P. Peripheral mechanisms in irritable bowel
syndrome. N Engl J Med. 2013;368(6):577–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. Trials          (2020) 21:908 Page 9 of 9


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Study design and recruitment
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	TCM syndrome differentiation
	Randomization and blinding
	Experimental medication preparation and quality control
	Intervention
	Colonoscopy and biopsies
	RNA isolation, library preparation, and sequencing
	RNA-seq data processing and bioinformatics analysis
	Outcome measurements
	Primary outcome
	Secondary outcome

	Mechanistic outcome
	Safety outcome
	Adverse events
	Sample size calculation
	Data management and monitor
	Statistical analysis
	Clinical data analysis
	Mechanistic data analysis


	Discussion
	Trial status
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

